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Preparation and Dielectric/Energy Storage Characteristics of
Surface Modified Polypropylene Film
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Electrical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: In order to improve the capacitance and energy density of polypropylene film, the mixed slurry of high
dielectric constant nanoparticles and acrylate binder was used to modify the surface of polypropylene film. By
comparing with the properties of polypropylene film before modification, the effects of base film stretching
technology, surface modification temperature, and high dielectric nanoparticles size on the properties of the
modified polypropylene film were discussed. The results show that after modification, the dielectric constant of
polypropylene film increases from 2.20 to 2.89 at 1 kHz, and the energy storage density increases from 2.56
J/em?® to 3.29 J/em?® under 500 kV/mm of electric field, which increases by 28.5%. At the same time, the modified
polypropylene film maintains stable dielectric properties in the range of 20-120°C, and the variation range of
dielectric constant is less than 6.9% under 1 kHz. The solution method used to modify polypropylene film in this
study is simple and easy, and is feasible for large-scale preparation, which has a certain reference value for the
large-scale preparation of dielectric materials with high energy storage density.

Key words: polypropylene; film capacitor; surface modification; high energy storage density; industrial scale

5l
FLBE AL B A T8 v (A 5 I % SR A R A AT

=
=

WHge S N B RIS T A

ks HER:2021-07-14

&= HH#A:2021-08-12

A A s T R ERE AT ERNEM. BT
RE A9 A2 7 55 46 P 2 ROV 5 J ), T+ RE i A 28 LI

58 WAL S il e A R Q& it SR O A AR

HEEWH o MAa R A S A H (5500-202058455A-0-
0-00)
TEE A - YL (1993-), 53 (U i Py N il 2, 2 A
i B SR A 2 TR SO BOBIE A 5 B AE AR A S R A (1969-) , )
CRU  BevE 1B TN, 0%, 2 2 ) 50 i R IR s M R 5 88151
W5t .

FH B, RS LA A% T T LR IR A e, AN
L R BT 2R e A CAN ] T Lt 78 T8 I 1 22
L), £E T A8 7 TR A + 2y R AL S, R i
g L A BT BFE AR T 32 37 98 v IS AT R St



50 ST A « SR S TR I R B ) 9% 5 A P/ Ak RE R R BT T

@Rt 2022,55(5)

S R TE L T RE TRV AR Bk FL R R 4 S A
BT Tz R, I AR BE A B Ae R L
HERE, MR AERNT I H R KT,
JES FE 7 % T LA 55 5 T Y B P 7 8 R R T A
HEL 2 2 T R 2, L o e R O 1) 7 e 58 TR 95 (BOPP)
VT 2505 4 T ) A5 0 1) R I L 2 s R LA AR
FRAS ARAAE B PR R A R T 4 T
Ko i 3A™ . AH I, 5 T4 0 T P 2 88 IR 1 g
A AR AR TR E
T ik v 2 8 8 0 2 i) P A PR 1) P AT A . PR
8 w5 SR TN 0 VS 1Y R A R, 0 T R PR A I
R 25 T Bl ek /)N 25 A (P AR, AT B A R AR 11
N 37 5, B3 AT UL 42 5 R 2k .

LI T ) 2% S 1 = 2 A R R AL
BAR, B2 v A R B T vk — MR TR ) 4 I
5 Z o1 g oK BURL DL A R AR I A B P e
Bt F R B ZS 10T 43 9 52 4 URLAR . — 4R 2R
TR ROIR AR RHRR I I 3 AL RS A P
BRI ERR BN 55D = T M R (I AR L B £
)14, ZHANG M S E0K = 6 4 TN 14 ik (EP-
DM {3 7 ER R BN (BT) (1) 4% 552 45 #4 40 K JB0REL I 3ok 15
Rl VR 2 o BB BT A A4S T L RRR 5.8
(1000 Hz IO RN IEGKE &M B CRNIEE
1000 Hz MM HZA 2.2 . B 7 W IEE-
REAILREMNE SR, RECRE T2 ER
L ZE R . WANG Y 25058 i Y5 R E V20 A
[/ BT & & 1 = 24K/ R i 4% (BT/PVDF) &
G G R = R AR A R, A RE
IEF] T 18.8 Jem®s Tl Ak H A Jo 8 S (1) 2E 7= 240 2R
FH A% Rl L i 8 O B A A T A 4, A L
TE ML L VR A4k D] 195 4 45 A 1 ) AN i 7K 52 R 38 B
Fiz A T o M DA B, R i i DA SE I Tk
AR FAE A 7=

