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Research Progress of Boron Nitride Modified Polymer Matrix Composites with
High Thermal Conductivity

ZHA Junwei, L1 Xin, WAN Baoquan, DONG Xiaodi, ZHENG Mingsheng
(Beijing Advanced Innovation Center for Materials Genome Engineering, School of Chemistry and Biological Engineering,

University of Science and Technology Beijing, Beijing 100083, China)

Abstract: With the development of miniaturization and high-power in electrical and electronic equipment, heat dissipation
becomes the key issue. Thermal conductive composites with boron nitride (BN) as filler are an effective way to improve
this problem. This paper analyzes the ways to improve the thermal conductive of BN modified polymer-based composites
from three aspects, namely, single filler treatment (including the exfoliation of BN and surface modified BN), synergistic
effect of composite filler, and construction of thermal conductive network, starting from the structural characteristics of
BN. Finally, the problems existing in the current research on BN modified polymer-based thermal conductive composites
are summarized, and the prospects in future development direction of thermal conductive composites is put forward,

aiming to realize the high heat dissipation efficiency in limited space.
Key words: boron nitride; polymer; composite; surface modification; thermal conductivity
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Fig.1 Application of filled thermal conductive composites(®12
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Table 1 Thermal conductivity of some common fillers!*4-23

A R SHEBIW (m K)Y)
HR(Ag)4 429
. i (Cu)is! 398
A A AL EE (AlLO3) 18l 30
THATE(SIO)1T 15
WHLEE(SIC)ue! 120
—4 ZALHE(SIN)1 320
BRIKE (CNT) 3000~3500
FALES(AIN) 319
i3 BALHH(BN)RA 250~300
VEE Syt 2000
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Fig.3 Crystal structures of graphene and hexagonal

boron nitride
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Fig.5 Effect of boron nitride modified by different groups on

thermal conductivity of composites!*7-48]
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Fig.6 Modification of boron nitride by Lewis acid-base

reaction(>3

WK 7(0)FTr, 24 BN-TA HIJFi & 550N 30%0 5
EMESRAEN 042 WI(mK), 4 XNBR
(0.16 W/(m K))[J 2.6 fi5. Wik 7(c)finr#h S
B, TA TINS5 SRR S A v 19 2 J0E REAS 2
B, T SRGERMEE, GRTEAME

K7 BN-TA-XNBR & &H#EHHIHI & RER . SRR
Hfle SRR
Fig.7 Preparation flow chart, thermal conductivity and

thermal conductivity model of BN-TA—XNBR compositel®



aRM, 8%, HEAE, . BASER S S AE SR TR R 3631

SRAVERERIIRTT .

gi bk, SILecrEMLe, s ARt S
BN Z5& BRI BACREAR [, (BRI M
MHAAET TE M aRIEVESE, JF HREHRREE
ELRE BN EA TR BT A, REM AR
St U AR — R HIBREE, (ERXS THRTHERHE
REVIA P 73 Bise I HReR 2 et I 1E T, A
BEIEE X h—BN TR 2 2T E SR S
I RE AT 20T 2

3 “HRUM/EHMENSZEES

PP R—IER BN S, HARRLSMMR
ST REREVEAEN TR E TR, T
FHAK(0.0242 Wi(m K))B6=81, Wi 5 F kg
3T, #% BN 5HAMSEE FER S S, FIHZ
FRIERLZ [A] 1P [ SRS T+ S B R T G W 2k
A EAE R, AMUGH T SRR, 1
HIiRgex FAMEHEA PRSI 2 R 47 e ik
1/‘E)EH[59-60]O

T4k BN 5RAIERNE & Wndrib i (SiC). A
LR (ALLOR)4E, AT AR R BRI 7 2R, AR
T EHAMKIIE K. Cui S8 Nl A B4 1
2R BN(s—BN) LK A7 52Jd (s—GH), FH5HAF AR
B SRR HITE AL, gRENY s—BN H7E
JREHON 1.5%. s—GH [{1h 20%Hf, & &R
SHABGER) T 1.76 WI(m K). {HZ, ZHIERH
] B VR S AN [R] Ok} 2 (R ST AR, PS5
PNERE I — D4R 62681, Zou S5 N\ R I I R
SRR I T AE G F IR B — BT,
I 2 B [F P REGEAR R 23 R AlOs FER DL &
BNNS #E47 et i eset 2 Tl i A0 4 F s
#l % 7 BNNS 7 AlLOs fl Bk 1 & & 3 K
AlOs@BNNS, 315 EP #7HE 4. W 8(b)fn
P FHoRER, 2 MR E EE R GERE T RN
TS IERASHIRI . 24 BNNS 5 AlLOs [rAAFIEL Jy
1.7 B, AlLOs RHIFEAM BNNS 522 E, WHE
8(a), HEEIIMAFIEN 65% AR SR
Hok2| 1 243 WIm K). Hhilg R EaMEE T IE
W TAERS by AR, Rk A R
RINEAMEHENEEL, WK 8(c)fin. 45RKH
FEAREINE Y, ALOs@BNNS/EP 1 Ay #4 S A4k}
IFE T R T e i, AHEE T4l EP AR RIS
MEIREFET 16 'C, IEW T ALOs@BNNS/EP

