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Preparation and Properties of Ultrasonic Assisted PP /Mica Sheet Dielectric Composites

Cheng Dekang, Wang Yaxuan, Wang Shan,-Xiong-Chuanxi
(School of Material Science and Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract : The mica was dispersed in polypropylene (PP) matrix by ultrasound-assisted method, and then PP / mica

composites with different components were prepared by melt blending-method. The microstructure and morphology of the

composites were characterized. The mechanical properties, dielectric properties, breakdown strength and energy storage density of
PP /mica composites were studied. The results show_that-the ultrasonic assisted method is helpful to the separation and dispersion of

mica. When the content of mica-nanosheet is 5% the tensile strength and elongation at break of the composite reach the maximum,

which are 38.8 MPa and 30%, respectively. At this time, the dielectric properties of the material also surpass that of counterparts,
the breakdown strength is 362 MV./m-; and the energy storage density is 1.46 J/cm®, which is 51% higher than that of pure

PP. Due to the synergistic effect of mica sheet and PP, the dielectric loss of the composite is also maintained at a low level, lower

than 0.05.

Keywords : mica sheet ; polypropylene ; ultrasonic assisted method ; dielectric property ; mechanical property

R (PP) B AT R4 A FAREE 1 il Ji ol
DeS B P BE ) 2 Ve RE DL AR GF RO TR RE . [RI,
PP JSURE A IR & LA M A X (R, 3 et 7
PP 1L T BEa JRAAT AL SR AT 2132 i
W91, 55— 5T, PP R4 SRS PR RHE HA
e il SR I AR LB LA S PR FE B I BE T, T
PATE S T PR ) R GE A 0 BE DR e fi
o SR, 5 — ARG WAL, PP 5 i 2l
K. A, RS R LSO SR I A, N

BEE£WAB: BRARBFILETH (51673154)

A B R REA LR A 12k fe. v T
PE— 2 Rl PP A4 A LA T A PR BE , BIF ST
NGLLL PP R JEAR 38 1o il (R 2 B2 R EORL, il 4
PP LA I A MR AR B A RHERE. T A% 1
22 BERR A KA NS 5B i R B 4 KA 5 PP
SRR TR R 8L B4 PR
i s A AT 820 5 PP 2 4, il il S E W) &
A PP KB B AF A i b S 2 RE . AN, LR
THRMEE  =OC L AR BRAL BN KR SE — RS

BIES : RBAGIR, U, LT R sy G808 E-mail: cxiong@whut.edu.cn

rfm B HA : 2019-03-04

51 g RETERE, T, T3, 45 S A PP/ bk A i A S AR A S PERE [3]. AR, 2019, 47(5):16-20, 26.
Cheng Dekang, Wang Yaxuan, Wang Shan, et al. Preparation and properties of ultrasonic assisted PP / mica sheet dielectric
composites[J]. Engineering Plastics Application,2019,47(5):16-20, 26.


杨超


FEFERE, 55 RS D) PP/ bk A L SRR 45 S T RE 17

Rt PP RS EIBFSE 0,

bR EA R RGN R LT,
T E i Si0, fl ALO, Ak ™. = AF HA I KA
HLPERE , A 4, AR R AN ER A
RIFr9AetERe, Luan g 270w B iy I v iR A 6 ik
A U0 o BRR | S RERRIN AT FIER R S5 T e A
B E, 25 B BARAIG B S, BT LRI RSB se b
s

TERGWEE A B § 28 b S e AE FE R
R A3 BRI X A B A AR R R ), — B 1A 4 ke
B A R o BOR AR AR ME R 20 3 50 . S U
il Bl T S e R R S 0 A AR ARON T LA fE
A 2 (8] P A oy T KO AR BAE R X R
FEEEEIARF LT, B L R K INA K e
BEANX P IR E AR IR AN & TR o FE il 2 A
BB T B A TR AR

EH K HRE A W BN = B 7 0 BTE PP
PR SR el R A LR R A AR R 53 0 PP/ =
BER YRR SR RE B T B HAT 3 2 A
FH 00T LA S Fe )5 B 0 A VR, $ e A
Wtk EFEME T BB PP/ REL R E G4
BHA ORI SR AT R4, WFIT AR R 10 43 Wk o falist
XA B 124 RE AL PERE 2R PERE R RE

