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Abstract : Copolyimides containing pendant trifluoromethyl (CF3) groups were synthesized from 4,4'—
(hexafluoroisopropylidene) diphthalic anhydride (6FDA) and bis [4— (3—aminophenoxy) phenyl] sulfone
(BAPS) with various concentrations of 2,2—bis [4— (4 —aminophenoxy) 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 (,) of 275~
319 nm in UV—vis absorption and a low yellow index(YI) 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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A2k 4,4'— (Hexafluoroisopropylidene) diphthalic anhydride
(6FDA), bis [4— (3—aminophenoxy) phenyl] sulfone (BAPS),
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Scheme 1. Synthetic routes of colorless copolyimide films.

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



258 Ags .

PI ¥55k|9] ©rakAl|<l 6FDA, BAPSS) BAPP2] & H]:= Table 1
of] ERfSITE

EZz(0|0|= 2EIIE. BE Pl 358A 52 7hs 202 52
sh WA & HRE T2 wliZel] 6FDAS} BAPS7} 22 Eo]
¥ PAAE o]8st PI HE 7wk dlE 59 Argshltt #el¥
Yelr] 2 YR 9& PAA FES 97 om|=3A7)7] ¢
110, 140, 170, 195, 718]aL 220 CollA zz} 3084 x2S
a1, 1§ ebAst oln= 123} RES-S XA PIE &) S8l
2309} 240 ColA 3 AIzHY 7b7h el S9! PAASH
4 oJu|= WhHof| whE PIS] ApA|SE 7k Z742 Table 29 BT

A PIL T84 5] 1/85E S4s17] 218 DMAcel
=933, 30 T2 0.1 g/dLel £3l1E Pl 3584 59 1 A%
£ di7l 0.58~0.692] It aks Hol Ttk 4% 1/ A%
1= Table 3| HolF3th

EN ZAL DAY & HE vl o =M, AREE] kst <l
< 7K1 PL 358A 355 eIl o] FEEe] 94—
579, BEEA, 1)1 J8t 5SS AR WA 5l 7F X—
A 3)-A % (wide angle X—ray diffraction, XRD) & Cu—Ka EPIS
o]g3lo] Ni—=ZEl7} 2% RigakuAbe] D/Max— IIIBE ARE-31]
SA3IE =9 Helel &9 55 26=2~32° HYE 2°/ming]
57 oM Sgsiink PL 353A 52 94 dS AL
317 93l SINCOARS] DSC—6503 TGA—-1000& ARSI,
A 715 sl 52 55 20 T/minC 2 15tk

o AEE Z4317] 99 Instron mechanical tester (Model
5564) & ARg3l, 24 5 mm/min® crosshead speed® =
Aasieh I s} 1Y 'MdEelA ] A3A oak= A7 £1

=

)
s Y

ot

(
=

[e)

bt

e

Table 1. Monomer Compositions in Copolyimide Films

Copolyimide  6FDA (mole)* BAPS(mole)® BAPP (mole)?
1 1 1.0 0
11 1 0.75 0.25
111 1 0.5 0.5
v 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) 700 wi (%)
I 0.58 204 481 52
II 0.61 214 513 55
1II 0.63 227 515 54
v 0.65 239 518 53
\Y 0.69 245 518 51

nherent 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 2. SEM photographs of copolyimide films containing (a) 0, (b) 0.25, (c) 0.50, (d) 0.75, and (e) 1.0 molar ratio of BAPP.
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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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744 513~518 CZ 2K} Z7181A5E BAPP7} 1.080] A7kew
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oF 51~55%2] H9lolM AgskAl Lreba-S Table 3¢l & 4= 9l
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4ol eI 353k PI B52] BAPP7F0.25~0.75 2 A4
3] S7FsPd 3% 7= (ultimate strength) 9+ 27] ¥H3E (initial
modulus) %= LS S71810] A= BAPP7} 1.0 &°] ¥ 6FDA/
BAPPS] PI 85l #Hdlgks 7 ols S, 3 8 e
BAPP7}0°llM 1.0 B2 371 w) 98 MPaolM <F 45%4 571t
143 MPa®l gk& ®3lom, 7] @E H3k BAPPS] 31o] O°]
A1 1.0 =2 7K 2.53 GPaolAl ©F 30% S7Fek 3.26 GPa®
WSR2 ER1E = SISl o2t s Hol= Z1e Al A
& 722] BAPP7} S7FS ARSI dagle] STk ] Wik w
gk

TRA9] Q1 A= BAPPS $Hgo] 0elM 1.0 &2 S71l% o
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50l BAPP &l mkE & QI diesl 7] QI 'dEC)] st
= 27 vlaste] Bk,

L st 3% 6FDA/BAPS PI Z5-28 BAPPS] tjekst & ]
of wheh FFHAIA S MALE gk Table 5eil HERISICE 72}
= g0l AR FE] A oF 45~64 um Itk 6FDA/BAPS
T2 7= PL#E0] 7 br 3R 246019419 3ZEAIZ
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Table 4. Tensile Properties of Copolyimide Films

Copolyimide  Ult. str.(MPa)  Ini. mod.(GPa)  E.B.2(%)
1 98 2.53 6
1I 105 2.77 5
III 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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A o2 on] AMEE| L Ol W Z2AS wiE AE IES Figure
6 (D)l v]si3ick

UV~—Vis spectrophotometerE- ©]4-3+ 2} BE-2] cut—off wave—
length (A,) & Figure 79l B3Itk 353 PI HEll4 BAPP7} O
oA 1.0 B2 571wl PI 3584 252] AW 275~319 nm
2 A8 SIS 7P e A9 et Pl ARk et
€9 CT—complex?] B4& &Y T = v 729 WA ALS-
o= TP wke ), gk VFERISITE o714 ARSSE 6FDAE TAKE
Ul AxE9) 39 st AAEkS Aleke 4= 9la FEgh BAPSE

CT—complexE &Y 9 = —S0,— 9} 2 F25 3kl 7] w
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%
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—e— Ult. Str.
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—
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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
1 45 95.39 -0.82 2.46 3.65
1I 60 95.53 —-1.52 3.62 5.40
111 64 95.52 —-2.20 5.00 7.47
I\% 62 95.73 —2.88 6.17 9.19
\Y 50 95.51 -3.13 6.97 10.37
Kapton® 200KN 52 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 6. Optical micrographs of copolyimide films containing (a) O, (b) 0.25, (¢) 0.50, (d) 0.75, and (e) 1.0 molar ratio of
BAPP. Kapton® 200KN was shown in (f) as a reference.
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