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=8 4 4'— (Hexafluoroisopropylidene) diphthalic anhydride (6FDA) ¢} 1,3—bis(3—aminophenoxy)
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Abstract: Copolyimides were synthesized from 4,4'— (hexafluoroisopropylidene)diphthalic anhydride
(6FDA) and 1,3—bis(3—aminophenoxy)benzene (BAPB) with different mole ratios of 2,2—bis[4—(4—
aminophenoxy) phenyl] hexafluoropropane (BAPP). The solution cast film of poly (amic acid) (PAA) was
heat treated at different temperatures to create copolyimide films. The PI copolymer films were found to
exhibit good optical transparencies. The thermomechanical properties, morphology, and optical transparency
of PI films were examined using fourier transform infrared spectroscopy (FT—IR), wide—angle X—ray
diffraction (XRD), scanning electron microscopes(SEM), differential scanning calorimeter (DSC), thermo—
gravimetric analyzer (TGA), universal tensile machine (UTM), and UV—Vis. spectrometer. The glass
transition temperature(7y), ultimate strength, and initial modulus linearly increased with increasing
BAPP mole fraction. However, thermal stability (73)) of the copolyimide remains constant regardless of
BAPP loadings. It was found, however, that the optical transparency decreases slightly upon increasing
the BAPP content because of the formation of the charge transfer complexes.

Keywords: transparent polyimide, copolyimide, film.
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Scheme 1. Synthesis of transparent copolyimides.
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of| A, 128]al BAPPE Aldrich Akl 7-J8iSict S22 NN~
dimethylacetamide (DMAc) & AldrichAFlA 91313 molecular
sieve(4 A) & Qa1 -8 433] A|AT 3 ARSIk

Ez|o2lAKPoly(amic acid); PAA) &, 6FDA £} BAPB, BAPP
o] Wkg- 722418 Scheme 19 YeERQILE 2 A3l PI 353
A BE2] I WHS A9] vl R 6FDASE BAPBZF 22 &
2 3% PAAS §4 WS ol Bo] Awshalh $41 250 mL
A1 ZEkT0] BAPB 4.38 g(1.5%107% mole) <, 100 mL &+
ZehaTe] 6FDA 6.66 g(1.5%107% mole) & 212 Y3 DMAc
£ 35 mLAS Yol 0 C5 fXIahaA] A w417] stellr] whegAl
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Table 1] YERAIEE

Pl 2& 7I5. Diamine & 0|¢] ¥igle] wpE Pl 3534 H52
71 e A W] & vk v U2 GFDASI BAPBE $t
/3%t PL AF 7hs 20109 o5 B0] At gt SlelA &
nlE AAS e PAAE 94 oln=s} WS B3] PL 452
&17] 9Jal 110, 140, 170, 195, 220 Colx] 212t 3084 A=
aFal, 11 & gk oju= wiE]gl WS $MIAIA PIL HES &
7] 918l 235 CollM 2A13F B9t AA2S B3Itk PAASE 9]
ol =3} WhHo uhE PIo] AAISE AAle] 2742 Table 201 YERY
pei=g

ArA o7 A Frgdt Pl FES vHeY] $lsiris olv =) &%
7} O PI 259 9ae] 2ERth= Atjaos ke 2oy 7}
3 Btk o= gy 252 300 C oMo 1Low £8 A2
2] Ao] zlaAA Fa =gt Pl D55 A7) 9E7] wiiel 1w
T} 5he 2521 235 Ceolr] HF oln|=s} vkg-& si3ick 18a +
ARzl Fol7t 2 239 w2 TS Eekal el ol A
o MY F2E TR AR W 25l 4] 7Rse] 7Fssich
gl GAe] =5 200 C opdeznt E2d om|=sl7t A2 100%
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Table 1. Monomer Compositions in Copolyimide Films

Copolyimide 6FDA (mole)? BAPB(mole)? BAPP (mole)?

I 1 1 0

I 1 0.75 0.25
I 1 0.5 0.5
v 1 0.25 0.75
V 1 0 1

®The molecular weights of 6FDA, BAPB and BAPP are 444.25, 292.33
and 518.45 g/mol, respectively.
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7P7to] HHTh= 218 A7 Auje] wefo® B aATeli= 5 o]
vtst 255 2356 CE At ojuf &2 79 #70= o
50=72 pum ©]|3Itk

e Pl 2==ghA| =2 1-F A= (inherent viscosity: LV.)
Z48l7] $lel 25 H% 0.1 g/dLell] DMAcel o)1 30 C
o5 73kt olEA S4E PI 35FA 259 inherent
viscosity (LV.)+= 0.69~1.0 3$1e] A k& veRisch 574
H Pl 58A 252 1V. F3E Table 39 LYERITY.

