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Abstract: Organic-inorganic composite dielectrics are often difficult to have both high dielectric constant and high electric
strength. In this paper, a sandwich structured composite film was prepared by using aramid nanofibers (ANF) as high-
temperature resistant matrix, boron nitride nanosheets (BNNS) as electrical breakdown enhancer, and barium titanate
particles (BT) as dielectric modifier through step-by-step vacuum filtration and hot-pressing method, and the effects of
sandwich structure and different modifier content on the microstructure and dielectric properties of the composite films were
studied. The results show that the sandwich structured composite films have high flexibility and excellent high-temperature
stability. The addition of BT decreases the electric strength of single layer and sandwich structured composite films, while
the addition of BNNS increases the electric strength of the composite films. The individual addition of BT or BNNS can
increase the dielectric constant of composite films at low frequency, while the simultaneous addition of BT and BNNS can
increase the dielectric constant in wide frequency domain. Therefore, a composite film with balanced dielectric properties
and electric strength can be obtained by adjusting the sandwich structure and modifier content in each layer. When taking the
ANF/BNNS film with 10% mass fraction of BNNS as the outer layer and the ANF/BT film with 10% mass fraction of BT as
the core layer, the dielectric constant, dielectric loss factor, and electric strength of the prepared composite film is 1.41
(1 kHz), 0.013 (1 kHz), and 13.3 kV/mm, respectively.
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Fig.1 Schematic diagram for the fabrication of layer A and
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Fig.2 Preparation of sandwich structured composite film

2.2 ANF’E%%H%E’W%‘TE"
B 3 5 ABA(30-10-30) 4 & 7 i fa] B0 () g 2
MR . HEI3ATLLEH, ABA(3O 10-30)E &
%ﬂ%ﬁ%ﬂﬂ M ARSI, [ AT LURSZ — € 3
fof o 7E B HE B K AR R WA R AR, B R
UF (R ZE B

()25
3 EAEEABA(30-10-30) R
Fig.3 Flexibility of ABA(30-10-30) composite film

((ETALE

2.3 ANFEE&EEMNHMUNLEN

I SEM M 5% ANF {8 5 A1 2 005 52 A 6 S 11 ol
ML, & R E 4w~ WE 47 LLE | 4l
ANF I R PR 60 . N 40T UE L, &
IR () R T B ARAFAE R 4 (R R B B, X 2
T g o R B K e i 51 2 1. Ak, W RLE



[

2% AT 5

RORZT 2 S O S8 R T il A2 1 P B ) o) 6 S P RE TE T

disiiRl 2023,56(9)

(c)ABA(10-10-10)W7 1 JE 3
4 ANFERFRTEE AERAE SEM
Fig.4 SEM images of ANF film and sandwich structured

composite films

BNNS FJZ #1 BT Uk 7 ANF 2 {8 o 43 8025 5], 6
PNEHRIR . NEACTDEL, SRR
BEMNZREGN, B—ENEEYS HEHT L
HUERL R L AT (T R AL B, 5 ANF B4R 45 & 1
B, DRI HH B T 250 AL B 5 R o e B M 3 A R
oM. 2% LR BAHE ST T IS AR 5 2 g
KAYERET A HMR.

L) AN S A
Bl 5 s

&5 8 I 1) XRD I 45 S

(101)/(110) (111)

BAB(20-30-20) \ (002)/(200)
(002

ANF-10BNNS

: ANF
20/°)
Es BEMERMIEEAEMAN X FEITHE
Fig.5 XRD spectra of single layer films and sandwich

structured composite films

MBS HT LA H,16.7°F121.3° b B R R AT 5
U 5k 2 T+ ANF [£9(110)F1(200) & 17 » 2 W] ANF 22 Jii
TGV EA AL, IR T 05 A0 7 1 = iR
PEREAN SR . fE BABAESL P, 76 31.6°.38.9° .
45.3° fb A7 15 B 8 (1) AT S 06, F R AR TR AL (101)/
(110)~(111)~(002)/(200) i TH1 » HATH &I BE, L7
FERAT 454>, BNNS FIRFIEVEAL T 26.9°, X B H

(002)dhTH - DAL, B AR T & A ALY
FRFE
24 ANFEEEEMNTBEMERE

T S A () A TR A F R A R R
DRI HORT LS5 BF FE AN R SEDRHE R B IS T A
A HL M AR 1 S, 5 RNl 6 B 7 B . 18
b — R S AT O A B, AT BB B BT
BAM B BRI TR A A BT &=
(380, BRGNP R R &, (R AT LR
IAFTEATREBLR , 1X 35 B2 i T FF 19 5 =2 A0 )
TR Ik A R TH] R 0 B

X T A-B-A BT G, K 6(a)~ (b) 7] LLE
H, 29502 BNNS & & AR, £ i 1A H 5 0m s T
52 AN E R G B O Z BT & &30, A s
BT R, DRI /MZE BNNS R )2
BT & &, A-B-A B85 A B/ A FE D 503573 21
. X T B-A-B B E A B, A 6(c)~(d)AT LA

249 _a ABA(10-5-10)
99] —e ABA(10-10-10)
“1 —a ABA(10-20-10)
2.04 —v ABA(30-5-30)

+ ABA(30-10-30)
1.84 <« ABA(30-20-30)

w16

B 14-%
< 1A2—‘
1.0
O.S-M
0.6 . - . r r
10? 103 10* 10° 10¢ 107
A /Hz
(a)ABA VLB (1 LR 2L
I3 —a— ABA(10-5-10)
e ABA(10-10-10)
—a ABA(10-20-10)
—v— ABA(30-5-30)
& 0] + ABA(30-10-30)
: < ABA(30-20-30)
®
_::_:’
=
= 0'01'\
0.001 : . : : "
10? 10° 10¢ 10° 10° 107
A% /Hz
(b)ABA 7 i [ 41 5T 453 FE R £
2.0+
1.8 —=—BAB(5-10-5)
—e—BAB(5-30-5)
1.6 v BAB(10-30-10)
] +BAB(20-10-20)
{ﬁ };‘ < BAB(20-30-20)
a2
£ 1.0 I
< 0.8
0.6
0.4
0.2
0 o r r r m
10? 10° 10* 10° 10° 107
S/ Hz
(c)BAB I [ A~ HL i 4



@R 2023,56(9)

REA I 407 o 5 2R YK £ 2 RS 5 R T eyl B2 P O A ) ) 6 2 A BE W 9 27

1 —=—BAB(5-10-5)
—e— BAB(5-30-5)

v BAB(10-30-10)
+ BAB(20-10-20)
< BAB(20-30-20)

0.14

0.014%

PAIIE G RAPSE ¢

0.001

100100 10 10°  10° 107
FiF /Hz
(d)BAB [ (1) A\ A5 FE PRI 2L
10-
—=— ANF
—e— ANF/10BNNS
3 —a— ANF/I0BT
—v— ANF/10BNNS/10BT
+ ABA/(10-10-10)
& 6
i
=
& 4
2.
0 . . . . .
100 100 10* 100 10° 107
% /Hz
(QENE R PN
15 —=— ANF
—e— ANF/I0BNNS
—a— ANF/10BT
v— ANF/10BNNS/10BT
= 014 + ABA/(10-10-10)
=0
-EP\E::
¢ |
& 0-01\
0.001 : : . : .
100 100 10*  10° 106 107

Hi# /Hz
(AN TR] R A A 53 45 R[5 £
Elo BEBEMIEESERNNEEHM
T EIRFEEY
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layer films and sandwich structured composite films
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