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[57] ABSTRACT
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CROSSLINKED OLEFIN POLYMER HAVING
IMPROVED FLAME RETARDANCE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

CROSS REFERENCES TO RELATED
APPLICATIONS

This is a continuation-in-part of Ser. No. 53,332 filed
July 8, 1970 and of Ser. No. 168,756 filed Aug. 3, 1971,
both now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to flame retardant or self-extin-
guishing crosslinked polymer compositions which con-
tain a normally flammable and/or poorly flame retar-

dant crosslinked olefin polymer, elemental phosphorus 20

and halogenated organic moiety.

By reason of their favorable physical properties and
relatively low cost, olefin polymers have been used for
most widely diverse applications including applications
as solid molding materials and as foamed compositions.

For many applications, however, plastic materials
having heat resistances generally higher than those
possessed by typical olefin polymers are required. Ac-
cordingly, it has been a practice to employed various
crosslinking means such as irradiation, chemical cross-
linking agents, heat and combinations thereof in the
fabrication of olefin polymers in order to increase their
heat resistance. The resultant crosslinked polymers are
useful in the fabrication of heat resistant solid and
formed articles.

In recent times, it has become increasingly important
to impart flame resistant properties to such olefin poly-
mers. This is particularly true where solid olefin poly-
mers are used as insulating material in the electrical
industry and where foamed olefin polymers are used as
insulation and to prevent risk of fire in the daily use of
other items.

It has been proposed heretofore to impart flame-
retardancy to an olefin polymer by incorporating vari-
ous additives into the polymer. Flame-retardance has
been obtained, for instance, by combining with the
polymer a solid chlorinated hydrocarbon, e.g., chlori-
nated paraffin, with a flame-retardant inorganic oxide,
preferably antimony oxide, in critical proportions to
each other and to the polymer. Such compositions are
described in U.S. Pats. Nos. 2,480,298, 2,590,211 and
2,669,521,

Unfortunately, in many crosslinked olefin polymers,
very substantial amounts of such additives must be em-
ployed in order to obtain a polymer having suitable
fire-retardance. In addition, antimony oxide is a poten-
tial environmental pollutant. Also, polymers containing
such large amounts of additive often require additional
radiation or other crosslinking means in order to
achieve the desired degree of crosslinking.

In view of these disadvantages it would be highly
desirable to provide a more economical and less toxic
means for renderning crosslinked olefin polymers flame-
retardant or self-extinguishing.

SUMMARY OF THE INVENTION

The present invention is an improved fire retardant
crosslinked olefin polymer composition containing a
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halogenated organic moiety, wherein the improvement
comprises the crosslinked olefin polymer composition
containing a fire-retarding amount of elemental phos-
phorus having a specific gravity greater than 2.

As contrasted with prior art, flame retardant cross-
linked olefin polymer compositions containing a non-
flammable oxide or oxychloride of antimony, bismuth
and arsenic, the composition of the present invention
contains elemental phosphorus which burns readily.
Therefore, it is surprising that the composition of the
present invention has flame retardant or self-extinguish-
ing characteristics substantially better than conven-
tional flame retardant or self-extinguishing cross-linked
olefin polymers which contain antimony oxide.

In addition to flame retardancy, this composition
retains essentially all of the desirable physical character-
istics of the crosslinked olefin polymer and 1s accord-
ingly a further improvement over prior art composi-
tions. In fact, it is found that the compositions of the
present invention are more resistant to photodegrada-
tion than the olefin polymers from which they are
made. Also the residues of the compositions of the pres-
ent invention are non-toxic. Therefore such composi-
tions are utilized in any application which convention-
ally employs crosslinked olefin polymers. Illustratively,
such applications include solid olefin polymers for use
in insulation of electrical cables and the like; foamed
olefin polymers for use in construction, e.g., building
panel splines; electrical applicances, e.g., refrigeration
cold line insulation; gasketing; carpet pads; adhesive
tapes; packaging; and the like.

