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ZE L I-tine-lag & IMEIRHOBARORD L 5 ICB S5 5,
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BizN%x bT v hOREEPH T XIREATRDA 5 AR [Te IIKFT 5
DDA > TWAED, ZOFMIIOVWTIIRFRIAETH 5, 5%, BT 2HIR
HEREE X ntclE. (1-5) Ri3H 7 RIRES FIROILBIHRE % tine-lag X H KD
AESICEHELNLLEDN S,

CDEHBEERICKI SEEFERETTFUEINAHRIIMA. #T7RIREAF
BADKAAR - EEENRERES FEEIIRLVER LS -> TV A EREIC
2. AT AOBDOL S A v MEEBOBHFEICL O A FHEBERICELI I 7 kA
ROBELEICL S I 7 o RE—BEDFEENH 5, 7 AREFFE~NDKUEDHE
BICEET 5 17 o E—BEL2OTRE LIcDidNeares'” ThH 5, BHITH
S 2REAFBRICEWTIREES TS A v MREBRICAER U 7222 (hole) A
NEXNAHEEVHIEZZREL'Y P BOEXIIHE DSV TBarrer 51 13N
EDVAE & 2. FE (hole filling) D2 oD CRIFICEZ > TWA I %R
Lice Z£L T, Vieths!'? "' 32z F TOEMNIEIAL EBRICE S W TR
L. #5 2REDTFOLHNER(C]1%. Fig. 1-1IZ/R Lick 5 ICHenry Rl &
LangmuirRXOf1E LTRAD L S Ic& LT,

} (1-5)

Cu'bp
C =kop + — (1-6)
1 + bp

Ty ko (FHenrvyENCHE S ISMRE R, Cv’ dlangnuir¥ A ~ OERFIER.
b (3Llangmuir¥ {1 FOBFIEH. T LT, p BKHEOHETH S, VbW
5 " 5tiNE® 5 )V (dual -mode sorption model)” & LTHIGNTWAS DT,



. Cybp

Co=kop Cu= 1+ bp

Figure 1-1 Schematic diagram of dual-mode sorption model.

P P

h . y
= T

Figure 1-2 Schematic diagram of partial immobilization model.
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(partial immobilization model)” % FEE L7z, (Fig. 1-2)

_ F K
P = kpDp[ 1 + ] (1-7})
1 + bp

T T F=Du/Do. K=Ci' b/koTH Y. Do &DuizFh ZFhllenryE — K& Langnuir
- FTPE LK DOILHERE R T, COHEMADOFEEE HICPaul 13455
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EBEREL O I(HPL TV A I S DERICH LT, Be OREA /D0
LTI N TV A, Raucher & Sefcik™ 3”3 B ETIVERMILT HEX
L LT, A7 2ARERFROER - ILHRBICERFrBIES N 5 0ENE L
KEDTOERTFONTHESH L LI T LoD, 7 RRETFIE L KUE
ROMEERNRE M5 v MEAEICEL L. PERIREIICH LIEELHIIC
M+ 5LEL. HI7ARESTFAOKUEDOPERNIIICEZLI>THLE LTS
"T MYy I RAETIV ERBELTVS, LALEBES, COETIVZ/IT A -
5 DYEERIBRICZ LS, ZRNEETVESET 5ETICRBE->THREL, —
5 CBarrer®!” ®Fredrickson& Helfand®?* (3Paul $°Petropoulos D% Z 1% L T,
Henry € — N & Langmuir€- KEITONAR b7 2 b OBEEZERET 5 LEMEE 151
L. 4O E — FE2BE LCFMSHERNERELZIT>-TVW5, ZDLIICH
J ZRES FEOSUAEEH R OBEGRE O BT AHELS bR - TE 0.
SN S DRI A E N A ERNER IS EL K5 L EbN A,

DL DIIH T ARERFROKUEEE RN EHTH 5 DIE. LI b~/
LI e RE—RdE. Blb 17 ofrS FASKBEEERMEICKRE(CESELTL
A1cDTH b, 178K, FImaForTell TOREICHEIE BRI, 2DR
ETOFPEREL D bEEMICEVZ X ILF - RCBREICL ) REMT N5
TIEPEIREET E L TREEIN A, AT AGBICE L TIdEa FORNFENEE.
T1F W], EBRHEME DL H S BN FRI2REM S HUOEEH A 29 55,
EBRICHEIN L4 7 AmB I3 BN FH B TS CBHBERICHR T 55D T
Hbo NE->Ts AT AMLDEDRMFICL Y BFE. =07V E —FDFEMMEICIE
T A RLT ORE TIEPEIRED &, T DREICHIT 5 PEHIREN & EMHR
FOEBEINLZENPHONT VS, Kovacs®® 22 LHE L OHFEEICLD.
COEMBRIIERINAR O oA TS P

N o AR@ERFOIEPEHEELELGT ARFO—HIE LT, Te. EXT Y VA,



CEIANER> S AE[BEHRPERFO TV Y FEPEL LN, INHD
CHEII B A T ARES TEOSBEHESEICET AMAOREBE L., Table
1_1 acﬁijlﬂ—d_éo

Table 1-1 Investigation of gas permeation properties for glassy polymer

using dual-mode sorption and partial immobilization models.

application references

glass transition temperature

variation of temperature - 19, 34, 35, 39, 43-435, 48, 53, 355, 68
morphology of polymer 40, 47, 51, 52, 59, 63, 66, 68, 14

physical conditioning

aging 34, 37, 38, 42, 46, b4, 65
CO; exposure history 34, 37, 38, 46
blend 49, 50, 54, 56 ,60, 6l
plasticization 56-58, 62, 67, 83-85

Ih DA DA BE L TH 7 ZIRED TR OSSR O —30° —5TiX
& - AR LEF MICES O TRIFS h, BEELICED ZolE S5 A4 — ¥
Dko & bOFHIEIZEE O ICH LEHNICEL L. G JEELHITREDL
TefhETCy =0t A6 &, 2 LT, #7 ARED TEOK A LRI &S F
POk, RUEREEDORE D, 2 - FEEPEN, £LTRY=-T VU RIC
HOSBENFREEOENDEEAZITAILEENHLIEINTWS, BIZiT,
45 ZRES TR0, DEE T TONEIC L O MBI a & bRVESh
TETW5, LD H>BEREIA I ARED FEOIELHEHOE/L. BIL,
Co IKELZHRLTLWAE LTHRINTVWSE DD, #75 ARESTFEDIE
Tt DL E KUEDTENE & ORLEII ISR S W TE 5. ETHtEDE
1t & SUBDERE - ThBEBO RIS EEN S, BT, #5 2REH TR
IEPEMEDOEL% B L TR R 5 2 &3, [EEEA R
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KAETHA, |

