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Preparation, Dielectric Properties and Energy-storage Properties of P(VDF-HFP) /BST Nanocomposite Films
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Abstract : Nanocomposite films,were prepared by solution casting method with poly(vinylidene fluoride-hexafluoropropylene)
[P(VDF-HFP)] as matrix and barium;strontium titanate (BST) as filler. The phase composition and micro-structure of the films were
characterized, and the effects of BST content on the dielectric properties and energy-storage properties of the films were investigated.
The results show that with the increase of BST content, the dielectric constant (g,) of the film increases significantly, the dielectric
loss (tand) decreases in the middle and high frequency region, the breakdown strength (E) decreases gradually and the charge energy
density (Ugp,y) increases greatly. The measured values of ¢, are in good agreement with calculated value of Maxwell-Wagner theo-
retical model, which indicates that the combination of the filler and matrix is good, the microstructure of films is uniform, and there
is no obvious defect. In addition, from the perspective of practical application, when the applied electric field intensity (£) is lower
than 800 kV /cm or between 800 kV /cm and 2100 kV /cm, in order to obtain the maximal discharge energy density (Uyicharge) »
the P(VDF-HFP) / BST composite with BST content of 30 vol% or 20 vol% should be selected respectively.
Keywords : nanocomposite film ; solution casting ; poly(vinylidene fluoride-hexafluoropropylene) ; barium strontium titanate ;

dielectric property ; energy-storage property

EF R T Tl X FADRHOMEREZER MR U B AR U=0.566,E° P4l H, 6 2 H
AL 7 , B N TR RECAR PRI ARt SRR, o R AR R, B RS2 F)
AE% (V) —EHRAMBIE R E A 0 A PRl R (B,) BRI SN 73R . R, T
EETE T 8 —WERA#RE BTH (PAPD-3), VTR s A it &l 80 TR (TAPP)

BEEE: 9, LG, 202, NSRRI TR E-mail: jinghoo@126.com
W B3 : 2021-01-13
5| A MR, BRI , 55 . P(VDF-HFP) / BST 4K & & MR il 25 KA v et de [J]. TR FH L 2021,49(3) : 1-6.
Mei Wenchen, Wei Jindong, Ko Zhen-Yu, et al. Preparation, dielectric properties and energy-storage properties of P(VDF-HFP) / BST

nanocomposite films[J]. Engineering Plastics Application,2021,49(3) : 1-6.


杨超


2 TRARH

2021 4F 55 49 4,55 3 #i

DIE N, & A E, JEDCE A MR U B> 822
%% [34]O

— MR, TR RO Y E, (B 6, 3
I B MR, B bR, T R e B b R, R
SR e B A0 E, AR U BT L, WA RMERE A
AR TR RS TR E MR S A e
T 3B o, F1 E, IO R A ARE, MM ik 2]
HEHE UM BB, BT, B K (PVDF)
R HILR Y A (W 20 — 7S TN M )[P(VDE-
HFP)]. R (W LM — =3 LM ) [P(VDE-TrFE)] .
R (WM - =W M) [P(VDF-CTFE)],
HARE )RR 2R I T ® iz A
I Z /IS, Hoh, P(VDF-HFP) HA #55 A
TSN, TR L — BRSO () B, T AT
SCHRH, 3 B i e B M R B EE LiClO,, BaTio, ,
(Ba, Sr)TiO;, CaCu;Ti,O,, i Pb(Zr, Ti)O, 55, Hrr,
(Ba, Sr)TiO; FHH 42 =5 1 &, BAH X5 55 1 AR AK
bk 1

B RN W i, #1485 T LA P(VDF=HFP)
LA BRTR 4R Ba, St s TiO, (BST) SAIEURHIG 44 K
WAL RE, FERFSE T BST 7 5% AT R e Ml
FEREVERERYSE I . FRAET HRSTE 55 ri SV E R R Y
&, FIA AP FE (tand) AATFAK A 3 FILFH Weibull 43
AR e T WY Egy R AL — B SR
Mk (P-E i thk ) ¥R9% T AR i smE I T
FIRARA TN AERETERE . AT, BRI e, 1Y S0
{65 Maxwell-Wagner #57 | Jayasundere-Smith 157
PTG, DN 2 Ve FEEAARe} rh JAR 5 EOR Y 45
. £ 4 P(VDF-HFP) / BST 44K 52 4
FEEAA B R AL BN 5, 6, FEHL BB 5 (Ulparge) 1
T BB (Usisonarge) 90 IR AR 5 I BFFE X T
BGHEIAT F P IC A R A rL R RE R RE PERE A
1 KIeERsy
1.1 E&RA

