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Fig. 1. (a) SEM image of ST NF; (b) XRD patterns of ST
NF and ST NF—OH.
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Table 1.  Crystal structure of the samples before
and after hydroxylation.
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TIPS ST NF ) XPS 4
FHEE DLE 3, W LIBH B A #: ZR 1 S AL B T
JE R ST NF #£fhHh, ¥I7E 269 eV (Sr 3p), 458 eV
(Ti 2p), 531 eV (O 1s) Fl 285 eV (C 1s) &b i 3
TRFIENE, XECREAEIE S HIXTR T, Sr, Ti, O JCE,
IG5 S N T SCHR [4] T A HE, A7 T 285 eV
MHERY C 1s iR BEk A H C STRIATEFF IE
i, D E C JCR IR BRI R e, 4 E R
T AL FR S ST NF (9 O 1s JTCE Bk 414
FIBL, XF O 1s TR AT T G . 45313801,
L T 45 & BB 1E 529.3 eV Ab B 3t 4% 1iE W %ot 7 T
SrTiOz H O JEF g, M F455RETE 531.6 eV 1Y
FRIF I X 0 F—OH JEATH O Y. [m] At 3 2 Xt
PIABFNAY SrTiO; H O T i AL A —OH 4t
Alh O (e T AR A T4 R AL 38 AT LAAS 31 R Ak
AT E ST NF R R B AR XS & it R0k
AL EEZ T, ST NF RN 3.7%,
MR > 5 ST NF—OH 22 [ /9 5 LAk 2
FEHR 14.5%; FHEAA IR Z J5 ST NF—OH KA1
2 S s R vy N S P T VERE D P SO
B LA HS, —OH LA 951 A% ST NF Y
%@ﬁ [15]'

K 4 45 H T B ILABAL BERTJG ST NF ) SEM
B, 4TS ST NF RS fb AN, 3T 5
ST NF ¥ HA 5¢ B LT 4RI 0. 4F i il A2 N
100150 nm, KBEH 210 pm, ¥ EAE KK
L.

218101-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 21 (2020) 218101

(a)

s

o1

Sr 3d
C1s
Ti 2p

Intensity/arb. units
Sr 3p

Intensity/arb. units

e T

ST NF
—OH

526 528 530 532 534
Binding energy/V

ST NF

0 200 400 600 800 1000 1200

Binding energy/V

(b)

Intensity/arb. units
Sr 3d
Ti 2p
[Y=—— Jous

ST NF

—OH

Intensity/arb. units

530 534
Binding energy/V

IS
[
=]

ST NF—OH

Binding e

Kl 3 (a) ST NF iy XPS £ i {14 [#; (b) ST NF—OH [y

XPS &S iE S O 1s

Fig. 3. (a) XPS spectra of ST NF; (b) XPS spectra of ST
NF—OH. High-resolution XPS spectra of O 1 s are shown

in the inset.
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Fig. 4. (a) SEM image of ST NF before hydroxylation;

(b) SEM image of ST NF—OH.
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Fig. 5. (a) Surface SEM and (b) cross-section SEM of 5%
(volume fraction) ST NF—OH/PVDF composites.
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Fig. 9. (a) Weibull plots and (b) breakdown strength for ST
NF—OH/PVDF composites with various concentrations of

fillers.
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Fig. 10. (a) P-E curves and (b) the efficiency and energy
storage density of ST NF—OH/PVDF composites with vari-

ous concentration (volume fration) fillers.
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NF—OH 7t N 2.5% (B ME G A BHE
fIlX T 1000 kV /em B, BCHLECR & T 85%, 1E 3800
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BB SCR . 3 2 FIHE T R SCHk#RGE PVDE 2
SRR it BE 2 B AR SO B 45 X L, 7T LA
Hii, ﬁ(ﬁ&%ﬂi%ﬂé%fﬁéﬁﬁﬁ%mﬁﬁu%ﬂ%E
AWM EHOBEREIERE, PTHlAS = A AR A — 1
P

2 AIMSCERIRGE R PVDF 32 & MRk RE
B G AR SR AL

Table 2.
ity of PVDF-based composite materials reported in

Comparison of the energy storage dens-

previous literatures and the experimental results in

this paper.

