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(3-aminophenoxy)phenyl] sulfone(BAPS)S N,N-dimethylacetamide(DMAc)ollA W53l Z2]o}l) 2k (poly(amic
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"= (colorless and transpatrent polyimide, CPI)E /3l th. Sujje] ol wiel 7tae Ejolm|=e] E2 AH4, 7}
N, FEE BEAS AR S, a,a'-azobisisobutyronitrile(AIBN)Z Grubb’s®] F 7FA] Fujje] SR/ 2 B4
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Abstract: A poly(amic acid) (PAA) was prepared by the reaction of bicyclo(2,2,2)oct-7-ene-2,3,5,6-tetracarboxylic-
dianhydride (BCD), containing double bonds for crosslinking, and bis[4-(3-aminophenoxy)phenyl] sulfone (BAPS) in
N,N-dimethylacetamide (DMAc). The PAAs were heat-treated with two different catalysts, a,a'-azobisisobutyronitrile
(AIBN) and Grubb’s catalyst, as crosslinking agents to create crosslinked, colorless, and transparent polyimide (CPI)
films. The thermal properties, degree of crosslinking, and optical transparency of the CPI were investigated by increasing
the catalyst content from 0 to 0.10 wt%. We also tried to clarify the catalytic effects of the two catalysts (AIBN and
Grubb’s) on CPI films. The CPI film with the catalyst had better thermal property than pure CPI; in contrast, the addition
of the catalyst to the CPI film was found to deteriorate the optical property. The thermal property and optical transparency
of the CPI films with two different catalysts were found to be almost similar.

Keywords: colorless and transparent polyimide, crosslinkable monomer, o,0'-azobisisobutyronitrile, Grubb’s catalyst, films.
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23192, AIBN 2 At (2™ generation) Grubb’s Sl =
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Scheme 1. Synthetic routes of crosslinked CPI with AIBN.
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transform infrared spectroscopy, FTIR)JASCO FT-IR460)E
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A 3373 AlS(coefficient of thermal expansion, CTE)E A4t
Sk3ATt.

Zan, 44148 A6s, 20174
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Scheme 2. Synthetic routes of crosslinked CPI with Grubb’s catalyst.
Table 1. Polymerization Conditions of Crosslinked CPI Films PAA
with Various AIBN Catalyst Contents
Samples Temp (°C)/Time (hr)/Pressure (Torr) 9 /
< 1700 cm ' 1602 em™

PAA 0/1/760—25/14/760 8 C=0 Stretch Vi » C=O0 Stretch

. S Acid Amide PI
Crosslinked PAA  80/12/760 (25/1/760)*—50/1/1—-80/1/1 £ .

Pl 110/0.5/1->140/0.5/1->170/0.5/1-> Z

200/0.5/760 —230/0.5/760—250/0.5/760 8 1782 em™ !

’ — c=0 1378 cm™

*Grubb’s catalyst. Asymm. Stretch C—N—C Stretch
1712em* A
7}5LE(Degree of crosslinking)E FTIRZ &<15}o] Znjj<] Symﬁ,._s(:,mh
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H Fufe] o] F7HEE FrERl BCDel EAlshes C=C

T A% ¥=7t 7hgel w7kl ofsf g Ao

Wavenumber (cm'l)

Figure 1. FTIR spectra of PAA and CPI.

2 Wagug ojn= 2 Yo &5 694 cm'e] C=C
2% A VA7t AleRe AEE 7tasks #3159l
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AIBN in CPI (wt%) =
Degree of crosslinking

694 cm™, C=C alkyl
out of plan bend
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0 (pure CP1)=66.7%

Transmittance (%)

0 (pure PAA)=0.0%
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Figure 2. Degrees of crosslinking of CPI films with various AIBN
contents.
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Figure 3. Degrees of crosslinking of CPI films with various Grubb’s
catalyst contents.
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Al 400 °C7HAl= & Fg/do] YA 2hS BIAIRE, 400 °C
ol gollA] 71gg e wet 7] B3l Al AT A5 9,
AIBN®] Z5-ol= Fulje] o] AL 0.01 wi% H7F=H PI
AE9] %27] 2% Ha 2=(Ty)e T A de
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Table 2. Thermal Properties of Crosslinked CPI Films with Various Catalyst Contents
Cata. in CPI AIBN Grubb’s
(wt%) LEO RO ™ (SR LCO T w™ o) T
0 (pure PI) 258 402 36 48.59 258 402 36 48.59
0.01 260 441 36 45.97 256 432 38 41.31
0.05 265 443 36 38.61 258 435 36 37.42
0.10 266 444 37 22.35 n.o 436 40 22.64

“At a 2% initial weight-loss temperature. *Weight percent of residue at 600 °C. “Coefficient of thermal expansion (Temperature range for CTE is

25~160 °C). “Not observed.

