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Abstract: In this paper, the thermal conductivity mechanism of filled epoxy resins was firstly introduced, and then
the research status of the modified epoxy resins doped with different dimensional inorganic thermal conductive
fillers was summarized mainly. On the basis of design idea for building the thermal conductive paths, the effect of
different dimensions of filler size, distribution orientation, mixed filling, surface functionalization and other factors
on improving the thermal conductivity of epoxy resin composites were described emphatically, and a comparative

analysis was given. Finally, a brief outlook on the future development of the filled epoxy resin research field was
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put forward.
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Fig.1 Excellent properties and typical applications of

epoxy resin materials
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Fig.2 Schematic diagram of the improved thermal

conductivity of filled thermally conductive polymer
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Tab.1 Thermal conductivity of typical

high thermal conductive fillers

MR G2 /(W/(mK))
H(Ag) 450
#i(Cu) 483
HR(Ni) 237
LB (ALO,) 30~42
AL B (BeO) 240
AAEE(ZnO) 60
AL EEMgO) 40
AT (BN) 250~400
HAE(AIN) 150~220
HALEE(SIN,) 180
AL TE(SIC) 80~120
WRET4E(CF) 10~2 000
FLEERR 21K E (SWCNT) 3180
% BEIKE (MWCNT) 3500
#B(CB) 6~174
A1 547 (GR) 4840~5 300

Bea , JE T 453 2 52 6 4 R 1 PR 248 2 i s AP
ML HE Y MR T AR ILAN D e AL I 7 %, B
1-t6 T B (PBA) 4> 1 %F BNNP #EAT % 1 e %, 14
PBA IJj g1k () BNNP (f-BNNPs) 5 EP 3 4 A 45 &
75 2| -BNNPs/EP & & M kL . 72T BB & 7 2N
10% I} , -BNNPs/EP & & # kL 1) #4 5 4 1.58 W/
(m-K), A% F 46 EP Fl & 28 PBA Ak 2 i (1) BNNP i
BHEAME RIS T 7301565, R
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TR 15 2 78 5 5 5 BON 30% AN AR 4R (1,420 pm)
BN f¥] BN/EP 7£ 25°C I} [ # F 2 43 5l 9 0.328.
0.523.0.920 W/(m-K), #f Lk EP 43 52 & 17 0.64 £
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Fig.3 The effect of 0D filler adjustment on the thermal conductivity of EP composites
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Tab.2 Thermal conductivity and electrical parameters of 0D fillers/EP composites

ok [ AT e BH % AR ?FHXM\ MR PP
/(Q-m) /(kV/mm) FHL 3 J(W/(m-K))

ALO,, 60% 3 um 9.62x10" 46.67 7.5 0.955 [1]
ALO,, 75% 45 um-3 um 2t 312 — — — 1.8 [1]
ALO,, 60%, KH560 I fiE 1k, 3 um 4.81x10" 55 7 1.25 [1]
BNNP, 70%, KBM-403 B fit 1k, — — — — 2.85 [8]
BNNP, 10%, 1-t& T FR RE1L 25~85 nm 4x10" — — 1.58 [9]
ALO,, 60% 5 um 7.81x10" — — 0.98 [11]
ALO,, 60% 0.19 um 1.1x10" — — 0.7 [11]
ALO,+AIN, 58.4% 0.5 um\10 pm 2.tk 937 — — — 3.402 [13]
ALO,+AIN, 58.4% 10 yum 0.1 pm 2t 7:3 — — — 2.842 [13]
BNNP, 5%, GPTMS HfEtk 10.6 um — — — 1.5 [14]
BNNP,21%,KH-560 D) gk 7 um — — — 1.2 [15]
BNNP, 21%, KH-560 I fgfk 70 nm — — — 0.75 [15]
ALO,+BN, 26.4%, HBP Z) & {L, 30 nm — 40.55 — 0.808 [16]
ALO,, 5% 3~5um — 66 — 0.22 [17]
AlL,0,, 20%, HBP ZjjHgtt, 30 nm — — — 0.4 [18]
ALO,+Cu, 75% 50 um — — — 3.02 [19]
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Fig.4 The effect of 1D filler adjustment on the thermal conductivity of epoxy resin composites
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Tab.3 Thermal conductivity and volume resistivity of 1D fillers/EP composites

