AT W1 HEEERMRSIRE Vol.47, Suppl.1
2018 4 7TH RARE METAL MATERIALS AND ENGINEERING July 2018
L MHIERHE R ERRE S MR BEZE R

E&HMY BRER BR-V,E # Y

CRER Y BERY, BERC, ANYE?®

(L. BHRERFRINF A AR FREEHE R SRS TR E, &R &Yl 518055)
(2. FEHEKRY, JL3E 100084)
(3. AR R%F I AERE, T4 %Il 518055)

OB EBGRIREN (BST) M ILEE (ZnO) 2 At R AR LR MR 9 KA RE 930kl IR BR AL IR AR AR I A 9 £,
8 TR B RRE . BT T A A ERE, B TR o B0 R R B2 37 55 LA SR i AE S [R] B EL TN 5 R B A LA
PR, @R EOR, ARSI B T MBS Em A i E A BRI S R MR A B, R AR

PE R B MR i e 248 25 U EL A AR G B0 2 I

KRR ARRMEHORL: EEMRE AR ArmrEtE B RRE
X EHS: 1002-185X(2018)S1-136-06

hEESKS: TB332 XHERFRIRTE: A

AR RME i R A H R G vz I 4 2%
MELRA R RSLEIER, HERYSHEST, It
FANRED A T RETE R 2 B, B
I R G RIS T I . AR — () SR
I FRAR 1 7 2R AN A f g X SR L 5 B FL R
PERESMIME SR AR S SR, LB R RES
Hy 55 7 () FL b7 58 FEE 1) O LT T, BRI R 30 Fh S e AR
J . TR 6 5 4 G A TR 25 ) 3% 23 A (48 20 4,

H AT ZE H [ 2R FU A0, WG /R B TR 2 4R A
M VAT R XSS I R i o AR v R ol
B R S S AR SRR AT 7T B, B R BB A A
ERIEARL M R BUR T T, AR R H PR AR AT
HARFA S 7 T AR Ko 7R R A AR 2R MM R4
1, FEAH ABB M Tyco A= HEL M KBRS E &M
BEF= i, AEZ 1% R 817 il (1) S FH 32 B R 1) 76 Hp e A,
H5¢ 1 H R S 47 i Dl Tyco 28 B A2 7 (1) 145 KV LS00 1
SRS, HArh EX AR AR RS AR E
H MR FE 1 ARAF B S ATT R

R HME MRS R, HENERRES
MR LS M R ST BRI s Bl A SEURE 1 E B 3 7 1
., EEMEBES . A rERe o R I H I T et
A A IR & RIA B — BER, SRE
BRW%, WEEMEMES, MBREESRAER
AR, R AT ARG 1 e 2 PR AR I, RIS B 1

W HER: 2017-07-19

AR R G MR R SR RE A E RR R
W, AR AR A s B SR [,
N T SRR IR SRR R AR RE, SRS E TR
A2 B B R AR T . AR RER 2
GARL, AR SLRECT AUOKRERIREEAL (BST). 9K HA
B (ZnO) 2 Fi i 8 1 4% AR 4otk HL A PR RE IO AL
BHE SR, DR s IR R AR IR 44, KA
UL IR % 7 AR AL MR E SR 7351
Mt T AR5y B AR B0l 7 FE AN R AN L 7 9 T
MR A HH B AR AR, IFORE R RO 5
9 S AR I R S MR L SR PERE S A HLER EAT 1
AT RIERYS A TR 7 SR A 48 29 Jo AN 28 B L3 1R 4%
SRt T B AL .

1 % W

B A8 FH 1 T8 ML 48 oK E R R B T AR IR R A
(Ba,Sri«TiOs, x=0.6, HiEF <200 nm, _i#gdkeszilk
HIRAFD; HAEE (ZnO, K% <40 nm, Fg 53R 5
UK EHE R A FD .

BAER 2 kg, 7 110 I G HERIK (97
B 6x10°, 2 HE 55 0.03%) 1940 g, Z M FEmEM (&
 12.0%, F5E¥ 4000 mPas) 60 g. HILEKE 700,
fERE 100 g, 7K 40 g5 TEAEMR IR IR ER 4 8 g,
i &bt 100 g, H 40 g 7KK, 43 2 M A&t 700 g

HELTB: ExXEHRB %S (51607101); HEIYITHRMF AT H (ICYJI20150331151358154 ); [ M T 7= 24 4F #3 [H) 6 7 2 K % Tl

(201604046014)

1EHEB N Emk, 5B, 1983 4, i, P, EHERKFEIFFRAER, K FIYI 518055, Hif: 0755-26036697, E-mail:

wang.xilin@sz.tsinghua.edu.cn



W1

FAKEE: AR R R SRR F A T R 137 -

FkE, fERAENFHEE L h, &EiRE 180 C, fF
R EFHE 90 CAARy, JFahihE . /£ 180 CF
BEFE Lhe BIRGREICH AL, BE, RE. DUBE
IR, SEALES 80%, WEAH 10%, ZMmi=
CEAFRESE (KH-151) AT R E) 0.2%; HLZ M
B A BN 5.2 9, MR 2080 g EAMERF, B
PG, EZRKMAEEGH R, B 260 g A8
N, FRREHAE, BHEE Lh. RIAFFHENL, W
ZnO.BST (& AR M E &1, B PHR (per hundred
rubber), ¥ NN 5%- 10%- 20%- 30%. 40%7F1 50%.
VR IR 56 B S A A B RS IR B2 A A R R B N
2.2 mm B A, FEUICK/NA 10 ecm>10 cm IE757 B
WA

