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Enhanced electrical properties of BOPP films by plasma treatment

ZHOU Xi, CHEN Wenxiong, PAN Meng, ZHANG Yang , DONG Lijie

(School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract: Biaxially oriented polypropylene ( BOPP) exhibits superior energy conversion efficiency and remarkable power
density. However, its inherently low dielectric constant fundamentally limits its energy storage capacity, thereby impeding its
applications in power storage systems, smart manufacturing, and aerospace engineering. In this study, oxygen plasma
treatment was systematically employed to modify the surface of BOPP films, which effectively increased the number of
oxygen-— containing functional groups on the film surface and enhanced its hydrophilicity. Subsequently, the electrical
properties of the modified BOPP films were comprehensively characterized, and the influence of plasma treatment time on
these properties was quantitatively investigated. The results indicate that with the extension of plasma treatment time, the
dielectric constant of BOPP films increased monotonically from 2.20 to 2.37. When the treatment time was 5 min, the
breakdown strength and discharge energy density of the modified films reached 785.7 MV - m™ and 6.78 J - cm™,
respectively. This work provides a feasible and novel strategy for the development of dielectric films with high energy storage
performance, laying a foundation for their broader application in the advanced energy storage scenarios.

Keywords: plasma treatment; polypropylene; dielectric properties; breakdown strength; energy density

RE Y 2 A0 B Wm0 AR R ORI SRS EOCE BN, ME R TR RS
PR DIRE R, fERBIRAT O . R RERDE R E MR AR . SRR AN B AL Ty 1) PR A R, R P

R E#: 2025-01-21

ELWHE . WduaE A& TR (2023BAB104)

BIEEE: K35, MPEERIN, W+, BF90r e RE YW/ Bk, E-mail: wuhanzy@ whut. edu. cn
WA, ##2, WL, #F75 m hJeidt 8 A48, E-mail: dong@ whut. edu. cn



- 1146 -

CESRCT e

AT REAL N Z AL TR SR H 23 350, X5 F A BT A R4
TR AR O XU B SR P s ( BOPP) SR AL
A BRFE . s 2 F S R = TR ORI S Ak
JR B R P )92 B R Al E A R R A R 4R
Ifii, i BOPP HARA Ho o £™ B RR ] 1 HoAt s v fg,
SERAABI R, LR TFHR D REN
RIETRS

NPEFR NG A A REvERE, PR AR T
REREMETAE, (A RO R R G W Ak R —
s DL, SE A DR 3R G W A DX AR TR B
BB il L A7 £ 4, DA B0 38 b R} 18 A L B RE R RED L
BN, Zhu %0 5@ i AE RG] %100. 10%
M R DR ERH(WBG) , E A EAE 581.6 MV - m ™' H
YN EA 7.05 7 - em™ A = % AE 2B T 99. 6% YA B
RE LR AIO% . Zhang 61 R FHEE H BURL T 200 RN
95 55 W PR B P 740 T 8 — R ks bk ( 8 —HQ ) 45 il M 1)
VBT R, 8-HQ 7> TREM 4K mi i 3% T A
B LA AT R O P e, ROk SR AR, IR A
B HL A A I 9. 87 T - em Ry BB RE R, 1L
Gh, TR AE R G W 5 g AR M A R R 4%
R BTRRI AR REPERE . 4N, AR SR M LA
ELA O U AT Y BN AA R — 9 LT8R ( TFEMA ) il £ 15
FHER R A Y) PP-g-TFEMA, H/E 800 MV - m' 137
THRHCERER B E RN 8.20 T - cm™, fEa HEHRR
3L 90. 0% BRI, RAWE A PR 4 E 5 v
FZ R AR M B ) T2 MR, S rERE A i
TS 7% 1 5 M LA S 5 >0 i e M A R A o s T2 S R
P, T3 T2, A RS, S ER
BRIt vk, ik — 204+ BOPP Y4 HL A g
PERE, 3R M AT S I B Pk

A5 B U AL 3R T2 AT L fRT SR b 3 ok 4 ) A S A
AERACAE (R RS AhFR Ty AR b B 5 5 ) R T
TR ) TR R G R b=, WML REWER
AT I R, AR SCLARS I BOPP 3 5 Sk fF
FEN G, I AT B AR R T X L A T e kot
I A AL B ), 7RV RR R I G IS R RE AT
WEERT T HA BAERETERE, SRS R R, 2R 5F
B TR Ab B % BOPP 3 IR 7E PR35 & o 28 FR S AR A
PAFEM R, L B A 3 W 2 R T . A TR
RHMESE TROE T2 AP RE N THk#
IAVEFOL R, S i R 1 i P A O B ) T 9 Rt T
R

1 SREHMBRETE

L1 #mE&E

K FIJEEEE 7 6.7 wm ) BOPP i, 1 1 2 UK H
AL TRHEARAE B BT 2 10 emx 10 em R
o, RE OB FEIFRE T, LTS B BOPP I
BT A B ) YZDO08-2C B4 B 114 T Uk
B, RS AL B, B E AR B 50 W,
Jr¥s b PR B R) 4 ) % B A 0.5, 1, 3, 5, 10 Al
20 min,

