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Flame Retardant Compositions of Polyethylene and

Ethylene/Vinyl Acetate Copolymer

Kazuhiko NAKATANI
Shuzo WATANABE
Yohsuke KANESHIGE

The formulation studies have been made to increase the fire-resistant effectiveness of the title compositions

used for electric insulations,

The flame retardants which include chlorinated paraffins, aromatic bromides,

and antimony trioxide are examined, Aluminum hydroxide is also used to improve some electric prop-

erties, especially tracking resistance,

The results are summarized as follows:

1) The flame retardation of polyethylene (PE) and ethylene/vinyl acetate copolymer (EVA) is attained
by the addition of halogenated flame retardants and antimony trioxide,

2) To maintain the mechanical properties, the flame retardants should possess good compatibility with
PE and EVA,

3) Chlorinated paraffins showed better effect on the flame retardation than the brominated aromatics,

4) Aging resistance of the PE compositions at high temperatures is improved by blending them with
small amounts of EVA,

. 5) Added aluminum hydroxide plays a key role for the elongation of the compositions after aging at
high temperatures, while the elongation is largely affected by the vinyl acetate content in the base
resins,

6) From the mechanical point of view, the smaller the particle size of aluminum hydroxide showed the
better the aging resistance and flame retardation of the compositions,
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Table 1 Resins

Resin MI (g/104}) VAc (%)
PE 203 8 0
UE 535 4 5
7 631 1.5 20
7 710 18 28
7 760 75 42

(2) EERAHIS X OMERY

2/ LI BRI X O DA Table 2 g
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2} |BPORE

©H E B

BHIEN DK R L O BB ORI, 41 v B
m— AR BT e — AREE 130~135°C CAFRInFI
A5 1T o o0
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FERBRU % T\ CRUZIRES 150°C, FETZ R 5
5y, BUEINEER:HE 3 4, BIEBIEES 100 kg/cm? ¥
FREL 5 4 TR Lic, 2mm iR X b 55ERER, M#
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AL,

(3) HERIEB & L UFHES:

Table 2 Flame retardants and inorganic fillers

No Compound Halogen %
A| Chlorinated paraffin| Cl 70
Perchloropentacycl-
B| odecane ” 65~80
C ” /7 ”
D| Alkyl bromide Br 70
Decabromodiphenyl
E| ether v 83
F | Hexabromobenzene | » 87
G| Aromatic bromide ” 58
H s V4 Vs
I " ”
J ” Vi 67
K 14 o
L E(()altrzbromo bisphe- ” 61
Nonabromodiphe-
M nyl 4
Octabromodipheyl
N ether *
O| SbyO4
P| AI(OH), (Particle size 1 p)
Q ” ( # surface treatment A)
R ” ( " 4 p)
S y ( # surface treatment A)
T ” ( y W B)
U ” ( ” ” C)
\Y ” ( ” 20 p)
(1) MI JIS K 7210 4t 4

JIS K 6301 3% 4 v~

v
FIEEE 200 mm/min

(3) ML QORBIY, 90°C Ot —7 v
T 96 hr BULBE, FIRMOER (L
T E/E LEERR) TRT
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1) UL-94 3 x160x160mm D X h 3x
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RO Bk S T % BHIMEDREL V-0 2Rb
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2) WFEIRHK JIS K 7201

3 MWr7exvs JIS C 3005
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Table 4 D75 v 7iCRkT X b1 PE OaofEs
B LU Ol EREH) 1I8%RIETH D, UL-94 i1
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O (32— IEMRF A B\ T25~27%, UL-94 4 V-0
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R Fig. 1 R,
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Table 3 Specification

Test items Conditions Dimension Specification
Melt index 190°C, 2,160 8 g/10 min >5
Tensile strengh 200 mm/min kg/cm? >100
Elongation ” % >350
Heat aging resistance 90°C, 96 hrs % >80
UL-94 V-0 or V-1
Tracking resistance times >101

Table 4 Effect of various flame retardants (PE203/Flame retardants/Sb,0;=100/15/5)

Flame retardant | Compatibility MI Tensile strengh Elongation )Ik_; AR * o1 UL-94
A Good 12 125 580 64 25.9 V—0
B Bad 9 90 460 54 23.2 V—0
C ” 85 290 23.2
D Good 16 110 540 72 25.9 V—0
E Poor 8 95 470 35 26.3 V—0
F ” 10 95 500 58 26.8 V—o0
G Bad 95 145 24.6
H Good 13 95 530 100 26.3 V—o0
I " 12 115 560 71 25.9 V—0
J ” 15 130 620 50 25.7 V—0
K Bad 85 55 20.6
L 4 16 85 125 25.0
M " 85 270 26.0
N 4 85 310 25.4
Blank — 8 130 550 100 18 <HB
*1 Heat aging resistance
*2  Oxygen index
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Fig. 1 Effect of flame retardants on oxygen index.
Table 5 Effect of AI(OH); amounts
" Compound | PE203 | Flamer | g0 M1 |T.5| E |E/E| O UL-94
p i retardant 3 | AI(OH), : -
1 100 5 5 0 9.6 | 129 | 580 | 100 | 25.0 V—0~V—2
2 ” ” ” 5 9.3 | 127 | 510 | 100 | 22.8 V—2
3 ” ” 7 10 8.6 | 111 | 520 35 121.9 V—0~V—2
4 7 v ” 20 7.8 89 | 275 22.4 ”

