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Abstract

Removal of OC)2 fronr nalural gas zrnd ccrnrhustion exhaust gas hlvc bcen studied by empl<-rying memhranc permeation process. In
thesc studies. polysultbnc. polyimide :rnd polydimethylsi loxanc menrhranes arc used to elucidate thc inf luence of f lexibi l i ty and
rigidity of polymer as well  as the inf ' luencc o[ poi i i r  groups rvithin polymer matrix on gls lransporr through membrane.' fhe
perlbrnrance of thc membnrnes as specilied by its seleclivity and permeation t'lux are measured in terms of the diffusion and sorption
coelf icients as well  as the permeahil i ty. I t  is fbund that f lexibi l i ty olthc membrane tends to suppress i ts select ivi ly while enhancing
its permr:at ion t ' lux. On lhe other hand, r igidity of the membrane together with the polar groups is shown to induce the opposite
el. fucts. In brr lh cases howevcr. thc sclect ivi ty and pcrmeation fol low approximatcly the same quali tat ive variat ions with respect to
concentrat ion which is suspcctccl lo be causcd by the plast ici ;zrt ion ef l tct in the mcmbrane. I t  is thercfore concluded that a r igid
polymer membranc with polar groups is most effcctive fclr iLs perftrrmance.
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Sari

Pemisahan karbon dioksida (COz) dari campuran gas dengan pcrmeasi mcmbran

I)enghiltngan COl dari gus alanr clan gas buang hasil pcmbakaran clipelajari dengan cara permeasi membrzrn. Dalam studi ini
memhrirn pol isul l i rn. pol irnid. clan membran karet si l ikon (pr.r l idimeti lsi loksan) dipergunakan dalam rangka mempelajari  pcngaruh
kelenluran clan kekakuan polimer serta pengaruh gugus polar dalam matriks polimer pada perpindahan gas melalui membran. Kinerja
membran ditcntukan oleh selektivi tas dan l luks permcasi yang diukur dari  besaran koet ' isien ditusi,  koefisien sorpsi clan
permeabil i tas. I lasi l  percohaan menun-jukkan bahwa kclenturan membran cenderung menekan selektivi tas namun dapat menaikkan
tluks pcrnrcasi" Seclrngkan kckakuan nrembrnn discrtai gugus polar dalam matriks pol imcr memberikan cfck yang herlarvanan.
Dalant kedua kasus tcrschut. selekt ivi tas dan l luks pernreasi nrcngikuti  variasi kual i tat i f  yang mir ip terhadap pengaruh konsentrasi
(1O2, diperkirakan dapat menyebabkan elck pllstisasi dalam mernbran. Didasarkan pada hasil penemuan sepcrti tersebut di alas,
maka dapat disimpulkan hahwa pol imer memhran kaku dengan gugus polar merupakan mcmbran yang pal ing efekti f  untuk
penghilangan COz dari gas alam dan gas buang hasi l  pembakaran.

Kato kwtci ; tnernbntn; polittt.r,r: polorilat'; perni.sohart; penneasi; selekvirttas.
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Separation of carbon dioxide (CO2) from gas mixture by

1 Introduction

Mcrnbranes application to scparation process is reccntly
expandirrg i lr rnany industries []. Sevcral gas scparation
proccsscs by rneans ol' Inernbranc arc ernployed to
produce high purity grs or to renrove sorne undesirable
contalninants, such as that containcd i i l  natural gas CO2
content extcndit)g froru 2 tt-t J0o/o. Thc rcrnoval ol 'C02 is
nccessffi ly sincc CO: wil l bc froz.en at a low
rcfrigcration tcrnpcralurc and accordingly wil l plug in the'
p ip ing sys lcrn in  a LNG proccssing p lant .