BRI T TS
1 SEIEEsy
1.1 BRA#H

B AL TABR AT

PP : BT LA TR A

T HIIL R RE (DMF) « 2 #ral, [ 25 48 [ fh 2
AR
1.2 EE2MELHEE

FHHL: SU=T0 Y, 5 JH IR A PR F 5

B3 T4 . DZF-6050 %I, | i RSl A R
NGIF

AR Ik A AR JY99-1IDN B, 3 387 2
il P

PEHL: R-3201 AU, T BB & AT BR 3¢
AT

SEM : Zeiss Ultra Plus %! , 7 [ 25 &) /N 7

X it £ fit &1 (XRD) 1% : D8 Advance %!, &
Bruker Axs 7l ;

Jraedr s L. CTM6001 %Y, i plhom A 25
il A PR 5

[ii] 2 443 B X : STA499C Y, 4 [¥] Netzsch /Y
Al

A HL ARG AY . E4980A B, 4B R (vh
) BT

1 TR i 28 364 . DDI-50KV %Y, Jb 57 56 ) 3,
A BRA ]

1.3 PP/ =#H A R SHMAa9H &

FREL— & 21 PP Fl = BE /05T DMF %5 H
7 80°C Ttk 2 h, SR 10 2 8 7 U5 AN A0 e St
TTHB A AL PR 40 min, 8 5 I HRET & TR LR .
HERE S R 0L O B AL Rl TR 20 min,
TR AE 185°C . d5eJe FHAAEALI R s B 15 =
B AR L5050 51 N 5%, 10%,15% Fi1 20% [1 PP
/ BRI SRR
1.4 MX5 &4

(1) SEM F ik A A6 VA PR BT, %o T T 35
HEAT ISR

(2)XRD FRAIE - 1A 3R 74 H R o6, ff
I Cu-K 455 (P 0.154 nm), FAH#E K 10°/
min ;26 JLEh 10° ~ 25°,

(3) FuteuaE Mt LR 30 ~ 1000°C , 7E
RAUAF T L 10°C / min B3 4T3

(4) P At 4 BB 00 3« O Y RS AR 5 D) R R STy
5 mm x40 mm B JE 4%, # I GB /T 1447-2005
MK, WIARE B % 9 10 mm, Fffii# % 10 mm
/ming BN 5 AR, XEBCE4ME

(5) A HL M BB K« K 52 A R o o) B L AR
J9 10 mm (18R AR, 4R e K v B R AT 1E B A AT
W5 4 b P, BN A0 ) = AN RE IR, 45 R
B, MERAAIE N 100 ~ 1000000 Hz,

(6) f 2 B It R A 5 A A A [R] 18
TR PR B PORE & & TP EA TN, AR 4)
MK 10 MRES
2 HR5E
2.1 IR

&l 12k PP 4lifE il Bk AR 53 45h 5% 1 PP
/ miE R B A M RE KR SEM BB F. A& 1a AT
DAF Y, PP 4lFE VAL, 3302 th i A i
AR ER B S R (L RS TR AR A T 7
Bl 1b = BRI RTINS, I HRER 7 B i AE
PP iRk, K R — @ A AN, AR =1
YK AR TRAA W AR A i o O VA I
FIREIS . AR ARl — e b


杨超


18 TR R

2019 4F 45 47 ¥ 55 5 W1

AT BURHE SRR P 9 208, DB FS I Bl 23t =
B BA R E AL VE T AN RS 2, B
BHYEE 2, - B AL 2 [ 23 Hh ) —LETa] B, BA 1T
PR E BB AR T 2 ERERIA T R PR RE

@ ®)
a—PP 4lit¥; b—PP/ ZHHI A bR
B 1 PP4liftt PP/ mbl R &M B SEM B
2.2 XRD &L
&l 2 2y PP 4lifft 5 = B AR 5380k 5% 1 PP
/ mbl RS ARG XRD B, T PP 4ikE, 1F
R #f 0 14.3°,16.8° F1 18.7° H BLAT I, 23 591 %
I PP o i (1) (110), (040) F1 (130) & 1, PP %
P —E A e T T PP/ s R E A M
RE AT R 17.8° HY BB AT G0, X6 B s REAAOK
(004) FHEFHTAT . PP o f RN IV 117 S IR B A T
VR L 4 A RRAIG, R P B R I AR T %
PRI B, NI (AR S A PR RE T 5 . WEdh, X
AT RS AEIE R ] PP o SRV OB BERE IR, 251
R BN B2 PP RS

