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Organic Halogeno Compounds as Flame-retardant

Minoru Inoue
Katsunari Okayama

Hajime Fujii

Flame-retardancy of some organic chloro and bromo compounds for ABS resins has been investigated by

measuring oxygen index, izod impact strength and tensile strength.

Aliphatic and alicyclic halogeno

compounds were found to possess higher oxygen indices than aromatic ones. The flame-proofing effect was

usually observed when more than 15 parts of halogeno compounds were blended with 100 parts of ABS

resins. With the increase in amount of the additives, however, mechanical properties of the resins tend

to deteriorate. Fire-retardants for ABS resins could be used safely as effective additives for polyethylene

and polypropylene.
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Table 1 Flame-retardants

Melting point Br (0/0)"—

Compounds °C)
Pentabromochloro- 203.5 Br 77.9
cyclohexane : Cl 6.9
Brominated chloroprene A
rubber B 150d. 60.0
Hexabromobenzene 316 86.9
Pentabromophenol 225~6 81 7_
Tetrabromo-bisphenol-A 181~2 o 58.7

‘Bis(tetrabromobisphenol- |~ .. |7
A) carbonate 204~9 57.4

- "Br69.1
Decahalogenobipheny] 340~ Cl131
c21,i01%-D1br0mobutane-1, 4. 89 590 5 64 4
"2, 4, 6-Tribromo-m-cresy]
phosphate 260’\’_4_ B 66.6
Ammonium bromide | 542s. 81.6
Ethylenediamine ‘
dihydrobromide - _35_5d_ 72.0
Hexabromocyclododecane 199~204 74.7

151~-3

Pentabromotoluene 282 82.1
2, 4, 6-Tribromoaniline 119~.20 72.6
Tetrabromophthalic -
anhydride B 275~80 68'9_
Chlorinated paraffine 95~100 | CI 70.0
Dechlorane plus 485 Cl 78.3

d. decomposes; s. sublimes
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Fig. 1 Dimensions of test specimen for

1zod Impact strength.
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Fig. 2 Dimensions of test specimen for tensjle

strength.
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No. of date (days)
Fig. 3 (b) Burning time at ASTM D635 for

super impactproof ABS resins.
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Fig. 3 (d) Tensile strength for super
impactproof ABS resins.
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Table 2 Effect of various additives (ABS/Flame retardants/SbyO3=100/15/7.5).

- : 2

Compounds ﬁ}éiie:zy) N Ii?;l 5 I‘efmle st.rengl‘:o(lj/cm )

o g CM/CM I Yield point yie‘l’Zi point
Pentabromo chlorocyclohexane 26.5 13.4 358.6 307.4
Ammonium bromide 26.5 12.0 313.2 305.0
Ethylenediamine dihydrobromide 26.0 7.0 294.2 275.0
Decahalogenobiphenyl 25.8 10.9 346.4 291.0
Hexabromocyclododecane - B 25.7 ‘ 14.6 403.7 368.9
Chlorinated paraffine 25.5 14.2 314.7 259.3
Pentabromotoluene 25.3 18.2 358.6 301.6
Tetrabromophthalic anhydride 25.2 ) 14.4 l 321.7 271.3
Hexabromobenzene 25.0 12.9 4C6.7 307.1
2, 3-Dibromobutane-1, 4-diol 24.8 13.3 325.3 275.9
Dechlorane plus - 24.5 10.0 286.0 251.1
Tetrabromobisphenol-A 24.1 19.6 361.8 315.2
2, 4, 6-Tribromoaniline 22.2 12.4 326.3 255.3
2, 4, 6-Tribromo-m-cresyl phosphate 21.5 13.7 346.6 321.8
Bis(tetrabromobisphenol-A) carbonate sk 26.3 11.1 470.9 320.2
Brominated chloroprene rubber ok 24.0 29.7 379.9 —
Pentabromophenol " 20 7 " 25 4 _ T _

* ABS/Flame retardant/Sh,0;=100/10/5
ok ” =100/20/7
Hofok ” =100/25/0
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Table 3 Effect of particle size.

