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A Study on the Properties of Flame Retardant and Fire Safety of
Silicone Rubbers Added Reinforcing Fillers
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Abstract: A fire, be it caused intentionally or unintentionally, leads to economic loss and physical damage, and requires

digestion. The number of fires is increasing yearly, and electrical fires account for more than 30% among the main causes

of fires. Electric wires that catch fire typically employ silicone coatings; silicone has organic as well as inorganic

properties. Silicon is a natural, nonexistent, synthetic product with numerous applications. In this study, a silicon rubber
for application in wires was prepared by high-temperature vulcanization (HTV) with a Shore A hardness of 70. We report

results for the flame retardancy test and the fire safety characteristics via inorganic analysis. For this, a quartz inorganic

material was added to the wire specimen, and 18% powdered extinguishing agent ammonium phosphate and expanded

vermiculite respectively. Thus, expanded vermiculite showed the best flame retardancy and fire safety characteristics.

Keywords: Silicone rubber, HTV (high temperature vulcanizing), Flammability test, UL 94 V (vertical burning test)
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Table 1. Flammability rating standard.

WA A7t 2t

UL 94V test rating

V-0

V-1 V-2

Individual after flame time, t; or t,

<10s <30s <30s

Total after flame time for any condition

set, t;+t, for the 5 specimen =30 =250 =250
After flame plus after glow time for each

individual specimen after the second flame <30 <60 <60
application, t+t;

Burning up to the holding clamp 125 mm No No No

Cotton ignition No No Yes
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Fig. 1. Flame retardation test system.
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Table 2. Appearance and basic properties.

Properties Qurtz Ammonium Vermiculite
phosphate
Plasticity 230 244 243
The tensile strength 70 71 72
Elongation 8.1 52 5.6
Phosphorus 365 262 267
Phosphorus-C 29.4 18.9 253
Phosphorus-B 23.0 18.6 19.9
Importance 1.30 1.26 1.31
Appearance and
color
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3.2.1 EDS
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, . Fe, K 5%9] 947t
=it BAAA 42 O, Si, Fe, Al, Mg, K, Ca,
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352 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 32, No. 4, pp. 349-355, July 2019: S.-H. Park et al.

Table 3. Ammonium phosphate EDS analysis.

Ingredient Content

N 12.8

(0] 56.86

Al 0.62

0,

EDS (%) Si 8.36
P 20.56

K 0.35

Fe 0.46

Table 4. Vermiculite EDS analysis.

Ingredient Content

(0] 42.4

Na 0.95

Mg 6.66

Al 8.17

o,

EDS (%) Si 21.31
K 4.73

Ca 1.14

Ti 0.98

Fe 13.67

Fe > Al > Mg > K > Ca > Ti > Na 9%0] ZA&g9g
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Fig. 2. SEM photograph for (a) ammonium phosphate and (b)

vermiculite.
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Fig. 3. Optical microscope photograph for (a) ammonium phosphate
and (b) vermiculite.
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Table 5. Ammonium phosphate flame retardant test result.
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Table 6. Vermiculite flame retardant test result.

Flame retardant test book

I . Individual after flame time, t; or t,

After flame

. @ @) ©) @ ® Total
time
t 2 1 1 1 1 6
t 22 22 21 21 20 106
IT. Total after flame time for any condition set, t;+t, for the
5 specimen
112

IMl. After flame plus after glow time for each individual

specimen after the second flame application, t,+t;

Sample ) @ ©) @ ®  Remarks

Time (s) 23 24 23 22 2l

IV. Burning up to the holding clamp 125 mm

Sample @ @ ©) @ ®  Remarks
Yes/No No No No No No

V. Cotton ignition
Sample @ @ ©) @ ®  Remarks

Yes/No No No No No No

VI. Judgment V-1

Table 7. Qurtz flame retardant test result.

Flame retardant test book

Flame retardant test book

I . Individual after flame time, t; or t;

I . Individual after flame time, t; or t;

After flame After flame
. o @ ©) @ ® Total ) o © ® @ ©® Total
time time
t 22 2 1 1 1 27 t) 25 23 9 1 2 60
t 60> 60> 60> 60> 60> 241> ty 2 1 41 43 47 134

IT. Total after flame time for any condition set, t;+t, for the

5 specimen

IT. Total after flame time for any condition set, t;+t, for
the 5 specimen

250>

194

I. After flame plus after glow time for each individual
specimen after the second flame application, t+t;

I. After flame plus after glow time for each individual
specimen after the second flame application, t+t;

Sample @ @ ©) @ ®

Remarks

Sample @ @ ©) @ ®

Remarks

Time (s) 24 60> 60> 60> 60>

Time () 3 2 42 44 49

IV. Burning up to the holding clamp 125 mm

IV. Burning up to the holding clamp 125 mm

Sample o) @ ©) @ ® Remarks Sample o © © @ ® Remarks
Yes/No No Yes Yes Yes Yes Yes/No No No No No No

V. Cotton ignition V. Cotton ignition
Sample @ @ ©) @ ® Remarks Sample o o © @ ® Remarks

Yes/No No No No No No

Yes/No No No No No No

VI. Judgment Failure

VI. Judgment Failure
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