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Abstract : Copolyimides containing pendant trifluoromethyl (CF3) groups were synthesized from 4,4'—
{hexafluorcisopropylidene) diphthalic anhydride (6FDA) and bis [4— (3—aminophenoxy) phenyl] sulfone
(BAPS) with various concentrations of 2,2—bis[4— (4~amincphenoxy) phenyl] hexafluoropropane (BAPP) to
poly (amic acid) (PAA), followed by thermal imidization. These copolyimides were readily soluble in
N, N~=dimethylacetamide (DMAc) and could be solution—cast into a flexible and tough film. The thermo—
mechanical properties, morphology and an optical transparency of the copolyimide films were determined
using differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), wide angle X—ray diffraction
(XRD)}, scanning electron microscopy (SEM), universal tensile machine (UTM), and a UV—Vis spectrometer.
The cast copolyimide films exhibited high optical transparency with a cut—off wavelength (A,) of 275~
319 nm in UV—vis absorption and a low vellow index (YD) value of 3.65~10.37. The thermo—mechanical
properties of copolyimide films were enhanced linearly with increasing a BAPP content. In contrast, the
optical transparency of the copolyimide films was found to get worse with increasing a BAPP content.

Keywords : colorless polyimide, copolyimide, film.
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Scheme 1. Synthetic routes of colorless copolyimide films.
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Table 1. Monomer Compositions in Copolyimide Films

Copolyimide  6FDA (mole)® BAPS (mole)* BAPP (mole)?
I 1 1.0 0
II 1 0.75 0.25
1II 1 0.5 0.5
IV 1 0.25 0.75
\Y% 1 0 1.0

Table 2. Processing Conditions of Copolyimide Films

Sample temp, C/time, hr/pressure, Torr
PAA  0/1/760-0/2/760-25/14/760-50/2/760-80/1/1

PI 110/0.5/760-140/0.5/760-170/0.5/760—195/0.5/760
—220/0.5/760-230/1/760-240/1/760 (Post curing)

Table 3. Thermal Properties of Copolyimide Films

Copolyimide  LV~© 7,(C) 7390wk ™ (%)
I 0.58 204 481 52
I 0.61 214 513 55
I 0.63 227 515 54
IV 0.65 239 518 53
\ 0.69 245 518 51

“Inherent viscosities were measured at 30 C by using 0.1 g/100 mL
solutions in a NN —dimethylacetamide. *At a 2% initial weight—loss
temperature. “Weight percent of residue at 900 C.
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Figure 1. XRD patterns of copolyimide films with various
BAPP contents.
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Figure 3. DSC thermograms of copolyimide films with various
BAPP contents.
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Figure 4. TGA thermograms of copolyimide films with various
BAPP contents.
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Table 4. Tensile Properties of Copolyimide Films

Copolyimide  Ult. str.(MPa)  Ini. mod.(GPa) E.B.4(%)
I 98 2.53 6
1I 105 2.77 5
111 109 2.84 6
v 112 2.90 6
\% 143 3.26 8

“Elongation percent at break.

Table 5. Color Coordinates of Copolyimide Films
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Figure 5. Effect of the BAPP loading on the ultimate strength
and initial modulus of the copolyimide films.

Copolyimide Film thickness(um)  Z*(white—black) a’(red—green) b’ (yellow—blue) Y
I 45 95.39 —-0.82 2.46 3.65
1I 60 95.53 —-1.562 3.62 5.40
1II 64 95.562 —2.20 5.00 7.47
v 62 95.73 —-2.88 6.17 9.19
\% 50 95.51 -3.13 6.97 10.37
Kapton® 200KN 52 79.44 21.12 106.27 97.50

“An L of 100 is white, and O 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.

ZClM, A1327 A3%, 20089



3'-dihydroxybanzidine and pyrome
cast Blms were thermally freated at
the hydroxyl group was rearranged
sybenzoxazole at temperatores
monitored with elemental analys

rious temperatures, The poly
on, resulting in
than 430 °C. These abepwis
surier transtorn infrared, and nucke

!
earhoxy

enst s wers thwmaﬁv trested '(?,
ha hvdmwz gmu\;) WaS TRATTATH

,resulting ina §
These stepwise ¢ Lz

Fourter tran»fcn infrared, and nuc

£ 261

re solution palyme
zid €. and ;momeiiitic dian 1 NV AV-dimethylace
t s were thermally treated at various te‘npemmwa The polyimi
she hydroxyl group was rearvanged by decarbo ting in a ful
iybenzoxazole ab temperatures higher than 430 °C. These stepwise cycliz
nonttored with elemental analysis, Fourler transform infrared, and nucle

atign, res

sitions .