R TR R EREIHE/(Qm) #FE/(W/(mK)  ZHLE
ZnO-MWCNT, 2%, Ji IR b # K 5~10 um, % 60~100 nm — 0.636 [21]
BTC-MWCNT, 5% K 1~25 pm, HAZ 10~50 nm — 0.96 [22]
MWCNTs, 3% 0.4 T, 1% K5 30 um, E.4% 35 nm — 0.29 [25]
SWNTs, 3%, 0.3% — — 0.36 [26]
GNSs, H17, 1.05% — — 0.45 [27]
MWCNTs+BN, 1% K 1~25 um, B4 10~50 nm — 1.913 [28]
CNTs, 1.5% — — 1.237 [29]
CF 7.5%+ Si0, 37.5% K J¥ 45 um, 4% 7 um 1x10° 1.9 [30]
APCF,7.0% K200 um, EfF 4~6 um 4x10" 2.49 [9]
MPCF+BN,20% — — 4.4 [31]
CF,50% K% 1 mm, B 10 um — 3.54 [32]
CF 27%+SiC 3% — — 1.226 [33]
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Fig.5 The effect of two-dimensional filler adjustment on the thermal conductivity of epoxy resin composites
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Tab.4 Thermal conductivity and electrical parameters of 2D fillers/EP composites

Tt HORLR AT PFHZE/(Qm) AN HER TR W(mK) Z%CER
BNNs, 15% JE B 10 nm, % 100 nm 1.0x10" 4.1 0.61 [34]
BNNs, HBP Zj &8t ,27.5% 3 um — — 0.329 [36]
GA-Il/graphene ;2% JE% 2 nm 3.05x10° — 1.8 [43]
F M T.GO,0.5% 0.59
? JEE 1.5 nm — - [44]
TEPA-GO,0.5% 0.71
h-BN-PGMA , 15% E A% 30 um, JEJ¥ 200 nm — 5.17 1.198 [45]
h-BN, APTES &1 ,30% 3~5um 2.71x10' — 1.178 [46]
BNNs, APTES i ,40% JEJE 2~3 nm — — 5.86 [47]
h-BN,44% HA%10~30 um — — 9 [38]
GNPs+Fe,0,,300 mT b3 8 h, 1% — — — 0.41 [39]
‘ H%A1~20 um .
2%GNPs+50%A1,0, £F 4 ) 110 — 1.62 [48]
JEE 5~15 nm
GNPs, 10% — — — 1.15 [42]
GNPs,2% H %25 um 0.7 149]
GNPs,2% Hf%S5 pum 0.5
EG,3% H4£10 um 1x107 10.2 0.90
GNPs,3% F4£10 um 2.85x107 — 0.46 [50]
NG,3% E 270 um 2.5%107 — 0.31
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Fig. 6 Construction method of 3D thermal network in epoxy resin and improvement of thermal conductivity
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Tab.S Thermal conductivity and electrical parameters of 3D fillers/epoxy composites

HUR} 3D 4 {6 7 PRBHRELE A hoE o
/(Q-m) L 2 AW/(m-K)) SRR
3D MF-BN,41%, #% Lt 90% VLGS 1 B 2+ AR [ £k — T 3.88; T4 4.1 [51]
3D BNMB, 65.6% ERARAR 15 3.92 T IH: 5.08; TN 17.61 [52]
3D BNNS, 15% B HAR MRS 5%Z 2.03x10" — 6.07 [53]
3D Cu-CFelt,29.34% Y AR 1.34x10° — 30.69 [54]
3D BNNS S 4t 12,9.6% PR 1x10" — 3.13 [60]
3D BNNS, 16% 2H 2% DU T AR AL S 1) — iV :1.15; TN :11.05 [61]
3D BN-rGO, 13.16% G 1GO 2.9x10' — 5.05 [62]
3D BN,24.4% AR fk — 5.19 [63]
3D 4R GFs, 15% AR R — 4.1 [64]
3D GFifli£,6.8% AR 72 — — 8.04 [65]
3D GNPs+rGO,0.2% P A IR S5 — — 4.6 [66]
3D GF+CFs,20% BAlE — — 2.21 [67]
3D GMN 78 Ni WA+ = ST 8.64x10™ — 1.15 [68]
3D BNNSs+BNMSs,30% fiif B AL VR 2x10" 6.0 1.148 [69]
3D DF,1.2% HAERFUE — 2.28 [70]
3D BNNS VKAFAR 72 — %1 2.80, T Y 2.40 [71]
3 4% BRI 25 7775 I T2 HEE M R E W IR 2 &
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