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Abstract: In order to improve the comprehensive electrical and thermal properties of traditional
electrical epoxy composites, surface graft modification of nano-Al, O; is applied to achieve better
dispersion and interface strength in epoxy matrix, so as to improve its influence on the electrical
and thermal properties of epoxy nano-composites. Bisphenol-A epoxy resin is taken as the matrix
material, and the nano-Al,O; particles coated with silane coupling agent and long-chain

polystyrene (PS) are grafted and modified. The epoxy nano-composites with different mass
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fractions of surface-modified nano-Al,O; are prepared by mechanical dispersion method. The
effects of different contents of PS-grafted nano-Al,O; on thermal stability, glass transition
temperature, breakdown field strength and dielectric properties of the epoxy composites are
studied. The results show that the grafted and modified nano-Al, O, particles disperse evenly in
the epoxy matrix. With the increase of doping amount, both the breakdown strength and electric
constant of the grafted and modified nano-Al, O; epoxy composite increase. Compared with neat
epoxy, the grafted and modified nano-Al, O,/epoxy composite with 3% mass fraction shows the
highest dielectric breakdown strength and the strength increases by about 5. 67%. The dielectric
constant of the nano-Al,O,/epoxy composite grafted with 5% styrene increases by 8.59%. It is
concluded that grafting styrene to the surface of nano-Al, O, can greatly improve the compatibility
between the nano-particles and the polymer matrix, enhance the dispersibility and further
improve the breakdown strength, which may provide a basis for the development and promotion

of epoxy nanocomposites in the electrical field.

Keywords: graft modification; nanocomposites; dielectric constant; thermal properties;

breakdown strength
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Fig. 2 Reaction formula for polystyrene-grafted nano-Al, O,
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Table 1 Classification of nano-Al, O;/epoxy composite

samples
R4 B BRSO 90Kk ALO, R % %
BER 0
NC1-KH570-3% R ER 3
NC2-PS-1% R 1
NC3-PS-3% ekt 3
NC4-PS-5% Hek 5

2.2 MK 5 RIE

2.2.1 e F2mbnX R ISM-6390 %I
7 ) BT (SEMD WLEE 44 K K7 1 76 28 8 W B
RN OR =€ C N VI =Sl 1 AW = e L 0~ W AR | X
FF 3 3k 4 1 I S O A

2.2.2 #FrgbaiX AR HM TGA/SDTI1851
R A3 T G AT B A IR 2 G B RERY 2R AL )
D5 DA e 03 fff ok R G B . AR ) DA 30 °C %1 800
C L, = & 10 °C/min, % F DSC822¢ Bl 2% 7R
FH AT S MR B S AR AR IR (T
TR AR Y 2R = BT iR 09 Jr =X, e A 30 °C #1300
CARFRF 10 min, J5 BEARE] 30 C FF R F] 300 °CfrEs
10 min, 5 R#ER B =R 20 °C, b AHR# A 10°C/
min, 7E 543808 A 20 mL N, (45 00 T #5647 .
2.2.3 FFHaeaX  AXRH HIC100KV it
AL e o o S A AT T 2R S . SRR
AR 200 pm JR Y R R T L R 2 1]
HLA O EAR 25 mm (9 ER-BRALI . BB R G R
TEAS RS R B IRV N 0 & A . THE RN 1
kV/s HEEZERA . % 83 € 2000 25 20 0 5 1
PE AR R 2 IR 10 ANREH . A8 R 25 3 26 iR
Pk 2 N B T 4k LA B 1 52 B @ 7 ) A% 5 5
2.2.4 - Ao X AR % Novocontrol
GmbH 72> A (19 58 4 A B 3% il R 48 . B85 Con-
cept 80, SRR 1V W HLE T L ke B M B
22 30 mm, AR B 0. 2 mm, S50 4 R
0.01 Hz~1 MHz, i B 25 °C,

3 RS

3.1 EZHBEEGERENK ALO, R FAEREH
BE B Ao ik
K e 58 L T S SR LR DK 2 0 B A T
K ALO; WEW NG E G MR Wi TE 3. DL NC3-
PS-3%0 R W S an & 4 s, B R B

http: // zkxb. xjtu. edu. cn

RN 2 S I A T 5 L SRS
AL Oy L7351 0 eI AW R

B 4 NC3-PS-3% Wi SEM
Fig. 4 Cross-section SEM image of NC3-PS-3%

3.2 BEMaI g

K Al Oy F2 R R F R 09 48 B 2040 3%
(FTIR) B % an & 5 frm . BRI JE o« ALO; | o
AL O,-KH570 & oAl O,-PS 7£3 450 cm ™' [ 3 1y
FEFEM W, X 8 T AL O, R )5 (—OH) fif
GifRshig, Hai ALO, M, 25 KH570 4b 5
1) AL Oy BEFFET 711 em ' 4b H B8 B9 W i 0,
Xof R TRk A B SR KHS570 Fig 3 rh C=0 Wi,
TE1 637 em ALY g N JE T C=C XUk, X it
WIRE e IR 2l o (L S TR T o ALO; R
5K O B AR RN G S 7E1 729 em™ ' Ab B I
Wi TR L, 7E1 5971 49211 452 cm Ak
WS i S, 2 A B R IR Bl 3 % B T SRR M R Y
FRAE W, 26 B3R 2K 205 © Ol D M B A 7E AL O, kL
TR,

& a-ALO,
%
0-ALO;-KH570
1637cm ' 1711 cm ! 0-ALO;-PS
0 500 1000 1500 2000 2500 3000 3500 4000

WA/ em™
FlS EBCBCHERT R 99k AL Os KiF FTIR K%
Fig. 5 FTIR spectra of nano-Al, O, particles before and after

grafting modification

3.3 #HFERE
TEA N, AT I B AR 675 B 30 °C 3|




12

R 55 8 2 H B TP A A S B B RS I 52 5 R B 1 4 4 BE AF 159

800 °C , 5 Ffr izl FF FAFE E 1 19 I 43 A (TG A i 46
E 6 TR . X5 B RE 43 ) 3k OB o 4R R R
K520 (Tso s %t I AR 4R 40 M T 3D 50 %6 (Tsow ) DL K
5 15 A 7 U B T ) R IOE ) A ST 460 2 UL B G 2
JiR . % F Tsy s NC1-KH570-3 % 14 #5431 3 1
BER & . 1A T 28 & #2680 oo M 1 3 A NC2-
PS-1% . NC3-PS-3% #il NC4-PS-5% , H Tsu . Tson
Fl T AH L BER #5047 7 G A BEAR AR 2SR R KR
ARG By PR E PR 4l B S Bl A0 3 T e Pk 4 ok
AL Oy Y& W R R A A BHRE (%) 1) 3% 38 6 7 A8 T 3
T, 2R m LS I B4 73K 2 . NCI-
KH570-3% . NC2-PS-1% . NC3-PS-3% il NC4-PS-
5% T, #H BER B&AT FEAK QAR PR F7FE 38 R KT o

1001
90
80F  _—_BER
<70} ——NCI-KH570-3%
i —— NC2-PS-1%
60— NC3-PS-3%
i so] —— NC4-PS—5%
|
& 30t
20}
10F

0 100 200 300 400 500 600 700 800
WE/C

6 g9k ALO, HREAMIEE &M EHY TGA %
Fig. 6 TGA tomogram of nano-Al; O; /epoxy composites

A 2 AR AR oA

Table 2 Thermal properties of tested samples
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Fig. 9 Tangent spectra of dielectric loss angle of nano-Al; O/

epoxy composites
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