(004)

(001) (040)|  (111)

PP/ Zi B i 130) | (13D)
PP
L 1 1 )
10 15 20 25
20/ (%)

&2 PP 4lifty PP/ =bE R A MY XRD Eli%

2.3 AFHAESAT

3G MR 2R R AR 25 X5 B4 sk 1) S B iy
HATZW, X PP LUK A0 PP/ mtkF
AR BT R EERE L, 25 R UL 3. A 3a
AL, 2B R RFU 80k 5% B, PP/ b i i
(A Fi7 A 5 J3E >l 38.8 MPa, Lt PP 4lifE 4 1 T 5% /2
tio BEE =T & agh s, foan B BT
Ko FRIE 3b AT, B2 A AT RHET R i R i
M)A ACARARL, BB 2= B 3 i 3 i, W7 244 %

Jo bTHE TR AL bR & i 5% kB, N
30%. X Je i TAEARIE T B, SRR P 5 = B K
Fr o BRS80S AR B ik ) AT RETE /)N, HAT
145 R JEE A9 0 K R FE R I A R AS S0 HH — i BT
W ISCE 22 B BT, I HRE DA SR WS 1Ay 15 1Y
1B B, X G LA T SRS AR 56 A 7
SUPHAAT g . (BEEE = B & BRI, =
B 25 5y KA AT RN AL e, IR 1 B 454
FEIVERE TR

40
S 35
=
N
30
o
£
= B¢

20 il L L L

0 5 10 15 20
SRR R/ %
(@

40/
30—
o0 | ™
& \
E\% =]
= 10 |

0 L L L L

0 5 10 15 20
=R AR/ %

®)
a—RIHREE ; b— WAL Ko
B3 PP/ ZhbH AL A BHRHAL P AR 75 B o A i 2

2.4 HMERESHT

& 4 Sk PP 4lift 5 =tk B AR B8 5% 1Y PP
/ =B A PR DSC K Rlth 2k, B 4 AT LA
B FE PP R BRI 2 B R (5 5 A R R I fl iR
WA LT, SRR R 5B AR B HA 5 )
JE , LM B SR b (0 2B e mT LA 8m a4 14

’*
N

150 160 170 180 190 200
W/

4 PP 4GRS PP/ ZBHH AL AN DSC i


杨超


FEFERE, 55 RS D) PP/ bk A L SRR 45 S T RE 19

(32 8l NI 5 T MRS R . i TR S
B RS AN AR RN ST RO I AN
2 AR R SRR 2 R R A SR R I S e 4
BHERE .

PR XA AR A FH s RN 31 PR EL A
W, &5 8 PP 4kt S bk FIRFUM K 10% 1)
PP/ ntl R B AMERHIE N, hIE 5 AlH,
PP/ =t i 5 A MBI I3 i RS 8 PP 4like A iy
Fhi, BABAASIN T =B A 95 A PR AR e PR
MABE R RN 10% B, 52 A ARHE AR B AR 1)
TE 404°C , 1 PP 4AE i FA 3 I 5 Ry 392°C, 3% 2
M T2 B e A B S — i v A R, A R A
o, Bl bl 5 G Wi (52 5 R AT
N AR, VRS MR . BE R TR
Tb, = B: R N RIS AR BT O, el [ A st
Ko

100 F
X 80

~

60 -

%

ﬁé 40 - PP/ =13 F
=g 20

ol PP

6 260 460 660 860 1600
TREE / C
5 PP 4liftt PP/ mbl i G R E ih

2.5 AR AT

I HMERE SO T R SLAE RE A RHEE FeL A 1R
T E AL B LA AERERE J1. 1Bl 6 S PP/ =Bk R
A MBHEA R T () H B i FE 22k
Mgk, IR 6 R, ZEM %R 100 Hz T, 21 PP 11y
AHF LN 2,44, bl =B SR, & 44
BN EET R B R ERFECH 5% MR G
B BLZ N 2.69 5 2 BE R R B0k 20% Bif
A B H RO T & 3.88, XS Tt S PP
SRR 3R T FEE AR A R AT . B
RS 3 I, MR L BOA TR . A HL A FE
Bl 2B R e 3 T 2R 94 K, H SRR o A
R , I H AR ZART 0.05, HEHF7E— M AHXT
BRI K
2.6 HFHAESH