EM ZAL Diamine THFAIY] & v]of| w2 Pl 3538 &
FHE 7l o] BEEC] 44 - VA B, BERA IF
3 38 EAES ARIIYE WA Freld] Ak Aol 37
(Fourier Transform Infrared Spectroscopy, FT—IR) (JASCO,
FT-IR460) & ©l-83}o] P19 35 ZRISI9L Bl 2F X4l 3]
A% (Wide—angle X—ray diffraction, XRD)+&= Cu—Kea EFIS
o]g3te] Ni—ZE)7} 428 Rigakurle] D/Max—1IBE A8}
S8k 20=2~32"2] WelelA 2 %/ming] HEE AdRolA
=g

PI 358A &2 94 AdE dotrnr] 28] AlAF A &
FAI(DSC, NETZSCH F3) ¢k @ 53 #£471(TGA, TA Q500)
£ AR, A7 Aa 297 Sl 5 45 20 T/min®
ZA3Ac) 9 BEE 574317] 93519 Instron mechanical
tester (Model 5564) & AFg31o] 224 5 mm/min®] crosshead
speed® S35tk FEE 3k 971 Hlate] 2 AlEY H 4 103]
oI Sste] HulatEh Hagks Alslgt V=] grel Hiro = Q1
2 AT} 1 B ES FoIsick

59 39S HeP] felo] 5 FelY AEE I A &
of Wil FHAIA FEAIZ F A A FAE AR dnE (FE-
SEM, JEOL JSM—6500F) & AHg-ate] 1 @S #aaiict
MinoltaAte] A=A (CM—3500) & ©]83}10] HE-2] yellow index (YD)
s dolr ko™, SCINCOAS] UV—Vis spectrometer (S—
1130) & AMEsl] 3 5398} cut—off wavelength(4,) & Lo}
Hokth UV ke S48 Sl8liA Al55 DMAcel 0.1 g/dLe]

Table 2. Synthetic Conditions of Copolyimide Film

Sample Temp., C/time, hr/pressure, Torr

PAA  0/1/760 - 0/1.5/760 — 25/15/760 — 50/1/760 — 80/1/1

PI 110/0.5/760 — 140/0.5/760 — 170/0.5/760 — 195/0.5/760 —
220/0.5/760 — 235/2/760

Table 3. General Properties of Copolyimide Films

Copolyimide ~ LV.2 7,(C) TH°(C)  witg* ™ (%)
I 1.0 185 517 53
I 0.73 199 522 53
I 0.72 211 522 51
v 0.70 216 520 52
\% 0.69 245 521 51

“nherent viscosities were measured at 30 C by using 0.1 g/100 mL
solutions in a NN —dimethylacetamide. PAt a 2% initial weight—loss
temperature. “‘Weight percent of residue at 800 C.
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Figure 4. DSC thermograms of copolyimide films with different
BAPP contents.
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Figure 5. TGA thermograms of copolyimide films with different
BAPP contents.
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7] Wl 2E(71) 9 800 Tl 719 F9] Moje g1et 4= 9l
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Table 4. Mechanical Properties of Copolyimide Films

Copolyimide Ult. Str.(MPa) Ini. Mod.(GPa) E. B.*(%)
I 104 2.49 6
II 104 2.54 6
I 113 2.58 7
v 118 2.83 8
\Y% 143 3.26 8
®Elongation percent at break.
150 34
-.Q-- Ult. Str.
140 —— Ini. Mod. 32
= T
% 130 30 @_{
= 3
7 120 28 =
> £
110 126
100 24

00 02 0.4 0.6 0.8 1.0 1.2
BAPP contents(mol%)

Figure 6. Effect of the BAPP loading on the ultimate strength
and initial modulus of the copolyimide films.
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Table 5. Color Coordinates of Copolyimide Films
Copolyimide Film thickness L+ ax’ b#° YT+
(um) (White—Black) (Red—Green) (Yellow—Blue)
I 72 95.53 0.12 3.11 5.42
I 68 95.65 -0.18 5.11 9.22
I 55 95.72 -0.31 6.50 11.65
v 59 95.84 —-0.28 5.13 9.49
Vv 50 95.51 -3.13 6.97 10.37
Kapton® 200KN 51.7 79.44 21.12 106.27 97.50

2An 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.
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Figure 7. UV—vis. transmittance (%) of copolyimide films with
different BAPP contents.
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Figure 8. Photographs of copolyimide films containing (a) 0, (b) 0.25, (¢) 0.5, (d) 0.75, and (e) 1.0 mole ratio of BAPP. Kapton®
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