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Finite Element Simulation of Thermal Conductivity for PI Enhanced by AgNPs/BNNSs Hybrid Filler
Wu Xinjian, Hu Xiaodan, Zhang Haigian, Zhang Xiaohong, Chang,Shuquan
(College of Materials Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 211100, China)

Abstract : Based on random addition algorithm and homogenization theory.,-hybrid fillers made of boron nitride nanosheets
(BNNSs) and silver nanoparticles (AgNPs) was added in polyimide matrix;a three-dimensional random representative volume ele-
ment (RVE) model of AgNPs / BNNSs hybrid filler filled with polyimide was established, Abaqus software was used to simulate the
thermal conductivity of composite materials through the finite element method. The influence of filling content and the diameter of
AgNPs on the thermal conductivity of the composite were studied. The results show that the thermal conductivity of the Pl / AgNPs
/BNNSs composites increases with the increase of the filling content of the hybrid filler, and is significantly higher than the P1 /
BNNSs composites using single BNNSs as filler. With the decrease of the diameter of AgNPs, the thermal conductivity of the Pl /
AgNPs / BNNSs composites is increased and reaches a maximum value of 2.189 W /(m - K) when the AgNPs diameter is 10 nm. In
addition, with the increase of filler mass fraction, the thermal conductivity of PI / AgNPs /BNNSs composites tended to be isotropic.

Keywords : boron nitride nanosheets ; silver nanoparticles ; thermal conductivity ; finite element simulation ; polyimide

W82 30 A R L Tl VR R R R e e R IO RAR ) BREE AR BT BRI RS
g/ NRIAL 5 SR AR B, FEas AT R ey BREFHRSE ) B 2R bR VSRR L bk
P 2RI, R TR 7 e AU ) BRI R BRI S . BT H
@R R 57, Ot Rt HAEA R BRSNS TR A RN HWLI ST RS
B SRR R 5 FE AP RHE TR b R IR B R A SR A IR T
£ H K sk B9 SPAOIRE - M T 5 388 3, T L 5 00

SIMESTEOM B S RIESS TS WG FHRBU B & TR T 0 RS EL 3 R ek
U IR LU B R il R /D U R, U R R L Y T S POk S A

EHEWA : FEARRAAE4 I H (11775115,11575086) , j UL ZS LR K2 AR 55 #¢51 H (NP2015207) , VL3 R B AR el 52 T RE % )
T H  TEIE e B T5 il AR MR B A MBI H

BIRIER DI}, AR, L, TRNF ST AF RIS E-mail : huxiaodan@nuaa.edu.cn

We#s BB : 2019-01-17

S AES: SOBHE, WM T, KIS, 4% . AgNPs / BNNSs 2L DR P1 A EREA BROCE [J]. TARMEHNHI, 2019,47(4) : 112-116.
Wu Xinjian, Hu Xiaodan, Zhang Haigian, et al. Finite element simulation of thermal conductivity for Pl enhanced by AgNPs / BNNSs
hybrid filler[J]. Engineering Plastics Application, 2019,47(4) : 112-116.


杨超


S, %5 :AgNPs / BNNSs Z bR PI S ERE A ROTHL 113

mTEAMETT BB MR, ALmgik
F (BNNSS) f&— A7 BRI 2 4 1 4k R R4 AL,
HA RS SHERE, LS TR B 68155 3000
W/ (m - K), 3+ HEA R R 4 k24 v Rg,
AT B 28 BN B L FH G55 A S ol 2 et
g I8 AV T AR ) P 2 ik PR BEL, 348 o -5 A [ A
FIRCR AR AR R AR 3 A0k T ol 25 110 2%
PSR AZ 3 T A8z e B

B T3 A S 86 0 Oy SO e T A A R
MIICT R R L H MR T % 2 W A 4k
P G 2 (14 B0 B8 4 Maxwell-Eucken £ 70 191
Bruggenman A5 %0 " F1 Fricke #5145 M7 fH jx St g
TP — R (K38 A, ME LD T2 40l B
FITEWUERAF R ARW T &, A BR TG/ ik g
2N TSR R R A MR AR RE R AL L
FEZ . A RTINS 5 4228 (R 25 A R0 3 B — 4
REAFRTT (RVE) 4514 , B THICZ [AIAH B4
T I AR BT B B T SE R A B SRS )
AR, W, Kaddouri 25 U 563+ T —Fh —4EHi
MR SIRERY BIFSE T SURPR R F 2 & MR
RAGFZI, I HAIZE 5 Maxwell 28 SR i) 25
g, HEGMS U 3T s L ERE 6 F Abaqus
AEWRGE T AR AR R B BEAL 20 A X 52 A A
FIFAFE I SR AR BN A
B8 GBS R T m O G HOR & SR
B, B AL A7 X A 5 0k BE 4 T A A2 TV FH R 2
R,

