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Improvement in Insulating Property of Polypropylene Film Based on Polar Molecule Doping

and Structural Design
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(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Polypropylene (PP) film has the advantages of high breakdown field strength and low dielectric loss, which is the
most widely used dielectric material in metallized film capacitors. In order to improve the insulation performance of poly-
propylene film under high temperature and strong field, terephthalaldehyde and parylene were selected as additives to prepare
three kinds of composite film samples. The conductivity, breakdown field strength and energy storage density at different
temperatures were tested. The results showed that the composite film with 0.02% terephthalaldehyde and 0.02% parylene
doping in each functional layer exhibited the best performance. The conductivity decreased by 95.3%~98.6%, the breakdown
field strength increased by 26.7%~32.1% and the energy storage density increased by 86.9%~89.4%. Based on the density
functional theory, the electrostatic potential distribution and band gap of polar molecules were calculated. The results showed
that the additives concentrated on both sides of the film could cause the charge trapping effect, promote the generation of re-

verse electric field at the interface, thus improving the insulation performance of the polypropylene film. The research results

will provide a reference for the interface modification and the selection of polar molecule.

Key words: polypropylene film; terephthalaldehyde; parylene; composite film; charge trapping effect

0 35

BN RAISREAN . BRI em
R, fEm R H A il 2 oC B BRI,
E VK (polypropylene, PP)LLH.thZF i mmim. A
FL AR A R 35 1o 46 i A Tl B P 25 2 v 7 P e
Tz A A RIAS), SR, Bl e i F A S5 4

EERMmE: ERERRSIS(92266111; 52177023; U1966203).
Project supported by National Natural Science Foundation of China
(92266111, 52177023, U1966203).

ISR T LA B RIS 24K, R B F 2
SIEAT TOUR M 7O N ESR, TS
I P 0 SR T i R BUR IR I VR RE T R, K
RYEHE T e B AT A 3 RGO a6 7). PRI,
TR FC i 537 SR R I Ve PR 246 2 R S LB
FIRR BN AZIERENISETT %, RitmE
JoE A T A P 7 s A 7 i 5 T SRR K O

HL AR 5 R T P H AT T 3 A B T O T
GRMIEEEAAN®, BUAT R, 2T



4562 i LR AR

2024, 50(10)

T FEE R I 80 “C I, S TR e Ve HBE Ay 38 %) A Bl 2 W A
2T WA e 4 i Yl 1 =2 i e AN T R =/
SRIIAEL N 2GR TR RE R, A RE T iRk
P Bl 5 Y [ () S T 34 22 000 SR I FH e 1t K 40
TR, R EAERRN, ZmheEE
TS G S KR N, MR BCR R R
fEFNPERBIR AL, R R SR I B S P2 KA
I A R ARFE ) 4y, HoRE R AR T 2UFE
. AHICHEFLR émam?xocﬁ ZA TN MIR
LI SURIIG R, SR DA e Ve S A 8 (] FR AT A A T
B2, SRR A T SR IR FE AT A% 3 (1) 3
oA = A R E R E R, SRS B IGERE S
BN T . miRM R SERFTBITAZ
B) PRI AE ELAR A T OB EE PR, (R e i 46 25
PERERE— P N RIS, 5 5 Al L R B A VPN A
BETSEVER B EARbR, A5 E RS TR SRR
o125 C B BN M B & g 3 5 AT B AR
20%~30%, HLFFAHIN 1~2 NMER, X5 H AT
g PR IR, R, PREIERFEAN K
TR m A A M RE A 20T V2

HAT, &S mimims SN2 G
PTG R . o, YRR B A AT
B iRz 0, BHFREHB A 0.5%
YA S AL EEATE i 1 5 2 2 588 LU A1 SR P I S I 1 27%
FEAUT, SR, FERICK 2R 5 FE 1 FL 25 2 g oK
WURLZ B2, R ) T RO AR B TIOR8 1)
B, A— MR E SRS 7 0. B
I, R KR 5 2% 2t T HL 2 4 P 58 A A AT
MG A RHAR S T 2R, A, AR N
S OO SR A T — PR . A AR NS
MLy F, AL S M P fRIE B I S P . B
RIS TN I U TR AR TR R B e ik e I RN
386.4 kV/mm 1N 551.2 kV/mml!8l, 4Ry, 5]
B RN F AN 0] 38 o 5 BOR A #6431 BE 10 Wi
24, WIS SR TR 1) Jir A 225 A0 3 AN T 30 2 PR 4547

G AR SRR, T — Rl A
P o e JZ AR IR ANV AT DA R AR I 1 1
TRAT AT m 4t e, 1B 0] LS & 2 P kL
HIAR s T REARF IR O-200, SR,  H AT R A R
SR ITE TS TE S, ML T Bt
T 5 3 T TR VA A 6 5 M R 1) 2 T U7 92 ik i it
Foo [FIT, SRR AR I O 7 V0 90 4 AR A 2 W
MBS b, PSS MM 2 TR o0 R A

TERE, ARISIEE I R IR PR AT A J AR AL
HATA R Y,

AR HE T e IS VR P R T — o o R R
J\ER R 2R RSB K B AR A M 11
USRI 5 7R ) T P 8 25 1k e R e e . S5 IR
B, 524 0.02%% BKIE . 0.02% )\ 5 — F 28 — B4k
MR A HRVER R e, IEAh, FET % Rt
ST T RS Z MR I, A
TE RS 00 (0 R N AT 51 & Ha A Al SR AN, (2 ik e
A2 TS JEE LT Ak S 1) FL 37 (RO TS i, 1) 7 THD R i 9
No ARNE G RAE TR B, I
SO S5 84 5 2 W B 22 S 5 A 96 REAT TIRAN
PRI, DRy ol 0 5 VA s R 1) B T B L BT i 15 50
A

