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Abstract: The ethylene propylene rubber for wind turbine twisting cable insulation needs to have high electrical properties
and mechanical strength simultaneously to meet the demanding operating conditions. Different morphologies of zinc oxide
nanoparticles doped ethylene propylene rubber samples were prepared to investigate the influence of zinc oxide morphology
on the mechanical, electrical, and thermal conductive properties of ethylene propylene rubber. The results show that the
larger the specific surface area of zinc oxide nanoparticles, the bigger the crosslinking density of ethylene propylene rubber,
while the crystallinity remaines unchanged basically. In terms of mechanical properties, the excessive crosslinking caused by
high specific surface area of zinc oxide would slightly decrease the elongation at break and tensile strength of ethylene
propylene rubber. In terms of electrical properties, the specific surface area of zinc oxide has little effect on the resistivity,
dielectric loss, and breakdown strength at room temperature, but the dielectric constant and breakdown strength at 90°C
increase slightly with the increase of specific surface area of zinc oxide. There is no apparent variation rule in the regulation
of thermal conductivity of ethylene propylene rubber by zinc oxide nanoparticles.
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Tab.1 Ethylene-propylene rubber formula
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Fig.1 Dumbbell sample diagram

1.4 AZRESERENR
AP S 56 =8 (0 A2 At ol 2 37 5 T R GRS
CRRIBRE B 2 MR RE BEAT I, AR HOCR

FE-FEANH A A, AR A BRI N 25 mm. 72K
TEFE A B AN R AR RS B T A AR A ek D L v
WA, DAPR IR E I A [ A, 8 G 7E  H R R
ST o 7F SEIR AT, XF 4T AR I RE B HEAT T AL
B, TC A RS EE BRI, B 2 KA, HRAE 50°C R
124 b, LS BR AU S o RIS FE R, SR A A
HOE ST 077 AT L, R RN 1 kVs, £F
R YR R HE R 7S S 45 b T R R e S o R AE
RRZHFE AT 12 R DA, DAARAIE s 1A ki .
ARG R A R, i g AR R R AT
PRI, 8 S HU AT IR 73 A (WeibulD X 52 i
o 2F SO 2 FEHEAT Ab B, I I8 R AR IR 4 A o Rt
HARRE M AR, (2D FToR .

P(E)=1- expl -(’iﬂ 2)

R ENHIZ IR E (KV/mm) ; P(E) % 7~ .1 58
BN E B I R o R o N RUE S, RoR R
RER N 63.2% I (I LR s TR S 40, Ron
AR A
1.5 e MR

FJ F Concept 80 4 % 5 /1 FE IS I X &R 45, X 24
PIAZ B R 1R A H M R B L 1 A2 Ak i 28 3 47 )
o EMRAT, 7 ZW £ A IR F T8 7K T8 4 3k
ATHEH, FRE T Ja , 0T (0 4 T 2R AT 58 4 b B, I
FOBY R B AR N 22 mm (R R R o R R
IRV N-60~80°C , FHRE I F 4 1.5°C/min, MK
A A 50 Hzo
1.6 EiRBMEZEMNK

FIFH = HL Bl & Gi0t & RS AT it 1) P 28 3k
703K . E 9 & kU i A Spellman A F] 1)
SL40PN300/220 7 /5 F B i HL IR, % e i o LR M
40 kV, S ZB N 0.1%. HL i £ i% F Keithley 24 7]
165178 B & fL T, M FE A2 10 aA~21 mA. —
R AR I A B i FH ) v s B B AN 45 mm, W 6
B &N 26 mm, ff 47 8 5 00 & B 2 18] TR B A 3
mm, 7E AR SNE A bRl B DU MR T4 . iR
FEyEHI 2 E R AEREFARLHRENEHS
.
1.7 S#AMEEENIR

F| F Mettler Toledo 2 @] LFA447 74 5 #4l| £: %
PG R B AT AR . SEIG AT R X BT A RE R
W A s R 2", WIS FE H EL30.60.90°C =Nl
B AT IR

2 FR51R

2.1 PARETERL T R 54
A 348 HL T R A X 4 b SR A B R (1477 351
BEAT LSS, OS2 Bros . AWE 2/ LUE



20 A JBAE  PUREEE TR X R B 2 AR B SOR T 2 M B TR AR A

iR 2023,56(12)

