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Abstract: Poly (amic acid) (PAA) was prepared by reaction of bicyclo(2,2,2) oct—7—ene—2,3,5,6—tetra—
carboxylicdianhydride BTDA) containing double bond for crosslinking and bis[4— (3—aminophenoxy)
phenyl] sulfone (BAPS) in N,N—dimethylacetamide (DMAc). The cast film of PAA was heat—treated at
different temperatures to create polyimide (PI) films. With increasing thermal crosslinking temperatures
from 250 to 350 C, the thermo—mechanical properties, degree of crosslinking, and optical transparency of
the cross—linked PI were investigated. The maximum enhancement in the thermo—mechanical pro—
perties was observed at a heat treatment condition of 350 C. However, the optical transparency was
found to be optimal for 250 C heat treatment. The degree of crosslinking in NMR was determined to
be 85% to 93% with increasing annealing temperature conditions from 250 to 350 C.
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MZ. 2 Aol AR AlEE FEA BTDA (bicyclo(2,2,2)
oct—7—ene—2,3,5,6—tetracarboxylicdianhydride) & AldrichA}
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Scheme 1. Synthetic routes of crosslinked PI film.

Table 1. Heat Treatment Conditions of Crosslinked PI Films

Sample Temperature (T)/Time (hr)/Pressure (Torr)
PAA 0/1/760—-25/14/760—50/1/760-80/1/1
PI 110/0.5/1 —140/0.5/1 —170/0.5/1 —200/0.5/760—
230/0.5/760-250/0.5/760-280/0.5/760—-300/0.5/760—
330/0.5/760—-350/0.5/760

=70 ©} 85 T2 DMACE 21715] PAAS] 3hwle]) ake ) gk
2ol AASIITE o]l QoA PAAS QBYEE fA3ha

Kl
A 110 Cellid 303, 140 Colld 30+, ~12lar
B3t Al ¢As]) AAEA] 92 DMAc 2 ofn|=3} §ESA] A4
FEle B AR SAlel AASL 0% A5 slelA 200 Cellx
303, 230 CellA] 303 250 Ceollx] 3032, 280 Cellx] 30+, 300 C
ofx] 3042, 330 CelA 30, 183l viR|eko 2 350 CollA 30+
St 77} AAEE 1o 5 Pl BES ARSI AAsE PIo] g
A 2730l w2 Axg] 2738 Table 1o YeRiIT $49% P12
B BHHF) 5 wt% 88l oF 2413 J< Fof A3 7=
el wlofufjo] FA313]Th
EM ZAL Alx9 PI 232 € S B Slste] A=At
A& (differential scanning calorimetry: DSC) METTLER
DSC823e) 9} & T ¥417](thermogravimetric analysis, TGA)
(TA instrument TA Q—500)& o]83}3.0H, & &%= 20 T/
min = ZANE9)7] slelA S8S AARBINCH AASAL dEAle
12} G5AR= 30~350 C, 22 G5AR= 30~400 C7HA] AAIst
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Table 2. Thermal Properties of Crosslinked PI Depend on Various
Heat Treatment Conditions

Anneal. temp. 7 p wet™  CTE?
(0) o (0) (0) (%) (ppm/C)
80(PAA) - - 141 34 N.Os
250 0.71 258 402 37 4859
300 0.78 258 430 37 36.83
350 0.83 259 436 36 34.55

“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 600 C. “Coefficient of thermal expansion
(Temperature range for CTE is 50~150 C). “Not observed.
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A (KONICA MINOLTA CM~-3600D) & 573191, 543t A=
= UV-—Vis. spectrometer (SHIMADZU UV-3600)& AR5}
o] 200~800 nm<] Y47 1 nm DHI= S74& 3i3ich

FEAS wEsE] flate] whsld AIE7I(INSTRON 4426)
2 ARg8lo] 5X100 mm*e] AE-S 5 mm/min®] crosshead 4%
E S4E sI9lon, 103] opde] 574 F Hag Hulgks A2ls

[e]

