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Poly(ether-block-amide)(PEBAX®)= @714 ©/d A (thermoplastic elastomer, TCU)ZA] hard-rigid amide block¥}
soft-flexible ether block® & FAJE|o] Qlom Exl=ku} T plockzke] T4duof we} ofe] 577} Qth. PEBAX®= &
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Abstract — Poly(ether-block-amide)(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 provides the
mechanical strength and permselectivity, whereas gas transport occurs primarily through the soft polyether 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 pure PEBAX®, PEBAX®-2533 and PEBAX® based hybrid membranes.
The hybrid membranes based PEBAX® were obtained by a sol-gel process using GPTMS ((3-glycidoxypropyl) trimethox-
ysilane) as the only inorganic precursor. Molecular structure and morphology of membrane were analyzed by 2’Si-NMR,
DSC and SEM. PEBAX-2533 membrane exhibited higher gas permeability coefficients than PEBAX®-1657 membrane.
This was explained by the increase of chain mobility. In contrast, ideal separation factor of CO,/CH, for PEBAX®-1657
membrane was higher than PEBAX®-2533 membrane. It was explained by the decrease of diffusion selectivity caused
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by increase of chain mobility. For PEBAX®/GPTMS hybrid membrane, gas permeability coefficients were decreased
with reaction time. Gas permeability coefficient of CH, was more significantly decreased than CO,. It can be explained
by the reduction of chain mobility caused by the sol-gel process, and strong affinity of PEO segment with CO,. Comparing
with pure PEBAX®-1657 membrane, ideal separation factor of CO,/CH, for PEBAX®/GPTMS hybrid membrane has
decreased to 4.5%, and gas permeability coefficient of CO, has increased 3.5 times.
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3 A1<=2] 25 (chain mobility), A7 (free volume), AF=3FS] A
& Z2-(interchain interaction) 5= A3t AT (diffusivity)2t
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A 47 2S5 Q= AT A8H 2849 7141 QITHS 6],
Poly(ether-block-amide) PEBAX )&= & 71423 ®FJ A 24 hard-rigid
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PEBAX®:= amide block®] -3t 71712 543} ether blockS]
AGE sAlel TEE = vk AR o® AV, AFs ARk,
AU, A= G5 Toll H 2 ARl st Aot 79]. o &
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U= w5 7FA] A St} thA] 28l PA segment®] intersegmental
mobility & 4| & Z}2 U= PE segmente]] 2] 3} intersegmental mobility 2}
free volume A&7} Wtk 55 & <7 Qv 22 7]£8] 1
7 A 7 AL Qs vk VA1 B3 A E 4 Qlvkal B
e, ol Ao WAl T 7 7= el Al A
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oo T el Y e gho] ApolE Kelth= Zlojot. mhebA Kk
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A1 Azke] AR A2 H Kim, ). 5[11] & A7 A= &
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8-S 7 PEBAX"Jsilica aFo] B.e] = Fe]uhs Al zaklct.
A2 3} silica domain®] F-7}2 tortuosity 7, chain mobility 74>,
T3 el Al SRR Qe vk et FHEA iR
28] FHI=AIG=500 Barrer, ©]AF8}gkA 0L 2 A0 M8 (0]
2]R1Ab=44yS R Ieh. et o] 2]t A= TS 85 °ce]
A gt Aupr A 25 °colA AT A FaE A7 50% ©]
8l WojXrh= Al Aol Sl
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H7slo] A Z3F class 1T EFRJ Q] slo|B &= Fa|uhs &3t o]iks}
Ehao} Wgke] RH50S 5731, o5 5 PEBAX RS AMS-
ato] Az Fejute] Aakel vlwste] F71AFA =9)o] 71AF
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Poly(ether-block-amide)(PEBAX®)[Atochem Inc.]i= ether block ¥}
amide block®] Ml wh2} ofe] 7pA] FH7F 9lom, & Al M=
PEBAX"®-16577 PEBAX"-2533% AH8-3}31th PEBAX™-1657
A 3} polyamide segment (nylon-6, PA6)2} 743 polyether
segment (poly ethylene oxide, PEO)7| 80:202] H]&-= T/ ¥|o] 9l o,
PEBAX®25332 X|9=5 3} polyamide segment (nylon-12, PA12)2} 574 &
polyether segment (poly tetramethylene oxide, PTMO)’ | 60:402] H]-&-= -4
=] Stk PEBAX®-16579] N1 7-351= ofefjel] VFERASITE.
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Poly(ether-block-amide)/GPTMS slo|B 2| & 2]

g A|lZA] 0|2 AR ethanol [Duksan pure chemical Co.J>
A glo] 2= ARg-shleh. Fel e AR A 2= ke
poly(vinylidene fluoride)(PVDF) & ¥l [Millipore Co.] 5 AF&-3}5iTh
F7] AA| 2 AFE-E (3-glycidoxypropyl)trimethoxysilane [GPTMS;
98%, Sigma Co.J= A2 §lo] ARg-3Ict.