For the purposes of this invention, the term “‘cross-
linked olefin polymer composition” means a composi-
tion comprising a crosslinked olefin polymer and a halo-
genated organic moiety which composition burns for a
measurable priod of time when exposed to flame.

The crosslinked olefin polymer compositions are
generally compositions which do not self-extinguish
within out second upon removal of flame therefrom
which exhibit improved flame retardance as a result of
the incorporation of elemental phosphorus.

The term *“‘crosslinked olefin polymer” is defined as
a polymer of a-olefin, inclusive of homopolymers and
copolymers and mixtures thereof which have been

crosslinked at least to the *“gel point”, defined as one
crosslink per weight average chain. Crosslinking and
gel point are further described by A. Charlesby in
“Atomic Radiation and Polymers”, Pergamon Press,

Ltd., Chap. 9, 137-143 (1960).

DESCRIPTION OF PREFERRED
EMBODIMENTS

Of particular interest are the normally solid, high and
low density crosslinked homopolymers and copolymers
of a-moncolefins and substituted a-monoolefins
wherein a-monoolefin is ethylene, propylene, butene-1,
isobutylene or other aliphatic a-monoolefin having
from 4 to 12 carbon atoms. Substituted a-monoolefins
include those wherein the substituents can be halo, alky!
or haloalkyl having from 1 to 12 carbon atoms; carbox-
ylic acid having from 3 to 8 carbon atoms; alkyl or
haloalkyl ester of carboxylic acid wherein alkyl or halo-
alkyl has from 1 to 12 carbon atoms, a-alkenyl having 2
to 12 carbon atoms; acyl having from | to 12 carbon
atoms; carboxylate having from 1 to 12 carbon atoms;
alkoxyl having from 1 to 12 carbon atoms; aryloxy
having 6 to 12 carbon atoms; and others which are
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generally chemically inert to elemental phosphorus at
temperatures up to those used to fabricate the resulting
polymer composition. It is further understood that com-
binations of such substituents are included. Exemplary
substituted a-monoolefins are vinyl chloride, vinyl bro-
mide, vinylidene chloride, acrylic acid, methacrylic
acid, ethyl acrylate, n-butyl acrylate, i-butyl acrylate,
diethyl maleate, ethyl hydrogen maleate, methy] etha-
crylate, dibutyl itaconate, vinyl acetate, vinyl propio-
nate, vinyl benzoate, vinyl ethyl ether, methy! vinyij
ketone, acrylamide, acrylonitrile and the like.

It 1s understood that *olefin polymer” includes a-
monooletin/a-monoolefin  [copolymersd copolymers
such as elastomeric and non-elastomeric ethylene/pro-
pylene  copolymers and  ethylene/butene-1{-
Jcopolymers and copolymers of one or more a-
monoolefins as defined hereinbefore with one or more
substituied a-monoolefins as also defined hereinbefore.
In such latter copolymers, the substituted a-monooiefin
preferably constitutes up to about 50 weight percent of
the copolymer with the remainder being a-monoolefin.
It 1s also understood that special purpose comonomers
such as crosslinking monomers, e.g., divinyl benzene,
can be used in concentrations up to 5 weight percent or
more idepending on the comonomer and the characteris-
tic destred. Also, the term “olefin polymer” includes
halogenatad polyolefins such as chlorinated polyethyl-
ene and chlorinated polypropylene containing from
about | 1o about 40 weight percent of chlorine, prefera-
bly from 5 to 25 weight percent. In such halogenated
poiyolefins, the halogen bonded to the polyolefin back-
bone supphies all or part of the halogenated organic
moiety.

Of special interest are the normally flammable homo-
polymers and copolymers of aliphatic hydrocarbon
c-monoolefin monomers containing from 2 to 12 carbon
atoms with the copolymers containing less than 50 mole
percent of other copolymerizable monomer, especially
less than about 30 mole percent.