A U A AR A B TR BB AN R T L
A HUEB R T A R L R R a2k Re, R
ZEORIE . K] Weibull 7347 % of 28 o B #4750 A,

40
(%0

= 36

32 r

iR

2.8

24 e L L L L
102 10°  10* 105 100
iz / Hz
(@)

E 005 -
B N

102 100 104 10°  10°
A / Hz
(b)
ThEF friE e 0e—0%; 0—5%; 2 —10%; v—15%; ©—20%
a— M HUHEL b— i FE
{6 PP ZiF:Y PP/t i A MPRHEARR T i sk

BRI 10 AR Weibull 2347 )96 R 40
ﬁ (l) Fﬁ‘/j? [15—16]0
P(E)=l-exp[-(E / E,)] @y

o P oy BRI AR  E 29250 & 1 i 208
E, J2 RESH, 45 A 63.2% ZFRK MR 1 HRE
d ZER I B RN B A A TR IR S 40, A
KB AR e gy

Xt (1) P BO K, 7T 2L B 1g[-In(1-P)] 5
IgE ZetEAHIC, W7 N PP/ ik EAMBLE S
558 () Weibull 2345 , AR B sl f A A 454
32 A FRHE Weibull 2%,

04 v so
9 V)
= 00r
& v s
E 04y v
=
-0.8
v A o
-1.2 L L L L
1.6 2.0 2.4 2.8
IgE
FAFR . 0—0%; 0o—5%; 2—10%; v—15%; ©—20%

E 7 KRR PP/ bk B &AM Kt 25755 1 Weibull 434
Yo H A AR T 0k 5%,10%), 15% K 20%
B}, &2 A0 B 5 20 0 B 43 901 A 362,247,172,93


杨超


20 TSR

2019 4F 45 47 ¥ 55 5 ¥

MV /m, 1fij PP 2+ (1) i 28 58 24 4 305 MV /m.,
a5 PP E A, 1ot B IR E0Ch 5%
B A MR 2R B iR B i o BEE = B0k A
Fr RN, SRR B e TR
() BEANK 25 5 PR R it RS 7 A S
[R5 e S B U A S ISa Bl U %N AE 2 )
5%,10%,15%,20% i, 52 G A BT IR S5 B 45
WK 7.7,5.4,3.7,2.7, mtER &R, 5k
FITEIRSEL B R, MR R e PRt . 5 2im
JEAE 7Bk R R KR 5% bk Bl i KAE, ERHE
RSBABAT R, B B &8k 5% 1Y PP
/ R G AR R R L
2.7 HERRE ST

& 8 MM PP 4kt S PP/ mldb &4
MR ERER . PP 4liffifE 305 MV /m (YL 175%
JE T RS 0.97 J/cm®, Bl HURL A o 1
I, A MPR A R BE ST RS IS N R g
16T B RFU B0 5% B, B A8 R B 6E BE % 1
KERAR, N 1.46 1/ em’( 7580 362 MV /m)., #
LI e 25 BE AR L BT 2R R, A 5
REWRE BTG R AR LA Z Al MR HRE R 2
TR R A R RER MR R A e
W MM bR AR R, A AR RS
Z RN, A e M RE Ak AE 25 B thE 2 FRAIG

14}
12t
10t
08t
0.6
0.4
02
00—~ .
0 50 100 150 200 250 300 350
HLIAIREE / (MV - m™Y)
ZREH i 0—0%; 0—5%; 5—10%; v—15%; ©—20%

e / (3 - cm3)

K8 PP AifEs PP/ ZREI A A b RHI ke e i 2
3 it

(1) 38 A 6 7 U A B U R TR W el 5 B
RTE—E R L Ry 8 5L AR M kL . 7E PP
/ R EAMEY, PP AAEE o AR, A REYK A
WAE PP/ bk B G A kLR A AR

(2) BB =B IR B, PP/ s R K
B PR A i B RN LR B ETHE T
R ) R 35 7E =Bl AR A3 0K 5% B 43 i) 3k 31 e
KA 38.8 MPa Fi1 30%.