222, 229t HZE

=923t PEBAX®-1657 %-2] 212 PEBAX®-1657 1L 2-A1E 70 wt%
ethanol¥} 30 wi% & 9] £3-&ufjof] el 3 wi%e] A} &S
PVDF A A Aol |83 3 40 °C g oA 24417, T3l
th7] Sl 48x]7F 7123 A 23T

Class 11 EF3] ©] PEBAX®jsilica 3F0] H.2] = 2] Bh2 4] 3wi%2]
PEBAX®-1657 LEAE 70 wt%2] o &-23} 30 wt%l] /2
Ztgujof g0°CeoA 2]&EE A3t homogenizers ©]-&3
10,000 pm&] &= & 2A17F FF A8 wrlate] AF S
A Z5F T} Inorganic precursor® AR A7} NS A Z35H]
9lel v dEE R B8-S GPTMS £ 7liaf & SRS
EH|E 1:39) B]&E A7} o & S5 0.1 M HCI ollgkE: &
NG Egtste] AEgt NS Az AZzE LA G
A7t gAS Hrlstn wEA WRAA 4L sholre s &
(hybrid sol)& 90 um sieveZ 71 & §- Teflon Z% ¥ plate®l 4] PVDF
2122 (@90mm) $loll FAAE kL 30 °C K F L Eol| A 48417}, T
7] FollA] 48A1ZF AZ3to] R uks AlEsieit). ekl Az}

g Fig. 19 YRS

2-3. EMZTAL 2 Bl =X

FAFZE gst] 9@l Varian UI-200 solid-state NMR
spectrometerS ©] 23 CP/MASH (Cross-Polarization combined
with Magnetic Angle Spinning technique)©.Z 2Si-NMR spectraZ
dolek zE) o FEute] 93 75542 differential scanning
calorimetry (DSC, NETZSCH DSC 200 F3)& ©]-g-a}o] 2 459

3wt% PEBAX® solution

GPTMS silica solution
+ keeping hydrolysis water ratio

U

Vigorous stirring for 2 hrs with acid catalysis

at 80C with reflux

U

‘ Filtering by 90 um sieve ‘

}

‘ Casting on PVDF substrate ‘

U

‘ Drying at room temperature ‘

U

‘ Remove residual solvent in vacuum oven ‘

Fig. 1. Procedure of preparation of class II type PEBAX®/silica hybrid
membranes.

RS o] 8% o itsleiAg) wRke] FaEA 655

A =y S

Computer

Vent

Gas input

*’fiﬂfr%-:é

.‘
=1
- -

[ ]
v}
T 1 |
CO,| CH4

4

Temperature controller
(setat T,) Insulated enclosure

Fig. 2. The schematic diagram of gas permeation apparatus, where
V,,V,: upstream volume, V;,V,: down stream volume, PT;:
upstream pressure transducer, PT,: downstream pressure
transducer.

7104 2R 9] -50~250 °C, T2 2= 10 °C/min® 2 5k 2nd
heating scan”7}A| 574 3}51 . ™, FAFA 214 v] 73 (SEM)[S-4800,
Hitachi Co.]2 ©]-&3F] PEBAX®/silica hybrid 222} ™ 9] &
ZZAE A3

714152522 Fig. 29] constant volume-variable pressure method S
o]-8310] 30°C, 1 amelx €] e FHE ATE SYsI3icH12).
Azg Fejuhs Fyplel Fakslar, Ao F5S WNFTHEE o] §
sto] RFHE ThEolFth AR 71A7 =k e
Ho] AA8] F7FHAl H=tl, o] B dEHIIM Y TS ER Y
E] 7)A FHE AFE ALt £ AlgE GPURS & A
£33 o0 |GPUE 10%cm’(STP)/em?* sec-cmHg®| t}. ©]/d2] ¢l
2= =7 1A B Al vl 2 ARSI