SEAPRLRA AR L B PVE P RE

IEAh, Yan S5 [RIREF I St 2 TRl 3L 1
IR % 7 BNNS KA AlOs HE &5k
BNNS@AI0%,  Jf: 1 £ X0 4H 73 & il B A B AR
(two-component room temperature vulcanized silicone
rubber, RTV-2SR)yFEfk, PABTYIIRAE #7745 2]
T BNNS@AIOz/RTV-2SR S E A, 4 2 A
BHURE R 11 B, AlLOs 5 7E BNNS £
[, JERCEERM “m-H" 88, Ei%eT,
ORISR 7 B0 3006, A A ) A
FER@ MY R HRT R ) AIER T 286
W/(m K). 0.89 W/(m K), s&4li RTV-2SR 5[] 2.8
f%(4,=1.01 WI(m K))F1 4.2 £%( A, =0.21 W/(m K)).
I HikFE G Hashin-Shtrikman 155780 5 5 & 7 i
() TR A PHAEAT A R, A AR R ) 2 BE
(0.1278) {1 T\ 1) #4H (0.1359), VA T4 78 L FE 1)
BIY) AT RS RRE S SRR RS, TERR
)P RERAT, AT BRI Ir) BABH, S Tk

— YR A EIREGE BRI S5 M, gk
& (carbon nanotubes, CNT). gk£k%. 5 4 BN
HAEN, BUSfE RN R bS] “HrRE” 1
YERL, HAHATHT BN MERGER, XA A1 P AMY
RERR IR SRR P B SR HIANEE, T HL0S 54 0 2% )
Kyt H . Xiao & N 44 fib LR i 77 20 b
B CNT(HIERLE BT E 30 2%) 7 N2 2 k36 £
Wl B AL (PVDF/BN) & & 41 kL H6], L& 9(a),
CNT (51 NAEAS 525 Rk I 3 A 0 2% 35 ) B o
£, & 9(b)r] A& i PVDF/BN/CNT &R 5 H
REAE AT PVDF/BN &, HIERFTET 2 fiun
BHE P FIVE st T 228 kg . =4 BN/CNT
R HCY 20%0, AR SRR BN £
1.30 W/(m K). 7E Pak %5 N\ R 70 45 SRI67IH0 3= 0 24
FH I 24 %0 50%1) BN Al 1% CNT 1E N3k} 5
N AR (polyphenylene sulfide, PPS)HH}, &
PRBMM4E PPS ) 0.31 W/(mK) b3 1.74
WI(mK). Fritbzsh, HAbL =4k BN #pfE ) —4E
HORHINAR 44K £ (silver nanowire, AgNWs)8l, ik
YK 2 (SIC nanowire, SICNWSs)SO, 24 21 4 70]
%, SRGVEARE G FARAWAE TR
ANERHE 7RI SR EL

T4 BN 5 TR R A W ST E DL
£ 5475 (graphene oxide, GO)JEZ%, Kl GO MY A
5 BN KRB S EAEN, 5565



3632 LN N

2023, 49(9)

K8 Al.Os@BNNS/EP AR S HERE . Hufh SR LU R #VE B e /1154

Fig.8 Thermal conductivity, schematic illustration of thermally conductive mechanism and thermal management capability of

Al03:@BNNS/EP composites(®4
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Fig.9 Preparation and thermal conductivity of
PVDF/BN/CNT composites(©6]
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Fig.10 Relationship between thermal conductivity and
electrical conductivity of composites and the content of
hybrid filler74]

# 2 BN EZuHRHAR SRE S HEHBT I R 047582
Table 2 Research progress of thermal conductive composites

filled with BN-based multicomponent filler(6475-82

SRR I+

* BRSO R R
SEf mesERRAS
PVDFIE4 206CNTs+20%BN 1.300 465
B/ 5)37
s TER 40%BN+7%CNT 2.380 495
ZJ(UPE)™!
R
REERLI 2506BN+3%CNT 1.449 329
(HDPE)Te]
WERERE  20%BN+19%CNT+1077 45
e ° ° R a0 647
(PC)M g4k F+ (GNPs)
10%BN+10%Ag@HGMs
FilE(PA)E ’ b g@j, ) (% 1.540 856
BRI P A B ER)
3645 )R LT 4
EPUS) ORI 4 0.800 350
(SCF)+2.5%GNP+2.5%BN
EPLE0] 1296BNNS+60%AIN 1.449 946
20%BNNS/CNTS(CNTs (4 4
EPB B 1.490 1046
JR L[ 15%)
pIE2 1%GO+20%BN 11.203 5000
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Fig.11 Flow chart of directional freezing preparation of

3D-BN thermal conductive epoxy resin composites!®
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AR R R A
Fig.12 Schematic diagram of the preparation of porous BN

foam and performance characterization of BN/EP composites!®e]
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Fig.13 Characterization of heat dissipation performance of

BNNS interconnection and direct hot pressing composites®l]
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