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Summary

l. Title

Development of New technology for Multi-functional Chemical Process

ll. Research Objective and Necessity

Chemical process technology can make valuable chemical products through
conversion of various low materials. In this process, a large amount of energy is
consumed and waste materials are produced. In order to increase the
economical efficiency, chemical processes require new technologies which can
maximize the productivity of the products and minimize the energy consumption,
environmental contamination and the cost of equipment. But, traditional
technologies have the limits to meet these requirements. To overcome this
limitations, new technologies based on new-definition should be developed. So,
USA, Europe and Japan are concentrating on the developments of new
technologies in various chemical process fields such as catalysts, functions,
energies, controls and equipment. Membrane-separation technologies, one of
the new technologies, have been investigated intensively by chemical process
Industries.

Pervaporation, which is one of the main field of the membrane technologies,
can be used as new separation processes to remove organic solvents
(contaminants) from contaminated water discharged from chemical factories. In
this study, we would like to develop the fluorine- and silicone-containing
polyimide membranes suitable for the separation of trace organics from

contaminated water by pervaporation membrane process. The other studies on
the membrane properties such as gas separation, ultrafiltration and reverse
osmosis of these polyimimide membranes will also be another purposes of this

study.



Ill. Research Contents and its Ranges

A. Final Objectives :
- Development of new membrane materials with high performances for
pervaporation and gas separation

- Development of basic technology for membrane separation process

B. Research Scopes of this year : Development of membrane materials
- Development of fluorine-containing polyimide membranes
- Development of silicone-containing polyimide membranes
- Evaluation of membrane performances
: removal of VOC from water : pervaporation
. CO,N,, O,/N,, CH,/N, : gas separation

IV. Results

- Successful design and set-up of pervaporation test equipment to measure
automatically permeation flux and seletivity. on-line gas sampling system, gas
chromatograph and mass flow-meter and computer monitoring system
- Development of membrane materials with superior pervaporation perfomances
- Development of fluorine- and silicone-containing polyimide membranes
- Development of silicone-containing polyimide membranes
- High permeation flux and selectivity toward hydrophobic organic solvent
: Membrane thickness : 200 um, 0.05wt% aqueous orgaﬁic solution
. methylene dichloride(0.022kg/m,hr : 2800),
. trichloroethylene(0.038 kg./m,hr : 6000)
. toluene(0.045kg/m,hr, 9000)
- Investigation of the relationship between operation conditions and
pervaporation performances of fluorine- and silicone-containing polyimide
membrane
- Basic studies on the incorporation effects of fluorinated side group into

polyimide membranes on their 1) physical properties, 2) soprtion/prefernential



sorption for various organic solvents and their relationship with pervaporation
performances
- Basic studies on the physical properties, sorption/preferential sorption of

polysiloxaneimide membranes and their relationship with pervaporation

performances

5. Plan for Utilization for the research results

- Development of asymmetric or composite membrane with high permeation flux
with fluorine- or silicone-containing polyimides
- Enhancement of pervaporation properties and mechanical properties of
polyimide membranes by crosslinking method
- Development of hollow-fiber or spiral- wound type membrane module for

pervaporation membrane process using polyimide membrane prepared
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Fig. 1. Pervaporation mechanism of liquid permeation through a membrane
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The potential applications of pervaporation process
Aqueous system * Dehydration - removal of water from organic solvents(ethanol)
- traces of water (e.g., from chlorinated hydrocarbon)
* Removal of volatile organic compounds from water
- alchhols from fermentation broths
(ethanol, butanol and acetone-butanol-ethanol)
- volatile organic contaminants from waste water

(aromatics, chlorinated hydrocarbons)
- removal of flavour and aroma compounds, phenolics

U U O R e b w W U TR T P e A TR O O O T s WS g A O I T i e U S T S T U e e s e S0 IO YRR S S T S Ul S UMD U b s o s Ttk G S U N OV UUIE TN SO W O A U O Tl P SO O OO AT Y YOO o SN U S A O T oot e U o e A s g I D A W R W s e S Y A R e i S T WO O N o W i A v e PO i

Non-aqueous system
e polar/nonpolar

- alcohols/aromatics(methanol/toluene)

- alcohols/aliphatics(ethanol/hexane)

- alcohols/ethers(methanol/methyl-t-butylether(MTBE)
e aromatics/aliphatics

- cyclohexane/benzene

- hexane/toluene
¢ saturated/unsaturated

- butane/butene
e {SOMers

- C-8 isomers(o,m,p-xylene,styrene,ethylbenze)

----_--------ﬂ----‘-------_,-__-.—.-------—---.---_------—:----i--'---‘-----“.—----—--‘----------_--__“---------- ----_--‘_h-#-_--- rrg——

Table 1. The potential applications of pervaporation process.
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EgAL Y BHAA nEA] U S VHEE MW AS ¥
& $HEE HAL o4sHo] HAHY 5L AREL L BHES ¥
e},

3) AA FEAE

AAE=re ool ol Ho vlAe IS AHYd vk
L FEAREET 1,8 FELEALC 2H 3

e AAe FaA=E UAHAEE AHESt Glle BEHE S T
¢ 7 Ut EFEAY FF oJFEHS AL 7F £ U FEE
on-line 72 Z2utE IHEE F3 FT T Ut Al @E FU|¢ 4
HgozHEy §ilx, Fix, FHE A 7 ¢ UH. o] d F7]Y FEE
Ac B2 APAE op7Istezg Fojslof g

2
2 FaHEs EAe E2vt AU AYAMTFE EE FUILE U
goh oldl wia] AFEIJEL EAAHY &S GG FEEE
T2 2Fol8d ZAE € A9 AwFIHA FEAA LA

2 EAE9 A4S TAMGTh Cohen, Turnbull, Fujita Fol 2 28 A
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EJZTM vREIs EF2vle] BEEERYH I F A3 HF oA 9
Bondi ¢} van Krevelen 2] group contribution theory 2 %€} 7+& 4 At}

Y 3 A8l Z7|7F 718t olFE IAHY ik ARF
7o Hazzle F7igith. olEg AFEHE THY FEL exP(—B/Vf)Oﬂ
Bl gttt 7]l B = o F3EAbe] Hog m5H AaFH
o RETY AR FiAsE S Zo] EE

D, = RTA, exp(~B/ RT)
A7jA M 4, & FIHEAe] A7]9F FEjo ojE&Eqtt. g dAEAY B¢
2 AFHEAE 7Y IF4REAdE 22 AFHE VHAER FR
ol AT’ ZfolE HUTH

nezel A3 Aol 2 ZA9( helium, oxygen, nitrogen) £ o] &
@ 7txe] EAo] dis) ge] T & 4L AHAA gEn 2y £3
T 22 AsFHEo| A3 AlY FE AaFIHe UAsA 4TS fo
H Gs3 #Zol EdEO

V(®,T)=V,(0,T)+ f(T)D
o7lelA V,0,7T) © FHEAF] fle 452 Egviel 2% TolAMe 7
5ol o FaAEAe] FIHEEC|IH. B(T)
719t 9 nign. Fisxrl 09 B%9 g4 D, & HEH
Zo]l xHHY.
D, = RTA, exp(-B/V ,(®,T)

O 23 gy e o2 FxdErr

(In(D, / Dy} =V,(0,T)/B+V,(0,T)* / B®
olgigt #A= In(D,/D,]" 7} &7'o vlAFE BAEH. & Boujo FEo
BotA ™ F@|ulrt 7tagtE]o] o Ax @Al FUHEE B e 3
H 2Als, O ¢ €F8ER AT, O 99 #AE U3 Zo] ¥
gt

rlr
X
chid
el
1o
X,
X,
=,
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D=D,(dna,/dIn®,)=1-2x+1-V,/V YD, + 2 y;

Z o, 7h00°] Hd D & 07t Aok Eguhle] A EAE Fick o &

A7l A DIC) © FHEool] & 7frgEe A BT s=dE&E&L
Alroltt. A, DIC)v 2l dAle Fxo &Y. o TAYL
e o

D(C) = D, exp(yC)
A7l A O, © FE7F 04 wjo] FiHAFoln, y v 7tasE YeEpY = 4
Toltt. I AN FHEYHLE oS o] xEdY

[) *
J = yL[eXD(rc)—ﬂ

47)ol M L & o) Frojtt. Aol AME FHACD s o] W
4e nestd stagEan ASLEIO AANER 6L o By &
HAEANN @ 4Be) BUAFE e 4R Edol g TR o
g et & stadade F AR 43280 oF AZLE T

o
o
AW
of]
udl
12
1o
off
H1
rir
_!El
X
OfP
i
1o,
N
rg
2
2
1o
_|
2
Jm
ox
o
rE
o
el
N
]
|
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2 o] ZAE o]lojAT Kim I Kammermeyer ol W2 Nylon 6 —~water A| 2=
oA A 59 &FH A7 04lAM P /PC 7F 0.30°]HE FHEHT
e £, £ 2 Zol7t vz Y. AgEs FHUHe Frtd et F

NAG BABT F AEEASE JRo| o}F HHLAHA Aol o

-{

Zeohulel EFAAe R H HMHgxEE 2% AA zHFE.
O A EHEAL 2% Fodct a2y giXzog EREALS X0
mpet & WEE BolX ¥E

A4 d FRFUge AR HAYr|E

BEYLE 7HA7] M E L fME 2 FAE 28 MY
L FAEMYEE JEA 3 lojorgnt

Gl BHAM B dpHon PAHHozE /a5 Y
o] Bo] ALgEH. § g5 FHodME ZTH|dEIoly Ejota oA
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=, ¢4, 7EA 5o AFHTEAT} SHES BN S50 vl
E5A /717189 AlAY  FokdlA = polydimethyisiloxane,
poly(butadiene-styrene) rubber, polyolefins, fluorine-containing polymers & 2
AFAFILEAZE At ©Y SEHOE FdolAHAY AFAed pEz)
£ 2= A% 252 Faso JAH BEo A3 L EfEHo] &4
22 7ty gebAEql #Hsls Fojof jhoh

ol w83 TAH 7|EY sy REAS} S JEAE ©
C AL FHE RIHEAF0|Bo] J]ue E o]Bo|th AR &3

= A dispersion force(s,), polar force(s,) and hydrogen bonding

=

force(s,) &2 TAH

6 =8,+6;+6,
S zole I Fuje] HF AR Ao]E EHEIE dH o}l F F
< d&dtE WHoE ogF #Ho] AdtdE

(A8)" =(8,,=6,2)" +(84y —84,) +(5,, = 8,,)°

o 7|4 A 1 2= 747 Egvtet BolE oo .

