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Abstract: As electronic components become increasingly intelligent, lightweight, and integrated, the
power density of electronic equipment increases dramatically. The development of high-performance
thermally conductive composites has thus become critically important. One-dimensional polymer nanofibers
are conducive to the effective connection of thermally conductive fillers in the axial direction and promote
the formation of effective thermal conductivity paths between adjacent thermally conductive fillers.
Consequently, when the same content of fillers is added in polymer matrix, these kind of anisotropic
composites usually exhibit superior thermal conductivity, which has attracted widespread attention from
researchers. This paper systematically summarizes the research progress of polymer nanofiber-based
anisotropic thermally conductive composites including cellulose nanofibers, aramid nanofibers, poly-
paraphenylene benzobisoxazole nanofibers, and electrospun nanofibers, and discusses the regulation effect
of low-dimensional thermally conductive fillers on the properties of polymer nanofiber-based composites.
Finally, the challenges and future development directions of nanofiber-based thermally conductive
composites are prospected.
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Fig.2 Preparation and performance control of cellulose nanofiber-based thermally conductive composite materials

(a)general structure and microstructure of lignocellulosic natural fibers'™*!; (b)in-plane and inter-plane thermal conductivity of ND and NFC
hybrid films"*'; (¢)surface SEM images of CNFs/BNNT nanocomposite containing 25% BNNT?!/; (d)cross-sectional SEM images of
CNFs/BNNT nanocomposite containing 25% BNNT!?/; (e)alternating multilayer CNFs@GNS films prepared by AVF process'2;
(f)cross-sectional SEM image of 50% rGO/CNFs composite film"*'; (g)schematic diagram of the preparation process of CNFs/MXene

laminated paper®!; (h)schematic diagram of the electromagnetic shielding mechanism of multilayer films
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T o SR FHIZ T Ik 4 0 25 A SEDRHSUCR 1026 B
RIAT S A 19.66 W/ (mK) A9 /5 1 N #4535, [A] B iz 2
A A A B S 0 Ty 24 PERE , PSR T 35 211 MPa,
PIMER 17.94 MI/m?, 3 55 T4 ANFs B 5 44 &
BUBKR B 52 A A ARk (A R BRI T 80 1) AL i
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W/(mK) , i £ Z 5 F— 48 AgNWs F1 — 4k BNNS
FE A WA T N T I B JERRCT RO S A
S N1 2] o (e i e T o s (T = €
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JBE ) 324 PR BE AN T AR REAR S T2 B2, Y R
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R 8.5 W/ (mK) , HLIEB# AR 67.5 B, [A] B if
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> H AT Toyobo 23 w45 B —F 5 75 1k 23 26 26 I i 2
Y B AR = 1 12 L BRI e AR S 1 AR
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o IE R T R EA A A N KA A I 2% 1)
A1 M A N A L 19 ) 2E Mg B R
PR H 0 P B (104.5~179.8 W/ (mK) ) . 1
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Fig.3 Preparation and performance control of aramid nanofiber-based thermally conductive composites

(a)schematic diagram of the production of LM-CNT/ANFs composite film"''; (b)in-plane and through-plane thermal conductivity of ANFs

