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Flame Retardation of Low Density Polyethylene by

Organic Halogen Compounds

Yozaburo TANAKA
Shinichi MIHARA
Tokio FUJIKI

Flame retardation of polyethylene has been studied using commercial organic hahogen compounds as

retardant,

Although most of organic halogen compounds lack heat stability, weatherability, and/or

compatibility with resins, halogen derivatives of phthalimide, phenoxyethane, and cycloalkanes are found to

behave favorably. Addition of small amounts of organic halogen compounds leads to an increase in oxygen

index value but it attains an equilibrium at 10 phr or above.

types of flame retardants,

small amount of brominated compounds, but in no way by chlorinated ones,

Those behaviors are independent of the

Level V-0 of UL-94 Regulation can be achieved by the addition of relatively

When used in combinaticn

with organic halogeno flame retardants, antimonyl trioxide raises the flame retardancy of resins and its

effect becomes maximum where a ratio of antimony to halogen in the compounds is 1 to 3. Dripping

property of polyethylene on flame seems to be dependent on the melt index.
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Table 1 Properties of PE and EVA
.I Vac, content M. 1. Density Vac. content M. I, Density
Grade %) | (g/l0min) | (g/me) Grade (%) | (&/Wmin) | (g/me)
PE* 202 0 23 0.916 UE 540 10 3 0.927
” 203 0 8 0.917 625 15 14 0.934
7 205 0 3 0.924 3151 15 3 0.935
” 170 0 1 0.919 630 15 1.5 0.936
v 173 0 0.3 0.923 633 20 20 0.939
UE* 536 6 7 0.925 631 20 1.5 0.941
515F 5.5 2.5 0.925 627 20 0.8 0.941
541 10 9 0.927 ==
(PE : Petorothene
UE : Ultrathene
Table 2 General properties of flame retardant
Halogen* Melting**
F.R . Molecure* : [T, L#*
s Chemical structure content . poin " eC
_peent ) (%) | welsht CC) 0
A Brominaled diphenylether | 82.6 959 301 274
B ” 74.5 620 150 210
C Brominated bisphenol A 58.8 544 181 221
D Aromatic bromide (ab, 62) {gg}; noncrystal 265
E ” 67.7 784 110 222
F Brominated benzene 86.9 552 sublimate 216
G Brominated cycloalkane 74.7 642 188 203
H Chlorinated Paraffine (ab. 70) 1062 68 188
1 Brominated isocyanurate | 65.8 729 110 264
J Brominated phtalicimido 67.2 952 460 423
K Brominated cycloalkylimido 49.3 648 303 231
L Brominated phenoxyethane 79.7 1007 328 296
M Brominated Polystyrene (ab 68) - noncrystal 329
N Chlorendo cycloalkane 65.5 563 293 270

*  Calculated values.

** Values from TGA curve (I.T.L.=Initial Temperature of Loss)
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Table 3 Effects of flame retardants on various

properties

R S Lty By | 0.7, oL-ow

A A AN O [28.6 V-2

B X X X O |28.3 V-2

C A~ % X X 27.2 V-2

D AN AN O |27.4 V-0

E X X X x 27.4 V-2

F X X A O |29.5 V-2

G A X X X 27.4 V-2

H O A A |26.1 V-2

I X AN X 26.5 V-2

J O O O |27.4 V-0

K O O A | 23.5 V-2

L O O O 129.0|V-2~V-0

M O X O~A | 26.5 V-2

N O O O ]23.9 V-2
Blank — O O 17.7 B

O ; excellent
( A\ i good

X ; poor
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Fig.2 Effect of irradiation on lightness

Table 4 Effect by methods on blooming of
flame retardant

i'gliﬁt A-method B-method C-method
AN A A
D A AN X X
L O O O~A
N O O O~A
O ; Excellent
A ; Good
x ; Poor
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Table § Effect of flame retardants content on
blooming of flame retardant

F.R. PHR

Agent 7.5 15.0 22.5 30.0
A AN A O O
D AN A~ X % X
H O O O O
J O O O O
L O O O O
N O O O O

/\ ; Good

x ; Poor

( O ; Excellent

Table § Effect of flame retardant on heat-

stablity
i-g}iﬁt 15 min 30 min 60 min
A O A X
D AN A~ X X
H O A~ X X
J O O~A X
L O O~A X
N O O~AN X
Blank O O~A A\

(O ; Excellent A\ ; Good x ; Poor)
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polyethylenes
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Fig.-4 Plots of Oxgen Index vs ratio of An-
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Table 7 Effect of flame retardant on UL value

