1L - 84 X MMEGFRERICK AHIFMS To BIRXAKV A2 FD
BiR 7 1 JLLER & iR

WITRRT O BERT - /NE A - AR FlZ

ABSTRACT: Alicyclic polyimide films with high glass transition temperature were prepared
from a keto-containing polyalicyclic dianhydride (CpODA) and aromatic diamines by a thermal
and a combined chemical & thermal imidization methods. In the combined method, the
imidization ratio of PI(CpODA+3,4’-DDE) reached 100 % when cured even at 200 °C. All the
polyimide films possessed excellent thermal stability and most of the polyimides had Tg’s over
330 °C. The coefficient of thermal expansion (CTE) value of thermally imidized
PI(CpODA+4,4’-DABA) was as low as 17 ppm/K. The retardation data of the low-CTE films
suggested that the polyimide chains were aligned along in-plane direction. The polyimide films
exhibited Acut-off’s shorter than 336 nm, and the Tvis values were over 85%. Especially,
PI(CpODA+3,4’-DDE) prepared by the combined method had outstanding optical properties
(Tvis:88 %, Acut-off’s:278 nm) due to the low temperature film-fabrication.

1 =

FURAT VA RNFET 4 VD, H o F R ERFENFEMEHC WS EHAR Y ~—
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FH LT ) ~—OER L B4 % Scheme 1 1Z/x 72, AU T X REROAR : 5
FAER LB HFIE YT 2 % DMAc ICIEfESH, SE/LD CpODA Zz, ERXI
L SR CTITEREIREE U7, B A X BMKIE - R U 7 X RIS % T T AFERIZF ¥ A
MMEIE T 350 CTMENL 7o, T AREZEKIZIR LT 4V L& FEES SRR L 72,
F 7o, BAKBERIERE 2 300 C, 200 CE B DEETT 4 NV AERETT -T2,

B2 - B A X RAEPERE - RERBIZLL IR LTz, AU 7 REBO(LYA IR
{t : PAA(CpODA+3,4’-DDE)I&i#% 2.92 g(CpODA, 3,4’-DDE 1.0 mmol, [E/5E 20
Wt%)Z b U =F /LT 2 > TEA(1.O mmol) & Iz, IRWTHEK R Y 7 /LA o Rl
TFAA(0.6 mmo)Z ¥R L7-, ZhZRIEICB W TEREHLK T T 12 Brf#EL L,
Bt L7 b Liehno Tz EREOWRIR % 7T 7 ZAFEMITF v A ME, BT T80T
%E@ﬁ%;Mﬁb\ﬁ%iFk&ﬁ%@ﬁ%@74wA¢%bto
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A MUV RREER &2 WV TEE0.S g/dL, 30 COKETRY 7 2 REEO kL E
ZHE LTz, NMR A7 R LT H ARE (K BINM-Lambdas500 43 G EEEH2 W T
HE L, BEARFEEIZDMSO-ds, EEMEIZTMS 2fH L7z, U7 AR (Tg)
IITMA(E A 22— 7-HITMA/SS100)5 L UDSC(& A =2 —% 1-HDSC220) THIE L 7=,
T4V T r (35 mmiE, 10 mmE, 5-13 um/E) OMEVEIRAE(CTE) XA =
— 7 T HITMA/SS100% IV T40-240 ‘CO®PH THIE L. 100-200 ‘COFEIED HR D
720 SEC 1ZLL FOSEMTHIE LTz, 77 A : Shodexth# KF-806M( X 2)+KF-800P,
717 KIREE - 40°C, RURMHER : JASCOFEH! RI-2031, BRI : 7 v udk/L A, ik : 1
mL/min, V%7 —3 a3 VRIEIZIZT 7 Y A U 7 ZFCKIE) B AxoscanE VY, 1 umY
720 DfEE LTRDT-,
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Scheme 1. Synthetic route of alicyclic polyimides and the structure of monomers.
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7:]_\9 U 77 ‘: }\ﬁé@ﬂéﬂ%)ﬁ@i 045-15 dL/g PI(CpODA+3,4’-DDE)
THO ., F7 4V IMERICHERBIE 03 Ta:3% C
dl/g UL EZRUTe, B4 X MMEIETIET o« o
IV SAEBURE O BERIR A3 L < BEOMEIR &
RIAIFOHFRICEELHERZDZ LN 4x 10
DinoT-, BERIREEAN 200 C, 300 C Tl
7 4V BEHEL L 350 COBE D BRI
7 4 VA %HEZ}’LKO Fig. 1 12 SEC X V) j?
DT BOEE Sy B Mn 3 X OVE &5y
Eka%&mV@m%%7m/FLto .
PI(CpODA+3,4’-DDE) 34 7 AMEIRE 0 : !
Tg(333 OC)uJ:@ 3500(:“6*;‘552 Lf:b’;?/ﬁ\@%k 150 200 250 300 350 400
lﬁlﬁ?\%%ﬂﬁ L;Cb‘éo Ny (VEN 717 7 %355 Fig. 1. Effect of 1m1dlzat1T(;¥l1 tgr)nperature on the
f’b %?I}E UPFCHER LIZ7Z0TEEB XD molecular weight of PI(CpODA+3,4°-DDE) film.
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Lﬁbtio TEAA X MMEIETIEZHRIK AR 7 4 VA E G571 350 COBERK A B
5o Flo. %@m%4\b%%fié&bt%)4\hﬂ$A@ﬁDmm_ﬁ@@
T L, 7 4V MERIIREECH o 72, A RIOLF - ﬁ4ka%m%i IR
CTHREREZELZEEHBELTER Lt%&f%é F7. —BMEH ISaNiS]
b4 2 M &g, 7 A0l L7220 S 2 BE5R L 7= (Table 1), HAA&H%@&
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Table 1. Chemical imidization conditions and the obtained film quality.