nanocomposite films with different GN contents**'; (¢)schematic diagram of the thermal conductivity mechanism of anisotropic ANFs/20%GN
nanocomposite film'®’; (d)in-plane thermal conductivity and heat dissipation coefficient of Janus (BNNS/ANF)-(AgNWs/ANF ) composite film™’;
(e)SEM image of ANF-Ag"", (1)SEM image of ANF-FC"'; (g)SEM image of ANF-rGO'™"
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FIEEREE], TN TIeMAl AR AR | g e ik 55
AR A, Horp Ol PNF I TLC, T, 25 & 1 — A
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P B RAF T ik 2 A 7 19 MXene/PNF & 4
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PNF@C 5 & W I 1) T 30 R BOZ Wi K, 24 MXene 11
JE 43 B0h 50 % i, £E 400 °C TR 45 2 19 MP50@C-400
(TS P S HCRA F 5.64 W/ (mK) |, 3% =22 Ky F 1
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AL T 1AM, MXene 99K Fr 5 PNF Z [a] 1 & HEAE H
BEAR T S B AR T R AR . Bl L 0
K 4(b) s, Wang ™ St Ti,C, T, 40K Fr 4 5 Bk 1t 30
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A, B RE B RIA 3 35 dB, Priism B 125.1 MPa, &
HLR N 1943 S/m, I A2 G HEBE . SR, ih
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MRHE LA 2537 G N o R, Liu 55555k IV I -
U5 e - F 2 A o 3 ) BRI AL A B 4% T — ol
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(FE4(c)) o F4A(d) AR T MR 45 ) 5 L S/
HL A8 X L3, 725 KB40 J1/E T, PNF/MXene %
JE e A5 SRy ELAG T2 AR RS # ()8 5, A B 3% B2 PNE A1
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PG SR, ERE T, TR RGN A B
VEF 55 CHEX 2K 7 1] A v (i A0 ST 55 )
PAL FAFAE R 18 . BLAN, BT PNF W45 (4 BHLPY
MXene 442K F 2Z 8] i HEL 15 St K K855 , 3R R
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Fb, BNNS HA R G 0 o s 2 vk At 52 09 i 9 3
. R, i BNNS /R S IR 4 PNF 242 &
VBB B B2 5 4l PNF IR SR8 A R 1R 22—
Chen 25538 i I A Zh figfk BNNS il & 73 B S
PAPERI a2 M) PNF E 500k, 7ES R # i /E M
T, BNNS 9 PNF L5, Firfe) £l (14 U5 [ 5 3% 0 4 fili 44 K
HAMEZHEZERRG . 2 BNNS 9 gk m
10%6 B, 9K G AR T NI R 554 21.34 W/ (mK)
JEHA 206 MPa [ =58 B . LA, Sun R H &
JoT A RN B B AR 5 G ) SR m il 2R 22 T (poly-
dopamine , PDA 44 K ki + Z A& k. /1) BNNS 5 PNF il
T I AN, PDA B b5 (1) U A - B

A B T 5 AR U R 25 R B T A A
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FFE (tand= 0.03) A1 K 47 (1 H1 ) 54 (BB 351 R . 6.85 X
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g4 R E ) S B A RS U SRR R R A
AbER 7 BN R K T R 1 P2 S F A L A5 BE A 7Y
B4n , Tang 55 AE MR IR T BN 2R 1H 9 B-N i
e TR A IR L 153 HO-BN, B i 44 56 4 e A% 3]
HO-BN Z M, il #5 H R B D R Ak 2 AL (m-BN) .
230 3 I - M W T A A ) A T A 2 ARG
¥ m-BN/PNF & & 48, BT m-BN K [f 1Y 2 5L Al
IR 5 PNF JE il T 1R 3% i S8 Al - /EFH , m-BN 7E
m-BN/PNF g4k 2 5 480 F- i 7 1) 35 H\S1, nl e
R ALY m-BN # L Sl 18 (& 4(1)) . tE4h, m-BN
TETH 5 ) I 5 K PNE A B %42 3% K T m-
BN 2 [] i 7L 1 $0BH, OF i 2 48 8 7S AR R AR
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PR 50%0) 1 TH N5 R FIORTTE AN R IR B
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Fig.4 Preparation and performance control of PBO nanofiber-based thermally conductive composites
(a)schematic diagram of heat conduction along the oriented PBO/graphite nanosheets composites'®'; (b)schematic diagram of the production of
f-Ti,C,T,/PNF film'®; (¢)schematic illustration of high-quality PBO/MXene films by sol-gel-thin film conversion method ®; (d)anisotropic
thermal conduction and electrical insulation model of PBO/MXene film"*!; (e)thermal conductivity of BNNS/PNF composite films with
different BNNS contents ' ; (f)schematic diagram of heat conduction in the in-plane directions of m-BN/PNF-50 nanocomposite paper ™’

(g)schematic diagram of heat conduction in the out-of-plane directions of m-BN/PNF-50 nanocomposite paper' "’



B4t oW

RO HESLA% 1) S 1 A B DRI BIE STt B 35

Blo A THE PVA RS MR TR, Wel 4702R
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nanocomposites with interconnected oriented BNNS'™; (¢)in-plane thermal conductivity of the PVA/BNNS@AgNW composites at room

[79 80],

temperature'™’; (d)schematic diagram of the preparation process of the sandwich structure electromagnetic shielding nanocomposite film'

(e) TEM image of the nanofibers'®; (f)EDX spectral image (the inset is a schematic diagram of the BN network within the fiber)"?';

(g)surface micrograph of 50% BNNS/PI nanofiber composites'®™ ; (h)thermal conduction mechanism of

electrospinning-electrosprayed boron nitride nanosheets/polyacrylonitrile composite film'®’
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Table 1  Comparison of various nanofibers-based thermally conductive composites with different low-dimensional nanofillers

