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Colorless and Transparent Polyimide Films from
Poly(amic acid)s with Cross-linkable Anhydride End
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(Recerved March 11, 2010, Revised April 18, 2010, Accepted July 5, 2010)

=E: 4,4'- (Hexafluoroisopropylidene) diphthalic anhydride (6FDA) 2} bis[4— (3—amino phenoxy) phenyl]
sulfone (BAPS) 2] ZA¢]l cis—4—cyclohexene—1,2—dicarboxylic anhydride (CDBA) & tjekst Zgz A}-8-3}
o] Al wdo] 7k Wkgo] © Zgjolm|=(PDE At} Grubbs v 0.1 wt%s ARE3l] 7lwd Zejoejat
(poly (amic acid), PAA)S B8 ol PAAE Tt 2od dx2)s B3l 7tas Pl D53 skt
Az BEE] dA-7A1A A ﬂc’ﬂ W Aol HF7I(FTIR), ARAF EBAIDSO), G5 E271(TGA),
Q7)A EA 4319131, A (spectrophotometer) $F AF$] 41—
7N F3 =71 (UV-Vis. spectrometer) & ©]-83t0] 338H2 5445 &R1813itk. CDBAS] %7t 5715kl
wEl A3 - 7AIA - SRISIAI BeE R o]9ks wHlE 7Sl

o= o

01_0

Abstract: Crosslinked PI films were synthesized from 4,4'— (hexafluoro isopropylidene) diphthalic anhydride
(6FDA) and bis [4— (3—aminophenoxy) phenyl] sulfone BAPS) with various ratios of the reactive monomer
cis—4—cyclohexene—1,2—dicarboxylic anhydride (CDBA). We prepared crosslinked poly (amic acid) (PAA)
using a 0.1 wt% Grubbs catalyst as a crosslinking agent. The crosslinked PAA was heat—treated at different
temperatures to give PI films. The thermo—mechanical properties and optical transparency of the PI films
were investigated. The thermal properties of the PI films were examined using Fourier transform infrared
(FTIR) spectroscopy, differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), thermo—
mechanical analysis (TMA), and universal tensile machine (UTM), and their optical transparencies were
investigated using UV —vis. spectrophotometry. The thermomechanical properties of the PI films improved
with increasing CDBA content. However, the optical transparency of the PI films decreased slightly with
increasing CDBA content.

Keywords: colorless polyimide, crosslinking, reactive monomer, Grubbs catalyst.
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2 A7SAEI} vl A 5k A EJ3ko g 1 AR} o)F
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sle] ®rot o vy 725 FAsH Ho] ARt #H8she CTCE
A A B £ PIE 348 s Qoo

A st PIE @8] 3l FAKEe EYEE e 7=
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Z}%OF e g 3 g3 W5 wiel] -7 A AR 2
3]?4 s |w SR

ATrelM= S0l 28l Wlsk= =434 Aeks "]‘“

mvu 7h WS F3l Retsla e Fet EHS 2= P
S et 2 AES {650}031’/} A =St Pl EE5-S 3 0}
7] A8l ATt & EFETeEAY OES X8k
=181 4,4'— (hexaﬂuoro—1sopropyhdene)dlphthahc anhydride
(6FDA) 9} AHE, olel|2 150] 231 oFIARI bis[4— (3—amino—
phenoxy) phenyl] sulfone (BAPS) & TAIZ ARSI, o] 24
9 kel 7k Wgo] 7Fs3t cis—4—cyclohexene—1,2—dicar—
boxylic anhydride (CDBA) & tjefst 5% =2 ARSIt 7 v
&= f EO]—— Grubbs & 0.1 wt% AREst] 7lue PIE ¢
3 PIe] EA-7AA 9 9 Fsha] BAS AR
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Al2E. 6FDAE AldrichAlelld 7413815331, BAPS, CDBALE TCIA}
oAl Fglste] ARSI O, BEGof] RSt BulQl NNV—dime—
thylacetamide DMAc) ¢} 7} Y52 F5dk= F1Q1 Grubbs
catalyst:= AldrichAloll 913191 molecular sieve(d A)S @
TS s8] AAS - ARESIGIT