Stof YR B R T 33 AT 50 1 A o ) % A TR
FHRLE WL BT AR 7 AR A L 5 A AT
KA E AR ) H b R, X B T ) BOPP i i
HEAT AR Ak 2% T v A F M BB R AL , 38 0 BT 7 3R THT o
P 5 R T ) A e | R BR BE L f AE % LSEM
TESEE , o M ik 50 B I R A T 20 3R T e M L B v
I B K IO R ST 3 A ] 2% 5% o5 5 7 0 v P 1 e
fapALTpKE=

1 W5
1.1 UMERAS %

AHEFEIEH 1 6 FiAE it , At 1.2 52 70 7 LA A
NGB s VG ETAGE Pty NP DG CIETALE

PRI s 8 B g R B, A P A [0 1R 2R R o A HL 5 Bl
KR 55 A AU TR A ) 147 3R TH b A5 21 1 £
PR, 2> B0 AE 1-A-YBL2-A-TB. H: 4 4 Fift i
BILLB A 7] (14 S5 25 0 1 A SR A 0 v B Oy R e, AR
35 5 A L B LG KRR RS (L AR KR4S LBk
2R EARLAR) R T A 2 A SR EE (M6
M70 % & 60°C . 70°C ) , 43 Jl i /E 3-B (4l BOPP i
JiE8) L 4-B-M60- 5-B-M70- 6-B-M60-L (6-B-M60-L #
7N 6 5 B A DL B 2 A IR S35 X0 ) A i I Dy ik
JEL, 7E 60°C I A5 F R hr 42 4 K 0K 1 VR B WA S
(CEIDS

O Ak B 2 BOD IR ] T A ERRORL, FAOX
T4, B I FE N Ak T AR, nT AT BUBEAL Tk
AR FIRFE SRR S 6-B-M60-L 4b, H 43 F1f &b
T (PR 38 e FH S SRR AR 1) 1 A LR SO K R
i A L AN KON R 22 S AR T AR R B RLAR
27100 nm #1200 nm FERERAUBURL , 2 H AR AR .
1.2 MEEESRAE
12,1 FRATEA G

fd1 H 55 [ Agilent 28 7] ¥ 4294 A 284 BH Hrt I A%
N T 1) A P ORI A R DR, DR 2 Sy
749 20.40.60.80.100-120°C , #1i % A 10°~10° Hz,
it 0 FL R R 7 BIARAE N 0.5 V T L .

1.22 WAIRA

i AL BB AU 1B PR A 7] 1) BDJC-
50 kV B4 H ol 28 A G AT U, 0 T8 60 500
V/s, i 2 FIHE NI I E A £ 4 mA.

123 A%

8 B # [F] Zeiss 2 &) ) Zeiss Merlin 3 & 5 334
P50 UL A o ) 2 THT TR 35 45 Wi T T 35, TBOK s B8
1 G505 Jifs
1.2.4 MBALE X5 E B

R F & i35 [ TREK 2 ] 1) 609B B4 If) 38 il
K # 3% E RADIANT A #] ] Precision 10 kV HVI-
SC % & & & A 25 A Precision Multiferroic 1T Y42 H
DR A PRI 25 ] 5 4 2L R, it m e R O = 1 9 FR
J&, #1149 100 Hz.

