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Research on properties of polyamic acid resin and its film with high solid

content and low viscosity

QING Shuanggui, JI Yaning, TANG Xiaoqing, TANG Shengdong,
WANG Ruke, LIU Jiao, PAN Qinpeng

(Guilin Electrical Equipment Scientific Research Institute Co., Ltd., Guilin 541004, China)

Abstract: A series of resins with 230% of solid content and about 4 000 mPa-s of viscosity and their polyimide films were

prepared by introducing flexible 4, 4-oxobisphthalic anhydride (ODPA) or twisted non-coplanar structure 3, 3', 4, 4’

-biphenyltetracarboxylic acid dianhydride (BPDA) into the molecular structure of homophthalic tetracarboxylic acid

dianhydride-4,4'-diaminodiphenyl ether (PMDA-ODA), and capped with a capping agent. The properties of the films were

characterized by tensile testing machine, breakdown voltage tester, TMA, DMA, TGA, and cross-cut tester. The results show

that when the solid content of the semi-rigid structure PMDA-ODA resin increases to 30% and the viscosity reduces to about

4 000 mPa-s, the film could not be formed due to the low molecular weight, and the PI film with good electromechanical

properties can be prepared through introducing flexible monomer to improve the the polymer flexibility and using

norbornene diacetic anhydride (NA) for capping. When continuing to increase the resin solid content and increase the

proportion of flexible monomers, the electromechanical properties, heat resistance, ahd the adhesion on the copper sheet of

the film decrease. The films with 30% of solid content, about 4 000 mPa-s of viscosity, 30% mole fraction of ODPA, and

end-capped with NA show better electromechanical properties, heat resistance, and adhesion, which can be used as a

impregnating varnish for insulation protection on the surface of substrate.

Key words: high solid content; low viscosity; polyamic acid resin; polyimide
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Table 1 Material proportion of resin in each sample
B b5 20 A DMAc/g ODA/g PMDA/g ODPA/g  MAorNA/g [H%5/%

PO-18-0 PMDA,,,-ODA, 190 20 21.70 0 0 18
PO-18 PMDA, ,,-ODA, 188 20 21.20 0 0 18
PO-30 PMDA, ,-ODA, 93 20 19.20 0 0 30
PO-M-30 PMDA, . ,-ODAI-MA, ,, 94 20 19.20 0 1.27 30
PO-N-30 PMDA, -ODAI-NA,,, 100 20 19.20 0 3.94 30
P0,0-30 PMDA, -ODPA, ,-ODA, 99 20 13.15 9.3 0 30
PO,0-M-30 PMDA, -ODPA, -ODA,-MA, , 100 20 13.15 9.3 1.05 30
PO,0-N-30 PMDA, ,-ODPA, ,-ODA -NA_, 106 20 13.15 9.3 3.28 30
PO,0-M-35 PMDA, ,,-ODPA, -ODA-MA, ., 79 20 11.76 9.3 1.69 35
PO,0-N-35 PMDA, ,,-ODPA,,-ODA -NA, ., 85 20 11.76 9.3 5.25 35
PO,0-N-30 PMDA, ,,-ODPAO.,-ODA -NA, 110 20 10.30 12.4 4.26 30
PO,0-N-35 PMDA, ,.-ODPA, -ODA,-NA, 87 20 9.90 12.4 4.92 35
PO,0-N-40 PMDA, ,.-ODPA, .-ODA,-NA, . 74 20 5.50 15.5 8.20 40
BO,0-N-30 BPDA,,-ODPA, ,-ODA -NA, 125 20 21.07 9.3 2.95 30

ODA BYR Jlig , %k 8L (148 i 44 B B 5 G 7 % g & F T
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Table 2 The film-forming property of polyamic acid resins
e s e 4 5 % 1 B & 2 /(mPa-s) JAEE
PO-18-0 PMDA,,,-ODA, 18 100 000 VI 2
PO-18 PMDA,,,-ODA, 18 4040 N
PO-30 PMDA, ,-ODA, 30 4000 BRI 2
PO-M-30 PMDA,,-ODAI-MA,, 30 3900 BT
PO-N-30 PMDA, -ODAI-NA,,, 30 4210 BT
P0O,0-30 PMDA, -ODPA,-ODA, 30 4030 BT
PO,0-M-30 PMDA, ,-ODPA_ ,-ODA -MA 30 4010 BT
PO,0-N-30 PMDA, -ODPA -ODA -NA,, 30 4090 N
PO,0-M-35 PMDA, ,,-ODPA ,-ODA -MA,, 35 4020 BT
PO,0-N-35 PMDA, ,,-ODPA ,-ODA,-NA , 35 3980 BT
PO,0-N-30 PMDA, ,,-ODPA, ,-ODA -NA, ,, 30 3960 N
PO,0-N-35 PMDA, ,,-ODPA ,-ODA,-NA, , 35 4070 N
PO,0-N-40 PMDA,,,-ODPA -ODA -NA, 40 4040 N
BO,0-N-30 BPDA,,-ODPA,-ODA -NA, 30 4050 N
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Table 3 The electromechanical properties of PI films