1 is resulls condl

ok the chemical come

i), polyimide, and pol it
wid) to polyimide eceurred betwaen 156 4
1 and a o ion £0 ¢
1ples were stable up to 625 °C in nitn

ole appeared at 400
1 and disp}a}:e{i X0

3
BOXY

»d better machanical prope
rystalline pattern under &
- The precussor polylami

(a)

Polytamic 25} wak syathesized with a low-temperaturs sotution polyme
8- dihydrosybingidine and pyromellitic diand > 10 N N-dimethylace
 cast filing ware thivmally treated at various temperatures, The polyimic
the hydroxyl growp was reare lation, resulting in a ful
oiybenzoxazole 3 temperaturas higher than 430 °C. These stepwise eycliz
monttored with-elemental analysis, Fourier transform infrared, and nucle:

ved by decarbi

rmed the chewd ¥
spectively. A cyclodehydration fe
and 250 °C in differential scanni:

rm} to polyimide occumd bemem 130

tybenzogazele. Howscer prxﬁ

«d botter mechanical properit

nalysis results confl o chemical compositions
i), polyimide, and polybenzoxazole, respectively, A cyclodehydration fr
i no?vxm}de occurred between 150 and 250 °C in differential scamnt:
@ vlation to polyd appeared at 400800 °
ples wers stable up to 625 °Cin rdtvegen and displayed escellent thers
sybenzoxazole »hox&vd better thermal stability than polyimide, but polyn
hanical pr ies than ever, polyimd

¥
enoxazele. b

~ray, Whereas pi

w»aﬂme p&zterzi uﬁdel Bw 1{3(: an; 2
dily sohuble in a vanety of s

ot soluble atall. © 2000 John Wiley

(b)

and pyrameliitic

3 oast films were theemally treated at varivus temperatives, The polyimid
tl‘e hydrosyl group was regrranged by decarboxylation, resulting in a &l
iybenvoxazole ab temperatures higher than 430 °C. These stepwise cychae

monitored with elemental analysis, Fourier transform infeared, and nucles

Microanalysis resnlts the chewm

mpositions
B

1cid), polyiride, and poly , respectively. A cyclodehydration fro
acid) fo polyimide pecurred between 150 and 250 °C in differential scanniy
¥, and a eyclod: tion to pol; appeared ab 460
nples were stable up to 625 °C in nitrogen and displayed excellent therm
‘olybenzoxazole showed better thermal ~mb1bty than polwmde but polyh
ed hetter ical properties than § fowever, polyimt

Mi ysis results confirme zhe chemical L(}mprlU()ﬂb ¢
acid), and polybenzoxasole, respectively. A cyclodehydration frar
acid) o pulyimide ocenrred between 157 and 250 “C in differential seania
v, and a eyclodecarbosylation to poly ppeared at 400506 °C
sples were stable up to 625 °C in nitrogen and displayed exesllent iherms
*elybenzoxazole showed better ther, ility than polyimide, but
«ed better mechanical properties than polybenzoxazote. However, pi)

natallxne patiers wader & wide- arw}s X-ray, whereas pols le w
5. The precursor polylamic acid) was readily sctuble in a variety vf solven:
1e polyimide arid polybenzoxazole wers not soluble at all. © 2000 John Wiley

(d)

Figure 6. Optical micrographs of copolyimide films containing (a) 0, (b) 0.25, (c) 0.50, {(d) 0.75,

rystafline pattern under a Wld{»{m%’ X-ray, whereas poalybenzoxazele we
N fhe precursor polylamic aeid) wos readily soluble in a variety of solvent
1 polyimide and polybenzonazole were not soluble at all, © 2600 Jobn Wiley

(e)

BAPP. Kapton® 200KN was shown in (f) as a reference.

ystalline pa%m under a wids-angle v, whersas polybensexazsle w
he precursor polylamdc ackd) was rendily soluble in 2 variety of solven
2 polyimide znd polybenzoxazele were not soluble at all. © 2000 Joha Wiley

(c)

®

and (e) 1.0 molar ratio of

120 PAA =S 34381917, ©) PAAZS 97 oln|t3} HpS 3] o
100 v U PLEGoR Pdsiatt WY 725 W 9l BAPPE O
§ 80 ’ Copolyimide Xo{nm) i‘ﬂi A}“g‘é_]'o% I‘.—i— H] ] l',q—-‘: PI “(‘)Thaljﬂ’e_ ?:!L/Ké—s 93\31, —GLAé% Pl
o FZWA % BAPPY & nlol mk 9%, 714 84, 2E2A) 2
é 60 ;IVI zzz B BASS ARG T Th'e 2 47 B4 g 7
£ 10 — vy 310 T, BE T2 3aEA FolM A8 721 BAPPO| & H|7F F
&= 7Hde) et Az} ST ol &2 Ay T2 BAETR] &
20 A& kgt st Y7 t’x} ARETRS Z3ek Q19 2 1R ALEh
0 9] dipole moment®ll 2Jg} 3522 wjiFolt),
400 W500 600 700 800 T3] WE] br 9 YT ZkS BAPPS] 2 u)7} 0o)4] 1.00%.
Figure 7. UV~ vis. transmitt avel?;g;h(rflm) lyimide flms with  © o O]]ﬂow €] S7RE ol TEITk BAPS € HE 7
igure 7. UV~vis. transmittance (%) of copolyimide films wit - b e o Y
various BAPP contents. FE e ARSES Rt R AR S o) shEe] b 9l
YI grol] wholA|e &2 33 FHEE 7EA)A SR Hi|2 BAPPE
. B2} A Eo] AE F2E 11 9] WEe CT—complex® 3

woll ofF o83l 3 PI= ol =& F FHEE Adrka
H HAAE & ) —CFa— 9] 3o

7] Wi T3
2 BAPP & v)7} $71ekr2 CT—complex® 343317 49 =
YI 32 Uepie] BAlel metkalo] 2474 sk gk sp|uk Flgure
AT B8 2499 Pl 25EA =
F 450 nmeld A2l 100% 77k 3 T3