P(VDF-HFP) : /= i 45 427187, 1 5 i
9 1.78 g/cem’, [ Sigma-Aldrich 23]

BST : R4 A 100 nm, # IR%E K 5.63 g/
cm’, £ [E nGimat A H];

N, N- — W 3t B i fie (DMF) : 43 #r 4li, 55
Fisher Scientific 2\ H] o
1.2 E&MNELHEE

A 8891 #Y, JE[F Cole-Parmer /3 7]

1 19 FERS : Isotemp 7Y, 3¢ [F Fisher Scientific
NGIF
HEFA . 800 AU, 5 [H Fisher Scientific A H] ;
I .75 mm x 25 mm, 3 [E Corning /A F ;
P4 HL: SC—6 Y, L [E PELCO A H];
FHPTA BT : 4294A AU, S2[H Agilent 23 F];
B 45 #7AX : Precision LC II Y, =% [E Radiant
5
RN/ OR A 7 s R 48 610D
A, 32 [ TREK 23 Al
X SR AT ST (XRD) 12 : D/ max-2500PC %1, H
7K Rigaku /A F s
T B34 (SEM) : JISM—7000F %, H 4%
JEOL A¥],
1.3 KAEH &
(1) P(VDF-HEP) / BST-DMF &7 11 £
JHH T RAF-Fx i 5.0 g P(VDF-HFP), ¥/} 1.
By 3039 T 20 /mL DME H, I8 1R St RE 284
2 ho TEHEFELE RS, 535 M) P(VDF-HFP)-DMF
WP A 0,0.35,0.79,1.35,2.10 g ) BST 44K
¥ oK, il B BST $5e AR B4 80h x% (x=0,10,20,
30,40) ) P(VDF-HFP) / BST-DMF &7 #)m,
3 3 75 R ARG B PSS AT 12 hff BST 4%
543 B AT 7F P(VDF-HFP)-DMF 5 i1k &, L
JE B34 4] k& 5E 1) P(VDF-HFP) / BST-DMF & %
W 76T 30,8 BST AR5 40CH x% 1% P(VDF-
HFP) / BST i #4 K} &7 id & P(VDF-HFP) /xBST.
(2) P(VDF-HFP) / BST #5114l 45
il B BE AR W 2R B 1 TR 75 ¢, SR A (RS
WA TE B A LN 1.5 mL P(VDF-HFP) / BST—
DMF 207 K in B 7 9 28388 A 70°C 1)
HEAE T 8 h BR LAV T Y DMF ¥ 7, SR 5 b 2L
JnHE] 160°C, #1715 min &, A L8 FKH %
TP ), R FHCT 285 A B g
KT, I TR 5 RAE
1.4 MiX5 kL
(1) PIAHLL AL ORI SRALE
il FH XRD AR R P AH L R AT 2R AE
SRR AT AR 20 i 10°~ 60°, CuK, ¥,
BHLE 40 KV, 100 mA ; {ifi ] SEM W2
PR A THOUIE S, S 38 25 Ay < TR AR 28 3 T s,
JNEEHE 20.0 kV,
(2) A PEREII .

5


杨超


HESCRL, %8 - P(VDF-HFP) / BST 94K 245 WA il 5 Mo s AR RE 3

5 R SR 4 R R E AR N 3 mm,
JE 10 150 nm A HLI ; SRS, fd T BH AL o0 A A 36
TR A rbERE . AR 2Rk IR AR
100 Hz~ 1 MHz. tand 7] By B4/ BT A B 3200 i
e, MR P/ BTGNS LR HLZS (C,) 1T
2, HEARX I (1) Fos.

e=(C,x d)/ (9% S) (1
K d——rL AR R A
S——HL MR A IE X T R

(3) E, XAitifigtkBeiit

it S R FLUR / R A / i 4 IHal R 48 I
Weibull 53455 53 B 5 Wi e WML E, 5 i ki 40
BEACIE R P-E R ek . 2EIERE I @
AT U=0.56.6,E" FIFL G0 TT 53R AF L) Uprge A1
U gischarge » PNTTTXTVER A oM REAE RELEA TIFAG
2 #ER5ITR
2.1 TEREhARLLR,