() PP/ mhE T E SRR B B B B
FARFRU B S A E . T o BE R R RSB
20% I, A APR LR RO LLIA R 3.88. fE bk
Fr AR B0 5% BYS SRR R, R B RO
2.69, Hiki Zrd7m ik 5] 362 MV / m, fiifig s B th —
SERTE, 146 J/em’s X WoRiE PP/ AEERE A
FARHERKREN HI D7 0 HAT —E W hE

& % Lk

[1] Logakis E, Pollatos E, Pandis C, et al. Structure-property
relationships in isotactic polypropylene / multi-walled carbon
nanotubes nanocomposites[J]. Compos Sci Technol, 2010,
70(2):328-335.

[2] Lue P C, Smyth C P, Tobolsky A V. Dielectric properties
of polypropylene oxide as a function of concentration[J].
Macromolecules, 1969, 2(4):446-447.

[3] Pillai P K C, Narula G K, Tripathi A K. Dielectric properties of
polypropylene / polycarbonate polyblends[J]. Polymer Journal,
1984,16(7):575-578.

[4]  XuP;-Gui H, Hu Y, et al. Dielectric properties of polypropylene-
based nanocomposites.with ionic liquid-functionalized multiwalled
carbon nanotubes[J]. Journal of Electronic Materials, 2014,
43(7):2 754-2 758.

[5] Wang D, Zhang X, Zha J, et al. Dielectric properties of reduced
graphene oxide / polypropylene composites with ultralow
percolation threshold[J]. Polymer,2013,54(7):1916-1922.

[6] Grari O, Dhouibi L, Lallemand F, et al. Effects of high frequency
ultrasound irradiation on incorporation of SiO, particles within
polypyrrole films[J]. Ultrasonics Sonochemistry, 2015, 22:220-226.

[7] Hamzah M S, Mariatti M, Kamarol M. Breakdown characteristics
of grafted polypropylene in PP / EPDM hybrid nanocomposite
for electrical insulator applications[J]. Polymer Bulletin, 2018,
75:2529-2542.

[8] Dang Y, Wang Y, Deng Y, et al. Enhanced dielectric properties
of polypropylene based composite using Bi,S; nanorod filler[J].
Progress in Natural Science Materials International,2011,
21(3):216-220.

[9] Senden T J, Ducker W A. Surface roughness of plasma-treated
mica[J]. Langmuir,1992,8(2):733-735.

[10] Low C G, Zhang Q, Hao Y, et al. Graphene field effect transistors
with mica as gate dielectric layers[J]. Small,2014,10(20):

4213-4218.

[11] Naderi S H, Shoja R R, Loghman E M R, et al. The effects of
organoclay on the morphology and mechanical properties of PAI
/ clay nanocomposites coatings prepared by the ultrasonication

assisted process[J]. Ultrasonics Sonochemistry,2017,38:306-316.

(TEEE 26 TT)


杨超


26

TREIERL

2019 4F 45 47 ¥ 55 5 W1

i, AU IR AR A4 155 7% AT

[

[2]

(3]

(4]

[5]

6]

[71

(8]

S % 3k
B  BOTRL XA, 55 . — Rl B R 2210 3 ) i e 1
fi% : i, CN105501041A[P]. 2015-12-16.
Chen Kangwei, Xia Shunli, Zhao Jiuzhi, et al. Power battery shell
assembly for a pure electric car:China, CN105501041A[P]. 2015-
12-16.
TS S, T RRE, A5 L — R IEVR AR 0 H e TAR
T SR Y HL A e A - R CN106694841A[P]. 2016-12-
30.
He Jianhao, Liu Yanbing, Lu Junkang, et al. Manufacturing
method of battery cladding shell for a new energy vehicle and its
corresponding battery cladding shell:China, CN106694841A[P].
2016-12-30.
Wit SRR, R, S5 . — B AR IR L Tt f v A B HL i
Jrik : hiE, CN107706328A[P]. 2017-08-30.
Yang Hai, Zhang Fengbo, Wang Jianyi, et al. A new energy
vehicle battery shell and its manufacturing method:China,
CN107706328A[P]. 2017-08-30.
A, SR AR AR KB PP/ POE MR &
PRAVERERSZNR [J]. TREZEBHNJH , 2016, 44(12):26-31.
Jin Jing, Wang Hao, Shu Zhongjun. Effects of small loading of
compatibilizer on properties of intumescent flame retardant PP
/ POE blending composite system[J].  Engineering Plastics
Application, 2016 ,44(12):26-31.
Camino G, Costa L, Martinasso G. Intumescent fire-retardant
systems[J]. Polym Degrad Stab, 1989,23:359-376.
Camino G, Costa L, Luda di Cortemiglia M P. Overview of fire
retardant mechanisms[J]. Polymer Degradation and Stability, 1991,
33(2):131-154.
Li Chen, Wang Yuzhong. A review on flame retardant technology
in China:Part I. Deveploment of flame retardangts[J]. Polymer for
Advanced Technilogies,2010,21(1):1-26.
FERNTN , T, AR 3, 25 JC pa B PP 45 []. 5 U iR &
#1%}, 2011, 28(3):10-12.