In-plane thermal

Matrix  Filler Slrl'Jclure Loading/ % conductivity/  Construction strategy Year/
of filler (Wem-1-K-1) References

NFC  ND 0D 0.5 9.82 VAF 20171
NFC  Ag 0D 2 (volume fraction) 6.00 VAF 201817
NFC  FCNT 1D 35 14.10 VAF 2018%!
CNF  BNNT 1D 25 21.39 VAF 20171
CNF  GNS 2D 25 23.20 VAF 202012
CNF  1GO 2D 50 7.30 VAF 2017
CNF  MXene 2D 60 14.93 VAF 202154
CNF  OH-BNNS 2D 50 15.13 VAF 202087
CNF  BNNS-p-APP 2D 9.10 VAF 20211
CNF  {-BNNS 2D 70 30.25 VAF 201713
CNF  ND/MXene 0D/2D hybrid fillers 17.43 VAF 2022142
CNF  BNNS/MXene 2D/2D hybrid fillers 70 19.97 VAF 20214
ANF  ND@PDDA 0D 50 30.99 VAF 2023
ANF  LM-CNT 1D 4.60 VAF 2023°!
ANF  BNNT/PEI 1D 9.91 20212
ANF  GNS 2D 20 20.54 VAF 202215
ANF  1GO 2D 50 18.28 VAF 20231
ANF  MXene 2D 30 15.50 VAF 2023"%2
ANF  BNNS 2D 50 VAF 20191
ANF  BNNS 2D 30 46.70 VAF 20201
ANF  BNNS 2D 10 19.66 2024157
ANF  BNNS-OH/GO 2D/2D hybrid fillers 60 33.40 VAF 202116
ANF  Ag/GO 2D/2D hybrid fillers 9.84 VAF 2023161
ANF  Ag@MXene 0D/2D hybrid fillers 5 18.56 VAF 2022102
ANF  AgNW/BNNS 1D/2D hybrid fillers 50 8.12 VAF 20221
ANF  Ag/Fe,0,-CNT/rGO  0D/0D-1D/2D hybrid fillers 8.50 VAF 20231
PNF  BNNS 2D 10 21.34 202217
PNF  BNNS@PDA 2D 37.5 45.15 202316
PNF  m-BN 2D 50 9.68 Sol-gel film conversion method 2024
PNF  FG 2D 40 12.30 Sol-gel film conversion method 20227
PNF GF 2D 90 179.80 Sol-gel film conversion method 2021
PNF  MXene 2D 50 5.64 VAF 202414
PNF  MXene 2D 20 42.20 Sol-gel film conversion method 2023
PNF  [-Ti,C,T, 2D 70 5.82 202215
PVA ND 0D 60 85.3 Electrospinning 202317
PVA  ALO, oD 65 31.69 Electrospinning 202217
PVA  BNNS 2D 40 19.99 Electrospinning 2021'%
PVA  BNNS@PDA 2D 35.5 16.60 2023177
PVA  Fe,0,/Ti,C,T, 0D/1D hybrid fillers 40 2.86 20211
PVA  AgNW@BNNS 1D/2D hybrid fillers 33 10.90 Electrospinning 20217
PVDF BNNS 2D 0.5 4.50 2019'%%
PVDF BNNS 2D 20 7.27 Electrospinning 2024153
PI BNNS 2D 50 7.58 Electrospinning 202318
PI p-BNNS 2D 10 Electrospinning 2024187
PAN  BNNS 2D 50 28.01 Electrospinning 202215




554 59 M) D WAL HESEAS 0] SR P SRR T 39
SE R [16] Tto H,Sakata M, Hongo C, et al.Cellulose nanofiber nanocompos-
ites with aligned silver nanoparticles|J].Nanocomposites, 2018, 4

[1] LiuB, LiY, Fei T, et al. Highly thermally conductive polysty- (4):167-177.
rene/polypropylene/boron nitride composites with 3D segregated [17] Shen Z M, Feng J C.Highly thermally conductive composite films
structure prepared by solution-mixing and hot-pressing method based on nanofibrillated cellulose in situ coated with a small

(2] ;3 Ch;m;cal Ervljir;;e;ng JO:Nm?Il‘;l 202(;', 385:. 12?$29‘ ; amount of silver nanoparticles[J].ACS Applied Materials & Inter-

ang F, Feng , Feng W. Three-dimensional interconnecte faces. 2018, 10(28) : 24193-24200.
networks for thermally conductive polymer composites: design, [18] Song N,Cui S Q,Hou X S, et al.Significant enhancement of ther-
preparation, properties and mechanisms[J]. Materials Science and mal conductivity in nanofibrillated cellulose films with low mass