Nowadrys thc cnvironrrlcntal aspect of global wurrning
due to high crnissioll ol COz lrorn exhaust gas has also
bccorne an irr)portanl global issuc" Technology is being
dcvcloped to conccntratc CO2 frorn cxhaust Eas to be
processcd further lbr C-l chemistry l2l. Gas scparation
rese arch ()n CO: rcrnoval is currcnlly sti l l  bcing

conducted by way ol-dcvclopiltg a rncrnbrane lhat has the
specific high sclectivity tmd high penncabil ity. A
thorough and hetter undcrstanding of ransport
phenorncna through a mernbranc. by exploring all of the
influcncing factors is thcreforc rcquired in order lo
dcvclop pcrnrsclcctive rnelnbrane in a gas separation
process [3,41.

ln this papcr thc rcsult of a study on the gas transport
lncchanisrn through membranes of differcnt struclurg and
polyrneric rnalcrials at various feetl gas pressures lor a
tlulnbcr ol ' gas cotnposil ions isrep0rted. The cl 'fects of
those factors in the gas transport mcchanisln rvil l  also bc
shown in this study.
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2 Theory

Polyrneric rnaterials at glassy state are rigid glasslikc,
while at rubbery state they are flexible rubberlike. Glass
transition temperature 7, of a polymer is thc transition
ternperature at which polymcr will undcrgo a change of
state, i.e. frorn a glassy to a rubbery stale. The state ol'
polyrner undoubtedly will take an irnportant fhctor in gas
separalion that ernploys a nonporous polyrneric
rnernbrane [51. At glassy state free volurne is found
relatively constant in arnount while at rubbcry statc il
wil l increase according to the following relation:

v 1 = v 1 . r u - a o ( r - r . )  ( l )

Where u1 is free volume at temperature 7'above 
'f 

, , v,1.ris

free volume at 7' below f" and Ad is the thermal
expansion coefficient.

The concept of free volurnes wil l be helpful to i l lustrate
gas transport phenornena lhrough a nonporous
rncrnbrane. Microscopicallv free volurnc is an ernpty
space that is found in between polyrner chains; besidcs
this frec volurnc howcvcr, polarity of chernical groups
will also yield an interaction between gas penetrant and
rnernbrane [-5].

2.1 Transport phenomcna through a nonporous
membrane

Transport rnechanisrn ol' gases through a nonporous
dcnse polyrneric rnernbranc can be described by way of
the solution-ditfusion nrechanisrn. Sorption phcnornena
of a gas into rnernbrane are determined by thc naturc of
intcraction that cxists between gas and the corresponding
rnernbrane. The highcr critical gas (crnpcraturc 7l-. gas
will trc morc condcns;able and soluble and gas polarity
will also promote thc interaction to polar rncrnbranc. Thc
sorption isothenn of gases within rnernbrane wil l lollow
eithcr Hcnry's law, or Langmuir, and dual mode sorllt ion
model. Diffusion of gascs into rncmbranc is random
movclnents of gas rnolecules within rnernbrane that start
at the upslrearn toward downstream sidcs of mcrnbriuc.
Within a hornogeneous dense mernbrane, thc dil'fnsion
equation can be derived from Fick's flrst law:

1  =  1 ; C ' * C t '  ( z )
I

Whcre "/ is thc volurnctric flux in cc(S't'P)/r'nt2..t, D
diffusion coefficicnt in r:nr|/sec, C'reprcscnts gas
concentration within rncrnbranc and I is rncrnbranc
thickncss. Subscript I antl 2 rclbrs, rcspectivcly, to
upstrearn and downslrcarn sidc,s of rncrnbranc.

Assuming Henry's law C = S "vp where,S is the sorption
coelficient and p lhe feed gas pressure, and substituted
this expression into ec;uation (2) for cach of the i-th
cornponent in the rnixture yielt ls:
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(ni ,  -  nir)  , ,J ; = 1 ) , S , 7  ( J )

to Solution - DilTusion mechanisrn

, , then substituted to (3) thus

J ,  =  p , (P i '  
-  P i=)  g l' r  
!

According

4 =D,s

where pcrrncability cocfficicnt Pr for cach componcnt is
cxpressed in Barrer.

I Barrer = l0'to cnr'(S'[P).(cm.sec)'t .cn.I]g't l5l.

2.2 Dctermination ol' transport parameters P, D
and S

Dilfusion coelTicicnt D and perrneability coefficient P
each is dctermined by means of the Tirne Lag method.
Frorn steady state volumetric flow ratc o[ permeate gas
curvc Q, vs tirne /, the intersection between straight l ine
with the X-axis represcnts tirne lag 0. The general
relation of perrneation curve is givcn by

w h i c h l i r r l = _ y i c l d s

(). =

V P P
_ = _ ,  _ _ I

Atti L 6l)

Thus

D : l t  ( 8 )
60

Equation (8) wil l yield diffusion cocltlcicnl D whilc
penneability coclllcient is dctcrrnincd from the slope of
thc corrcsponding crrrvc.