Of primary interest are polyethylene, polypropylene,
ethylene/ethyl acrylate copolymers, ethylene/acrylic
acid copolymers and ethylene/vinyl acetate copoly-
MErS.

The term “elemental phosphorus” as used herein,
refers to the colored allotropic forms of elemental phos-
phorus having specific gravities greater than 2.0. Specif-
ically the term includes red phosphorus having specific
gravity of about 2.34, black phosphorus having specific
gravily of about 2.70, and violet phosphorus having
specific gravity of about 2.36 all being described in The
Handbcok of Chemistry and Physics, 48th Ed., The
Chemical Rubber Co., B-203 (1967-68). Also included
are mixtures of the red, black and/or violet forms. Red
phosphorus which is usually a brownish red powder of
rhombohedral crystals and which is insoluble in water
and carbon disulfide and is both non-poisonous and
non-luminous is preferred. Preferred are powders hav-
ing particle size less than about 200 microns, especially
those less than about 150 microns.

By “halogenated organic moiety” is meant haloge-
nated organic groups which form component part or
parts of organic compounds, component part or parts of
the olefin polymer macromolecules as defined hereinbe-
fore or both. Preferably the halogenated organic moiety
contatns a plurality of bromine and/or chlorine atoms
with the combined concentration thereof being in the
range between about 1 to about 97 weight percent based
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on Lhe halogenated organic moiety, most advanta-
geously from about 5 to about 95 weight percent.

Examples of halogenated organic moiety as compo-
nent part or parts of the olefin polymer macromolecules
include olefins suitably copolymerized with vinyl chlo-
ride, vinylidene chloride, 2,3,3-tribromopropene, 2,3,3-
trichloropropene, vinyl bromide, [arbromostyrene}
ar-bromostyrene, ar-chlorostyrene, ar-dibromostyrene
and the like. Also included with such examples of olefin
polymer macromolecules are chlorinated polyethylene
and ¢hlorinated polypropylene having chlorine concen-
tration of from about | to about 40 weight percent.

in 1nstances wherein one of the foregoing halogen-
coniatning polymers is employed as an additive to a
non-halogenated olefin polymer, the halogen-contain-
ing polymer contains from about 50 to about 80 weight
Lprcent] percent of the halogen.

Compounds having halogenated organic moiety
wiich are operably employed in the practice of this
invention are chemically inert to the elemental phos-
phorus described hereinbefore at temperatures from
ambient up to the temperatures employed in incorporat-
ing the phosphorus and the halogenated organic com-
pound into the olefin polymer and in fabricating the
polymer t¢ a desired shape. It is further required thast
the halogenated organic compounds are substantially
inert to the olefin polymer at such temperatures. Prefer-
ably the halogenated organic compounds have chlorine
and/or bromine in concentrations ranging from about
25 to about 97 weight percent based on halogenated
organic compound, especially from 50 to 95 weight
percent.

The most useful embodiments of the present invern-
tton are improvements of conventional fire retardant
compositions of olefin polymers containing halogcnated
organic compounds and commonly having incorpo-
rated therein a fire retarding amount of antimeny oxide.
The improvement of these embodiments comprises
substitution of elemental phosphorus, described herein-
before, for at least a portion of the antimony oxide.
Theretore, it 18 to be understood that halogenated or-
ganic compounds used heretofore in combination with
anttmony oxide for the purposes of rendering olefin
polymers fire retardant are suitable halogenated organic
compounds for the purposes of this invention. It is to be
turther understood that halogenated organic com-
pounds not employed heretofore in combination with
antimony oxide may also be suitably employed pro-
vided in the practice of this invention they are inert to
the cieincntal phosphorus at polymer fabrication tem-
peratures and below, t.e., the temperature at which the
poiymer begins to degrade and below.

Halogenated organic compounds which are suitably
present 1n olefin polymer composition and which com-
binc with the elemental phosphorus to provide effective
fire retardance in clefin polymers are preferably the
active halogenated compounds such as the active chlo-
rinated, the active brominated, and the active chlorinat-
ed-brominated organic compounds: the passive bromi-
nated organic compounds; the passive chlorinated-
brominated compounds, and mixtures thereof.