1.2 Z5MRAE

()X G20 7 RE 3 (XPS) k. R L H
Thermo, EscaLab 250Xi # X Stk FHETEL

(2) 8 5ot 21 Ah % 3% (FTIR) 3K, SR A 22 H
Thermo, Nicolet 6700 BIZTAMEREAL, ML A 4000
~400 cm™'

(3) X S Zefit i (XRD) MK : K F 7% ¥ Bruker,
D8 Advance %I X S £k A 4 40 AN, HRGEE R 2(°)
- min~',

(4) ZRHERMEH(DSC) Mk, RAEE TA,
DSC 2500 822 75 9 48 5 B, R N, R R, T
WHEE K5 C - min™',

(5)MFE (TG) k. R A8 [E NETZSCH, STA
449 F3 Jupiter B[ LML, SRHI N RS, Tt
HHEEHN S5 C - min™',

(6) i ¥ 1 s (AFM) 3K, SR A 22 H
VEECO, Nanoscope IV !+ J7 8 4%, AN
10 pmx10 pm,

1.3 Freataemlik

K F AL S A A8 AT BR 2 B] GVC-2000P 24 %
T DN RSO ROBU T I8 4, AR AT ARCA 4. 52 mm’,
A HLH BRI H B FE R HI RS %5 807 LCR 3% (Agilent,
E4980A) Z ik, MAMRILHICY 100 Hz ~ 2 MHz,
H1 LCR £AGEHA C 8, fHld Mo AKXHH A
ﬁ@((«?,) :

s = (1)

A, EENHEEE e, =8.85x107F - m™'; C ik
FCRE S I BT A5 L 2R d R WERRRE S JRERE S N AR S
LA TR
1.4 HFMREMK

SR FHARASCH T e A3 A PR W1 7474 789 5 300 it < 300



JiA, % S TR BOPP WK L AE

ARG T R, R BT ARy 500 V- s
AU S $ Weibull 73 A % v 58 1) of 28 P REREAT P4
I i A A KT S i

P(E)=1-exp[l - (E / E)"*] (2)

Kb P(E) R B g, E FoRK s shm
LI L E,#08 Rt d GRS 63. 5% X0 iy i 5F
SREE ;B Fs TR BAE A RO TR S8
1.5 fEeEtERETI

K 2 [E Radiant 2 7] Premier 11 894K Fa i R 48
FEZ T Tkl A R A 7R AN TR] L 37 4 R By sz
-1 (D-E) Mk, #idxt D-E P&t 5k 6e
W

U=[ EdD (3)

Kb E R 16 W & 8 iR 2 18] hn 0y o 37 5 E
D, RRTER G N AR R R
1.6 F1ZEaENIR

% F 2€ [ Instron Corporation /3 7] Instron 5967 %
HF T RER EHA IR HLLL 5 mm - min™' BRI R | &
Pic 500 N AL as i Fr AL RE
1.7 FEKMEMR

SR TR TR 2 ANLA8 A7 BR 22 ] CSCDIC-100 B4 fih
DU A SO0 48 25— A A 3 R A A T SR K P D,
I, KA FAOKREEETH L, TR LIRS
VRS A, K fioh f D  SR BE E SE E AF 1
A,

2 F#HR51TR

2.1 #H5wER

)45 B 7 b BRI ] BOPP K% XPS 3% &1 i ]
1R, B 1(a)H, 7629 532 eV b1 O 1s 55 JF it
R TR R [R] (3G e e, Rl T RS, MK
L(b) FIE 1(c) AT, 5B FiARAb 3 2578 BOPP iR
I S AL, Hf C-OH/C-0-C 1 O-
C=0 W& BB 55 2 R A B[R] A 3 Je 5 m, =
BTRGE, K2 s, 558 ab 35 B0 R R 1H
o S BT 2 i e A 2E TE R A B, DATTRE R
JFFSIA S F4EH, AR C-OH/C-0-C 1 0-C=0
S E AR

- 1147 -
(a)
Ols
Cls
20 min l
Y|} -
|
—~ 10 min
E] E————————a} — i
=
2 (\Sminﬂw\ ] |
B3 EE—— —\ -
g .
Epgmm |
1 min B | ‘
0.5 min N
L Qmin___________________ L.
Il 1
1000 500 0
Binding energy (eV)
(b)
—C-C
--- C-0-C/C-OH

E)
=
z
w
(=]
s
=
Il Il L “\ Il Il Il Il Il
290 289 288 287 286 285 284 283
Binding energy (eV)
©
—C-C
--- C-0-C/C-OH
----- 0-C=0
E)
&
Z
v
=]
B4
S

1 1 I =
290 289 288 287 286 285 284 283
Binding energy (eV)

Bl () AIFAE TR BRI (5] BOPP IR TY XPS 4114
(b) BOPP i [l #) C 1s 351 AT (c) % B TR 4L B S min /Y
BOPP #fiEHY C 1s 3% [&l

Fig. 1 (a) XPS full spectra of BOPP films with different
plasma treatment time; C 1s spectra of (b) BOPP films and (c)

plasma treated BOPP films for 5 min
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