PR REMHE %iff“cmj ik
BaTiO,/P - "
(VDF—HFE’)?ﬁiﬂ% BFLhm 3.2 [27]
SrTiO3/PVDF
: léﬁﬁ 5 Z RIS A5 3.54 [25]
BaTiO;/
P(VDF-HFP) — 4.89 [28]
SR
Bay 51, 3 Ti05/P ) .
(VDOIZ-COIfFE)%/Ti{’aJr KH-55018155) 6.5 [29]
SrTiO;/PVDF#ifiE Rl 7.96 AL

BT HAEE ST NF BB R kR E X 2 &
MRHEREERE AR, X2 IILAL B FTIS & AR
PIAERETEAT TR, 25 & B ST NF it hy
2.5% (A5 &AM RHE T o 28 3 3R AR
2300 kV /cm, fERESEE N 3.73 J/em?, ¥R AL HE
J&, ST NF—OH 7t 2.5% (IRF80) i, &
A RRH T 20 3 8 R 3850 kV /em, fiF g % i
1 7.96 J/cm3, K ST NF/PVDF &4 41R 35 1Y
2.131%. Mtk ST NF/PVDF & & #1k, ST NF—
OH/PVDF & & M kL 80 H T & i i RE 2 i, 31X
JEON R RIS SR R RS F
Wi DAH AR R p A, T Ak O E R A
AL éﬁ% 0L, T o 52 A Mt i < 2
s AbgREER

4 % w

L gy 22 5 4 T ST NF, B & 40
KT Y- BN 100200 nm, KJFEH 4—10 pm,
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Effects of suface hydroxylated strontium titanate
nanofibers on dielectric and energy storage
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Abstract

With the rapid development of the electronics industry, the dielectric materials with high energy storage
density, fast charge and discharge speed, easy-to-process and easy-to-mold, and stable performance are urgently
needed to meet the requirements for lightweight and miniaturization of electronic component equipment.
Dielectric ceramics has a high dielectric constant, but low breakdown field strength. Polyvinylidene fluoride
(PVDF) has the advantages of good flexibility, high breakdown field strength, and light weight, but its
dielectric constant is low. Achieving the ability to tailor the interface between dielectric ceramics filler and
PVDF polymer matrix is a key issue for realizing the desirable dielectric properties and high energy density in
the nanocomposites. As a result, much effort has been made to prepare the polymer composites through the
surface modification of the nanoparticles with high dielectric constant fillers dispersed in a matrix, with the
hope of preparing composites containing the high dielectric constant of the ceramic fillers and the high
breakdown strength of polymers. In this work, in order to obtain the high dielectric-constant and high-energy-
storage-density dielectric ceramics, the electrospinning method is used to prepare the SrTiO; one-dimensional
nanofibers as the inorganic fillers and the casting method is adopted to prepare PVDF as the polymer matrix.
To improve the interface between inorganic nanofiber fillers and PVDF matrix, the SrTiO5; nanofibers are
modified by surface hydroxylation. The effects of suface hydroxylated SrTiO; nanofibers on the dielectric
properties and energy storage properties of PVDF composites are studied. The correlation between interface
modification and energy storage performance of composites is investigated to reveal the mechanism of enhanced
energy storage performance of SrTiO; nanofibers/PVDF composites. The results show that the dispersion of
surface-hydroxylating SrTiO5 nanofibers in PVDF polymer can be improved. The composites exhibit improved
dielectric properties and enhanced breakdown strength. When the filling quantity of the surface-hydroxylating
SrTiO; nanofiber fillers is 2.5 vol%, the energy storage density of the composite reaches 7.96 J/cm?. Suface-
hydroxylating SrTiO; nanofibers exhibit excellent dispersion in the PVDF polymer matrix and strong interfacial
adhesion with the matrix, leading the composites to possess excellent dielectric constant and energy storage
performance. The surface hydroxylation of ceramic fillers can improve the energy storage performance of the
composites.
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