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Preparation and performance study of thermally conductive meta-aramid
composite paper-based insulating materials based on molecular dynamics

FAN Xiaozhou, GUO Teng, DONG He, BI Hanwen, LU Fangcheng, ZHAO Xu, SUN Zekun

(Hebei Provincial Key Laboratory of Power Transmission Equipment Security Defense,
North China Electric Power University, Baoding 071003, China)

Abstract: Meta-aramid insulation paper is widely used in transformers and high-voltage bushings due to its excellent
dielectric and mechanical properties, but its low thermal conductivity limits its application in high thermal load
environments. To enhance the thermal conductivity of nano-filler/aramid insulation paper, this study employed simulation-
guided experimental design to calculate the thermal conductivity of aramid simulation models. Three nano-fillers with
excellent thermal conductivity properties, namely nano SiO, (KH570), nano TiO,, and nano C,N,, were screened out. The
mechanical and insulation performance of laboratory composite aramid paper hand sheets were compared, and the optimal
filling amount was determined. Further, the influence of nano-fillers on the thermal conductivity of composite aramid paper
was explored, and their inherent thermal conduction mechanism was analyzed. The results show that the optimal addition
amounts of three nano-fillers are: nano SiO, (KH570) at 10%, nano TiO, at 4%, nano C;N, at 4%. Through thermal
conductivity testing, nano C,;N, is determined to be the optimal nano-filler, and the composite aramid paper with 4% of nano
C,N, showing an increase in elastic modulus by 135%, Young's modulus by 198%, electric strength by 60.24%, volume
resistivity by 3 713%, and thermal conductivity by 304.31% compared with pure aramid paper.

Key words: meta-aramid; nanofillers; doping modification; thermal conductivity

Vol.58, No.6: 94-104
Jun 20, 2025

0 315

It 7 5 FE] L IO S A 18 AN TR 9 AR £ AN
PR A i A BN, 22 A A R] S RN
R R I b 2 . A b R B R AR R S
B i BB A 777 i B B B ARAIE S 2 A DR A I

EEWE Pk HRAAHS LS %+ A T2 B (2023
MS106) ; ¥ 7] 537 A 3% & & #4908 (24621208G) .

) R R 2 AIE AT BT ER

75 26 - 4 Caramid fiber) £ - 1 3 [E A FR A = 0F
K, B B 4 2 1 Be T A RE AN ) A2 1 RE
ForpIA) AL 5 20 AR DR FL A 75 ) 48 2 1 R AT Ak o 2
P A AR R G p BAR L A KL B 1 AR 5
BRI IR, 77 20 4RI 3 T F A LU 4R 4E R AR
WEY, KW RAFLARIENETTREED, A
A B EE M, 4 F I FE K, #ufe K. It



TEIHE S J T 00 13 ) 2 9 2 HOM IR 55 28 5 A ARIE A 4 R ) ) 25 B 1 REWIE 95

b, BIRTT 28 AR T Y G5 W B B (B DUHT 41 4
55 VLT e (0 45 & A A7 A2 KB A /NS SLIRT B, PR
fiil] 7 ANEAEM R NI AR

o}
o

1]

H
|
N\O/
n

1 [EfIFELEERR

Fig.1 Structural formula of meta aramid
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Fig.4 Process flowchart for the preparation of nanocomposite aramid paper
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Fig.14 Thermal conductivity of each composite aramid paper
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