FE R A B oo BT 2k, BIF OE 40 oK AR
(AgNPs) / BNNSs 44 b IR X 5 1 W7 i (P1) 5 #4
PERE A 5 VE . %8 Fi Abaqus #5115 31 S #
Oy G REHY RVE B8S, % T3 2 1) RVE #4
RUPEA T AR, 3 2 L e A B T R A AR
PIFTR, FEFIE R rh B T 2 A2k A
AgNPs RiA2 xRS BERE IR . AL, BFSE
AgNPs XJ 1 & R FIMERER/E T, e s Fe v
[ FERFZE T #— BNNSs H7E PI &2 & 1R S8
HEo
1 BRTEEAEL
1.1 BAZS

KRS P A AR T APE B 7E S AR AR
BF, 56 245 4k 3R R BE LS 0 B30k 8 7 — 44X
FARB UL A, 8 10 U 52 A 4 ) 2 A S A
fie PO, 2 AT PI A O ] B = 2 mT i ST

A RE L, R SF R /N2 600 nm x 600 nm x 600 nm ;
BNNSs i % & 4 R 4+ F R 25 44, H 4% 200 nm,
JEFE R 5 nm ; AgNPs A R /NE A B BRAK, 43 531 2R
JH 10,30,50 nm = F K [A] EL44 5 AgNPs 547 il #L
T2 7 BNNSs |, H & 2% Ak SRk 1 St 5 23 B0k
15%. M4 2R RVE B rh BNNSs 5
AgNPs [B] 55 b B SEUREIT (5 AR FR 4, ELAE I 4n
T 1R 2 PR, ZACEORHE PR 19 2040 7 =X
h = YRR . EARSCEINE 1R, SRERES
SHPEEAL ) H i TR R R R R AR AN Bk
U i R W N o T P P N o P
Pl JE{A& | BNNSs, AgNPs R Jy w8, JLRPHF
BH Y ERERES BN R 3 R .

a— AL BURHEAL; b—ZR fLBURTE AL B AR N AR Y 5

c—H G EHE BROTHE
[#1 1  AgNPs Fif&% 10 nm I AgNPs / BNNSs 24 LItk 7 s
F1 AgNPs REIEZ TRE RRLTAKF SRR ELHELE

. AR AR /nm
TiH
10 30 50
BNNSs / AgNPs 0.18 5.56 2221

R2 AEREBSBTRUERRTSERIE %
AR S R B/ %

U 5 10 15 20
AgNPs /BNNSs 2.83 5.80 8.92 12.17
BNNSs 3.20 6.52 9.97 1351
F£3 ENREMIRMEEE

e we {3 T/ B 25"CTtt%2@j%:r /
(9-cm™) [W-(m-K)7T] 0@ K71
PI 1.4 0.23 1.09
BNNSs 2.23 T4k : 30, [P ; 400 0.85
AgNPs 10.49 429 0.24

1.2 RMEXIH>L5AREHt
AR, R B SR HE DY T A A R B R


杨超


114 TAESR

2019 47,55 47 % 45 4 11

b B VAL G U B N R R AN W W)
20 nm, k& EASTEEA N DC3D4, DL AgNPs kife
10 nm . Z&fL 30K i 5340k 20% Sk ], 22 AR

B2 ZefoR R 2

1 Abaqus P 5 IEJ7 R B R Z J7 1 1Y
5353 N4 40°C K 20°C., & DU AT 45
TR, SN TGRS, AT BROCIR R 2 7
[l anPe 3 iR .

3 AR R A

TE Abaqus H X} RVE B BLIR 5 37 i 47 5K fifk , AR
Pl B WY Z 5 AT R () T RLEROR
RN OR

1= 9k )

b g— I
L— BRI 5

T,——% Z J5 1) FRERYIELEE .
FIRHRSF R SR (A) Fom sk (2) -
_ At At A )
¢ 3

THE A BT BT 3R 1 I T VR T T3 1 T 38 4
SR WAL, Ry AL AR AR , R RP AR
LT 341 RVE BRI TR IR K
AN HERIE LT 1 fe 24 4
2 ARTIHEERRSH
2.1 RVERAREZHA

