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Study on Performances of EP /AIN / MWCNTs Thermal Conductive Composites
Xia Yu, Jiao Jian, Cui Yonghong, Wang Sansan, Shao Yudi
(Department of Applied Chemistry, School of Science; Northwestern Polytechnical University, Xi” an 710129, China)

Abstract : Aluminum nitride (AIN) particles treated with silane coupling agent (KH-550) and multi-walled carbon nanotubes
(MWCNTs) treated with oxidizer are used as‘thermal conductive filler respectively and together to prepare the epoxy resin (EP)
/ AIN, EP / MWCNTs, EP / AIN./ MWCNTs composites which was prepared by solvent and ultrasonic dispersion. The impact
strength and bending strength were analyzed by universal testing machine, the thermal conductivities were analyzed by thermal
conductivity meter, the microstructure was analyzed by scanning electron microscope and transmission electron microscope. The
experimental results demonstrate that AIN and MWCNTs dispersed evenly in the EP matrix. The addition of AIN and MWCNTs
can respectively or together improve the mechanical performances and heat-conducting properties of EP composites. As AIN
and MWCNTs loading increases, the impact strength and bending strength of the composites increase first then fall, the thermal
conductivity increases constantly. The thermal conductivity of EP / AIN / MWCNTSs composite is much higher than the EP / AIN
composite of the same AIN loading. When AIN content is 40 phr and the MWCNTs content is 1.5 phr, the overall mechanical
performances of EP / AIN / MWCNTs composite reached the top, meanwhile, the impact strength is 22.118 kJ/m’, and the bending
strength is 124.40 MPa, the thermal conductivity reaches 0.434 W /(m - K).

Keywords : epoxy resin ; aluminum nitride ; multi-walled carbon nanotubes ; thermal conductivity ; mechanical property

Bifi 4 AR B AN T T AL L R R L T IR A AR R s P AR R ER (AIN) k1R
PP B O B e . S bR R AUREE R RS LR @ o
BOABE AR B & MONIR Z 7= ikt B EAE s AIN DU 9T 3R AR W R BRI 48 20k
MRS, TEWE 2oy S, R SRR 5 ARSI Samige) 22 @ 7. S. Choi 4 ¥ fif
BEFARSE & & 0 G SR, DILIRRAS (mak H AIN CEARERAE S S HIEDRE, il 45 T i S HOR R
RN T ISR R AT 2 e C ERA AR EESTE (1373135)

I S5 £ BERHES I 29 S AJEOH 122 6 WeF A 00, RIS, W, BB A FUR AL AR A
FEENA R SRS IHAEED " B e
THL T EEE PR A M R, T A X 2 e = e H 8- 2015-11-19



杨超


24 TR

2016 4F, 55 44 4,55 2 M)

WG (EP)/ AIN/ S ALER I & Mk}, I 3 20k 5|
3.402 W/ (m - K), [HHIDEHIM A SRR, AR S -

LZREERAK S (MWCNTSs) (K72 E i 1000
UL, 3 FLFE ISR E 1K 2000 W/ (m - K), HLL
FHEER, B 5 TR S HGE i, AR N S AU
B2 3 T Z R EEY, Guo Peng % U LU A
A TR B4 5 11143 EP/ MWCNTs & & kR, H
2 VEREAT T4 FF. V. Romano 45 "V 7E EP HJil A
MWCNTs FAl £ % 7 # EP/ MWCNTs / A + 5
AR, SR T, (BEEC A HGE T, 2L
MWCNTs 15 SRR, X5 A0 RT3 E Y 2l
FERCRIEA A M s HE R T MWCNTS #)
T H /NF 10%, TorEAE AR JE R B %
TS M 45 55K, 3 B T MWCNTs 54 i 5Lk 22
(B AR o AR, 75 7 S8 oy e A AT o

1458 () T MR 5 22 4 v A R — JFORF Y
] b, SEORH AR AL, EE R A AIN #
&5 MWCNTs & &kt EP, Rl =& 1B IV
i MWCNTs BERE7E H AIN g4 KR T-IF 10 S w]
25 PR BN A AR R R ) AINH &SR B AT
T W% 2250 35 () T Gl 1 , N TTTRES F T AIN Fa
W KAER A AR ITTE A AL, 3 35 b e ) A bk
RN IVMERE . 2B 50 IR AINJMWCNTSs DL J
AIN/MWCNTs =FIEEL 5 EP&E Gl & TR A M
BE T T SRS K B A A RO Z5 4 |
SN2 E R RE R
| I
1.1 EZRAH

