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Preparation and Properties of Intrinsically Deep-color
Thermoplastic Polyimide Films with Low Curing Temperatures
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(School of Materials Science and Technology, China University of Geosciences, Beijing 100083, China)

Abstract: According to the application requirements of thermoplastic black polyimide film in the field of
advanced flexible copper clad laminate (FCCL), three organo-soluble polyimide (SPI) resins were prepared from
an aromatic diamine monomer containing chromogenic imine (-NH-) group, 4,4'-diaminodiphenylamine (NDA)
and various dianhydrides, including 4,4'-(hexafluoroisopropylidene)diphthalic anhydride (6FDA), 2,2-bis[4-(3,4-
dicarboxyphenoxy)phenyl]propane dianhydride (BPADA), and hydrogenated 3,3’,4, 4’- biphenyltetracarboxylic
dianhydride (HBPDA) by polymerization. Then PI films were prepared from SPI/DMAc solution at relatively low
temperature (80 —250°C ), and the effects of the above characteristic groups on the optical properties, thermal
properties, and electrical properties of PI films were studied systematically. The results show that the SPI resin has
good solubility in polar aprotic solvents such as N-methylpyrrolidone (NMP) and N, N-dimethylacetamide
(DMAc). The SPI films show intrinsically deep color, the transmittance value at 550 nm of wavelength (7,,) is
lower than 5%, and the lightness (L") is below 60. The PI films have good thermal stabilities, the glass transition
temperatures (7,) is up to 375.9°C and the 5% weight loss temperatures (7y,) is over 500°C in nitrogen. Besides,
the PI films exhibit good electrical insulating properties, the volume resistivities (p,) is higher than 10" Q-cm.
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Tab.1 Inherent viscosity, molecular weights, and solubility of PI resin
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M, M, PDI NMP DMAc CHCI, THF BC LS
SPI-1 1.03 233 37.8 1.62 + ++ ++ ++ - -
SPI-2 0.66 4.0 7.0 1.75 ++ ++ ++ ++ - -
SPI-3 0.68 5.0 10.4 2.08 ++ ++ ++ ++ - -
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Fig.4 Viscosity-solid contents relationship of SPI solutions

¥ F ATR-FTIR UL 2 'H-NMR T Bt % 1F T SPI
HIf 22450 . B 54t 7 SPI# AR Y] ATR-FTIR
e R, N T AT, B 5 ks T iR I NDA

TR . W STTLLE H NDA 4 T 45 1
A 3E (CNH )AL T 3 408 cm™ 55 3 389 em™ P 5
Ak PRI IR IS UG 7E SPGB b 58 4531 2%, 1T NDA 4y
T G5 AR (CNHD AT 3 333 em' % 2504 1 IR
WU #E SPI-1~ SPI-3 St il i 9 v DL 22 3], 32 B 2
WEAHA RGN . (LA SPLHIEL 1) 6l o
AU %% ) I 0 fi B G 1) — R BRFIE IR IS . 1 775
17121 385 em' &b 43 71l %F W2 SPT 8 5 ) I Xo) P i A
o 45 49 207 o R B0 A 47 i 2 R T T Jie A C- N fif
G YR S RFAE IS UE o 1T 1 504 em! kb X6 BT SPT 43
TFHEF ORI C=C BEMRFAE R WS . 1641, 1 092 em!
Ab Ay SPI-1 H 5 55 3 [ C-F 8 F) R A0 IR 00, 1 142
cm’ b Ay SPI-2 A ik B PR REAIE AR IS U , 2 932 em &by
SPI-3 43 T &5 #4 /b fig 3K A A0 C—H 4 1) 4 i W
U o 3K 2% B 55 GR35 40 43 3 B 3 5
A F| SPI-1.SPI-2.SPI-3 7 T 45 ¥

1712 1504

N
3335 o \/

b /1092
SPI-1

4000 3500 3000 2000 1500 1000 500
B/ (cm™)

5 SPIHER) ATR-FTIR i%[E
Fig.5 ATR-FTIR spectra of SPI films

SPL A 75 AR P 35 5T 1 8 75 Hh 1 2 1 9 i A
PEAL A3 TH-NMR I s AT e . B 6 45 i T SPI
P g A5 AR = F 3 W K (DMSO-d,) ¥ 71 7 1) 'H-
NMR i . A E 6 7] LA H, % B0 H 51 1 e
AT DAAER RO DAFR N 3 Fh SPIR g o, I Jf 8 H it
T (-NH-) W Wi 35 H BLE 1 B s ik . X T
SPI-1 W G T & , 75 3 B 14 3% XA H B T 9 551 %
TR K IR b o X F SPI-2 1M 5, 3 X
LT L H OB T WY o 16 T SPI-3 T
JIE A I SR 0 OB T B R TR T
WX, X8 5 H o1 a5 MR R — 2 .

22 KEFMEE

B 2% 52 SPT B (1) 6 4 R RE, I 3 Fh SPI
BEAN U F 3 RO R Bt . N T D e
Hh R 7t SPT i JIEE 45 44 5 HOR 2 1t BE 1 26 & 5 43 il il
B L ) 5 AN AT O HE CUV-Vis) | 3 B 45 HOR I



YRREFEAE « AL TR 0 TR T M i I 1 1 6 5 g 81

iRl 2021,54(11)
SPI-3 de H,0
i 122' dey DMSO
Esepes ety
o4
5,5" n ,
SPI-2 H.C CH
0. f g 3 d
e 0ocg ol
0 %° O n
a,c,d.ef,g -CH,
-NH- b h
N -
SPI-1 e 9 PR pdeq
I, L EON
b © o b 0 -
-NH- {2 l
90 80 70 60 50 40 30 20 1.0 0

AL
6 SPIRIBERY 'H-NMR %[
Fig. 6 '"H-NMR spectra of SPI resins

B MR EE S TR 2, 740 TSP DL &
1€ F 2 LE 1 Pl-ref (PMDA-ODA) ¥ JI 1] UV-Vis [

#2 SPILARK Pl-refSH AR AU 1 BE
Tab.2 Optical properties of SPI and PI-ref films

FEdh Ay /mm T 1% L a b

SPI-1 427 34 59.00 21.67 79.20
SPI-2 438 2.5 56.68 24.11 79.68
SPI-3 456 2.0 50.50 18.96 67.35
Pl-ref 407 53.7 88.65 -9.39 79.41
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Fig.7 UV-Vis plots of SPI and PI-ref films
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Fig.9 Thermogravimetric analysis of SPI films
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Tab.3 Thermal properties of SPI films

*¥ EII:IITI Tg TS% T] 0% Rw700 Tdmax CTE
/C /C /C 1% /T Ix109/K)

SPI-1 375.9 555 574 61.8 586 49.1

SPI-2 238.7 548 565 69.4 571 57.0

SPI-3 293.7 509 519 26.7 543 532
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Fig.11 TMA plots of PI films
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