EHIEHTFA ZentgAfge A8 AHEE ¢ Us F& 4897
Fol " 4 o} o8] AT van Oss 5ol 93 o]Fo] Hu19). 1 E
< F & & 13 27} Fevt 44 30 e W ABE 7HA S
£ of AAAFAA AF,, © B Zo] AXET L FHd A

3

AFys =V =V~ 7n
ol y, & &ull 13 2Atolo] {3t AHFH|T y,, y,, SEEUIS
Guj EAlolo 2R3l AHFHo|tt & U AR, © F Bulet FZUHAL
olo] A&g|7} F/EE vty uwetd FAAYEE FUHES Uit
o] Blol] t}& A9 utm fujFAtojel 2= HEFdolt e 2
2 EAHE o|&sT WRHE U

gz BHgME Fibe 9y zFF-Hd FLsy ot F3f
gojjo] 3719 4334 FAFET e =Tl By AT B



Al & 71agd s ASEd L0 A 5EY. 25t A B3 2
E837F 22 AEo] Adzo=Z wmAHUrty] A= polyvinyl alcohol,
polyimide, polysulfone 12} 11 polyacrylonitrile 53 o] A-{-R 17t 2L &
2] A7 Asith vtdlE E59 w7 8w AlAHY Afode A{fE
g7 & 134X polydimethylsiloxane, nitrile-butadiene rubber £+
2 & AwFHE 7R o

polyvinyltrimethylisilane F°] F3 8 & U9 et =& FHEg2 € A

AEg WAL B A AFAolHA fULLEA tuy B

F

2|22kl polytrimethylsilylpropyne 2}

gujdeE Fo| T3, 7] Lufe] A A= PDMS & 2 AFA]olH
DTN EA7E F8ET. Table 20| o]g g 2EXE2 /7] & oo gt F
HEAHE YEHY
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The relative permeablity of representative membranes for a variety of applications

W i i o T N N N W i SO O A A SO S S g 4 - s OIS N A S A S O N O A S SN T S S A A S R U O O U A R S Tt s e S T e e S S e i S S SR O Yl T S AL S T A D . DO S . Vi S e Sl W ST N W S S A S S T N S NS St e SN0 S AU SO T D e A S SN S WIS S SO S O S, Sl e WA

PVA Composites membrane water >> methanol > ethanol >> other organics

. g AT Rt N A AR R WS S AR S L S M N g b A SR N U sk o GRS U S Y S e e A AR Y W i A e g A g R S AN N il S gl S S A ok S S A S A S o S gy e oy S S S0 S A S S L A A G, gt e S S A Al A A S A S . iy el S A e —

Silicone Composites membrane methanol > ethanol >aldehyde > ketones >> water
paraffins > olefins

Al SE P e b Sy sk g 2 A AP mi R SR Rk N —-__—-—_--—l--—-—'—-——-—-—-———-—-—-——-——-—--.—--—--—---———:—--—-l-l-'l‘l'---l---—----------‘-------—-----'ﬂ--——--—-.—--—---_

Modified Cellulose Esters-membrane aromatics > paarffins
olefins > paraffins
dienes > olefins
branched paraffins > normal paratfins

low molecular weight paraffins > high molecular weight paraffins

Table 2. The relative permeability of representative membranes for a variety of
applications.



Al 3G A F

A1 A A

Methylene dichloride(MC), hexane(HX), ethyl acetate(EA), acetic
acid(AA), triethyl amine(TEA), Fe powder 5 PFDAB 2] A|xd| AI&-HAUT.

Acetic anhydride(Ac,0)+ W3 tio|tstol=gloj=e] AAA A AL
= At

24 N-methyl-2-pyrrolidone(NMP) 7} Zglojuj=eo] F3ZuZ A A}
& 5 AT

PFDAB & A|Z&Ed 2ox]& DNBC & Aldrich Co.oA Fuljsi e
o Perfluoroalkyl ethanol(PFOH)( Pf = CF,..,) = Hoechst Co.9llA TFol3H <
o} Fzglol AHREATH of7lolM ngte 2-20 HEo|t}

m-PDA, p-PDA, TrMPD, DABA = Aldrich Co.°o|A o3l o
vacuum distillation, A ZAAY %o o3l AHA sl ALt}

SIDA © A&AIaEe] wrEd9 e 7t Z+2zt 9, 15, 30, 45 A&
AL23815 22 Shinetsu. Co 288 ¥o &t

PMDA, BTDA, ODPA, DSDA, TCDA, SiDA 52 Aldrich Chemical Co.
ol 4 18]11 6FDA + Hochest Co.ol| A} ol 331 Tt

PMDA, ODPA, BTDA, DSDA, TCDA, SiDA & acetic anhydride & &
Asle] ALE3l o 6FDA = 150 £9 I FolAl 24 At AxR3dte
2 AR

A 2 A, 2xv}e A4

® Perfluoroalkylethyl-3.5-dinitro-benzoate(PFDNB)2] 343
Nitrogen inlet, magnetic stirrer, dropping funnel, ice water bath 5-°] A
2] ¥ 250 mL 4F+ round flask <l 10 g(0.047 mol ;: 1.0 eqv.) & DNBC £ 94

mL 9] methylene dichloride o] Y3 g2oA ZAHHF A #9&L Al

_21_



12.53 mL(1.2 eqv.) 2| perfiuoroalkyl ethanol (PFOH)3} 9.20 mL(1.4 eqv.) <
triethylamine(TEA)Z 113 mL of methylene dichloride(MC)oll @& 9]t}
dropping funnel ] =222 mixed PFOH solutong 1 h 9 DNBC
solution ©] AA7tAE F97|&ol] AE3] wtE T Qe the three-neck flask
of FUFT F7IE 2A12HE wRig F TICZ RS Eo] 2% HHEZ A
e & AT YAHEL 500 mL 9] separating funnel o] ¥ = Al o]
2% 100 mL 2] NaHCO, &2 M&& AH, 2-F3lolA PFDNB & A=
ZrCh TRA10/1 2 H]-&2] #AHodolAlHo]ER M 33l ool PFAE
AH OF X3 AYPEES EAT(26.1 g, F8E99.9%) oS  ethyl
acetate/hexane 9| 4| A ZA3A T (19.0g, 73.2wt%). BAE9 FZ294 &,
5/4& 'H, PC-NMR, FTIR, mass(Autospec mass spectrometer), DSC, melting
point measurement, gas chromatography ol 23} #<l&lg o},

M.P; 117.36°C (by DSC) and 117°C( by Thomas-Hoover(6427-F10) apparatus),
IR(KBr) ; 3094(C=C-H str., aromatic), 1736(C=0 str., ester), 1629(C=C str.,
aromatic), 1545(C-N str., NO,), 1350(C-N str., NO,),'H-NMR(DMSO-d6, ppm) ;
4 peaks, CH,CF,(3.00-2.87, t-t, 2H), CH,-O(4.71, t, 2H), Ar-H(8.92, s, 2H ; 9.05,
s, 1H) C-NMR(CDCI,-d3, ppm) ; 7 peaks, 30.5(t, 1H, fluorine-carbon coupling),
58.5(s, 1H), 122.7(s, 1H), 128.4(s, 2H), 133.3(s, 1H), 148.8(s, 2H), 162.1(s,
1H) ; (CF,)s CF,(disappeared due to fluorine-carbon coupling)

® Perfluoroalkylethyl 3,5-diamino-benzoate(PFDAB)2] %A
22 grams(0.0394 mol) €| PFDNB 7} 120 mL 9| glacial acetic acid <}

8 mL 2] water € reflux condenser, magnetic stirrer, N, gas inlet 7} A &=
500 mL 2} three necked flask ol 7] Yol AE$ wwkat 34 26
grams(0.4654 mol) 2] Fe powder(100 mesh)& 0.5 h 5<%t 53ld] Z X Y9

HA REEE9 X7} 25°C 7 HEE At Fe addition ¥ ¥H3&

exothermic ©] 2 & intermittent cooling(water bath)o] Z 2 3}t}. Iron powder 2}
AAA717F 100 mesh & Yo H ¥ AP ZIT} Femetalo] 25 FYH

T BtHoE 2AE fAH. A¥EFol TLCE WgE0 5 BAHEE




AP L gy EF YU product = ethylacetate 2 FET t+3 Cellite
E Al83le Attt A3 EL water ¥ NaHCO, 8402 33 Mg
T2 Z2F3lol A AZET}. The crude product, PFDAB 2 ethylacetate/hexane
oA} AAARHATEH(11.10g, F& 56.6%). oW F=, &%, EFLS 'H,
BC-NMR, FTIR, mass spectrometry, DSC and melting point analysis, GC & &
A8t

M.P ; 122.32°C (by DSC), 122°C( by Tomas Hoover apparatus)

IR(KBr) ; 3455 and 3357 cm™ (N-H str. amine), 1736 cm™ ( C=0 str. ester),
1366 cm (C-N str. amine) ; 'H-NMR(DMSO-d6, ppm) ; 5 peaks, CH,CF,
(2.64-2.81, tt, 2H) , CH,-0(4.49-4.45, t (fluorine-proton coupling), 2H).
NH,(5.02, s, 4H), Ar-H(6.04-6.02 , t, 2H(0) ; 6.42 and 6.41, d, 1H(p)) ; "C-
NMR(DMSO-d6, ppm) ; 7 peaks, 29.74-29.20(t, 1H, fluorine-carbon coupling),
56.3(s, 1H), 103,6(s, 2H), 103.92(s, 1H), 130.2(s, 1H), 149.4(s, 2H), 166.5(s,
1H) ; (CF,) CF,(disappeared due to fluorine-carbon coupling)

o HSitolojniel FxERI

Polysiloxaneimide & ¥4 2 tojofql 1 3% o tjo]tsto|l=giol=
1 g&o] B33t polycondensation BE3-oltt. 1828 4 E4kro]o}nigf
EAZ Aol e FoY 2R HARY AT L TATTEE €7

213} Mass, 'H-NMR, GPC & o] &3t F=A 351

=
=
M 7] N, gas inlet, magnetic stirrer, thermometer, reflux condenser 7} %2

2] 50mL 9] four necked round flask @A A Aeko] o}l € Y1 30mL of

_.23....



