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Preparation and ener gy storage perfor mance of flexible
poly(m-phenyleneisophthalamide) dielectric composites
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Abstract: In order to suppress the local electric field distortion caused by the dielectric constant difference
between barium titanate (BT) nanoparticles and poly(m-phenyleneisophthalamide) (PMIA) dielectric
composites, TiO, and polydopamine (PDA) were coated on the surface of BT to generate core-double-shell
structured PDA@TiO,@BT nanoparticles (PTBP), which were then added to PMIA paste to fabricate
PTBP/PMIA dielectric composite films. The composite films obtained were characterized by FTIR, XRD
and SEM, and analyzed for their dielectric properties, breakdown strength and energy storage
characteristics. The results showed that the dielectric constant of PMIA dielectric composite significantly
increased with the increase of PTBP content (based on the mass of PMIA, the same below). When PTBP
content reached up to 10%, the dielectric constant of PTBP/PMIA composite film was increased by 57.1%
compared with that of PMIA matrix at 1x10° Hz, and that also maintained stable at high temperature (>150
°C). Moreover, the energy storage properties of PTBP/PMIA dielectric composite films were significantly
improved by the addition of PTBP. When PTBP content was 10%, the energy storage density and discharge
energy density of PTBP/PMIA composite film were 1.91 and 1.23 J/cm® at room temperature and 250
MV/m, respectively, which were 103.2% and 61.8% higher than those of PMIA matrix.
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1.2.1 TiO,@BT &) 4] &

B, # 0.5 g BT 49Kk F A 200 mL Josk
CIEFBR 5] (480 W, 1h) J5, JIA 1 mL
=M, AFEIER A AR, B 4 mL KRR Y T IR
T2 40 mL Jo/K BT, B 0.5 hy SRJE A H0R
A, FWRCEHFE 120, g, PR EIAT 80 °CF T4
12 h, JF7E 550 °C % 5h, 193] TiO,@BT ki T
1.2.2 PDA@TiO,@BT # %) %&-

1.0 g TiO,@BT K FINAF] 150 mL £ 517K
HORE A 4] (480 W, 1h) J5, MEHImA 1.8
g Tris, FF HCUB /00K pH A £ 8.5; SRIG A 0.3
g Z O REERRER TR = A AR T e S h, RAHL
#2249 0.22 pm A HLIER T 3E1H 5] PDA@TIO,@BT £ &
KT SR 2B TR MK B4 UEd 3 R, T
80 °CT4 12 h J519%] PDA@TIO,@BT & &Kk T
( PTBP ).,
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1.2.3 PTBP/PMIA £ 4% & 4] &

T8, ¥ 0.37 g PTBP it A% 13.00 g DMAc 1
A S) (480 W, 1 h) 15%] PTBP 230K ;
BtiJ5, ¥ PTBP A HURIINAZ] 40 g PMIA i+
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N E I 2 iR .

TiO,
BT
Dk TR PDA PMIA | B
LY«
T — - A
BT TiO,@BT PTBP  PTBP/PMIAK &

Kl 1 PTBP/PMIA & & 514 il 5 Ji /i A
Schematic diagram of fabrication procedure of
PTBP/PMIA dielectric composites

1.3 SHHURMESHERENIK
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BT £, dE 2b AT LIF 1, 76 BT #Y XRD &l

Fig. 1
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700 °CH} Y B 2 R 2.2%, X Al RE L i T 7E 1l
% TiO,@BT I # R T A VLG L 1
PTBP 7£ 700 °CH} a1 N 8.5%, XA T
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Fig. 2 FTIR spectra (a), XRD patterns (b) and TGA curves
of BT, TiO,@BT and PTBP particles (c)
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Fig. 3 Morphologies of BT (a), TiO,@BT (b), PTBP (c, d),
PTBP-0 (e) and PTBP-10 (f)
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Fig. 4 Dielectric properties and conductivity of PTBP/PMIA
dielectric composites
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& 4c A PTBP/PMIA E A B SR, ALIAE
|, A WA AL S 3 5 IR 38 A i MG
F, RPHYEA R4 g rkae!", HEE% PTBP
TR, EARNTRNLZMERRE %, W
1x10> Hz i}, PTBP-0 fHL SR K 6.7x10"" S/cm,
il PTBP-10 34/ % 8.9x107'° S/em, XZEH Ky, 4
PTBP & KN, HF PMIA JEA P H45),
W B s Z BB G B PTBP & &@id 7%
J&, PTBP JFUAAH H 2k, JE R S, v
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R EGY AT, 5 Wi R X HA P RE Y 5 &
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] Sa T LUE B, AF S0 A HLE B T IR
WO ERRRE , WA BB A RAE . 7E-20~20 °Cig
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BESZ RN PMIA YR 035 38 A0 54 8 5 | ke i P B il -
EER I MiTE 20~250 °CYGHEN, BEE IR
FH75 PTBP-10 AU/ HLH BOE W R, X & H Thi A
TR T, PMIA R & PTBP H il F-# Ak Al
S AL B W R P A, R R, e
IR T, AR I A H 5 B5OR 35 AR R A
BRI, 30 R R AR AR T 4 T+
HRIH T r "l I sb Oy PTBP-10 75
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10> Hz) Bf, A fikEisE R Bl T 3 ke,
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=T PMIA TE @R A B L AR S IR R AW
TR A pizsh, dhmsg M FsshimE, S
FHAL T N L B AR 75 A BRI R, [
Bk PTBP 5t i A oy W ACEA Bt 2 4R T F S i o B
FastbE e PMIA 0155 (9 ke s DL ). PTBP h
PDA W&, BEMETIER, y sbiET PMIA
SR FRETPBET . HEBLA R A EAL AP STk
B, PTBP-10 11 y A2 thBifi 25 503 (14 14 o0 v o s Y
BB 3h LR AR 55, MR IE I #) 1x10° Hz B,
FEIR R B S BB P U BTy A s RE I

10
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a— AL HG b— A FLAE
15 PTBP-10 f£-20~250 °CH P At fE
Fig. 5 Dielectric properties of PTBP-10 in the range of
—20~250 °C
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Fig. 6 Breakdown strength of PTBP/PMIA composite films g 12l
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76 ) Proae 28 BB HIZE 1.19 il 1.34 pClem?, 5 PMIA ouspC b FIBRO § i)
AR 42T T 67.6%F1 88.7%., XZH T §m_ - A
PTBP R BURFELH Lo i B THAL A A R B oo
TR ALIREE s AN, BT B/ v St g T gg
R A A T B KA, B Ak B B 4R T 06T
A BT PTBP/PMIA & & IRGERERE . WA 03
7d FATLIER], EEHBENANBABIAME (B P o —% 00 5 00 25
SFpWACRE (P,) HZE(H ) W% PTBP &yl H13%38 /(M V/m)

hni Wk, M PTBP-0 [ 0.64 pClem® Bihn =
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A O AR B 2 L 5 B 3G TR T, B AE
— AR T AR RE R L
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FRMIKR; e—PTBP-10 AR ALIE S B 5584 1 X R
<7 PTBP/PMIA %5 5 JIE A4 H i [0l & K il Al 5
Fig. 7 Hysteresis loop and polarization characteristics of
PTBP/PMIA composite films
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Fig. 8 Energy storage properties of PTBP/PMIA composite films
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