Korean Chem. Eng. Res., Vol. 49, No. 4, August, 2011, pp. 460-464

PEBAX™/TEOS 5[0|EHEZ|E &2|2Z2 S§t O|ASIEMNe} HIE|
ZIHIEEN

21 & +

[=

M

ZA71dgtn shetget
443-760 3715 A GET olelE 41946
(20101 118 22¢4 A<, 20104 12€ 18 Ae)

Gas Permeation Properties of Carbon Dioxide and Methane for PEBAX™/TEOS
Hybrid Membranes

Hyunjoon Kim'
Department of Chemical Engineering, Kyonggi University,

94-6, Yiui-dong, Yeongtong-gu, Suwon-si, Gyeonggi 443-760, Korea
(Received 22 November 2010; accepted 18 December 2010)

Q OF
I =

Poly(ether-block-amide)(PEBA, PEBAX™)= 971540 ¥ | (thermoplastic elastomer, TCU)ZA] hard-rigid amide
block¥} soft-flexible ether block© Z /3= o] Qlow, Bx}ekw} T block?Fe] 1]l wle} o3 77} 2Atl. PEBAX
™= Byjuk )2 o]88 49 PEBAX™C] hard amide blockS 33t 7417 EX3} MelxS 1231 soft ether
blocke =2 FHEE AT = Qick wghr] 2 Atellrs 23572 PEBAX™ME ARgsto] 7A1R kS Alxsta,
Tl wpE olxlslekael wWigke] FHEA WElE AFSelch TS o PEBAX™ Eeluke] FEAS AT
7] 9180 7174124 TEOS(tetraethoxysilane)s AFE-519] PEBAX™/TEOS 3lo] Be] =uhe A|Zzslar, 1 T35
S 44 PEBAX™ Ealuto] Axe} vlwalgith. <57 PEBAX™M-1657% PEBAX™-2533 H-2jute] F3in =4 A3}
ether block?] H]&o] Jtj& o R =& PEBAX™.2533 #2]ute] Folw Alg7t B} 52 Tk AlGike 7Hh
o]t PEBAX™.-25339] -, A4 02 32 ether block 37 wWitol] 1A} AREe] 914d0] K} 27] wjEo=
£ 4= glk. PEBAX™/TEOS sto|r 2|t wejute] FoE4S 5 PEBAX™ Fe|ute] Avlel njw e u, sto]Hy]
E ] 7)) FHE AgT Boh 35 & 5 Utk o= TEOSS] 3Rk o% A1/34 silica domainell 2J3l 2
Ao Aaskar Bk o 4kshekA$} silanol groupte] X8k (affinity) 571l whe &7t SUFP| Wl E B ¢
Sltt. stolHRlE Felute] F% Al SR Eehal ot AR AL vlsssiAAY o AAEGle s & 5
QIt}. o= o] 4kslekAgl silanol group®] XISHE F7EE 1k S HY L] FTtel] 7|Q1%E o B 4 glrt