NMP o] =2l t}S S Fak2] dianhydride & ¥ 1l wy9kE A7t} o]d
nAe FFLE 15wt%E 2. o] &4 2h ol wHketE HEVL E
2 polyamic acid solution o] A= Ft} o] polyamic acid solution & 2% &
190 °C & T&% ¥ 24h w X5t &84 Eolvj=9 B¢ F=7}t 7
L3l F3tol] FAAHo] dojuts AF9d &M Eelolnl=e B T3

polyimide solution o] A =% = F71x|9] 347} dAdch &4 e o|n
=9] ZA9L homogenizer 8] £&& do} E&oA TL BEwagz AAL
Al F ogE Ml3Ee AFA dRstd Egolul=E ARG, o] BF
polyimide membrane < A|X ¥ o] EE THF ol 10 wt% = Jo|3 o]

M-& glass plate ol 4] predetermined thickness & A| 23t} The glass plate
= A2olA 6h B¢ AFEoM BEHAJ 281 glass plate & 2
A} 250-300°C <M 1h &<t FAl8 F vz Q4AUNG. Alzd EF80l7]
cutg wo] dAIA7IE HAste AR ALE3AH

gragjoluj=gitiol M FHo JHE FF BFoe T EFHoln

g ols) Eolnm=(ye HE AXTH. FAZ FAe =4 A

ne
O

Z5 & 15 wt% of polyamic acid solution & A&l | € glass plate o] <
AFAZ A28t A-Fstel 12 A0S 7R o3 FollA et Fd7 24
S AA Zgolu=gg AZs4E AzE e F7= 10, 50, 100, 200,

300, 500um & zhzb A Z3Hg

o Hz|&A EgojnE
Polysiloxaneimide 2] FIge

polycondensation ¥ ojt} 1ejB 2 A ELttolotglel F2& Al o] of¢-

X
o
oo
(IhJ
e
Mo
pN
2
of
M
H-!
i
~
=~
nx,
2,
2
r O
I
4
£

= 2.3td] mass spectrum &
'H-NMR  Z3HCDCl)oll met HFEAZE Utk olcbstol=grol=F
PMDA, BTDA, 6FDA, BCDA, SiDA, 52 AI-&3t4%

2 gl(two-step)olul =3t Aol o3 IAHAHLE T BT N,
gas inlet, magnetic stirrer 7} 25 50mL 2 two-necked round flask ol ¥ 2]

.._.24_..



A Ekchololnl (SIDA)E ¥AF Wi 30mL & THF ol %<1 4& 2A7F 4
24 RG22 oF AAFE WHoE AHAE FTLELYE TEFY
BTDA/6FDA/PMDA & Rt} o] m 88 T ojo] &3S 15 wihs 33
t}. o] &AL 20 A|Zto]d wykslH HEr7t & FEH 3 Polyamic acid £
o] A|ZHT}. glass plate 9|4 thermal imidization & A7) 3% %7} 57}
5t A siloxaneimide & 7}3t adhesion 2808 HWO{X|Z] ettt A A
E: 65 o HIZER castingd TS EW FHo] Hol & dojzxmE
o 710l A F7E Polyamic acid & 42 &3 casting 3t #E A3 Y
A7(cell size:13.85cm?)E  Zel AP ALE3AT. BHolul=dE OdF
M @2 2k 2HEA JIFLE FoA] oluEF ST Ad2dAM dF
Fot AEE & 22 & AA3] F7H40~100T7HR] 1 A7 ZHAC =2 o9 A
#38] F7FF,100C 2h, 120T 2h,150TC, 2h, 200C 6h, 250C 5h © 2 {FX| gt
ot Fod HL2 Buf THF & F7|5e 83749 4&E2 (polymer rich,
polymer poor)7t EZ| ¥=F doF stn X7t L FEF adhesion
character 7} F2 £7| wiiol| WA T2 27 WA FostHA & AX
ot

ol

gt E(one-step)o|u]| =3 AL gJHq Tl WA N, gas inlet,
magnetic stirrer, thermometer, reflux condenser 7} Z2td 50mL & four
necked round flask ol 47| AA|GH A Z4LT)o]lol I (SIDA)E LAHZE W
31 15mL ¢} THF o =2l tf5 A LT FHF dianhydride% 2=t
THF 2} NMP 2} &3 &0 ¥ g0
ool L 15 wi%E ZEHSA I THF:NMP=1:1(wt%)& 3} ) o] £
Re 15 Aol wuketd HE7F 2 F BT polyamic acid 8 4o] #z=H

o} o] 84S 19052 25E 28X NMP & 10mL o F<Usta] 12 A7

2

WS AT olm £ u

olo

!

ad

o]+ wHk Ajzict A|ZE polysiloxaimide & %< homogenizer ¢} £22
of EHoAM 1LE TTHHE JHZ A F &g MAHE Fu AF 2
oA 260 =2 PXto AXFAT. o] LS THF ol 10 wit% g =o]x

o] 8 %S teflon plate ol 4] predetermined thickness & #|2H3lct. =) 3 7)
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(cell size:13.85cm?)E Z2t Aol ALY, AFHoA Fo T Al
SIDA 8] #2Zo| BE ZAFHOERE 2 & 2 24 dErr] g
of a7} gkz] o 717} ojgh ez 3 ALdA SIDA
ol &It & TH 5] wyFE 3l Polyamic acid 8% -&
UEL I F bp7t ¥2 NMP E ¢ Fsld 2x& &8 ojr|=3A]7)=

T
o ki
=
=2
R
r-luz m1n

technique °| % 2.5}t

Al 4 A, Egjo|nj=9 AdtARl E4HI}

L34 Eglojrl=9 AT oluj= 3= tetramethylsiltane(TMS)E W
HyEFoz 3t 'H-, *C-NMR(Brucker DRX300, AMX500)2 A}&3td &9l
gnt. =84  ETojnE=EEe AHdg  olm=3= FTIR/ATR
spetrophotometer (Bio-Rad, Digilab Division, Model FTS-80)2 #9213} t}t. &
glojuj= o] A EA L TGA system(Perkin Elmer TGA 2)& £3l 2doly i),
Zolulz=g] KMol 2X(T,) & different scanning calorimeter

(DSC)(Dupont, Model 910 differential scanning calorimeter)E %31 ¥} % o

BaA ZEgojujeE2 133t Inherent viscosities &= polyamic acids & A}
£33t th. Cannon-Fenske viscometer & Al}&3la 30°C in NMP with a
concentration of 0.5gd!l’ oA & A 3P o ofefjdlol] 23l F3Fl. o 7]
Al C+ 0.5g/dL o]t}

ﬁ(q_rep _ -ln T?n:f )
C

Zglolulze] AAAML an X-ray diffractometer(Model D/MAX IIB

qint =

Rigaku)-2 nickel-filtered CuK« radiation with wavelength as 1.54 A 2 A}-8-3}
o] WAXD measurements = 53l 3l HT. d-spacing <& Bragg's equation,
nAd =2dsing oA 3z}

Zgloju]= 9] density & UlA|A & o|L&3ll Archimedean principle
S o] 83t 3 thBuoyancy technique). FAIE ¥1 U+ Fe|obd
=

o) WAL o Bhdoz s LAsE FAY FAT R o

Q.
=

7}

olo i
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e oz RE 2x7t 7T
o =[W(a)* o (f)] / [W(a)- o ()]
o7lolA p = specific gravity of the solid, p(fll —~ density of the liquid
W(a)E= weight of the solid in air o] ™, W(fl)x= weight of the solid in liquid ©]t}.
v) 2} 5 1) & & (fractional free volume; FFV)Z Van Krevelen L+
Bondi 2] YAd7|oqe) & FAtE van der Waals F3(V,)9 density
data(d)Z F-E olejAl o o] 83 TH35-36].

V-V,
V

o7)lol A V& nEAY B L&HoE nEAVEZRE A £ Jdun V,E
Aed By2A v =13V, oA Faio
nEAe gHESFE Friduete @8 FUIEEHA gdong 3
AHoF FAo| shssia] ¥t Feojuj=gto) tigh w78 ool solubility
= dAF7|e Egolu|=ELEL 4§43 Lo 25°C)dl] 48h T AAF o
& 83 2 HEARE BFUY. Eelojv=9 FAE=AdTE IF7]o0
29 A3 F3ACE Van Krevelen 8] faldrA Rl 3 25719
E2RE otglo AHE HEsA ANA ZR( 5, 5, 5)T TIHA

p ]

FFV =

t}.[35]
5 _ZFtﬁ S = \/ZFP:: S __‘[ZEM
of _ pr r F o V ’ h o V

o] 2 EE ot ARdA AANAH BIAMELTF(5 )E TIAH. E4F
3lZgjojulzo] AHL CF2CF2 289 Al7FA] molar attraction constants &

Hansen 2] polytetrafluoroethylene(PTFE)2] dlolE| & & &3 cH37].

rmf “JCS +52+55
Zglojujze] FHoYAE HHAURAE €1 Uv 3 ddoto]th
olr. o] Zgjolujof gt 272 Sessil drop method ol &3l HFZZHHH

71(Erma Model G-1)& & +3% t}g °|& Young-Wu equation ol %83}

._27_.



T-3FtH38-39). London attraction o] 7]Q1%+ dispersive component, y¢ <}
Debye, Keesom, hydrogen bonding, 2 %12} polar effects ©] 7|%1 & polar
component, y?7} FE{A 1 o2 RE Faolul=gte FoAoz] (y)7} F
AT (y =y +r!)