=
o w A¥) ks S3IScE ARAEE S $I8te] A=l
2] ubbelohde viscometerE& ARE3IR oM, 54 s5%5= DMAc &
M Foq 0.1 g/dLelek Table 204 & = Q150 tif-2] PI
&0 IAREE AER] 5743 BlaE 2I8iA 0.71-0.83°% 1]
S8l 18T

an w2

¥x ME. DSCe oJst 4 54 54 AHES Table 2 1
ERIgith 250, 300, % 350 CollA] Ax2)¥ Pl A9 72
258 T F=tollA 7y7F 2R1E%1a, ol dxje] avjel whe 7k %4
9] Z7kR ge1gk 5 Qltk 350 C7HA dAelsle] PIvt 7bast
Hhgo] QIS 77t 2ol Ald A= o]f= o]
1] MZoA] MEaigiso] B Ao B sk T £ PLo|
7ol CTCE A8l Q8f) whi=A] 3-8 2% 32 CF3— 9} 22
7F3t AR 715 E3ehe WA 58 AMgslof s uliite] 71E

350

250

Endotherm

0 50 100 150 200 250 300 350 400 450
Temperature(°C)
Figure 1. DSC thermograms of crosslinked PIs depending on
various heat treatment conditions.
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Figure 2. TGA thermograms of crosslinked Pls depending on
various heat treatment conditions.
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Figure 3. TMA thermograms of crosslinked PIs depending on
various heat treatment conditions.
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Figure 4. Thickness measurements of crosslinked PIs depending
on various heat treatment conditions.
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Figure 5. XRD patterns of crosslinked PIs depending on various
heat treatment conditions.
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Figure 6. FTIR spectra of crosslinked PIs depending on various
heat treatment conditions.

Table 3. FTIR Peak Assignment of Crosslinked PI

Frequency (cm ™) Tentative assignment

694 C=C alkyl out of plan bend

1149 C—0—C between two aromatic rings
1378 C—N-—C stretching of imide ring

1488 C=C stretching of benzene

1581 C—N/N—H coupled deformation of amide
1604 C=0 stretching of amide

1712 symmetric C=0 stretching of imide
1779 asymmetric C=0 stretching of imide
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Figure 8. NMR spectra of crosslinked PIs depending on various heat treatment conditions: (a) 80 C/30 min (PAA); (b) 250 ‘C/30 min;
(©) 300 €/30 min; (d) 350 C/30 min.**
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Table 4. Tensile Properties of Crosslinked PI Films Depending
on Various Heat Treatment Conditions

Anneal. temp. Ult. str. Ini. mod. E.B“
() (MPa) (GPa) (%)
250 87 2.29 7
300 96 2.30 7
350 102 2.33 8
“Elongation percent at break.
105 2.40
—e— Ult. Str.
100 O Ini. Mod. 235
s O s
N g
P T U . @ f230 3
?3 S
5 E
90 225
85 2.20
250 300 350

Heat treatment temp.(°C)

Figure 9. Tensile properties of crosslinked PIs depending on
various heat treatment conditions.
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g 2% 71l ufeh ofBA| WskE=A] 1 HEE SsIIch 7
A5 YERE Yl(yellow index) 3k 9 27| F2= 23} Table
5o YERfISIeE 250, 300, 783l 350 Tl 242t 30+ &<t
A DE9) YI gk 1.63, 3.68, 16.80 27+ vElitt o] YI
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Table 5. Color Coordinates of Crosslinked PI Films Depending
on Various Heat Treatment Conditions

Anneal. temp.  Film thickness YI* I oo’
(1) (um) (nm) (nm)

250 67 1.63 295 410

300 68 3.68 300 481

350 63 16.80 306 499
Kapton® 200 KN 52 97.50 448 705

“Yellow Index. ®Cut off wave length at 0%. Cut off wave length at 90%.

(d)

Figure 10. Photographs of crosslinked PI films (a) 250 C/30 min;
(b) 300 C/30 min; (¢) 350 /30 min. Kapton® 200 KN was show
in (d) asa reference.
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Figure 11. UV—vis. transmittance (%) of crosslinked PIs depending
on various heat treatment conditions.

Table 6. Solubility Behaviors of Crosslinked PI Films Depending
on Various Heat Treatment Conditions”

Anne(aﬂl(.j)temp. Acetone Chloroform DMAc DMF DMSO Methanol NMP
80 (PAA) X X @ © © X ©
250 X X O A O X A
300 X X A AN OL X A
350 X X X X Of X X

“Qualitative solubility was determined by dissolving 0.1 g of PI in 100 mL
of solvent at room temperature, © : Excellent, O : Good, A: Poor, X: Very
poor. “Soluble on heating at 80 C.
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