Abstract — Poly(ether-block-amide)(PEBA, PEBAX™) resin is a thermoplastic elastomer combining linear chains of
hard-rigid polyamide block interspaced soft-flexible polyether block. It was believed that the hard polyamide block pro-
vides the mechanical strength and permeation selectivity, whereas gas transport occurs primarily through the soft poly-
ether block. The objective of this work was to investigate the gas permeation properties of carbon dioxide and methane
for PEBAX™-1657 membrane and compare with those obtained for other grade of PEBAX™, PEBAX™-2533. And
the organic/inorganic hybrid membranes were prepared using PEBAX™ and TEOS(tetraethoxysilane) by sol-gel pro-
cess, and gas permeation properties were studied. PEBAX™-2533 membrane exhibited higher gas permeability coeffi-
cients than PEBAX™-1657 membrane. This was explained by the increase of chain mobility. The permeability coefficients
for PEBAX™/TEOS hybrid membranes were higher than pure PEBAX™ membranes. This results were explained by
the reduction of crystallinity of polyamide block by the introduction of TEOS. Ideal separation factor of hybrid mem-
branes does not change much. This might be due to the increase of solubility selectivity.
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] E o] &3 714 e 374 €O,k CHe) He] W 5,
371%¢] 0,9 N,&] 2ol T2 o] &&o] gkor, o|9]of|= #7}
2ENE H,E 35, o] ©Elral] #e, 183 80, NO, B
H,S 52| 22l AlAeN R E83t7] 919k 77} 73] 3 Foltt
olgfgl wRtE] 349 §82ok T & A7 Hlo]l 27k (biogas)
FER] ol ARE= ek Aol o]-8 < itk Hlo] ek
F713971E2] @71 4slel Sl WAEE TRARA FH T =71
2 E e AR AU A] FellA] mig- & TS
AT} vlo] @7k 0] /3 wgk) o] AkslRkA R A oF 50% o]
o] wlgkE: $Hatar glom, 1 o] @ Hlg M, 22d|7] Hf
HALL, FAL 57 & whe Tkt E o] & of Y ouA|doR ARS
slef= mEo] AlAIZ 0= o] o x| a1 Qlrt. dA7HA] Ll vlo]
L7ke] oA Ao R FE-2 FHTIARA S AR dol g, 7
w2 Rl Al 3R AAS o], T2 wE 55
= % - ApEAf AR AR, AndAeld] o8 & &
o}, vlo] @7k 8] AL tiaE 27| @ w5 X%
= THOE o]FoH 1 glom, oM E Agdnet A7
AHASAEL- 58] 2Y)7] MiEAE SHOE Y Stk 1
eut =i o] T4 iR 9] =Tt QPE S i Rlo] gl RIS
wigizjo]w], 1990t o] 9ol A H Fe] A wigdA] Al st
OFAIA| = A4 A A5} AR W] dinto] F8E 1
U&= Aot wEba vlo] @7ke] g ahbA EEkhs 2k 7 o]

=2A717] SleiAE werkse] 858 S7ksl fE a8
F%71% o] wlg- T3t 1-4].
o] B 2] =5k (organic/inorganic hybrid membrane)> =}
of @75= UL, vigety, aea 3174 59 o
sleta S 4] BAES A T s B okt X3¢l 23|
A9 259 (chain mobility), AH+73] (free volume), AF&=7+] A
& #-(interchain interaction) 5= FA8}0] AT (diffusivity)2}
83l = (solubility) 5 ZHFFO 2M Fabiel FapdelEghe] Ak
® Ags AT g vk geA QeHS-7]. 7 stelBE =
2AlE T2 sol-gelHell 23l Alzdtt. 53] F7] A7 (inorganic
precursoriE T o2t {71 E-S WHERE H7eto] HhSAITI o2
F71EY 5718 S A 2 47 SEAEE SgA A
Z% ¢ om, WY F A sol HEHIE AXA HEZ A
ol golatar, wbA 1 -8 91 vhFsih8-10].

FA77] sto| B E Al 7F A AdsRel Alxel o
2} =7 Class 13} Class 11 E}Y] 2.2 s 5 Ut} Fig. 19 F EF
9] 77 stelrE|E A2 iRl 25 YERASIT

Class I §-7]&0] f71& WEY T 4k Fel2A] alkoxide
7IdlE, BB inorganic fillers EARS} e AlojA] Alxst
© olth. {47 A= Alele] ARk FERe] ohd 4
Agol} o] AT} 2 23} Aol 23| o] FofItt. Class I EF
4J9] stolrHE 2AE AxsH= YolXE A7 poly(vinyl
alcohol), poly(vinyl acetate), polymethylmethacrylate, polycarbonate, ~L
2|1 polyoxazoline -2} 2¢] inorganic domain®} 2xFA S & 4=
%)= functional groupS 717l TRAF =2 AREE O] $htt. Class
[slo]Be|E A= 1 AlzRo] vwa golsht, uiAte] Ff
7} Algkdol 1 f71ES I 2A FARANZIE ofEeo] St 2
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Fig. 1. Illustration of different types of polymer/inorganic hybrid
membranes. (a) Class I: Polymer and inorganic phases con-
nected by secondary bonds and (b) Class II: Polymer and
inorganic phases connected by covalent bonds.

