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Preparation and properties of soluble thermoplastic polyimide films

HE Juan', NIU Xiang', CHEN Wengiu'*®, FAN Hepin'*’
(1. Hubei Chemistry Research Institute, Jianghan University, Wuhan 430056, China;

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

Abstract: In order to improve the solution processability of traditional thermoplastic polyimide (TPI) and enhance its
adhesion and heat resistance, several soluble thermoplastic polyimide (TPI) resins were prepared from different commercial
dianhydride monomers and self-made diamine monomers with pyridine and diphenyl ether structures and active phenol side
groups or benzene side group in the main chain through the two-step method. And then the corresponding TPI films and
flexible copper clad laminates (FCCLs) were prepared. The properties of TPI resins were analyzed by solubility test and gel
permeation chromatography (GPC). The structure, water absorption, mechanical properties, and dielectric properties of TPI
films were tested, and the related properties of the FCCLs were also tested. The results show that all the TPI resins can
dissolve in strong polar organic solvents such as NMP, and the glass transition temperature (7,) and 5% thermal weight loss
temperature (7, of the corresponding films are in the range of 236.8-325.6'C and 508.7-553.7°C, respectively, and the
residue rate at 800°C (R,,,) is higher than 64%. The coefficient of thermal expansion (CTE), tensile strength, elongation at
break, and water absorption is in the range of 56.36x10°-78.30x10°°C", 64.93-109.18 MPa, 9.09%—24.60%, and 0.74%
-3.75%, respectively. The dielectric constant and dielectric loss of TPI-4 with better comprehensive properties are also lower
than that of other samples, and the peeling strength of the corresponding FCCL reaches 0.95 N/mm, but it can only pass the
floating welding test at 288°C for 10 seconds. In addition, the polar phenol side group in TPI-4 not only ensures its organic
solubility, but also significantly enhances its heat resistance and mechanical strength, and also reduce its CTE. The existence
of reactive phenol side groups provides great convenience for the subsequent chemical modification of TPI. By adding a
small amount of cyanate ester resin (CEO1) to modify the TPI, the peel strength and the floating welding resistance of the

responding FCCLs can be obviously improved.
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Table 1 Organic solubility of TPI

WM NMP DMF DMAC DMSO m-Cresol CHCl, THF TL

TPI-1  + +- +- +- - - -
TPI-2 + + + + += - - -
TPI-3  + + + + +- - - -
TPI-4 ++ + + + + += - -
TPI-5 ++ + + + + += +—= -

E " ROR IR AN A RIR AR 80 CH I R
IR INFAEE BOCHB I3 VMl + “—" R AR A 8O C AN
TPI-5 47 7 GPC I, 45 RwnsR 2 s . K2 7]
DL H, PAA-1~PAA-5 U35 0 78 (M) VB 4%
FEW) 2% 5 T8 W) Moy T &5 ARH
(PDD ¥ AHIT , 3X 42 B T B A A 1) — i B Ak Ak &6
P AH R B S A0k, H BT 6 A B = & B2 &< BPDA . BT-
DA .ODPA .BPADA 4} F & VEtHAHIT o 16 A 3 ik 6
bt & & B, TPI-4 F1 TPI-5 1 M, M, M, F1 PDI ¥ Lt
X7 ) PAA-4 FI PAA-5 5, 3% £ 2 H T PAA
A KB AR 1 2 5 B Jie B, AT A L 5 iR Bl AH
W0 2 [BAEAE— 5 A BAE ), S 4845 PAA
BRI 45 SR s o AR 48 AH R 2 56, TPL 4 1 & AE 10°
g/mol 2 Al IS 5t AT LAAS B 2% G 1 B B4 R
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Table 2 GPC test results of PAA and TPI

WEE M /(x10%g/mol) M, /(x10*g/mol) M /(x10*g/mol) PDI

PAA-1 1.65 2.60 3.51 1.39
PAA-2 1.19 2.40 4.03 2.02
PAA-3 1.94 3.45 5.27 1.77
PAA-4 1.69 2.88 4.46 1.71
PAA-5 1.56 2.56 4.18 1.64
TPI-4 4.74 10.25 15.84 2.16
TPI-5 3.27 7.55 12.59 231
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Fig.2 FT-IR spectra of TPI films
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Table 3 Calculation results of aggregated structure of