AFETIE EFHIERRIC & AERE DR &7 BRI IS X A IERE DR
H” LW 2ODEE L Y IS h B TIEREE & KRR R OB % R
4+ %, DIF. {b¥Erkic X aBEeticBIE L, E2EICBVWTRAY 77 VT
VOREICEA DTV F Y VEEZEA LAY TLIF I NILTI O
UIIREIE D SRRSO WTRE L. T3+ vy YL, RORBERI 0%
BEOEV., BT _EES0KIUSERERMTICEA SREEHL0IIT 5,
EIBETIRAYRAF VY HIRRERT) ERY EZ A Fx— 7))L (IR
BEYDT VY RRAOKHEINERHEICOWTRET L. 7V > M. &UHEE -
FEAYBEIREE &\ S (L HIREERIC & 0 HI & 7o IR S & [UBIBE Rt & DB,
EHizid, BYRF U VHHROBEIMIC LD b7 5354 7 ARG KEIPEE R
52 AP LMIT S, T LT, ?4% CBWTIERYT Iy IBOA I K
Bt 5 F8H— &%m%k#ﬂ%ﬁ%ﬁﬁ»%&é CEAPANRDIEE I DEE
fh L o Rat L. ﬁ%zﬁ”ﬁ?ﬁ®ﬂwﬁﬁﬁ%§ET5®¥%mébm#éo
BT, RRXOEFEICEWTH 7 ARES FIROYERILIRIC & 5 RIS
BHE L. E5ETIEA T AREN FELsub-TgTAUMEGT s ETHoINS
g - = U Y IVE BN ESEIERN & OREA HRICHT 5 LIS, A
F ZRE S FIROJEEE T DOE LK AL R - SERMEICEX 2R EHS
ST B, BEETIIA T ARES FIROBAIREN 5 DAMIT L > THERIC
sIHX N BRGNS, £ L TETEICBOLTIEIEETOC0, DPEIC & 5 HH{LIR
B BAERET 5 C & THI S hcBBELISEEERMTICE XL 58RE. £h
FROFTHIEOTILE MBS HTEE L, BBNEE - BOREESICBNE
BEUERHMCHLI V=YY VT TIAF v 7 IIREI N4 5 ZRm 5 FIE
2 BN KEBIRBEE S L TR 50RO W TRETT 5, ©
LT, FE8EICBWTRE2ENLEIEEI TCORRELI LD TEET 5,

PILED & 5 IS EE L & KUAEERE & OREICBIT A BRNISHIREZB 5
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Table2-1 Cure condition of various polyalkoxysilylbutadienes.

alkoxysilyl group abbreviation Tg(°C)! cure temp.(°C) cure period (h) Tg(°C)?
-Si (0CHs) 3 PMOSB -63 100 10 —45
-Si (OCH(CH3)2) 3 PiPOSB =57 100 18 ~48
120 50 572
H-PiPOSB -65 100 12 -25
(hydrogenated)
CHs
-Si (OCH(CHs) ), di-PiPOSB -69 100 15 -55
Chs
~Si (OCH(CHs);)  mono-PiPOSB  -76 100 15 17
CHs;
-Si (OCH,CH,CH3 ) 5 PnPOSB -100 100 10 -90
100 50 69
-Si (OC(CHs) 3) 3 PtBOSB -355 - - -
80 40 20
100 48 31
-S1i (OCH,;CH,CH3CH3) 3 PnBOSB -103 80 0.5 16
80 2 41

1 : Tg of noncured sample

2 : Tg of cured sample
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Table 2-2 CO, transport properties of various

polyalkoxysilylbutadienes .

sample Tg Px10° DX 107 Sx103
PiPOSB -48 123 72.8 16.9
(H-PiPOSB) -25 116 64.1 18.1
52 14.7 1.21 15.9

PnPOSB -90 197 120 16.4
69 25.3 14.6 12.1

PtBOSB 20 30.0 19.5 15.4
31 &4 .7 28.1 15.9

PnBOSB 16 142 106 13.4
41 20.8 13.6 14.0

P: cm3® STP cm / cm? sec cmHg
D: cm? / sec
S: cm?® / cm® cmHg
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Figure 2-4 Sorption isotherms of (@) CO,,
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and (O) N, gases in various cured polyalkoxysilylbutadienes:
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Table 2-2 Transport properties of various polyalkoxysilylbutadienes.

mono-PiPOSB di-PiPOSB tri-PiPOSB  mono-PiPOSB di-PiPOSB +tri-PiPOSB  mono-PiPOSB di-PiPOSB tri-PiPOSB

Px 10° DX 107 Sx 108
0, 0.60 6.92 24,7 5.50 77.17 180 1.09 0.89 1.37
N, 0.15 2.54 10.9 2.05 63.5 140 0.73 0.40 0.78
CO, 2.32 34.5 123 1.46 19.2 72.8 15.9 18.0 16.9
CH, 0.31 6.32 26.3 1.03 18.4 64 .1 2.98 3.43 4.10

P: cm® STP cm / cm? sec cmHg
D: cm? / sec
S

: cm®/cm® cmHg
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Figure 2-5 Correlation of solubility coefficient of various
cured polyalkoxysilylbutadienes and PB with Lennard-Jones
potential well depth of the gas: (@) PB, (O) mono-PiPOSB, (A)
1i-PiPOSB, ([J1) tri-PiPOSB, ([J2) PnPOSB, ([]3) PtBOSB, ([]4)
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Figure 2-6 Pressure dependence of permeability coefficient of
various cured polyalkoxysilylbutadienes: A: mono-PiPOSB, B: di-
PiPOSB, and C: tri-PiPOSB to various gases; (@): CO,, (J): O,

(A): CH,, (O): N,, and (): CO, glassy tri-PiPOSB.



WISIEEAEREE LW Do, BREOEMBIHEEDOTEICL S A
S5INTH B, Table 2-1L/R LIcTgDB W HEE L7SITHIEWVIF L WA nono-,
di-, tri-&EAHOESINETICENBEREIEL TV S,

NS DB OISR 7 L3 F 2 v ) IVEN SRR A R
T EIIMA L BEERITICRE S TV F Y EORBDHI RN B HEREE M ¢
folEICKDFHAIN B,

FH - ERSOMRE
Table 2-2iZ/KFEHRNMFITER DOPiPOSBD25CIZH 1S 5C0.:5:8 - HRERE AR LTz,
IKBRAN%OBER - ILHARBETFEDT 2 b0DTeDRVHER L THREFLH
BT ENTES, - Ty EH_EHEAILC0, DFEE - HHMEICEELLWVL D
EDBH OIS - T,

ZEREDEhER

2-2-1Ei TR L ARV TN AF NIV T I DT Vi3 ZREAED L &
2k H 5 AIREEARTERR G 5, £ JTH 5 XIRFEIZH HPHOSB, PiPOSB, PnPOSB,
PtBOSB, PnBOSBD 5D E DKMl Rt %R 5, Table 2-2iC & EKBIED25
°C. 100cnHgic5iF 5C0, DB - LB - IBBEAKAE R Ui, BIIREEE i
TIEMBERBICKRE LBV RE SN - oY B8 - IREREIE S A U b
DEEEDOE T A KB LT Uiz, X, BIKIRAEICH 5 PtBOSBL PnBOSBIZHL &
NIALEME OB OISR IAIRAE S L ~ED UL PnPOSBO A HPBOSBL ) bF/h&
(HoTWh, DT EEFAT A UESEHIRDn-7 b+ 2B ES A
N EITNA, EEIDEWDtert-7 M VREEBEDILBICES T 5HH
BRI 7aRA D)ZHT B UBR LG0T S8 ENELLNS,

2-3-4 FYTIIIXV Y INTH UL UIBEEOS A B M

FREOEHITRY TFIIaF YN T Y O UERREIEIIPDESICILET A S\ B



ﬁﬁ%ﬁ#él&ﬁméﬁuﬁatoCﬂé@ﬁ%ﬁ%%%ﬁ&bfﬁﬁ#%%
SIcHEME LEELHBEL S, £IT, 0ENEHRIC, BLAORY TV +
YTy U EEO BRI O W TRET T 5, Fig. 2-TICAWIFICH
WHEEBA DAY TIVAF )T UL VEERED EE R L0, LN, DIy
HORFRAMOEATRELBE L TRLIZ, IhosDREIGVEREE/RL.
Y. 0, &N B b2~ 4DORNICHFE LEBHBH Th 5, -T. KUY TIF
SUYINT Y VT VEBEISENEIEE L TEYTH A I EARRENT,

