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Abstract— Porous PMDA-ODA polyimide thin films were prepared and characterized for the gas separation membrane.
The pore size of the polyimide film was controlled by the phase inversion method with various nonsolvents and immersion
time. The prepared polyimide precursor was coated on commercial tubular type ceramic membrane and gas permeation
characteristics was investigated in porous polyimide/ceramic membrane. The pore structure of finger or sponge types was
formed depending on the different nonsolvents. The size of pore in polyimide thin film was controlled in the range of 4
nm-12 um with phase inversion method. In case of alcohol nonsolvents, it leads to the increased uniformity of pore struc-
ture in the morphology of polyimide thin film. The average pore size in surface layer of polyimide thin film was increased
by 17-79 % depending on the immersion time and the different nonsolvents. In addition, the gas permeability of ceramic/

polyimide membrane was shown in the range of 0.26-70% 10™*(mol/m’ - Pa - s).
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Fig. 1. Chemical structures of the compounds.
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Fig. 2. Schematic diagram of the gas permeation measurement ap-
paratus.
1. Pressure gauge 2. Tubular membrane cell 3. Valve
4. Back pressure regulator 5. Dry packet 6. Gas
7. Bubble flowmeter 8. Ball flowmeter
9. Pressure regulator
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Fig. 3. FT-IR spectra of PMDA-ODA polyimide at various curing tem-
perature.
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Fig. 4. TGA graph of porous PMDA-ODA polyimide thin fibm at
various nonsolvents(Immersion time : 2 min).
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Table 2. Average pore size of porous polyimide membranes

Table 1. T,CC) of porous polyimide membranes with various im-
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Nonsolvent Immersion time(min)

type 2 5 8 15 30 60
Water 334 334 332 330 328 327
Toluene 336 338 337 337 334 331
Benzene 342 345 342 341 338 334
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1-Butanol 340 340 340 340 338 338
9 A% & 4 ek 22t AAH 7124 Eelolvl=s] oA
B4z % Az 220 w2t 327342°C) WAZA S48 W
A& Zrom], mEoA e J)A R S84 By}

3-2. 7|34 E2iol0|= utato| HElElN §A

AR o1& o] 4-3led Axd 734 PMDA-ODA Z&|ojv|x 1}
qte] ey EA1-S golrgir}. Table 294& porosimeters &
Ak Z47he] ulgelel AAA e wE FE71EE W4 inletw}
outlet F-¥-0 2 T3} vjepigic). Bef&ol =& inlet +3
2] 735 713 W97 & 4nm-12pm A 9] A7) ZellA A7) 2ot
x)9] clekjl 3 B9, outletFE-& 120-25,000nme] 3 ¢3¢
s '—}E}‘Hs’d‘:} Z2jut outletF-E- ohia]ol glo] Helde o
< 3= AL ol wef wlekd & 2o X xS s Bl
ZIAEAE 93] E3E 5 A k= %‘—Z}%—i«l 71eE 3a
2 gdAe Zlgarluvhe e E 39S ZE Aol &
2ol glel A o]t} o]ej’t Tkl 7132719 ‘%'151%:— Hejas)
7h AEedst g eleds}, Jaks e g2)3 s £ o]gg 4
UE-& HdFEr). o]uf Table 2|4 Jelytso] 71E A d5ke
FE 84 F T /R vlguelAe AAAze & 5 gl
ol Hl-gulol AAAR Fof Zlo)v]= A Tz HIrt &
2] outflowe} B]-4-vl2] inflow2 <lsle} ot chwiel] AA o}
H|-gul o] Ffol| wet teR)l 7| FREET} Al Ao 2] A
Z 27 HFA g FAs] S F8F T YL
viehdich. vlgele] Fio we} Xole glovt AAH T Bur}
€ oE 422 % 771899 A 5 v T2 AL AnE
2ok #1402 Jehllwd B9 A$r) o2 vlgauc 3=
ol ale] 2 17-79% B9 JF 71F=27] 2715 Re|x 9} o]
€ EollA] Fejolvle ATAZ) o2 ul-Lofol vl whE A3} QA
<+ el 713 A o] oh2 ulgullel ulsl 53] o] o= AL
2uighe}. w3t v]g-ele] FF7ol AbAgle] oF Smin o] A
ZrllA inlet¥-E-0] 4= nm2) 7]F=7]E B 7)AEe]d S0 gl
Al $-87FeAE ez glev} FA A7) 60 minFE = e
A3l 9ol FAIE Kol glrt. o] AL AA X 7ke] v A7 FoilA]
Ad713-& 283 350 =y =8 e 2] Sae AR
= F8F ¥4t "Aoke AL g4Fsle] o). Fig. 5 v 4ul7t &

