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Abstract: Thermal interface materials with high thermal conductivity and insulation are important materials to support the
efficient operation of electrical equipment and improve their service life. Polymer-based thermal interface materials have a
poor intrinsic thermal conductivity. By adding insulating ceramic fillers with high thermal conductivity, a three-dimensional
thermal network could be constructed to polymer matrix composites with greatly improved thermal conductivity. The research
status and existing problems of oxides, nitrides, carbides and composite ceramic fillers in recent years, were summarize, while
the future development direction and research focus of high thermal conductivity ceramic fillers are prospected.
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Tab. 1 Physicochemical parameters of the widely-used
insulating ceramic fillers

Thermal Relative

Category condugltivif}ll dielectric /z)gegig}}/)
/(W-m -K™) constant
Al,O3 38.0—42.0 9.0 4.0
SiO, 1.0-1.5 3.9 2.6
ZnO 21.0 8.0-12.0 5.6
BN 29.0-300.0 4.3 2.3
AIN 150.0-220.0 9.2 33
Si3Ny 86.0-120.0 7.5-8.3 32
SiC 80.0-120.0 6.5-10.0 3.2
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Fig. 1 Schematic diagram of heat transfer of thermally-conductive and insulating ceramic fillers in thermal interface materials
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Tab. 2 Thermal conductivity of thermal interface materials using oxide as ceramic fillers
Thermal conductivity ~ Thermal conductivity
Oxide Loading Modifiers Matrix with unmodified with modified fillers Refs.
fillers/(W-m K™ /(W-m K™
Branched ALO; 70 wt.% — Silicone rubber — 1.24 [28]
Nano-Al,O3 20-30 wt.% Silane Epoxy — 0.27-0.58 [29]
ZnO@ALL0; 30 wt.% ZnO Epoxy 0.84 1.02 [31]
Nano-ALO; 50 wt.% Polyhedral Polybutadiene ~0.22 ~0.28 [32]
silsesquioxane
ALO; (25 pm, 5 pm, o o Silicone .
0.5 pm and 50 nm) 64 vol.% rubber 145 [33]
Natural
0, _
rGO@ALO; 33.9 vol.% GO rubber 3.23 [34]
Vinyl tri- Silicone
- 0,
Nano-ALO; 15.2 vol.% methoxysilane rubber 0.22 0.26 [36]
Epoxy group 0.70
AL O; (200 nm) 70 wt.% Amino group GFRP 0.60 1.07 [37]
23 ’ composite ' ’
GO 0.83
PDMS-PHMS-
GMA 1.57
PDMS-PHMS- Silicone
AlLOs (2 pm) 500 phr MMA rubber 1.42 1.40 [38]
PDMS-PHMS-
MPS 1.73
3-(Aminopropyl)
- 0
Nano-MgO 30 wt.% triethoxysilane Epoxy 1.70 2.14 [35]
Zn@ZnO@PS Polystyrene (PS) PVDF [39]
Nano-ZnO 25 wt.% P"lgleyﬂ;(y)}e“e Thiophene 0.90 1.05 [40]
. Polyetherether
0, _ I
Si0, (20 pum) 60 vol.% KH-550 ketone 0.72 [41]
Spherical MgO . 1.30 1.79
(3-Aminopropyl)
0,
Oblong 20wt% triethoxysilane Epoxy 1.60 1.88 [42]
hexagonal MgO
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Tab. 3 Thermal conductivity of thermal interface materials using nitride as ceramic fillers

Thermal conductivity Thermal conductivity
Nitride Loading Modifiers Matrix with unmodified fillers with modified fillers Refs.
(W-m K™ (Wm K™
AIN whiskers o Tert-butyl
and particles TOwt% alcohol Epoxy o ~2.80 [44]
AIN particles 60.0 vol.% KH-560 Epoxy — 2.70 [45]
9.48 (parallel direction);

AIN honeycomb 47.3 vol.% — Epoxy — 4.45 (perpendicular [47]

direction)
AIN particles 75 wt.% — PDMS — 1.66 [48]
BNNS 83 wt.% — PVA — 67.6 [50]

NaOH ili 1.32
7-BN particles 60% Silicone 0.60 [51]
Isopropanol grease 0.98

3D-BN 15.4 vol.% — Epoxy — 2.01 [52]

18 wt.% PVB 1.81+0.08
BNNT. 35 wt.% PS 3.61+£0.21 [53]