*#1  Flame retardant A
*¥2 AI(OH), P
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Fig. 3 Effect of VAc content on heat aging
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Table 6 Effect of VAc contents on properties of compounds
Compound PE203 | UE5S35 | AI(OH)s || VAe | MI (T.S| E |E/E|OT UL-94
C 1 100 0 0 9.6 | 120 | 580 | 100 |[25.0 | V—0~V—2
2 ” 4 5 7 9.3 127 | 510 | 100 | 22.8 V—2
3 ” ” 10 ” 8.6 | 111 520 35 | 21.9 V—0~V—2
4 ” v 20 7 7.8 89 | 275 22.4 %
5 50 50 10 2.5 6.3 | 122 | 550 100 | 23.2 V—0
6 ” ” 15 7 5.8 | 114 | 540 89 |22.4 V—0~V—2
7 ” ” 20 ” 5.5 96 | 550 73 | 23.2 V—0
8 4 ” 30 4 4.9 86 | 360 43 | 23.7 V—0~V—2
9 4 " 50 4 3.8 87 | 125 23.7 V—0
10 0 100 10 5 5.0 132 | 640 | 100 | 22.4 V—0
11 ” ” 20 ” 3.8 | 122 | 520 | 100 | 24.1 ”
12 ” 4 30 ” 3.4 98 | 550 100 | 24.6 ”
13 ” 7 40 4 3.0 95 | 450 71
14 4 ” 50 ” 2.6 85 | 180 24.6 V—0~V—2
Flame retardant A 5 phr
SbgOa 5 7
¢21)
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Fig. 4 Maximum allowance of Al(OH); addition.
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Fig. 5-1 Tensile strengh vs. VAc content of

base resin.
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Fig. 5-2 Heat aging resistance vs. VAc content

of base resin.

Table 7 Effect of various EVA

=~ Resin -

\\ ;-_A_E_‘H PE203 | UE535| UE631 | UE710 | UE760 AI(OH), %{Xe r(e;ir)l /1\6 I kT/. S , 5 E;E
= c g/10 min| kg/cm

Compound ~—__ 0 5.0 18.7 | 28.5 | 43.4 ¢ @ 0

1 60.0 | 40.0 10 2 6.1 130 530 | 100
2 89.3 10.7 ” ” 6.9 130 530 | 100
3 92.7 7.3 ” ” 8.5 122 520 | 100
4 95.4 ” ” 8.5 115 520 | 100
5 30.0 | 70.0 20 3.5 4.7 126 540 | 100
6 81.3 18.7 ” ” 5.7 117 510 100
7 87.3 12.7 7 ” 8.1 108 530 96
8 92.0 ” " 8.1 91 510 71
9 0 100 30 5.0 3.4 124 550 | 100
10 82.5 17.5 74 ” 9.1 104 520 90
11 88.6 11.4 ” ” 7.3 77 520 35
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Table 8 Type and amount of Al(OH),

Al(OH);
UES535 MI T.S E E'/E oI
Coad No. Phr
100 10 5.0 132 640 100 22.4
4 P 20 3.8 122 520 100 24.1
4 30 3.4 98 550 100 24.6 !
y @) 40 0 95 450 71 '
” 50 2.6 85 180 24.6
4 Q 40 3.7 84 440 58 25.0
” ( 1u ) 50 .5 75 310 24.6
4 S.T 60 3.4 71 135 24.6
” R 20 4.1 120 520 100
” 40 3.3 84 430 35
” 4 60 2.7 76 80 24.1
” S 20 121 570 72
” i 40 3.6 98 590 43
!_{
4 ( S.T ) 60 3.4 79 430 22
4 80 2.7 64 195
7 20 4.0 113 550 95 21.5
” T 40 3.5 90 450 42 21.5
4 4 50 3.2 82 410
‘ﬂ

" (& )| e 3.0 72 350 23
” 70 2.9 66 220 24.6
” 80 2.6 64 180 24.1
” 20 123 570 44
4 U 40 3.5 91 450 16 24,1
% & 50 3.3 78 350
” ( S.T ) 60 2.9 70 165 24.6
” 80 2.5 69 70 25.9
4 v 20 4.1 6l 125
” 0 40 3.7 79 420 25
” (20 1) 60 2.8 71 70 23.2

Flame retardant A 5 phr

Sb, Oy 5 phr

S . T =Surface treatment
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Table 3 Amount of AI(OH),

Al(OH); type P|Q|R|S|T|U]|V

E =350% 44 | 47 | 45 | 47 | 60 | 50 | 44
- E'/E=80% 37 132 26|18 26|12
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