Inlet(nm) Outlet(nm)
Nonsolvent type Immersion time(min)
2 5 8 15 30 60 2 5 8 15 30 60

Water 5 7 36 74 4000 12000 120 200 333 530 7000 25000
Ethanol 4 6 32 67 2500 8000 110 212 320 520 4100 12000
1-Butanol 4 8 39 67 2300 6700 120 220 330 520 4300 13200
Benzene 5 9 40 65 2600 7800 110 202 310 510 4000 11000
Toluene 4 7 36 63 2100 6900 110 197 300 500 3900 11000
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Fig. 5. Pore size distribution of the porous polyimide membranes at
various immersion time(Nonsolvent : water).
(2) 2 min, (b) 15 min, (c) 30 min, (d) 60 min.
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Fig. 7. Relation between average pore size and immersion time in
various nonsolvents.
(a) inlet, (b) outlet.
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Fig. 6. SEM micrographs of the surface morphology of porous polyimide membranes prepared from water.
(a) immersion time, 2 min, (b) immersion time, 15 min, (c) immersion time, 60 min.
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Fig. 8. SEM micrographs of the cross section morphology of porous

polyimide membranes.
(a) Water, (b) Ethanol, (c) 1-Butanol, (d) Benzene.
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Fig. 9. SEM photographs of the cross section of ceramic-polyimide
membranes according to various immersion time(Nonsolvent :
water).

(a) No immersion, (b) 5 sec, (c) 30 sec, (d) 90 sec.

28T E N3sA Mex 19974 128

o} X3l 71F=e] Walrl A9 ¢l sponged 71327} Ao
31 Zlo]th. o= oo Table 104 ] G2 EAghell 9lolA &< 3
71 o vl golel vls] ohi 2 gE B3Y Axbe} X3
o2l w9 F27} FAEE UL AAAHA 2 wkHET
Aol HA 4| gle1x §uil & FA0] th27| o)} A"
o} a2 gded RejAdse] F5El AR ddAMe
are] w2 Zolnrhe Tl 9ol 71T FUA
F8A& Fxsla glomg Ado|HE o)4F o u)fulo £
Zke] AAHF wigte s TR FUA 2 71 EEE 2 Ao
Z1AE= e Azshed oA 283 3R FE ez
a1t} Fig. 8ell4] €7-2-2 u]4rul 2 3 S0l d3}ol| 23 A3
G740)3EE ixbEe] Holed| o)2dt AL Shollx AFT A
o} 7137 AEA AARA oz JAATIe] ZNLFE o2y
U74o]Eo] Al Sgto 2 A iAts} Auir)Fe] HAE
AAY nol= Aolch Aoz 74 HelTol|A Ewe] Juist
A 33L while] A3l g23 Abdolel] 9FF EZe) Ao 7
8% o] H& Aok =3 714 Fa) T glol TFHUH
& 3322 & A4 e 7]F7-2d Yo FE(cavity)ye] EAsIA)
e 2] 27 w3 =Ee] &4 71 .5 Fig 8ol B%o] 1
A3 Fele JehiA gk

Lo

3-3. 7134 &2|oIn|=/MI2tete] 71| £ §4

40
(@
—8— None
35 —=— 5sec
—A— 15 sec
o 30|
X
s 25}
a
€
3 L
g 20
>
3 15|
©
@
£
g 10 -
a
T e
o -
1 1 1 L 1
[} 50 100 150 200 250 300
200
(®)
180 —&— 30 sec
—=— 60 sec
160 —A— 90 sec
—w— 120 sec
)
% 140 -
@
é 120 |-
3 100 |
E
S 80 v.__—_"__—_'/__-v—’—‘—"
3
@ 60
E
& a0f
20| ‘——_‘—_’,"__———k""
-~ -
1 1 i 1 1

1] 50 100 150 200 250 300
Pressure(kPa)

Fig. 10. N, permeability of porous polyimide membranes with im-
mersion time(Nonsolvent : water).