Particle size
of ethylenediamine Oxygen index ASTM D635 Izod impact Tensile strength
dihydrobromide % burning test strength (kg/cm?)
(mesh) (kg-cm/em/fem? )
250 down 29 S"”'eé‘gﬁ‘?“‘sh 9.2 328.5
140~250 - 23.6 % 8.9 337.8
70~~140 22.8 ” 9.0 326.9
~70 23.2 ” 9.4 327.6
z
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Table 4 Effect of ethylenediamine
dihydrobromide on 100 phr. ABS resin.

Composition Oxygen Izod impact| Tensile
bromide /Sh,04 index strength | strength
(ohr) (%) |kg-cmjem?)| (kg/em?)
15/7.5 25.8 7.2 320.8
15/0 22.4 7.8 302.3
10/5 23.9 8.6 301.3
5/2.5 21.0 12.5 319.0

0/0 18.5 35.5 362.1

b7 v 2 v OREGIE U TE SR RN, ASTM
D635 1= X 2 MBEARBRIER, 74V » FERMEE S IO
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(11)




12; REFEEEDIRE 174 551 2 (1973)
‘Table § Effect of decahalogenobiphenyl on 100 Table 6 Effect of pentabromotoluene on 100
phr. ABS resin. phr. ABS resin.
Decahalogenobiphenyl/Sb,05 (phr.) Pentabromotoluene/Sb,O5 (phr.)
21/7 | 21/10 | 21/12.6] 21/14 15/0 15/2.5 15/5 15/7.5
15/0 | 15/5 |15/7.5| 15/9 |15/10.5 10/0 10/2.5 10/5 | 10/7.5
10/5 | 10/6 |10/6.7 | 10/7.5 5/0 5/2.5
5/2.5 0/0
0/0 Oxygen index (%)
Oxygen index (%) 23.3 23.7 24.8
29.2 | 30.6 | 33.1 | 32.4 . '
21.2 | 25.1 | 25.8 | 28.5 | 30.7
23.0 | 24.0 | 23.0 | 23.7 18.5
211 ASTM D635 (min., sec.) o
18.6 27 44" SE SE SE
ASTM D635 (min., sec.) 27 40" 4753" | s | s
SE SE SE SE 416" 3751"
SE SE SE SE 2 24"
4709" Trod. impact strength (kg-cm/cm?)
2/ 07" 19.2 21.6 17.9 19.5
2/ 24" 26.8 22.9 22.7 20.1
Izod impact strength (kg:cm/cm?) 28.1 25.8
8.4 | 5.45 7.3 6.5 35.5
18.0 9.3 | 10.9 6.6 7.8 Tensile strength (kg/cm?) Q '
229 | 12.5 | 11.6 | 10.9 345.6 352.6 361.6 359.8
26.3 355.5 354.9 366.0 | 341.2
35.5 399.9 395.4
Tensile strength (kg/cm?) 362.1
303.8 | 334.1| 309.6 | 313.6
341.4 | 307.9 | 346.4| 340.2| 315.4
346.9 | 320.8 | 334.7 | 342.8
356.6
382.5
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Table 7 Effect of hexabromobenzene on 100 Table 8 Effect of tetrabromobisphanol-A on
phr. ABS resin. 010 phr. ABS resin.
Hexabromobenzene/Sb,O4 (phr.) Tetrabromobisphenol-A /Sb,O5 (phr.)
15/0 | 15/2.5 | 1555 | 15775 | esssaz | 25083 | 25/12.5
10/0 | 10/2.5 105 20/5 20/7 20/10 | 20/12
5/0 5/2.5 | 5/7.5 150 15/5.25 | 15/7.5 |
B 0/0 0/0
Oxygen index (%) - _Oxygen index (%)
23.0 26.7 24.9 26.5 27.8 29.3
22.0 22.9 ; o 25.2 25.9 25.8 - 26.3
22.7 22.0 ] 23.9 24.1
N 18.6 18.5
ASTM D635 (min, sec) I ASTM D635 (min., sec.)
4730" SE SE SE SE SE SE
SE SE SE SE SE
SE SE 3716" | SE
224" o 2/24"
Izod impact strength (kg.cm/em?) - Izod impact strength (kg-cm/cm?)
15.0 16.3 12.9 12.0 10.1 11.3 7.7
21.9 18.8 18.0 18.2 11.4 10.0 12:7
30.0 19.6 13.4 32.6 15.1 19.6
35.5 35.5
Tensile strength (kg/cm?) Tensile strength (kg/cm?)
395.8 391.5 411.1 365.1 380.3 382.5 777
4167 | 4lad 380.1 N 385.5 | 388.3 | 389.3
451.0 417.7 395.9_ 382.2 389.2 364.8 | 382.4
362.1 B 362.1
(13)
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Table 9 Effect of tetrabromophthahic
anhydride on 100 phr. ABS resin.