W AT EP : E-51, Tk g%, K5tk TH
FRAH]

WRBRIR : VIR 98% , 7B ali, 1Y e fb =ikl

HERH R « HeJE N 65% ~ 68%, 23 B 4li, 75 224k 2%
el

v - BN 3= LA RS KH-550 « Tk %%,
R R BT HLREAL T A FRAF];

=M (TETA) = o3 Hral, KHET RS
ACAS LR 3 5

AIN MR RiAE 1 ~2 pm, Z8 25—k =5 A
B KA R AT

MWCNTs : £ 10~30 wm, 4% 10 ~20 nm,
4lifiE 95% , o ERME B A LA BR A F
1.2 EZZMNEEEL

MHFR IR AL : XCI-40 B, bR T AHRHR 46

B 5

117 BEIR BRIl : SANS-CMT5105 #Y, I i
B = ARSI A B 5

G A E {2 Hot Disk 2500S %Y, Hit it Hot
Disk A BRA A5

T W I5E (SEM) : S-2700 #Y, HACH 57
NCIE

5T WS (TEM) - H-600, H 78 H 7.2
.
1.3 ek @mack

(1) AIN A FR i itk
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KH-550, #8 A 4b 1 40 min, FE7E 80 °C T Wi i 72
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*1 EP REES&WRMER By
kL EP TETA AIN Pk MWCNTs

EP 100 12 /

EP / AIN-10 100 12 10

EP/ AIN-20 100 12 20

EP/ AIN-30 100 12 30

EP / AIN-40 100 12 40

EP/ AIN-50 100 12 50

EP / AIN-60 100 12 60
EP/MWCNTs-0.5 100 12 0.5
EP/MWCNTs-1.0 100 12 1.0
EP/MWCNTs-1.5 100 12 1.5
EP/MWCNTs-2.0 100 12 2.0
EP/MWCNTs-2.5 100 12 2.5
EP/MWCNTs-3.0 100 12 3.0
EP/MWCNTs-3.5 100 12 3.5
EP/MWCNTs/AIN-0 100 12 1.5
EP/MWCNTs/AIN-10 100 12 10 1.5
EP/MWCNTs/AIN-20 100 12 20 1.5
EP/MWCNTs/AIN-30 100 12 30 1.5
EP/MWCNTs/AIN-40 100 12 40 1.5
EP/MWCNTs/AIN-50 100 12 50 1.5
EP/MWCNTs/AIN-60 100 15 60 1.5
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JEERE R Z A R S CAIN 7E BP e s
2%, AIN Gk AR R Fhm A 22, [k # b &y Ak
B A R ARG , DT SO e R R A
S TR

(2) SRR,

AIN %X EP / AIN & & A RSR[5 52 )
miE 2 B,

0.40 |-
0.38 |-
0.36 |-
0.34
032
0.30
0.28
0.26
0.24

(m - K)']

PPE S/ [W -

6 1‘0 2‘0 3‘0 4‘0 5‘0 6‘0
AINGiE / 6y
K2 AIN FHEXF EP/ AIN B A MRS R R
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MWCNTs &4 / 17y
813 MWCNTs &% EP/ MWCNTSs &4 4R 2 PERE 15200