2.3 Scparation factor

ln indrrstrial applications, the high pcrmeabil ity as well
as high sclcclivity Incrnbrane, is rcquired to separate gas.
The selcctivity can bc cxarnincd lrurn thc idcal one that
is rcprcsented by the ratio of perrneabil ity coefficicnts of
pure gases, r.e.:

dirt,,qt = PA I Pp (9)

For a gas rnixfurc it is dcterrnined by thc ratio of gas
conrposition within thc penncate in feed strearns as
pcrmcation process Occurs, that is

l ^ l l n
a = -

xo I xt

* ? ++[#].'[-tr) (5)

(6)

(7)

Then

( r0 )
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wherc )'/ and _ya is rnole liaction of gas A anrJ B.
respectrvely" within the pcnneatc lrn<i .r^ and .r3 is rnole
liaction of gases in feed strcarn"

3 Materials and method

ln this study, polydirnethylsiloxanc (7. = - 123 "C),
polysullbne (Ir = 195 '61 and polyirnidc (.'[" = 315"Q
have bcen ernployed. Polysulfone and polyirnide
urcmbrane have bccn prepared by phase invcrsion
rncthod. the cornpositc rnernbrane Polydirnethytsiloxane
(PDMS) has becn prepared by way of coating a rhin skin
layer of PDMS gel upon porous polysulfone support [61.
The polyrncr stnrcture of PDMS, Polysulfone and
Polyirnide are shown helow

Perme  a te
fxl

fl

l r
t l* ' l

6"-l
il*6 ", )\*_/2_\.

s--..,[ - J_ \ a - {

-ior;o.+rq+
Polysul lone (Tg = 195 "C)

I  cu"
i lj--si-o
l i
I  C H .
t _

P o l y d i m e l h y l  s i l o x a n e
( T g  =  - 1 2 3 0 C )

Polyimide (Tg = 315 "C)

-A ]P-qil'g.

Flgure  1  L ias  permeat jon  equ ipnrent

41

Gas pcrrneation was donc by ernploying pure gascs CO2"
CH4. a rnixture of COz/CHa a.s wcll as natural gas fhat
have becn provided by Pertarnina LPG Refinery Plant at
Mundu West Java. For exhaust gas mixture, in particular,
gas permeation was carried out by pure gas CO2, N2, and
simulated by rnixl.ure of CO2A,{2. The rnixrure was
prcpared by rnixing pure CO2 with pure N2, and the CO,
composition within mixturc was varied from 10 to 35Va
by volurnc.

The operating condition for (lbllowing the COz
concentration in cornbustion exhaust gas) perrneation
proces.s was al room temperalure and the pressure was
varied from 2 - l0 bars. Bubble flow rneter was applied
lo rncasurc the penneate gas flow rate, and the
corresponding transport pararneters can bc found by
rneans of lhe rclation between gas volumetric f low rate to
perrneation tirne, as the process has been in sleady state.
Thc rcspective value of diffusion cocfficient D,
penncabil ity cocfl lcicnt P, and solubil ity coelficienr S,
cach can be found frotn' the available expcrirnent.al
perrneation data. Mernbranc perforrnance is dercnnined
by rncasuring per

rncation tlux; separation factor (selectivity a) can bc
calculated frorn the gas cornposition within fecd strcam
and product ga.s. Gas cornposition was analyzed by
rncans of gas chrdrnatography (GC). :urd rnembrane
structure by rneans ol Scanning Electron Migcrograph
(SEM). The cxperirncntal scr up is shown as Figurc l.

4 Results and discussion

4,1 Mernbranestructure

Scanning Elcctron Micrograph (SEM) has bcen applied
to observc the structure of PDMS mernbranc as shown as
Figure 2. Thc structrrre consists of a homogcneous, dense
and nonporous layer. Similarly thc obscrved stmcture of
polysulfonc rnentbrane is asyrnrnetric in nafure as shown
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by figure 3. It is seen that thc top layer is a thin and
nonporous dense skin layer and it lunclions as an active
laycr in thc gas separation proccss. Thc layer below this
skin displays visiblc porous structure. In other word,
both rnernbrane sharc sirnilnr sLructures characterizcd by
a nonporous dcnse skin layer supported by a rnuch
thicker porous layer. As a densc rnemhrane, each of them
is thus expected to follow thc solution-diffusion
rncchanism in their gas transportalion proccsses.

