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High thermal conductive composite insulating paper prepared by boron
nitride nanotubes and aramid nanofibers

REN Junwen', QING Qiuwanyu', WEI Jia', ZHUO Ran’, TENG Fuli',
GAO Meng?, BIAN Chao', JIA Shenli'

(1. College of Electrical Engineering, Sichuan University, Chengdu 610065, China;
2. Electric Power Research Institute of CSG, Guangzhou 510623, China)

Abstract: With the development of modern electrical equipment toward miniaturization, high-degree integration, and multi-
functionalization, a large amount of heat accumulation will lead to insulation failure of electrical equipment. In order to
develop a composite that can achieve high thermal conductivity even with low filler content (mass fraction<50%) and meet
the strict requirement of current electrical equipment for heat dissipation, a composite insulating paper composed of aramid
nanofibers and hydroxylated boron nitride nanotubes (BNNT-OH) was synthesized in this paper, and the effects of BNNT-
OH content on the properties of composite insulating paper were studied. The results show that when the mass fraction of
boron nitride nanotubes is 20%, the thermal conductivity of composite insulating paper is as high as 15.92 W/(m-K). The
excellent thermal conductivity is due to the high intrinsic thermal conductivity of boron nitride nanotubes, and that the
strong interaction between hydroxylated boron nitride nanotubes and aramid nanofibers reduces the interfacial thermal
resistance.

Key words: boron nitride nanotubes; aramid nanofibers; insulating paper; thermal conductivity; interfacial thermal
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BRAHED

1.2 ANF/BNNT-OH & & 445 K05 &
1.2.1 ANF [ 4%

AW TR F 25 R T4 ) & ANF, 2k D 3%
W

CORE LR B LR 4E 5 K 29 0.5 em i A4 (1 5
2R, SR 5 IR I AE TR TR A R DB AR TR U BR B PR
o7 T 4 2 T Z4 5, [F) I B RA 4T 4 25 44

(2) ¥ 75 A B IS B L r 28 24 0] FH A I <
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Fig.1 Microscopic morphology of AF and ANF
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Fig.2 Microscopic morphology of BNNT and BNNT-OH
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Fig.3 XPS scan spectra of BNNT-OH
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Fig.4 Microscopic morphology of ANF/BNNT-OH-20%
composite insulating paper in cross-section and in plane
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Fig.5 Thermal conductivity and thermal conductivity in

crement of ANF/BNNT-OH composite insulating paper
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Fig.6 Plane morphology of ANF/BNNT-OH-5%

composite insulating paper
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Fig.7 Heat flow channel diagram of ANF/BNNT-OH

composite insulating paper
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composite insulating papers
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Fig.9 Weibull distribution of DC electric strength of

composite insulating paper
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Fig.11 The mechanical properties of

composite insulating papers
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Fig.12 FT-IR spectra of ANF and ANF/BNNT-OH-10%

composite insulating papers

K FT-IR )¢ % & %7 ANF A1 BNNT-OH 2 [A] f{]
A EAE AT RAE, S R 12 . W12
Al LAE H , 4l ANF 48081 ANF/BNNT-OH-10% & &4t
ORI B 1E . 4l ANF 407 380N 3 312
em ' Fl 1 641 cm™ Zb R I H B2 R IR WAL UG, 43 il of
N-H il C=0 B hr ¥z 5l . 117 ANF/BNNT-OH-10%
56 48 2 48 N-H FI C=0 48 1 B 415 5 6 7% 3 1) 45
AP E, 4B N3 310 cm™ f1 639 em™. B TA
S (R 4 B AR N-H AT C=0 82 (4R 4 % , B ix
b B S A 4T RZAIE SE T ANF A BNNT-OH 22 [8] /i 1
558 S T B A ELAE A

BT AR LAY BNNT RS Z 5B Re A,
oA DL 5 B W A 7 AR R ) ST B ik 5 A 2
P4 . I /E BNNT 3 I # 57 72 45, 115 BNNT-
OH 5 ANF Z [H] 7= A 1 5 K 1 5 Tl S0 AH AR H
RENE A B0Ks A BT 34 . ANF % 3% 31 1% [ 1) BNNT-
OH I, ifi 42 /=y &2 & 48 2k 4R 1) )1 % 1 RE™. P
NAUITYAL 5" [ BIF 7 8] FF 10E S £E 4h 7 S i H
N, BNNT () 4 25 {845 2 8UK A= i 37 AR 82, AT AT
CAA 2097 1k Jm 5 5 77 B v, 2w ARk ) Bt 2k 2k .
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3 4ig
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N 15.92 W/(m-K), #H 4 T4 ANF R G F i m
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10% 5 & 4 S AN Pisk s FEA 3] 1 219.62 MPa, #H
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