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The goal of this study is to investigate the effect of molecular structure modifications on the

kinetics of physical aging of thin films formed from 6FDA—based polyimides with time. The permeability
for 6BFDA—based polyimide thin films containing carboxyl acid groups commonly decreased 20—50% after
the isothermal aging and the selectivity gained anywhere from 10% to 30% while the rate of permeability

loss on the change of polymer structure showed different reciprocal relationship between 6FDA—6FpDA

based polyimides and 6FDA—DAM based polyimides. The Lorenz—Lorentz equation was used to relate
changes in refractive index to densification and volume relaxation with aging time. The permeability as a

function of aging time fits the expected form P=Ae . The results matched well with the data for different

polymer membranes.
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Scheme 1. Structure of the polyimide materials used in this study.
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Table 1. Physical Properties of 6FDA-Based Polyimides Synthesized
for This Study

Polymer T, (C) My M, ) Rl FFV
6FDA-6FpDA 208 47000 21000 15044 1538  0.175
6FDA-DAM 371 56200 28340 13342 1549  0.190

6FDA-6FpDA :DABA 2.1 318 24400 13310 14823 1544 0182
6FDA-DAM : DABA 2:1 377 73030 38210 13936 1553 0183
6FDA-DABA 344 35630 15470 13943 1562 0188
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(purging) 3] “2ellA 24413 WESAIA A8t o1& F3ll
Hofxl EgJol ik Golu|= F¢(thermal imidazation) 73-&
F3) Zelolu|=2 4% =1, DBC(dichlorobenzene) & 3H]&
(azotropy) & E=-118]3} 310 200 C 2= dlol] 24 A7 HESA|A
FJSIAAT) IR on|== 70 T AAIEEE @B 12413 1
2|31 150 T 3-8k 24417 AZAA ZHo] S5 AASH &
A7, Z24 54 245 3te] o]& Table 10 YeRfSITH
6]"\49 Z2H 9] Fe)Ho] 2= DSC(TA instrument DSC2090)
B ARSI 258 10 T/ming] £52 A5A1A oju] e = 4
H3}E onset pointE 71502 SA3H o, EXEES waters
styragel HR 5E column< AR5l HPLC pump”| -2H GPC
2 FAsiein) Zm o] Wi AR Al2Ret U Ml (density
gradient column)-& ARE-3to] S731510H, W3 e 3 A
F9= S o2 Tk

FEV =(V =V, )/V 2

olml 1A= 549 W] W] 37 (specific volume)©]il, o
+ Bondi’s occupied volume2 &, 15=1.3 V2] AR S ZHE

T3 4 Qlglom, olu] V= 219 van der Waals volume 2
] group contribution methodZ ©]g-3to] Akstedc). 2!

Ezjo[n|= gt "Eo| M= vhele] A= IS Ejoln| e
w2} 2—methyl—4—pentanone (Aldrich, 99 +%) ¥} cyclohexanone
(Aldrich, 99+%) ] 717] the EWES AMgste] vl Alx &
17-25 A2] SAR|= Fojoi(oxide layer) S 71 ) ¢lo]H
°1°ﬂ 23 FE{(spin coater) & ©|-&3sl] T3, AZ3IATE ol
:”51 o] £E5 2500 rpmOE 17k A Gulte] ojn =3t
HE 4~9 wt%z 2438 7FaA 50~500 nme] theFst 749
whuko] Azgho wa vk AlzAe] NS FAIBHES 3t
Azd B2 FAQ Hex= 10 A Uk

2| AM EE|(Elipsometry) S8, AlEst vlEke] FASHS 913
E Ttol M= 1. A. Woollam co, IncAFe] A variable angle spec—
troscopic ellipsometerE AFE3At}E Three layer model (Si,
SiO, Cauchy) & 7739 MES 70° 202 117 5 HPH oA
WEALE H19] sH= (polarization) o] W3HE 7RAIA &< (400~
800 nm) 1A S43tRom, 79 AAGE 8 ME =4 Al
itk 25 SAYE X9} 4E3]) FUSE YAl AMES fAIgH
e SATozHR 4 Al AT F Qe eaks FHasleRih
S = 54 10 A, =252 0.0001 W% sodium D2

0551

6FDA—-Based #goln|= dta-gd 5] FAI7F oo] o] up& 5/4dws) 337

I (A=589.3 nm) ¢] FHEL BT = ST
Thermal History ®MH % ZE X APFEHS E8 dojd I
g3to] AT Yoz