o] A= 2|31 3= polymer/nanoparticle mixed-matrix membranes
(MMMS)E class 1 8fo]H0e]= 2ol sfdivtal & = gleh11].
HhA class 119] sfe] B2 = A= a-frd gl o8l f477] 74
50l AfEo] glon® ol ARl A7) slelBe et &
1om, f71715-52] Zol, 2%, A&e] e, 18a 287)E th
YetA & ¢ o, v, e, B8 54, A, 17
I HAG 5o B4 o] folshrh= AE 7ML Qi B
27ye] f7)9k F | AE5E EAREA AR = QAT Class 1T
o & Ao ik

o] 7ksstal =4e] 24 vighrt golslo] dehs B8 vlwA
A D& 7 W= R A4 84895 7

Sol-gel 370l AREE= ATAZ 7P Ho] ARSsh= E42 metal
alkoxide[M(OR), M=Si, Ti, Zr, AlZ} OR=alkoxy group, OC,H,,,.,]
ZA, gl YollA o] metal alkoxide?} 7|9} Fehk-3-S 7
2 &3 FEf] solo] AdH F 33k YTEE gelo]l B3
It} o2 metal alkoxide”} sol-gel{F-5-oll ARE 7hsah, A=
71 o] AREE A1 91+ metal alkoxides= TEOS(tetractoxysilane),
TMOS(tetrametoxysilane)2} 752 silicon alkoxide®A], ©]+= silicon
alkoxide”} T metal alkoxideol] B3l 73l <} &&nEgo] H]
A =g PR YRS 2] &olahr] wWiEolrh12].

Poly(ether-block-amide)(PEBA, PEBAX™):= 38} 2] Atochem A}
oM AxH D744 e/d Al (thermoplastic elastomer, TPU)ZA]
hard-rigid polyamide segment®} soft-flexible polyether segment@.
9o 3tk PEBAX™:= amide block?] $--8F 71414 5291}
ether block®] 14& FAlol 7HE 5 vk FHo=w A7)+
of, AFgAREOk, AHRE, A= G Toll Ht ARgo] B 4
Aole13-15]. 015 2l A2 o]43 ¢, PEBAX™2] hard
amide blocks =3t 7|A|H EAJT} MBITE 1831 soft ether
blockZ & FHEE AT F° Q& Z 0= Hol
group®| °JAFSIEARS] FHEE FRATITH: A8 AT AT 16]
5 e o, 71A Eeu A9 AR 8o Fdaitt
I ek

wEba] 2 ATelM= 271 F7E] PEBAX™E ARg-ato] 714
FEeg Alzskal 7| AFIEA S S7gste] ikl s £
5478 AaaAE 2AetaAl stk B3 Class 11 EFSL €]
PEBAX™/TEOS 3o 22| = A2 we|ehs: A2t T7] -4
]l TEOS?] A7}l wh slo|Be = Feuke] 7AFAEE e 5
e 5, 1 A9E 5 PEBAX™ Fejute] Al vlwste] T
7147 2ol ZIAFHEA o nX= S ZAFetA) g

;0

, 53] ether
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2-1. A2 S RlE

Poly(ether-block-amide)(PEBA, PEBAX™)[Atochem Inc.J= ether
block} amide block®] H]el| whg} o] 7}4] FH7F glom, & A
Toll A= PEBAX™-1657(ether block 60%)3} PEBAX™.- 2533
(ether block 80%)Z AME3ISItE 9] #2248 PEBAX™S] o
WFAQ) S8kA 2 Lehict,

i P
Ho— ¢ C— CyHz—NH }y— & —C—f oters—-on
stoln e Rajuto] 7| A A & AH4-¥ TEOS(tetracthoxy-
silane)[Sigma Co., 98%], Z2]al 2o A xA] Sz AL
ethanol, n-propanol, n-butanok> A1 2H {lo] 1oz ARSIt &
glute] A2 A 2= thed poly(vinylidene fluoride)(PVDF) &
[Millipore Co.J= A8-5}5I Tt