By “active chlorinated organic compound”™ 15 meant
an organw compound which contains from about 25 to
about 90 weight percent chlorine and which has either
a-hydrogen and/or a-chlorine available for dehydro-
chlorination or dechlorination. Examples of active
chiorinated compounds include chlorinated paraffins
containing irom about 50 to from 80 weight percent
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chlorine, particularly those having chlorine content of
about 60 to 75 weight percent and from 18 to 40 carbon
atoms in the molecular chain; chlorinated polyethylene
particularly those having chlorine content above 30
weight percent preferably from about 50 to about 80

weight percent, chlorinated castor oil or chlorinated
tall oil; chlorinated cyclichydrocarbons having from §
to 12 carbon atoms such as hexachlorocyclohexane;
hexachlorocyclododecane, etc; chlorinated acyclic hy-
drocarbons such as hexachloroethane, pentachloroeth-
ane, and hexachloropropane; and the like.

Active brominated compounds contain from about 30
to about 95 weight percent of bromine and having ei-
ther a-hydrogen or a-halogen available for dehydro-
bromination or dehalogenation. Examples include hexa-
bromocyclohexane, lower brominated cyclohexanes,
octabromododecane, 1,2,3,4-tetrabromobutane, 1,2-
dibromoethylbenzene, hexabromoethane, acetylene
tetrabromide, hexabromocyclododecane, octa-
bromohexadecane and the like.

By “passive brominated organic compound” is meant
a compound in which the bromine atoms are relatively
thermally stable, i.e., the compounds do not dehydro-
halogenate or dehalogenate at temperatures below
about 150° C. Passive brominated organic compounds
are further defined as those having the bromine (s) sub-
stituted on aromatic carbon, vinyl carbon or otherwise
situated such that no a-hydrogen or a-halogen is avail-
able for normal dehydrohalogenation or dehalogena-
tion. Passive brominated organic compounds include
carbocyclic aromatic bromine compounds represented
by the chemical formula

L(A)n—AR—(Br),] (4)n—Ar—(Br)y,

wherein Ar is a monocarbocyclic aromatic group such
as phenyl, a condensed polycarbocyclic aromatic group
such as naphthyl and anthracenyl, and a polycarbocy-
clic aromatic group such as biphenyl and terphenyl; A
1s hydrogen, hydroxyl, alkyl or haloalkyl (including
polyhaloalkyl) having from 1 to 12 carbon atoms, aryl
or haloaryl (including polyhaloaryl) having from 6 to
12 carbon atoms; halogen other than bromine, alkoxy or
haloalkoxy (including polyhaloalkoxy) having from 1 to
12 carbon atoms, with the understanding that A can be
one or more of the above in a particular aromatic bro-
mine compound; m is 0 to 13; and n is 1 to 14. Passive
brominated organic compounds also include acyclic
aliphatic bromine compounds represented by the chem-
ical formula

wherein X and Y are individually hydrogen, halogen,
aryl, hydroxyaryl, vinyl and similar organic radicals
which do not provide halogen normally removable or
hydrogen at the a-position to Br and Z is an alkyl,
hydroxyalkyl or haloalkyl (including polyhaloalkyl)
having 1 to 12 carbon atoms, which alkyl, hydroxyalkyl
or haloalkyl do not provide a normally removable hy-
drogen, halogen or hydroxyl in the a-position to Br;
aryl, haloaryl! (including polyhaloaryl) or hydroxyaryl
having 6 to 12 carbon atoms; vinyl or haloviny! includ-
ing polyhalovinyl; alkoxy, aryloxy, and haloaryloxy.
Also included are esters of carboxylic acids and inor-
ganic acids such as phosphoric acid wherein the ester
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moiety contains a thermally stable bromine. Also suit-
able are alcohols having acyclic vinylic bromine radi-
cals represents by the formula