2-4 #EE

COETIHARY T VT VABHICEADT IV IF Y IIVEEBALICRTT
WaF YT U VERBROKUEEERNEIC DWW TR Ui, SUBERENE
FEBE T VI F SEOBEN., FHOEESOERICIKREE TR UEEnd
CEDERSIT LN, IS DORTIIBEBMEICIIIERMEDE S UTEEF ISR
Ltz TobaF vE(iso- T rRF V&) OBETICHWEHEERR L L, 7
VFEILEDERV I OELE b b Lic, iso-7T R+ YEdLn-ToRF
EOBOVIGEMICES Lsh - 7cb, tert-7 FF V& LD o7 b+ 2HED
mEttiaA e Uice COBWIESEIROn-7 M VEM VT tert-T7 FF Y
Iy bEIFHEEHMEAE L. BEICL 0SS h AR EBRAEOED
cEsb0EEbNn S, —F, THOEEGRIKEEEREICEE LTV LY
B &AMt - Fro TREIREBICH AR Y T IF VYT U x VIEEO S
WLE . B IS TR A LT 7o & S ITA L BRERIGIC L 0 E& TS
{184 D —EHS-Si-0-Si & -Si-0McEEb 5 T &I & ) RFTHIS BB {EREA M L 7

Kﬁﬂféo%%E@ED%%@M%@ﬁu%é%&&Lto%%Eﬁ%#
ICRE VAR RIS KR E B WITR o s h - 72, - MERES T A

F@ﬁﬁ@@ﬁT%E%bfﬁ@?%C&ﬁ%%énko%UT»:*?VU»

74 U1 UGB O BEEHEE TSI S C T B r0biid . BB O ERER

o



6 -
lrfN _ OpET
~ 10
N
o I o1 /
= Q 0 o) P o
3 Ny  pvci SPE B _ ol a .. 7
PP Oca 802 12 Q%2
- d si-pc 8 Q

] l

0 ' L
1072 10" 1010 10°  10® 107
Po{M*STPcm/cm? sec cmHg)

Figure 2-7 Plots of O, permeability coefficient vs. perm-
selectivity of O, to N, for various cured polyalkoxysilyl-
butadienes: rubbery state: (1) mono-PiPOSB, (2) di-PiPOSB, (3)
PiPOSB, (4) PMOSB, (5) and (13) PtBOSB, (6) PnPOSB, (7) PnBOSB,
and (12) H-PiPOSB, and glassy state: (8) PnPOSB, (9), PnBOSB
(10) PiPOSB, and (11) PtBOSB. Those of other polymer membranes;
PET: polyethylene-terephthalate, Ny6: Nylon6, PVCl: polyvinyl-
chloride, CA: cellulose acetate, Si-PC: dimethylsiloxane -

carbonate block copolymer, and Si: polydimethylsiloxane.
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Figure 3-1(a) DSC thermograms of homopolymer (PS & PVME) ,

single-phase (A) and phase-separated (B) PS/PVME (75/25) blend.
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Figure 3-1(b) DSC thermograms of homopolymer (PS & PVME)

single-phase (A) and phase-separated (B) PS/PVME (50/50) blend.
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figure 3-1(c) DSC thermograms of homopolymer (PS & PVME) ,

single-phase (A) and phase-separated (B) PS/PVME (20/80) blend.



100

v

Tg (°C)

_5 1 1 1 | ]
O0 0.5 1.0

Weight Fraction of PS

Figure 3-2 Glass transition temperature (Tg) of single-phase
and phase-separated PS/PVME blends with various compositions as
a function of weight fraction of PS; (O : Tg with single-phase
PS/PVME blends determined by dilatometry'®’, @ : Tg of single-
phase PS/PVME blends determined by DSC measurement, and /A : two

Tg's of phase-separated PS/PVME blends determined by DSC

measurements.
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Figure 3-3 Phase diagram of PS/PVME blend observed by

dilatometry'®’.
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Figure 3-4 CO, sorption isotherms of PS and PVME films at 25°C.
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Figure 3-5(a) CO, sorption isotherms of single-phase ((O) and
phase-separated (@) PS/PVME (75/25) blend film at 25°C . Dashed

lines are the isotherms of PS (lower) and PVME (upper) .
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Figure 3-5(b) CO, sorption isotherms of single-phase () and
phase-separated (@) PS/PVME (50/50) blend film at 25°C . Dashed

lines are the isotherms of PS (lower) and PVME (upper).
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Figure 3-5(c) CO, sorption isotherms of single-phase ((O) and
phase-separated (@) PS/PVME (20/80) blend film at 25°C . Dashed

lines are the isotherms of PS (lower) and PVME (upper) .
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Table 3-1 dual-mode sorption parameters of various miscible and immiscible

PS/PVME blend films.

sample Tg Cn' bx103 kpX102
(°c) (cm3/cm®) (cmHg™ ') (cm®/cm® cmig)
PS 74.8 4.1 2.36 1.12
75/25 41.8 1.5 1.45 1.41

(single-phase)

783/]7 48.0 2.4 2.76
75/25 — 1.49
(phase-separated)-21/79 -24.0 - -
50/50 -10.3 - - 2.01
(single-phase)
f73/27 28.0 0.4 4.73
(phase-separated):31/69 -20.0 - -
20/80 =24 .6 - - 2.62
{single-phase)
-74/26 35.4 1.1 3.95
20/80 ”“’? 2.93
(phase~-separated)“19/81 -25.2 - -
PVME -26.0 - - 4.00




x'23 = (Vi/Vg) x 25 = (Vi/V3) X 52 (3-3)
<H b Vi3 IRDDEIVERE, ¢:id ilRGOBRSE, LT, x5 13, ]
RAREOMEER ST A -9 Th b, 7V FR%E IS E LTHDES LES
F1& 7V v RROHEEER 5 A =% [x )13

Xio = X12Pz20 * X13B30 -~ X'235P209 30 (3-4)
LA, TITy 20t ¢30 = 1THO, BERFIBLWELIEBERDT VYR
WA R LTV, ¢~ 0DBRICHWV THenryANC LY ¢ 1=koyiai (i = 2, 3)
THHh 5B DRI OESANG

Inkpio = @oolnkpis + Paolnkois + PaoPsox 23 (3-5)

L5, B-HREEMA TS A LEZES L

Inkp;y = @ ;lnkp, + Polnkps + @ 1D x "1 (3-6)
ORFEANEON S, B-600RiEx 12 = 0DRIIZODESF Dko DRI
DRI DL x' 120D BEEFEORIIMBMEL SDTNERT ILEEKRLT
W3, BH. RU=-7VY FPHEBREBIIH A5G ¢ 3B LE L,

Fig. 3-612f@ 4 DD 578 APS/PVMET L » KIED1og ko % PSOEE /7T RITH
LTmR Uiz, DR OBES A RE LoD ko OMBIKFMEE R, KK
TDlog kold TONRHAERTERL O BDTNER LI, O & X 20
BHOEAH L. PS/PVHET LU ¥ RRDFBIRRBICH A L EZTRB LTV S, x 12
=-(0. 575Dk, EEREE Q-6 ROMIckR bRVWIIEZ R LI, O x EHIZfhD R
Yo — T UV RRICHLTEONTOLEY Y KL TERISETHO . PS/
PYNET L v K ZOFREH ke OMBUKER L VS TE /L EPRR LTV 5,

RICKES B L S INE B O BLIC O W T~ 5, Fig. 3-5(a)~(b) ICFH/
JRHEEIZ & A PS/PVME=75/25, 50/50, 20/80D& 7 L FEED25CITH T 5C0, &
RS A EBRREOES LI LR L. &7V Y FHRICHEWTC0 &S
AR PEVFRIRIREE L 0 bEEI Lo, XL FRISRULAc XS ICHA#IC K 0 &
U2 HDN—H I H T AIREEICH 5 C L ICkER L. NEHERITH T i ool
ETFNMCESCHEBRERE L, £ 0T I oDPGERBRIC ZouiE T 7V E



-1.3

-1.4

-1.5

-1.6

log kj;

-1.7

-1.8

-1.9

0 0.5 1.0
Weight Fraction of PS

Figure 3-6 Henry's law constant (k,) for CO, of single-phase
(O) and phase-separated (@) PS/PVME blend films with various
compositions as a function of weight fraction of PS at 25°C.