4 4
75:/7{.& 751« ¥ sv - (Young-Wu equation)
75# +;VLV }’_gy +7 1

ALEE 3 digtololol =9 FHA A gS Table 3 o] YElWith A
A o] FHAHL dynamic contact angle analyzer(Cahn, DCA-322)E %3
gl it

DA w7l8 e gk fales EPolni=g S #{rIRulidl 4
oM Ev Fsdte oM 48 Aol AAA F fdoz B

Yy (1+cos@) =

hl

Azg Zejojuj=ute] §7) oo e FHEAL

gujol thet FHE P EFsAel i FAVYEES T 2P9S
Sttt AMEE ERS7ILue Fre FHELAPNN AT A
I liss

Gz Eolel A} FRELFHAE Fig. 2% #ol ARIFAT
AL g3 2o LRIl 100g Fol Aol 3 welef e
oluleete Y 1 FUold B&S AA FPFHe] £LeA o} Ba
%S Aol EH &2 &g Fol2 Ropd ¥ o9 FAE W olF
00 o] THFHAM 10 2= FA% o5 ole FAE A ths teH
g2 o o} +HE, O (wm%)E TIAH

N

| o PVu*cr o ;Vu'r]'
O (wt%) = 7 x 100

Jry
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‘Surface tension(dyne/cm)
Wetting liquid '

Dispersion(yd ) Polar(y?) Total(y')"
Water 21.8 51.0 72.8
Methylene 49.5 1.3 50.8
iodide

o d
* yl=yi+yf

Table 3. Surface Tensions and Their Dispersion and Polar Components of
Wetting Liquids(20°C).



GUF7]Eofjel diF FEAEATE R TATo|BS H L3 M3
Zejuie} &uljo] A2 EAF, AS, S TSI 2 Ao 9 F3I

ASp_s = (82 67 ) + (87 —67) + (5" - 5")

Q7VANA AS, & wol AR EF+F Fuiet Sule) FIAE o] ok
71 &uje] gl SlE= Fopzi

Zgjojv|=gte] EFR7|&A g sax PR FAHYEEEE OF
7 Zo] F3uH. dABEEY EFL Y 100cc £l 7IE 1cm AHE 5 cm 9
A Zo] ¢ yo|of Egolnm=gty 2d7t FHst P4 o =HdHA
g o2 Al ZHe E& FU]8uE SEEA Hold ¥ FAE WU
o]& Fig. 23 o] AR HAXe EH Ao Yttt Ef Bolv FAFA
E AL FoutEE HAJE o] weopuiEL & TELS Gas sampling
valve 7} A x5 GC o dAfT dZ2Ag WBE ol o] X E
Ax 20059 AgZedo] @7 bathol Bt} A9 4HE 0.5-1.5 torr
2 A% 2105 Fo Eall A dZF W 2 gas sampling valve £}

AZ5 WBE A2t} gas samplig valve 2] A Fo] 0.2torr 2 BojAH Z
2

s 7]8ATh o 7

O
o
sampling valve & 25 AAH 28 FA T

Tgtgao] ghyo FRMEE of = oA o3 F3ich
. MM,
X X
A7 M, T M L& Hljel friguigt B9 FAEEClR, X, &% X, &
TF{Ne BRgolth EN AE AFY AFHFZ A3 EH A Sl
o] e wg W3 AZ:AN ohF dxE %o FAE WY A7
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Fig. 2. Schematic representation of preferential sorption test apparatue.



W,
S™ (wt%) = ” 2. x100

Q7NN W, Wek = 44 dxd 9o FAleh EFE oSl Had 5o
Aot

o FRFHUHZIE

2 AToA Az S4Ad FEoln=y 248 gy #E &
A&t AR EElolulexe oA AxRE A 7EA] Eolv|E=Fd
A EAXEEY IR ED F47F ABEZR ¥ Eolus, A EA Ed
ojm| =& AMESAT

Al25El F7]8ulE  isopropyl alcohol(IPA), acetic acid(AA),
acetone(ACE), methylethylketone (MEK), ethylacetate(EA), methylene
dichloride(MC), trichloro-ethylene(TCE), toluene(TOL) 2] 8 Fojtt. 11 52
M Folal Junsei Chemical Co.olA] Fuljsted AlLstgu} 2aF=
T SRAAZEE UEX AS AHEEAT. FHSE BRE Fi
o ¥ A7HA] w7l 8o £ Kl 54 Z Table 49l EASAT. HAHol
A olelE AFE UFAdM 2 4oE vy AE € 7 UY 77 &
oj o] Z7)¢E vapor-liquid equilibria tlo]E{ 2 ¥E Antoine vapor pressure
Hog HE AAEHAGY w78 uiEe] i< Barton ¢ CRC =
Ro=z2Ry dolzrt

B dFel ALgE A5std FoFESAIXE  Fig. 3ol vERd

| 2Eo] AlRE 42 FHFFEAo] 7|fBL 5oz %o HU
—L
1

_k,‘-_J.

o
10
gl
ot

7t &g i o2 AdAHSA AU, ="
L E &9 &2 pressure tranducer ol &3] A &%
o ZARE 7FEAI F 24 A7 Foll FEjtHo| dASHA e HSYH

of EgalE ol 3 A5G AMALI FHY FHEHe] o8 Tt
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Molar Vapor Solubility Solubility parameter” Surface
Organic Solvent _volume  pressure” __In water _____(&)_f____ __cnersy
(cm>/mol) (mmHg) (wt%) 5d ) p ) ) (dyne/cm)
Water(H,O) 18.0 23.8 - 15.6 16.0 42.3 47.8 72.0
Isopropyl alcohol(IPA) 77.0 42.6 Miscible 15.8 6.1 164 235 20.9
Acetic acid(AA) 57.4 15.3 Miscible  14.5 8.0 13.5 21.4 27.1
Acetone(ACE) 73.7 230.0 Miscible 155 104 7.0 20.0 23.5
Methylethyl keotone(MEK) 89.6 90.2 27.50 16.0 9.0 5.1 193 24.0
Ethyl acetate(EA) 08.1 95.4 8.24 15.8 583 7.2 18.1 23.4
Methylene dichloride(MC) 64.1 435.9 2.00 182 63 6.3 203 27.2
Trichloro ethylene(TCE) 90.3 74.3 0.11 180 3.1 53 19.0 29.5
Toluene(TOL) 106.4 28.4 0.0067 180 14 2.0 18.2 27.9
Hexane(HX) 131.6 186.0 immiscible 149 0.0 0.0 149 17.9

“ calculated at 25°C from Vapor-Liquid Equilibria data

® obtained from CRC handbook

by using Antoine vapor pressure equation

Table 4. Physical properties of organic solvents used in sorption and
pervapoation tests.
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Fig. 3. Schematic representation of pervaporation apparatus : 1,temperature
indicating controlller,; 2, feed tank; 3, feed pump; 4, membrane cell: 5, gas

chromatograph; 6, gas sampling value; 7, personal computer; 8, cold trap; 9,
vent to atmosphere; 10, vacuum pump.
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¥ ZF78& €EAY 2 ol FAIE FAHIFAUY. TEFSY £d9 &
2 BE3Eo FEE Ha AEUAEHIT FAHO U= online gas
chlormatography(GC) analysis ol ¢}3l] SA =t} Al8d GC = TCD & 3
Fe7F Aatd 49 600D & AR T AH8dH ZHLE Porapack Q, R &
200 oA AFR-3HA T
AMNFELE, J& o33 o] ARE A
J(kgIm*hr) = Q/(AxT)
oA 7)o A Qlkg) & AAAdEell TE3 ol ol ARAAILT(hr)Atolol 7R %
HA Am?)S T3S FHA Folrt
sz og MUE of, T HUSI o] Foldn
p _ 1T,
X IX,
oq7)dlA v & Y& FAF59 /8wt Eo FALEECL X, & X,

Tu59 FATEolH.

rir
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A4 dn g ng

Al 1A, Txole B

o EA4F tolojrle Y44 X FEEY

= A7 MY TAF Exevil 24F thololtld PFDAB &
2|y Ao|dx gYddtge] FHAE AR AZHAH. ©AH FTAY
Perfluoroalkylethyl-3.5-dinitro-benzoate (PFDNB)<= 3,5-dinitro-benzoyl
chloride(DNBC) 3} perfluoroalkyl ethanol(PFOH)2| of g2l g Aol d L& &)
A 2= ATk Fig. 4 ol PFDNB 9] 'H- 3} C-NMR spectra 7} A A| = 1t} 'H-
NMR spectrum & CH.CF, unite] & F53F Z R Eo] 3 3F3}= triplet-triplet
peak €2 3.00-2.87ppm ol|A] E.oFTt} 4.70 ppm oA} singlet peak © CH.-
O unit ¢ 5 proton & 3 =10|t} 8.92 ppm ol A1 2] singlet peak 2 at 9.05
ppm °ll 4] 2] singlet peak = of ester substituted benzene ring 2] ortho position
o] two protons ¥} para position 2] one proton o ZZ} G Ft;. The *C-
NMR spectrum < 31-183 ppm & ¥ £l A 7 characteristic peaks & X o &=t}
perfluoroalkyl group ¢] 6 carbon peaks = carbon-fluorine coupling effect & 3}
2 ol Alelach IR spectrum & C=0 of ester group ¢ stretching band i
st 1736 cm’ ¥ A 9} asymmetric stretching of NO, o] 3133l & A &
2l two absorption band & 1545cm” 9} 1350 cm™' | A H.of Ft}