3] ing;il?rinng: R :;ip(;:s’ 2522’ 1%2‘: 100_580' . 0 et fraction of nanodiamond[ J].ACS Applied Materials &. Interfaces,

2 u , Wang X J,Hao Q.A mini review on thermally conductive 2017.9(46) :40766-40773.
pf)lyr?ers and polymer-based composites[J]. Composites Commu- [19] Cheng P,Chen X,Gao H Y, et al.Different dimensional nanoaddi-
(4] Ecal;)mi’zlgml’leiim; S Rational des ; R tives for thermal conductivity enhancement of phase change mate-
u , Liu , Ma . Rational design of nanohybrids for . L -
highly thermally conductive polymer composites [J]. Composites zlgézzg'ndamentals and applications L1]. Nano Energy. 2021, 85:
(Communications, 2020,21: 100427. [20] ZhuJ Q,Cao W X, Yue M L, et al.Strong and stiff aramid nanofi-

5] Yu'S, Shen X, Kim J K. Beyond homogencous dispersion; oriented ber/carbon nanotube nanocomposites[J].ACS Nano,2015,9(3) :
conductive fillers for high x nanocomposites [J]. Materials Hori- 2486-2501.
zons, 2021 §(L1):3009-3042. [21] Meng X G, Yu H J, Wang L, et al.Recent progress on fabrication

[6] Zhang X,WuK,LiuY H,et al.Preparation of highly thermally con- ) T
ductive but electrically insulating composites by constructing a seg- and Pér[ormance of polymer Compom'les vith hlgh‘ly lhfermal o
regated double network in polymer composites[1]. Composites Sci- ductivity [J]. Macromolecular Materials and Engineering, 2021,
ence and Technology,2019,175:135-142. 306(11):2100434.

(7] Zhang G R, Xue S, Chen F, et al. An efficient thermal interface ma- [22] Wang X W, Wu P Y.Fluorinated carbon nanotube/nanofibrillated
terial with anisotropy orientation and high through-plane thermal cellulose composite film with enhanced toughness, superior ther-
conductivity [ J]. Composites Science and Technology , 2023, 231 mal conductivity, and electrical insulation[J].ACS Applied Mate-
109784 rials &. Interfaces,2018,10(40) : 34311-34321.

(8] Yang G, Zhang X D, Shang Y, et al. Highly thermally conductive [23] Xu T,Zhang K, Cai Q R, et al. Advances in synthesis and applica-
polyvinyl alcohol/boron nitride nanocomposites with interconnec- tions of boron nitride nanotubes: a review [ J]. Chemical Engineer-
tion oriented boron nitride nanoplatelets [J]. Composites Science ing Journal, 2022,431:134118.
and Technology, 2021, 201 : 108521. [24] Zeng X L,SunJJ,Yao Y M,et al.A combination of boron nitride

[9] HuD C,Ma W S.Nanocellulose as a sustainable building block to nanotubes and cellulose nanofibers for the preparation of a nano-
construct eco-friendly thermally conductive composites [J]. Indus- composite with high thermal conductivity [J]. ACS Nano, 2017, 11
trial &. Engineering Chemistry Research, 2020, 59 (44) : 19465- (5):5167-5178.

19484 [25] GuT,SunD X, Xie X, et al.Highly thermally conductive, electri-

[10] Lu X F,Zhang W J, Wang C, et al. One-dimensional conducting cally insulated and flexible cellulose nanofiber-based composite

polymer nanocomposites: synthesis, properties and applications films achieved via stereo complex crystallites cross-linked gra-

[J].Progress in Polymer Science,2011,36(5) :671-712. phene nanoplatelets [J]. Composites Science and Technology,
[11] Pan X L, Debije M G, Schenning A P H J.High thermal conduc- 2022,230:109757.

tivity in anisotropic aligned polymeric materials [J]. ACS Applied [26] XuX 7, Hsieh Y L. Aqueous exfoliated graphene by amphiphilic

Polymer Materials, 2021, 3(2) : 578-587. nanocellulose and its application in moisture-responsive foldable
[12] Lamm M E, Li K, Qian J, et al.Recent advances in functional ma- actuators[ J].Nanoscale,2019,11(24) :11719-11729.

terials through cellulose nanofiber templating[ J]. Advanced Mate- [27] Song N,Jiao D J, Cui S Q, et al. Highly anisotropic thermal con-

rials, 2021,33(12) : 2005538. ductivity of layer-by-layer assembled nanofibrillated cellulose/gra-