2-2. F2|3 H=E

T % PEBAX™-1657 222 PEBAX™-1657 IL¥-A+&
70 wt% ethanol™} 30 wt% E2] Z3-g-uljol] %21 10 wt%2] T4t
s PVDF AXA ol A" S $F, 40 °C 52 EollA] 24A13E,
2831 7] FollA 48A1F Ax3te] Alxek3itt. PEBAX™-2533
F2]v-2 PEBAX™-2533(10 wt%) 70 wt% propanol?} 30 wt%
butanol®] EgH-grje] Q1 5, PEBAX™-1657 -2]=ke] A%
I FUAsA| Ax8to] AlxSIiet. PEBAX™/TEOS fo] 22| =
2Juhe PEBAX™ 11322} g-9lof] TEOSE 412 & 7Midll g &
Frek SREFE 0.1 M HCL 5898 3718kal WA aiba|A
A %3 dlo]Be]= < (hybrid solyS PVDF A|AA] L] A|A8s}t
o] Azt slolBel= & AFA] PEBAX™: TEOSS] &3]
T 9:19 8:2% sRglor, Sre] EHl BFeielEn|]l 45 S
o}, Sol-gel WH& 24 ¥ vhd% 20L Kim¥} Lee[17]9] 172
= Fastivt.

23. 714 R 53

Az ekl 7)H FHEAS Ak SlE i AralelA
28t Fig. 2°] F1He SHLAE o] g3t 74T s S45)
ok WA e uks T A AA|skaL 7| Al eg ek F-E R
e wheo] Frh 1 5 b 2719 GEAAE o] &sto]
o] S 1719k ® A AAIAIR F HEE dof 7]
TR gt 7)AE o el gt o] Qle weldt
vslo] 2g-o] TR LEo ), Al7te]] uhE Frto] b Tt
= dHAMZRE FH3I) oluf 7] FI= AlG(permeability
coefficienty= Al7Hel e QFEZ7HEo] US| = el

:
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Fig. 2. The schematic diagram of gas permeation apparatus.

T 3 A7kgte] 310 7187 =RE ofele] A (1)l 28] 7
¥

p_22,414LVAp

RT Ap, At M
01714 Viem’ = F3HH2] -3, Alem? = 2he] 344, p, [emHg]
2 FFE Y, TKRE 25, RS 714V, 1831 Ap/At= T2
o] oeist £ =8 Yt Tk 574 A= F2gH ol ¥
o] L5 30 °CE I8 Akt Fohe A, PE GPUY
= ARSI o™, 1 GPUE 10%em’(STP)em? - sec - emHgo|t}.

=

opEElRIk= the2] 4 (2)9} ol =57 1A] FhE AL vlE
o) =) ] Ak B (diffusivity selectivity)2} -84 B X (solubility
selectivity)®] 7O = VERE = gtk ERPEE= EeEjdto] 7]A)|
o] A7)9} okS s 4= Qi WiAlEA Y V)5S AE 4= Q)
w7l 71x35F Ao R, AREe] 5Adolv ARERRE] F%] (packing)
Sof| oJalo] Wslah, e el 71419 SEA T} 7)A| 9} e
uizke] A5 2kg Sofl oJsl AgEr).

a*,(ideal) = g—:= [g-}[z-} ?)

J==5T

3. gdu} ¥ nE

1A FHE 54 AYE F3l Ak PEBAX™-1657%
PEBAX™.-2533 #2]u}e] 7|A| F3% A5 A7H-E Table 1] UFEF
Uith. PEBAX™= hard amide block®} soft ether block ©_ % ©]5
AR FFHAZA T blocke] 2] nlEe| wpet oy 714 5
7} k. & ol el ALgE PEBAX™:= PEBAX™-16577} PEBAX™
-2533°.2 4] polyether block?] gHF0] 2+ 60%2} 80%C] T . Table

Table 1. The permeability coefficient of CO, and CH, for pure PEBAX™, membranes

Permeability coefficient{ GPU]?