TPI films
AvEs 20/(°) d/nm
TPI-1 19.26 0.46
TPI-2 17.88 0.50
TPI-3 19.79 0.45
TPI-4 19.38 0.46
TPI-5 18.17 0.49
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Fig.5 TGA curves of resultingTPI films
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Table 4 Thermal properties and dimensional stability test

results of TPI films
kR Tg(TMA) T, Ty, Ry LOI CTE
/'C /C /C 1% /%  /(x10°°C™)

TPI-1 315.1 553.7  586.0  69.21 45.18 62.03
TPI-2 301.4 542.6 5727 6821 44.78 61.03
TPI-3 282.6 5444 5744  68.63 4495 57.71
TPI-4  255.1 508.7  529.8 6442  43.27 56.36
TPI-5 232.3 521.8 538.7 6640  44.06 78.30

A, H2 4E Van Krevelen J7 F20%, 5 & 17 5
TPI (AR BR A Fe 20 (LOD) , 45 R WK 4. K 47 LL
F . 5 Bl TP IR (K LOY 350 4 43.27%~45.18%, it
i T HERA AL RL LOL (1) R R (27%) , 2 B BT 1] 4% 1) 5
it TP 6235 9 | BELARA -«
2.5 TPLIEEMRTREM

K TMA W T 5 R TPT 8 () R ~F #ae vk
DA TAH, 45 SR an i 6 Frow , AR EE Wk 4. MR
47T LU Y B TMA 300 58 F 5 7 TP B ) 7, 25
R WA TR K AT DSC IR S5 SR (Bl 4 248D, iX
A MRR T IR A R BT i ) . [FIIS, 5 Fl TP iR AR
100~200°C ¥ CTE 4 56.36x10°~78.30x10°C", ¥
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Fig.6 TMA curves of TPI films
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Fig.7 Typical stress-strain curves of resulting TPI films
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Table 5 Test results of mechanical properties of TPI films

W SR/ MPa BAPERERL/GPa BARHCER/%
TPI-1 104.39+1.90 2.09+0.10 9.09+0.15
TPI-2 109.18+7.16 2.24+0.16 10.32+0.86
TPI-3 93.03+0.79 2.04+0.02 10.010.30
TPI-4 72.94+4.09 1.6240.09 10.10+1.21
TPI-5 64.93+6.88 1.5240.01 24.60+11.27

453 155 B Z2 1 B TPI-1~TPI-3 ¥ 4F , 4 14 a)
HUH 2 18] 98 56 51 5%, SO WOK AT Bk T
TPI-5 1 5 Ay i 7K A9 2R 35 , i U /K 6 B 32 4 45 4
AH F ) TPI-4 AR .

F6 TPUERRA BB REMIRA MK AR
Table 6 Test results of dielectric properties and

water absorption of TPI films

Dy Dy

b KR %

3GHz 10 GHz 3 GHz 10 GHz
TPI-1 2.36 — — — —
TPI-2 3.75 — — — —
TPI-3 2.44 — — — —
TPI-4 1.39 3.44 3.37 0.022 5 0.0212
TPI-5 0.74 3.35 3.26 0.0111 0.0109

HBE— 25 R T WK A X 8 /N [ TPI-4 A1 TPI-5
£ 3 GHz A1 10 GHz N [/ H8 % H (D) A i 45 FE
(D), &5 W FFFRed. ME6LLEH, £ H
R 5G 3B AT 235 (3~5 GH2) (1) F R (3 GH2) I,
TPI-4 F1 TPI-5 ¥ 5 (1) D, 53 7 4 3.44 F13.35, D, 43 )
790.022 5 F10.011 15 1M 7£ 5 & Y 10 GHz &, TPI-4
A1 TPI-5 ¥ 55 1¥1 D, 43 7] 4 3.37 A1 3.26, D, 53 5l
0.021 2 #10.010 9. X E &I, [A) Fh TP v 5 1) D,
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DBl AT RN — 5 B2 B I B AR, [R5 TPI-4
DRI R ) 56 B B 1 ¥2 B A7 A, £ D AT D35 LG 32
A [ AE A S 5 AN 5 1 2 A1 1 TPI-5 W 7 o
2.8 FCCLHUME&E

