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TR AgNDO; W 3 W 82 51 Sk FURRAE, DAY
FELHE [ 8 N HRE R AFE P e R R4 1A f e 1k
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AFE M &ERAREMTHEREZ — N TREY
f A&, P(VDF-HFP) LA H & & 19 o 28 3% 97 (600
KV/mm) % 5 F T A B AR T 2
4, P(VDF-HFP) 141 HL 3 HUAE 6~12 22 8], 7E 240
kV/mm i, Hg AR N 2.8 Jem’Y, 5 HAD
REWAHLL, PO(VDF-HFP)ZF I H A G = R A H
HoAndrgEsmpy, FHAGRENRESEE. Fik,
P(VDF-HFP) R[] £ Ay i 6 & %5 FE N FH A LU A 1 i
.

FETLLE, AHFERREH AgNbO; 1E N
AR, A% G [ AR R R B KR R T
A1 AgNbOs TN ERL, % B AgNDO; )
KR T R I MM, 5 P(VDF-HFP) R & 43k
24, #1457 AgNbO;-P(VDF-HFP)/ L& &4
BT HEEE R T2, SRR & 2 Ak
I H R A BT B S U, RS S B R 1
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1 SCig
1.1 SCIEER

FEAL 5 (99.99%, [H 254 1H]) EALHR(99.7%
AR, L) R E R Hh K 5 10(99.99%

AR, FERMAE)., BmELESH NG
(P(VDF-HFP), My 455000, PUkgI)AIER, oK
FIRERR(99%, B2 RALEE AL A, To/K LEE(AR,
R & TR 1) 30%d EALE(AR, E 24 7]).
HMR(65.0%~68.0%, [E 2548 [4]). N,N-— F Ik H It fix
(DMF, 99.0%, HEZHEUDHIERNEN, 2Ok
(Dopamine, 99%, FVEERIHERAEMGFH] .

1.2 SiEiE
1.2.1  AgNbO; #} K fr il &

1) A et U R R Ag0
H1 Nb,Os BINERBEHE, ZrO, BRIEABEER, To/K LB
VEREREEAN T, H s R, BER. K LEER)
JRELEN 1:10:2, 250 r/min BREE 24 h; #3870 C
T 12 h, PR E ¥R SR)E 900 C ORI 6 h,
AN 0.5 Limin; 554 H 45 5 8 R BINER
BEEE, IMNEEERFITC/K 8, 300 r/min BREE 24 h,
T EE S A3 3] AgNDO; #r oK

2) IR—IBKi%: 1 Je¥ 0.02 mol AgNO;. 0.02
mol FeFREL FE IR Eh 7K &)1 0.08 mol To/KFT I PR
HEWET 60 mL Hy0, 1, #E 104 58 AWl fa I\
4 mL HNO;; BHJS7E 65 Chi# 1.5 h, 15305 A
Wi, BRAK 24 h )5, 120 Chidk 4.5 h B3] &AL R
NER 3 it s B bt AE 300 CARIR 2 h )5,
650 CIril% 2 h, HFE SIS AgNbO; #3 K.

122 AgNbO;@Dop-P(VDF-HFP) 1\ 1 & & ¥ 1)
il %%

W IR PR TV A 1 AgNDOs #i K 43 il A
0.02 mol/L )% EL ik % £h HEAT R B i J i 46 &2
9. LLONN-ZH R H B NIER, R E
AgNbO; IR E BN 0% 3% 6% 9%HITR A
AR50 A 2 h J5, I\ 8% P(VDF-HFP)(Ji
B, 35 CHLITEFE 24 ho K578 IR AR IR
TEB TR - 400 pm BOE] JIE R, B 5 iCE AE
80 CFT# 24 h, HEEELN 10~15 um 1
AgNbO;@Dop-P(VDF-HFP)E & . % E &Yl
SR FH 0 47 e S5 9% M L0 S 4 H AW, FR AR L T AR K
2.54 mm’, FHFJE8 A A Re e e R IR .