[13] Pennells J, Godwin I D, Amiralian N, et al. Trends in the produc- phene nanosheets hybrid films for thermal management [J]. ACS

tion of cellulose nanofibers from non-wood sources[J].Cellulose, Applied Materials &. Interfaces, 2017,9(3) : 2924-2932.
2020,27(2) :575-593. [28] LilL,MaZG,XuP H,et al.Flexible and alternant-layered cellu-
[14] Nagarajan K J, Ramanujam N R, Sanjay M R, et al. A comprehen- lose nanofiber/graphene film with superior thermal conductivity
sive review on cellulose nanocrystals and cellulose nanofibers : pre- and efficient electromagnetic interference shielding [J]. Compos-
treatment, preparation, and characterization[J]. Polymer Compos- ites Part A: Applied Science and Manufacturing, 2020, 139:
ites,2021,42(4) :1588-1630. 106134.
[15] ZhuM W,Song J W, Li T, et al.Highly anisotropic, highly trans- [29] Yang W X, Zhao Z D, Wu K, et al. Ultrathin flexible reduced gra-

parent wood composites [ J]. Advanced Materials, 2016, 28 (26) :
5181-5187.

phene oxide/cellulose nanofiber composite films with strongly

anisotropic thermal conductivity and efficient electromagnetic in-



40

FHRLT A2

2026 49 H

[30]

[31]

[32]

[33]

[34]

[35]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

terference shielding[J].Journal of Materials Chemistry C, 2017, 5
(15) :3748-3756.

Song G C,Kang R'Y, Guo L. C, et al. Highly flexible few-layer
TisC, MXene/cellulose nanofiber heat-spreader films with en-
hanced thermal conductivity[J].New Journal of Chemistry, 2020,
44(17):7186-7193.

LiuS S,Lian Y Y, Zhao Y Z, et al. Recent advances of MXene-
based nanocomposites towards microwave absorption: a review
[J].Advanced Composites and Hybrid Materials,2025,8: 144.
Zhan Y J, Zheng X L, Nan B F, et al. Flexible MXene/aramid
nanofiber nanocomposite film with high thermal conductivity and
flame retardancy [J]. European Polymer Journal, 2023, 186:
111847.

Gong K J,Peng Y M, Liu A, et al. Ultrathin carbon layer coated
MXene/PBO nanofiber films for excellent electromagnetic inter-
ference shielding and thermal stability[ J].Composites Part A: Ap-
plied Science and Manufacturing,2024,176:107857.

Jiao E X, Wu K, Liu Y C, et al. Ultrarobust MXene-based lami-
nated paper with excellent thermal conductivity and flame retar-
dancy [J]. Composites Part A: Applied Science and Manufactur-
ing,2021,146:106417.

Wu K, Zhang Y Z, Gong F, et al. Highly thermo-conductive but
electrically insulating filament via a volume-confinement self-
assembled strategy for thermoelectric wearables[J].Chemical En-
gineering Journal ,2021,421:127764.

Xu X W,Hu R C,Chen M Y, et al.3D boron nitride foam filled
epoxy composites with significantly enhanced thermal conductiv-
ity by a facial and scalable approach [J]. Chemical Engineering
Journal,, 2020,397:125447.

Hu D C,Ma W S, Zhang Z L, et al. Dual bio-inspired design of
highly thermally conductive and superhydrophobic nanocellulose
composite films[J].ACS Applied Materials &. Interfaces, 2020, 12
(9):11115-11125.

Hu D C,Liu H Q,Ding Y, et al. Synergetic integration of thermal
conductivity and flame resistance in nacre-like nanocellulose com-
posites[ J].Carbohydrate Polymers, 2021, 264 :118058.

Wu K, Fang J C,Ma J R, et al. Achieving a collapsible, strong,
and highly thermally conductive film based on oriented functional-
ized boron nitride nanosheets and cellulose nanofiber[ J].ACS Ap-
plied Materials &. Interfaces, 2017, 9(35) : 30035-30045.

Ma H Q, Gao B, Wang M Y, et al. Strategies for enhancing ther-
mal conductivity of polymer-based thermal interface materials: a
review[ J].Journal of Materials Science, 2021,56(2) : 1064-1086.
Hu D C,Liu H Q, Yang M Z, et al. Construction of boron nitride
nanosheets-based nanohybrids by electrostatic self-assembly for
highly thermally conductive composites[J]. Advanced Composites
and Hybrid Materials, 2022,5(4) : 3201-3211.