¢ Mn

Molecular weight

2x10*
|
*

Diamine®  anhydride base Temp.  stirred Imidization Film/cure temp. (°C)
run o . © . b)
(Immol)  (mmo)  (mmo)  (C) time (h) ratio(%) 200 300 350
TEA TFAA . . .
1 34-DDE 1 0.6 r.t. 12 homo 32 flexible flexible flexible
TEA TFAA — — _
2  34-DDE 5 ) 70 1 ppt 96
TEA Ac2 .
3  34-DDE | g 60 r.t. 16 homo 60 brittle brittle  flexible
idi TFAA — —
4 34-DDE py“fme ot It 19 homo 60 brittle
TEA TFAA . _ _
5 44-DABA N ) r.t. 16 homo ND flexible

a) CpODA=1.0 mmol, in DMAc 20 wt%, b) by 'H NMR in DMSO

2015
136



Xy 2 MMEL HE TICBW THEAEKIED 200 CTHERL L7-3A THIREN/2 7 ¢ L A
NE5Hi, 'HNMR 263 RD7-4 2 FERIZ 100 % ThHo7-, F2, ZDOA I FEHI &
L T(TFAA+TEA)Z FWVTZRRIZ AR T 5 A VA 2 FEEITHER S o7z Y,

Fig. 2 ICRUARY 7 2 FBRZEA L., — oD% 51k TER L 72 PI(CpODA+3,4°-
DDE)~” ¢ /LA ® SEC Witz s LTz, b5 - #4 I NMEPFAET 200 CRERL L7277 «
VAT, B 2 RMEIET350 CHEERCERL7Z2b 0 X mns &2 A L0z, 2
MIE TFAA & TEA IZ X 20091 2 RMEIC K » T, AU T 2 RERD Sy SO 3 ]
S, o7 U =TT IUNEIRTCEARYE S EHRESLENLTHS,

C+T T 350 °C
C+T  200°C \///
- I"\\ T 200 C

Fig.2. SEC profiles of PI{(CpODA + 3,4’ -DDE) polyimide films imidized at different temperatures
by two methods, a thermal (T, dashed lines) and a chemical & thermal (C+T, solid lines) methods.

3. 3 FRetEEMm

Table 2 |2 CpODA LFix DT I U inbERD “ OO FETERLIEZRY A2 K7
S IVIDBIEE 2R LTz, U7 I U OEWNZ XD 5 %EBEREIRE, SRIEE O KX
REFBEINT, oD FETER L7 4V AERE OB REIEE A L TV D,
7T AR E(TIT Y 7 I OFEICKRE <HKIFE L, 290-354 COILFIPHIZHBIZ S
2o BHIMED S D= —T WEEENEEH DT 2 2(1,3-BAB), XU B UBRITEREHEN
M-NZIZdH 5 H D (m-Tol) 1% Tg A ELERAUERV, FEIERAV A I RICLTCZ ZETH
WTNEMWEZ A3 2 D1k, CpODA DZARERMEEICIN A . 7 b FE[E Lo AR A48
HAERIZ X o TR Y ~—ZR-IZBI MBI &, o8OI 7 a7 7 0 @) &R
FTCHH SN LIk TE TgZ R LIZEEZXLND, £7-. PI(CpODA+4,4’-
DABA)IZ Tg 7% 400 ‘CLL FIZIE Tg 23588 Hiviavy, @& Tg i, 7 I RE 04 FHK
FREEDOTEDTHD, TRV A I 7 4V ARELNEZHRICONTT 4 LLD
UV-vis i A7 bV AHIE L7z, Table2 XY aJ#tElk (400-780 nm) T ¥k
WHRITIFE AL EDLAE TS %L E, FHEN 1 %LL T2 2 WU E A cut-off X
278-337nm ThH V| ERIEAZH TH S, b7 - 1 I MEOFHE TIRIRQ200 C)
BERR U727 4 L A, 350 CTEA X MLz o kv bl imz o, Al
WO B IR 86 %LL @V, CTEIX, fERILZIFEALEDRY A I RT7 4V A
TIHEH L CWRWBEFO G ERA Y A X ROR U I—R % — ~p EOPLETRIE &
FETHoTN, V7 IUICT I FEEZ AT 5 4,4-DABA & 72 b O VX8 212
B\ 17ppm/K ThoTz, Thx U ZT—Ta  JENLEBLE LT,