RSP FE T+ T B 43 80K 5%, 10%),15% A
20% ) AgNPs / BNNSs Z4 ki K BNNSs Hi—IH
BT PPV R, AgNPs / BNNSs 241k 50k

HMECh 20% 15, PI/ AgNPs / BNNSs & 4 41 i
Eor i EWE 4 i, WKL 40T LIE 1, 2450
REEBE 2B B T RS2 IR

(c)
a—AgNPs $74% 10 nm ; b—AgNPs $i4% 30 nm ;

c—AgNPs ki & 50 nm
[&l 4 PI/AgNPs/BNNSs & &4k 3 A = K]

2.2 RREMT Ao Aes 5%

M A 1 BL i R 45 A RVE B8 (43R 43
A o A7 Ab B, ] DL A E] AgNPs / BNNSs 7% 1k 35
L7 AgNPs k7 12 43 3 >~ 10,30,50 nm A DL & B
— BNNSs 1F BRI, 526 MOBHE AR R IH 78 5
By 5 %, [’ 5 4 PI/BNNSs, PI/AgNPs /
BNNSs &2 &M BT K 5 AT LA, B
BB R R, P& S ARG R B T
&, JF H 24 AgNPs / BNNSs 24 fk 10k} 58 i, P/
AgNPs / BNNSs & & #P Rk G I o) 2 T B I 7
BNNSs i PI / BNNSs & & #1 k1) #4552, 31X Ui B
A AgNPs [ Z8 (L IURHE RS N 52 & 44 kL S 20 fig
B RE . X T AgNPs / BNNSs Z4fb Ik}, 241
LT S BN R, B AgNPs R4 (38 Jin, P1/
AgNPs / BNNSs & & PR I T30 20 /N . I
L3 BN 20% I, AgNPs K42 34 /i %) 50 nm
BF, &G AR R IS K R 1.801 W/ (m - K), A L
AgNPs #7472 4 10 nm B () 2.189 W/ (m - K) T [#
T 15.44%. X W] RESEH TR AR AR 1 T i
B ERT, BEE AgNPs RIARRIE A, PI AR


杨超


W, 45 :AgNPs / BNNSs ZfLIFURHEER P SHWEREAT BROTHHY 115

' BNNSs 5 AgNPs [H] i g Wi oK, S 8UR s
BNNSs % 7 25 T AgNPs Jik7 , M 1T 53 AgNPs
TSR AR RS B RE I R A IR [, I
LI AgNPs 7658 & kS 0 & Az AT 3R ir S 3
HIAT AR PR RR A AR S IORL T 53500k 5% B,
4 Ff P1 A A AP R TR 2 [R)AH 25 AN, 1T LB
R HURHE SR A SR KR, Rl T
FURMEAR AT B, EURL 2 A AH e , LA
PMRIVE T, Bt SRR 2 B B o, 30k 2 [R] AT LA
T B B A 1) S I B, A R T A R A R Y

= [21
T

= 200

9

. 150

E

g 10}

N

3 05

i

# 0.0 s s s \
5 10 15 20
BRI 34 / %

v —HIBNNSs;
AgNPs / BNNSsH1 AgNPs}if%: 4 —10 nm; e—30nm; =—50 nm

15 PI/BNNSs, Pl/AgNPs/BNNSs & &R T
2.3 AAMATRR G a b F R0G £ F

H1 T BNNSs Sy 4 iR SRR, iy H H B G
FAT & 0] S P, 0 HAE D OB 525 AR 3
PERE N REE A5 0] 5. 181 6 9 PI/BNNSs, Pl /
AgNPs / BNNSs 52 & #1 B 7E 2 A6 BURAS [ Jot £ )
BRI XY, Z =07 S R B R E (le) 5
/M. (Ain) 221 = V-5 (Ravg) TR I 22 FEEE
(0), BRI a2 (3) Fow

6 — Amaxﬂ_v /Ln‘m X 100% (3)

MR LU, RO R i, 2

TRZEFLE / %

0 5 10 15 20
HURHT 340/ %
v — I HIBNNSs;
AgNPs / BNNSsH1AgNPshift: 4 —10nm; e—30 nm; =—50 nm
[¥ 6 PI/BNNSs, Pl/AgNPs/BNNSs Z 4 #E X, Y, Z =4
77 A TR I A S 2 R

