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Molecular Dynamics Simulation on Thermal and Mechanical
Properties of h-BN Nano-doping Enhanced Epoxy Resin

WANG Chengjiang, ZHOU Wenji, FAN Zhengyang, ZHAO Ning
(College of Electrical Engineering and New Energy, China Three Gorges University,
Yichang 443002, China)

Abstract: A pure epoxy resin model and an h-BN/EP composite model were established. The thermal, mechanical,
and dielectric property of epoxy resin before and after h-BN nano-doping were calculated by molecular dynamics
method. And the effect of different h-BN doping content on the properties of epoxy resin was studied. The results
show that when the mass fraction of h-BN is 4%—-5%, both the thermal conductivity and thermal stability of epoxy
resin increase, the rigidity and toughness increase by more than 10%, and the relative dielectric constant reaches
the minimum value about 1.236, indicating that the material maintains good dielectric property.

Key words: h-BN; nano-doping; epoxy resin; thermal property; mechanical property

0 31 = MR A ) 2 R A G T GIS P A Sk o

iRl 2021,54(1)

K2 B A G 5 B T SR B4 (GIS) H Y
A5 T2 A A IR (BPD GEvE 1, 15 bl - 3
K TAEE R B2 i 2 RIS T, F e
PRGN R AR . A ST AR R IR B GIS
LA A AR A 17 D0 20 A A5 L 9% N B A
Y825 T HUR A , 22 A 50 52 JI A S N Ak
ZWAE T 4G 7 R AR, T T B0t % AL
SF 8 5 MR Mt e A2 Ik RE PR . e pe B

i A#A:2020-03-17  1&[E HHEH:2020-04-18

BEEWB: HEAARFESTIIMH (51577105

TEZ BN : TRUT.(1971-), 5 (U AL ' BN, 8%, FENF
R LR S A R T

SIER . EEIR LOLN , 20 A g A 5™ 5 R
FEAE A S S5 56 R, T A B 1 & i
JBE, TN 4% F R 2 K T B2, BB GIS/GIL () % 4 ia
179, R, EGRIEA PR RE AT P2 R, W54 2 1
AR A B R R 2 e R L R
AR, VI 22 0T 7038 0f 38 58 28 64 B} (1) F 2 0
J1PEREBEAT THF T . MAA A DR LR R 206
B3 E A, AT DU TR 0 1 5 AR R LI FE
PERE A FEPERE s 5 5 HL AR 53 50K 4 K AL AN
WK BTN NI E R il & 2 &0k, K Igh
KB AT X RS A+ T 2R R A MERE I IR T A
FROKREAT . 7577 BALT (h-BND 1 1k 2 1 i
P g K REUR AT RS R W AR B A



MR 2021,54(1)

FHUTEE : N T7 RACTAN KA 2% 1 SR A S R 22 A0 ) 22 BE 1R 231 3 0 A A 79

FORL, T H &R E Mt R MR EME S
BT, iR aE U 1R B /h-BN &k K
P15 2% h-BN BEWS A R M AR T 3 R e
P DA 70K 2 @ i) 4 h-BN & & AR W
R REAT VERE AT, B NE R B T R
1 7t h-BN 5 2% LU 5 h-BN/EP & & # kL 52 m , H
2 h-BN {135 2% RO 38 240 K 94 550 5 22 0L )= T
A L2 T 45 75 9 KR T (R A AL ER,

I FRELEOR i SO R s L, 2
KB R SOWBIE 78 7 T AT A AR B R A, A
Wik FC I8 I 7 TR BN 7 1 3 1 A B RO
JZ TR T h-BN 402K 45 A o) BR UM I 46 2 14 ) R 2
PERE 1A PR RE e ik REIRE R T S B &
#4 8 h-BN 35 2% BB L 2205 67 7 5 i A R 45 Al
RLFE AR Z 18] (R 2K 2R I IBROUL A3 5 2 M R A 52 i
HLEEL, O h-BN 992K 15 2% 0 S0 i 5245 04 L 1) 4 1)
REALHLIR S,