Solid line is a calculated curve based on eq. (3-6). (x =-0.575)
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Figure 3-7 Langmuir sorption capacity term (Cy') for CO, in
single-phase and phase-separated PS/PVME glassy blend films with
various compositions at 25°C as a function of (Tg-25°C); O

single-phase and @ : phase-separated.
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BEDOEITEDERFHICE X 2HRISOVT LRI 5,
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copoly (VDCN-VAc) (Tg=176°C) i3 =28mh b (BR) & 0 RS Ao BRI Z
foo HREHIBERHEZSE B UIck, DA FIVHRIVLT 2 FIDNF]2iEHE LT,
ZDI%EBEL H60°CTH v+ 2 b LEFHBI NI, BonBIIBRFBHREORED
FeDICERBICTUBBERIN, 20®AY ) —VETE b DL SR T24E5
gk L, BOEERICTASHRIEZ GBI N,
BontciXkHsub-Te TH A160°CE T3°Conin ' OFEEE T LT S0, 160
CTH A4 OREBWLE LR, 25CE TRIE SNV,

5-2-2 HIEHE
T4 7 AN —

fERla o7 4 7 M A = ZIIKBEORHOTFE. HIEMR?D TH 5 EME (HX
6onm, PR 6mm). £ L CHABOHHHOA 7 A ELDBREIN TV A, FRE
Ntz74 5 b A -7 D%RIT7 o LBREBE®RZ BRI Lok, ZR/KTHRGE
Fant, LEBOBEHOBICVES L5 EMEOKIREIT. BROEREDOKER
EMEMAICAN. HEHRTH SNIIKEBOES L0 EAEE L TRESI NS

25°C. HZE TN THICKEMTE Lzcopoly (VDCN-VAC) &7« 5 b A MY —HOD
DK E LTHO I, 8%, copoly(VDON-VAC)IZ T 4 5 b A — & DEEHEBICAN
S, AEERAZHE S 5BOERIC K AEE OB B Clowic, HEE5E
waERPICE Lo DHEEIE N, HEE. AU25C. SEZE F(<10 ‘onHg) T
¥ AR L. 20Kk, BEOKBEZFEA LI, OO ORI Teh &
W EEZELTEEAEREI TNV E LT,

MEET 4T MA =% )T vA LI ZHFICR L. ROFMETIT- 72,
copoly (VDCN-VAc) D160°C TOIRREEBIIAEE 2 I H7cdDIC. 74T M A4

— 82 —



ANV Y 3 VA A2 E2BTH 5160 C~FEEFEIC nin” ' THE L 30
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950°CE CTHE L. COROEMETOKEFOETORILII. FEO. 05D
Bt kA - THAIHONI, REEICBFAMBREIT T A5 | RU
KEBOEAZE Lz BT, 25CITBL To-AF 4 v EVURLERFRIC L 53 0E
FHAVWVTEONCEEXHOTER S NI,

DSCRIZE
DSCHIEIT2-2-28012 7R Lo HiEIChE - foo 5-2-18iCib~7z £ 5 12160°C T4
OIS BWLE X vz copoly (VDCN-VAC) %DSC/ ¥ v iZiE . MIEREE-80CH 5
310°C. FIE#EE15°C - nin ' THIE L1z, BIBEIN A4 T AEBEE [Te] kU
B0z vy e - LM OPREIS. BICRTFig b-4FpORARIIHE Do
#H 5 ZIREE L HABIRRED HLAB R [Crn & Cr J134-2-28 & FIRRD FIE TR 5
nt.

I I E
INEREEE . ROCBIEAE2-2-2801KE - 7.

BEBEEE . R OEIE R #I32-2-28010E > 72,

H-3 FERLEFBE

5-3-1 sub-Tg COEMLIRII(ES (AFE - — &L E —&H]

sub-Tg(=160°C) TOEMLIEAS & 72 & 9 copoly (VDCN-VAc) DIEFEEMN%E 7« 5 b
AN —XDEIB LT, Fig. 5-1icas castiREEL 160°C TI0MFRIAMLE L 72IREE
Dcopoly (VDCN-VAc) DiEE - AfEd#RE R L7z, as casﬂﬁ%@copoly(VDCN*
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Figure 5-1 Specific volume - temperature curves for as cast (-@ -)

and 30 h annealed (-O-) copoly (VDCN-VAc)s.



VAC) % 160°CTHREEF L7, AREEFNICE S LBROB/D. b EE Lo B
xhb, COLRBREDREDA160°CTORMEERRIICK LFig 5-21IR Lz, A
B3 |3 BVILIRRE S O S B 1o LRI Lic, 7 L T160°C T30 R BV
L fc& Dcopoly (VDCN-VAc) D LA RE- R HIAR (Fig. 5-1)1Zid, BITRT T 4L
E—EFMICER L. KA T CRMICTI S LAY MIRIRIBICEE 5 & L
S BRENESVEIEINI,

SR Lz & 9 iZcopoly (VDCN-VAC) 1dsub-Te TOBMIEIC L h Kx s v H )L
E—BHrET 5 EPHOoNTNS, 'Y DX FIVE — EFMADSCHIE L 0
BI% L7c, Fig. 5-31C160°CCHRE 4 ORFRAEMLIE L 7zcopoly (VDCN-VAc) DDSCH —
7T L%ERLUI, as castiREETIZEIE I NI D - I TerE TOREE — 7 08
sub-Tg TH 5160 CTEWET 5 &ick v EHh, BULFEIER & Hhic k& (-
TWb, DSCH - €S/ T LL 0B oNERBOT V5V E (0D, RUTe%
EVLERBEE IS LFig. 54T Lico (Mo KU TgDfEI3Fig. 5-45012/R Lo
BUCHEWERTE L1z, ) A3 BVLEERERE & M L. sub-Tg COEMLEICZ L 5
TUHINVE-BHERLTVWS, X, TUFVE-EAIENTeD FF HHERS
i, IR UICRE-RABIBRICR ONICRENEHII o v 7V E— &
FIcHRT 2 bDEEZEALLN S,

Z Dcopoly (VDCN-VAC) D= > 7 )b B — EFIATERANCE O 5, Fig. 5-bic
VHNWE - DRERE®EZRAKICR L, JOBKAKICE S & & 2 NERE
[T VLR [t T v 7 IV E—Z[M(Ta, t) JIZIRATERI N5,