Kl 1 & P(VDF-HFP) /xBST (x=0,10,20,30,
40) HJE ARG XRD 35 E. B R AT DA S, 4l
P(VDF-HFP) 3 1 5 B B 0 55 PO A e S a5 I 4
P(VDF-HFP) i 4% ff BE 3 AR Beah, v Bt A iy
BST fif 5t W 3 BE 25 BST S f B B8 n it 84
PR, U BST J&, 76 W 5 4 B B A 3]
P(VDF-HFP) f {4 (1) 1T 5F W0 3k AT fig J& BST 44K
WOk R T P(VDF-HFP) 4 T4 (1 RS B, B T
P(VDF-HFP) Y45 & &, T {1 13 P(VDF-HFP) #h
TRAAT SIS B g

40% % [ R
30% s S s 3

20% s L e
i ¢ -
10 20 30 40 30 60

20/ (°)
+—BST; +—P(VDF-HFP)

1 K[ BST (R E HEMSE XRD 7[5

2.2 A LT SR

2 SR AE = AR AR 0% Y e, Al tand
AOATRARAS R T 28 . AL 22 T LUFE HY, JERRAY &, Bt
# BST Srmpysinim b b, M igliR A 100 Hz
I, W 1Y e, L P(VDF-HFP) / 0BST [ 14 B3 3%
14 3] P(VDF-HFP) / 40BST f¥ 42, X & i1 T° BST
1) &, b P(VDF-HFP) [iY ¢, 515 &, Bfi & BST & &
(386 0, e X P(VDF-HFP) JE 14 (14 52 1 i >fe b K

40P
30
40%

&

20+

N
N
10\1&

0%

1001600 10000 100000 1000000
Jii% / Hz
(a)

100 1000 10000 100000 1000000
42K / Hz
(b)
a—¢, ; b—tano
& 2 A BST (AR B A A i P

N B SRR e ORI, B A K
U=0.5e,6,E° T HI, LRI R B U 5 e, 5 IE A
Ko P AR 6, B A T A H UL (515
TR, B b BST ARFA B0 15 40%, T
EF) e, {532 K T BST ) e, 3% 156 W] BST KL X}
P(VDF-HFP) SAK 1) &, 520X 5/, o st 2 i,
1E 5 P(VDF-HEP) / BST & & MR s PR RE Y 1
i, P(VDF-HFP) JL44 (17 /E 22 K F BST 3K}
WAL, Bl FL 00 2 A K, T e, SRR B
A, B A R T LA B AN B B - O R [
100 Hz~ 10 kHz 4 v AR By B 451 238 [
10 kHz~ 1 MHz i S Bz, [ 5 sk
) SRR AAT G, Bl AR A3 0, S ik
F T RN 1 00 55 A 72 A 7 20 T 55, T S R Y
Ja# FERRREYERRE R, R R AT,
P(VDF-HFP) 7 =ik F 1 %% ( Bl MHz) FME T
ERERATIBY N C 3 g ez

E 2b frz , HL 00 2 AT | T 38 o ok
T, WAL BHY) tand BEAT T B WORAREL TR 2
E AL AR, tand W B FF. X T P(VDF-HFP) /
20BST %, tand AN 100 Hz B 11 0.07 2212
TRERIIA R 10 kHz B 0.04, PR T F 21 45
k1 MHz B4 019, 7EH ERIRBYEL, B & 41k
AR T A 2T AL, JL-T-#RREBR L M H b5
(ARAE , P FA IR AL T B HFE LT T LA Z IS AT,
BEESE, A F AR ) tand 32 B VR T oL §- S 80


杨超


4 TR

2021 4F 55 49 4,55 3 #i

FE UL AR R B, A HUBDRHEY tand 2K
PRT At AR Al S BRI FE , DR S A A Y
TE AN AR AL AR A S5 AR AL St B BRAS LAk
37 (A5 Ak, DTS 2K tand B K ™, b4,
b T PL R B, AR AR X B, BEAE BST & 4 (93

N T 7% %% BST k. 5 P(VDF-HFP) J {K Y
SEE B0, B A R &, 1 52N S 5 Maxwell-
Wagner 1% %1 FlI Jayasundere-Smith 5% %4 7 3jf 17 48]
o PR Y AR X (2) .5 3) FR

e = 2(1 - (Dl')sm_l_ (1 + 2@[)51‘ (2)
K, tand & T % C 2t elent (1- @)e
_ &l — @)+ e@il3en/ (et 2]l + @(er — en) /(& + 2e0)]
B (1= @f) + 3¢ilen/ (et 2en)]l1 + @i(er— em) /(& + 2eu)] (3)