4.2 Gas pcrmcation

4.2. I Pure gas CO2 and CHa

Transport Pararneters i.e." Diffusion (D), solubility (S)
and Permeabil ity (P) cocfficicnts of CO2 and CHa in
PDMS and Polysulfone rnembranes arc given in Table I
and Tablc 2" as wcll as the selcctivity /scparation factor
(cQrozqra) of pure gases in PDMS and polysulfone
rnernhranes.

Frorn Table I, thc dif lusion coefflcient o[ CO2 in PDMS
rnembrane decreascs with the increase of fced gas
prcssurc lrorn 2 to I trars, on thc other hand solubility
cocfficicnt increases. Permcabil ity coelficient is
relativcly constant bccausc P = D x S.

The diflusion cocfficrcnt of CHa in PDMS mcmbrane
also decreascs with thc increase of fecd gas prcssure" The
sarne variation is also found for thc solubil ity cocfficient
of CHa in PDMS mernbranc. The sclcctivity cxpressed
by P6o,lPc11a in PDMS mcrnbrane is low and renrains
constant upon incrcasing fccd gas pressurc.

Figure 2 SEM of PDMS membrane

Figure 3 SEM of asymmelric polysulfone membrane

Table 1 Transporl parameler and ca6rr6* in PDMS membrane

Pressure CHa trcozcHA

(Pcoz I Pcua)(bad D x 
.108 P S (=P/D) x 1O'z D x 1 0 8 P S (=P/D) x lo'?

cm'/s Barrer CcSTP/ cc.cmHg cm'/s BarrerccSTP/ cc.cmHg

2 . O | 2800 3840 0.30 1 2900 1 161 n n o

3 . 5 7090 4 l 1 2 c 5 8 1 800 1278 0.71 J . Z Z

1 820 3986 2 1 9 904 1 238 t . J / J . Z Z

1 340 4074 3.04 /  J J 1 6 5 t 3 v e q n

8 0 I 250 3950 3 1 6 o 4 0 1227 1 . 9 J . a z

Table 2 Transport parameter of COz and CHa in polysulfone membrane

Pressure COz CHa {lcozcsa

(Pcoz / PcHa)(bar) D x  l 0 " P S (=P iD)  x  10 ' D x 1 0 " Y S (=P/D) x 10'

cm-/s Barrer CcSTP/ cc cmHg Cm'/s Barrer CcSTP/
cc .cmHg

2.O 6 7 6 O Y .  V J 13,30 | . + z 5.27 5 / l t /  u o

3 . 5 1 0  7 0 v 5 z 1 8 7 5.06 2.71 19.72
q n I +  J U t03 .40 I  . 2 5 J ' Z 5 0 8 1 5 8 20 35

6 5 29.40 1  0 5 . 1  9 J 3 6 + . o Y 4.95 1 . 0 6 21 25

8 0 105.00 102 0.98 5.33 4.33 0 . 8 1 23.66
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Tablc 2 shows thal the diltusion cocl"l lcients ol 'CO2 and
CHr in polysull irnc rnctnbranc arc incrcasc" whilc
solubil ity coci' l istcnt ol ' COl and CH, dccrcase with
opcratrng prcssure. ThLl pcrrncahil ity c<lcll icicnt of COz
in polysrrl l i lne rncrnbrflrrcr increases with inercasing fccd
gas prcssurc, it rernains approxirnatcly collstant for CHa.
We also note lhat thc selcctivity in Polysulfonc
rnernbrane is higher than that of the PDMS mclnbranc
and it increasgs upon increase of fecd gas pressure.

Conr;rarison of Tahle I with Tablc 2 shows thar
Polysulfbne rncmbranc Jrcrforrns bct(er lbr separalion of
COr/CH4 than PDMS rncrnbrane. At roorn lentpcrature
PDMS is a rubbery polyrncr whilc Polysullbne is glassy
polyrncr: gas diffusion through a flcxihlc rncrnbrane is
faster thalr through a rigid glassy rnembrane. In such a
casc all gases wil l pcnneate easily through PDMS
without scparalion. Dil 'hrsion wilhin a rigid polysulfonc
rnernbranc wil l happen through thc holcs ol' l iee volurnes
that cxist within rncrntrranc rnatrix. and thc sclsctive
transpon wil l be prornoted by thc interaction developed
betwccn polar CO,. gas wrth thc polar group in
rnernbrane nratrix" Thcrcf orc scparation ol'CO,/CH. by
polysulfonc mcrnbranc is expected to bc rrxrrc effect than
in PDNIS rnernbranc.