X

|/
—C==C

N
X

Br

wherein X is halogen, hydrogen, alkyl or haloalkyl,
including polyhaloalkyl, having from 1 to 12 carbon
atoms. Illustrative passive brominated compounds in-
clude the following: hexabromobenzene, pentabromo-
benzene; tetrabromobenzene; 2,4,6-tribromophenyla-
crylate; tribromobiphenyl; octabromobiphenyl; deca-
bromobiphenyl; pentabromodiphenyl ether; hexa-
bromodiphenyl ether; octabromodipheny! ether; deca-
bromodiphenyl ether; 2-(2,4,6-tribromophenoxy)ethyl
acrylate; 1,2-bis (p-2,3,3-tribromoallyloxyphenyl)-1,2-
dibromoethane; 1-(2,4,5-tribromophenyl) [(2,4,6-tri-
bromophenyoxy)ethane] 2,4, 6-tribromophenoxyjethane;
tetrabromobisphenol-A; 2,3,3-tribromoallyl ethers of
tetrabromobisphenol-A; bis(2,4,6-tribromophenyl)ether
of 1,4-butanediol; bis(2,4,6-tribromophenyl)ether of
1,2-ethane-diol; 2,4,6-tribromophenyl ether of 2,3,4-tri-
bromo-2-butenol;  1,1-bis(tribromophenoxymethyl)e-
thane; bis(tribromophenyl) ether of 1,4-butynediol; bis(-
pentabromophenyl) ether of 1,4-butynedio; bis(tri-
bromophenyl) ether of 1,4-butenediol; bis(penta-
bromophenyl) ether of 1,4-butenediol; bis(2,3-dibromo-
2-butenediol) ester of tri(lbromomethyl acetic acid; 1-
(2,4,5-tribromophenoxy)- 1-(pentabromophenyl) ethane;
1-(2,4,5-tribromophenoxy)-1-(trichlorophenyl) ethane;
1-(2,4,5-tribromophenoxy)- 1-(pentachlorophenyl) eth-
ane: (2,3-dibromo-2-butenyl)bis(tribromophenylcarbon-
ate); (2,3-dibromo-2-butenyl)bis(tribromophenoxyace-
tate): 2,3,3-tribromoallyl 1,2,4-tribromophenyl ether;
tris(pentabromophenyl)phosphate; tris(tri-
bromoneopentyl)phosphine; pentaerythrityltribromide;
tetrabromophthalic anhydride; pentaerythrityltetrabro-
mide; tribromoneopentyl alcohol esters and 2,3,3-tri-
bromoallyl alcohol esters of saturated and unsaturated
carboxylic acids such as formic, acetic, acrylic, meth-
acrylic, propionic and similar such acids having less
than 18 carbon atoms; 2,3,3-tribromoallyl 2,4,6-tri-
bromophenyl ether, [2,3,3tribromoallyl] 2 3,3-tri-
dromoaily! 4-bromophenyl ether, 2,3,3-tribromoallyl
alcohol esters and tribromoneopentyl alcohol esters of
inorganic acids such as phosphoric acid; bromonaphtha-
lene and polybromonaphthalene, 2,4,6-tribromophenyl
acrylate, bis(2,3,3-tribromoallyl) maleate, 2,2-bis[3,5-
dibromo-4-(2,3,3-tribromoallyloxy)phenylpropane;
2,3,3-tribromoallyl triphenylmethyl ether; 2,2-bis|3,5-
dichloro-4-(2,3,3-tribromoallyloxy)phenyl]propane;
2,3,3-tribromoallyl 1,6-dibromo-2-naphthyl ether; 2,3-
dibromo-2-butenyl 2,4,6-tnnbromophenyl ether; 2,3-
dibromo-2-butenyl 2,6-dibromo-4-T-buty! phenyl ether;
and the 2-ethyl-hexyl-, n-octyl-, nonyl-, butyl-, dodecyi-
, and 2,3-dioxypropyl ethers of tribromophenol.
Examplary active or passive brominated-chlorinated
organic compounds include bromochlorocycloalkanes
such as pentabromomonochlorocyclohexane, tribromo-
trichlorocyclohexane, tetrabromodichlorocyclohexane,
tetrachlorodibromoethane, tribromomonochlorodiphe-
nyl ether, tribromodichlorodiphenyl ether, and the 2-
ethylhexyl-, n-octyl-, nonyl-, butyl-, dodecyl-, and 2,3-
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diocxypropyl ethers of tribromomonochlorophenol and
tribromodichlorophenol. f
Halogenated organic compounds which are also op-
erable for the purposes of this invention include penta-