1.3 FRESMK
K4 AL X S AATHMU(XRD, HAR
% D/max 2550)% il %% 1) AgNbOs ¥y AR AT ¥ AH
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AT, SRS RS A R T B (SEM,  FEI
Electron Optics B.V A 7#] NovaNano SEM 230)%}
AgNbO; BRI SRR S Wi 2E AT O T 35
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FRIEZ O MR EL M 45 3, R BB A (&
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M (f [E aix ACCT 2 &) TF Analyzer 2000 FE)Ji#,
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2.1 AgNbO; MHREIRAE
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Fig.1 XRD patterns of AgNbO;-1 and AgNbO;-2
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Fig. 2 SEM images((a), (b)) and particle size distribution((c), (d)) of AgNbO; particles: (a), (c)AgNbOs-1; (b), (d)

AgNbO;-2
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BT EREE B RE( JR R, [ ARE A B AgNDO; Fy K
WORLESR 22 K, REZ AR, RIkRS,
KR RKDNA— MEZ T, B 2b)F K-8 k%
A ) AgNbOs ¥ A TR RECHIN , 38 T #E 6T o
E B4 Nano Measurer 1.2 23 %32 180 4
AgNbO; FRLRLAR IS, Xf P Al 2% 7 V23R A3 1)
AgNbO; BURLFEATRLFE 4341 437, 45 R W 2(c)- (d)
Jiim. A R AgNbO; ¥ A UKL (kL 42 1E
40~430 nm 2 [A], ~FHKife 170 nm, HHr, 10.56%
& T ARUEgN K, 58.89%7E 100~200 nm 2 [,
23.33%7E 200~300 nm Z [A], & 73 FORLR AR KT 400
nm; VA IR—IB KA U AgNbOs A AR UKL R fE
RAE 50~350 nm 2], “FHEIRiAE 150 nm, J& T hrdk
YK IR ORI B b T ARV, R 8.89%, H
100~200 nm Z [AIff1 5 73.89%, KN 110~120
nm, FrARARIICE 350 nm DL, JRIEMCKL .
2.1.3 Z UM ELEIT AgNbOs(Dop@AgNbO3)
FORL LT AN TE S b

AgNbO; Tk 2 [ A2 1 2 B % £ 1R £ (Dop@

AgNbO3) L FE U 3(a)FT 7 - AgNDO; Hitki 5t H 2,

@

NH,
AeNbO. —OH Reﬂux
* 60 C, 12h

(b)
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ARG WEARTE s 3N /AR SL AR, Bk, 2
275 AgNbOs BRI R 3 R EZ, PL5E
B R, 2% BB G (1) AgNDO; Bk ]
DL RS B E R S Bk b, i B s R 5 3R
BRI T2 G 1.

FABMAT AgNbO; ki, 2 L% ERER TR 1B )
AgNbO; Ik A4l % B 35 e 6 1 8 B 21 A1k %
BN 3(c)im. AXTREMIE AgNbOs ik, %
E e ER R ER B J5 1) AgNDO, BURLZE 1616 cm ' 4k
VA BT, IXORIEE 2 B N—H EF
PRENP. BAN, 1482 e A 1274 cm ™ A AEAERA
SRR S, BATT 4 S R D A I C—C P ik
ZHPTRN S BB, X AE R AgNDOS B
BB EREAERMN, ZEREBHEN
AgNbO; Wk A4l (1) 2 B A% i 3 B0 IR R AE

AR R 2 B IR R I B T AgNbO; i
R

3 Dop@AgNbO; Fikii 7~ 7= EI F1 Dop@
AgNbO;-P(VDF-HFP) & & ) il # 7~ &
K, BLK AgNbO; BIUKLFE % T AE MR 5
LA i

Fig. 3 Schematic illustration of preparation
for Dop@AgNbO;(a), Dop@AgNbO;-
P(VDF-HFP)(b) and FT-IR spectra of
dopamine modified and pristine AgNbO;

submicron particles(c)



31 B 8 W

AW, S BT HRBRIIANVER A R SR REPE RE 2043

2.2 (Dop@AgNbO;-1)-P(VDF-HFP) £ & 4 13 W

A TR
22.1 (Dop@AgNbO3-1)-P(VDF-HFP) & & ¥ & i3

g

FERXTIR, B 4(a), (b) BT 7~ N 8%4l P(VDF-HFP)
REMRESBOIWTH RS RIS, LA
HE TS PO HBEE 5], 49 10 um ids, 45
FIBUE T ALIFZREL.