E2joflr &Y. A& ddde) 7k Hhgo] 7t 8o ik (poly
(amic acid), PAA) 9] 3+ B2 CDBAS] E%1F thE ¥ A 9] 1]
f—;p] o], CDBAZ} 5 2%<2) PAAS] A% WS o5 S0 A

w3 27] 9k 2291 6FDA 1.9 ¢(4.48X107°2) S 100 mL
~EL3L<>1] 23 o] DMAc 12 mLell s5QIth Hro] Zej~To

21 BAPS 2.9 g(6.93%107°%) % DMAc 12 mLo] 531t} ©
& oA oF 1AI7E A 715 Blell] 413] 51§, 6FDA £
& BAPS golle]] 233] Hojreric). ol Hojrte)y] o] F g
£ 0 TR W F 41%1 5 8918 0 CollA] 317k 5]t mtalar,
CDBA 5 2%¢l| agah= 0.1 g(1.82x1072%)0] 4]l gole] 7
28] "olreg, Ak2olx] 14A1RF wylkslo] AR: wtel] 7 Hkgo]
7V PAA 89 Alzsict oju, ullel deale] i oF 12
wWt%S A3}
7HDE| PI EE &Y. S0] whgo]] of3t 7t WhE 2ALE Scheme
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Scheme 1. Synthetic routes for crosslinked PI films.

Scheme 2. Chemical structure of Grubbs catalyst.

Table 1. Heat Treatment Conditions for Crosslinked PI Films

Samples Temp (C)/Time (hr)/Pressure (Torr)

PAA 0/1/760—-25/14/760

Crosslinked PAA 25/20/760—50/1/760—80/1/1

I 110/0.5/760-140/0.5/760-170/0.5/760—
200/0.5/760—230/0.5/760—250/0.5/760

AAF Fo) PI FE-S 971 98l 110, 140, 170, 200, 230, 250 C
oA 27} 3094 EAEE stol, HF 7twd Pl 55 @8t
Ack.

WA AHEe] PAASIA Grubbs ZHiE ARgalo] A9 Wl
A 7 ¥E5o] o]Fox|A|uk PAAC] EAIsk= A1 28791 712
EA] A7) (carboxyl acid group) 2+ o1 =7](amide group) 5¢] A
517] wiiZoll PAA= DMAc9} 22 = gvllellvt gal¥ich sAxk
AAE]el] gt ojn|=s} ykgo] g wet 54 287191 =R
A A8} o] =7] Fol ofu] = Jiz]E HghEo] SIS 7 W A
& ke 7k Bkg- Sol] <Jal] f7] Sullellis o] o 4] 9| He

EM ZAL AT PO BAS AR S8l FFelol wgk A
37 (FTIR, JASCO FTIR 460) S o]-83}0] P12 g4 oo} 7}
WS RIS A EAS nlwsl| $3l AR FAF SEA(DSC,

1To&=
NETZSCH F3) ¢} & $3F 24171(TGA, TA Q500) = ©l83131 1L,
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7}7Y0] & &5 20 C/minz S0k E—714] 2471(TMA,
TA instrument, TMA 2940) & o]€3}] 52 4% 10 C/min, 5
g9 8 704 510 mm*e] A7)% WEL S48, 50~
150 C =% Wl 343 A5 (CTE) & AXBith =
= =A437] 93l universal testing machine (UTM, Model 5564)
S AMEISAL, 5X50 mm®e] S-S 5 mm/min® crosshead %
T2 SAE sIglom, 7T Al #H4 203] ol SAste] gk
T} HAgES AlQ)S YA 3] Ft o2 QP Es) JIFEHIES
“J31311, Konica Minoltar}e] Ax}A|(CM—3500) £} SHIMADZU
AF] UV—Vis. spectrometer (UV—3600) & AE5}0] 3482 EA)S
Rl

