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Fig. 1. TSDC testing process.
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Fig. 2. Micro-IR spectroscopy of LDPE and LDPE-5 specimens: (a) LDPE; (b) LDPE-5.
(d) LDPE-0.4 (e) LDPE-1 (f) LDPE-5
&3 MBI ) SEM
Fig. 3. SEM images of phenolphthalein modified LDPE specimens.
£ 1 BEBIEFERY DSC IERUREE | 255 B R R 3R RGE
Table 1. DSC parameters, crystallinity, lamella thickness, spherulite size.
I LDPE LDPE-0.03 LDPE-0.1 LDPE-0.4 LDPE-1 LDPE-5
T./C 112.7 112.9 112.8 113.1 1124 112.1
AH/Jg! 111.96 117.72 115.61 124.26 113.92 99.16
X/ % 38.97 40.97 40.24 43.25 39.65 34.51
L/nm 6.17 6.22 6.20 6.26 6.11 6.05
BREE RS /um 23.2 21.6 18.0 16.6 14.9 14.0

ol ML EFE. FERRIRSS it b, LDPE 43
FHERAR 2 5 78 By BRER ORI HEF R 1A%
XFREBLT, A BCE I B3 2 A A ER AR
PR EH A R A5 1k AR, BRI T Bk AR ROR,
g 3(b)—3(f) Frn. ik, BERECrE R ek
ST B I TR A 2 338 Iz i ).

& 4 & LDPE K I BRic PR A9 DSC il 5.

ATLUA Y, B BB AR A , 45 kRS DSC ih2k
o B R, W R EOTR], UG TE A
FIfE & A T B AEfk. DSC ik, JEmiig
VORI TR RER L, T B A 037 R AR
PR3 i DX I8 A RS 7 S TR AR AR R A A
KTl £ FP O TR IRCER T BERH I A5 A5 L Bkt RS
SR ey

227201-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 22 (2019)

227201

E

g

~

4 1 — LDPE
2 — LDPE-0.03
3 — LDPE-0.1
4 — LDPE-0.4
5 — LDPE-1

6 — LDPE-5

—25 0 25 50 75 100 125 150

B4 EyEkEictE U DSC 4k
Fig. 4. DSC curves of phenolphthalein modified LDPE spe-

cimens.
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Fig. 5. Influence of phenolphthalein modification on crystal-
lization behavior of LDPE.
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Table 2.  DC surface flashover voltage in vacuum of specimens.

1 LDPE LDPE-0.03

LDPE-0.1

LDPE-0.4 LDPE-1 LDPE-5

ELTRINZ LR /kV 30.17 31.33

36.70 41.67 46.50 43.60
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%3 ket LDPE iRFERIFGBE S5

Table 3. Trap parameters of phenolphthalein modified LDPE specimens.
e o [EBE 3 BB 7y B 0u/pC
WV Qu/pC W[V Qy/eC WiE/ev. GO
ZLDPE 0.81 900 0.50 396 — — 1296
LDPE-0.03 0.79 408 0.39 492 — — 900
LDPE-0.1 0.86 768 0.51 672 0.19 21 1461
LDPE-0.4 0.92 165 0.41 396 0.22 51 612
LDPE-1 0.99 324 0.55 432 0.28 136 892
LDPE-5 0.68 348 — — 0.65 1056 1404
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Fig. 6. TSDC curves of specimens, A1k, AT 5 B4 R E 4 0 2 Bt 2 2 254
16 TSDC HTHR LR, B4R [ K . S 4
4 3 By 20 43Tl ol 4 B T 19 T 5 K TP
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Fig. 7. Relationship between spherulite size and trap level
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Fig. 9. Relationship between trap parameters and surface flashover performance: (a) Trap depth, trap density and surface flashover
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Influence of trap characteristics on DC surface flashover
performance of low density polyethylene in vacuum’
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Abstract

Surface flashover is the primary limitation to the development of power system and the increase of voltage
level. Previous work has proved that the trap can greatly influence flashover performances, but the relationship
between trap parameters and surface flashover voltage is not clear. In the paper, we study the effects of
crystallization behavior, microstructure, and trap parameters on DC surface flashover performance of semi-
crystallinity polymer through adding phenolphthalein which is regarded as nucleating agent in low density
polyethylene (LDPE). Micro-IR spectroscopy result proves that phenolphthalein exactly exists in
LDPE/phenolphthalein composite. Differential scanning calorimeter (DSC) and scanning electron microscope
(SEM) are used to investigate the effect of nucleating agent (phenolphthalein) on crystallinity behavior and
microstructure of LDPE, and their results indicate that the phenolphthalein modification greatly changes the
crystallization behavior of LDPE. The SEM results show that the spherulite size of LDPE decreases and is
distributed more uniformly with the increase of phenolphthalein concentration. The DSC results show that the
crystallinity and lamella thickness increase. Thermally stimulated depolarization current (TSDC) is used to
characterize the trap parameters of LDPE/phenolphthalein composites. The TSDC results indicate that the
shallow trap level (v peak) increases from 0.19 eV to 0.65 eV and the deep trap (« peak) increases from 0.81 eV
to 0.99 eV with the increase of phenolphthalein concentration. Relationship between microstructure and trap
parameters shows that the smaller spherulite size indicates the deeper trap level (for LDPE, the trap level
increases from 0.81 eV to 0.99 eV when the spherulite size decreases from 23.2 pm to 14.9 pum), and larger
crystallinity means smaller trap density (for LDPE, the trap density decreases from 1404 pC to 612 pC when
the crystallinity increases from 34.51% to 43.25%). The DC surface flashover performance increases with the
increase of phenolphthalein concentration, and reaches a highest value: when the concentration is 1 wt%, the
highest value is increased by 48.42%. Finally, it is concluded that the microstructure of semi-crystallinity
polymerinfluences the trap parameters, which affects the surface flashover performance through affecting the
carrier transport process in the development process of surface flashover. The trap level and trap density play
complementary, cooperation and mutual transformation roles in improving the surface flashover performances as

indicated by the analysis of the “U-shaped” relationship between trap parameters and flashover voltage.

Keywords: low density polyethylene, crystallization behavior, trap, vacuum surface flashover

PACS: 72.20.Jv, 51.50.4v, 73.50.Gr, 79.20.Hx DOI: 10.7498 /aps.68.20190741

* Project supported by National Natural Science Foundation of China (Grant No. 51337008), and the China Postdoctoral
Science Foundation (Grant No. 43 XB3801 XB).

1 Corresponding author. E-mail: nieyongjie@stu.xjtu.edu.cn

227201-10


http://dx.doi.org/10.7498/aps.68.20190741
mailto:nieyongjie@stu.xjtu.edu.cn
mailto:nieyongjie@stu.xjtu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

