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Due to their ready ?ammability polyole?nes such as 
polyethylene, polypropylene and polyisobutylene cannot 
be used as such in the construction and other ?elds in 
which di?icultly ?ammable materials are required. It has 
been attempted, therefore to render polyole?nes ?ame re 
sistant by additions of chloropara?ines in conjunction 
with antimony trioxide. satisfactorily ?ame resistant 
products are however not obtainable by such additions 
if the amount of the addition is su?iciently small that 
other essential properties, especially strength are not un 
favorably affected. The great disadvantage of chloro 
para?ine additions lies in the fact that these compounds, 
even at relatively low temperatures, tend to liberate hy 
drogen chloride which attacks the machines used in work 
ing and forming the composition. The amount of addition 
required to give a relatively satisfactory ?ame resistant 
'polyole?ne is, in any case, more than 20%. It is not feasi 
ble to add su?icient acid acceptor to compositions con 
taining such a high content of cholorpara?ine to effect an 
adequate stabilization. 
The use of nucleus bromine substituted aromatic com 

pounds as disclosed in e.g., German Patents Nos. 
1,103,020, 1,123,823, 1,127,582 and 1,135,653 brought 
about a decisive improvement particularly in the avoid 
ance of the dilhculties associated with the use of chloro 
para?'lnes. 
The testing of the material in the form of plates with 

respect to ?ame resistance, self-extinguishment and burn 
ing is carried out in two ways as follows: 

(1) DIN 4102, page 1 

4 plates having the dimensions 1000 x 190 x 3 mm. are 
supported vertically and in a chimney-like arrangement 
at right angles to each other and hung in a shaft furnace. 
Air is passed upwardly through a sieve bottom. Flame is 
generated by a ring burner having 36 nozzle openings so 
that the ?ame strikes the inner surfaces of the plates. The 
length of the ?ame is about 250—300 mm. After 11 min 
utes of the ?ame treatment the burning of the plates must 
extinguish immediately or in a short time and at least 
15% of the plates must remain undamaged. 

(2) ASTM D635-56T 

A test piece having the dimensions 127 x 12.7 x 3 mm. 
is supported at an angle of 45° to its horizontal axis. 
It is then ?amed with a Bunsen burner having a diameter 
of 5 mm. and with a ?ame about 12 to 13 mm. long with 
the tip of the ?ame just reaching the lower end of the 
test body. The ?aming time is 2 to 30 seconds. If the 
sample does not continue to burn after removal of the 
?ame it is classi?ed as “non-burning by this test.” If the 
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sample continues to burn after the removal of the ?ame 
but not beyond the 4 inch-markin0 it is classi?ed as “self 
extinguishing by this test.” If the test piece continues to 
burn after removal of the ?ame it is classi?ed as “burning 
by this test.” 

In the DIN test the burning conditions are such as to 
correspond to a ?re storm, that is, very high temperatures 
which are increased by the heat of combustion of the sam 
ple itself and by the chimney arrangement of the test 
pieces. Under such conditions only such additions are 
effective as are e?ective at relatively high temperatures. 
Such compounds are for example the above mentioned 
aromatic bromine compounds. Aliphatic chlorine com 
pounds are completely useless under these conditions be 
cause the decomposition temperature of this type of com 
pounds is very low. The addition of stabilizers does not 
change this situation. In general it can be assumed that 
the ?aming of differently burnable polyole?nes ?rst forms 
hydrogen chloride which can stop or interrupt the chain 
reaction of the burning. This action in most cases is in 
creased by antimony trioxide. 
The course of the combustion is quite different in the 

ASTM test process. Here a relatively small ?ame is used 
and the mass and energy content of the test body is small. 
Under these conditions it can be expected that added 
?ame-proo?ng material having a relatively high decom 
position range cannot be efiective since the burning tem 
perature of the synthetic resin body does not at all or 
only to an insu?’icient extent a?ect the addition material. 

