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Fig. 1. Schematic illustration of the mold for the electric-
field assisted LDPE.
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Fig. 2. Spherulite morphology and size distribution of LDPE treated with assisted electric field at different stages: (a) Morphology

of the untreated spherulite; (b) size distribution of untreated spherulite; (c) spherulite morphology of melting stage; (d) spherulite

size distribution of melting stage; (e) spherulite morphology of cooling stage; (f) spherulite size distribution of cooling stage;

(g) spherulite morphology of whole stage; (h) spherulite size distribution of whole stage.
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Fig. 3. DSC curves of the electric field assisted LDPE at different stages: (a) Heating process; (b) cooling process.
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) LDPE [1) 45 i it 55 R flila B A2 Ak 290 1 °C,
AR REACR 1% A4 . X LA B % LDPE
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FER S HE In, RE [R] 2 [R1YE L P A AR X A 43
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TELEE | ARLGLEE | AR AL

Table 1.

perature, melting enthalpy and crystallinity of elec-
tric field assisted LDPE at different stages.

Crystallization temperature, melting tem-

IRKE T.)C  T./C  AH,/(Jgl) X./%
FeAbH 96.28  108.47 124.96 43.33
BB 96.28  108.98 126.26 43.78
AHME 9526 109.66 127.90 44.35
LM B 95.26  109.83 129.25 44.82

Feda e, PR LS, S R YA it . Hoh ) R 2Ry
B 22 3 Sl B i 37 A BR S LDPE 4 45 & R i
43.33% 2 44.82%.

3.2 EHRtTzFHMHE
B 2 2 SR = 280 Weibull 431

S
b
P(Ey) = 1 - exp [—(E‘E) ] @)

K, B oA ok, P(E) AR EE S S 2%,
P(Ey) = (i — 0.44)/(n + 0.25) , i Jili 550 T+ 7
IS (i=1, 2, -, n), n AiFED MR BT
Ey HAv B S8, Fomilbe &4 i BE; bR
TERSE, SEIEBIERUZ ;o HRESEL R
BER M RN 63.2% BF B HFRE i 50 Egyo =
a+ Ey.

T4 B %H LDPE Bt 28 58 4%
JEYH I =280 Weibull 434, WA 4(a) fis. &
AP LDPE F1 43 I EHE Rl B Bt | ¥ 20 B A4 iy
Bt find B H 3740 B LDPE 4 REE S 5045 51
63.1, 87.9, 74.0 F1 61.7 kV /mm. £33 % B 4k
# 5/ LDPE i 28 9 ¥ = T AR AL 3 LDPE.
S T S WA BT AR [R] B Bt n i B F %t LDPE
R PR R R, R T A B B (B AN
PRI 500 (Eys) AR, WA 4(b) Fin. 5k
3R LDPE AL, BTl LDPE B A
KGN ESE T, Fe0s al B Boite infl B f. 1
LDPE {; & Z$0h 304.16 kV /mm; 7£74 H K Bt
Jinf# Bh 3769 LDPE 1 & 2408 350.37 kV /mm;
T4y Boit il B fE 3719 LDPE A9 B S50 K
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Fig. 4. Breakdown characteristics of the electric field assisted LDPE at different stages: (a) Three-parameter Weibull distribution;

(b) Ey and Egs.».
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Fig. 5. Conductivity characteristics of the electric field assisted LDPE at different stages: (a) J-E characteristic curves; (b) threshold

field and conductivity.
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Fig. 6. Space charge characteristics of the electric field as-
sisted LDPE at different stages: (a) Untreated; (b) melting
stage; (c) cooling stage; (d) whole stage.
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Abstract

Low-density polyethylene (LDPE) is the basic material of the high-voltage direct current (DC) power cable

insulation. The assisted electric field is a common way to regulate the microstructure of polymers, but its

application in the field of electrical insulating polymers is rarely reported. In order to study the influence of the

assisted electric field on the microstructure evolution and DC electrical properties of LDPE, the LDPEs without

and with being treated with assisted electric field are prepared in the melting stage, cooling stage, and the

whole stage (i.e. the melting stage and cooling stage), respectively. The influence of the assisted electric field

applied in the different stages on the microstructure evolution of LDPE is characterized by the scanning

electron microscopy (SEM) and differential scanning calorimetry (DSC). The DC electrical properties of the

untreated LDPE and the treated LDPE are investigated via measuring their breakdown strengths,
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conductivities, space charges and surface potential decays. The results show that, compared with the untreated
LDPE, the LDPE treated with the assisted electric field in the whole stage has the smallest spherulite size and
the largest spherulite number, followed by the LDPE treated in the cooling stage and the melting stage. The
assisted electric field applied in different stages can significantly improve the DC electrical properties of LDPE.
Compared with the untreated LDPE, the LDPE treated in the melting stage, the cooling stage and the whole
stage increases the breakdown strength but greatly reduces the conductivity and space charge accumulation.
The DC electrical properties of LDPE treated with the assisted electric field in the whole-stage are the best.
Compared with untreated LDPE, the LDOE treated in whole stage increases the breakdown field strength by
35.8%, reduces the conductivity by 72.0%, and the space charge accumulation by 20.2%. More and smaller
spherulites lead to the formation of more interface paths and introduce more deep-traps, which contributes to
improving the DC electrical characteristics of the electric field assisted LDPE. This work provides a new idea

for improving the DC electrical properties of polymers.
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