AH(Ta,t) = H(Ta,t) — H(Ta,o0)
= ACr (Tg: — Ta) = AHA(Ta,t)  (5-1)
Ty MCe Tl B B, RUH T RIRETORABTEDZE(Cr.Cee). Tg.
BRI [t TDTgTH 5B, DAM(Ta, 1) iFFig 5-bIRLIc L HITH T IR
BT OEEHEEE T VI IVE—ICLDRELICLDTH S, T FbE—LK
BORSMAZETLE, T U9V E - BIIIHEERE EECRATREATE
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Figure 5-2 Dependence of specific volume on annealing period for

copoly (VDCN-VAc) annealed at 160°C .
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Figure 5-4 Dependence on annealing period of enthalpy difference,

A Hn(a) and Tg(b) for copoly (VDCN-VAc) annealed at 160°C .
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dH(Ta,t) _ { H(Ta,t) - H(Ta,o0) ) (5-2)

dt T

T T IIENMERETH A, O T IIHBBERILICLD,

B
Int = A +T (5-3)

TRE@FESITF o TWS, 22Ty A BidDoolittleD¥ER 'V ICE D EHMTH
5o [ ABUEICHE S LBV OEBE(L2ZE LI TET,

V(Ta,t) — Vo (Ta)
V(Ta,t)

T Vo (T EEEETH S, G-HRXEMEEE, @ 7L E R
% Fig. 5-4ic o xRATEL,

(5-4)

- H(Ta,t) = H(Ta,o) (5-5)

H(TA,t)
(5-3) DRARAE L ICBEIE T AT OITEBRP) ST A — 7 [K(Th, ) ]2HWRKD L 9D
(v & fuadE T o,

£, = K(TA,t) fu (5-6)

(G- RITG-D~G-OXERA L, t=t:1 D51, DT U7 )L E —~FEHIZKRAD

IIHICHEEINI,
. H(Ta,o) /K(Ta,t) . H(Ta,0) /K(Ta,t) B ty dt ~
B 1)) - B(Ta,o) P ) - H(Tayo0)) 0 ¢, exp(1/K(Ta ) O 1)

CCTCRiREOEMEHTH S, G-DOFHEICEEL, B = 1. A3, UL
sub-TgfEAC/NE W A ZE LEHTEZ A& Lz, H(Ta, t) - H(Ts, ) DI
(B-DRKITEDEDSCHMEL D KD SN B, - Ty H(Tar, ), K(Ta, t) %35 4
—7 & LT, AR t=t,, t, TORBEEZR/D _F/EICLORDEIENT
X%, £ T, copoly(VDCN-VAC) # 160 CTEWLE L /cBFICET A 7 )L E —
ERA (O-DRICE DS T 5, Fig b- 4R Licdh 2R COM, & TgD
REEZE b, % LC. DSCHIE & 0 18 S f7zcopoly (VDCN-VAC) DAC,=0. 58 (J-g '
deg A G-DRKITRA LTSN AH60C, t) - H607C, <)% EiED & 5 I2f#
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thlicd A REHREZR BB CEXTHA60C, «<)id73.5(J-gHDTHD., £L
T KA60C, IBMERFEICEZ EAEERELE TR 1 Th-7c, Botiz2o0/3
T A =7 DEEHVRD SN AEEORME t TOHI60C, )% G-DREH R
E U

[H(160°C,t) - H(160°C,)]
[H(160°C,0) - H(160°C,o0)]

E L THRHIER A Fig 5-61CR L1z, DSCHIE L D B o AEREA KRz T a v
FLAcE A, MEIZBLW—EILIE SN, G-RICE o5V E &R E
BEM & RIS ERYIC BRI s,

(5-8)

5-3-2 [UEINE R~ Dsub-Tglc BT 2 BWE DR

sub-Tg T DEEFIRRACOPEFHEICHE X ANRICOVWTHRETT 5, Fig. 5-Tic
sub-TgTd % 160°C TH ~+ DEFRIBMLEE U 7z copoly (VDCN-VAc) D 25°C TDCO, INE
FhRiRE R Uiz, CONGERIGUERR & HIcED Lz, EEHNTONERED
IR b B g, Fig 5-8ITR LIc L 9 ICNEBEDOR/DIZEFEM L 0 HIKFEH
ICBEWTEBAETH - fce TD I EI3sub-Tg TCOEMBEN —TINEE 7L [(1-6)
XJIZK T Alangnuir® — FTOIREICKECEELTWAIEEZRB LTV A,
ZIT. ZulEETVEFig 5-TITR LA INEFSRBGICEG LB ohi- 2%
W&/ XT A — 7 LEMBEROMEMEIC O WTKRETT 5, Fig. 5-912160°C TOEWWLEE
RERALCS L ZoeiE 85 A — % (ko, b, C' )DZEALER L7, koo bD2IODINE
IRT A = FIIRIBEROEEA I LAERILODICH U,y Co’ 3BT &
HITBDPLTWE, B-DRTRINELSCw ZIEEHEORE LSS,
WE-> T Co OEDITsub-TgTOBIEDN &7z ST EFBHRICLEWOBEREE A IETE
BIREED O SEHIRE~NDBITEZRE L TWE, 22T, 200 LA ¥
WE-BMEMIBDTEE L. 47 ARED TEOIE LM & SIS & D
BELXIH O ET 5, Fig. 5-6ITmLcT V7 IVE —BHIOREL LTRLUE
[H(160°C, t) ~ H(160°C, =)] / [H(160°C,0) - H(160°C, o) izl d 28 & L
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Figure 5-6 Dependence on annealing period of the relative change
in enthalpy {H(160°C,t) - H(160°C ,)}/{H(160°C,0) - H(160°C , )}
of copoly (VDCN-VAc) annealed at 160°C; solid line is calculatec

curve using Eq. (5-7) and @ is experimental data.
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Figure 5-7 CO, sorption isotherms at 25°C of copoly (VDCN-VAc)
films annealed at 160°C for various annealing periods; @ : as
cast, O : 1 h annealing, A : 5 h annealing, A : 10 h annealing,
and [] : 15 h annealing. The solid line corresponds to calculated

curve based on the eq. (1-6).
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Figure 5-8 Dependence on annealing period of CO, sorption amount
at different pressures in copoly(VDCN-VAc) films annealed at

160°C; O : 200cmHg, @ : 500cmHg, and A : 1000cmHg.
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"igure 5-9 Dependence on annealing period of the dual-mode
sorption parameters (kp, b, and Cy') of copoly(VDCN-VAc) films

innealed at 160°C .



T HACH ICBEHMA A EICLEDFig 5-HIcE D XI0CTO V7 )L E —#&
MIciEERT A8 LE LT2°CTOCy DELA

[Cu' (160°C,t) - Cu'(160°C,0)]
[Ch' (160°C,0) - Cu'(160°C,0)]

ELTELK, Fig. 5-1012(G-)XEG-DHXEHONZ v F IV E—FMEC & D
W% R Lz, (-DRICH1F 504" (160°C, =) %9. 8(cn®/cn®)IZ LIck. MED
BICBOL—ELE SN, sub-TgDBWEN bz o3 07 )bE— EBHMIECT DE
L& ERIB DT THRATE A EDHLNITL -~ T2,

(5-9)

5-3-3  EERHME~NDsub-Tell 1T 5 BULEH DR

" S5 BRI L TOAEE L Ba. TEICES A LTI
ATHEROK XX EE5EBDORFREDMBENIEEL LS, DTFEDEVICLS
BRI, B TEHERAEE RNt OB W E LTHEL K5, - T, Hi
RO X 5 12 copoly (VDCN-VAC) Dsub-Tg T DIEFIN S 2 5 BEE 1 [BRE S 13 0 E i 4+
MExEBsEELLNS, £ T, sub-TgTCOEWED 12 & T HLEE/LD
0;[d=2.94 A (Z DfBiIvan der VaalsRE DB ol FERETHS)] LN, [d=3.
1A ]OKUEDBEERE IS 2 2RI OWTHRETT 5,