-1.2.2 Gas rnixturc of CO2 and CHa

Gas perrncati0n clf CO2/CH4 nrixlure al conslant pressure
8 bar and variation of CO2 concentratiolr is shown by
Figure 4 fbr PDMS rncrnhranc and Figrrre 5 for
Polysullbne rncurhrane. Figure 4 and Figurc 5 depict thc
curve of sclcciivity and pcrrneation flux upon
conccntration of CO2 frorn 20o/o lo 80o/o in l-ecd gas. The
feed gas pressltre is kept conslant at 8 har. 'rr l 'roth figurcs
the pcrnreation flux incrcases by the incrcasc of COl
cclnccntra(ion. while sclectivity dccrcascs slightly and
alrrrost constant at COr conccntration hetween 40 to
80%. PDMS rncmhrane produces higher t ' lux trut lower
selectivity to colnparc with polysulfbne rnenrbrane. It is
oxpcctcd that l lcxihil i ty of nrhbcry PDMS rnernbrnnc
l)rornotc high perurcatiorl ratc. whilc in rigid polysullbrrc
nrernhranc thc perrncati<ln nrle is lower. High pcnncatioll
rate ol.both COz :urd CH" wil l result in low sclectivity of
PDMS urernbrane. The presencc ol' polar groups in
polysullone on thc othcr hand produces high sclcctivity
(separation lactor) for C02 {ransport. By increasing
concentratiun of CO2 frorn 20 to 80%,, the perrneation
llux increlses ahnost 4 tirnes in polysullbnc rnernbrane
and selcctivity dccreascs lrorn l2 to 8 (Figurc 5).
Increasing flrrx lncan that larger free volrrrnc is
tlevcloped in the rnernhranc rnatrix; due to effect of
plasticization caused hy thc intcraction o[ l lrrge arnounl
of COl with the polar groups in thc rnernbrAnc lnalrix.

Fermealion Flux
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Figure 4 Selectivity and Permealion flux vs CO2 concentration
in PDMS Membrane (Operating Pressure 8 bar)
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Figure 5 Seleclivity and Permeation flux vs CO2 concentralion
in Membrane Polysulfone (Operaling Pressure 8 bar)

4.2.3 Rernoval of CO: flrorn natural gas

Natural gas that has been provided by LPG plant
Pertarnina at Mundu contains 2.17o CO2 by volurne and
sorne conlarninants such as ethane, propane and butanc.
Perforrnances of gas penneation throrrgh PDMS and
polysullbrre rncrnhrane arc prcscntcd as Figure 6 and
Figure 7, resllcctive ly. As shows in thc figures, thc
penneation flux increases with incrcasing fced prcssure.
Sclcctivity in PDMS is ahnost constant irrespective of
variation of l'ccd gas prcssure. However, it increascs with
pressurc in polysullbne nrernhrane. Looking at Table 3
and Tabf c ;1. the sclcctivity ranges frorn 2.28 to 2.92 [ctr
PDMS. and f rorn 5.51 to 10.06 for polysul[one,
corrcsponding to fced gas prcssure frorn 3 to 8 bus. In
this respcct, feed gas pressure influences the selectivity
of polysullbnc rnembrane but not lhat of PDMS
nternbrane. Approxirnately thc polar intcraction cffcctcd
hy increasing pressurc promotcs the flux and selectivity
of CO2 lrorn natural gas in polysultbnc rncmbranc.
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Figure 6 Seleclivity and P€rm€ation flux of Nalural Gas in
PDMS Membrane
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Figure 7 Selectivily and Permeation flux of Nalural Gas in
Membrane Polysulfone

Table 3 Selectivity and Permeation flux ol Natural Gas in PDMS

Table 4 Seleclivity and Permealion tlux of Natural Gas in
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From Table 4 it is remarkable that CO2 in natural sas
decrease to l.6l %t.

