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Abstract: Copolyimides were synthesized from bis (3—aminophenyl) sulfone (APS) and 4,4'— (hexafluoro—
isopropylidene) diphthalic anhydride (6FDA) containing a fluorine substituent (—CF3) with different mole
ratios of 3,3',4,4'—diphenylsulfonetetracarboxylic dianhydride (DSDA) containing a sulfone group (—=SOz—).
The PI films were obtained from poly (amic acid) (PAA) by solution casting through thermal imidization
on a glass plate. Wide—angle X—ray diffraction (XRD), scanning electron microscopy (FE—SEM), differential
scanning calorimetry (DSC), thermogravimetric analysis (TGA), universal tensile machine (UTM) mea—
surements, and UV—Vis spectrometry were used to assess thermo—mechanical properties, morphology,
and optical transparency. Thermal properties and optical transparency decreased with increasing DSDA
mole fraction. In contrast, mechanical properties increased with increasing DSDA mole fraction. As
compared to conventional PI films, however, the PI copolymer films in this work were found to exhibit
better optical transparency.

Keywords: copolyimide, film, thermomechanical properties, optical transparency.
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£t #A17F A% (intermolecular bonding) ol I8 A7 1= 1 HA}
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AldrichAFE5E 4,4'— (hexafluoroisopropylidene) diphthalic an—
hydride (6FDA) & ]alo] & E4F AMNsIslar, Svllol NNV-
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Scheme 1. Synthetic routes for copolyimide films.
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Table 1. Monomer Compositions in Copolyimide Films

Co—PIs  APS(mole)* 6FDA (mole)®  DSDA (mole)”
I 1 1 0
1I 1 0.8 0.2
I 1 0.5 0.5
v 1 0.2 0.8
\% 1 0 1

“The molecular weights of 6FDA, APS, and DSDA are 444.25, 248.30,
and 358.28 g/mol, respectively.

of ¥ Aol AR APS9} 6FDA, DSDAS] 735 YERISIT.
DSDAZ} 091 1.0 714 215 S71s1A] RkEoixls PAA 5 o
#H07 APSS 6FDAVF 1 1 1% SH3E PAAQ] 3H] S of| 2
AAalAc). WA 250 mL AR S0 APS 1.2 g(4.83x107°
S 2l DMAc 10 mLel &°]a, 100 mL €+ Ea}éﬂﬂ]
6FDA 2.15 g(4.83x107° 8% 10 mL2] DMAce] 521tk T+
2laTef AR APSS) 6FDAE oF 1A AE Zf2} wHks)o]
llol] £F43] 521 & 6FDAE APSe]| 3313] "ojradr), o] g-of
0 T2l g5 FZ(ice bath) °|A 2A1ZF A= 3] wRAZ =
204 13417 &= RESAIA PIO) W7AIR] PAAS A=
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AFAENZ FAAZITE A9 APS, 6FDA, DSDAS] & n]of w}
2} 3 PL 353 FE2] 248 Table 1] VFERASITE
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A= ;b"i 1959} 220 CollM 504, 18]aL n|Eto g % o]
U]El@]'% o 235 °Coﬂ/\1 _‘[:_ 1\]7} Eo} oiﬂg]z {5}0% oﬂx% o] ]1:
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Table 2. Thermal Heat Treatment Conditions for Copolyimide Films

Co—PIs Temp, C/time, hr/pressure, Torr

PAA  0/1/760-0/2/760-25/13/760—-50/2/760—80/1/

Pl 1110/0.5/760—
140/0.5/760-170/0.5/760—195/0.85/760-220/0.85/
760-235/2/760

Table 3. Thermal Properties of Copolyimide Films

Co—PIs LV.© 7. (C) TP C)  wi™(%)
I 0.47 198 496 55
I 0.49 191 478 53
I 0.51 187 449 53
v 0.50 185 438 52
\Y 0.51 182 436 48

“Inherent viscosities were measured at 30 C by using 0.1 g/100 mL
solutions in a N, N-dimethylacetamide. °At a 2 % initial weight—loss
temperature. ‘Weight percent of residue at 800 C.