PFDAB & PFDNB 2| Fe powder & ©| &% nitro 3Yer3g3 AHA A=
¥jd o} PFDAB 9] #+%%+ Fig. 5 2] 'H- and *C-NMR spectra ol 23] 2l
c}. 'H-NMR spectrum & CH,CF, unit ] two equivalent protons ol 3l 33}
triplet-triplet peaks 7} 2.64 - 2.81 ppm ol YElAT} 4.49-4.45 ppm 2] triplet
peak © CH,-O unit ¢ 5 proton fFoltt, IEE FA| SR AL fluorine-

proton coupling pattern 2 X & FCh 5.02 ppm ©l A2} singlet peak = tTholo}
gl 2] four protons oA 7]%1 3T}, 6.04-6.03 ppm ol A 2} triplet peaks &} 6.42
ppm I 6.41 ppm ©ll A 2] doublet peaks &= Z+Z} ester 7} %] & E benzene ring
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Fig. 4. NMR spectra of fluorinated dinitro compound, PFDNB. (A) 'H-NMR
spectrum and (B) "C-NMR spectrum.
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Fig. 5. NMR spectra of fluorinated diamino compound, PFDAB. (A) 'H-NMR
spectrum and (B) "C-NMR spectrum.
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9] ortho position & + T ZE para position & FEZZE F3}. PC-
NMR spectrum & 28-166 ppm ©lA] 7 characteristic peaks & X.oFTt. The
peaks of 6 carbons of perfluoroalkyl group & carbon-fluorine coupling effect o
2o Ale}Rich IR spectrum 2 ZHZ} characteristic N-H stretching bands of
diamine °ll 3193t the absorption band & 3455 and 3357 cm' oA}, 18]
1 stretching of C=0 of ester group °l &9 3t absorption band & 1736
cm’ o)A B Fh 1366 cm’ 2] absorption band & ©}%12] C-N stretching
band o] 3% 3Tt

ol &3+ 'H-NMR, *C-NMR, FTIR and mass spectrum & 2 & Z 3=
PFDAB 7} &322 SHHUSS HAAATA.

o AEAA Rivie] Fx3<
A ZAlcjololwle] HFExIEHS AT oty AL HUFTHAA 93

2 ol AgEs AE AMdse B 2% AFAs Fch Dol
e odeistA e MANFL Aol A gy Al )
% QAT Wk olo] wel ZE AW AREHAL o|F Tt B

s JEE 7H Eeld & 4bo) o)
Al 2 A, FFolul=(EE e &4
o HAiA EZgojuz9 A U JLzHQ

PFDAB ¢} tho]tsto]=elo] =9}9] direct (one pot) polyimidization 3} %

goleloAl= AT AE AHZ two-step thermal imidization 2} 8l polyimides 7}
NMP ol Al Al Z52 . m-PDA ¢ 6FDA. ODPA, SIiDA, BTDA, PMDA, DSDA,
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TCDA ¢}2] one-step X = two-step polymerization & A 3A perfluoroalky!
group ©] A EHZR ¢t Egoju|=g AxFAY. e Eolu= HES
250-300 Zoll A 1 AIbEE Fojul=Egitgg Al AR Alzd Folv|=
42 B4 APAFo ZBglo] BF FHy AR =FME il RN
o} gt o2 fEjH Fejolv|=9 AL olnj=37 dEE IYH A=

g2 Aot EZolnj=2] ojn|=A =9 #AL NMR, TGA, IR 52 ¥Rl
Po] oA} & dFAE Alxg EE Ego|nj=g ojn|=gE #RIF}
2z BEagfs Fdolvj=2te] dF o ATRIRZHERHS 73t Fig. 7 ol
Jellich B E 98] 6FDA-PFDAB olA wHEo| EgjolulojAl =2 g
Algsld d& FTIR Z2FEH S veEllt. HE Hiep o] FEgjolulda=
o] 7% 1660cm’ oA ofmlol=o A F-lE = C=0HA7l A JEIYIJUT
ojof "la] AXH BE Floju|=5L2 1770-1780cm(imide, C=0 symmetric
stretching), 1710-1720 cm’(imide C=0, asymmetric stretching 1377-1385cm’
'(C-N stretching) , 697-716cm’'(imide ring deformation)3} #-& ojnj=2] 53
Al Azt Holn Azd HEALEAVIY EAFAHA JdBHIFS HAIA
(1730-1735cm™” C=0, stretching)e] Bt} 53] 1650cm™ o] A & glo}g) o] A]
EoA Hols ofujolEy A7} 4AF| Algpzl AL LA ojnj=3 e FA
A A Frt.

o AH|EA FZolvj=o JA 2 FxE

Figs. 8-9 & &g A Fllo|u|=9 ojnmd g &Ql3lr] 93la] AzxH
Eoojul=F UHF 2] 'H-NMR spectra 40|t} fulE+= CDClL,E o] 83519
2, 0 -15 ppm HHZ FA4351912] 'H-NMR spectra ollA] HAdF%0] 0 ppm
FZoAMe AEY ddriy Fad o #Hart delvdn 71 A F4
chain 2.2 Ql&le] ZFr7id 935 ¥ttt 0 - 4 ppm Alolo = ofgl &9
B2 propyl group & F4ol & H A7} 2 vJebdot 6 - 8 ppm Alo]o
AMe Ztzte) Ze|d EAtolo|=d A& H aromatic dianhydride &) F Ao 9
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6FDA-PFDAB(PAA) J/ J/
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1 _ _ &
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Wavelength(cm"‘l )

Fig. 7. ATR-IR spectra of the fluorinated and non-fluorinated polyimde
membranes.
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Fig. 8. 'H-NMR spectra of PMDA-SIDA
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Fig. 9. '*H-NMR spectra of 6FDA-SIDA
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g M3z Jepdd, =, olulole 337 UEE 4 Q& 10 — 14 ppm o] A]

-

= oW FIx YelR] FEd o]lAL on=rt 4d-3] APEHULSS
¢ A

Fig. 10 © ATRIR €4 & 38t o|u|=3tet Ztzte] EAMulgE dolr gt
t}. 9] ATR/R spectraolAq HWH & 4 QdX%o] 1789 cm’

=2

1710 cm™,
1360 cm™, 720 cm™. 1250 cm?, 1015 cm™ &) E&A X4 band 7} YEeElY= A

7 L.
=

2 At o974 1789 cm?, 1710 cm’ 2] F4 band & imide ring 2]

symmetric, asymmetric carbonyl group ol 2§ ZHo7 AR 1 1360 cm™”,
720 cm” 9] spectrum 2 imide ring 8] C-N stretch 2} deformation & I 4=

band & AAZT. 1213 1250 cm” 9] F 4 band & -Si(CH,),- group & &

A spectrum ]t} X, 1015 cm™ 9] EAF4 band = —(Si-O)n- group ¢! Al

F4k9] spectrum olt}t. A7|A F A B AL Zzte) HAUAEE HAE

1650 cm” oA F band 7} YEelye=XR]o] 3 AA™ o] spectrum &

LAEHA ¥SE ¢ 7 U o=

'H-NMR 2] 8=10-14ppm o] & F3}+=
amide ¥ spectrumo] LAHEET BFOo=E o|nj=dy) A P HIAS

2 YT3= Aot

Alzd Ejoiuolr=9o mFHES ZEeojuj=o FHQ Aj Ao

th&] Table 59 YeElWLl TS HAEHolE]E Hol RE EgloluloAle = H

A 0.43dUg ol g o R Fapgo] ol Hrog Awslr)o] F&3 AL 7}
A5 YAY. EotHo A e8NS ZEE Z olu|=3 Az ul(one-step
method) ©olu]=3le] A1} 374 6FDA & A$E Aol doj}x] g &
si4d Eelolvj=rt S ATk 2t yu R 2E7F Zekgtel] mel o
dojtdl 2 &A= PMDA < BTDA < ODPA 9] #A2 dojwth ol 4L

Crolqtstol=z2fol=2o] AHlo] A £AM et dAgt= AAY Bk F
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Fig. 10. ATR-IR spectra of polysiloxaneimide membranes.
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FHoju|=rF AAEHE 2t Eo|v|=E9 NMP £t tidk &3 5o
atojgt7] BopE oluj=girt A HA opr|HE AU fFAAY Ao
Aovelhd Aty FHEd. Az Egoluj=Tre prittle 3 PMDA-
PFDAB & #A|9|3tis TEF 2% 2 FAXHE 7FAlz Adct ojg
PMDA-PFDAB 9] brittleness = PMDA-m-PDA 2] W rxzd 7|3k 7o g
sl

Egojuj=9 fFHoRXEE DSCE 0|83l AP Lojxl
Fejolu]=2] DSC Z2#2] ¥4HE Fig. 11 9} Table 5] Yeldch £3lo] wt
2" d5F EFgomEe fFlHolx: 4 YE 59 EAE Zo) 7Asd
CH40-41). EAX%"E Fgolnj=¢ ABHA e Ao H& fejdo]L
=7t 2A AstEe 2FE 7hARoH ol olf = FEALLAUVY A
ol Egjrte] FRHAUAE dFo2 FAYR7L iR M 287
o] Wr)Ao] wo] AFEIE Y3l AFRE Ho|r] wfjFo Egvio &
RH 7t F7ksted Eelvle] feldolxE YEUn g} oy g A&
Roo Frle HY vAFEIAEES] dFA FUddog B3 Ego
nj=o] felHol2xe £A= ODPA <6FDA<BTDA<PMDA Y o8 4}
Efton] olRE XFHZ e Feolujzel FA9x H|S3lth. BTDA,
PMDA o] +x73< rigidity 7} & Tg & ¥<doletn Bz

GGt do] 2dH ghle] f7]8ujel Fae TEATel {7
foj7b &=l DAY} &M 7180t g il @2 Biste
gate]l FEAIZ yeo. £(EF A A BAEHE EAHL Ego
oF 71 &ue 4384 E Yeldle fIAELATY EHAFIAUZR] Fo] A
I, 3FHETHA Aabyel #AE = n22e 842 Evke] 2AHA, £
glolo}l AT vjztFE I E80] Ut Table 6] AZH HE=Z & A9}
Zgojvl=e Sy D FHAUAANZLE el AAHoZ &
AFol AFdH Fgolujers XS] FE Aol vl Eeg A
Sofl gt H&7to] o}F L ¢ Holl 3 o]RL HHA |7} ofF
G0 AU 4059 AFo 73 Ao2 Floju=o Fo il
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Fig. 11. DSC thermograms of the fluorinated and non-fluorinated polyimide
membranes(nitrogen atmosphere; heating rate, 10°C/min).
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L il I

Monomer pair n] Ig °(°C) Td “(°C) Char yield”

lamine- — oy -_— T Film quali
(diamine Experime Literature 9 ty

dianhydride) (dL/g) Lol value value Ist 2nd (wt%)

EFD;A-PFbAB 0.61 _ 205 - 368 550 27.7 Flexible and tough
6FDA-m-PDA 0.64 290 297 - 547 46.3 Flexible and tough
ODPA-PFDAB 0.54 200 - 365 580 29.9 Flexible and tough
ODPA-m-PDA 0.58 301 305 - 540 53.4 Flexible and tough
BTDA-PFDAB 0.43 208 - 364 582 29.5 Somewhat brittle
BTDA-m-PDA - - 320 - - - -
PMDA-PFDAB 0.53 256 - 370 604 24.22 Brittle

PMDA-m-PDA - i 290, 340 - 570° i i

il m L

2(n,, ~Inn,,)

“ intrinsic viscosity of PAA measured in 0.5 g/dL. NMP solution at 30°C using the equation : 7. = -

* determined by DSC method at a heating rate of 10°C/min in N, gas atmosphere.

