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ABSTRACT : Various materials are used as electrical barrier materials, such as glass, insulating oil, gas, paper and polymer.
These materials shut off electricity from conductor as a barrier and separate as well as support conductor from outside
environment while using electrical equipment. Polymers are generally used for cable insulation material. Recently environmental
regulation are reinforced and eco-friendly materials are in trend.
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Figure 1. Developing history of power cable materials.
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PVC, XL PVC

Rubber (NR, EPDM, CR, SI, CSM, SBR, IIR)

TPE (TPE-O, TPE-E, TPE-SEBS, TPU)

Ethylene Copolymer (EVA, EEA)

Engineering Plastics (PP, PET, PBT, Nylon, PI, PEEK)
Fluoro Polymer (PTFE, PFA, FEP, ETFE, PVDF)
Thermo-setting Resin (Epoxy)
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1) HFPO:halogen free flameretardant polyolefin
(FR filled EVAEEA,EMA--)

High voltage insulation : XLPE Flexible

Electric Shield : insulation :
Carbon black filled EVA/EEA EPDM

High temp. application :
Irradiated PVC/FRPO

Oil & Chemical resist. :
PVC CR, CSM, HF-XLPO

Jacket ; HFPO 1)

Recyclable
high temp. :
PP, TPEE

LDPE, LLDPE Thin wall

MDPE, HDPE high temp.
insulation :

TELEER
Low dielectric insulation :
HDPE, Foamed PE, PFA

Tube : PBT, PP

Figure 2. Polymers in Wire and Cable.
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Ecology

- EU regulations

: WEEE, RoHS, & ELV
: Restriction of hazardous materials
: Recycling

Safety

- Flame retardancy
- Low smoke and low toxicity
High Performance

- Cold, abrasion, & heat resistances
- Qil, mud, & chemical resistances

Compact Design

- Flat and flexible
- Heat and abrasion resistances
- light-weight and thin-wall

Figure 3. Main issues in development of environment-friendly
cables'
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Lead free PVC

- Non-lead stabilizer instead of lead stabilizer
- Automotive & electronic wires, telecom. cable

Dioxin free FR-PO

- PBB, PBDE free FR-PO
- Automotive & electronic wires, power cable

Halogen free FR-PO

- Chlorinated and brominated free FR
(Low smoke, low toxic gas, low acid gas)
- Automotive and electronic wires, shipboard/
offshore cable and telecom. cable

HF-PP, HF-TPEE

- High heat resistance and recyclable
- Automotive and electronic wires

Figure 4. Core technologies.
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Figure 5. Reaction mechanism of thermal degradation of PVC.

1. Substitution reaction

o
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bk
oo
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(I) H Cl H
O=CR

2. Absorption (neutralization)
of hydrogen chloride

2 HCl + (RCOO),M ——> MCl, + 2 RCOOH

M : Lead, Barium, Calcium, Magnesium . . .

Figure 6. Reaction mechanism of thermal stabilization of PVC.
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A

Polybrominated biphenyls
(PBBs ; x +y=6~10)

Polybrominated diphenyl ethers
(PBDEs ; x +y=3~10)

Br

Br
Br Br

?H3 Br

Br Br

Tetrabromobisphenol-A (TBBPA)

H. I ladad.
Hexabro Y 1C

Figure 7. Brominated flame retardant system generating dioxin.
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Table 2. Classification of Halogen Free Compound
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o Halogen-containing FR
- Brominated FRs : aromatic,aliphatic,cycloaliphatic
- Chlorinated FRs

o Phosphorous-containing FRs

o Nitrogen-containing FRs

- melamine, melamine derivatives

© Inorganic FRs
- Aluminium hydroxide, Magnesium hydroxide,
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- Inorganic phosphorous compounds, etc.
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Figure 8. Mechanism of flame retardation of inorganic flame
retardant.



Technology of Electrical Barrier Material 27

Polymeric coupling agent

@ Filler functional groups
= Compatibilizer functional groups

Figure 9. Chemical bonding between flame retardant and resins.
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