ERPEHIT X, Y, Z 77 1) B 3R A ] 1 i 2 e
TR, UL B TEORE S AR N, B2 S AR
OB T 25w A1 X2 H1 T BNNSs 752 &
AR TR B = REAIL A, B TR B 7 A
P, HURME G AR BT =N T5 1] i 70 A1 22 5+
AW 852 S RS R RE A v ST i I
R Jy 25 1m) [mlvE . SRTTBEE AgNPs RAR AN, &2
B =T 1) b AT AR ) i 25 R BE AZ TR O
X2 T REE AgNPs R I R, RVE B A i
AgNPs URL AR AT RO I, AgNPs 195341 iz
EX TR ARSI ) R,

3 i

A BRIT TS, B TR HLES ISR A 24k
HiE, 857 AgNPs / BNNSs 24 fk HURLE 78 PI ) =
AEBEPLA F AT 5T RVE #5EY, 1% ] Abaqus 414
X} AgNPs / BNNSs Zfb FURHIT 7S PI &2 4 1 RH T 34
PERE JEAT BRI, JEOF 5T 1 BURHE A [ & & oA
[ AgNPs i 55 25 F R e ey S #ERE. B
REBINTR .

(1) TCXS T AR Z5 AT 1 2 A S0k Bl e B —
BNNSs IR}, Bl 5 ORI i 7 B B i, &2 A AR
R BT T

(2) X T AgNPs / BNNSs Ze 1k 208}, >4 S0k} 5
RO FI , B SRR RS AgNPs ELAEH)
WA M2 ¥ 5, JTAE AgNPs ki 10 nm  JEEL
BT R 20% Bk B e K AE 2.189 W/ (m - K).

(3) Wt & TR} 5 3 B 4, P1L/ AgNPs /
BNNSs 5 G i kHe P REZ i 4% )[Rl

& % Lk

[1] Wang Xuebin, Pakdel A, Zhang Jun, et al. Large-surface-area
BN nanosheets and their utilization in polymeric composites with
improved thermal and dielectric properties[J]. Nanoscale Research
Letters,2012,7(1):1-7.

[2] Huang Xingyi. Guest Editorial: Thermally conductive but electrically
insulating materials for high voltage applications[J]. High Voltage,
2017,2(3):137-138.

[8] Aikhh, B S SRR H S5 U, A 5Y (9]
f2€ T, 2014(17):127-130.

Shi Lujing, Jia Changming. Research advances in application of
thermally conductive polymer material in electronic packaging[J].
Packaging Engineering,2014(17):127-130.

[4] Huang Xingyi, Jiang Pingkai, Xie Liyuan. Ferroelectric polymer /
silver nanocomposites with high dielectric constant and high thermal
conductivity[J]. Applied Physics Letters,2009,95(24).DOI:10.1063
/ 1.3273368.


杨超


116 TR R

2019 4F 55 47 4,55 4 1)

[5] Jiang Jin, Liu Feixiang, Zhuang Kunyi, et al. Composites of
epoxy / graphene-modified-diamond filler show enhanced thermal
conductivity and high electrical insulation[J]. Rsc Advances,2017,
7(65):40 761-40 766.

[6] @Eﬂ XU R ), A L ZBERRANKRE K X T ARENE A

FIREI [J]. T REHHI#4H , 2014, 35(6):1 185-1 188.
Gou Yujun, Liu Zhongliang, Zhang Guangmeng, et al. Influences
of multi-walled carbon nanotubes length on thermal properties of
thermal grease[J]. Journal of Engineering Thermophysics, 2014,
35(6):1185-1188.

[7]1 Qian Rong, YulJinhong, Wu Chao, et al. Alumina-coated graphene
sheet hybrids for electrically insulating polymer composites with
high thermal conductivity[J]. Rsc Advances,2013,3(38):17 373-
17379.

[8] Lee HL, Kwon O H, Ha S M, et al. Thermal conductivity
improvement of surface-enhanced polyetherimide (PEI) composites
using polyimide-coated h-BN particles[J]. Physical Chemistry
Chemical Physics,2014,16(37):20 041-20 046.

[9] Shen Xi, Wang Zhenyu, Wu Ying, et al. Multi-Layer graphene
enables higher efficiency in improving thermal conductivities
of graphene / epoxy composites[J]. Nano Letters,2016,
16(6):3 5853 593.

[10] Foygel M, Morris R D, Anez D, et al. Theoretical and
computational studies of carbon nanotube composites and
suspensions:Electrical and thermal conductivity[J].-Physical
Review B,2005,71(10).D01:10.1103 / PhysRevB.71.104201.

(0] BH . AL / BRI S A SRR ] A S PERERTT ST [D].
Fort L Tl K2, 2015.

