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Study of Antimony-Free PVC Insulation Material for Flame-Retardant Wires
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Antimony trioxide (ATO) is contained in most PVC compounds for electric wire
insulations as a flame retardant. Antimony ore, a rare metal, is mostly located in a specific
region. To deal with risks in its supply chain, authors developed ATO-free, flame-retardant

PVC.

In order to utilize cooling and char forming effect of PVC degradation reaction at
combustion temperature of 400-600°C for flame retardancy, that reaction is suppressed to
around 200°C. A specific metal hydrate worked well for this purpose.

The developed wire is UL758 Style1007 certified, and applied to electronic appliances.
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Fig.1 Combustion cycle of solid materials
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Table 1 By-products from PVC at 600°C in inert gas

Composition ratio
(Wto/o)

Hydrogen chloride 39.7

Specific types Example of compound

Ethylene, Pentadiene,

Hydro carbons Hexane, etc. 2.4
Aromatic Benzene, Toluene, Styrene,
54.9
compounds Naphthalene, etc.
Chlorinated Chlorobenzene, Dichloro-
) 3.0
compounds benzene, Dichloromethane, etc.
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Table 2 Materials and its effect for flame retardants

Material Effect

PVC degradation temperature range :
endothermic reaction and trapping generated

Metal hydroxide
complex

HCI
Fatty acid zinc PVC combustion temperature range :
salt accelerating HCI emission
Light metal ) : :
hydroxide Synergetic endothermic reaction
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Table 3 Specification of wires for flame tests

Test wire
(c) Non-flamed part
30 mm
(b) Top of the flame
20 mm
(a) Ignition point
Burner
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Fig.4 Examination which imitated VW-1 (vertical flame test)
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Fig.5 Test method of thermal stability
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Table 4 Formulation of flame retardants (wt%)

Component Material Diameter Construction Ingredient Formulation No.1 Formulation No.2
Tin plated Stranding .
Conductor cupper 0.94 mm 26/¢0.16 mm Metal hydroxide complex 2.3 8.2
. Thick
Insulation PVC 1.78 mm O.f1 nrﬁs]s Light metal hydroxide 0 3.9
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Fig.6 Surface temperature of samples during flame tests
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Fig. 7 Relationship between surface temperature in combustion and
chlorine content (measuring points are shown as “(a) (c) in fig.4”)
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Table 5 Thermal stability test result

Sample Thermal stability (min)
Formulation No.1 128
Formulation No.2 272
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Fig.8 Result of VW-1 flame test

5. RAEMEOEATE

5.1 &

RO ISR E 7 ¥ FF ¥ &4 OGERME O Bk
R OIMBIZ RS o FERMEHIEIREILTD 5N
T v 7 DREL TV, BISHEHI R L2 5 L
TWVD I LRI,

T Gt BRI, B, KIS X 2RO b SIS
25D THD, EIRIC LD PVC OHLEREIE, BE
BEC, BB HCLRIG (B2 Th o Y, BSR4
PIZBWT, MBI L VENR TS ZLEZRL TS,

Hi£B#%k Vol. 31 (2015) 31



9 MHEMEHEREDORARERED SEM &
BHMR (A ZINT A KT 2T 1.5 KkW/m? 111 h BBE&)
(@R (7>FELT7V-) O RERH(TFELER)

Fig.9 Scanning electron micrographs of surfaces of samples after a
weathering test
UV light exposure (metal halide lamp 1.5 kW/m?, 111 h)
(a) developed material (ATO free) (b) conventional (ATO loaded)
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Table 6 Properties of one of electric wire products with developed ATO free insulation materials (UL1007, 20AWG)
Iltem Test condition Requirement Result
Withstand voltage 2 kV, 1 min No break down Passed
Insulation resistance 20C Insulation resistance (MQ - km) =10 1,200
Tensile strength (MPa) =10.3 189
Tensile properties 20C
Elongation at break (%) =100 157
Retention of tensile strength (%) =70 108
Heat aging 113C, 168 h
Retention of elongation at break (%) =65 94
Heat deformation 121°C,1h,250 g Rate of decrease in insulation thickness (%) =50 21.7
Heating after winding 121°C, 1h Appearance of wire No crack Passed
twice diameter X 6turns
- . 113C, 168 h .
Winding after heating twice diameter X 6turns Appearance of wire No crack Passed
Low temperature windin 10T, 4h A rance of wire N K Passed
ow perature winding | . i eter X 6turns ppearance of wi o crac asse
Flame test VW-1 Burning time of remaining flame (sec) =60 0
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