Jiao E X, Wu K,Liu Y C, et al.Nacre-like robust cellulose nanofi-
bers/MXene films with high thermal conductivity and improved
electrical insulation by nanodiamond [ J].Journal of Materials Sci-
ence,2022,57(4) : 2584-2596.

Shang Y,Ji Y X,Dong J W, et al.Sandwiched cellulose nanofiber/

boron nitride nanosheet/Ti,C,T, MXene composite film with

[44]

[46]

[47]

[48]

[49]

[50]

[52]

[53]

[54]

[56]

high electromagnetic shielding and thermal conductivity yet insula-
tion performance [J]. Composites Science and Technology, 2021,
214:108974.

Weng C X, Xing T L, Jin H, et al. Mechanically robust ANF/MX-
ene composite films with tunable electromagnetic interference
shielding performance [J]. Composites Part A: Applied Science
and Manufacturing, 2020, 135:105927.

Li S,Qian K P, Thaiboonrod S, et al.Flexible multilayered aramid
nanofiber/silver nanowire films with outstanding thermal durabil-
ity for electromagnetic interference shielding [ J]. Composites Part
A': Applied Science and Manufacturing,2021,151:106643.

Liang X Y, Chen G F, Wu Q S, et al.Highly thermally conductive
composite films by the rational assembly of aramid nanofibers
with low-dimensional nanofillers [J]. Journal of Materials Re-
search and Technology,2024,30:4003-4023.

Ma Z 1., Kang S L., Ma J Z, et al. High-performance and rapid-
response electrical heaters based on ultraflexible, heat-resistant,
and mechanically strong aramid nanofiber/Ag nanowire nanocom-
posite papers[ J].ACS Nano, 2019,13(7) : 7578-7590.

Yang B, Wang L, Zhang M Y, et al. Fabrication, applications, and
prospects of aramid nanofiber[ J].Advanced Functional Materials,
2020,30(22) :2000186.

Ma T B, Zhao Y S, Ruan K P, et al. Highly thermal conductivi-
ties, excellent mechanical robustness and flexibility, and outstand-
ing thermal stabilities of aramid nanofiber composite papers with
nacre-mimetic layered structures [J]. ACS Applied Materials &.
Interfaces, 2020,12(1) : 1677-1686.

Wang X L., Cao W X, Su Z H, et al. Fabrication of high thermal
conductivity nanodiamond/aramid nanofiber composite films with
superior multifunctional properties [J]. ACS Applied Materials &
Interfaces, 2023,15(22) : 27130-27143.

Zhou G, Yao L, Xie Z X, et al.Controllable construction of CNT-
Interconnected liquid metal networks for thermal management[J].
Composites Part A: Applied Science and Manufacturing, 2023,
175:107743.

Zhao L. H, Wei C M, Li Z H, et al.High-temperature dielectric pa-
per with high thermal conductivity and mechanical strength by en-
gineering the aramid nanofibers and boron nitride nanotubes [J].
Materials &. Design,2021,210:110124.

He X H, Zhang K, Wang H, et al. Tailored carbon-based aramid
nanofiber nanocomposites with highly anisotropic thermal conduc-
tivity and superior mechanical properties for thermal management
[J].Carbon,2022,199:367-378.

Yan M M, Chen X G,Xu Y Y, et al.Facile bottom-up synthesis
of reduced graphene oxide/aramid nanofiber composite films with
high thermal conductivity[ J].Composites Communications, 2023,
37:101428.

Lin M Y,Li Y H, Xu K, et al. Thermally conductive nanostruc-
tured, aramid dielectric composite films with boron nitride
nanosheets [J]. Composites Science and Technology, 2019, 175:
85-91.

Wu K, Wang J M, Liu D Y, et al. Highly thermoconductive, ther-

mostable, and super-flexible film by engineering 1D rigid rod-like



B4t oW

RO HESLA% 1) S 1 A B DRI BIE STt B 41

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

aramid nanofiber/2D boron nitride nanosheets [ J]. Advanced Ma-
terials, 2020, 32(8) : 1906939.

Wei Y, Chen X, Dai Z J, et al. Two-step re-protonation strategy
to fabricate aramid nanofiber sheet (ANFS) based high perfor-
mance composite film [J]. Composites Science and Technology,
2024,248:110480.

Han Y X, Ruan K P, Gu J W.Janus (BNNS/ANF) - (AgNWs/
ANF) thermal conductivity composite films with superior electro-
magnetic interference shielding and Joule heating performances
[J].Nano Research, 2022,15(5) :4747-4755.