1 h-BN#BZH5EE

i% FH GIS % #% rh 7 304 2 7 F (10 38 S80I o
PR Uy A — 45 7K H i ¥ (DGEBA) 1 [ £k 71 3,3"-
R I IR (DDS) 57 4 PR IR A B A

45, 3 5 8 57 DGEBA A1 DDS [ 844K 3 1 i
B, Fd IS 4y 3l ) AR HON B Ay - 3 AT R B
IMETTE CRAEEUN 5 00048, B KA1 fs) , 15 3 5
A=A AR, n B 1 BT , 2o DGEBA 44
T EHIFREIEF S DDS I & 5 B AW
JIE 5 e 285 o] 4 7] e A ] 4 e I P = R R A

(a)DDS 4514
| BESTER

Fig.1 Monomer molecular structure

(b)DGEBA %) 141y

BT A I A P AS RONE, S NEHLEE
2R . T Y, PRI TT I 5 AL B AR 1 A
P I RS Jse I A= S Ak e s R O > A 4 22 LT 3 5 i i
B 141 Be B AR RO SR T 5 R T R AR R
Folk

RI_?H_ CH,=NH—R

R,—CH\—/CHZ + NH,—R —

g HO
R —CH—CH,
Re—CHCH. + R—CH—CH,~NH—R—= HO NR
HO R,—CH—CH,
1O

B2 BEHEERNK

Fig.2 Main reaction formula for curing

Y25 3 B N A E F C R T A FR L
AR, G HEHEH N 72 RSO R, BUE T 4
8 A5 1% perl I A ; 835 8 57 H1 324> DGEBA 43 Tl
16 1~ DDS 43 (I S ik A AT JE 1 Lo 20 DA
R IR U6 3 B 2R 0.6 g/em’ [T 5 B8 4y 7 A5 A, Bt I
Xof A R R AT A5 AL o

254 e & & /e 4k B )5 Y1 DGEBA/DDS G &
B 4 K] VR ) e A R R AT A B TR A e AL
BRARFE IR A R AR . B3 perl A B B 7E KB
[ 4 S5z . PR J5 - 10 3 2 A 27 i, DAAA) R AZ B BA S8 R
JIE (AR

AZ T I AN 38 AF 1) 2 B2 T 3 A A UL 0o R o )
W7 R, FI R, <[] (1) 7R 25, 5 FE B8 76 0 A 1 5 1
4250 B 2 Py HL R T 22 8] 6 BH A2 B, 0 3% B2 DGE-
BA HL{k 5 DDS Hifh . b~ 42 15 S Rk 4] 2 )
RETS ACBE I 20 HE , U TG 9 3.5 AL i K AE
HNT0A. FEBKAN05 A, VIR EN400 K. FE
REUCR BTN, B 78 s B 58 4, B 0N i A5 5 58 G 5
79 100%, T 30 5 v 1 22 1K B2 — FRAE 80%~95%
WL AL AR oo A8 B B A B R 85%

IS AT AT B A B S R R IR AR Y, 52
F 0 AR B BEAT 43 F- 2 7 AR, S A8 1 I 1E AR R
FER NN BEAN B AT — T, B S i B R R AR
JE RGEFIRIAT P . P OB RS R BN
300 K, 2B K& 4 0.5 fs, BALIS [H] 152 259 100 ps, 5
¥ N 1 atm, 73 5] DGEBA/DDS %2 Be ) #5784, 1 %] 3
@) FT7 » HoK AR R S h-BN 5 44 117 1) 58 B34 46
MR REAY

T LA ) S A oy AR E T S A
/N h-BN SR, H E # iE 45 X DGEBA/DDS ZZ Hk4))
B, 15 3 h-BN 8 2% J5 I3 AW IR B AL, G &) 3
(O

14 h-BN 45 2% (1 Ji &= 43 55059 ) 4% 1 7E 04 1.0%
2.0%- 2.9%- 3.9%- 4.3%- 4.8%- 5.2%- 6.1%- 7.0%-
7.8%-9.1%, 15 2] 12 ZHIF AR, FEE IR AE T RERT



80 FRRATEE : N7 BATHANKAS 2% 1 S A S R A4 22 A0 ) 22 BE B 23 1 3 0 A AL

@GHE 2021,54(1)

()BTl
E3 h-BNEBHFIRTERERE
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Fig.5 Thermal conductivity of h-BN doped

epoxy resin at different temperatures
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Fig.7 Tensile modulus of h-BN doped epoxy resin
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