K 2). KB, e, &, & 20501 R B i 3 1
TORMRN A & A0 R A B8 50 IR &, RIS &)
9:(0 < o, < 1) NEA MR OGR4 B
3 M o, 1) S0 45 B AR R ) H R
W WK 3R LIE R, A% T Jayasundere-Smith 5
1, Maxwell-Wagner #RI RS & B9S2MEYI &
FERE Y. X W] BST SRR B (0 2 7E P(VDF-
HFP) LR, S A} 9 3 5 A H B0k [ 2 <
LA W AYEREG . 1K 4 A9 P(VDF-HFP) / 20BST J#
R IE S SEM BR R itk — B 0E B T Lk HE i8
XA TAEG A AR R rh, BST 0345 Hgicfi
£ P(VDF-HFP) ¥ i A & A A SR

50 -
/
/ m
40 + / /'/"
Ve
e
S 301 v
P
.z
e
201 =
L // [
105 10 20 30 40
BSTIAF 44 / %
s —S2ifE ; —- - —Maxwell-Wagnerfi 5 {4411 ;

— — —Jayasundere-Smith# 145
P13 B e, M SEIE S 3e AL S Y A

€l 4 P(VDF-HFP)/BST JHIEHIE S
2.3 MpLey E, AefitRer s
& 5a oA K Weibull 437 G2 1F 43 B 7 i
WAL R Eyo BEARAR InE A BRI AR RS i 28
B XTI () E 1Y SR X R, DAL AR In[-In(1-p)]
FIFRBER, Bt RN 0.632 XTI E B

FFEN By, et S5 5 an & 5o ron. fh & Sb 15
H, BST IRFR 40K 0%, 10%,20%,30% ,40% F)3H
AR RE () E, 43 ) ol 283,271,253,231,199 MV /
mo A] LUK, MEBGKAERY E, B BST & REAY
T 328 ¥ [ A, 3% 2 i T BST #4 E, #1 P(VDF-HFP)
() Ey AH 22 E R, X6 R it fin 456 B He s, BST
F1 P(VDF-HFP) 4y B 1H 2377 A Jm B L 48 v, IF £
B L S AR T LBy AN T 3k 6 bt PR R g 1
I AN AE AR R RE P S G U 485 ) ) Bl o s 2 o A1 G
Eyo. e B 48 2, BRI E, FEAG, AR T3
U g s 824 o A W LTI, E, B/INEREC, I
AN AL U Pt m . R, il iR E,
(/N B AT , AN 23 AT F 2 20 4 L T e A A S B
N BT BE

1.0

25 P
50 51 52 53 54 55 56 57
InE

(@

0 10 20 30 40
BSTIAFUM4L / %
(b)
a—Weibull 4345 ; b—i K1) E,
&5 A[E BST RF AR E, BOTRE


杨超


HESCRL, %8 - P(VDF-HFP) / BST 94K 245 WA il 5 M A el AR RE 5

16 100 Hz iR T, 5 B i AR Y
P-E W2k, E M 100 kV /cm FFEETEN , F-2 7
WK, HEH 5B, & 6 Frn A P(VDF-HFP) /
OBST B AE 1) P-E Wi th e (55—, PRy
WAL ). HE 6 ATLIE L, BEE E B93EK, i
M2 T 1 i e A T v R 28 5 A Al L
() R T AROR A . X DR E R, SR A B
WAL (P o) B, RE AR ™

.

3100kV /cm

N
T

o5
‘E 2600 kV / cm
S 4
Q 2100kV / cm
33
~ 1600 kV / cm
)
1100kV /cm
1 600 kV / cm
IQOkV/cm ‘ ‘
0 1000 2000 3000
E/(kV - cm™)

6 P(VDF-HFP)/BST iy P-E W (5 —4HL )

HRAE W P-E R 2k A 3 U=0.566,E" %
HI1& 7 LLEAS P(VDE-HFP) / xBST (x=0, 10,20, 30,
40) WEBGARE G REMERE. b, B 7a~ B 7c 43l
NEREAAEAEART] E TR P s Uarge» Udisohargeo

