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Highly Functional Covering Materials for Cables Using Silane Crosslinking Technique
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Because of its flexibility, rubber is often used as a cover layer for cables such as those
used in harbor cranes. The chemical cross-links that exist between rubber molecules
improve its elasticity, resilience and heat resistance. From economic and environmental
viewpoints, the silane cross-linking method offers advantages because it uses less energy,
and large-scale equipment is not required. However, although this method has been widely
used with polyethylene, it has only rarely been applied to polymers with different
functional groups. The present study investigated silane cross-linked chlorinated
polyethylene (CPE), which offers excellent flame retardance and oil resistance. It was found
that the use of an epoxy compound as a stabilizer can effectively capture the hydrogen
chloride generated when CPE is heated. Furthermore, by using a silane coupling agent that
has good compatibility with CPE, side reaction that cause molding defects were suppressed,
and a high degree of cross-linking was achieved. Cables were fabricated using this material,
and it was confirmed that they had a good appearance and mechanical properties.
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Fig.1 Chemical reaction scheme for silane cross-linking of PE
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Fig.2 Cable production process using silane cross-linked polymer
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Table 1 Stabilizers used in the experiments

Stabilizer Characteristic*
Metal oxide Powder
Organic tin compound Liquid
Epoxy compound Liquid

*at 20°C
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Fig.3 Test method for thermal stability
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Fig.4 Schematic diagram of process in silane grafting experiment
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Table 2 Silane coupling agent used in experiment

Silane coupling Solubility Compatibility
agent parameter* * with CPE
No.1* 7.5 A (Insufficient)
No.2 8.7 O (Sufficient)
* Used with PE
** Value for CPE is 9.0
+
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Table 3 Thermal stability test results
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Fig.5 Relationship between degree of cross-linking of CPE after
humidification (60°C, 24 h, 95%RH) and degree of side reaction
after silane grafting treatment
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Fig.6 Atomic force microscopy images of surfaces of silane grafted
CPE (50°C)
(Left) silane coupling agent (No.1) [gel fraction in Stage I: 18%)]
(Right) silane coupling agent (No.2) [gel fraction in Stage |: 5%)]
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Table 4 Properties of cable sheath
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Fig.7 Appearance of cable using silane cross-linked CPE

Item Test condition Requirement* Result
Tensile strength (MPa) =10 12.0
Tensile properties 20C

Elongation at break (%) =300 447.0
Retention of tensile strength (%) =85 101.0
Thermal aging 70C, 240 h Elongation at break (%) =250 430.0
Retention of elongation at break (%) =75 96.2
Variation of tensile strength (%) =140| —16.2

Immersion in mineral oil 100°C, 24 h
Variation of elongation at break (%) =140| —24.6
200°C, 15 min Elongation under load (%) =175 23.7

Hot set test 0.2 N/mm?2
) Elongation after unloading (%) =25 —3.1
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