Ideal separation

Membrane Polyether content(%o) co, CH, factor-]
PEBAX™-1657 60 52 032 16.3
PEBAX™-2533 80 6.4 0.48 13.3

41 GPU=10"%cm*(STP)/cm>sec:cmHg
Korean Chem. Eng. Res., Vol. 49, No. 4, August, 2011
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18] T35 AFelA & 7 S15%0] polyether block?] H|E©] ZtH
O 7 =2 PEBAX™-2533 w2|Hfo] W} £ Fae AlFgls
7HRt}. o] PEBAX™-25339] 79, A8 SR =2 polyether
block 3 wltol A ARES] FA/do] B} 7] HiiEoR &
T AT dutd o2 yEA ST = 3 EAelA AREY f
s TTHITIE IFEC] BETE AR 2540 Tk
ZIA 7Y T3 5 Gl AR Sk wekA 7R Al
7} Z7Rscka 2l A QIub18]. FE3F ether groupd) ©]AtalERA
o] 3% (affinity)’} 7] WEO= s)Aek 4= Qlrt. olaksleka
9} ether group= H|E3} polar group?te] X3hwel whe F3lw 5
7h= oj2] E3lol g vl QJvH16,19,20]. HFA Table 19114 o]
P RIARE PEBAX™-1657 w-2]Tto] Wt 52 ks 7RIS &
T Ao, 71419] FHE Al o TR QIR M ARQI A
HhEl 733 (trade-off)y S HoJETh QoA AFsth wie} nixbrix =
ether group®] oJakslebAid] FIEE FXIAIZITHL d#A glom =z
2 ATtellA] PEBAX™-2533 #E]uhs 53 o|Akslekaie] R
AT} o FEeRjNAE FAlol FHAIZA F & Holet 7]ojEksl
O}, polyether block®] 2] zlo|7F 4] ¢k, ARE 54 S7F
of oJgt EbdE o] 2 et Bk 7] WO R = 4 Qlvh
i Aol Alxg Sgeke] -, A e PEBAX™: TEOS 9
HlelA T3t dglo] §le ZHSS ATt o= TE0SS] 7+
3l doJF silanol groupZt PEBAX™S] amide groupite] 4
At WO B 4= 9t} Table 2= PEBAX™/TEOS 3to]H.2]
ek ZIAFARE At o deRIAE YERAT

Table 2941 H.50] PEBAX™-16573 PEBAX™-2533 &%+
TEOSS} sfo]Be|= Fejus P4 v =5 PEBAX™ 22l
7 FRE AT 571 & o SUTh dibE o ® A
SN, FERES) &3 Tt E TR 71A1S] S fhAs)
3, oPFEE A SRtk B st A Ao, 2 AT
A= 2318 71A F= AG7E S7FsEIt o= TEOSS &%
ES-© 2 A E silica domainol] &J3l] amide block] A7ddo] 7+
23197] WiEC 2 & 5= 9tk Kim¥} Lee[17]= PEBAX™.-silica
shol Pl = 29 wide angle X-ray diffraction(WAXD) 54 %
AF ATl silica content’t 57 FEE A7 Jo] Attt Bl
Sk u} Qlet, w3t o] 2kslekA 9} silanol group¥}e] X13HE F7tol] wh
£ ST ST 7IQIshta & 4= Q). Joly & [21]1 TEOSE
H]E3t silicon alkoxideZH-E] A|Z%E F2]=tol|A] silanol group}t
FA71A12ke] Rk SV Rt bt Qv Rsks S7F ave

s

[ B

f

=2

ur)

Table 2. The permeability coefficient of CO, and CH, for PEBAX™/
TEOS hybrid membranes