iy 1 3 A0, i A MWCNTSs BE i 4% = EP/
MWCNTs & & 8k ) )22 PEfE. B F MWCNTs
FHER R I0, 52 G ARG P e 22 R Se 1R 8
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MWCNTs & & 048k ) o i B2 025 i 0 2 8 1)
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MWCNTs B A 845 1) 43k, T HAE EP A&
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SIS N SR ARAT BT LUl EP BRI, 2t
TRFRAL RS ) MWCNTs 1 A AN [ FP 28 1 5
(AR M A (B FRSE RS ), R MWCNTs
5 EP BARZ ) A RAFry R4 &, v LA 3o
BER T B ISR AL 336 22 MWCNTs, #5512 &4
RS Al aR EE . H & 24 MWCNTSs )5 i 5 1
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SR B AR, Teik SRR A 45 &
20 i R R
(2) FIERE,
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o 1 2 3 4
MWCNTs i /
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M 4 BT, i A MWCNTs BE % 4% = EP /
MWCNTs &6 #gk - S M g, Fifi 5 MWCNTs
RN, BE MBS R AW, A
7 MWCNTs & 8/}, EP/ MWCNTs & & #
(R TR G BN 2 MWCNTs & #d 0.5 4y
iF, &4 MR $A 3 SRR 38 5 2 MWCNTs %
IR 2.5 )5, B A M B TR LI,
24 MWCNTs 7 i 4 3.5 1 B, EP/MWCNTs & &
BB $R S 23K 5] 0.302 W/ (m - K), 54l EP 1y
0.255 W/ (m - K) ML, 35 T 18.4%.

4 MWCNTs & i & /N B, 33 5) 70 8
MWCNTs B0 Jig FEAA AL L, 4 e ] R T WA 2=
P2 B MWCNTs % st (3E— 2530, & K2
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RENS A S5 38 , FH B 7% 422 1) MWCNTS 45 BE - (1) B
JE PR A 75 T R R A AR S R AT
JF4R . SR MWCNTs & & 194k 2230, &
G RERHZE AW THE , MWCNTSs 76582 A RN AR
MEET & T, K EP / MWCNTSs & & 41 R # G R
IR .
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4 MWCNTs ) & & 4 1.5 /i B, AIN & 1 %)
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i 1€ 6 Tl A1, EP/ AIN/MWCNTs & & #1 ¥}
(TR B AIN B & B3 im AW 7. 4
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(=]
2

WER /W -
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AN /
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S FIEA B AAR LA GO AT R, I LI AR 1) 77 )
B G236, 24 MWCNTS A1 % 34 27 31 43 5L
TERTIS IR I, WIMCNTS 782475 1“4k, Y
AINTEE SR I & BB = BF, MWCNTs 1] 5
AINFAEAER 5 5 PRE A ™ A K ) S b
7 7 1] 38 g AR —AIN-MWCNTs—AIN— JE 4 1 %
RALHE it AIN 5 MWCNTs BhalVEF 7=, K
KEEE TE AR T,

(3) T Lt

24 MWCNTs : AIN=1.5 : 20 i}, EP/AIN /
MWCNTs & & Ak RE W 1 9 SEM. BE 7 4n ]
7 Fis .

%7 MWCNTs : AIN=1.5 : 20 5} EP/AIN/MWCNTs
AR RIS 1 SEM IR
MIE 7 0] LLE Y, EP/ AIN/MWCNTs & &+
R B4 VBT T 2 T RELARE | S BT IR 4 B AR AE
AIN Fl MWCNTSs £ g o 0 O X 450, R H
PR 2 AR IS , PRUE TSR B I B
24 MWCNTs : AIN=1.5 : 20 if, EP/AIN/
MWCNTs & & #1285 TEM BEH-ANE 8 firs .
MK 8 A LLFE F, AIN Al MWCNTSs 76 # Jig
REFH XT3 5) 23 8, MWCNTSs M AIN [a] (1 25 i rp 25
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(2) *i MWCNTs & &4 1.5 fy . AIN & 54 40
#yIE, EP/ AIN/MWCNTs & &4 RH 256 J128 1k
RE AL S, wh i SR EE S 22.118 kI /m?, 25 58 3F
124.40 MPa,

(3) EP/ AIN/ MWCNTs & 441 #5325
5B T U AR R 5y 50 AIN (9 EP/AIN & A 41 kLY
PG, M MWCNTs SEA 1.5 . AING &R 40
#yI5t, EP/ AIN / MWCNTSs & S+ BHa#C S 4k 5
0.434 W/ (m-K), [t AIN 1 [d &+ F EP/AIN &
EMEHIIIGE [0.35 W/ (m - K)] #2585 T 24%.

(4) SEM Fll TEM 43 #f 3% B, EP/ AIN/ MW-
CNTs 5 A WA i Wi T 22 TRELRS , S22 BT etk i i
W ZLERAE , AIN AT MWCNTS ZER ISt REAH X 15
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