100 1
AIBN in CPI (wt%)
0 (pure CPI)
@ 804 ——-o0.01
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o — = 0.10
£ 60 A
=
]
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= 40 1
=
D
E
a 201
0 r

90 110 130 150 170

Temperature (°C)

50 70

Figure 4. TMA thermograms of crosslinked CPI films with various
AIBN contents.

Grubb’s Zvij2] A-9o|= vzt 712 A3E Hol=d], Fvj<]
oFo] 0olA] 0.01 wi% = Z7FshH T 432 °CZ ¢F 30°C
Z7kslIal 1 2 Zujjo] o] 0.10 wi% =7FsPH 436 °C
2 Y F7RIALh o]3% Sl 4 SRS W T
7t M S7FRE A2 oln] dFsiRe] €4 a3
of oJgt 7t g3=E Awo] 7hsshH, 7haE AEA; A
o] FAH wgl ol olFdhe HEE T o= Atts}
o 22 255 7S W CPI AR e Ak T,
7} F7YeAIR TR ofn] 27| s AUH it
Pl e 7tz et ¥ F4552 Fall7F dojur] wiE
o] 600 °CollA o] T wr™) w2 Fvle] T/ et
FHA 36-40%2] A= g gk HoAF=ATHTable 2).

g Z7tl ot AAAGTE dolrr] 8] TMAE ©l§
gk G A a2z 9 AFE Figures 49F 59 AL
I A3 35S 9A] Table 29 A28kt 500014 150 °C A
ol9] &= F7hlA 27t thE 2 Ex2lE Pl &9
G GATE S T EAEE IS P1e] Aol
£ 48.59 ppm/°CS R0}, AIBN ¥ Grubb’s Svf) &
T Zjjo] ko] Z71eh CTE 3= YA A8t o

- =

=

1001
Grubb's Cata. in CPI (Wt%)
0 (pure CPI)
’% 804 ——- o.01
~ —-—0.05
) —--—0.10
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=
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=
)
E
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0.
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Temperature (°C)
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Figure 5. TMA thermograms of crosslinked CPI films with various
Grubb’s catalyst contents.
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Table 3. Optical Properties of Crosslinked CPI Films with Various Catalyst Contents

AIBN Grubb’s
Cam B P ik 400 ¢ Thick 400
Wit% ickness a My . ickness MMy
o0 () MO %) Y (um) b (om) %) Y
0 (pure PI) 84 280 89 1.63 84 280 89 1.63
0.01 79 287 90 1.87 78 295 89 1.89
0.05 84 294 88 2.39 77 302 87 2.33
0.10 80 295 88 2.84 82 304 84 2.69
“Cut off wavelength. "Transmittance at 400 nm. “Yellow index.
120 1201
100 1001
g 80 1 g 80
5] bt
= £
g 60 £ 60-
E AIBN in CPI (Wt%) E Grubb’s in CPI (wt%)
§ 401 0 (pure CPI) g 401 0 (pure CPI)
= — — . 0.01 = —— .01
20 1 —_—— 005 20 —_—— .05
— = 0.10 —_ =010
0 f T T T T 1 0 ™ T T T T 1
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
Figure 6. UV-vis. transmittances of crosslinked CPI films with var- Figure 7. UV-vis. transmittances of crosslinked CPI films with var-
ious AIBN contents. ious Grubb’s catalyst contents.
g Ao, AREel 7L Whge] 7k’ BCDE] T 83l PAAS Ax3IL, 7 SAEE AAelE Fel PIE
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A Y1 7kEe] F7ksle] A% AAHQ B B4 3l % 7B Zu) 3ol 00141 0.10 i Z7Hlel Wt 7,

OF7F vhui ).

B 2ol g3k 7twE CPI EE2] AFS Figures 8
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Figure 8. Phographs of crosslinked CPI films containing (a) 0 (pure
CPI); (b) 0.01; (c) 0.05; (d) 0.10 wt% AIBN contents.

Figure 9. Phographs of crosslinked CPI films containing (a) 0 (pure
CPI); (b) 0.01; (c) 0.05; (d) 0.10 wt% Grubb’s catalyst contents.
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