Permeability )
Membrane coefficient{ GPUJ? Ideal separation
factor]-]
Co, CH,
PEBAX™.1657 52 0.32 163
PEBAX™-1657(90)/TEOS(10) 6.3 0.39 16.1
PEBAX™-1657(80)/TEOS(20) 6.5 0.41 15.7
PEBAX™-2533 6.4 0.48 13.3
PEBAX™-2533(90)/TEOS(10) 7.1 0.53 13.4
PEBAX™-2533(80)/TEOS(20) 8.1 0.62 13.0

41 GPU=10"cm*(STP)/cm?sec-cmHg

Table 22] oPREE|QIA} ATl A= 213 = QIT}. Table 18] &
“ PEBAX™ 2] u}9] 3t Aol vl W, PEBAX™/TEOS
slo]B = Eajuto] o|akslekae) wgke) Fuln AT} SV
Wi o PHEE]RIk= A9 HlsabA Y o THAEIEE & T 3
o}, o] o]AksleEA 9} silanol group?] X3Hw S7F= Q13 83
g-o] Z7tell 71918 210 % & 4= Qlrk. oIk Gkl e
o} e el o veRd 4= glom, # PEBAX™/TEOS 3}o
B Fejdke] A4, 284 999 iR 18| A e 7
ARt GBIt N K] Wi o = sl e = Q.
TEOS $l&go] w2 Fube Al M3h= TEOS 7F¢] & PEBAX™Y/
TEOS #&]ute] Fahw A7t oRE 52 ghs 7Hlch. olef gk An
Tk ool x] Asl nis} o] AR 7Hag) o|aksRkA 9] F13)
T 9o B 4= 9lon) TEOS & W3] 93-S W) §ats)
Al 3171 A3lAE TE0S?] -5 B} thesiAl HstrA A8 3
Q740] Qltkar AkEty, PEBAX™-16572 PEBAX™-2533 &}o]
B|lEge] E3EAS M2 v|lwshd 49 PEBAX™-16573}
PEBAX™.-2533 ite|9te] F354 Ak} 28 A3ds Bk

Moy

- —

4. 4

rhu

<=5 PEBAX™-1657%} PEBAX™-2533 ¥-2]9}, 772]31, sol-gel
W8-S E3) A %3 PEBAX™TEOS slo|H = Hajuto] o)als)
ghas) weke] F354S SH5IAT 7 PEBAX™-16577%
PEBAX™.2533 #-2]9te] F3% 4 A3}, polyether block®] H]
£o] At 07 =8 PEBAX™-2533 H2]ute] Tl A7) K

=2 718 71T o= PEBAX™-25339] -, AtjAo® =
< polyether block % wlizol] 24} A2 f-A4J0] Kt Z17]
witell ARze] Eo] Sk, whebA ZIAZE £ ¢ Sl
A7 7Kk 7] o R B 5= Qi) o] A A=
PEBAX™.-1657 it-2]9o] R} 352 ghe 7Hlth PEBAX™/TEOS
slojHe|= Feluke] £35S 5 PEBAX™ wejufe] Az}
Hlwg o, sfojueE|= Hejute] VA FE ATt 2ot w5
& 4= 9t} o= TEOSS] F38E-s-2 2 A3 H silica domain®l| &
3| A7 o] Fraslar Bt o) ikslekAg} silanol groupZhe] X131E
7t e S8l AG7E S ] Wit o® & 4 Sl slolB
= Fajuke] F3% AlG STl n Etekar o]l ks A
o] vlszsAYE o TAEISS & & QT o= o|itsiRkAs}
silanol group?] X13H:E S7H=2 QIsH Gl el=o] Sote 7|1t A
o= B 4 9tk

72 Al

AT 20098 % 7| ThSHL ST H) (UNEAT A <

)5t} =P EIZrLIk A7 AE AT S BEL A
F YR A} 2L ob1X) oAl TelthshL 38
5} E4) A 28 gAle] B Egu,

ofl b o
1% ot o
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