=20 =

=2 %5<(HPLC grade water) & ©]&35
H 22170 F 0.1 mm 7A1E] Tl olgste] RiE 9434 =
A ol ABEE 7PAA ST 2 _/; A W (free standing
method) & AHE3810] AESBIGITE AlRE AES AEsIe) Al
Gz ool ZZA|2e] Soi7}HA E]htﬂ ojuj] whule] oo 7
Al ] AEIE 718 ke BE Alx Al DEkE E2E
9] o] FE (thermal history) ¥ =& vigk(film orientation) F#
9] dido] Ao QTFLE o)F 28l & ATelxe 2] Al
o Aee AZeE uke AZo| 7, urk of 15 T e Lol
307 GAgro = ofo]d EAlAAM AT E 4 Qs 2
5 AL ade] W] EAE SlEsIsith
Eue £ AT 3L 35 C, 2 atm 2o B
TIPS A 009 Noof| tiste] AAIsiSith AR 7149
Aele Fedels vk FALE THRHAME AR oE JHt gl
ARSI QI 7EAE T2 gPdo R SIQltE CHusl COoe 2 A
Oﬂ/\ib AJatsior, o]F 3 Q1S dollA] tiE ootk A
FHukE 35 T Fy A27] (vacuum drier) ol H3sH AJE]
i A7 FPEom 54 oflo]d Azt 17| 25E FEd
= Ao} 7IAFHEE Y F HlE AR o)y, Rugew
oflo]q ZEAAC] o] ZhsslEE St

;yﬂ x]_il\_x%o
2t A EE

Yxlz| 2pgol| e wat e Wal AWkAow vk L0 i
sh= Bhke] o] HYPES AAsHE Aol AR Figure
2% 9hke] FAIE ~240 nmE IS AZ3 247) thE Exb
TEE 71 on=e] GHe] Fgel o3t 74 WslE Azl wet
FHsto] eI

ek FA0] SR o|n|Ee] FRekE dEgle] 27l whEte
AWzl 3 BF F 97 SN At vl 553] o]

AARE oF 165 Yi$]& PgsiEe] 1 oY WslelA] d5a &
=t o) on| =8 At AR HiEo] Aol <3| ¢kl
o wha} LR = o w2 B 254 St wkE w9
o]l 71908 Aoz dejA] ok wak O] =98] Az
ke G Bde] TS QoM E & Afo|7t dEEA] ¢k

) o= Table 1o FebES wiolol 73 ke 1y A
519] o] A2 2 2ol F Wl ek Ro] 7]915k Fo ok

whake] g mE FAMELE s fste] on|=e] FR
o wlg} Z}7] ~100, ~240, ~380, ~500 nm2] tjokst vluks: #|
I 5 olF gAgst F gAY A9 27 Huke] 7/ W] uhE
Axjg] 3-9] ulako] A M3}= Figure 20 YeRNIT

Figure 12] Aol c53xo] Z7ululy} dxjg] $-9o] vhake]
AR ow|=8] Fiell el AL FUsHA SUrekE wE
g 4= Iglom dAjelapdell wkE whete] FARIsHE ofw| =0 4k
Tzl 71Q18] Kk vleke] 2715e] WSt BAE TS
T ATk

Al e

¢

ne.

Sl 7y BT 15 T ol 2 2kolA odEs

Polymer (Korea), Vol. 31, No. 4, 2007



338 QAT - AT -

300

250 —O— 6FDA-6FpDA —

; —Q— 6FDA-6FpDA:DABA 2:1
— 6FDA-DAM

o —- 6FDA-6DAM:DABA 2:1
—A— 6FDA-DABA

Film thickness (nm)

0 10 20 30 40 50
Heating time above 7, (min)

Figure 1. Change in film thickness(~243 nm) for 6FDA—based
polyimide films as a function of heating time above 7.
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Figure 2. Final thicknesses of 6FDA—based polyimide films after
heating above 7.
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Figure 3. Demonstration that film thickness does not change
significantly during aging.
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Figure 4. Oxygen permeability of 6FDA—6FpDA and 6FDA—
6FpDA : DABA 2 : 1 polyimide films as a function of aging time.
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Figure 5. Oxygen permeability of 6FDA—DAM and 6FDA—DAM :
DABA 2 : 1 polyimide films as a function of aging time.
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Figure 6. Normalized oxygen permeability coefficients of 6FDA—
based polyimide films as a function of aging time.
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Figure 9. Refractive index changes for 6FDA—6FpDA—based
polyimide films as a function of aging time.
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Figure 10. Refractive index changes for 6FDA—DAM—based
polyimide films as a function of aging time.
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Figure 11. Density changes for 6FDA—based polyimide films as
a function of aging time.
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