~ Izod impact| ..
- s AS1 I
Cor:ilz?on %}:}5:3%{311 DgSSM (it r?;i;h stf;ilglfh
(phr.) (%) |(min. sec.)|\"8 ety (kg/em?)
15/7.5 | 25.2 SE 14.4 321.1
10/5 22.8 429" 18.3 323.6

5/2.5 20.8 316" 24.8 316.2

15/0 22.0 345" 24.9 324.9

0/0 18.5 2'24" 35.5 362.1

Table 10 Effect of tribromo-m-cresylphosphate
on 100 phr. ABS resin.

Compo- | Oxygen| ASTM [zod imp}a U Tensile
sition | index D635 (Etr?;i{ ' | strength
(phr.) (%) [(min. sec.)|\"& /em?) (kg/cm?)

15/7.5 21.5 4741" 13.1 346.6
15/5.6 23.0 SE 13.5 334.9
15/3.7 21.9 3731" 13.7 327.9

15/0 21.4 413" 8.5 364.1

Table 11 Effect of dechlorane plus or Sb,O,
on 100 phr. ABS resin.

_ Oxygen lIzod impact | Tensile

Cor(n p}?? l)t on index strength strength
Pk (%) |(kg-em/cm?)| (kg/cm?)
40/20 30.3 3.2 316.8
30/15 28.4 3.4 308.6
15/7.5 24.5 10.0 286.0
0/0 18.5 35.5 362.1
0/22.5 20.4 16.6 332.6
0/7.5 19.5 25.6 359.3
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Table 12 (a) Results with some grades of
ABS resins. ABS/Tetrabromobisphenol-

0 N Izod ¢ Tensile |

Grades of JXYECH | ASTM | !mPac strength
ABS resin | ndex | pgas | strength) %
(%) (kg-cm/ gcmzj

- . em?)
Super - - n
___impactproof. B 25.9 SE __10'5 ?_’8_1:5__
High »# 27.7 ” 8.1 417.5
Middle # 26.0 Y 2.9 482.4

Table 12 (b) ABS/Decahalogenobiphenyl/Sb,Os
=100/15/7.5.

Izod

v : Tensile
Grades of QM*’F" ASTM | !mpact strength
ABS resin | Index | 5eac™ [ strength (kg/
' (%) (kg em/) M6 o
] cm?)
Super = = '
impactproof 25.8 _EE n __10_9_ 346.4
High » 26.6 w 8.3 417 .4
Middle » 25.6 ” 3.1 482.1
Table 12 (c)
o T - Izod .
| ASTM | ;= | Tensile
Grades of Qx_v.g’en D635 mjp‘lu strength
ABS resin “E-{;g}s (min. (sktui:ngth (kg/
- g sec.) 8 ci:;/) cm?)
Super ek | as o 1
impactprost 18.5 224 ] 35.5 362.1_
High » 19.0 27257 22.6 438.6
Middle # 19.0 231" 15.2 492.9
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Fig. 4 Opxygen index and izod impact strength
as a function of the composition for

decahalogenobiphenyl.
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Fig. 5 Oxygen index, izod impact and tensile
strength as a function of the composition

for tetrabromobisphenol-A.
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