There is a strong7 technical interest in the provision of 
an addition or addition mixture which is effective under 
all practically occurring burning conditions and is equally 
e?ective in both test methods. 

It has now been found that ?ame resistant polyole?ne 
mixtures which contain from 5 to 20% by Weight of 
nucleus brominated aromatic compounds, 2 to 10% by 
Weight of chlorinated para?ines and 2 to 9% by Weight of 
antimony trioxide are especially useful. 

Suitable polyole?nes for use in the compositions are 
polyethylene, polypropylene, polyisobutylene and the 
solid mixed polymers of the corresponding monomers. 
The polyole?nes may contain the usual additions of 
?llers, colors, lubricants, and/ or stabilizers. 

Suitable nucleus brominated aromatic compounds that 
are to be incorporated into the mixtures in amounts from 
5 to 20% preferably from 5 to 12% and especially from 
5 to 9% by weight, based upon the polyole?ne content of 
the mixture, are the aromatic compounds containing at 
least three bromine atoms in the nucleus, of the general 
formulae 

R1 R1 R10 R9 
I I I I 

R3 “R8 

I I 
R4 R5 Ru R1 

and 

R: R1 R10 Re 
I I I I 

I I I 
R4 Ra Ra R7 
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in which R1 to R10 stand for hydrogen, bromine, chlorine, 
methyl, straight chain and branched chain alkyl and 
alkenyl groups having from 2 to 4Vcarbon atoms and the. 
benzyl group which may be substituted by bromine, 
chlorine or both, X stands for a divalent saturated or 
unsaturated aliphatic group which may be substituted by 
bromine and/or chlorine or one or more aromatic groups, 

, so many of R1 to Rm standing for bromine that they 
together with any other bromine atoms attached to an 
aromatic nucleus in the molecule amount to at least 3 
bromine atoms that are bound directly to an aromatic 
nucleus. Examples of the values of X are the methylene, 
ethylidene, propylidene, dimethylmethylene, ethylene, 
trimethylene, vinylidene, vinylene and allylidene groups. 
The compounds should contain a total of from 50 to 
85% by weight of bromine; from 0 to 30% by weight 
of this bromine may be substituted by chlorine. The dis 
tribution of the halogen atoms on the aromatic ring is 
optional. 
Examples of nucleus halogenated diaromatic com< 

pounds are the halogenation products of dibenzyl, di 
methylbenzyl, diethylbenzyl, benzyltoluene, dibenzyltolu 
ene, benzylmethyl-benzylbenzene, diphenylpropane, di 
phenyls and their mixtures. These compounds need not 
exhibit any particular stoichiometry. On the contrary it 
may be advantageous to use mixtures of compounds just 
as they are produced by halogenation of the named start 
ing materials or mixtures thereof without fractionation 
or separation in any manner. These mixtures of com 
pounds which a-re mostly of oily or colophony-like con 
sistency contain different numbers and different arrange 
ments of the halogen atoms and generally vhave less 
tendency to crystallize than pure compounds. This facili 
tates the working up of the polyole?ne mixtures. 

Diaromatic or aromatic-aliphatic ethers containing at 
least three nucleus substituted bromine atoms of the fol 
lowing formula ' 

may be used. In this formula R1 stands for anarornatic 
,group that may be brominated and/ or chlorinated or a 
straight or branched chain alkyl group having from 2 
to 12 carbon atoms and which may contain a hydroxyl 
group and R2 to.R6 stand'for hydrogen, chlorine or 
bromine, there being at least three aromatic nucleus 
bound bromine atoms per molecule counting those rep 
resented by R2 to R6 and those present, if any, on the 
group represented by R1. 7 
_ Examples of diaromatic ethers having brominebound 
to an aromatic nucleus are tribromodiphenyl ether, tetra 
bromodiphenyl ether, pentabromodiphenyl ether, hexa 