Content phr
7.5 15.0 22.5 30.0
F.R. Agent

A V-2 V-2 |V-2~V-0| V-0
D V-2 V-0 V-0 V-0
H V-2 V-2 V-2 V-2
J V-2 V-0 V-0 V-0
L V-2 |V2~V-0] V-0 V-0
N B V-2 V-2 V-2

Table 8§ Effect of additives on
(a) Chlorinated compounds
() Inorganic hydroxide
(¢) Glassy state compounds

(a)
Content phr 0 25 50 75
Dechloran V-0 V-2 V-0 | V-0 (n-d)
CI-PE V-0 V2 V-2 V-2
(b)
Content phr 0 25 50 75
Mg(OH), V-0 | V-2 V-2 V-2
Al(OH); V-0 | V-2 | V-2 V-2
©
Content phr 0 10 20 30
Silica V-0 V-2 B B
ZnBO, V-0 V-2 V-2 V-2
(11 )
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Fig.b Plots of oxgen index value vs non-dripping agents contration in polyethylene,

Table § Effect of Additives on UL-94/V value

DBDE |Dechloran | Sb,Oy | Mg(OH). | Si0;-nH,0 UL-94/V
Eﬁrﬁh PHR | PHR | PHR | PHR PHR Elaming | Glowing | Dripping | Judgement

1 22.5 25.0 7.5 0 0 X O x V-2
2 ” ” 15.0 ” K4 A O A V-1
3 ” ” 20.0 4 ” A O A V-1
4 ” ” 32.5 s ” A A AN V-0
5 ” 50.0 7.5 4 ” JAN O AN V-0
6 ” ” 20.0 a ” A AN A V-0
7 ” ” 32.5 ” ” O AN VAN V-0
8 7 y ” 25 7 O O X V-0~V-2
9 ” y ” 50 ” O JAN YA V-0
10 % ” ” 75 ” O A YA V-0
11 ” ” V4 0 5 VAN X X V-2
12 ” ” ” ” 10 YA X A V-1
13 ” ” ” ” 20 X X O V-1

X ; Spec out
( /\ ; Spec in

O ; No flaming or no glowing or no dripping
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(3] FEE T UL-94/V-O El&DikET

Table7 WWRT X5, RIGREREL SBCHN
THoERLY V-0 BEFLHRD, LALZORAT
Hisetz & o, BRSERAC ARG T3 %0 BA LR

YO T oI V-0 BiE (n-d/V-0 £#53) % DBDE
AW L,
(D FEETHMREROBRE
JEMTHMEHIE LT, F27r5 vF5 R, ERLH
) =51 v, A(OH)s, Mg(OH),, REF >V 1, RV

v ER R AV i, #EH% Table8 1=, O.1 {fi* Fig.

(12)




e RERFNC X B EHRESRY =F v v O8R(L 81

Table 10 Effect of M.I. of PE on UL-94
. Flaming |Glowing| Dripping |Cotton
Resin time time particles |ignition
Grade |M. I, sec sec n n
PE 203 | 8 7 7 5 0
206 | 3 13 16 4 0
170 | 1 19 43 2 0
1731 0.3 7 79 0 0
PE ; 100 PHR
DBDE ; 22.5
Dechloran ; 50,0
szOa 5 32, 5
5 &t

n-d/V-0 ¥, F7r 35 v7s5 285N T5EC
L OHEETH D, LT DMOwIng%E Vi 841
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1) I Sobolev & E. A. Woycheshin; J. Fire and
Flamability/Fire Retardant Chemistry, 1, 13,
(Feb. 1974),

Table {1 General properties of PE and EVA treated with flame retardants

Resine V’“Yl( %f’f)cetate {k}; f’mz) (g /1;’{)- éﬁn) 0.1 UL-94/V
PE 202 0 94 70 24.0 27.6 V-2~V-0
203 0 100 85 8.3 26.8 V-0
UE 536 6 74 315 8.8 28.3 V-0
515F 5.5 89 480 2.9 28.3 V-0
541 10 79 525 9.8 29.0 V-0
540 10 95 3.6 29.0 V-0
625 15 79 14.8 30.3 V-0
3151 15 117 675 3.4 29.1 V-0
630 15 126 1.8 29.1 V-0
633 20 70 22.0 31.1 V-2~V-0
631 20 132 1.8 29.5 V-0
627 20 143 0.9 28.9 n-d V-0

(13)
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