A A EE

FTIR £&7|. Figure 1614 $49 Pl 255 FTIRE 216151
t}. PAACA o= (0=C-NH) ZAgd} A 5| C=0 7[=21
d 9] =17} oju] =3} wkgo] HaHe] wt oju]=(C-N-C) TZ&
THA @k olu|E 2 Yef] EAlsks T o] C=0 7l=Rd F
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em o] UER RS BT 9559 E918F 4 QISItE PAACIKE &
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em ol —C—N—C— 927} Vepde] wle} PI7} 343 g-e E91ek
4= 33l
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Figure 1. FTIR spectra of PAA and PIL.
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Figure 2. FTIR spectra of crosslinked Pls with various CDBA
contents.
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Figure 204 Grubbs Svll9] oF& AREslo] Wdel] EAlSH=
CDBAE |85t 7hke-= SAsIit Fuil7t Gl wloll= Aks 2
thof] ZA8R= 984S zk= CDBA2] C=C o543 3217} 622
cm” oA o] Hglou}t Grubbs EME 0.1 wt% ARESIS
ol 7k {hgo] Fayge] wel 622 cm el HoiF= C=C ©]
4] g7t AR Zo% b 2L gRIEIN o] ke
CDBA2] B9 T8 71 Whgo] WaigS o 5= glqick

UM ME A FRH0l (T = Gl 209} tiEo] a1
wA] 97 ks A vl T3 Qavolth ARKE | 7
S-S 31517 oJ8ll ARgEl CDBAS] E%°) e 7k PI9] 7, W
$}= Figure 3%} Table 20 217} VRERISICE 7o AR 5418
2] ¥IslE wkodel= wegAl|e] f-A8 (flexibility) 2 4178 (rigidity)
12)3 AgEHfree volume) ol SJEsTkL <A glck? CDBA
£ 15~5.0 =27 S7 130l vzt 7k PI 259 7+ 211
oA 219 CTE F7IsILh ol AR Watel] 7l ko] 7Fs3t
CDBAZ] glgo] S715kel we} vl EQ)aL -2220] 3do] gol3lq, A}
£l Feido] "ox|ar, A 34 (free rotation) = HAIs10] FA}
ARz 2gAdo] Hoix)7] witell 77}t Sl = Aol 1
U} Grubbs 4= metathesis §HE0 5% o]Fo]x]7] wjize] 7}
HEgo] FAREOIA o]FoiAi= Flo] opel FARES] WrelA] 7
HEgo] o]of, Wit 7hwel] AREE= CDBAS] E%7F A%0]7]
uhzel] 1.5~5.0 B2 fejdelx Wshs 37 S8k &
o7 A

Figure 40 TGAE ©]4-8t P34 (thermal stability) & B30
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Figure 3. DSC thermograms of crosslinked PIs with various
CDBA contents.

Table 2. Thermal Properties of Crosslinked PI Films with Various
CDBA Contents

CDBA in PI Ty The w500 CTE*
(mol %) (0) () (%) (ppm/C)

0(no cat.) 206 421 75 64.44

15 211 482 84 50.29

3.0 215 484 82 47.49

45 216 490 82 46.60

5.0 219 492 85 44.28

“At a 2% initial weight—loss temperature. “Weight percent of residue at
600 C. “Coefficient of thermal expansion.

Polymer (Korea), Vol. 34, No. 6, 2010



498 g7 -

120
100
80
S
S 60
(]
< CDBA in PI (mol %)
40 0 (no cat.)
——— 15 94
400 420 440 460 480 500
— = 30
01— —— 45
................. 5.0
0

0 100 200 300 400 500 600 700
Temperature(°C)

Figure 4. TGA thermograms of crosslinked Pls with various
CDBA contents.
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Figure 5. TMA thermograms of crosslinked PI films with various
CDBA contents.

v, 71 A7 Table 20l Aelslolet. Qs Aselr 2% 7] &
SHEE(Th) 2] 7350l CDBAS B%7} Z713to) wkel AgaiA 57t
S oI5 5o, 7hEA] ¢ 5575k PI FEl 18421 ©)
CDBA 5 %% ¥33t H9oll= 7] BaleTr| 492 €= U7gs}t
A S7kIem, el 71 o] S7HE B3Itk 600 Collre] 2
(wtg™%) 2 7k 9k Plel] vl3 CDBA 1.5 2% Z$-ol= 75
oA 84% = S7KEE ERIE = Atk o1FAl & Mol S8t
T ofi= o] st uie} o] ARz widel] 7k whgo] 7hsst
CDBA9| $i=fo] F7stel weh 7hieo] S7E2 7hrh B4 ok &
478k Plefl njsf Alze] gk W A o] S7kE dHo® o ehget
TEE Fep) wjEoltk® ¥ 12l CDBA} 5.0 %71 271 o
7= 2 wslglo] 719 A wip P ghe Bk

