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Preparation and properties study of easter-containing thermoplastic
polyimide and its modifications

NIU Xiang', YU Yang*’, CHEN Wengqiu"**", YE Miao', CHEN Wei*"
(1. Hubei Chemistry Research Institute, Jianghan University, Wuhan 430056, China;

2. HAISO Technology Co., Ltd., Wuhan 430074, China;
3. HAISO EM (Wuhan) Co., Ltd., Ezhou 436070, China)

Abstract: To address the problems of poor solution processability, high dielectric constant, and low adhesion of
thermoplastic polyimide (TPI) used for adhesive-free flexible copper clad laminates (FCCL), a soluble easter-containing TPI
(PI-10) was synthesized via a two-step method involving solution copolycondensation and chemical imidization. Then PI-10
was chemically modified with dicyclopentadiene epoxy resin (HP7200) and fabricated into FCCL. Firstly, the chemical
structure of PI-10 was confirmed by FTIR and '"H-NMR, and then its organic solubility and molecular weight were tested.
Subsequently, the curing kinetics behavior and process of HP7200 modified PI-10 (PI-10/HP7200) were investigated by non-
isothermal DSC analysis. Finally, the properties of PI-10, PI-10/HP7200, and the prepared FCCL were studied. The results
show that PI-10 has good organic solubility and high molecular weight. Compared with PI-10, the tensile strength of PI-10/
HP7200 film increases from (97.37+1.68) MPa to (102.25+4.77) MPa, and the dielectric constant (D,) at 10 GHz decreases
from 3.10 to 2.83. However, its glass transition temperature (7,) decreases from 213.5°C to 204.2°C, the 5% weight loss
temperature (7)) decreases from 496.9°C to 451.8°C, and the coefficient of thermal expansion (CTE) within 50-150C
increases from 66.20x10°°C™" to 73.15x10°C"', water absorption increases from 2.59% to 3.57%, and the dielectric loss
factor (D;) at 10 GHz increases from 0.009 5 to 0.015 8. In addition, PI-10/HP7200 significantly enhances the 90° peel
strength of the prepared FCCL, achieving a maximum increase of about 77% compared to PI-10 without sacrificing other
properties, reaching 2.12 N/mm.

Key words: thermoplastic polyimide; active ester; epoxy modification; high adhesion; low dielectric property; flexible

copper clad laminates (FCCL)
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Fig.1 FTIR spectra of the obtained PI
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Table 1 Organic solubility test results of the

obtained PI resins

sl NMP DMAc CHA DOX TCM THF
G A/C)  (202) (164)  (155)  (101) 66)  (61)

PI-10 ++ ++ + + ++ +

PI-0 ++ ++ + ++ ++ +

VE 7 R SR T AT+ 305 80°C AT I s+ 80°C B
SR

(TCMD) , HI #F FE AT & A S T34 i (CHA) . —
AN (DOX) MU S MR (THE) 5 HE =R T
BN ] ¥ T DOX , 7£ CHA Al THF H U] [5] 4 75 5 i 44
A BBV MR o H AT RN R PN IR 75 1 D0 1) A
PEA VLA R BA RIS R .

BT PR 7 1 5 2 5 1A G Rl 5 1 A O it 1 [
R, it GPC X 13 PLIK 73 ¥ & AT 1l
SRR 2. INE20LLE W, IR PLIY M, M, I
M E 38, 43 AR AE 1.0x10°, 1.8x10° A1 2.5x10°
g/mol VA I, H 35 ) D, B #/NF 1.9, 33 2 SCik
(14140 IE 1) 254 PE BRI AT 1 PLAT L 4 7 B ) 2K

+z2 FTBPIRAEHI GPCIR LR
Table 2 GPC test results of the obtained PI resins

M, M, M,

/(x10° g/mol) /(x10° g/mol) /(x10° g/mol) by

PI-10 1.04 1.86 2.59 1.80
PI-0 1.55 2.26 2.82 1.46
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Fig.3 DSC curing curves of the three systems
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Fig.4 DSC curves of PI-10/HP7200 at different heating rates
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Table 3 The curing characteristic temperature of
PI-10/HP7200 at different heating rates

BI(°C/min) 5 10 15 20 0
7/°C 161.3 172.6 174.6 185.9 154.7
T/C 220.1 2275 233.9 250.0 208.9

T/ C 287.7 289.8 290.2 296.2 284.5

MR AH G 250, 4 3 ANRFAE IR FE (T, T, A0 T X
AN ) T U 3 2R A P T 15 B R AR IR B AR L B4R
WIE S Fin . A S TR 35 20 0 1 4y 5115 2
LR B s U R B U [ A R AN B A S5 A B R
JE MK UCN 154.7.208.9.284.5°C . 4 & SR 561,
[ A6 T2 75 EAE LA Al & 20°C 72 45, i PI-10/
HP7200 14 % 1) S b 5 A [ 403552 70 ) 2h 175225
305°C.