4(c), (d), (e)FTn N AgNbO;-1 kiRl 5
BN 3% 6% 9% (TRFR 73 B B A PR i) R TR
Fio B 4D, (g), (WFTAIXS RS G4 0 Wi T
TROTES,  FLAd ] 2 0t %15 &tk — 2B JBOR (1 e
. WLVEH, B E R E A AgNbO; Bk
SIMIEE R E P(VDF-HFP)3 Ak, WH 3 BEBLS,

1 FLRIAESSORL & 3N 2] 9%, A I 1
BRG . T, 2 E R R R R A U 1 A
AgNbO; BRI 7E & AW B U1K 7 B R AR 25
PE. (HBEE R S BRI L, TR TR B3 .
222 (Dop@AgNbOs-1)-P(VDF-HFP) & & ¥/
S At ReTERERT T

Bl 5 a3l Es 1 A FIERMAF 330N 1) (Dop@
AgNbOs-1)-P(VDF-HFP) & &P (1) L i A
TFE. P-E Mk, AAREEZ MR EAR. H
S LLEH, BN BEEEEE AgNbO; Fiki
FRMBINMNE M, 75 1 kHz &, MET4
P(VDF-HFP)/f] 8.75, E&WMHTMA 3%, 6% 9%
AgNbO;-1 [ B 053 IS 0 30.97% 46.06%
49.49%. XFEEITNLLFEE, % P(VDF-HFP)

& 4 8%[4l P(VDF-HFP)AI(Dop@AgNbO;-1)-P(VDF-HFP)E &) SEM 14
Fig. 4 SEM images of 8% pure P(VDF-HFP)((a), (b)) and (Dop@AgNbO;-1)-P(VDF-HFP)((c)—(h)): (c) 3%, surface image;

(d) 6%, surface image; (e) 9%, surface image; (f) 3%, cross-section image; (g) 6%, cross-section image; (h) 9%, cross-section

image
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FAR 5] N R A EU) AgNbOs Jitk, &40
i FH B E SR BE A B R g s k2 B
BIREWH AP TR . B 4 CEIEH T 2 Bk
&1 J5 AgNbO; FURLTE P(VDF-HFP)JE: &3 hin 1
AgNbO3/Dop/P(VDF-HFP) S 1, 5 35 7 1 A A4 1
S, PRI B A s A R R

Kl 5(b) T 7~ N (Dop@AgNbO;-1)-P(VDF-HFP)
HEVIER/r A0 kE, FTLAE Y, B SRR sE i,
I EBFER N . EAEMEHO B R E =4
Jrl: 7 HATIE A (R RAL) . S IFEA ST
EBizsl. HTREGMEELLLY), Frili S5
FEXFE SV AR TR D . B AR
I FL AR 32 B2 BT ST AR A AR I A [A] L A I
BmiEmm, HTEEM AL 5)E U R
AgNbO; BURLL I 2 BB R, KRHISS 17+
TR AL R #0 ) T fferiz 2, DRI B R N
HAFE: AR T m R m i, AR
FAR A YA T EEIR B AR o T AR IS
3, @A, RAEVEESFERIZERS), M H
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I HA R K. WEIRE R BUE W, B
AgNbO; FUfi & &N, 78 1 kHz B, JrHAiFE
M 3% 0.027 HEHNE] 9% 0.047; 7E 1X10°~1 X
10° Hz Y [ 4, AgNbOs Bk & 88 3%/ i fE
JUTF-546 P(VDF-HFP)E &, /i FAFFER A W oR bl
W8 N = A3 i R IR, M
BE— BRI, A EAFE 3G A A RO R AR
b XM TFIAND B RESR, JLFA
25 NEIE, I BRI ZENE &9 h s
[ FL i (AR S AR RIS VE R, (HBEE M & =
3G, R 5l NI . FLIA S, X
BRAR A BRI FI 4 45R K T 1X10° Hz
i, USRI R R, S AR AERE AgNbO; FiUkL
TR AR, XEFRNESM T, BE
AgNbO; FUR & & 3G n, A& BN PR,
ST RERIZAIRSNIRGS . A HRAFE N .