“ onset temperature of decomposition determined by TGA method at a heating rate of 10°C/min in N, atmosphere.
“ residual weight(%) at 800 °C determined by TGA method at a heating rate of 10°C/min in N, gas atmosphere.

* determined from the TGA thermogram in the literature

Table 5. Intrinsic viscosities of poly(amic acid)s and glass transition
temperatures of fluorinated and non-fluorinated polyimides.
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L e R

content —————
Water

Monomer pair  Fluorine
(Dianhydride-
Diamine) (Wwt%)
" 6FDA-PFDAB  39.8

6FDA-m-PDA 22.1
ODPA-PFDAB 32.0
ODPA-m-PDA 0.0
BTDA-PFDAB 31.5
BTDA-m-PDAY 0.0
PMDA-PFDAB 36.3
PMDA-m-PDA 0

> calculated from Young-Wu equation(¥,,. (1 +cos8)

Contact angle“

114
97
96
76
98

94

Surface energy

“ measured using the sessile drop method on a Rame-Hart goniometer.
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" calculated from molar attraction constants given by Hoftzer-Van Krevelen
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dsolubility parameter data of these polymers calculated using the density data of literature

)

| Solubility parameter ©

Table 6. Contact angles, surface free energies and solubility parameters of
fluorinated and non-fluorinated polyimides.

(deg) (dyne/cm) (MPa)'”?
e 6 6 s
74 211 00 211 162 35 67 119
62 262 13 275 177 56 72  19.9
58 286 1.1 297 165 4.1 75  18.6
43 364 57 421 188 72 88  22.0
58 300 08 308 168 43 7.4 189
.. .. 188 73 84 21.8
94 67 2.7 253 172 49 719 193
: . L 184 94 94 227

using their following equations
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o] 7bsAE Aulgt. 7718wl digt 3Ado] JFEelg thololo] @ E o
goll ik I35 FA ¥ 2 @& 2 oA E4AEWUE i E
glutoll A HPHosE HEYE 4o EATFY EHAUR I EHAY
7} 8|54 9] go g o]Foly tojolo]EdRiRTE e & Holi gl
7] @ Eo]tH42). Young-Wu Alol]l oJalA] Zzlnle] MEdHAURe) HAL =
2t Fod UESS FEoE Uy 9§ g Ut AFAFHoZ Ego|n
Eo] BF S2A%AF HHEgle]l FEHF AHHo] Eg ARG BH
w47 AFE Aee AFHZR] G Lo vs] AA| FEHo| A X gho]

Q4.

o £3] E47F 7HE Bol A &E 6FDA-
PFDAB & ¢ HEEHAAURZ} A dEeRt HFo & 7|51 gt &
B F oA AFA /7]&olod did Mol ¥2& durg BEAA3F
¥ ZEgolnj=2] AIFHAA YR = BTDA > ODPA > PMDA > 6FDA o] &A=
ety o o]2|gt 6FDA 9] -7 7 e HEBHUAE e olf
= 49 §FFo] 7M1 £7] d&ojgtn 9 PMDA Y 9 wrEdd
& ZEgloju=e vld] wlalo] sht Hol EAo HdHA o] FolA =
Al Z2}3 ojul=d 9] o] FA| FUHoR gorg o T HF
g A7t ARHAgR YElys Aolgtn E. J1E2H 4 7|(C=0)9 o] M(-0-)
Br1x)et 2o Egg ASE FHAYAI 4 YEIYE RBog wdn
olg|gt AI}E IaF7Idol& & ALg fI=AFUE vl
st Bttt ZEglojujze] AT aS FIuE Hdl) Van Krevelen
o] AAF LAMETAAFAAE TF IFI7IHEREEY MR sFE= @
ogvyY ZtZt AT aUE FIUH. A7]AAM -CF,CF,-o I+ &
M=o AAHdEL  polytetrafluoroethylene (PTFE)S] | E == S ol &
sttt F71x wHoz F3 Eglojujee] Rz Are A5k Aol




of g 3tAdo] FolAL Quigty. AAHoz FITHTULE B4 A
gtog yolx]a Qlon ojAL FHATAAR o Walel Fio] YA
AT} Adloj=gtol=o] W WE FM =TT FA= PMDA > ODPA >
BTDA >6FDA 9] ¢ 22 F2 C=0 2§92 9 #-o] o] BT, o]t
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Fig. 12. The wide-angle X-ray diffractograms of fluorinated and non-fluorinated
polyimide membranes
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BEAXPE ZFek A@go] gd A9 dxeo WEHE ¥udHEH w4V}
Agd e g€ Aol v& 25 Wyt S8 oldwt Bk F
7t AFAolEA WrE BEAdgo] Eo7HRA FAHAR EAe ¥HH
Bolx WA yeld Aol Yxel #4+ ODPA > BTDA > 6FDA > PMDA
o] o8 A%AY. 53 PMDA Y ZAS 7M1 € BE@E 2. o]
A & 29 FRvEd 22 FAANUXY R EdFgto] {3l
6FDA Bt} & TEx7l Yvetdtgn do vAFF I EES AR g
Aol vs] 25 43s] Fu1sd. olAL WrE T EHAYX| (&Y
A7t e FELGAVZL AgGEEHA DEAAEe] HEE WY ARE

E %7 W&o Yepd A0 s 5o Table 39 fFeldolx9 38
I M2 JAEE Z2yetn AEct PMDA-PFDAB 9 3¢ 713 zHe vz
TR EEE 2 olgjt olfE EAaVl AEHA &S PMDA-m-PDA
o] B o& 3717 gtdloj=etol=9] HSeoi= d] HHAA YJAuidz
charge transfer complex & ZA %= 7}3 &olslxn A|Qle] wF)o] ofF 2t
of ZAYFPAANMAL 7Ied &Rl FHAUXL} fPEAFE A F
7l Wil Yepd ZAzetn 2o wmepa ol #AE FglojnE xR
4w S AgEHAGUD iE 1 FAHT BHYE FZHY EZ S
Mg 712 ER T £ o] A& PMDA-PFDAB 2 2] gtEo}zl Zglojn
cgtol XA A brittle 3t LAHEE ALRE 71 UAAY olH-9 TéHC)

o AZ|&A EFojn=

A" EAdSAo|nee FxH B o33 g o7 A
st 2 Z+zbe] dianhydride ©ff tl3lo] siloxane content 7} th&d] 6FDA-SIDA
< BTDA-SIDA < PMDA-SIDA #A]2 PMDA-SIDA 7} 7}3F @2 A E412 3}
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: Molccular Densi . Fractional freev e
Monomer pair ty(p) olum

. 3 b
(Dianhydride- Form.ula of‘ wclght of | ‘ (g/cm ) (FFV)
Diam; repeating unit repeating unit Experime- Literature Experime- Literature
lamine)

(dalton) ntal value  value ntal value value
6FDA-PEFDAB C,,;H,;N,O.F,, 906.09 1.60 -~ 0.183 -
6FDA-m-PDA C,:H,,N,O/F, 516.15 1.50 1.47 0.160 0.162
ODPA'PFDAB CMHUNZO-;FD 772-12 1-55 - 0-174 -
ODPA-m-PDA C,H ((N,0q 382.22 1.41 1.41 0.109 0.102
BTDA'PFDAB C32H|3N207F|3 784-12 1-57 = 0-160 -
BTDA-m-PDA C,3H, N,0; 394.34 - 1.40 - 0.112
PMDA-PFDAB C,:H,N,O/F,, 680.06 1.68 - 0.135 -
PMDA-m-PDA C,H;N,0, 290.24 - 1.43 - 0.117

? determined by buoyancy method at 25 °C.
V - Vll

® calculated from the equation( ;

) and group contribution method by Bondi and van Krevelen

Table 7. Densities and fractional free volume(FFV)s of fluorinated and non-
fluorinated polyimides.
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3t ot o= dianhydride & FAl&%o] 25 tt=27] u&o)

Z3
ax:

2 30~40wt% o ¥ ASY FHES KD Aee ¢ T Aed, £
=,
-

= =
frEe B4 T3tk =3 6FDA Y FFole 454 FHES A9
228 w3 XD o] AUATY W5 FEYPTY 1 4Ho 3
Aol e} HAEe FREY $5E Uehs FREwEe Ty
=7} @1 182} chain @ mobility o] B&S FE= A2An B
&2 274U F71& e disty 2 3L el g ol 18 d
2tz}o] ZeldFAlolul=o] A HAH o 4o it Hrtal|Et}[43-44].
Table 8 3 9 3 Fig. 13l A|ZF z4zpo] FdFAloln|=o] HAEAE
E, LAY, L, HE9 AxE AHstAo o] AFgdAMe & F UAE9)
Alzg FeSitojnjzy Ea1%Fe FiSEd TR AItsEE
BoEoh. Z+zte] Polyamic acid A El2] viscosity &= 0650|429 & AEE
7P Al ¥ Polysiloxaneimide 2] GPC £ A}1=F% 100,000 A = &
< FAFE YRl Polyamic acid 9] viscosity = 0.69dl/g 2.2 &2 & B
At PMDA-SIDA 9] ¢ ZA=7F 25 "ojx&s AL §Aoz A%
A=l ol HANAM AFAE a7 7HE 2] wiEolgta o ARG z
Aoz AHE4E FFu7t 30~40 wi%E TRt Y3 Fedol2 x4

golstol7] WRol of P Aokd FEE W mEe] EHE 2 Holn

Hif

Table 10 ¥ 11 18] Fig. 14-15& Az H EZgdFAtolujc o] f2A
o] &% ¢} density, 18] 11 Fractional free volume, XRD ©l| 3%+ A znlo|ct o]
S°] HE AYHol2EE 42oldtoly T g siAed duE
110°C 2ol &y} —10°C~15°C o] Jr} ZEegjgdgddE4E2 123 °C
AN FelHo)2EE 7HA=d EAEAtolm=e] AE4F chain o A E
© we Aol E(dF sAHE)VE olBT %7t A UEYa £ e ol
=89 segmental W Fo] FHA HLEZF 3HAH)o] Ar2oldlol A UEeld
ot} A7 o2 FFH2 dianhydride vlth £33 2o E Holz= ¢z|qk
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Fig. 13. GPC data of polysiloxaneimides.
(A) 6FDA-SIDA  (B) PMDA-SIDA.
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Monomer Pair Siloxane Content Formular of Molecular of

