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High Temperature Energy Storage Performance of Polyetherimide Copolymerized
Films Modified with 1,4,5,8-Naphthalenetetracarboxylic Dianhydride
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Abstract: In order to tackle the issue of a significant decrease in dielectric energy storage performance of
poly (etherimide) (PED at high temperature (T°">>100°C) and in high electric field (E >400 MV/m)
due to the increase of conductivity loss, a copolymerization modification method based on high electron
affinity monomer was proposed to improve the high temperature energy storage performance of
PEIL. A series of NTCDA-PEI (nPEI) films were prepared by copolymerization of 1,4, 5,
8-naphthalenetetracarboxylic dianhydride (NTCDA) monomers and conventional PEI monomers.

The effects of different NTCDA copolymerization ratios on thermal properties, dielectric properties,
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breakdown properties and energy storage properties of the materials were studied. In addition, by
leveraging the hopping conductance model and the thermal stimulation current measurement, the
internal mechanism of the influence of the conductance and trap characteristics on the energy storage
performance of the copolymer films was analyzed. The results showed that the copolymerized films
introduced more electron traps, effectively suppressed the carrier migration at high temperature, realized
the decrease of conductive current and the increase of breakdown electric field strength, and then
improved the discharge energy density and charge and discharge efficiency of nPEI films at high
temperature. When the NTCDA’s molar content was 1. 5%, the performance of the copolymerized film
was the best at 150 °C, and the breakdown strength was 574. 35 MV/m, which is 14. 0% higher
than that of pure PEL. The maximum discharge energy density was 6. 38 J/cm®, which is 50. 8%
higher than that of pure PEL. The charge and discharge efficiency increased from 52. 2% of pure
PEI to 88.7%. This study provides a solution for the development of energy storage devices suitable for
high temperature environments.

Keywords: polyetherimide; 1,4,5, 8-naphthalenetetracarboxylic dianhydride; copolymerization;

high temperature; energy storage
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Fig. 1 Flow chart of sample preparation
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Fig. 5 FTIR spectra of the samples

O

N Q N

Stdifo oo ool

Kl 6 nPEIHIZ:H
Fig. 6 Schematic structure of nPEI

zkxb. xjtu. edu. cn

K5 A R R 2L A 8. AT RLE Y, T
W4l PEI if /2 A Rl NTCDA & & 1 nPEI, 7&
1775 cm "AI 1 714 em ™ HE# A FE C=0 IR
AN KR XS R Ao 20 9 20 B9 R AE W W 0, #E 1 348 em !
740 e T BHEAEAE C—N A 45 3% 3 A2 il 4R 3

(A AT B A R A A A B A R A U, M R ke
PEJE 76 nPEL ¥ B H 5] A B NTCDA H & A& 2535,
BT PEL A N A 454, & 6 B
o HT nPET R E P ZRAFREK D, H R
21 A0 W SCRE T A G BRI 6T £ A0 O 5 1 52



56 W % oz M

PN

%59 %

XTI REAEAT T Iy B T R 8
4li PET #1 nPEI #2278 3 3 1 #4i (DSCO) T 43
Br(TGAY I Z. W LLE . Bi% NTCDA B5| A,
W T, FHE 43518 214, 0 °C (4l PED ,213.9°C
(nPEI-1).216. 4 °C (nPEI-2).,217. 9 °C (nPEL-3)
219. 3 °C (nPEI-4).222. 8 °C (nPEI-5), 4l PEI 1y &
RN 5V IR B (T5y ) N 492 °C, 1 nPEI 3
Y Tso 43 9120 506,510, 5,507.519.524 °C . ¥ 7
500 C LA b, XT A A28, NTCDA 5] A$E5 T
PEI i i 4 68 . JF H i 25 NTCDA ) Jit i) & 77 3%
B34 I 30, X & T NTCDA A i 2838 B A7
T ARRUE M, BRI S (R A W o 4 R PE T
KLNTHGE T PET A 22 M 45 44 Ir s i 9 i 4 1 g
T R ) R B R T M SR Y IR

w2 ——PEI nPEI-3
nPEI-1 nPEI-4
nPEI-2 nPEI-5

1,=214.0 C

220 240 260 20
g/
B 7 BRI DSC i 45 1

Fig. 7 DSC test results of the samples

0 1
180 200

100 - -
90 ——PEI
nPEI-1
nPEI-2
< 80 nPEI-3
S| skl TSSO nPEI-4
5 70 | : nPEI-5
= \
& \
=60 -
510 520 530
50
40 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800
M/ C

K8 IRFEM TGA DI 45
Fig. 8 TGA test results of the samples

3 nPEI LR A/ M RE

THE IR A RE X A BB AR e ) RIS TR R AR fR E YD
(tan O PEMIRLE R WE 9 Fios,
A E AT 5 2 SR B . T AR Y e, ABBE IR

zkxb. xjtu. edu. cn

B SR NI WAL R S (R N R Y S e
% 19 BRF 0] 2 ST WA o R A0 T A Ak B4 S BB OR T
tand, FEEHE NTCDA ¥ 504 40 800 38 K, nPEL 1Y
e, B R X2 T NTCDA HA 03 /Y W i 1
B 7 ZEER SUINSR T 4 F 1 SR S50 L AR HE T o
B EW (CTO WL K, i 15 43 T 2 (8 A8 B A FH 5
5% 3 AR N T A R tan 0 EARII T
AT . 1 nPET 78 55 45 95 BBl (10° ~10° Hz) N A E %
B A RE 3 2 B T PEL B AT (9 WL A 45 44 Bk
ZEIRER AR R L 43 T4 Y I T 5 L 32 SRR TR
R AT T i Bth 5 RE o 45 v A0 A1 JoE 5 RE 1 R /N

A LR I 25 R R W nPEL /) tan 0 7F 1 kHz
THNTF 0. 01,6, BB AY AR FLAR /N, U0 B AR 2
AR E R AR E M .