Bl 5(c)Fm NANE AgNbOs ki & & [ &4
JEAE 80 kV/mm T P—E 2k, "J5nE & An
WAAERE S AgNbO, FIUkL & & MR i g n,  fniE
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Fig.5 Dielectric constant(a), dielectric loss(b), P—F curve(c) and effective energy density(U,) and energy efficiency(y) of

composites with different filler volume fraction(d)
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B 0% 3% 6% 9% AYITE 80 kV/mm [ H
W F BIRRARAE 23 509 0.056 pClem®. 0.113 pClem?.
0.194 uC/em®. 0.388 pC/em?®, X 5K 5(a) oL H
(PR — 5

ANE AgNbO; Bk & B E G 80
kV/mm T e RS AR R SCR B S(d) AT
N, BRI EIE N, A AR R R RIS
NS . gl P(VDF-HFP)E 1% H3% N 4 3L
REREE N 0.26 J/em®, 24 AgNbO; Bk & &N 6%
i, ARG REEIARIEA 035 Jem’, MIHLIER
YIRS T 34.62%. =ANHE 80 kV/mm |
B BRI T AR AN 86.01%, H¥ET
50%, —AN55H AgNbOs kL 7 8 3% 2 6e
B, 15 80.03%:.

6 (Dop@AgNbO5-2)-P(VDF-HFP)E &%) SEM 1%
Fig. 6

2.3 (Dop@AgNbO;-2)-P(VDF-HFP) & & ¥ M

RSRAR

W A 5 W] AR 925 1) 46 ) AgNDO; kL, AR SZIGiR
IR KL% T AgNbOs ik, 25 [FFEM)
T2l E AV,
2.3.1 (Dop@AgNbO;-2)-P(VDF-HFP) & & ¥ . 3%

SER oA

Kl 6 Fiz~ N(Dop@AgNbOs-2)-P(VDE-HFP) &
BV A ORISR, Hodr, B 6(a)s (b)s
TR RAEEGYIEMRTEIE, H AgNbOs-2 Hi
K S Em 5N 3% 6% 9%. K 6(d), (e), (DA
NEEVERBAOWIES, K 6(g), (h), )N
JHBTHBOR B, HAE 78 ROk & &2 5 K 6(a), (b)),
(c)——XPi. MIBEERTHE 6(a). (b)~ (c)mT AT 1)

(c)

SEM images of surface micromorphologies((a)—(c)), cross-section micromorphologies((d)—(f)) and enlarged
drawings((g)—(1)): (a), (d), (g) 3%; (b), (e), (h) 6%; (c), (), (1) 9%
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B, BEEPRSENNZ, FARRIEI, Mk
AgNbO;s-1 HI I E G YIE, AgNbOs-2 HI I E &
VIR S T P8 . 3R RV 18 KA )
FkL/N—1, RIFES A A, R FES T
T T i B PR g () T R, SR T i K T
[ FHYE A e AgNDOs FURL IR THEPE - B 6(d)s (e)s
OB E SR, B AgNbO; Brki & s34 n, w LK
LIRSt A TN 2, XE—EfRE FER T E S
VIR B FE 3G s B 6(g), (h), ()EniEiE
1) AgNbOs-2 FURLAR LF Hi ik A P(VDF-HFP)ZEAA
232 (Dop@AgNbO;-2)-P(VDF-HFP) & & ¥/
PERE S At RETERERT 7T

K7 Fros AAS EEEHEE T (Dop@AgNbOs-2)-
P(VDF-HFP) & &4 (1) 4 L HOR A HL 47 i A
A4 . N 7(a) b BRI fE B R, B AgNDO;-2
kL B, AR EORER . B, £ 1
kHz I}, 3%. 6% 9%AgNbOs-2 ki) & &Yl
(I EL B0 N 13,95, 14.67. 17.60, MELT4f
BEEWIEARI A B % 8.75, BN T 59.43%.
67.66%- 101.14%.
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E7 AFBEHAR D E(Dop@AgNbO;s-2)-P(VDE-HFP) 2 W) (KA HUH KL, A HLBRE . P—E i 2k A 2 e B A

0.25

(Dop@AgNbO;-2)-P(VDF-HFP) &£ & 4 [t /i H2
PR 7(b) iR, £ 1X10°~1X 10° Hz Y8 A,
S FEL B RE Bt R S B (T4 0, T 1X10° Hz
I, DR RAR R R, LR L 2.2.2 95,

E 7(c)FTm NAFIERHE T I(Dop@AgNbOs-2)-
P(VDF-HFP) & & ¥ 7E #H [A] H8.3 (80 kV/mm) T 1)
P-E #hZ, EEYAER—H0Ig N EAEEE
AgNbO; kL& & (3 i s n, H P-E thZR 23
AN Z 5e ftass, MR, E&5WNE LREER
FERRERBCRWE 7(DFTR, MR 6%m A
ARSI R, N 046 Jem®, AR SYIAL
1 1.77 %, FIRZE ARG HA R =R &
B, N 71.35%.