Repeating unit

Dianhydride- (Wt%) repeating unit

Diamine (Dalton)

30.90
6FDA-SIDA . C . H,;N,0,,FSi,
Florine
Content(wt%):9.4

BTDA-SIDA 34.37 C,.H,,N,0,,Si, 1086.20
PMDA-SIDA 38.01 C,.H, N,0,,Si, 982.09

Table 8. Siloxane content, formula and molecular weight of repeation unit of
polysiloxaneimide

Monomer Pair T T
A
Dianbhydride- d[E/I i b Film quality
Diamine (dL/g) Mn Mw B3I x] 4

Very flexible
tough

PMDA-SIDA 0.65 96545 179865 1.85 Very flexible

-intrinsic viscosity( 7 ;,,)Jof polyamicacid(PAA): 30 C THF 0.5g/dl, Cannon-Fenske viscometer

BTDA-SIDA - - - -

one-point method
7? int=[2( 7) .P-ll'l 7) "l)llﬂ/C

-size-exclusion chromatography(GPC) ot Polysiloxaneimides: standard: THF. Mn. Mw.

PR 55 Y

Table 9. Intrinsic viscosities of poly(amic acid)s and average molecular weight

of polysiloxaneimides.
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Monomer Pair
Dianhydride-
Diamine

1.102

Fractional
free volume

(FFV)

0.181

13.15 1.065

BTDA-SIDA n

PMDA-SIDA -110 -3.75 1.043

e by e —

0.164

0.170

-DSC method : heating rate of 10 CT/min in N, atmosphere

-Density : Buoyancy method at 25°C

-Fractional free volume (FFV)
FFV=(V-V,)/V

van der Waals volume by Bondi and van Krevelen

.X-ray Diffractometry : n A =2dsin 8§ n=1 A=1.54A°

scanning speed-2%/min

Table 10. Glass transition temperature, densities, fractional free volume (FFV)

and d-space of polysiloxaneimide membranes.

- iy

d-space
(A%)

8.813

6.5726

el

Monomer Pair

Dianhydride- Td(°C) Char yield(wt%) Ti(°C)
Dian_l_ine_ B )

6FDA-SIDA 312.69 1.594 at 887.88T 185.13

BTDA-SIDA 334.82 | 7.104 at 887.70TC 182.00

PMDA-SIDA 324.98 t 3362 at 887.87C 178.87

-decomposition temperature. TGA : heating rate of 10 C/min in N,

char yield (w1%): residual weight

-tmidization temperature  of PAA . TGA : heating ratc of 10 C/min in N,

Table 11. Decomposition of temperature, char yield and imidization temperature

of poly(amic acid)s.
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BTDA-SIDA £ carbonyl 719 34 43&L o= ey FHA Tge ¢7h
T2 @& Hoje Aol HIAY AEY T|Fo] L PMDA-SIDA %
aromatic ring AFel ol bulky ¥t £4717F 1+ 6FDA-SIDA 7} 713 22 Tg &

PR A HeE Fe|LAEAon=s S¥E FEiE oty A7 flexible 7
AEAE chain 3 o]lv|=# 9] intermolecular segregation &2 <13 physical
network ¢] 34 © Z thermoplastic elastomer &} H]c3l A4AFS Bols Ao
2 oA} fEHolEE EA ERAW {837, polymer density 9
XRD data ¢t= A#E o Ul A2 BRE Ao A=A {7 vl
gl F8l3E xol7l BolXl= ¥+=trh Fig. 14 9] Eg)Ad E4lojn =9 DSC
thermograms ZA & 29 polymer density & A $olE 1T Ae] 1R Z}9]
E4E # BodFa o 454 259 #AF chain mobility & glassy
polymer o] H]3lq olF & density € 7}t £ A EAlo|ul= 9] density
T4l 6FDA-SIDA > BTDA-SIDA > PMDA-SIDA &] 2o &
of w2l I apolE Holx= AT 6FDA-SIDA 9 7
289 47 & £/ 9 dianhydride-SIDA Bt} 713 23
TEE XTSI A old Ay HAXOn AAZRG. I Y&
BTDA-SIDA 7} PMDA-SIDA Bt} Z5 & i3 By olg3 EAL
FFV e A% Z A9 4 =l van der Waals volume & Bondi and

-'10 n\l
Jo
4o 8
ok,
>,

van Krevelen 2] group contribution theory & o]&3&la] 33ttt o] AHS
6FDA-SIDA > PMDA-SIDA > BTDA-SIDA =22 743 =d], 6FDA-SIDA
= 548 a%EY FHOE density olAq PMDA-SIDA YT T A 52 @8 B
oLt HE4F FHH dianhydride 7} 7FA & bulky 3 E4A1F wjFo] EH
Az 7t Fo gelr eHol Goumz JHA =2 free volume S 7HA
Al @t 1 o2 ojuled e wtEGYY 2 Q% chain packing ©] 2 =] o]
A= PMDA-SIDA, 12]31 BTDA-SIDA 9] 2§ $& g 713t 9o} &

£ 4 &4olu| == dianhydride & =54 Srdler Adglo]l HAHo

2 FRYe D8PS ¢ 4 Utk E@ o|S9 dspace & 20 &L E
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Heat Flow(a.u)

N

/ BTDA-SIDA

Y, 6FDA-STDA
PMDA-SIDA
-100 0 100 200
T O
emperature(™~C)

Fig. 14. DSC thermograms of polysiloxaneimide membranes.
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Fig. 15. The wide-angle X-ray diffractograms of polysiloxaneimide membranes.
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Z )| §Ato|u| =9 chain mobility &2 A#44E & T UAH. FellA]

o
AF g v)apFE a9} v A2 6FDA-SIDA > PMDA-SIDA > BTDA-SIDA
O

Table. 12 Axd EgAEqoju|=2 HHAUYA|| g AIEH
contact angle @& ©|&3ldq FRY. o AHE BEH HAHOZ FHAY
A gto] 493 *L #;E EAFn Jth ol EE AL ¥ T3]
29} G FBAUAE L= AEAF 180] 30~40wt% 5527 ool
B dianhydride & F&Fo @2t & zlo] & Ho|A |+ ¥ water & angle gt
& 105~115°9 &2 & Holn HHAAYA gL 15~25 dyne/lcm & H2
g Btk #9 AyelM FRHAYA7E ¥ &A= BTDA-SIDA > 6FDA-
SIDA > PMDA-SIDA 2] #£o& Z43tsE AL & F Ay olgd ol
BTDA-SIDA &] 7% polar 3 carbonyl ZIgw&od & 3% B2Jduxn £
t} ofolAx 2 dlL 7122 QE 6FDA-SIDA Q] A$ AHo=z A4
AEgE 7HA 2 A= 6FDA-SIDA & A4 gH]7F R A3t BTDA-SIDA
o} $e @S Hols AoZ oA PMDA-SIDA 9] ¢+ ttE E4 5

rr

Ho| W x)7} AE8ATEL 7HE w2 v &2 /5t o] M ¢ EH
ol L4z} k& BATh

Table 13 2 gtxglojuj=sly 3l Fagloju]= bl osf A|lxH of2f7}
x| el EAlolnl= g9 o 7hA] f7]E ool st Gk test & T Z
golch o] AE R AL F4 foiEgds AFA4HYd T34 Fofdl
&l Sl=7F F4 Foe AE & £ ooy oy U 254t chain 9] &
A Aol B4 Koot interaction & F Al 37l WiEolw, FEAHLE
ZAM 2o M E R EE Holxd o]t dianhydride part 2] &3l %7}
F7] ujFol o]Zo] 7lodg Ao Z Helt} 6FDA-SIDA, PMDA-SIDA, BTDA-
SIDA 9] 7% Frixjolul=slel o Ax® Zeloluert BF f7] &0
of tha] # &aEct 12{u, BTDA-SIDA & 3¢ ZEotHAA=E A H
dHl wpog oluzdy= AL f]8uje FRo|=FHEE EASE
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Contact angle

Surface energy

Monomer Pair (deg) (dyne/cm)
Dianhydride- -
Diamine Water Methylene
fodide
6FDA-SIDA 70.1
BTDA-SIDA 70.5
PMDA-SIDA 71.8

-Surface energy :Young-Wueq.: 7 =7 +7.°

7 wv(l+cos 0 )=

@re+rin(ritriar@rPsvr (P 7 F
-contact angle & :sessile drop method

wetting used methlene 10dide& water

Table 12. Contact angles and surface energy of polysiloxaneimide membranes
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Monomer Pair

6FDA-SIDA

BTDA-SIDA
(thermal technique)

BTDA-SIDA
(one-pot system)

PMDA-SIDA

Solubility in Organic Solvents

Dianhydride-

+- ++ ++ + 4+ ++ ++ - - +efe :
' ]
' B ' ' I " ' ' ' N
f !
3
l
+. +- +- +- ++ +4 ++4 ++ 44 + - - ++
'—_——]—_— ~T 1 _—ﬁ R — v——l———y——
+. + - +- 4= ++ ~++ ++ ++ ++ | +- h - - l 4
i | |

Solubility: (++) soluble at room temperature ; (+-) partially soluble at elevated temperature ; (-) insoluble even on heating

* Abbreviations of solvents :

NMP (N-methy-2-pyrrolidone), DMA (N,N-dimethylacetamide), DMF (N,N-dimethylformamide),
DMSO (dimethyisulfoxide), THF (tetrahydrofuran), AC (acetone), CF (chloroform), MEK (methylethyl ketone),
EA (ethyl acetate), MC (methylene chloride), AA (acetic acid), IPA (isopropy! alcohol), TOL (toluene)

Table 13. Solubility of Polysiloxaneimide membranes.