TMAZ o] 83+ & - 714 B4 7= 2 Aejg A3}= Figure 5
9} Table 201 27}t B3It} 7] 942 PIo] G384 A= 64.44
ppm/ColgleL}, CDBAZF 15~5.0 B9 2 Z715kl we} d3%
A= 50.29004 44.28 ppm/CE ARA 07 71asl= 23S
LERIICE CDBAS] E%7t Z71rs 7htee] S71e) uhe Az

EZ2|H, A34¢W A6%, 20103

Table 3. Mechanical Properties of Crosslinked PI Films with
Various

CDBA in PI Ult. Str. Ini. Mod. E.B.f
(mol%) (MPa) (GPa) (%)

0(no cat.) 83 2.45 4

1.5 108 2.55 5

3.0 110 3.26 4

4.5 111 3.33 4

5.0 121 3.40 5

“Elongation percent at break.
1309 |--0 Ult. Str. 3.4
—&— Ini. Mod.

1201 R fez2
© e ©
% 110 § ............... T 130 &
z g
- s =
5 1004 - §

90+ F2.6

80— ' . T —24

0.0 1.5 3.0 4.5 5.0
CDBA content(mol%)

Figure 6. Tensile properties of crosslinked PI films with various
CDBA contents.
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PI9] #F7 % (ultimate strength) &} Z7|8HJE-(initial modulus)
o] A3} Table 3¢ YERNSIEE CDBAS] $&0] 5.0 E%= F7}
shof] wle} H3 Qs 8104 117 MPaZ, ¢k 46% 715151
31, Z7|eH3E sk 245004 3.43 GPa® ©F 39% F7kshe 21
FI8I3IcE CDBAS] &ge] S7FH 7ha whes S7FHl o
7R b EjA] 92 =3t Pl R} Rl Bl EAd o] SR A
fredo] Fhasstel A= HE Qe 27 edEe] Al St
3R= 21010k Figure 60 CDBAS) §takol| whe 71412 429
W3S Bk

st £4. Table 49 CDBAS] % Wajol| wpe J8t2] 5409
W3S eIt S0 ARE B2 F70= 36~49 um$i.oH,
CDBAY] 3to| Z7)3te] ule} PL BE9] b 3k 2.05~4.675 %
7V, ARl FE2] gk X4E ehii= k1 vellow index
(YD =8t 2.88~6.91% AAaH Z7ksiolch

UV-Vis. 4718 ARE3810] 92 cut of wavelength(g) 2} 400
nmol|A 8] F3-&-S- Figure 79 YERNSITE CDBA S o] 57}
shofl whe} 409] #ho] 3200014 335 nmE 718133 2™, 400 nmell
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Table 4. Color Coordinates of Crosslinked PI Films with Various
CDBA Contents

CDBAInPI  Fim L+ ad b
(mol%)  Thickness (White—  (Red—  (Yellow—  YI¢
(um) Black) Green) Blue)

0(no cat.) 38 95.43 -0.77 2.05 2.88
15 38 94.23 -0.28 3.74 551

30 36 94.40 -0.39 4.00 5.85

45 49 94.32 -0.35 3.97 5.87

5.0 39 93.83 -041 4.67 6.91

“An L’ of 100 is white, and 0 is black. “A positive a" indicates red, and a
negative a" indicates green. ‘A positive b" indicates yellow, and a negative
b* indicates blue. “Yellow Index.
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Figure 7. UV—vis. transmittances (%) of crosslinked PI films
with various CDBA contents.
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Figure 8. Photographs of crosslinked PI films: (a) O(no catalyst);
(b) 1.5; (©) 3.0; (d) 4.5; (e) 5.0 mol% CDBA contents.
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