M 7a . B 7b AT DL B, T AL A ()P
U aree ZIBE BST SEURL 25 12 (386 fin it 3% s o il
2 E A 1100 kV/cm B, BSTAR L4 %0k 10%,
20%,30%,40% R P, # P(VDF-HFP) / 0BST
BRI T 0.4,2.0,44,145 pC/em’ ;5 Uy 50
BT T 0.3,3.1,9.1,292 J/cm’, 3%t T BST
i) &, i K T P(VDF-HFP) i ¢,, £ P(VDF-HFP) %
PR Es i BST HORL, A7 F T 58 A1 B P, AT
PEEHEAT B Ulargeo

MIEL 7o m] LUK B, 55 R Uporge A [, 5
() Usenarge -3 BST & BEAR S8 2 BLIEAHSE, B, 24
E 5 600 kV /cm i, BST /& FR 2% 0% TH e =
30% SRR WY Uyoonarge ZEMEIEH; (H24 BST £
FRUAT B ST 12 2 40% B, WY Uigaparge 2 ) K
/NE BST IR TR0 800 20% KRR . Fam, 24
E 731100 kV /cm i}, BST AT %0h 0% THE =
20% SEFEH WY Ulooparge BTG K 5 {H24 BST 14
RSB ST 5 2 40% B, WY Ulgenarge 22 328 UK
¥ A U=0.566.E" ATHL, BB Uygparge 3 &
BUE L, SRR/ NZ 2 E, BRI E? BSOE H, S
{ﬁﬁﬂﬁﬁ‘ &, %B‘@Jﬁ%%%ﬂ' , 1@9333 Eb —FIS%, Udischargc
5 BST R 5E e I e BT itbdh,

250
& 20
=
2 15F
=
SR
N
& 5y

0500 1000 1500 2000 2500 3000 3500
E/(kV +cm™)
(a)
40r

Ucharge / (J + cm™)
) w
S S

—_
=3
T

(=]

500 1000 1500 2000 2500 3000 3500
E/(kV - cm™)
(b)

Usischarge /:(J'+ em™)

S =N W BN
T T T T T 1

500 1000 1500 2000 2500 3000 3500
E/(kV - cm™)
()
BSTIRF3E0:2—0%; o—10%; a—20%; v—30%; +—40%

a—P 0 5 D Ugrge 5 ™ Ultischurge

7 MR SN 53R R T B AR K R
NSRRI A B, AR E KT 800 kv /
cm I, % 1] P(VDF-HFP) / 30BST i [IF AE 1% 345 i
K Usiparge 3 ZN RGN E 55 F 800 kV / em,
F 2100 kV/cm B, % H P(VDF-HFP) / 20BST i#
AT EREAE A IR Ulscargeo
3 &g

K FH U W5 1 v 1 %5 T LA P(VDF-HFP) k5
A, BST MR YUK HEA B, #8585 T BST 9%
U TR R M BE RN BE TR RE A IR, 151 LA
ST

(1) R FH 5 W ¥ 1 v A5 () S v, BST 458
FBLHE 4 518U 7E P(VDF-HFP) LK N, B i 25 4 Pk
AE R4 TCH B R AR S SRR

(2) 7£ P(VDF-HFP) H1 75 fin BST, A #] T4 &
AR A FLH L, I REAE P S X IR (I A F P
¥E;

(3) kfis BST &3, #4% P(VDF-HFP) /
BST 52 £ i 1 o 2 0 J8 20 7 R, 0 G 7 Pl i o
wIERTH


杨超


TREIERL

2021 4F 55 49 4,55 3 #i

(4) FME 38R EE T 800 kV /cm B}, BST A&

FUYHCH 30% () P(VDF-HFP) / BST &4 Ml EA
N ) GERIZY Gl

(5) Z1 0 |, 3 58 S 800 ~2 100 kV /cm I,

BST & FL 43 80 K 20% 1Y P(VDF-HFP)/BST & &
R EA B ORI RE R

(1]

(2]

[6]

(8]