- 1.000
-4 0.100
<<
o g
it 0.010
2
VVZ;ﬂA\ *
2822mzomie "'"mvmmll‘ﬁi’:’?ti“\
O.S]J.m, s sgtilgigeannnd v
PORRERRRRRES
. 1 0.001
10' 10° 10° 10° 10° 10°
HiZ /Hz
()25 °CF iy s 3t 3%
35 ~ 1.000
1
>l S CH—" S
30 st ==
2.5
—u— PEI ~4 0.100
—e—nPEI-1
20 —a—nPEI-2 <
o —v—nPEI-3 §
15 F —+—nPEI-4
nPEI-5
40.010
1.0
|l gttt
0.5 T:,;-;-/'
0 A 0.001

20 40 60 80 100 120 140 160 180 200

L/ C
(b)1 kHz.20~200 °C T [y 4 Ha JEL§i%
Ko REERA R

Fig. 9 Dielectric spectrum of the samples

fE 25 °C R IR 150 °C il 2 Bk 1 3 A
() B o MR RE L S5 R 10 1 Bros, Hob
E, N EiHHEER K 63. 2% I X AR AE o 25 B L B
R FRAEM B o R B R R . WL B,
A AR B B B, 3R W R B B
SIPER—E P, 25 CH T . nPEL1T A1 nPEL-2 [
E, b4l PET#2& T 8. 1% 1 14. 1%, BfizF NTCDA




5 6 34

A 5 45« 25 0 R R A Y SR B I Y% A SR I s 3L B M RE AT T

57

B I FE— R R T CTC B B T i T
()i #%, i nPEI-3, nPEI-4, nPEI-5 1) E, A~ W [&
K™, 150 C iR T E, MR {345 5 AR 1,
HA T T A5 R S L K BT R E
HFTI /N, 546 PELAH H, nPEL2 26 30 Y 5 4 10 5 O

A

o

iEaE b B, Hosl PELEERS T 14, 026, 8L NTCDA
51 A TR B 050 A B T

R g o e

ith £

PEI

nPEI-1

nPEI-2

nPEI-3

nPEI-4
-5

S MG
n

Addqd Do

/%

1S
T

— W
T

350 400 450 500 550 600

T RITRIE/(MV » m™)
(a)25°C

LN ]

oISy
T

400 450 500 550 600
i I RIE/(MV » m™)
(b150°C
B 10 e B R

Fig. 10 Breakdown performance of the samples
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strength of the samples E
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zkxb. xjtu. edu. cn

4 nPET 3R 5 Y fiff fE 1 g
P11y iR A 5 W B 0 o L
(D-E) T8 12 4y 5 B8 50 i ot it 5 0 S8

3.0F

[
%3
T

N
S
T

n
T

——PEI

&0 nPEL-1
nPEI-2
nPEI-3

G5 nPEI-4
nPEI-5

Z 1 1 1 1 1 1
0 100 200 300 400 500 600
B E%/(MV » m™)
(a)25°C
3.0

—— PEI
nPEI-1

nPEI-2
nPEI-3
nPEI-4
nPEI-5
0 100 200 300 400 500 600
HIR%/(MV « m™)
(b)150 °C
B 11 ke D-E 25

Fig. 11 D-E test results of the samples

12 4 110
10+
| —a—nPEI-2 170 &
8 v nPEI3 0
—+—nPEI-4 60 pt
—<—nPEI-5 =
L 50 &=
6 B
40
4+ 30 R
20
2+ 10
0
o—% 1 1 L 1 1 1 1 1 1 I

50 100 150 200 250 300 350 400 450 500 550 600
I 9R)E/(MV + m™)

0

(a)25°C




1 559 &

%

o8 [ 7Y
12 S 110
== b—p—p—p—u , {100
10 —=—PEI [ — . - \'\1l90
~ —e—nPEI-1 150
g —A—nPEI-2
7 8+ —v—nPEI-3 170 2
= nPEI-4 <
= nPEL-5 \ 1603
=6t A0 K
o A g
= 195
54 p //./' 430
= o~ 420
7~
- S— y -
2 A 10
2 d - 1 0
el 1 L L I L 1 L -10
0 50 100 150 200 250 300 350 400 450 500 550

HBIZIEE/(MV » m™)
(b)150 °C
B 12 ke Y it R 1 Rk
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# 2 PEIl 4= nPEI-2 £ 50 MV/m %3 F 6§ & [ &
Table 2 Resistivity of PEI and nPEI-2 at 50 MV/m electric
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