2.4 (Dop@AgNbO;-1)-P(VDF-HFP) £ & #1 #0
(Dop@AgNbO;-2)-P(VDF-HFP) & & 4RI EE
K FH T AR A IR KI5 1 AgNDO; it
AN FEEEE R EAYTE 1 kHz N HE 5L
FIA-HHIFE, 80 kV/mm HEI7 T IA ZLRE &% FE A
Re RN b R S g5 sk 1 pn sl

(b) —— 0% AgNbO;-2
—— 3% AgNbO;-2
0.20 —— 6% AgNbO,-2
] 9% AgNbO;-2
<2 0.15
.2
3
g 0.10}
a
0.05¢
0 Ll L1l R R TR paaal
103 10* 10° 106 107
Frequency/Hz
0.36 100
(d) —_— Ue
- ——7
5 0347 T~ {9 g
3 5
2 032¢ =
ES 180 ,g
£ 2
£ 030r S
3 170 >,
> 20
200281 * ]
2 {60 4
= s
0.26
| I L L 50
0 3 6 9

Volume fraction of AgNbO5/%

[
Ae

Fig. 7 Dielectric and energy storage properties of (Dop@AgNbO;-2)-P(VDF-HFP) with different filler volume fractions:

(a) Dielectric constant; (b) Dielectric loss; (¢) P—FE curve; (d) Effective energy density and energy efficiency
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Table 1 Comparison of electrical properties of Dop@AgNbO;-P(VDF-HFP) nanocomposites

Dielectric constant

Dielectric loss

Effective energy Energy

1 0,
Sample  Volume fraction/% (1 kHz) (1 kHz) density/(J-cm ) efficiency/%
3 11.46 0.027 0.32 80.03
AgNbO;-1 6 12.78 0.040 0.35 71.46
9 13.08 0.047 0.31 53.77
3 13.95 0.029 0.37 64.69
AgNbO;-2 6 14.67 0.032 0.46 71.35
9 17.60 0.042 0.44 56.41
P(VDF-HFP) 8 (mass fraction) 8.75 0.026 0.26 86.01
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Energy storage properties of dielectric composites based on
silver niobate micro-nano particles

LIU Yuan', GAO Xu’, YAN Zhong-na', LUO Hang', ZHANG Dou'

(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China;
2. Pittsburgh Instiute, Sichuan University, Chengdu 610207, China)

Abstract: The AgNbO; micro-nano particles synthetized by traditional solid-state method (AgNbO;-1) and sol-gel
method (AgNbO;-2) were modified with dopamine and then filled with P(VDF-HFP) matrix to prepare
Dop@AgNbO;-P(VDF-HFP) nanocomposites. X-ray diffraction analyzer (XRD), scanning electron microscope
(SEM), infrared spectrometer, impedance and ferroelectric analyzer were used to characterize the phase and
microstructure of AgNbO; particles and their composites. The influences of synthesis process and loading of
AgNbO; fillers on the dielectric and energy storage performance of composites were explored. The results show
that when the Dop@AgNbO;)-P(VDF-HFP) composite is prepared under the same AgNbO; particles synthesis
process, the energy density first increases and then decreases with increasing the filler loading, and the highest
energy density is obtained at 6% AgNbO; filler loading. In addition, at the same fillers loading,
(Dop@AgNbO;-2)-P(VDF-HFP) composites show superior dielectric and energy storage performance compared
with (Dop@AgNbO;-1)-P(VDF-HFP) composites due to a smaller particle size, narrower particle size distribution
and larger specific surface area of AgNbOs-2 particles. For instance, at 1k Hz, the dielectric constant and loss of
6% (Dop@AgNbO;-2)-P(VDF-HFP) composite are 17.6 and 0.05, respectively. At the electric field of 80 kV/mm,
the discharged energy density and efficiency are 0.46 J/cm® and 71.35%, respectively.

Key words: AgNbOs; dielectric composites; P(VDF-HFP); dielectric constant; energy density
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