Hou Jun. Preparation and properties of thermally conductive
boron nitride / epoxy composites[D]. Tianjin:Hebei University of
Technology,2015.

[12] Ahmad P, Khandaker M U, Amin Y M. Synthesis of boron
nitride nanotubes by Argon supported Thermal Chemical
Vapor Deposition[J]. Physica E:Low-dimensional Systems and
Nanostructures, 2015, 67:33-37.

[13] RW AT, 2500, 45 . SiC-BN HURF b et B s 2 = 301 6

[3]. B0 TP RIRLE 5 T, 2018, 34(9):156-159.

Xu Fang, Xue Jie, Li Xiang, et al. SIC-BN hybrid highly elastic
and electrical insulated thermal conductive material[J]. Polymer
Materials Science & Engineering, 2018, 34(9):156-159.

[14] Tabkhpaz M, Shajari S, Mahmoodi M, et al. Thermal conductivity
of carbon nanotube and hexagonal boron nitride polymer
composites[J]. Composites Part B,2016,100:19-30.

[15] AL, BRI, XUGEOM . F00 R SRS G b PR S 3205 TR

SEEE [J]. #OkFT R, 2009(3):78-81.
Dong Qiwu, Liu Linlin, Liu Minshan. Advancement of the
prediction methods of effective thermal conductivity of polymer-
based composites[J]. Journal of Materials Engineering, 2009
(3):78-81.

[16] Plast O H. Thermal conductive of composite materials[J]. Rubber
Process,1981(1):9-11.

[17] Every AG, Tzou Y, Hassehnam D P H. The effect of particle size
on the thermal conductivity of ZnS /diamond composites[J]. Acta
Metall Mater, 1992,40(4):123-125.

[18] Kaddouri W+;-Moumen A.E , Kanit T , et al. On the effect of
inclusion shape on effective thermal conductivity of heterogeneous
materials[J]. Mechanics of Materials,2016,92:28-41.

[19] . BRGNS BREMNE / ik S & BB APERR Y 2 R BT
7% [D]. Kt rhdb k2%, 2017,

Kang Zhipeng. Multiscale modeling of thermal properities of silcon
carbide and epoxy resin composites[J]. Taiyuan:North University
of China, 2017.

[20] PNERL, WAk, /N, 45 IRA B A A PR S RO B 3
5 [J]. fL 242, 2015, 66(S1):359-364.

Sun Yingying, Chen Lin, Du Xiaoze, et al. Derivation of thermal
conductive equation of hybrid filled composite[J]. Ciesc J,2015,
66(81):359—364.

[21] KRB, BME%, KPR, 55 . AIN/ BREFARE AR E A4
*JrE’JEF#L PERE [9]. Bl , 2018, 63(23):2 403-2 410.

Zhang Xiaoguang, Gai Pengxing, Zhang Baoku, et al. Thermal
conductivity of rubber composite materials with a hybrid AIN /
carbon fiber filler[J]. Chin Sci Bull,2018,63:2 403-2 410.

Polyscope B HE TR B E A #HIRIK JEC BIFTAK
Polyscope Polymers B.V. /A rl &z i 3K 18 T JEC 41
KHE G N FHZE 5 1 2235 Polyscope 2\ &I B & 1) Xiran
SGH30EB 3 £F 31 78 #4 ¥ £ &2 5 b4 ¥} i Webasto France #il
TR EE 2 F TR R REHEE FEF 2. A
2016 4FL , M RE T R i K RN AL BRI R
XS MPV B8 X154 Tl 2 — 20 5K A A3 , i 2
RIS B AR — U AR RIS A 7 1) 3 FH 2 v B 2 b o
T H AT REBIT 4.
AL G 119 PR S AR 40 B TR 28R S 002 1) R 1 52
S, TR A A R AT T gt N R B

13 mm AT 28 [a], FfaE i B AR ( BIRG I ) 88m 7 00
ScLBF ., Xiran SGH30EB & & LM Ak 1 S WL 4= Al R S WL
TEAGHOER R s R I H BRI T 25K
@Mﬁ A RN BT AR .

X —30 H 1 Polyscope HBA 7542 il & 75 75 i 46 M1 7%
R RG— ML R Webasto SC L Kzl % T BV A
5L & 7 AARK-Shapers 3L [6] 41, Polyscope Polymers
B.V. Mk 553 1 A S, AR = 24 RE S AT JEC AIHT K,
M EH AT & % Polyscope [T A S 156k b i o, B8 7 2%
Kj Webasto France 7 7] Flld i 28 Al LB A AR B T2
FBAAE (R TR B )


杨超