Fig. 5-11(A)IZ160°C T ORI b 72 59 copoly (VDCN-VAC) D25°C I 513 50,,
BERFEMOESREEER L, IO SHOMELIIT, 0, N, OBBREIL
# 5 2R EmR FEICRBRSENREEA 2 LT A, Fig. 5-11(B)ICFig. b-11
(MR U120, N B@REA AL 7V IA-T)XNTHEHED & (1+bp) ~ KT
L7y kUt 02 NoBBGREUIBVOLERRSIE & SHicmid Lic, £ LT, C0iB
EHEDRDIIFig. 5-121TRT L 5120, EN, OREEEDR B 726 Uiz, 160°C
T 15 RAZMILER U 72 copoly (VDCN-VAc) D4 EfEMEIZKI12E 7S 0 IERICEWEE R L
foo D& HEWDBEEOBRRA AR - RIS OCT 5, Fig b
-1312160°C TORBMIER A b1 590, N, D25TCTICH T 5 INEHRIBOENE
AUTze 0z NoDINERIZEMRRICERN LAMERRBE EHLICHD Uic, T
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Figure 5-10 Dependence on annealing period of the relative change

in the Langmuir sorption capacity term,

(-@ -) of copoly(VDCN-VAc) films annealed at 160°C .
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Figure 5-11(RA) Pressure dependence of permeability coefficient at
25°C for O, (upper) and N, (lower) of the copoly (VDCN-VAc) films
annealed for various periods at 160°C; a: as cast, b: 5 h

annealing, and c: 15 h annealing.
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‘igure 5-11(B) Permeability coefficient for 0, (a) and N, (b) of
he copoly(VDCN-VAc) films annealed for various periods in
ccordance with the partial immobilization model [eq. (1-7)]; a: as

:ast, b: 5 h annealing, and c: 15 h annealing.
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Figure 5-12 Pressure dependence of the selectivity of O, to N, at
25°C the for copoly(VDCN-VAc) films annealed for various periods

at 160°C; a: as cast,vb: 5 h annealing, and c: 15 h annealing.
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Figure 5-13 O, and N, sorption isotherms at 25°C of the copoly
(VDCN-VAc) films annealed for various periods at 160°C; a: as
cast, b: 5 h annealing, and c: 15 h annealing. The solid line

corresponds to calculated curve based on the eq. (1-6).
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EBORDLE _tINEETNIA-0O)R]L 0B L. Bonfc _uliE/ Y5 A —
% % Table 5-LIZ/R L7z,

Table5-1 Dual-mode sorption parameters of various annealed

copoly (VDCN-VAc) films for Oy and N, gases.

time Gas Cu' bx 103 kp X 104
lem®/cm?] [cmHg '] [cm®/cm3 cmHg]

as cast 04 2.18 1.1 2.6
Ny 1.74 0.8 2.0
5 hr 0, 2.12 1.1 2.6
Ny 1.70 0.8 2.0
15 hr 0, 2.06 1ol 2.6
Ny 1.66 0.8 2.0

FIR LIRS RIZC0, DS S RIEEIZ0,, NoDBEFNILE S PUEDOR/DHks, biZid
LOFC DEDICLBELDTHEIEAERL TS, 0, ENDREEEA~DEE
MOEFEA COZIGE/ YT A — ¥ O bZE L TR 5, SEUERHEICE
5N T A — 5 D0 EN, DB IS BVLEER R K E S . &4 kooz/
kowz=1.30, bos/bx2=1.38, Ci 02/Ci x2=1.25TH Y. sub-Tg TCOBWIRIZL D
HF ABEAICIIRE LIS - o, IRIZO, EN DILEHE~DEFIDOEFE S A KR4 5,
Fig. 5-11(B)ICRTHBDYIF (p=co) L X L 0 BB AL E T IMICE D EES
tutzHenry € — K & Langnuir®- KOIHEREL Do, DulidTable 5-21T/m LIz D
IBFIEHRICHEVWED Lic, 2 LT, 0o DILBHRBOB/LIE0, L0 N, DFH
DEEETHD . #ERE U THIHMICE T 50, EN, DB IZ sub-Tg TOBMLEED
blcodEMERR. ILERBEOEMEMISER LRI LUK, - T, copoly
(VDCN-VAc) DIEFIEHR A b 7 & w0 BRI A Bt O &2 LT3 s IRt o
HEICLBLDTHAIEMNHSIII 51z, Fig. 5-1412160°C THi £ DRERIZL
WL U 72 copoly (VDCN-VAc) D0, B8 & 02 &N, D48 & DB % fhod &4+
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Figure 5-14 Plots of O, permeability coefficient vs. perm-
selectivity of O, to N, for the copoly (VDCN-VAc) films annealed
for various periods; a: as cast, b: 1 h annealing, c: 15 h
annealing, and d: 30 h annealing, and those of other polymer
membranes; PET: polyethyleneterephthalate, Ny6: Nylon6, PVC1:
polyvinylchloride, PC: polycarbonate, CA: cellulose acetate, Si-

PC: dimethylsiloxane - carbonate block copolymer, and Si: poly-

dimethylsiloxane.
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oz & HE U T/R LU, copoly(VDCN-VAc) D43 &1 13 sub-Tg T D EMULTR & |
ISR FFEICL Y bl o INAEMICHEVWEE L, MOEsFEE L L TIE

HilmWiEz=2 Ui,

Table5-2 Diffusion coefficients of various annealed copoly(VDCN-VAc)

films for 0, and N, gases.

time Gas Dp X 109 Doog/Dong Dy X 10° Duos/Dung F
[em?/sec] [em?/sec]

as cast 0, 21.3 18.5 0.70
4.0 4.7

Ny 5.3 3.9 0.74

5 hr 0, 15.5 5.6 0.36
8.2 7.0

Ny 1.9 0.8 0.44

15 hr 0y 12.4 4.7 0.38
8.3 6.7

No 1.5 0.7 0.45

copoly (VDCN-VAc) BE D Ew& (3K WA, IR DS C BIREAEIRETH O . B
DEEMEAH T AEDIEREEBEICILDE L LHFEI NS,

h-4 #EE

CDETIIsub-Tg TORMEN & 72 53 copoly (VDON-VAc) DHEEL LA L o 4
IWE BRSO BHSIT U, SkmiERE & OREA R L7z, copoly (VDCN-
VAc) Zsub-TgD160CTEMEFT L &ick ., TefRICBRALY -7 & LT
ZIWVE -BHNBEIN, COT U7 IVE—BRIEG-T)RE O THERN IR
tha iz, —H. sub-TeTOEME I copoly (VDCN-VAc) DCO, DINEE DL %
b7co Ly CORDIIsub-TgTORME L W 5 WEEFIRIEIC & 0 Langnuir¥ A b
DEIFIEHC” DD LIAERTH L EMBHL I Nz, £ LT, sub-TgT
DBEMEZ L 5T 07 )V E—BMECy DREDITHIE DI THIFEI N B 2 E05R
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Xfz. X, sub-Tg COBMBIIKHERMORBDICLEE L, ZoR/DIZE
@ OR/LICIA . Henry® — K& Langnuir € — FOILEERE Dy, D] DEDIC
A ENHLMIEIN, JOMEHORDIEFERE LT, ERITHWV0, 778
mE b7z L,