248 Bt} o= L2 thermal imidization 2= A carbonyl group(C=0)
o AAE AEHHY methyl group & radical @ Th} FFHo|u| =37 o
e Al AR 7t 27 U EE Aot [44).

A4 A Eejolrl=ste 454 2 FIH5A

AzxE BAXF Zgolul=F 6FDA-PFDAB, ODPA-PFDAB ¢} B4 7}
X35 2] & Zglolu)|=Z 6FDA-m-PDA, ODPA-m-PDA 7} 10 712 f7]1 &
mjo]] Wi BIMEE XA ATE Table 15 o] vl AR H F7] & 0f 9]
EF, Bo g &%, S dTAAES AR AT o

ol\

1]
rlo
_l—ﬂ
e
g

a7t Folxjed o] RS RAMEHYTFHET TAAY 7
gtol Al ol ey dAst Ut AxH 4Fe] &
A FAJA B3 7 v =40 lledls Ao HERA g SAHE Eld
6FDA & A}&3% F Egojr]=9 7§+ E5F acetone, methylethylketone,
ethylacetate, methylene dichloride o] &35 SAE 7[x12 UJgt
Isopropy! alcohol, acetic acid, trichloroethylene, toluene ©l| t 3+ 6FDA-PFDAB
9} 6FDA-m-PDA & B & v st EAhaF0l ATd FF FE&x7t F
7bat3 Utk ODPA-PFDAB 2 ODPA-m-PDA o] 7§ HE nfe} Zho] 4}
88 2E fF7]l 8ol &aix A FUT S22 3EA B2 ODPA-m-PDA
o] 73fv WHEEY #7I&udd BEEZFA Fed vlsi EAE AHE
ODPA-PFDAB 9] 7 ¢ W& dddA 20% Ao & BEETE Hol1 A
o dAHoR F4xgd F FEo|n=e FF 4% k" EFgo|nj=
of vlall f7]& el ik 7t Foll HoE HIG. ol dYFE2E
3| M4317] H3M B FolEolM FHlE FIABLTE
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Methylethyl ketone(MEK)

Organic solvent

Water(H,0)
Isopropyl alcohol(IPA)

Acetic acid(AA)
Acetone(ACE)

Ethyl acetate(EA)

Methylene dichloride(IMC)
Trichloro ethylene(TCE)

Toluene(TOL)

Hexane(HX) 12.6

Polyimides

6FDA-m-PDA 0FDA-PFDAB ODPA-m-PDA
"’Z;ﬁ_ﬁa ®,° AS,_, ®, | As,., D, AS,_, D,
35.7_ _<1:0_ 36.8 <<1.0 | 33.7 1.0 35.8 <<}
10.1 2.0 9.7 6.0 10.9 2.0 8.9 5.0
7.2 30.3 7.3 74.0 8.4 2.0 6.4 23.0
2.0 Soluble 4.2 Soluble S.1 2.3 3.5 18.0
2.7 Soluble | 5.2 Soluble 6.6 2.0 3.2 22.0
IR . I R R —
5.0 Soluble 1.5 Soluble 8.8 6.0 2.3 19.0
__3.9 Soluble N l.SH S—(;;ble I 7'5-' B 16.0 2.1 20.0
7.1 21.0 3.8 42.0 10.8 2.0 4.; 20.0
10.1 2.0 7.0 32.0 13.7 1.0 8.2 14.0

Table 14. Degree of sorptions of the fluorinated and non-fluorinated polyimide
membranes and solubility parameter differences between organic solvents and
these polyimide membranes.




o] o] sttt LTl TAHJAHAAM AEHEZYHE T
¥ JAEZIFHNE TR ¥7] Wi FE TAE ZHRZ Ao 2y
gt A RAEE dSE F AT A ol AHEET. 6FDA-
PFDAB ¢ 6FDA-m-PDA ¢ Z-¢& doiE®d Fe|viet #7]&ufe] Jalix=4
FzlolE= Y&l acetone, methylethylketone, ethylacetate, methylene
dichloride ol 4] HAgd BHFoy B3 4o Z4E & g BEdvd
o] AL FHErel Z AxFch Bl x3E 6FDA Q A= XBEH=A o
= 450l v A BofdlM s HEE S4BT gto] AAHo=
AL a7 do5F Folx|s FFe Btk old 4L ODPA-

PFDAB ¢} ODPA-m-PDA ¢ %% dH|x3 HEE BAu A5 28449

= KA HAZ LA AL & ¢ UY. ODPA-m-PDA 9 3¢ 4%
2t g7 dEdazeol=oM JHE @ gE Hol HWIE G4
methylene dichloride ol A 713 #& 2 ®<lth 22y 6FDA-PFDAB ¢
a5 ethyl acetate ol|A4 4284471 HAUES Bo|X 3t 6FDA-PFDAB 1}
6FDA-m-PDA & %ol Hls 7]&oje] Halo] g B zto]7} &
3] Holx e o S HZERATe gtol 6FDA Al H|E] §-7] & o)
el 2t @& 2+ 77 8&uol dislix RS BEEAHS Hols gy 5
oS3 Zo] dHdc F ODPA 9 A9 = 6FDA Al ghEo] &l glof| u|3)
o #ZHANYA(ZFF A A]) IEE= charge transfer complex 2] £o]3 &4 o
Z A Aol HAAE 1 HAEo A7 wiFo] Zufo ZEFEL o]o] <93}
ool §olstA Zst7] wf o Yehd Azt Azheco)

4 Fo FEoluj=do FolUdes EFFAFTY FHIUILuZHE AAd
Bl == SHARE 242 Fig. 16 ol el oluf TCE(0.1 wt%),
Toluene(0.05 wt%)= A|2J3t Yoz F7l8ue s 25 1 wt%hddo, £
aldgol AZEZA] B2 Fgoluley AL K MBL glo] Fe e
Bty 53] 247 AgdE ZA$ MC, TCE, toluene 08 Z+E Folx e
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Fig. 16. Sorption selectivity of the fluorinated and non-fluorinated polyimide
membranes for the dilute aqueous organic solutions at room temperature.
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AEgL BTt EF 0.1wt% 9 EA, MC, TCE ¢ gfal=AMaic o] A=
0% Fegixd Bdtloleig B 847 o] x3E 6FDA-PFDAB >
ODPA-PFDAB >> 6FDA-m-PDA > ODPA-m-PDA 2] =22 JEehdrct o]g 3
LHPANL thS o] siMET AFAYd FELLAVIF AF}Y Zg o
j=o] A$ & 59 rdd &ujd g JFxrt XBEZA] Fe Eg]o]
mjSof vla] o}F vt |IPAoA MC 7HA2l #-7]2ule]l 7S Table 4 o A
RoFE ule} o] FLAF FL AT 3 z8o] shesiy welA] Eo
ek 3e e RIMEE 7HA L AT et olggt {7 8ot Eeo
o8 HFEAZD o E2 78 ue A 422 TE FAstd Ego|n=
ol 882 FolEo] & Holth wetra EFax|gEgolr|ze] Eo o
g A ARe FUE olgd friRuie Eo FRkRYE AR HE
T EE B BMEE Eolv ZFE 7HAHE FHolu. olo wvkd TCE U
EFde AF= 2o g K37} acetone, EA, MC 5ol H|3] o}F B
@S Holy oA EF FAATE ALY 7 A o] i) mabA
EZdoly TCE = B EFEWE olF& o] ¥F3lnz 3 Fisid
BAaxsELo|n|Ed] MPde= FFL kst wets] TCE, toluene T2
EA, MC 5ol B8l Eaz|gEgojnj=oe] digh @2 X3 x=F 7H7 1 A gk
247t Bo| ABHFLE FFdojyt TCE| dWigh 2 &3l ¢ A
E_111

=1o] gt o] 7t3h Isopropyl alcohol ol 4] & xfe] &Aool okt EF
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Fig. 17. Permeation flux of the fluorinated and non-fluorinated polyimide
membranes for the dilute aqueous organic solutions at 30°C.
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Fig. 18 Pervaporation selectivity of the fluorinated and non-fluorinated polyimide
membranes for the dilute aqueous organic solutions at 30°C.
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Fig. 19 Effect of organic concentration in feed solutions on permeation flux of
the fluorinated and non-fluorinated polyimide membranes at 30°C.
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Fig. 20 Effect of organic concentration in feed solutions on pervaporation
selectivity of the fluorinated and non-fluorinated polyimide membranes at 30°C.
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Fig. 21 Effect of permeate pressure on permeation rate and pervaporation
selectivity of the fluorinated and non-fluorinated polyimide membranes at

30°C.
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FIg. 22 Effect of feed temperature on permeation flux and pervaporation
selectivity of the fluorinated and non-fluorinated polyimide membranes.
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Fig. 23  Sorption amount of polysiloxaneimide membranes in pure organic
solvents at room temperature.
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Fig. 24 Swelling amount of 6FDA-SIDA for the dilute aqueous organic solutions

at room temperature.
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Fig. 25 Sorption selectivity of polysiloxaneimide membranes for the dilute
aqueous organic solutions at room temperature.
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Fig. 26 Permeation flux of polysiloxaneimide membranes for the dilute aqueous
organic solutions at 30°C.
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Fig. 27 Pervaporation selectivity of polysiloxaneimide membranes for the dilute
aqueous organic solutions at 30°C.
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Fig. 28 Effect of organic concentration in feed solutions on permeation flux and
pervaporation selectivity of polysiloxaneimide membranes solutions at 30°C.
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Fig. 29 Effect of permeation pressure on permeation flux and pervaporation

selectivity of polysiloxaneimide membranes solutions at 30°C.
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Fig. 31 Effect of membrane thickness on permeation flux and pervaporation
selectivity of polysiloxaneimide membranes solutions at 30°C.
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