' bromodiphenyl ether, tribromomonochloride - diphenyl 
ether, tribromodichloride-diphenyl ether, tribromotrichlo 
ride-diphenyl ether, and tetrabromodichloride-diphenyl 
ether. The halogen atoms of these diaromatic ethers can 
be distributed at random on the aromatic rings. Examples 
of suitable aromatic-aliphatic ethers are the 2-ethylhexyl-, 
n-octyl, nonyll, butyl-, dodecyl-, and 2,3-dioxypropyl 
ethers of tribromophenol, tribromomonochlorophenol and 

7 tribromodichlorophenolr 

Also nucleus brominated, multinuclear aromatic amines 
may be used which contain from 50 to 85% by weight 
of halogen of which 50 to 85% by weight is bromine 
and from 0’ to 30% byweightis chlorine and which 
contain at least 3 bromine atoms per molecule bound to 
an aromatic'ring. These compounds may contain a total 
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4 
of from 1 to 4 straight chain or branched chain alkyl 
groups having'from 1 to 4 carbon atoms which may 
contain OH— groups, substituted on the aromatic rings 
and possibly also on the nitrogen atoms. Examples of 
suitable nucleus brominated multinuclear aromatic amines 
are the corresponding halogenation products of diphenyl 
amine, a-naphthylamine, B-naphthylamine, 1,l-dinaph- 
thylamine and 1,2-dinaphthylamine. In the bromination 
it may be advantageous to substitute a part of the bromine 
by chlorine provided that at least three bromine atoms 
are bound to an aromatic ring and the total bromine 
content of the molecule is at least 50% by weight. The 
halogen in excess of three bromine atoms per molecule 
may occupy any desired position. It is especially advan 
tageous to use the crude halogenation products which 
generally are mixtures .of isomeric compounds of different 
halogen contents. The crude halogenation mixtures are 
generally compatible with the polyole?nes as chemically 
homogeneous compounds. 
Another group of suitable compounds'are the 2,4,6-tri- . 

bromoanilines of the formula 

in which R1 and R2 stand for hydrogen, acyl groups or 
alkyl groups having from 1 to 6 carbon atoms and R3 and 
R4 stand for hydrogen or alkyl groups having from 1 to 6 
carbon atoms. This group of compounds includes 2,4,6-tri 
bromoaniline itself as Well as 2,4,6-tribromoaniles substi 
tuted in the nucleus and/ or on the nitrogen such as 2,4,6 
tribromoacetanilide and 2,4,6-tribromolauroylanilide. 

Suitable chloropara?ines are the chlorinated straight 
chain or branched chain or cyclical para?ines having a 
chlorine content of from 40 to 80%, by weight, prefer 
ably 50 to 70%. The chlorinated para?ines are used in 
amounts within the range from 2 to 10%, preferably 
2-5%, by weight, based upon the polyole?ne. ' ' 
Antimony trioxide is used in amounts within the range 

from 3 to 10%, preferably 4—8%, by weight, based upon 
the polyole?ne. ' ' 

The components can be mixed ‘with the polyole?ne 
singly in any order or all together and incorporated in , I 
known manner. The resulting mixtures are formed or 
molded in known manner. . 

It is surprising that the small additions of chlorinated 
parat?nes which alone are not e?ective by any test method 
so activate the aromatic, nucleus-substituted compounds 
that they are effective even at low burning temperatures. 
The small amounts of chlorinated para?ines used may be" 
stabilized with the commercially available stabilizers as is ' 
customary in the working up of polyvinyl chloride, su?‘i 
cient stabilizer being used so that at the temperature neces 
sary for working up the polyole?nes no corrosion of the 

. machine and molds will results from ‘the splitting off of 
hydrogen chloride.v 
The claimed mixture exhibits not only the expected but 

also a highly valuable synergistic effect. 
In the following examples plates having the dimensions 

300 x 70 x 3 mm. were subjected to the burning test, in 
accordance with the speci?cations DIN 4102. The plates 
were heated in a shaft furnace with practically colorless 
Bunsen ?ame, 15 mm. long for 4 minutes. Inthe examples 
the amounts of the ingredients of the compositions. are 
given in parts by weight. ' 
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Ex. Test on the Test According Observation 
plates to ASTM D635 

1 _____ _. 100 polyethylene (mol. wt. about 40,000), 10 pentabromo- Standing ________ __ Self-extinguishing- Dripping material continues burning 
monochlorodiphenyi ether, 5 antimony trioxide. - - for some time. 