LIEDE ST, =02V E—EMECy EMXHEDIFTHIATE 52 & L9 sub
“Tg COBMIEN b/ 5 TINBBRHOLLAEFRILISAH L0, £ L Teopoly
(VDCN-VAC) DYE SIS KA Bl & 15 D 15 B nlgEtE R S 7,

10.
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Table 6-1 Quenching condition of PC, PPO, and PI membranes.

sample holding quenching quenching
temperature(°C) temperature (°C) medium

PC 190 0 water
200 0 water
200 -94 methanol
PPO 220 0 water
240 0 water
250 0 water
PI . 450 -196 liquid Ny
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Figure 6-2 Specific volume - temperature curves of various PC

films quenched from 200 ,190, and 180°C to 0°C and cooled slowly

from 180°C, from upper.
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Figure 6-3 Specific volume - temperature curves ‘of various PPO

films quenched from 220, 240, and 250°C to 0°C and cooled slowly

from 220°C, from upper.
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Figure 6-4 CO, sorption isotherms at 25°C of quenched and slowly
cooled PI films; a: slowly cooled PI film and b: PI film quenched

from 450°C to -196°C. The solid line corresponds to éalculated

curve based on eq. (1-6).
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Figure 6-5 CO, sorption isotherms at 25°C of quenched and slowly
cooled PC films; a: slowly cooled PC film, b: PC film quenched
from 190°C to 0°C, and c: PC film quenched from 200°C to 0°C (@)

or -94°C (O). The solid line corresponds to calculated curve

based on eq. (1-6) .
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Figure 6-6 CO, sorption isotherms at 25°C of quenched and slowly
cooled PPO films; a: slowly cooled PPO film, b: PPO film quenched
from 220°C to 0°C, c: PPO film quenched from 240°C to 0°C, and d:
PPO film quenched from 250°C to 0°C. The solid line corresponds
to calculated curve based on eq. (1-6).
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Table 6-2 Dual-mode sorption and partial immobilization parameters of various

glassy polymer films.

sample k[)X]OZ CH' bX]OZ DDX]08 DHXHJQ F

(cm®/cm®cmHg) (cm?/cm?®) (cmHg ') (cm?/sec) (cm?/sec)

PI(slow cooling) 1.717 14.4 0.97 0.21 0.04 0.019
PI(450°C~> -196°C) 1.75 15.7 1.03 0.38 0.16 0.042
PC(slow cooling) 1.00 16.2 0.35 9.07 4 .45 0.049
PC(190°C~- 0°C) 1.00 22.5 0.24 9.11 3.76 0.063
PC(200°C~ 0°C) 1.04 24,7 0.25 9.13 6.17 0.068
PC(200°C~ -94°C) 1.06 24.9 0.24 - - -

PPO(slow cooling) 1.20 26.1 0.40 30.4 27.1 0.089
PP0O(220°C~ 0°C) 1.25 27.17 0.38 30.4 30.3 0.100
PPO(240°C~ 0°C) 1.24 28.9 0.38 30.6 30.9 0.101
PPO(250°C~ 0°C) 1.22 30.3 0.38 31.5 32.5 6.103
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Figure 6-7 Relationship between Cy' obtained according to eq. (1-
6) from sorption data and that calculated according to eq. (3-7)
using Fig.6-2; a: slowly cooled PC film, b: PC film quenched from

190°C to 0°C, and c: PC film quenched from 200°C to 0C.
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E‘igure 6—8 Relationship between Cy' obtained according to eq. (1-
5) from sorption data and that calculated according to eq. (3-7)
ising Fig.6-3 and V, () or V, (@); a: slowly cooled PPO film, b:
PO film gquenched from 220°C to 0°C, c: PPO film quenched from

240°C to 0°C, and d: PPO film quenched from 250°C to 0°C.
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Figure 6-9 CO, sorption isotherms of quenched PI film(a) and
slowly cooled PI film(b) at various temperatures. The solid line

corresponds to calculated curve based on eq. (1-6).
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Figure 6-10 Van't Hoff plot of the dual-mode sorption parameters
(kp and b) for CO, of various annealed PI films; A : quenched PI

film and O : slowly cooed PI film.
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Figure 6-11 Temperature dependence of Langmuir sorption capacity,
Cy', for CO, of various anneaed PI films; A : quenched PI film

and O : slowly cooled PI film.
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Figure 6-12 (A) Pressure dependence of CO, permeability
coefficient of quenched and slowly cooed PI films. (B) CO,

permeability coefficient plotted in accordance with the partial

immobilization model [eq.(1-7)]; a: slowly cooled PI film and b:

PI film quenched from 450°C to -196°C .
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Figure 6-13 (A) Pressure dependence of CO, permeability

coefficient of quenched and slowly cooled PC films. (B) CO,
permeability coefficient plotted in accordance with the partial
immobilization model [eq.({(1-7)]; a: slowly cooled PC film, b: PC

film quenched from 190°C to 0°C, and c: PC film quenched from

200°C to 0°C.
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Figure 6-14 (A) Pressure dependence of CO, permeability
coefficient of quenched and slowly cooled PPO films. (B) CO,
permeability coefficient plotted in accordance with the partial
immobilization model [eq. (1-7)]; a: slowly cooled PPO film, b: PPO
film quenched from 220°C to 0°C, c: PPO film quenched from 240°C

to 0°C, and d: PPO film quenched from 250°C to 0°C.
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Table 6-3 Activation energy of Dp and Du for
slowly cooled and quenched PI films.

sample Epp (kJ/mol) Epn (kJ/mol)

PI(slow cooling) 20.8 41.0

PI(450°C~> -196°C) 13.6 26.9
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Figure 6-15 Arrhenius plots of diffusion coefficients of Henry-

and Langmuir-mode for CO, of PI films; A : quenched PI film and

O : slowly cooed PI film.

— 130 —



SKPIDDy EDu D BEMNTI DEM L — R VF-IIRAEPIIEDO FN L H/NE (D
2RI E D B UIEEEEOE BRI B E A X UHenryiINZE . B O Langnuir
P& L72C0, 3 F DI RICERICK > TWA L EEZRBLTW S,

6-3-4 WERED SFWEINIcH 5 ARG FIEO 7 BER

RSP DE EAKUAS BRI S AMRAHO T B cdic, BEEIREE
5D &0 I A S 1o RS & KRB & OBIEIC O VWTEE Y
%o

Fig. 6-161C 2n LB RITR OPIIR D0, B (A% & 0, &N, D53 EEME & DRARAE RT
B ORI IRERICEE S 0, BRBRHOE( L & DB ORMGRE . ERIZ2AN
BHICHSRIHOREFRERLTVS, IO SHELAKEIIC, BELRICHS0,5
W RO SR OBRE L@/ DZ B LTVWADIIIK L, 2B 0NEN b/
530 BRAMOEMIZEDBE & K L To#EoR/DIIHI TV 5, &
DFERIIRD L S IR I N5, BELRICL 3 B@EEOBIMTEREDRD &
B DEMOBRMOERTH DIt L. SKBNEIC X 5 B8 O iER
MEMHEOmM DMLY bebI TS, 4 DFR TR UBAREKS
BA5G. ARLEIC X A2 EEOENOESIZEE R X AHEoMmE
LTI THT L EEZ NS, BE-T. 5-3-3E1 TR L D ITBEEHED
ELIIDEEICEEALTS LIEWE NI TEEFETNE, QBN L 558
RBEME R EIZIEEE OB b 5 TR OBDEMS LR TH 5
EA b, DA T AREDFRISOVWTHERICKRFT L. 2hEFnoRBaiEs
# L CTable 6-4i/R L1z, PIDEEEEREIC, A D4 T AIRESFEICBL
ThH. BRNED0,BAMDOR L% bl b+ —H THBMEORB/DIMEI X h T
5IEARLTVES, CORRIIDEEORDAEIE LY 5 2IRESTFEOK A
BRMEA R EI 5 S THEEICHKENVERTH 5,

— 131 —



14

12 |-

Po./Pn,
/
/
/

107" 107
Po.(cm? STP ¢m / cm2 sec cmHg)

Figure 6-16 Relationship between O, permeability coefficient and
selectivity of O, to N,; A : quenched PI (25°C), A : quenched PI
(50C), [0 : as recieved PI (25C), B : as recieved PI (50°C),

and (4 : as recieved PI (80°C). The broken lines show the

temperature dependence and the solid lines show the effect of

quenching.
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Table 6-4 Selectivity of 0y to N, for various

quenched glassy polymer films.