5 1"Zn0 52 R LE T AHOK 28 0 (0 AR IBURE , %of %
T TR 550 L w1 0K RS 3R AT 43 B ok B, 45 3 T 8
K- B R 55 FE 43 5 24 400 nm A1 50 nm; 2°ZnO 2 K
25 9] PR KR SR S ST 28 K B R B8 B 43 i A 700
nm F 47 nm, B 2K HIR A0 B UKL AR 38T 176 4%
MEMBEMS, BES VHZEAR, MEKELL 1'E
K s 3YK AL B 2 BOIRBURL , W45 B I AR 20 N
15 nm; 4° 99 K AL EE R BOR B0, AR T 3R,
JUSF 2558 30 nm, Bl 4°ZnO KL ) K /N 254 39Zn0O
2% .

500nm

(¢)3'Zn0 (d)4'Zn0
E2 KRS HEEFR AR RE

Fig.2 Microstructure of nanometer zinc oxide particles
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Tab.2 BET surface area of zinc oxide

ETRE) Lb 2 1 #/(m?/g)
1"Zn0 4.69
2*Zn0 4.20
3*Zn0 41.32
4'Zn0 17.22
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Fig.3 Micro morphology of four kinds of nano-zinc oxide
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Tab.3 Crosslinking density of ethylene propylene rubber

regulated by four kinds of nanometer zinc oxide
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Fig.5 DSC curves and crystallinity of four kinds of nano-zinc

oxide doped ethylene propylene rubber
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Fig.6 Tensile properties of four kinds of nano-zinc oxide

doped ethylene propylene rubber

9 A 2R K, 43 ) N 8.31 MPa.8.74 MPa, ¥ 4b T
BRI, 278 il R A58 B 8 K, O 11.88 MPa, 47
T i () 7 A0 5 B U) Ak T Hp (] K S, 0 9.22 MPa. 1%
S 6 2% R 0 D 3R T AR K A BROIR 9 K SR AL B SR
G A N, AR T 20 8 B i A v BE A 32 v
X2 H T BRI GRS A A kL () L SR AR K, 24
TR RIS 1) 2 B 3 bk v B A I R B SE R L %
FE A 72 R A 1 o T B, B i B
IS 7 7 T AR () R Uk S 5 TR AR R S T AR % il I 7
() RE AR 55 , A . 7 8 e R AR T 7% it e 7K 2 11
v BB AN 2 R A A T i W R R ) B T R A R
A H T 1 B, S R AR AR AR, AT 5 B W 2 A
K RN A 8 P RS



22 F S PRI KR AL B 5 P 2 ARG FL AU 0 A T R R A

iR 2023,56(12)

223 WAZRE

E 2 i A = i (90°C) N R A i 28 1 6 X 4
FhK AR 1B A LTI RZR I B A58 BE AT K
FHHRIH Weibull 73 A % S 56 45 AT v AL, T3
SERWmE 7 s, WETATLUE R AR
JE e KA 4K, N 58.08 kV/mm, 111 HE <58 J¥F £
ANEY R 3RE Y, N 54.63 kKV/mm. RN LS 9R
BRI 37 RE L N 67.6 KV/mm, T HL 58 £ /)
2 27 BE i, N 63.7 kKV/mm. KT & 4 4 2 TR
JB2 B P AU 22 FE AN B R, IR R R B AE (56+2)
kV/mm & 7, &R R RS LE (65.5+2)kV/mm i
o SEEGZE BRI TR 4 AR I i 28 =
AR AT BEER 7 4y, DU B B 1 BUBE A, A RE A i R
55 5 R ), R b b R T AR K I 3R A IR T
I v R AR

804 [ s0°C

90°C

g7 N
A N\ \: —§ NN \ \\
£ AN N A\ ol
< 501 NN N N N\
= N N\l NE N\
401 NE NI N\
Ak N AN NN
B 304 N\ N N N
A 8 \ NN N i\%‘
20 R B N \
10+ NN NN N \\\\\
N NN NN N

0 ;
URER 2'BER 3RER ARER
T AMPKREUFBRIAGRIZ R T EF R
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oxide doped ethylene propylene rubber
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Fig.8 Dielectric properties of four kinds of nano-zinc oxide

doped ethylene propylene rubber
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Fig.9 Resistivity of four kinds of nano-zinc oxide doped

ethylene propylene rubber
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