2 _____ __ 100 polyethylene (mol. wt. about 40,000), 7 pentabromo- Not standmg_ _-.. Burning _________ __ Dripping material continues burning. 
monochlorodiphenyl ether, 5 antimony trioxide. ' 

3 _____ __ 100 polyethylene (mol. wt. about 40,000), 3 chloropera?ine __--_do ................ __do ___________ ._ Do. 
(chlorine content 70%), 5 antimony trioxide. I 

4 _____ .. 100 polyethylene (mol. wt. about 40,000), 7 pentabromo- Standing ________ __ Not burning ____ __ Dripping material extinguishes im 
monochlorodiphenyl ether, 3 chloroparai?ne (chlorine mediately. 
content 70%), 5 antimony trioxide. _ , Y 

100 polypropylene (mol. wt. about 300,000), 10 tribromo- Almost Standing" Burning _________ ._ Dripping material burns a short time. 
acetanilide, 5 antimony trioxide. 

100 polypropylene (mol. wt. about 300,000), 4 chloro- Not standing ........ _-do ........... __ Dripping material continues burning. 
para?’ine (chlorine content 70%), 5 antimony trioxide. ~ 

100 polypropylene (mol. wt. about 300,000), 4 chloro- Standing ________ _. Not burning ____ .. Dripping material extinguishes im 
para?ine (chlorine content 70%), 9 tribromoacetanilide, mediately. 
5 antimony trioxide. 

8 _____ _. 100 ethylene-propylene-mixed polymer (mol' wt. about Not standing"... Burning.______._.. Dripping material burns a short time. 
50,000), 8 nucleus brominated dibenzyl-toluene-benzyl 
methylbenzyl-benzene mixture (bromine content 04%), 
4 antimony trioxide. 

9 _____ __ 100 ethylenepropylene mixed polymer (mol. wt. about __-_-do ________________ ..do ___________ _. Dripping material continues to burn. 
50,000), 4 chloropara?ine (chlorine content 65%), 4 
antimony trioxide. _ 

10 .... __ 100 ethylene-propylene mixed polymer (molt wt. about Standing ........ __ Not burning ____ __ Dripping material extinguishes im 
50,000), 7 nucleus brominated dihenzyl-tolueuebenzyle Inediately. 
methylbenzylbenzene mixture (bromine content_64%), 
4 chlgroparai?ne (chlorine content 70%), 4 antimony 
trioxi e. 

11 ____ __ 100 polyethylene (mol. wt. about 90,000), 10 halogenated ._...'do ___________ ._ Burning _________ _. Dripping material burns for a time. 
diphenylamine (bromine content 62%), chlorine con 
tent 3%), 5 antimony trioxide. 

12 ____ _. 100 polyethylene (mol. wt. about 90,000), 10 halogenated ___.-do__--_-____,l. Not burning ____ __ Dripping material extinguishes im 
diphenylamine (bromine content 62%, chlorine content ' mediately. 
3%), 4 chloroparaf?ne (chlorine content 70%), 4 anti 
mony trioxide. 

13 ____ -. 100 polyethylene (mol. wt. about 90,000), 4 chloropara?ine Not standing-__-. Burning _________ __ Dripping material continues to burn. 
(chlorine content 70%), 4 antimony trioxide. 

14 ____ .. 100 polybutene-l, 10 pentabromomonochlorodiphenyl _____do ___________ _. Sell extinguishing. Dripping material burns {or a time. 
ether, 5 antimony trioxide. 