300F
=0.518x+284.5(R*=0.8379)
O 250f
) °
ﬁ«; 7=1.922x+208.9(R*=0.9500)
200F
T=1.5160+154.7(R*=0.9432)
150}
5 10 15 20
Fti 3 Z/(°C/min)

El5 TEFREFRET PI-10/HP7200 FIHHERE WA HL
Fig.5 Fitting lines of characteristic temperatures of
PI-10/HP7200 at different heating rates
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Fig.6  The relationship of -In(5/T,’) and Ing between 1 000/7,
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FE 3G L BE £, F1E,, 77 31 4 85.72 kJ/mol #1 89.52
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HP7200 [f 14 B 7E 916 cm™ Ak H 30 T B 5 f 34 400 0
AR U, (8] 4K, Ji5 I Ak P R A 06 i P A B I ) B AR o
LA A S5 2 S U 5 B 5 R FRAE 1500 om™! AR IR
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Fig.7 FTIR spectra of PI-10 and PI-10/HP7200 before and

after curing
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Fig.8 XRD spectra of PI-0, PI-10, and PI-10/HP7200
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Fig.9 DSC curves of PI-0, PI-10, and PI-10/HP7200

450°C

100

340°C ", )

O
S
T

)
PI-10/HP7200 *

[*]
S
T

R B I%
=

D
S
T

S50F

1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
HErPC

& 10 PI-0.PI-10 F1 HP7200/PI-10 A TGA ph%Zk
Fig.10 TGA curves of PI-0, PI-10, and PI-10/HP7200
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Fig.11 TMA curves of PI-0, PI-10, and PI-10/HP7200

%4 PI-0.PI-10 F1 HP7200/P1-10 B TGA iR &
Table 4 TGA results of PI-0, PI-10, and PI-10/HP7200

B T,/C T,/ C Ryo/%
PI-0 509.5 523.1 49.75
PI-10 496.9 510.7 52.63
PI-10/HP7200 451.8 503.7 50.30

H#, H A PI-10 1 5% #4 K il FE (T, 8 496.9°C
10% #4R B B (T,) 8 510.7°C , ¥ 8] 8% T PI-0
[ T,s(509.5°COMIT,,(523.1°C) ,iX 5 BAPT 4 ¥4
() e B8 A o R IR B BROAIR A kM. [F] I, PI-10/
HP7200 [ 1620 I 75 340°C 2 /i 36 PH & i 4k &, H
T M1 Ty 53 39 9 451.8°C H1503.7°C , 3 b oK 2% PI-
1011, 1X 5 HP7200 H B [ — 0 45 14 vh & A #u ki
SE 1 S22 I RR T R 45/ A 5% . i T AR A 58 1) PI-
10 B¢ PI-10/HP7200 3= %2 F T i/ FPC 2 b4, H g
SE M I 32 B R T R e R R BN A O R
TR B 8 (— B 288 CH & m S E Bk . L B
SEILTT RN, W 38 B B AR e

Bl 11 8 TMA I 45 3 57, A 7 B8 25 19 PI-0
1E 50~150°C [ 26 14 # Ik R 2 (CTE)E N 77.13%
10°°C", PI-10 7£ It 3 & 96 B A 1 CTE {H B =
66.20x10°°C™", ixX 32 EIE MW R L 1 5] A8 00 1
L0 7% W) 1R AE ELAE BT R 1) T AR AT N
i PI-10/HP7200 7 5 ¥ CTE {8 4 73.75x10°°C™", %%
AREPER PI-10 A — & PR (HEL PI-O B ik ERAA
HP7200 514 PI-10 23 {8 F 1 B A2 BRI 25 25 44 , 5 [
HP7200 JIig i 1 45 ¥ 5 51N, %o RS A& e 1 1 6 T
sZME R R Gtk 3 AP 1) CTE (E JH % A i
H #78 TPI ) CTE 3 il (50%x10°~100x10°°C™") , iX
NG SAE FCCL H 1) R $R 4 7 SEmb R B

I8 3 i A 56 0 K 5 A PT L% PI-10/HP7200 ¥
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Fig.12  Stress-strain curves of PI-0, PI-10, and PI-10/HP7200

%5 PI-0.PI-10 71 PI-10/HP7200 B 7 M REMIX 45 R
Table 5 Mechanical properties test results of
PI-0, PI-10, and PI-10/HP7200

