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ABSTRACT: At high temperatures and strong electric fields,
the excitation and transfer rates of electrons in dielectrics
accelerate, leading to a sharp increase in conduction losses,
which severely affects the energy storage performance and
application of dielectrics. This study utilizes 2,4,6 —
triaminopyrimidine (TAP) as a cross-linking agent to prepare
cross-linked polyimide (PI/TATP) composite films. Through
performance testing and simulation, the research investigates
the impact of the cross-linked effect on the electron migration
and energy storage performance of the composite films.
Research results indicate that the cross-linked network
structure can reduce the free volume between molecular chains
and inhibit the transport of charge carriers. The introduction of
a wide bandgap TAP crosslinking agent establishes an
additional energy barrier between the PI (polyimide) and TAP,
which suppresses electron transitions and effectively reduces
the conduction loss in the dielectric film. When the content of
the cross-linking agent is 1%, the energy density of the
PI/TATP composite dielectric reaches 4.41 J/cm® at 150°C and
578 MV/m, while the charge-discharge efficiency remains
above 90%, representing a 79.3% improvement over the
original Pl film. This research provides theoretical and
technical references for the development of high- performance
capacitors.

KEY WORDS: polyimide; cross-linked effect; free volume;
bandgap width; energy storage performance
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L, g fun, W 4 58 P9 G (biaxially oriented
polypropylene, BOPP)f 1) =y { 1% J% <105°C ,
KHE IR E<85C, MR E =4 85°CH, BOPP
AL SRR G0, (R CE RCR A e 25
SURIRRE, iR EE 100°CH, BOPP Hf ;%
W R R MR R R 300610 Rk, A R A RE
%5 W 1ER RGN m T RE A AR R R, B
RN EiR mAER R RSV A AR AR

R i (polyimide, P12 3= 8% vh & A Bk IV %
S —ME TR, ZRIR S L PR 2 1] () A
AR BA R #deoe t, KEMEARE ]
15 200°C, [ARy, HEARGFMESLSEMERE. Ml
WPERE .t iR . WA vERE . MiAE e MRS
AL A — SR E Y o] B A T S iR Re
LA AR, R, e g M AR PI B
AR E N, AR RSN RIFE,
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B ARG L 2 PR R A FEASUR R F 7, [RIE A Bk
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B, Y RHREC,
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Fig. 1 Schematic diagram of the PI/TATP structure
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IEEIREE A 1:1.02, 56, ¥ —E =1 TFMB A
FHE R DMAC AR IS, B2 THL
PR P B L e VMR, £F TFMB 58 ¥ fd )G /it
A 6FDA, [fi# 6FDA MIAWTEE, HERIHN DT
IR NS B IS, FFrEitt 8h, 193
A — 8 3 FE 132 1A 28 BE 2 2 (polyamic acid, PAA)
JE . s — € &N TAP I PAA R, fEEZ
S N R E /D 240, 193] PAAITAP IR .

FF 2 PAAITAP R FAE R RS |, R
FUR RS TIH 35 21 PRl AR BB AR b, 4B IR
WBEEBORE T-HFEh, @k P S e iR
FE AT B A AL B, A RV K [l A g e i .
WEALAL RS I8N 60°C RARIR 2h, 150°C R AR
1h, 200°C F4##R 1h, 250°C FA##E 1h, 300CF
PRI 1h BL K 350°C RARIR 1 h, FHEEE 2 5°C/min,
BEEETHRAE S, B M NI R R, 7R
60°C T4, DAEBRIREE K . SR P71

# 0%. 1%. 3%. 53T B & ¥ SR IR I i
M, 4> Aldr 4o~ Pl. PIUTATP-1. PI/TATP-3. PI/
TATP-5,
1.2 RAEFERMEEENK

A SCAS v S FL B A R B TEATL(ZHD-400, b
HRRERHIA IR A =) R L TR AP B
99 Al 3mm IERHLER, 3o H T M RE AN R
PEREM o

K3 K A3 7 554408 (scanning - electron
microscope , SEM)(Hitachi Limited , SU8020) X
PUTATP S5t 5 ) W TR 35 E T R AE . R X 5t
25 fi7 4 {X (X-Ray diffraction, XRD)(Empyrean ,
Holland) 1 { B i 21 &b 5% 3% 4% (Fourier transform
infrared spectroscopy, FT-IR)(Equinox55, Germany)
XF PUTATP 3 SR R TS A5 A AT RAE . Forr,
XRD HFHiTu A 10°~90% FT-IR [ B A
N 400~4000cm™ . Kl A # E 4 M AX
(thermogravimetric analyzer, TGA)(Netzsch TG 209
F3 Tarsus, Germany)fE %S5 H T X PUTATP /it
WIS E R HEAT 20 M, IS A2 9 50~800°C .
Rl H 2 78 31 & # 4 (differential  scanning
calorimeter, DSC)(METTLER TOLEDO, DSC-1)
FERSSE N X PUTATP A J5 8 A B 3 Ak i AR IR
FEHHATIR, THEEZFA 5°C/min. KA TEA/ H
FEACIAA PUTATP A7 ot IR AE AN R I A e 3
A HL A FEBE AR B A OC &R, MR A A [ Oy
10°~10°Hz. KA1 FIRAL 24(CMTB000) T /i It
VRIS %) 7 TR B R iz e 5iR B2 HEAT SR AE . oA
PIUTATP 15t 46 2 Sk RETERE, A BRHLZR
& A% (PolykTechnologies) f FEL I HeL A5 e 3
PUTATP A5 e FEIR 25 B M B s A
B Jou s 1) B o R R AT I AT, T R R
N 200 V/s; F FHER BB (PK-HVP20) A
Jo TR B R o ke A iR A P AR E
1.3 EitE

K H Gaussian09W 2 7 143547 %5 B2z ok FH 12
(density functional theory, DFT)it#%, 7 b3LYP/6-
311g /K-F EHEAT U OLAL, I £33 20 Hr g o4
BN R ME . FTA AR AL ER A AT AT X FR 2
o R RT AL 7 7 LIRS %
B e 4E 4 T (highest occupied molecular
orbital, HOMO) . 1Kk &5 4 73 1 HLi& (lowest
unoccupied molecular orbital , LUMO) . i i
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Fig. 2 XRD spectra of Pl and PI/TATP dielectric films
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Fig. 5 Cross-sectional SEM of Pl and PI/TATP films
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Fig. 6 TGA spectra of Pl and PI/TATP dielectric films
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Fig. 7 DSC spectra of Pl and PI/TATP dielectric films
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Fig. 9 Leakage current density charts of
Pl and PI/TATP dielectric films
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