Table 3 IV ¥ T —va VE&E R L7z, 350 ‘CTEA I F{E L7= PI(CpODA+3,4’-
DDE)(CTE:57 ppr/K) I N, BEE M E HIZ Y ¥ 7 —3 3 UMEISEWIE R FA ER
) LTV, 350 ‘CTE 2 Rk L7z PI(CpODA+4,4’-DABA)(17 ppm/K) C i Hi PN J7 [
AT DRI REL KM L2 ZF — a MERth B REWV, ZOZEMBRY A
T FHIFEARM L TWD EBx b, by - 2 2 MeEfFH I W T 200 CT
YE#L L 72 PI(CpODA+4,4-DABA) (24 ppm/K)i%, 21 I N L7258k & e CTELA 2348
+rTh D, T AEBIRET < THERR L7 &0 S8 2 E45 T & FICHmEdm Ly
ZENEBZOLND, MIE2EEDRY 4 I FTITEANER A ELS 725 Z ERHE ST
B D, R —OERERREDED S W EET D EIXmAELR LTV 72 W RE
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Table 2. Thermal properties of CpODA-based alicyclic polyimide films.

5 Td ng) CcTE? Tvis” Aeut-off’ thickness

a) diami
method mine C) (°C) C)  (ppm/K) (%) (nm) (nm)

4T 44-DABA 472 495 >400 249 86 334 12
34-DDE 472 488 331 54 88 278 12
44-DABA 481 501 >400 17 84 337 11
34-DDE 467 483 333 57 85 289 11

T 44-DDE 468 488 354 49 86 290 5
1,3-BAB 487 496 290° 56 88 291 11

m-Tol 459 475 322 69 87 292 13

? C+T : combined chemical and thermal imidization(200 °C), T : thermal imidization(300-350
°C). ®5 0 weight-loss and 9 decomposition temperatures in N> at 10 K/min. Y measured by
TMA in air at 10 K/min. © by DSC. " coefficient of thermal expansion(100-200 °C) measured

by TMA in air or N, .Y averaged transmittance in visible region (400-780 nm). ) wavelength
at 1 % transmittance.

Table 3. Retardation values of CpODA-based polyimide films.

PI(CpPODA+34'-DDE)T  PI(CpODA+44'-DABA)T  PI(CpODA+44-DABA)C+T

CTE:57 ppm/K CTE:17 ppm/K CTE24 ppm/K
RO (nm) Rth (nm) RO (nm) Rth (nm) RO (nm) Rth (nm)
0.0 1.7 0.1 113.6 0.9 56.8

Retardation value is divide by the thickness (in 4 m unit) and normalized.

4. & &

A I NMBIETIE Tg LETIENL 72856 DI, T EDO BRI 7 4 )V A5 D
iz, AbZF - Bg 2 MMEOFREIEZ, RY 7 2 RERIZA 2 N{EA| (TFAA+TEA) Z#NL .
FIR TG SED Z LI L > THOMICA 2 MeEE, B—RAR e, ZhE 200 C
DOIRIR TELEE T 25 Z L1128 > T, 100 %A1 X MEL7=Fk7eHR Y A4 I R7 4V AEAE
BN TE, ODHETERLEZPL 7 4V AD 5 %EERADEEIL 460 C
PLE, 7 AEBIEES 300 CLLEEAFRINRY 4 I & LT3 TR 2
RLTz, F£2. 72 REEBREFFOVT 2 44 -DABA & W=t OI% CTE 23 722 2+
D17 ppm/K ERVMEZ /R LTz, VT —Ta JELD AV A I FEIZmAALM LT
BY., BEHFAICEE LD EEZ X LN, A EERSEIT 200 CTER L -
7 4V A TIEEIRBERRIC L DA AR X DAL 86 %l EEEVWMEEZ /R LTZ, AEIE
%%g?%ﬁﬁv4iFﬁﬁfkiv&Fm:ﬁxm7v%yfw%Wka®mm
75§/ ?‘ ﬂéo
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