125 @wg%

RIF &t 35 E KEITHLEY 2 7 9 2290-10 %
10 kV HLJEJ§ . 2635B SYSTEM Source Meter 7 Hi i
KA EMWAK . V5N 10 kKV/mm, 25K N 15
KV/mm, 2% 11358 4 295 kV/mm, 5> 358 F {5 5
900 s,



BEGEMRE 2022,55(5) ST A5 < 3R T SO R DA T ) o 48 5 ) H A R R PRI 9T 51
1.2.6 %474 3.0 L0.08
£ Fil 3 [ INSTRON 2 ] 1 3343 51 BHR 10 1 T2ATE
HEAT IR W56 7 4 9 9 3M 24 ] 0 8 3 5% dn) 0% &
- i Seesilzrz: i
Eﬁﬁﬁi?ﬁ'o 22.6 ’ “""""""""-0.04§E
PR A L | L R AR TR 2R 1 =
P 5 25 (1) R 5 2 T 0056 4 Ja8 PR AR, B A 28 9 Baal oo ;
e . T N MR AL LI TR RTTILLT LS )
SO A AR 2 19 ETD-900M 7 il 2 ik 59 43 , =
S ERL R 4 L, TR 0.13 e, s 1o
PR /Hz
2 FBREITIR (@) AR FH T2
2.1 EQ'HE%HQH"]{TEE.TEE@E 3.6 s 3B 0.20
200 WIEB T AW ER AL E SNSRI 32 tSpamo 016
. '_o000000{»’00“-‘0000000000ooooooooo ﬁ
A 4% ﬁzs vvvvvvv 28 SARARAAAAAA L0.12 K
S W35 45 4 BRG0P A S SOV L NSO -
RE 10 T 5 0, 1 25 2 VR A s M RHE B 3 (1 5 g2 ~ -
W —, BHEREEN M TEAENEES o0 FOUURTURRI o W Ly
Ho B LR T PR 0 A Pl b B R R iy S LR e
P T LARE 3B AR IR D A S I, 4 10 Y 10
Tk R FEL A K RUR R T A B ) S FRORE A H (b)F T AN [F) B
G207 4w, Ul W v A HLJR R AL B T DA v A SR 32 — 0.20
PORMRA L B RN AT Y, A L2 B v vel o 55 cv- 0 PO
JIES P A J5 453 4 DR ERORE LR & 3-B 30 — B FE 14 ﬁ ) ""'7"‘"‘?'::::::::::::z:::::: 012
K2 o T 2 o A PR IR 5 A BB B B24 || Ty
T R 25 5 7R A I TR 2 T 9T B A e N R 0% &
e, = ) = 0.04
6 4L 7 100 A1 oL 0K I A T 7 T S A Lef s R
M. R 5K R 5085 000 20 e T G K o 3R 10 W Tos
i 5 FL I R 1 T AR A B ’
e T B 25 3 AT [ 8 A0 I A 4 01 168 A B P —

BT G T I A S, SR BN A HL R
B EAR . RIS A5 B O e =5 22 o i A L 43 1 1
BEL 77, WA o 57 A7 81 25 i 2 20 50 1100 38 o v 38 K

M 1(a) T LLE H, 28 [R5 A f1 57 28 fir A T
A B 1 SR TR I RS B A A o A0 R DR B )
BN AT LA A 1 o SO 1) 4V T 25 %o 5 A s 6 A
FEL 1 BB 1A 52 ) ] DL 2R

H P 1(b) P %01, 1 kHz T A b 5-B-M70 /i L3 £
9 2.89, M HL T RE M 3-B(2.200 42 5 1 31.8%, X /&
P T 250 v 11 T A A5 gl K BORL 5 A WL R 45 &
I, 2 TA) I 2 B g /D SRR (IR A HL R O
I3 RO 2 kb, T HR Ry 1 B J2 B HL
50, DR b e 2 %o 2 R S 28 R B B R

B 1(c) AT 401, 76 10° Hz ' , #£ f 4-B-M60 A1 6-
B-M60-L 1A L3 B4z, #1422 A 78 B H
SOr=r 22 b7 NS T AL Eia AN e 2 = W AN e E P
P TGP L B e AN B R

Bl SEETXMERMTEMEE
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