3. 20t § &

3-1. 8=

5 PEBAX™ 321t A3 A13lel|A] =33k Aletzzie] dAlsko]
PEBAX"silica 3to] H.g| = 2] k& A|Z=3}3]t). Silica domain =
{15 $130 silicon alkoxide$} organoalkoxysilane?] GPTMSE
71774 2 ARE8FI L. Silicon alkoxide® TEOS (tetracthoxysilane) S
ARE-EF T2 e ¥EgAITTo] ol ol mef Bharmof] W5)dl o]
AL, WEledo] Ashdel mat go] 'S a AR
B ol Ak 89 F PEBAX® TS 10 wi%e® 3to] A
3 7]% PEBAX™/TEOS 3to|H.2|= -] ute] ZAv}e} n)wald
ko] Fx70 o] Astalom slolue| & Fejdke] f-A4d-E A
o= A o] A7) Wi o Z B 4= Ut} IEdk sol-gel WS-
Al A7 S A AHE o= &3t F7|AKEE] A Hel o) gt
Ao o] o] 5 Weksly] flal f71% 0% NEE silaneQ!
GPTMSS AFE-313 th WA Si-NMR spectrometerS ©] 2540
RESAIZE w24 54 wEE AT PSi-NMR
spectroscopyt= ZE|AFAMe] FAREI F2F 55 X3 AAbE
o] ofe] 7Hx] SFARI S ol gt ARE Al wdith dRkd o,
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19114 25744 ] TheFst H,0/Si B]£oll A alkoxide A 7-2¢] 715
w3l 7F o] Foy HTh[13]. F-oll & AF§-$F ethanol-H,0 & 381l ]|
GPTMSE 2 7}81S wl GPTMS 2] methoxy “135(Si-OCH,)<- silanol
IE(Si-OHyE FAH] H8l 3-89 B3} vhg-ato] w24
ZiislEnt 2 5 7kisl] B GPTMS @9 silanol A=
S5 3o] dojuiA "t thA] &) 73] ) GPTMS
G = g7 Eo] Yk FTEN-EE S siloxane AHE
o] A=A Frt,

U4 0 F organoalkoxysilane®] 7143l]-5 g S AW
—58 ppm ol A T2E, —68 ppm F-Zol A T3 A5 Hol=d,
Fig. 3] ¥Si-NMR A~#Eglof|A] & & Ql520] GPTMSE AHE-3t
slo] B = ejut Bipol|A] WhgA gkl Adele] T2k T2 &g
sk 9325 YERASI) o] 24 GPTMS7F 7 all-53ke-&
53l siloxane Afo] A A= & 5 AUt

A7 B4 4 A= Fig 40 YERN ST PEBAX®-16572
PEO segment®} PA6 segment®™ 7-*J ¥ block copolymer®4|
72l &-871¢] endothermic ¥ & YERITE 5 PEBAX"-1657

i [----- day 4
i ---- day 3
i ! ) ----day2
——day 1|

A .2 3. & ot
(Wi R P
M F
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Fig. 3. The solid state ’Si-NMR spectra of PEBAX®/GPTMS hybrid
membranes.
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Fig. 4. DSC curve of PEBAX®/GPTMS hybrid membranes.
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8- 62~76 °C F-Zoll4] PEO segment, 220~260 °C -l A]
PA6 segment®] endothermic 3| 715 K .QIT}H14,15]. 2nd heating 7~
ZeA] PEBAX®/GPTMS 30| H.g| = 2|9} K5 PA6 segment®]
endothermic ¥ =7} 190 °C ¥ 2. 24 =54 PEBAX" K.t} tha
Sl oFt 515 K om, PEBAXY/GPTMS 30| Ha] = F-ajulo]
PEO segment®] endothermic ¥ =17} <= PEBAX®™ ®-&]}H t} oF
b3 2591 15°C F-Zoll M Hepsttt. ofi= A4 s o AAY
(crystallization inhibition phenomena)® 2 A gr 4= gl=1l], 2474
s} AT AE3hE IR E-JE A AHoA HidstA B
He @R I AR MR B0 bE 7 RS 389 4
St AFO R el A BAES o] F 5] A% 118X
FA7Y &5 v A9 e ol AR st A= o]
tH16]. TEOSE 71742 AF&-3 Kim} Lee®] o17tol] o]aha
PEBAX®2] PE block?] endothermic 3] =7} silica domain®] T ]|
ol HakstA HATS sk o]of oigt o2 A3
A ARk QITH17].

O.

-

3-2. 7IMEEY

TF7)A S FoE 54 A8-S B8l AlAte PEBAX"-16572]
CO,%} CH, F-o= Al 8} o Pdit-2] 914}, Z12] 31 PEBAX"™/GPTMS
stol B g = Hojuto] AZ Table 10 YERIQITH PEBAX® =
impermeable crystalline PA block®} permeable amorphous PEO block
2 FJ% block copolymer 24 PEO blocke] 7]AF3 1= Al4=5
A= Wkl & 5 Qlrhs].