S _ _

24 wt.% PMMA 3.16+0.25

37 wt% PEVA 2.50+0.05
BN nanosheets ~ 40wt%  C-Aminopropy) g 3.03 5.86 [54]

triethoxysilane
323?;‘;?:3? 9.6 vol.% — Epoxy — 3.13 [55]
Shif&h;‘; ﬂ?geznd 30 wt.% — Epoxy — 8.53 [56]
A%g;eig;“’d 53.0 vol.% — Epoxy — 470 [57]
-S13Ny4
-SizNyparticles 18.6 vol.% Oleic acid PBS/PP 0.45 0.85 [58]
. F8261
[ J—

Si3N4 powders 62.0 vol.% (C1aH1oF1505S1) PTFE 1.30 [59]
Si3N4 nanowires 50.0 vol.% — PVA — 15.40 [60]
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Tab. 4 Thermal conductivity of thermal interface materials using carbide as ceramic fillers

Thermal conductivity with Thermal conductivity
Carbide Loading Modifiers Matrix unmodified fillers with modified fillers Refs.
(Wm K™ (Wm K™
SiC-NWs 3wt.% — Epoxy — 0.45 [61]
Honeycomb-like o
SiIC-NWs 2.17 vol.% — Epoxy — 1.67 [62]
Fishbone-like SiC 50 wt.% — PVDF — 0.92 [63]
SiC,@rGO 2 wt.% — Epoxy — 0.51 [64]
Tanghulu/cattail-like o
SiC-NWs 22.50 vol.% — Cellulose — 19.76 [65]
SiC-NWs 13.80 vol.% Urea PVDF — ~0.40 [66]
. Natural
0, JE— ~
B,4C particles 40.00 vol.% rubber 0.80 [67]
B,4C nanoparticles 20.00 vol.% — Epoxy — 1.20 [70]
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Tab. 5 Thermal conductivity of thermal interface materials using composite ceramic fillers

Thermal Thermal
. . . . . conductivity with  conductivity with
Composite ceramic fillers Loading Modifiers Matrix unmodified fillers modified fillers Refs.
(Wm K" (Wm K™
n;r]?()\iligas Or;ﬁzfzg)rim 55 vol.% Stearic acid Epoxy resin — 2.56 [46]
. 8.14
Spherical Styreneethylene
BN aggregate 73 wt.% — — (through-plane);  [71]
AL O, /butylene-styrene 5.60 (in-plane)
KHS550
a-Ale3 h-BN 0 (OC-A1203);
(~30 nm) (~10 um) 30 wt.% dopamine Epoxy — 1.18 [72]
(h-BN)
ALO; h-BN o Loctite
nanoparticles platelets 30wt.% o 9412 Part A o 0.35 [73]
(OL-3A012§;) nano?alliicles 40 wt.% Maleic acid Polylactic acid — 0.72 [75]
Polydopamine
(BN);
Nano-BN encapsulated o y-(2,3-epoxypr .
micro-AIN 60 wt.% opoxy) propytr Epoxy 1.45 [78]
imethoxysilane
(AIN)
Hetero-structured
SiC-BNNS fillers 20 wt.% — Epoxy — 0.89 [79]
ZnO nanowire- 40 vol.% — PDMS — 1.19 [80]
decorated Al,O; 0 ’
Ag o Aramid
nanoparticles BN 40wt% o nanofiber o 12.00 [81]
nanosaiﬁcles BN 30 wt.% — Epoxy — 242 [82]
Ag 25.1 vol 3.06 83
nanoparticles BN 5.1 vol.% — Epoxy — . [83]
Ag o . Poly(arylene .
nanoparticles BN 30wt% polydopamine ether nitrile) 0.92 [84]
Silica coated graphene 2 wt.% — PDMS — 0.50 [86]
ALO; Carbon o Dynasylan Silicone ~ N
particles fibers 42 vol-% 9116 (ALOs); rubber 6.00 9.00 [87]
h-BN o 3-Aminopropy
h-BN flakes whiskers 30 wt.% Itriethoxysilane Epoxy — 0.82 [88]
h-BN particles Grggizne 44 vol% — Epoxy — 8.00 [89]
BN/graphene  Short carbon o 3-Mercaptopro .
nanoplatelets fibers SOwt% poionic acid Epoxy 0.80 [50]
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