(91

S % 3k
Borchardt J, Alexander J, Slenes K. Ceramic-polymer composite
for high energy density capacitors[C]//2007 IEEE 34th international
conference on plasma science (ICOPS). Piscataway:IEEE,2007.
DOI:10.1109/PPPS.2007.4345574.
Tetsuya O, Madhav D. Energy storage systems for electronics[M].
New York:Gordon and Breach Science Publishers,2000.
Zhang Lin, Cheng Zhongyang. Development of polymer-based 0-3
composites with high dielectric constant[J]. Journal of Advanced
Dielectrics, 2011, 1(4):389-406.
Chu Baojin, Zhou Xin, Ren kailiang, et al. A dielectric polymer
with high electric energy density and fast discharge speed[J].
Science, 2006,313:334-340.
Khanchaitit P, Han Kuo, Gadinski M R, et al. Ferroelectric polymer
networks with high energy density and improved discharged
efficiency for dielectric energy storage[J]. Nature Communications,
2013,4:797-807.
Pan Zhongbin, Yao Lingmin, Zhai Jiwei, et al. Interfacial
coupling effect in organic / inorganic nanocomposites with high
energy density[J]. Advanced Materials,2018,30(7).DOI1:10.1002/
adma.201705662.
Cheng Z Y, Zhang Q M, Bateman F. Dielectric relaxation be-
havior and its relation to microstructure in relaxor ferroelectric
polymers:High-energy electron irradiated poly(vinylidene fluoride-
trifluoroethylene) copolymers[J]. Journal of Applied Physics,2002,
92(11):6 7496 755.
Zhang Zhicheng, Chung T. Fluoro-terpolymer based capacitors
having high energy density low energy loss and high pulsed charge-
discharge cycles[J]. Macromolecules, 2007 ,40(4):783-785.

Ye Tian, Li Jin, Zhang Hangfeng, et al. Phase transitions in

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

bismuth-modified silver niobate ceramics for high power energy
storage[J]. Journal of Materials Chemistry A,2017,5(33):17 525—
17531.

Song Zhe, Liu Hanxing, Hao Hua, et al. The effect of grain bo-
undary on the energy storage properties of (Bay,SryM)TiO;
paraelectric ceramics by varying grain sizes[J]. IEEE Transactions
on Ultrasonics Ferroelectries & Control,2015,62(4):609-616.
Tomer V, Polizos G, Randall C A, et al. Polyethylene nanocom-
posite dielectrics:Implications of nanofiller orientation on high
field properties and energy storage[J]. Journal of Applied Physics,
2011,109(7). DOI:10.1063/1.3569696.

Kobayashi Y, Tanase T, Tabata T, et al. Fabrication and dielectric
properties of the BaTiO;-polymer nano-composite thin films[J].
Journal of the European Ceramic Society,2008,28(1):117-122.
Pan Zhongbin, Yao Lingmin, Zhai Jiwei, et al. Fast discharge
and high energy density of nanocomposite capacitors using
Ba,(Sr,,TiO; nanofibers[J]. Ceramics International,2016,
42(13):14 667-14 674.

XA, 4805, AL . PVDF /NLCTO & & # RHI il 4
KA pERE (9], AR, 2018,46(11):109-114.

Liu Shengnan, Cai Huiwu, Peng Jiandong, et al. Preparation and
dielectric properties of PVDF /NLCTO composites[J]. Engineering
Plastics Application,2018,46(11):109-114.

M, 382508, FAT17, %5 . PVDF / Ca, Ni,Cw,Ti,0,, B AR
il 8 A HPERE [J]. TR T, 2019,47(11):122-127.

Tian Ke, Cai Huiwu, Wang Hanghang, et al. Preparation and
dielectric properties of PVDF / Ca, Ni,Cu,;Ti,O,, composites[J].
Engineering Plastics Application,2019,47(11):122-127.

Hu Guoxin, Gao Feng, Kong Jie, et al. Preparation and dielec-
tric properties of poly(vinylidene fluoride) / Ba,(Sr,,TiO5
composites[J]. Journal of Alloys Compound,2015,619(15):686—
692.

Lu Xu, Zou Xiaowan, Shen Jialiang, et al. Characterizations of
P(VDF-HFP)-BaTiO; nanocomposite films fabricated by a spin-
coating process[J]. Ceramics International,2019,45(1):17 758—
17766.

AWITE 2021 E TERBRN AN KESTITE) 22E

&S 24-42,24-138 £EZHBENEHATITIE

W) R B 2 B (B ) TT1) 2021 4F CTARERRN T )\ (ALsa it ) 2638 IT B 28 e T A el S ad 191 )

W A B 2R BT B o COARREREN ) A 1), K 16 TFA, & 10 H AR, 2021 4R5E M 20 78 / 1, 424F 240 JC.

UL A T, K 16 R4, 4551 20 H R, 2021 4E 24 20 96 / B, 424F 240 7T,

HaLi% : (0531)85878223 85878057

HEAE : epa@epal973.com


杨超