A5k BST B—B 2k HB &N 5%, 10%.
20%-. 30%-. 40%7FH 50% 1)k Fr 4 M Z 7~ A BS. B10.
B20. B30. B40. B50; ZnO #.—#2 Hi5 44N 5%.
10%. 20%. 30%. 40%#1 50%Miak Fi 70 W~ Z5.
Z10. Z20. Z30. Z40. Z50.

MR RGN DW-D502-1AC 4w R B
FJR, SRk S 10 KV, HUIE ALY, AR
M= Rg, WKBRERN 50 mm, RIEIRN 2
mm. A4 T R RS AR RS AR AL, B R A
AN RS T 10 SAZm A, F e RS
HNERES C). EBENMMKRS T, T ELFHBR RS
TSR 2 4x, P ARSI E R T S

R e 5 5 22 03K Hh 26 [ Keithley 23\ 942
FE) 2410 HTHRR TSR, @I R RN T 0~1100V
Y Aot 320 185 PR, (D B L S LR, AN T A B R
it ) FEL SRR i 2k

AR AR A A A A P = 2 P 20 X A R
AN [ 1) L VA O B P R FL S 0 A S R AT
&, M1 E Novocontrol 2 w4 ] Concept 80 i 4l
I HE A T e BRI, FE A RS SRR A B
— T LR A () A2 /ME S, T R A L
IR /N BAHAL R RAFBZAR TR IR L, 454
T i PR LA 2 0] B30 HH R o ) F 2 S D R
AR K B R Y T R GE VA R, RN AERE S
HiifwER 0~2000 V, ZH/ME SR A (50
Hz), A8ERN 1V,

KA Hitachi S5500 1= 43 #¥37) A 541 4 v 45 ) 4
BP AR FIRE 54T SEM 43 #T, KA D8 ADVANCE
Diffractometer ! X 5 Z& A7 94T XRD 43 #7 o

2 FEMESHRMERENN SHEITME

2.1 FELME AR RYE

Kl 1 73705 BST. ZnO #i1A&. B30. B40. Z30. Z40
FES IR s e, B 1la HATLAEE], BST
Bi T — R ERi4E 0 200 nm, B SR (A5 ERTT S
A A ) SR, B A R LS — S 2~3 pm (R AR,
TEM Pl 46 o Hp 75 08 I 3 5 L s R R

1 SFERDR R FIRERR IR R (1 SEM By
Fig.1 SEM images of powder fillers and silicone rubber samples: (a) BST powders, (b) ZnO powders, (c) sample B30, (d) sample B40,
(e) sample Z30, and (f) sample Z40
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Fig.2 XRD patterns of BST doped silicone rubber composites (a)

and ZnO doped silicone rubber composites (b)
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Table 1 Insulating property of silicone rubber composites
Sample Average  Breakdown Maximum tolerance field
P thicknessimm voltage/kV ~ strength/x 10* V mm™
None 2.193 49.3 2.25
B5 2.113 49.4 2.34
B10 2.191 54.4 2.48
B20 2.169 50.4 2.32
B30 2.121 48.4 2.28
B40 2.109 51.4 2.44
Z5 2.139 51.1 2.39
Z10 2.164 50.1 2.32
Z20 2.187 56.8 2.60
Z30 2.121 52.8 2.49
Z40 2.153 53.0 2.50
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Fig.3  Conductivity property of ZnO doped silicone rubber

composites
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Fig.4 Conductivity property of BST doped silicone rubber

composites
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Fig.5 Dielectric property of BST doped silicone rubber
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Nonlinear Nanoparticles Doped Silicone Rubber Composites and Its Dielectric
Properties

Wang Xilin'2, Xu Xiaoran?, Guo Juyi“?, Wang Jun*?, Yao Youwei'?, Jia Zhidong"?, Ju Xuecheng®, Zhou Heping®
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University, Shenzhen 518055, China)

(2. Tsinghua University, Beijing 100084, China)

(3. Shenzhen Graduate School, Peking University, Shenzhen 518055, China)

Abstract: Nonlinear fillers doped silicon rubber composites and its dependency on electrical field were investigated. Barium strontium
titanate (BST) and zinc oxide (ZnO) were selected as the filler and high temperature vulcanized silicone rubber (SiR) as the matrix, and
the samples of silicone rubber composites with different components were prepared. Results demonstrate that it is possible to achieve
higher values of permittivity and lower values of tan ¢ and higher conductivity with respect to nonlinear nanoparticles doped silicone
rubber composites over a wide electrical strength range, which verifies the prospect of the application of non-linear composites in
high-voltage insulation.
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