J_—rx} AlEo] AR o7 MY

_J_.E 0}‘_ﬂ

TEHE, & ATe)A

4% YA AAS BT 5 e

4 =2

—

£ A74 6FDAS} BAPSS] ¥ v E

) ARA B

2 01% 934, 71 4

7P

o 5 Uk

plexs
OO
=

I
1__.1«

SE ehie], v

ful

o 2 Wi

olg3jo] 741

b W YT 3E& 7HRA
2 AT Ay, &

BT TS ¥

PAZNS I

ok
=& ME %9 BAPPE 353 PlZo]
32-E ol dle AE0)AT CT—com—

3& ol dels asbajolA] xsi9l

= AHEA QR (FFAIR] 7S A

Xt

& 0

MO
ret

1. C. Feger, M. M. Khojasteh, and M. S. Htoo, Advances in

Polymer (Korea), Vol. 32, No. 3, 2008



262

10.
11.
12.
13.
14.
15.

16.

Polyimide Science and Technology, Technimic, Lancaster,
PA, 1993.

. T. D. Akinseye, 1. Harruna, and K. B. Bota, Polymer, 38,

2507 (1997).

. T. M. Moy and J. E. Mcgrath, J. Polym. Sci; Part A: Polym.

Chem., 32, 1903 (1988).

. J.=G. Liu, X.=J. Zhao, H.—S. Li, L. Fan, and S.—Y. Yang,

High Perform. Polym., 18, 851 (2006).

. G. Maier, Prog. Polym. Sci,, 26, 3 (2001).
. Y. N. Sazanov, Russian J. Appl. Chem., 74, 1253 (2001).
. H. L. Tyan, C. M. Leu, and K. H. Wei, Chem. Mater., 13,

222 (2001).

. D.J. Liaw, B. Y. Liaw, and K. L. Su, Polym. Adv. Technol,

10, 13 (1999).

. P. M. Hergenrother, K. A. Watson, Jr. J. G. Smith, J. W.

Connell, and R. Yokota, Polymer, 43, 5077 (2002).

J. W. Xy, M. L. Chng, T. S. Chung, C. B. He, and R. Wang,
Polymer, 44, 4715 (2003).

B. S. Dupont and N. Bilow, US Pat. 4, 592,925 (1986).

A. L. Landis, and A. B. Naselow, US Pat. 4, 645,824 (1987).
K. Higashi and Y. Noda, Eur Pat. 240—249 (1986).

T. Matsuura, S. Ando, S. Sasaki, and F. Yamamoto, Electron.
Lett, 29, 2107 (1993).

H.—S. Jin and J.—H. Chang, J. Appl Polym. Sci, 107, 109
(2008).

C.=Y. Yang, L.—C. Hsu, and J. S. Chen, /. Appl Polym. Sci,
98, 2064 (2005).

=2, #3298 A|3%, 20084

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

T. Nakano, S. Nagaoka, and H. Kawakami, Polym. Adv.
Technol, 16, 753 (2005).

M. Niwa, S. Nagaoka, and H. Kawakami, J. Appl Folym.
Sci, 100, 2436 (2006).

R. A. Dine—Hart and W. W. Wright, J. Appl Polym. Sci, 11,
609 (1967).

P. Delvigs, L. C. Hsu, and T. Serafini, /. Appl. Polym. Sci.,
B8, 29 (1970).

J.—H. Chang and K. M. Park, Eur. Polym. J., 36, 2185
(2000).

J.—H. Chang and K. M. Park, Polvm. Eng. Sci, 41, 2226
(2001).

X. S. Petrovic, L. Javni, A. Waddong, and G. Banhegyi, J.
Appl, Polym. Sci,, 76, 133 (2000).

Z. K. Zhuy, Y. Yang, J. Yin, X. Y. Wang, Y. C. Ke, and Z. N.
Qi, J. Appl. Polym. Sci,, 3, 2063 (1999).

E. Mazoniene, J. Bendoraitiene, L. Peciulyte, S. Diliunas,
and A. Zemaitaitis, Prog. Sol Stat. Chem., 34, 201 (2006).
P. E. Cassidy, J. Macromaol. Sci. Chem., Al, 1435 (1981).
S. D. Bruck, Polvmer, 5, 435 (1964).

F. Li, F. W. Harris, and S. Z. D. Cheng, Polymer, 38, 3223
(1996).

F. Li, S. Fang, J. J. Ge, P. S. Honigfort, J. C. Chen, F. W.
Harris, and S. Z. D. Cheng, Polymer, 27, 5964 (1999).
S.L.Ma, Y. S. Kim, J. H. Lee, J. S. I. Kim, and J. C. Won,
Polymer (Korea), 29, 204 (2005).