Sample Po,X1010 PuyX1010 a
PI(slow cooling) 0.066 0.007 9.4
PI(450°C~ -196°C) 0.108 0 012 9.0

mEC(slow-;oollng) .98 0 36 " 5T;m
PC(200°C-~ 0°C) 2.12 0.41 5.2
PPO(solw cooling)  10.1  2.00 5.0
PPO(250°C~ 0°C) 13.5 2.917 4.5

P:cm® STP cm / cm? sec cmHg

6-4 #&=S

COETIIEDFEABREIREEL D SKBNEY 5 &2k D BhE X h - 36
MEHY 547 AIRGES TFIROKIAREREE R U, BIKIKED S DEBm
BHICE Y 45 2IRERFIROIFBEEEDPEINIZED0F 1 5 A — ZHIE L
DHERI N, TOIEFEEMEDMEMIILangnuir 4 b DRIFIEKC OBENLICE
BRBRL., [UAEBEESH 5 LB L, R, 75 2ARESFEOK
PEEEME b REIRED S ORWRLEIC L 0 H L Lz, I OBEEM Ok
BTOBEHEREEZ FHERRET 5 & THICIEREEO & W EHEE ) Langnuir € —
K TOXAEDBBEE D, D OK[UEOILHHEOR EICEMIcES LTWE I &
IKERT 5, £ LT, JOnEMEOHEM3Eenry€- K [Do]& » blangnuir€- K
[DuJicBWTERF ICE NI,

UED XS 1c, 3WEIZED b b SN/ IE RN KIRMHEREMIC 52 4
FE% ZuE - AL ET VICL TR TEL L LD, ThHDEFIV
DAEDH 7 ARBEAFROKUA S LRS- ERIL L, X, A5 RIREHTE
DIEPEME DM [UE DB DOBE I bEMCEFES L. DEEOR/D A 1% L
SUEBBMEE R 5N A 5 AR FRORBRBBMEAKES 5 ETO—D0
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Figure 7-2 DSC thermograms of PPO at atmospheric pressure(A) and

PPO sorbed under ca. 60 atm of CO, (B) .
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Table 7-1 Variation in Tg of glassy polymers

at high CO, pressure.

sample Tgo CO,; pressure Tg» ref.
(°C) (atm) (°C)
PPO 219 33 109
44 55
57 19
60 -1
PAA-0 148 60 -8
PAA-4 1 221 60 0
PI 410 60 13
PC 148 20 97 8
PVC 75 20 57 8
PS 100 20 18 8
PET 14 20 52 8

Tgo.: at atmospheric pressure

Tgp: at CO, pressure

VU EDFRIZ, B4 DCOESNFTES 5RIL - For[ B LIRAEA BE6%E & [AlHic
BERET 52 LICh D U7 AKED FIRBEDOHIE O RIFEM % RRT 5,
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Figure 7-3 Variation of Tg of PPO as a function of exposure to

CO, pressure.
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Figure 7-4 CO, sorption isotherms at 25°C of PPO film conditioned
at various pressures of CO,; @ : (a) unconditioned PPO, O : (b)
PPO conditioned at 30 atm, (c) PPO conditioned at 50 atm, and (d)
PPO film conditioned at 60 atm. The solid line corresponds to

calculated curve based on eq. (1-6).
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Figure 7-5 CO, sorption isotherms at 25°C of PAA-0 film
conditioned at various pressures of CO,; @ : (a) unconditioned
PAA-0, O : (b) PAA-O conditioned at 30 atm, (c) PAA-0 conditioned
at 40 atm, and (d) PAA-O film conditioned at 60 atm. The solid’

line corresponds to calculated curve based on eq. (1-6).
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Figure 7-6 Sorption isotherms at 25°C of PAA films having various
imide contents conditioned at 60 atm of CO,; a: PAA-0O, b: PAA-41,
and c: PI. Broken line shows sorption isotherms of unconditioned

PAA films and PI film (Fig.4-4). The solid line corresponds to .

calculated curve based on eq. (1-6).
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Figure 7-8 Variation of dual-mode sorption parameters (kp, Cu',

and b) of PAA-O film as a function of conditioning pressure.
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Figure 7-10 Ratio of C4' of various imidized PAA films obtained
by the pressure conditioning at 60 atm to that of unconditioned

films.
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Figure 7-11 - (A) Pressure dependence of CO, permeability

coefficient at 25°C and (B) CO, permeability coefficient plotted
in accordance with the partial immobilization model [eq. (1-7)] for
PPO films conditioned at various CO, pressure; @ : (a)
unconditioned PPO, (O : (b) PPO conditioned at 30 atm, {(c) PPO

conditioned at 50 atm, and (d) PPO film conditioned at 60 atm.
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Figure 7-12 (A) Pressure dependence of permeability coefficient
at 25°C and (B) permeability coefficient plotted in accordance
with the partial immobilization model [eq.(1-7)] for CO, of
various imidized PAA films pressure conditioned at 60 atm of CO,;
a: PAA-0, b: PAA-41, and c: PI. " Broken line shows pressure

dependence of permeability coefficient of unconditioned PAA films

and PI film (Fig.4-7).
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Figure 7-13 Diffusion coefficients of Henry- (Dp) and Langmuir-

(D) modes of PPO film as a function of conditioning pressure.
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Figure 7-14 Diffusion coefficients of Henry- (Dp) and Langmuir-
(Dn) modes and its ratio F (=Dy/Dp) for CO, of various imidized PAA
and PI films before (@) and after (O) pressure conditioning at 60

atm of CO, against imide content.
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Figure 7-15 Relationship between 1ln Dy and 1/Cy' of various

thermal and pressure conditioned PPO films; O:

@® : pressure conditioned PPO.
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Table 1-2

Dual-mode

sorption

and partial

immobilization

of quenched and pressure conditioned glassy polymer films.

parameters

sample kpX102 Cu' bX 10?2 DpX108 DyX10° F
(cm®/cm®cmHg) (cm®/cm®) (cmHg ') (cm?/sec) (cm?/sec)
PI
slow cooling L7 14.4 0.97 0.21 0.04 .019
quenching ) 15.7 1.03 0.38 0.16 . 042
(450°C » -196°C)
press. conditioning .86 16.1 1.00 0.36 0.15 .042
(60 atm)
PC
slow cooling .00 16.2 0.35 9.07 4.45 .049
quenching .04 24 .17 0.25 9.13 6.17 .068
(200°C - 0°C)
press. conditioning .01 30.1 0.26 12.4 71.28 .059
(60 atm)
PPO
slow cooling .20 26.1 0.40 30.4 27.1 .089
quenching .22 30.3 0.38 31.5 32.5 .103
(250°C - 0%C)
press. conditioning .22 35.2 0.37 39.3 41.4 .105

(60 atm)
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