T PEBAX®-1657 2] ute] T oAl 574 Ay, i) ¢
e 10 wi%= 3 A3 A Ad[12]9) v]w g w o] 1At
IS} SR A= sl o| 25 1A} ghgo] A
ot} S| PEBAX®2] 712491 T fx gtk & 4
Ak 2y Frp ey §4] 9 Fods A5kel PEBAX® §HF
o] ARAAIE W e 5] SleiAE PEBAX® S-S KU} bk
Al ASAIA A+-g I a7 ol kel PEBAX®/GPTMS
stol g = Ralute] 71 F3 e A 7= Table 13} Fig. 5914 2
T =0l CO,8 CH, B WEgA|Tlo] Aol whef T35 A
7} golA] = B eE Blvk 53] coell vl CH 2l T Al
7t @8] vroka] @38]8 o)t lAE SUFEE Bl o]+
PEO segment®} CO,2}] 73t x1slize] &3l 0,9 FH=AG7F
Aoz g vobd Zlog wolm[18], =3 GPTMS7} 711
gl=lo] AR silanolo] IFEAF ARzl HFE o] FFAYE AX]

AN gl AkEzE Aol AR AKES] S FHAA
A FHEAG7} okl A0 2 ke ti19].

Table 1. The permeability coefficient of CO, and CH, for PEBAX®/
silica hybrid membranes

Permeability coefficient  Ideal separation

Membranes R&S:)le [GPUJ? factor
o, CH, CO,/CH,
PEBAX® - 1.40 0.09 15.19
1 6.73 3.27 2.06
PEBAX®/ 2 6.59 1.64 4.02
GPTMS 3 5.14 0.79 6.55
4 4.95 0.34 14.50

310%m? (STP)/cm? sec-cmHg
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Fig. 5. Permeability coefficient and ideal separation factor of PEBAX®/
GPTMS hybrid membranes.

UHHA © F PEO segment= 733 A7 8} A3l 2lal] W 71A
E3EE Zh=tla B 1% %] 2 1H20], PEO segment?} PAG segment™
T4 9 PEBAX®-16572 PEO segment .U} PA6 segment”} T %
2793} A48 Zh= crystalline region®|tF. PEO segment’| TH5©
2 7% A3l A &S zh=thare S PAG6 segmente]] HIBIA =
2t © 2 amorphous region®] 9 gHe W32 2 PEBAX® ¥
A2 Yol A PEO segment®] $-AHl= RS S7HA171 9
HU} CO,94] B g SV AT JEo] & Z 0w eyt
5 PEBAX® #elute] Aze) v]wslels wf stojnel = Fejut
2] o)A QIARE 4.5% A8 Wh CO, FHEAGE 350 5

7ok 93t A9E ekt
4.4 E

<97 PEBAX® 2|93} PEBAX®S
ER] 9] f--F7] slolH el = 7] Ee] gt Z
sk o|absteka s} weke] BEA S AL Ay
A3t

PEBAX®-16577} F-7]1 A TA 2 GPTMSS A3t class 11 EFY 2]
slolB = Bl uke] 9 ¥Si-NMR #4128 %3] GPTMS7| 7+
SR ZEHS-S A siloxane AEo] PAIH o] §-F7) slo| B

= Fejubo] AlxE S-S Bttt PEBAXY/GPTMS 3}o]
B E e 7AF s &4 A3, €09 CH, 257 =%t
PEBAX® -2 2ol n]al| T2 A7} 5718181t 01 GPTMSS]
TR]o @ Qs A3} oA = A et 4= Qlrk, WESAIZ ] i o
TS AR gEgAIgto] Aol we} T AlGT) oA =
e Wl o= GPTMS7} 7l =] of 874l silanol©] 3L
R ARE] AFE o] SIS AXH ATl 2l AR
Agto] AR ARES] 35S UAAA FAHEAT7E Hobzl 3
o7 gkl £3] co0l vl CH,S o =AG7F @A) who}
A 2318 o)Hte] ks T7FES BT PEO segment®}t CO,
oFe] Zsk Rghee] o3 CO,8| FHEATTE A oR d wot
2 RAoR & 4 Qltk 5= PEBAX® 2] ue] A el v waiols
u] stojBu = F#]ute] A o] R T ARk 4.5% 1hAst vE
CO, FICAFE 3.58 71817t}

rE o

oS o5k o|alslEiAg) vge] Falsd 657
a A

= AT 20119 S AT AT AREAT kA ARl el o

AHAFU. AT A AT wEDEE AL F S

EQE oA koAl yrietal She Y e Stk A e

A ZA=EH YT
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