15 ____ __ 100 polybutene-l, 7 pentabromomonochlorodiphenyl Not standing. _._. Burning._____..___ Dripping material continues to burn. 
ether, 5 antimony trioxide. 

16 ____ __ 100 polybutene-l, 3 chloroparai?ne (chlorine content .....do_....._____ ..._.do ___________ ._ Do. 
70%), 5 antimony trioxide. 

17 ____ -_ 100 polybutene-l, 7 pentabromomonochlorodiphenyl Standing ________ __ Not standing_ ____ Dripping material extinguishes im 
other, 3 chloroparamne (chlorine content 70%), 5 anti- mediately. 
mony trioxide. 

In Examples 4, 7, 10 and 17 similar results are obtain 
able by using bromine- or chlorine-bromine-substituted 
dibenzyl, dimethyldibenzyl, diethyldibenzyl, benzyltoluene, 
diphenyl, diphenylmethane, diphenylethane, diphenylpro 
pane, diphenyl ether, diphcnylamine or naphthylamine 
having from 3 to 8 bromine atoms and from 1 to 3 chlo 
rine atoms per molecule as the aromatic bromine-chlorine 
containing compound. 
We claim: 
1. A ?ame resistant polyole?ne composition consisting 

essentially of a normally solid polyole?ne, from 2 to 
10% by weight, based on the weight of the polyole?ne 
of a chlorinated para?ine, from 2 to 12% by weight 
based on the weight of the polyole?ne of antimony tri 
oxide and from 5 to 20% by weight based on the weight 
of the polyole?ne of a nucleus brominatcd aromatic com 
pound containing at least three bromine atoms per mol 
ecule bound directly to an aromatic nucleus and con 
taining from 50 to 85% vby weight of halogen of which 
from 50 to 85% by weight is bromine and from 0 to 
30% by weight is chlorine, at least 50% by weight of 
the molecule being bromine, said compound being se 
lected from the group consisting of (1) compounds of 
the formulae 

R1 R1 lllio Ra 

Ra —RI 

| l I 
R4 Ra Ra R1 

and 

R2 R1 IIi-io R9 

R: X R! 

I | 
R4 Ra Ra R1 
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in which R1 to R10 each stands for a member selected 
from the group consisting of hydrogen, bromine, chlo 
rine, methyl, straight chain and branched chain alkyl and 
alkenyl groups having from 2 to 4 carbon atoms and 
the benzoyl group which may be substituted by at least 
one halogen selected from the group consisting of bro 
mine and chlorine, X stands for a member selected from 
the group consisting of divalent saturated and unsatu 
rated aliphatic groups which may be substituted by at 
least one member selected from the group consisting of 
bromine, chlorine and aromatic groups; (2) compounds 
of the formula 

0-34 

in which R; stands for a member selected from the 
group consisting of aromatic groups that may contain at 
least one halogen selected from the group consisting of 
bromine and chlorine, straight and branched chain alkyl 
groups having from 2 to 12 carbon atoms and which may 
contain hydroxyl groups and R2 to R6 each stands for a 
member selected from the group consisting of hydrogen, 
chlorine and ‘bromine; (3) multinuclear aromatic amines 
containing from 1 to 4 alkyl groups each having from 
1 to 4 carbon atoms which may contain OH groups; and 
(4) compounds of the formula 
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in which R; and R2 each stands for a member selected 
from the group consisting of hydrogen, acyl groupsand 
alkyl groups having from 1 to 6 carbon atoms and R3 
and R4 each stands for a member selected from the group 
consisting of hydrogen and alkyl groups having from 1 5 
to 6 carbon atoms. 

2. A ?ame resistant polyole?ne composition as de?ned . 
in claim 1 in which the nucleus brominated aromatic 
compound contains from 50 to 85% by weight of ‘br'o~ ' 
mine and ‘the chlorinated para?ine contains from 40 to 10 
80% by weight of chlorine. 
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