2 b2 4 T PERE/MPa WM E /% BERE/GPa FAERE/(KV/mm)

PO-18-0 PMDA-ODA 18 130 37 25 310
PO-18 PMDA,,-ODA, 18 127 34 2.6 302
PO,0-N-30 PMDA, ,-ODPA,,-ODA,-NA, 30 127 15 3.4 295
PO,0-N-30 PMDA,,,-ODPA0.,-ODA,-NA, ,, 30 125 11 32 280
PO,0-N-35 PMDA, -ODPA, -ODA -NA, 35 124 10 3.1 267
PO,0O-N-40 PMDA, ,.-ODPA, -ODA -NA, 40 108 8 2.8 214
BO,0-N-30 BPDA, ,,-ODPA, ;-ODA -NA, 30 127 15 2.6 298
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Fig.1 CTE curves of PO-18, PO,0-N-30, PO,0-N-30,
PO,0-N-35, and BO,O-N PI films
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Fig2 DMA curves of PO,0-N-30, PO,0-N-30, PO,0-N-35,
PO,0-N-40, and BO,0-N-30 films
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Fig.3 TGA curves of PO,0-N-30, PO,0-N-30, PO,0-N-35,
and PO,0-N-40 PI films
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Table 4 The heat resistance of PI films
B & & RES% RE10%

B b 2220 % . .
/%  BIE/C EE/IC
PMDA, (-ODPA | -
PO,0-N-30 i : 30 513 551
ODA,-NA ,
PMDA, ,,-ODPA -
PO,0-N-30 : : 30 504 544
ODA,-NA .
PMDA, ,-ODPA, -
PO,0-N-35 : ’ 35 489 536
ODAI_NAU.S
PMDA,,,-ODPA -
PO,O-N-40 - ’ 40 462 498
ODA-NA
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H1IhHELTEESBOCCHEE I WELTTESE

400°C {75 10 min, & B WK 5 P

"S5 PURIEERF EHIME S
Table 5 The adhesion between the copper

sheet and the PI film

W T2
ES T T il & H&THR 2 HETHR 2
350CHRiE 1 h  350°CHRii 1 h 400°C Rl 10 min

PO-18 4 4 2
PO,0-N-30 1 1 0
PO,0-N-30 2 2 1
PO,0-N-35 3 3 2
PO,0O-N-40 4 4 3
BO,0-N 2 2 1

MF ST LG SR A e T & AL 9 350°C
(W AL T2, AN & 3 B R 7 THIR G & B2k T
I, 79 3 1R I B 3G 7739 Tovkak 3 0 94, HL g i
L B B 7E I 5 . R AR Tl A AR 7 ) PR
SR Ak T2, 4 0 i Ab 3R R R F B 2R G TR 1
J7 % B W E A6 IR FE 9 400°C , 400°C T R IR
10 min, W J7 % W5 80 19 b5 135 Brd s (H
HA PO,O-N-30 B /7 iR E I B & J1REIS B 0 K. Hff
FEF B, A TE RS I A, VA TR R B, S
AL AR B A ) 2 AR B VR RRAE VA AR R RCHE
H A& R A A PLER 5 8 F IR 32 07 FR AR s an 2R T
i A4 Tk 2 PR I BE vy, B SR AR R TR R VA
PR R HE AR R AL A T v R A IR R Ak B
BF, 5 T 4 7= AR 4 E A 015 LAOR B R ok, BB BE gt
5 P4, T 3R A5 58 1 (1) B 25 51

3 45

i id 7E PMDA-ODA %Y PI # Ji5 o 5] N\ JEE IR 73 %k
N 30% (1) F 1k 45 7 ODPA , I 5K Fi NA 335 , A 1l %
] £ F=30% 26 JE 29 )9 4 000 mPa-s A IS, 45 1
HRHLEERE R4F, T, 8 355C, A AM FRE
5% IF F T B T 9k 1) 494°C , HL RS A 475 5 i R T A
P FEH A 122 400°C P LA I, 55 0§ R
e, M 73R 21 0 9, v AR IR 5T F 10 k) 26 T 44
230l
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