4.2.4 Pve gas COz and N2

The result of gas penneation of pure CO2 and N2 in
PDMS and polyirnide rnembrane are shown by Figure 8.
Thc selectivity of each o[ the mernbranes in variation of
feed gas pressure lrom 2 to 10 har increases by the
increase o[ fecd gas pressure. Polyintide membrane
possesses higher selectivity than PDMS. lt can be
explained that free volume in rigid Polyimide and the
existence of polar groups are expected to promote the
selective transport of CO2 through the membrane that is
shown by Figure 9.

4.2.5Permeation of gas mixture CO2AI2 in polyirnide
rnernbrane

Polyirnidc rnernbrme has been chosen in the separation
of CO2A,I2 mixture a( room telnperature and at prcssure
l0 bar; CO2 concentration in the rnixture is within the
rangc of l0 to 35Vo by volurne. The variation of
composil ion CO2 is approaching the cornposition of
combustion exhaust gas mixture. The increased
concentration of CO2 in the rnixturc wil l result a slight
change to rnemhrane stucture as is shown by Figure 9.
lncrcasing the CO2 concentration in gas rnixture wil l
result in decreasing the selcclivity. Plasticization is
prcdicted to occur due to the intcraction between
rnernbranc and COz at high concentration and
accordingly it will reduce the strcngth of sccondary bclnd
that is found in bctween polyrner chains, thus frce
volurnc wil l be increased. and in relurn it wil l allow
perrncation to both of CO2 and N2.
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Membrane

No

Feed
Press

u16

P€rmeate
Composl-

tlon
Welght %

R€tentate
Composl-

t lon
Welght %

c

Perm€a-
tlon llux

(cm'
(STP)/s)

Coz CHr Coz CHr

1 ?.o 3.83 96 .17 1 .72 98.28 2.28 3.328-04

? ( 4.59 95.41 1 .92 98.08 2.46 6.43E-04

5.0 4.87 95 .13 1 . 9 0 9 8 . 1 0 2.64 9.54E-04

4 6.5 4.87 95.1 3 1 . 9 7 98.03 2.55 1.24E-O3

5 8 .0 5 . 1 0 94.90 1 . 8 1 9 8 . 1 9 2.92 1.49E-03

Membrane Polysulfone

No F€€d
Pr€g
sure

Permeate
Compositlon

W€lght %

Ret€ntat€
Composltlon

Welght %

o P€rmea-
tlon flux

("mt
(sTP)/s)

Co. CHo CO, CHo

1 J . J 11 .70 88.30 2.35 97.65 5.51 4.1  7L-05

2 5.0 'r 3.52 8tt.48 2 . 1 3 97.87 7 . 1 8 6.56E-05

3 6 .5 14.50 85.50 ?.06 9t .94 8.06 8.95E-05

A 8.0 1 4 . 1 3 85.87 1 . 6 1 98.39 10.06 1 . 1 9 h - O 4
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concentral ion for polyimide membrane (Operating
Pressure 8 bar)

5 Conclusion

Based on thc rcsults discusscd above we arrive at the
lbl lowi ng conclusions"

In the casc of pure gas, the sclectivity (P,,-c,:/P,:Hr) uf
flexiblc PDMS rncnrbranc appcars ahnost unal'lbcted by
incrcasing lccd prcssure of the gas, while it clcarly
incrcases fbr thc rigid and polar polysulfonc rncmbrane.
ln lhc casc of rnixcd gas, thc 1-ccd gas prcssure gcnerally
incrcascs thc pcnncation flux, and Lo a lcsscr dcgrec thc
selectivity as wcll. although lhe increase of selcctivity is
more significant for lhe polysulfone rnernbrane. This gas
pressure induced incrca.scs arc l ikcly duc 10 plasticization
efl'ect caused by interaction hetwcen lhe rncrnbrane and
COz. For thc separation of CO:/fl lz ir; txhaust gas thc
selcctivity of CO2 in both PDMS irnd Polyirnidc
rnelnbranes tends to increase with increasing gas
pressure. with thc latter showing rnuch larger cll 'ect. This
dift-erencc is supposcd to have its origin in the polar
nature of' Polyirnidc rncrnhrane and thc rclated
plasticization clfect" In all cases however, the
plasticization cff 'cct tcnds to saturate at highcr
conccntration of CO2.

ln short, thc scparation of CO: liorn natural gas ard
cornbustion exhausl. gas can bc achicvcd mosl clfcctivcly
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by dcveloping a rigid rnembrane base on polyrner with
certain polar groups.
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