Qin HM, Gu X W, Dong D D, et al. Aramid nanofiber based Ag/
Fe,0,~-CNT/rGO hybrid membrane for high-performance electro-
magnetic interference shielding [J]. Next Materials, 2023, 1(3) :
100017.

Xu C K,Wei C M, Li Q H, et al. Robust biomimetic nacreous ara-
mid nanofiber composite films with ultrahigh thermal conductivity
by introducing graphene oxide and edge-hydroxylated boron ni-
tride nanosheet[ J].Nanomaterials, 2021,11(10) : 2544.

Zeng Z H,Xu C K,Ren J W, et al.Significantly enhanced thermal
conductivity of the aramid nanofiber composite film with GO and
Ag nanoflakes for thermal management application [ J].Journal of
Applied Physics,2023,133(21):215301.

Zhan'Y J,Nan B F, Zheng X L, et al. Ma Lao-like structural fire-
proof aramid nanofiber@Ag nanocomposite film enhanced with
MXene for advanced thermal management applications [J]. Col-
loids and Surfaces A: Physicochemical and Engineering Aspects,
2022,649:129370.

Zhao X M, Li W, Wang Y J, et al. Bioinspired modified graphite
film with superb mechanical and thermoconductive properties[J].
Carbon, 2021,181:40-47.

Tang L., Yang Z Y, Tang Y S, et al.Facile functionalization strat-
egy of PBO fibres for synchronous improving the mechanical and
wave-transparent properties of the PBO fibres/cyanate ester lami-
nated composites [J]. Composites Part A: Applied Science and
Manufacturing, 2021, 150: 106622.
Chen M L, Mo Y C, Li Z S, et al

phenylenebenzobisoxazole) nanofiber layered composite films

Poly (p-

with high thermomechanical performance [J]. European Polymer
Journal, 2016,84:622-630.

Sun T T, Cao W X, Zhao K C, et al. Bio-inspired robust and
highly thermal conductive BNNS/PBO nanofiber composite films
with excellent thermal stability, wear resistance, and adjustable
photothermal properties [ J]. Chemical Engineering Journal,, 2023,
474:145916.

YuZ H,Wu S H, Li C C, et al. Mechanically robust fluorinated
graphene/poly (p-phenylene benzobisoxazole) nanofiber films
with low dielectric constant and enhanced thermal conductivity:
implications for thermal management applications [J]. ACS Ap-
plied Nano Materials, 2022,5(12) : 18247-18255.

Liu Y, Zou W Z, Zhao N, et al.Electrically insulating PBO/MX-
ene film with superior thermal conductivity, mechanical proper-
ties, thermal stability, and flame retardancy[J]. Nature Communi-
cations, 2023,14:5342.

[69]

[70]

[71]

[72]

[73]

[74]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

Wang 1., Ma Z L, Zhang Y L, et al. Mechanically strong and
folding-endurance Ti;C,T, MXene/PBO nanofiber films for effi-
cient electromagnetic interference shielding and thermal manage-
ment[ J].Carbon Energy,2022,4(2) : 200-210.

Chen Y, Zhang H G, Chen J, et al. Thermally conductive but elec-
trically  insulating  polybenzazole — nanofiber/boron  nitride
nanosheets nanocomposite paper for heat dissipation of 5G base
stations and transformers [J]. ACS Nano, 2022, 16 (9) : 14323-
14333.

Tang L., Ruan K P, Liu X, et al.Flexible and robust functionalized
boron nitride/poly (p-phenylene benzobisoxazole) nanocomposite
paper with high thermal conductivity and outstanding electrical in-
sulation[ J ].Nano-Micro Letters, 2024,16: 38.

Huang X Y, Zhi C Y, Lin Y, et al. Thermal conductivity of
graphene-based polymer nanocomposites [J]. Materials Science
and Engineering: R: Reports, 2020, 142:100577.

Hari P K, Vinoth S, Jena P, et al. Structural characterization and
impedance studies of PBO nanofibers synthesized by electrospin-
ning technique [ J]. Materials Chemistry and Physics, 2017, 194
188-197.

Wei Z Q, Kong X D, Cheng J Z, et al. Constructing a “pearl-
necklace-like” architecture for enhancing thermal conductivity of
composite films by electrospinning [J]. Composites Communica-
tions, 2022,29:101036.