(EEE20m)

[12]

[13]

[14]

HFALHE, IS VL . N T M BRI B A0k 3 12 0]
T E R A A, 2012, 18(2):72-75.

Dong Kongxiang, Lu Difen, Jiang Tao. A new method for
comminuting synthetic mica[J]. China Powder Science and
Technology,2012,18(2):72-75.

REAZIZ, B3k TL . LMPM /PP 4 44 PP 11 i B 25 4 [J].
rfE SRL, 1999, 13(4):23-28.

Xiong Chuanxi, Wen Dijiang. Crystal structure of polypropylene
in LMPM / PP composite[J]. China Plastics,1999,13(4):23-28.

Vi 2 BRI AR LR, 45 ORI SR IR D2 A AT 0 0],
AU R K 9B, 2010, 27(4):70-73.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[15]

[16]

Wei Jiali, Yin Bo, Yang Mingbo, et al. Preparation of halogen-free
flame retardant PP[J]. China Synthetic Resin and Plastics,2011,
28(3):10-12.
FEZE BT RLBE G B BN 1 5 A5 B HIEAE [ T 1 AR
Tl R#:,2016.
Qi Jun. Study on the synthesis and application of novel
phosphorous-nitrogen-containing halogen-free flame retardant[D].
Guangzhou:Guangdong University of Technology, 2016.
LA A R0 ZEIH . A 2K G R SR SR P AR A RHFF ST 0],
¥4} Tl , 2015, 43(10):108-112.
Xia Jianmeng, Yang Yougiang, Jiang Xiangxin. Research on
efficient waterproof halogen-free flame retardant polypropylene[J].
China Plastics Industry,2015,43(10):108-112.
arZe bt KBRS PG r s Bk [D]. G0 A AL Tk A,
2015.
Yu Jixian. Toughening of intumescent flame retardants
polypropylene[D]. Hefei:Hefei University of Technology, 2015.
VLI, B, VKDL, 25 . IG5 LA SR R 065 2 5 BRI i 8 B
PERERFFT [3]- 38K TAlk, 2012, 40(10):74-76.
Tan Yilun, Shao Sichun, Sun'Liu, et al. Preparation and properties
of halogen-free flame retardant PP composites[J]. China Plastics
Industry,, 2012 ,40(10):74-76.
BBk . AR BBk 2 SRR I (v i 5 R B 9T [9]. 200k}
#h71,2010,83(5):23-27.
Yang Meizhu. Study on preparation and properties of flame
retardant PP toughened by different kind tougheners[J]. Plastics
Additives, 2010, 83(5):23-27.
SRR . BRI 3G 1) 5 SR I (¥ BELR S - BERIF ST [D]. it - |
AT R, 2010.
Zhang Qian. Toughening of polypropylene and chain extension
as well as flame retardant modification of polyamide[D].
Shanghai:Shanghai Jiao Tong University, 2010.
Liang J Z, Zhu B, Ma W Y. Morphology and mechanical
properties of PP / POE / nano-CaCO, composites[J]. Polymer
Composites, 2016, 37(2):539-546.

Tao Youji, Zhang Xiaodong, Mai Kancheng, et al. Photodegra-
dation behavior of polypropylene with different crystalline
modifications[J]. China Synthetic Resin and Plastics, 2010,
27(4):70-73.

Dang Z M, Yuan J K, Yao S H, et al. Flexible nanodielectric
materials with high permittivity for power energy storage[J].
Cheminform, 2013, 25(44):6 334-6 365.

Zhang Z, Gu Y, Bi J, et al. Tunable BT@SiO, core@shell filler
reinforced polymer composite with high breakdown strength and
release energy density[J]. Composites Part A:Applied Science and
Manufacturing, 2016, 85:172-180.


杨超