HR 48 SCHR (2317 %0, il 6 )R FCCL A TPLI 7,
ANRERAK (<200°C) , AN AR K 51 (>300°C ), B b 76
200~260°C . H L A] %0, H BPADA F1 - Ji& 544 ]
#I¥] TPI-4 . TPI-5 3§ /& ML EEK, FOBUIRW T8 7 T &
T A I o 9 sl B P PTRE IR R B R . T
W K AT RV T 53 ) U 7 AE A D P | I
T, SR 5 W U o T U 5 9 J 8 v T A 73 20 A
I FCCL#F it o MBS FCCL 1 1 55 58 B2 (PS)
H1288°C 5300 °C FrI N 35 45 11 CIN XN 18] 29 10 ), 45
RwE 7w, IWNFETHLLE 1, TPI-4 M1 TPI-5 it
il 43 FCCL ¥ & 9 PS 43 % A 0.95 N/mm £l 1.09
N/mm, 333 /& FCCL 17 Mk AH 5% 4% #E (GB/T 13556—
2017.1PC 4204A:2011) [ 3R (0.7 N/mm) . [7] i}
FH T 3R 5 5 1A A ] P P R 4 9 2 1T A R
Ui B LA 1 32 B A O e B R R Tk DL R B R
P 0] 255 1) TPT 38 AR D IR 36 711 J2 , ok 4 &) 1 P i fi
BUA S B R IORG R R . BAR i
T 288°C (1 i v K AR, (E 7 B I O e A R
2, 41 300°C M V7R YA itk — b i .

&7 FCCL R B8 E MM 2R EMIXE R
Table 7 Test results of peeling strength and floating

welding resistance of FCCL
T 37 AR A K

WAE CEOLMIA#E/fr  PS/(N/mm)
288°C 300°C
TPI-4 0 0.95 BN i viibes
TPI-5 0 1.09 biibu Ziviibes
TPI-4-C1 1 1.09 biibus piiibus
TPI-4-C3 3 1.11 piikus piius
TPI-4-C5 5 1.08 biiibes Al
B A O M T FR 2 ) TPI-4 B RE L 2 — 25 m A

b5 R XU A TR SRR TR AR JIE (CEO0 1) i AT 2L 7R i
Il £ A B FCCL, 43 ) MR e AT 1) PS A i 7
JRPE, SRR 7. R T LLE %) T4l TPI-4,
BN 1~5 43 5 CE01 &t J& » % % FCCL f#) PS %6 1%
38 K 2 111 N/mm J5 X9k /> ) 1.08 N/mm, 7£
CEO1 II &N 3 i PSik B i KAE . th4h, IIA 1
#3034 CEO1 B¢ Y FCCL £E 300°C F i I 45k
B33, AN 545 CEO1 B i) FCCL /5 A R i

i 300°C i 7 0 P I A . kR BE 51N D Y
CEO1 #3F 47 3y o o4 vT DA [H] B 24 3% TPI -5 #4[&] 4 PI
VLI A 9 )R 2 AR T A 1

3 &g

(DK R PP D & 7 — R0 E 5%
B WL WE R 2R Tk 45 ) DA R i P R My ) i R ) ik
() TP A iR , I B b i) 45 tH TP 3 i S AH B [ FC-
CL.

(2)5 F TPIR i 76 & B T e e in T
NMP A, HEATHI 4> T & 1E 10* g/mol 2% 5l , 1 /&
T VR R R P I TSR

(3)FTIR Ml XRD 43 I E 3L 1 AT 5 TP i R 1k
aE R RS . R 3d i A B BT
A TPI ¥ [ 35 B BT (0 i 24 1% (T, 35 75 263.4~
325.6°C) . #hF& e (T, 75 508.7~553.7°C , Ry Y21 1501
T 64%) F1 R ~F #a 52 M (CTE {H 7F 56.36x10°~
78.30x10°°C™) , LA Az BB PO ATL Ak i 52 AR 90 1 (R A
9 S 7E 64.93~109.18 MPa, I 24 {1 K K 7 9.09% ~
24.60%) o AN, A AH X BK W K 22 1) TPI-4 1
TPI-5 f) A FLH O A Joi 14 R 5t AR G 341G, — 3
Xf B FCCL f1 PS 4371 24 0.95 N/mm A1 1.09 N/mm, {H
BIAR AL 300°C R AR PR I

(4 1E 2 A 1% 1 2K 1 ) 2k (1) TPI-4 0N 3 4
CEO1 M g%t Feadb A7 1t — 5 2V J5 , % FCCL 1) PS
1K #) 1.1 N/mm, H 78 300°C [ 75 45 P 45 21
BN

(531t 5 3= B 45 04 A [RE ) 2 D 2K B 1) TPI-5
T A 6T L R TR 5 R AR 11 248 1 (0 25 %of 4
TPI 58 (1) 5 AL fife M B AIK CTE {A BA K 32 =y i 4
PE U 8 B2 FIORG H2 98 B2 S5 R R B 2
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