1 SWERESHE

L1 RS

X TR T A R A b e A 0 R A o 4 2 11 — P
o7, GeEA Mgt T . Dy Tt
— PR T A S A BN R A TR, ARk
7 2 FhTEREE, 43N 2, 5-T AL, 4R
— HJ#% (ditetraalkoxy terephthalaldehyde, TPO4)#1 2,
5- A SE-1, 4-%F 2K . H ¥ (dioctaalkoxy tereph-
thalaldehyde, TPOS). SXJEKEEAIE, J\HXT —H
2K — 4K (octafluoro-[2,2]paracyclophane), PF) ] 7K
W A RERRIE T, oMy i 7
Rl =BG Loy v 2an & 1 fros. AR
il 2% AT R A B AR T2

1) 2B F /KRNI K £ B 5% 5 TR M J ks A
SRR R, 5 min JETECEAE 50 CHY B HA
oW, DAFERR R T 2% BN TR ) 2% R 52

2) /[%ﬂﬁhﬂﬂ']ﬁﬁ/mfhﬁﬂﬁ 190 C, fFid
JEAEE JE AT SR RORL I I #4546 5 min,

o / OC,H,

C4H90
TPO4(C,H,,0,)

OC,H,; "';
O/

chno PF(C,H,Fy)
TPOB(C,,Hy,0,)
B R R 4

Fig.1 Chemical structure and molecular formula of

all additives



MoOBE, KSR, A TR B ARG BT K RS R SRR T T 4563

SR BB TR RS B A R A R RL

3) il BB BRI . R
PG S A RS BN SR B DU S1TR G, TR
I B2 10 mine AHSCHI 7038 BHAH S8 Fe Bk 2 [a] R EE e
VIFREE BN 9.16~19.74 nm B, FEL 2% 88 E (1K) )
PERESEFA2, M FRIB RS EWE N 0.02%,
X L PR T AN AH AT R B2 1) ) B O ) 3R RO
13.70~15.33 nm, f£ ERJEHEA . FEH TPO4 Fl
TPOS 1 S5 &R T 200 'C, PF I A= T 200 °C,
IR IR S E R Bk . Saimid i A
ERIZRAS T 4398 TPOS A& PF (BRI 15 4450k .

4) ¥ B0 2 AUBIR 3 53 RERE T HUE &
ML, IR E A 190 °C, HEEEin#A 10 min, f#
R 7R AL, B KRN 20 MPa, 5 min J5 A
5 °C/min IEEEKE 110 'C, ARANEFRE
IR, RS E N 20 pm.

5) N4 45 Fk i RN 4 5 Y M L AE 190 °C
20 MPa 14 R &G HAE 5 min, HES T UnE 2
i, WETEFEEIR 4. SRR ATRIZE 1T
e R, T AR AR, B E
T TPO4 ML Z B4 I PP 35 PP2 AT XTLL.
[F, A TR Z Z S AT G RN R ES
SERAR AR A F R RE R, X 4 2 5R A M T
BN Hr 44 9 PP5.

1.2 EREEMFRIE

MBI EE T PP1—PP4 [ Wk i &
Pio MEI3 HRTLUE H, 525 4 W A R A T T
Fek, REWRMRENR. e REHMN
PEM B T A R TE B 1 [RIPESE A, F )
TR E R R VG T 5 R WA B A RIS
Yo [RIN, 2AEREII LIS R MR L 2
SR, TheeJE IR DL R E 2 H A A A Pk
H T E5RWNEGZ M Z M, TPO4, TPOS LK PF
HORT LA S R SR I T . eAh, BA
B %% B B R ST, A L) JR 4 o A
20 pm, B RART 2 AN 1] 5 2 015 B0 R B
PR % R F BT RIS, AR A
BANRA . DAT RS A MG % I F v % 2 R Y
BT R T PRI RIHE % B DhRe 2+
IR BEEE N, S RIS LA R
W TREMSE M, X FECT & E W EE R AR,
PERNT A R T A SR I A TR 25 1 Rl P VRS
il TEAR, 13 HER 502 W B AT B 1 )&

A TPO4THE iR

& TPOSH i 44 TPOSH fi5

K2 REEPRERHIAETZ

Fig.2 Hot-press process of composite film samples
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Table 1 Samples with different mixing ratios and layers
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PPO 0 0 0 1
PP1 0.02 0 0 1
PP2 0.02 0 0 4
PP3 0 0.02 0 4
PP4 0 0.02 0.02 4
PP5 0 0 0 4
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Fig.3 Transverse section morphology of modified samples
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Table 2 The f value of samples at different temperature
Bt i
30 °C 85°C 125°C
PPO 11.46 10.83 9.46
PP1 11.11 10.58 9.01
PP2 11.01 10.60 9.09
PP3 11.58 10.81 9.50
PP4-F 11.16 10.47 9.16
PP4-R 11.20 10.65 9.28
PP5 11.69 10.95 9.55
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Fig.6 Discharge energy density and charge-discharge effi-

ciency of the testing samples at different temperatures
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Table 3 The K value of samples at different temperature

kY K,IE
i
30C 85T 125 °C
PPO 1.74 1.89 248
PP1 1.42 1.57 1.78
PP2 1.22 1.33 1.54
PP3 1.18 1.24 1.33
PP4-F 1.05 1.20 1.28
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