Table 3°1 LRSI

E4 ZAL PI¢] A7 PAAS 7111 HE
5L sl 94 - 71AE A, BEEA, a8a
AR Cu—Ka EPE ©]-83101 NI—*”EV &2 RigakuAke]
D/Max—IIBE ARS8l B 2 X—4 314 % (Wide—angle X—ray
diffraction, XRD)& S8kl 21719] & vlel| W& PI 353 2+
o] B4 =19l ANl Wiske dophsitt S WlE 20=2~
324 2°/min?] HEE 2ol SHIT PI 35384 259
GA 2S ol 7] st ARFFAF DA (DSC, NETZSCH F3)
9} 4 T A 7)(TGA, TA Q500) & *]‘%’-5}04 S £ 20 T/
min©%2 s w9710l ST I s S Slstd
Instron mechanical tester (Model 5564)% ARgBIo] Ad2elM 5
mm/min®] crosshead speed® S 7|A1A 4S54 Al
tlole] 54 MRS 918 W A 5 gl A3 (defect) o[ S784
U 4 9 22kE Eola st aks &7 flste] 2 AlEs Fa
103 O] ) é 3}0% Holgl} #Hagke Aek A gke gt
¢ BPIES aIsith 25C] ds I flst
o] AF P AEE HA A Soll Y3 F¥AA FEAI F A

Al WA FAF AR} dAvlE (FE-SEM, JEOL JSM—6500F) 2 AR
aF3ick 12]a1, MinoltaAke] AHAI(CM—3500) £F SINCOAR] UV—
Vis spectrometer (S—1130) & o|83}o] BFC] #8H] & dot
Bkt

=221 PI 358
3 YA EAJS

Am o E2

we 2k X-M |- E. Figure 19 APSe] tsl] 6FDAS} DSDA
o] Z n|Z 3N v PI 353 52 XRDE HeRig]
t}. DSDA7} 8] Soi714] k& APS/6FDAC] B4 13 20=
16.46°(¢=5.38 A) ol Yepstth SHAIRE DSDAS] 32 0.2¢114
—,—E] 1 0377]'7(] 2:7]_/\]7101] II}E]— PI 5'.%75174] ,LL\E__/] v_/ﬂ J,] = ;<4
A eEE 07 olFslo] DSDAYE 1.050] S0t APS/DSDA 243
ol A& 2600 Aol 9] gho] oK @ EFH O R o]F3l 20=17.86°
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Figure 1. XRD patterns of copolyimide films with different mo—

nomer contents.
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Figure 2. DSC thermograms of copolyimide films with different
monomer contents.
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Figure 3. TGA thermograms of copolyimide films with different
monomer contents.

Table 4. Tensile Properties of Copolyimide Films

Co—PIs Ult. str.(MPa)  Ini. mod. (GPa) E. B.“(%)
I 87 2.62 5
I 91 3.16 4
I 103 3.17 5
v 106 3.21 5
\Y% 110 3.29 5

“Elongation percent at break.

Al QollA st 7, 3449] o] {9l R IAE Wg/do] Holdk
—CF39] $go] 7hatell wle} 7% 7hashs Zo® Azbr) =
gk 800 Collxe] ofsF SA] mlMskA|RE 55-48%2] #k= et
o] DSDAS] 571} 3 2ashe daE A8t oldst dd=
% & ) DSDA?| o] Trietd 353 PL 552 79 &4
_Pgdo] Tashs Z1E ERlskinh

7IHE M. PL 259 71AA 5E% 44 44 np AR
A9 278 9 o) wet g = Sk Table 4 PL 353
252 71414 1% (mechanical tensile) A2 ERISICE HE 7
T (ultimate strength) <= DSDAZ} 004 1.0E= S}kl ue} 87
MPacllA 110 MPa®, 7] /3% (initial modulus)< 2.62 GPa®ll
A] 3.29 GPa= Z7IsI3iT). o= ellx] Adrgd st 94 k= vi
w= A3z, 6FDAC nlsf JthA] 0= DSDAS] 727} A1%& wiL
olelst A& 739 DSDAS] ghge] T7islel wet xRt Ao &
7kefar ARERe] Harsle] Frtsle] 71414 Addo] S7kskE Blow A
7}t Figure 40l DSDA = 1]9] ®glel] mb& HF Z3ws) 7] &
‘dE2] WskE 717} v sielt)