7154 PMDA-ODA Ez2jo|nlx utate] Az @ 7| A%7 54 933

Fig. 9= Ale}=} x| 2] A 3-el] immersion pumpE- o]-§-3}e] Fa]o]
vl AFAE ZEGF Aol o3 v delE 2 st A
AZHE 5, 30, 90sec 22 e, @AA H-g o2 ojm| =38l 7|3
Zelolvio/Mebeete] g SEM ARl o2 ool z3e]ct. ok
7umule] o] Eejolvie 7] FAIE B, Alep Wy 73 o
g Zelolul =] A% A eyl l2r)e shi F7)1 54 Sell FEe)
$egl Zejolvl=e)7] Wil Alta] AR A 2L A o] Fo|H
t}. Fig. 102 7| A £33 93t AAFAEE Jepd a2 £
% W7 ¢F 0.26-70x 10 (mol/m’ - Pa - s)©. 8 H]t}ZA PMDA
-ODAZHe} 0.1X 10" mol/m’ - Pa - s)oll B]s)A] ¥ £} %5 e}
el Z1AEe] 992 oF iEg Wit A9E ok 7124
2.2 A7) ¢ 30sec o)A W E 7]F-E ZorZ FIro
gro] o] &) o137 AL dslnAl sk 7| AE 31 AA
3 ¥ o ARl QoM F53A 23 A¥9E 299
= vk 28jng Addgiels g RS FAC 5 5 9l
£ A E 2E AAske Aol 7 AR FA A ol F87 A8
o] Elc}. 2| F7x1 ] A2 MolA] v|4ele] Fidl wel +24 &
o] B 5= g FAX T slelA = Hefshd wslol= o
ARl 71327 ¥ FE 2o Avlgt 3 RS ehl 3 it

4. & 2

PMDA-ODA Z&]o|m| =& §Alsle] 7|34 b A=t ¥ 7]
A Felolviz/Aetd 2o JARH B5A& wEslgn). Eelo)
vz wbe] 13A0-8 ARte e od 23 on, Mg o
S8} 57 2 FAHALE A3 Ao} =3 Alzd Zelolvl= A
TAE A4S FEEH Ape el 2R F 7184 Eelolnz/Al
el ehg Azl 7] AF AP-E st

Azd 7134 Feolrl==hd v)-4me] FFo| wle} finger Y
sponge® 7| FHel 5 Bl o] ARy FHAZ ) uj} e
7% 4nm-12ume| JH9] JF 7|F277F Jehdz 71 EXE
= AR w2t =AY 5 e 53], vl8le] FF7el 9l
s 42E 4 {1899 A9t Jdesbgdeos gdd AF
TEF 7 A, AAAZ ] wetds 71330] M3l 2 g)
o] £2] 7% oh & ujgelof vid)] ¢ 17-79%Y F714-¢ vk =
g, Eejeo|vl=e] /17 227)9) Wiske u]4vle) EFl "l 2}
ol ISR AAAZbel] v 2 <3S wighc). 7)1 FA Eelolv|=
2] 9" EAQl T = 327-342°CS] ¥$ 24 Uubd el PMDA-ODA

Fe]o]v] =(T,=350 V)R rvhe= tha: 2 3t ndovt 53 e
A& Jeplidch 71 A5 el QoA wlgulzt 21 Afel A
el s =A™ 7134 Felolvl=/Alzt] e Aavas
2] W2 0.26-70X 10 “(mol/m’ - Pa - 5)°] e R 7| A Leje
249 o] 4 7Fs& vehidet.

# Al

2 A7E 19979 §79) A7) Ao SaEon oo 7
A=

D28

. Wood, A.S.: Mod. Plast. Int. June, 26(1989).
. Sroog, C.E.: J. of Poly. Sci., Macromol. Rev., 11, 161(1976).
. Coleman, M. R. and Koros, W.J.: J. Mem. Sci., 50, 285(1990).
. Yamamoto, H., Mi, Y., Stern, S. A. and St. Clair, A.K.: J. of Po-
lym. Sci., Polym. Phys. Ed., 28, 2291(1990).
5. Hatori, H., Yamada, Y. and Shiraishi, M.: J. of the Polym. Sci.,
57, 871(1995).
6. Haraya, K. and Hwang, S.T.: J. of Mem. Sci., 62, 165(1991).
7. Hatori, H., Yamada, Y. and Shiraishi, M.: J. of Appl. Polym. Sci.,
57, 871(1995).
8. Beaman, R. G.: J. of Polym. Sci., 9(5), 470(1952).
9. A7-4, AFA, deb, =AY T o7 $4, 22
2539(1996).
10. Kesting, R.E.: in Mat. Sci. of Syn. Mem.(D. R. Lloyd, ed.) ACS
Sym. Ser., 269(1985).
11. Strathmann, H.: in Mat. Sci. of Syn. Mem.(D.R. Lloyd, ed.)
ACS Sym. Ser., 269(1985).
12. Finker, H.: in Mat. Sci. of Syn. Mem.(D.R. Lloyd, éd.) ACS
Sym. Ser., 269(1985).
13. Kamide, K., lijima, H. and Matsuda, S.: Polym. J,, 25, 1113(1993).
14. Loeb, S. and Sourirajan: ACS Adv. Chem. Ser., 38, 117(1962).
15. Kelvin, B.: Office of Salinic Water Research and Development
Report #17. U.S. Gov. Printing Office, Washington, D. C., August
(1964).
16. 474, A, A3, =G d: shehgate] ol&s) 84, 3(),
1345(1997).

AW N =

HWAHAK KONGHAK Vol. 35, No. 6, December, 1997