Bazzi M, Shabani I, Mohandesi J A.Enhanced mechanical proper-
ties and electrical conductivity of chitosan/polyvinyl alcohol elec-
trospun nanofibers by incorporation of graphene nanoplatelets[J].
Journal of the Mechanical Behavior of Biomedical Materials,
2022,125:104975.

Wei Z Q,Gong P,Kong X D, et al.Enhanced thermal conductivity
of nanodiamond nanosheets/polymer nanofiber composite films by
uniaxial and coaxial electrospinning : implications for thermal man-
agement of nanodevices[J].ACS Applied Nano Materials , 2023, 6
(10) :8358-8366.

Zhou J W, Yu Z X, Mohideen M M, et al.Constructing hierarchi-
cal polymer nanocomposites with strongly enhanced thermal con-
ductivity[J].ACS Applied Materials &. Interfaces, 2023,15(36) :
42900-42911.

Chen H Y, Ginzburg V V, Yang J, et al. Thermal conductivity of
polymer-based composites: fundamentals and applications [J].
Progress in Polymer Science, 2016,59:41-85.

Yang G, Zhang X D, Pan D, et al.Highly thermal conductive poly
(vinyl alcohol) composites with oriented hybrid networks: silver
nanowire bridged boron nitride nanoplatelets [J]. ACS Applied
Materials &. Interfaces, 2021,13(27) : 32286-32294.

Zhang Y L., Ruan K P, Gu J W.Flexible sandwich-structured elec-
tromagnetic interference shielding nanocomposite films with excel~
lent thermal conductivities[J].Small,2021,17(42):2101951.

Guo H, Li X, Wang Z Y, et al. Thermal conductivity of PVDF/
PANI-nanofiber composite membrane aligned in an electric field
[J].Chinese Journal of Chemical Engineering, 2018, 26(5) : 1213-
1218.

Zhang J, Liu D, Han Q, et al. Mechanically stretchable piezoelec-



42

FHRLT A2

2026 49 H

[83]

[84]

[86]

[87]

tric polyvinylidene fluoride (PVDF)/boron nitride nanosheets
(BNNSs) polymer nanocomposites[J].Composites Part B: Engi-
neering,2019,175:107157.

Han W H, Shi L R, Long Y, et al. Enhanced thermal conductivity
and electrical insulation by patterned self-assembly of electrospun
nanofibers [J]. Composites Science and Technology, 2024, 246
110367.

Wu Z Q, Dong J, Li X T, et al. Enhancing out-of-plane thermal
conductivity of polyimide-based composites via the construction
of inter-external dual heat conduction network by binary fillers[ J].
Composites Part B: Engineering, 2023, 266:111001.

Gong J R, Liu Z D, Yu J H, et al. Graphene woven fabric-
reinforced polyimide films with enhanced and anisotropic thermal
conductivity [ J]. Composites Part A: Applied Science and Manu-
facturing, 2016,87:290-296.

Yu B K,Fan J,He J X, et al. Boron nitride nanosheets: large-scale
exfoliation in NaOH-LiCl solution and their highly thermoconduc-
tive insulating nanocomposite paper with PI via electrospinning-
electrospraying[J].Journal of Alloys and Compounds, 2023, 930:
167303.

Xie F,Dai Q Y, Zhuo L H, et al. Boron nitride nanosheets modi-

[88]

[89]

fied with polydopamine and polyimide nanofibers as flexible ther-
mal management materials [J]. ACS Applied Nano Materials,
2024,7(1):1089-1098.

Kausar A.Polyacrylonitrile-based nanocomposite fibers: a review
of current developments [J]. Journal of Plastic Film &. Sheeting,
2019,35(3):295-316.

Wang H, Zhang Y, Niu H T, et al. An electrospinning-
electrospraying technique for connecting electrospun fibers to en-
hance the thermal conductivity of boron nitride/polymer compos-
ite films[J ].Composites Part B : Engineering, 2022, 230: 109505.

EL£WH . HEARREILE T H (52303074) ;)7 448 S fith 5 1 ZL Atk
W EE G — A ARRLSE i 13T H (2024A1515012452)

Ifs BHE . 2024-11-06; % FA HHA . 2024-12-26

WS I (1991—) , 55, IR, W1, BF 9T 05 1] v o3 ik
SUIReE A ORE R AR A O L TR XV — % 1845k Ll
K2 (528000) , E-mail : msdchu@fosu.edu.cn; #kig(1991—) , 2, #Iifi
T ST 5 0] Ry R A bR 5 AR B R bk AR VLT T L
X3 2 B H 99 5 B K2 (529020) , E-mail : jinglin@wyu.edu.cn

(Ao it

#)