@17 A% (elongation percent at break) = DSDA7} 1.0E714] &5
7¥ekel whet 4 ~5%2] e ghs vERfe] & wighs TR fdsk
t}. o] Ay}= 8]E 6FDAS} DSDAS] o] wWslstef| ule} A4, 7]
A el F FES TR QP Al o] Hisloll= Fidhs B
ek

ZEMYT. Table 50f 2 Ao 3 PI 25HA 5] A
A% 2ES UeRItl APS/6FDA 24 (1) 9] BE0] 7= b 3h
7hg SE2 1.490]A|9F DSDA 2] &Fgo] 7t whe} b+ g %t
& S7Vke AES Hof 6FDA thil DSDAZ| APSe} 1:1 BRI
71 APS/DSDA ZE(V) 8] b+ £k 16.8371H4] S718I8I o=




APS/6FDA ZdeMi= 6FDAC = —CFsell &8l CT—complex
= oAlso] brglo] wtar FEeh FES e T ey DSDA-J
FFo] 718N CT—complex® €9 = 9= A PF 2015
w3k DSDA7Z} 7= AdE Addtx2 218 CT—complexs Eﬂ
AA BT = 3lo] bx glol o= Zhe & 5 ok BE T
WS vlwsh] S8l 25 ol flell &elEar A ARIE: Figure 5
off YERHIT b gkel Wstel iR 2 DSDAS] g=go] 57kt
of w2} FEL Figure 5@ X (o) & A= 373 Azke] sp)
Hehs 2l = 5 St

& Aol Fet I3 PI AES @A 483kl sl A
£ FE(Kapton® 200KN) ¥} H]1wsl|57] $1519] Table 5} Figure

1154 34

1104 ~
© 1057 ©
o
% 30 O
£ 1007 S
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Figure 4. Effect of DSDA content on the ultimate strength and
initial modulus of copolyimide films.
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tlal DSDAS] ofo] Z7kehd Aw Fsjx|al FEAE w5
TollA] kst e DEof vl At o® FYET =1 I5

< B3l SAE o vl & 2] §le 2he & ok FaE A
E(Kapton® 200KN) ZE2] b+ gk 106.270)1, 4= Figure
5@ oM B0l AEE B3l SAE Vol & A7 AoE &2

I3l vgl] st 2jelE Birk

Figure 6 UV—Vis. spectrometerS ©]8-3}0] =43t 72 J&
9] cut—off wavelength(4,) & WERISITE APSS} 6FDAYF 111 &
B9 BEDE 4 gl 272 nmz 7Fg vigkow] DSDAS] #e]
71 A, 3= 25 $718101 DSDA7 1.0E (V) ulefl= APS/
DSDA 9] %% 52 326 nmE UERNSICE o] oF

Jollr) 4, glo] 744
oflx] AV ofe] Bel A Aelgisio] 6FDAC) o] Riisha

Table 5. Color Coordinates of Copolyimide Films

Co-PIs  Filmthickness L a b¢
(um)  (White—Black) (Red—Green) (Yellow—Blue)
I 80 89.72 -1.25 1.49
11 80 91.55 -171 4,08
I 80 90.11 -2.15 9.08
v 80 88.14 -2.46 13.66
% 80 89.25 -4.05 16.83

Kapton® 200KN 52 79.44 —21.12 106.27

“An L of 100 is white, and O is black. *A positive a of indicates red,
and a negative a indicates green.“A positive b of indicates yellow, and
a negative b indicates blue.
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Figure 5. Photographs of copolyimide films containing (a) 0; (b) 0.2; (c) 0.5; (d) 0.8; (e) 1.0 mole ratio of DSDA. Kapton® 200KN

was shown in (f) as a reference.
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