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Abstract: The object of this study is to obtain the optimum mix proportion of halogen free compound with flame
resistance and, for the purpose, thermal/electrical characteristics test are conducted using compatibilizing agents, flame
resistance agents, hvdroxide aluminum, sunscreen, antioxidant and silicon il on the base resin of linear low density
polyethvlene (LLDPE), Ethylene vinyl acetate copolymer (EVA). Existing compound method acconpanies many
requirements to be satisfied including a lot of addition of flame resistance agents, prohibition of impact on mixing
capability with base and property and etc. In this study, different from the existing method, the optimum mix proportion
is determined and experimented by adding nano clay. Oxygen index test shows no difference between specimens while
T-6, T-9 shows oxvgen index of 29[%] and 26[%l, respectively. This is concluded that hvdroxide aluminum, which is a
flame resistance agent, leads low oxygen index. From UL94-V vertical flame resistance test, the combustion behavior is
determined as V-0, Fail based on UL%4-V decision criteria. Viscometry shows low measurements in specimens with
separate addition of compatibilizing agents or nano clay. Volume resistivity test shows low measurement mainly in
specimens without compatibilizing agents. Therefore, with the flame resistance compound shows better performance for
thermal/electrical property and the optimum mix proportion are achieved among many existing materials.
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Table 1. Composition of specimens.

Ingredients T=L ~T=3 “F=3 "4 '‘T-5
LLDPE 40 40 40 40 40
EVA 60 60 60 60

Compatibilizer 0 5 10 15 0
Nanoclay 0 0 0 0 5
Aluminum hydroxide 150 150 150 150 150
Sunscreen 0.3 0.3 0.3 0.3 03
Phenolic Antioxidants 1 1 1 1 1
Sulfur Antioxidants 0.5 0.5 0.5 0.5 0.5
Silicone oil 1 1 1 1 1
Total 253 255 260 265 255
Ingredients I=6 T-7 T-8 T=9 7T-10
LLDPE 40 40 40 40 40

EVA 60 60 60 60 60
Compatibilizer 0 10 10 10 10
Nanoclay 10 5 10 10 15

Aluminum hydroxide 130 150 150 110 150
Sunscreen 0.3 0.3 0.3 0.3 0.3
Phenolic Antioxidants 1 ! 1 1 1
Sulfur Antioxidants 0.5 05 0.5 0.5 0.5
Silicone oil 1 1 1 1 1
Total 240 266 270 230 275
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Table 2. UL 94-V Vertical {lame retardant test rating,

UL 94-V Test Rating V-0 V-1 V=2

Individual after {lame
f <10 sec.
time, t1 or t2
Total after flame time
for any condition
set, tl+t2 for the 5
specimens

=30 sec. =30 sec.

<50 sec. <=2 sec.

After flame plus after
glow time for each
Individual specimen

after the second flame

application, 12+13

<30 sec. =060 sec. =60 sec.

Burning up to the
holding clamp(125 mm)

Cotton Ignition No No No

No No No
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Fig. 1. Oxygen index measurement graph.
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Fig. 2. Vertical flame retardant ULY94-V test

Table 3. Test measurements.
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Test methods T-1 T-2 T=3 T-4 T-5
Oxygen Index(%) 305 310 310 295 305
Vertical flame ¢t Pail  Fal Fal V-0

retardant UL94-V
Viscosity 447 48.8 54.2 §6.3 44.9
The volume 107 746x  T710x  1.23% .64
resistivity( £ -cm) 10" [ S U1 SN 1) S )
Char formation X X X X A
Test methods Ih -7 T-8 T-9 T-10
Oxvgen Index(%) 290 300 305 260 310
Vertical |-liil'1'l(.‘ . V-0 V-0 Vo0 Fail V-0
retardant L/L94-V
Viscosity 40.5 60.3 66.3 53.1 73.7
The volume 749x  476x 599x (.84~ ). 72%
resistivitv( & -cm) 10" 10" 10" 10" 10"
Char formation (@] (@] (0] 0]

Fig. 3. Char formation, dripping test.

23] AAsla, ® 2°] ULM-V #H o] &}
1 A2AEE V-0, V-1, V-2, Fail2 #4& A%

o, webd UL9A-V Aoz dan e Z4ssic)

7 l -.f_: O”

% 3¢ B T-1~T-47A A7} Failz b4& 2
& o 7 Qrh AU Aol
L A HeFdol 7t H7bEodi A4 AlES

i F#olE HUMsHA %8k ol 1Y 28§ BW
}

hegdolzt AARA @7 wEol

g
Fail2 JepdS & -

q
T-5~T-10¢] %%

w24 el

AR
L V-02 5§ A% s
9l FAtsteFule] e A

bl 49l
such A A7kE97] Wi Fail2 vheboh



A7) A 2p A ek = Fx, #1287 Al1ZE pp. 51-56, 20155 19 @l §

3.1.3 E= SFANE

Y A= -**éoﬂ*-l—hﬂ Aol Ah8shAl, Y

dol7t 72t A7E e BF FAgkel A ekt
o A '&%ﬂrxﬂ. Gredel ® o Esel A
7FstRAE AS T-7~T-10 ZA3}gke] A vhepaet.

T-9¢1 ZA$ oARzAd  FAspAFuFol
HOPHR)Z #HA A7tso] wA v Aoz ded
.

75+

70+

o5 | "

Mooney viscosity
o o [}
= o =

N

i
=
T

|

i L 1 i I i | 1 i L
T4 T2 T3 T4 T5 T8 T7 T8 T8 T10

Test number

Fig. 4. Viscosity measurements graph.
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