REW FLAHSRE/MPa SRPERTE/GPa WK A /%
PI-0 78.76+9.14 2.54+0.24 5.19+0.43
PI-10 97.37+1.68 2.16+0.13 7.7140.04
PI-10/HP7200  102.25+4.77 2.20+0.22 7.59+0.34

2.6 PIRIUM PISERERIIR K MEAD A BB 1 BE
PI/E N FPC i #4 FH 2 25 HE ), JLWR /K PR R Ay
H PR RE T S I P SR PP A R R G E L. R PI
J% PI-10/HP7200 5 (1) W 7K 28 LA K 73 7l #E 3 GHz.
10 GHz 5 Z T i) DA DA S Ry TR 6. HEK6
AT, BAPT 86 AR PEFE 2 10 5] N, i PI-10 R H
HH AR T 55 1 oy HE B S A8, AT T T AR A
IKE AN 2.59% . A5 PRI AR 14 il 25 5 A A X 350K 1)
18 M %8, % PI-10 7€ 10 GHz N () D, 18 #H %F ¢ &
(3.10). [AKF, BT BAPT ¥ o0 & & & /> 815 PI-10
HARERB S, FEH DA GHz
0.009 5, Ff oK 11 22 BOm i PLIRKEAR . IE 41, HP7 200
XF PI-10 () e P AR 1 G B A4 3 15 1) DB S 45l a2
7 10 GHz T D B % 2.83 52 H DA W] B4 1,

4110 GHz R340 T 66.3%, 355/ 0.015 8. X 7] fig /&
Hi T PI-10 H Fig 5 ) & BB O & 0 24
4.8%) , .5 HP7200 S J82 4 e B AT — 58 S Ik 3 JEE 114
W 2% S5 KA TR, EBUAR S O K 0 7 4 . XA
2R W 24 45 44 L S HP7200 (19 1 177 1k 25 46 46 R T
Bt AR A R B AR U AL 2 (EAN R T R 1) i Al 5~ 72 52
AR HL Y P IE Bl TS D, FEARAE DA

%6 PI-0,PI-10 1 PI-10/HP7200 B IR 7k Z2 0

TR M REMIIN S
Table 6 Test results of absorption rates and dielectric
properties of PI-0, PI-10, and PI-10/HP7200

54 WK % Dy D,
/% 3GHz 10GHz 3 GHz 10 GHz
PI-0 347 3.06 3.04 0.007 5 0.008 3
PI-10 2.59 3.06 3.10 0.009 5 0.009 5

PI-10/HP7200 3.57 3.00 2.83 0.018 5 0.0158

2.7 FCCLHBYMRED T

FEF DL _E W R PLAT PI-10/HP7200 () & 35 4 B
B 5T 45 5L, it — 25 0P AN [R5 & HP7200(0~10.0 17
U P #5110 45 (1) XU FCCL RE 1 90 ° 34 5 52 &7
F1288°C i 7 A7 1 AT A, BAR S a0k 7 iR
FH %% 7 A 1, PI-0 1] % 1] FCCL ¥ 90° PS {5 4 1.45
N/mm, ‘& 2 15 T PI-10 #l % ) FCCL ) 90° PS {&
(1.20 N/mm) . £33 HP7200 2t 4L ¥ 5 , i 45 FC-
CL [P 30 31 B8 1 Re 15 2 2 2 52 T, 5 7 /& 7£ HP7200
&AL 7.5 6y F)15 5L T , FCCL 1) 90° PS {8 ¥ i
it 2.00 N/mm. 2R, 24 HP7200 F & 4 2: 44 42 10.0
#rI5F, H PI-0 B3 FCCL 1) 90° PS A H L 2 & T %,
1M PI-10 fT 5 FCCL ] 90° PS {E F & i 5 /0, U3 £
FELE 1.93 N/mm [ 7K.

®7 TEMEHP7200 214 PIFT{S FCCL BRI B3R B AN
i S AR M I 4 3R
Table 7 Test results of peel strength and float welding
resistance of FCCL obtained by different dosages of
HP7200 modified PI

HP7200/4} 0 25 50 75 100
90°PS/(N/mm) 145 211 224 236 146
288 Ciif v /& PE(10s) OK  OK NO NO NO
90°PS/(N/mm) 120 202 212 206 193
288 Cif VIR PE(10s) OK  OK OK OK NO

A [A] FH # HP7200 24 14 PI-0 #1453 i) FCCL it i
SR R R % 2B HPT7200 24Pk PI-10 #1458 1) FC-
CL, Hf 3 7£ HP7200 FH =4 /> (0~2.5 i3 ) i) X FCCL
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