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Abstract: In this paper, we study the correlation between the crystallinity of semiconductive compounds for eco-friendly
power cables and the dispersive properties of carbon black. The crystal structure of the polymer material is advantageous
for mechanical properties and heat-resistance. However, the polymer acts as an inhibitor to the dispersibility of carbon
black. The purpose of this study is to develop a TPE semiconductive compound technology. The high heat resistance
and ultra-smoothness characteristics which are required for high voltage and ultra-high voltage cables should be satistied
by designing and optimizing the structure of a non-crosslinking-type eco-friendly TPE semiconductive compound. The
application of excess TPE resin was found to not only inhibit the processability in the compounding process, but also
reduced the dispersion properties of carbon black due to higher crystallinity. After the crystallinity of the compound was
identified through DSC analysis, it was compared with the related dispersion characteristics. Through this analysis and

comparison, we designed the optimal structure of the eco-friendly TPE semiconductive compound.
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Fig. 1. Structure design for TPE semiconductive compound.

Table 1. Composition of specimens.

[Unit: wt%]
Sample  Sample  Sample  Sample
A B C D
TPE 51.7 452 38.7 32.3
POE 12.9 19.4 25.9 32.3
Carbon black 343 343 34.3 343
Etc. (A/O, lubricant) 1.1 1.1 1.1 1.1
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VRN
1 \z

O
zone I~

Extruding w

c3

Kneader
Mixing

Fig. 2. Pilot compounding process.
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Fig. 3. Dumbbell specimen for tensile strength test.
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Fig. 4. Lump of semiconductive layer. RIS
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Table 2. Volume resistivity of TPE semiconductive.

it 5 403

Table 4. Stress and strain of TPE semiconductive.

23T (Q - cm) 110C (Q - cm) Tensile strength (N/mm?) Elongation at break (%)
Sample A 12.4 36.3 Sample A 14.7 540.1
Sample B 12.2 47.1 Sample B 15.7 552.3
Sample C 26.1 719 Sample C 17.4 659.8
ampee . . Sample D 16.3 634.6
Sample D 31.7 98.2
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Fig. 5. DSC analysis results of TPE semiconductive.

Table 3. Non-isothermal crystallization test results.

Te (C) AHee (J/g) T (T) AHn (J/g) Xc (%)

Sample A 104.0 13.5 162.7 11.8 65.6
Sample B 101.4 12.2 161.8 10.6 58.7
Sample C  99.5 10.6 160.9 9.2 51.0
Sample D 96.7 9.0 160.5 8.0 442
* AH¢ (J/g) of TPE resin: 26.6 J/g

3.3 1A% 54 75
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Table 5. Retained stress and strain of TPE semiconductive.

Retained of stress (%) Retained of strain (%)

Sample A 104.0 57.2
Sample B 105.3 66.6
Sample C 118.0 77.5
Sample D 115.2 71.6
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Table 6. Smoothness of of T-DIE extruded sheet.

[Unit: tips/cm?]

Sample A Sample B Sample C  Sample D

100 pm~ 4 2 0 0

50~100 gm 18 16 7 4
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Fig. 6. 3D microscopic analysis of TPE semiconductive lump
[(@) H: 383 pm, W: 2443 pm; (b) H: 34.5 pym, W: 241.3 um;
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