chloroethane, hexachloroethane, 2,2-bis[3,5-dibromo-4-
(2,3,3-tribromoallyloxy)phenyl]propane, hexachlorocy-
clopentadiene, chlorinated diphenyl, dimerized hexa-
chlorocyclopentadiene, hexachloroendomethylene tet-
rahydrophthalic acid and its derivatives, tetra-
chlorobutyrolactone, tetrachlorobutanediol diacetate,
polyvinyl chloride, post-chlorinated polyvinyl chlo-
ride, chlorinated polybutadiene or polyisoprene, and
the like. Moreover, operable halogenated organic com-
pounds include trihaloalkyl phosphites and phosphates,
e.g., tris-(2-chloroethyl)-phosphite, tris-(2,3-dibromo-
propyl)phosphite, tris(2,3-bromopropyl)-phosphate,
tris(2,3-dichloropropyl)phosphite, and the like. Al-
though not usually employed for economic reasons,
similar iodinated organic compounds may be suitably
employed. Mixtures of two or more of the aforemen-
tioned halogenated organic compounds can be em-
ployed. A particularly effective mixture contains a halo-
gen-containing aliphatic or cycloaliphatic compound
having a hydrogen or halogen atom attached to a car-
bon atom alpha to a halogen-substituted carbon atom,
e.g., chlorinated paraffin, hexabromocyclohexane and
the like, and a bromine-containing aromatic compound
wherein bromine is substituted on the aromatic ring or
bromine-containing acyclic compound having either a
vinylic bromine or not having a hydrogen or halogen
atom attached to a carbon atom alpha to a bromine
substituted carbon atom, e.g., hexabromobenzene, pen-
tabromobenzene and tribromoneopentyl and 2,3,3-tri-
bromoallyl esters of carboxylic acids such as formic,
acetic, maleic, propionic or inorganic acids such as
phosphoric. |
The amount of elemental phosphorus employed 1n
the practice of this invention depends primarily on the
degree of fire retardance required and secondarily on
the particular crosslinked olefin polymer, the conditions
of the crosslinking process and on the type and amount
of halogenated organic moiety to be used. For the pur-
poses of this invention, a flame retarding amount of
phosphorus is that amount which when incorporated
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surably reduces the tendency of that composition to
burn. Generally it is desirable to render the crossiinked
olefin polymer self-extinguishing, i.e., nonburning with
flame for more than 30 seconds after removal of flame
used to heat and ignite a standard test bar (solhid or
foamed) of the composition as determined by a multiple

30

ignition test described hereinafter, although improve- -

ment of fire retardance of the crosslinked olefin poly-

mer is suitable for the purposes of this invention. Since

the degree of fire retardance is dependent in part on the
particular crosslinked olefin polymer and halogenated
organic moiety to be employed, it is not possible to
specify minimum amounts of phosphorus and of haloge-
nated organic moiety which render every suitable olefin
polymer self-extinguishing. In view of illustrative teach-
ings and examples of the invention hereinafter, amounts
of phosphorus and halogenated organic moiety required
to render a particular polymer self-extinguishing can be

readily determined by those skilled in the art of fire

retardant polymers. Illustratively, however, best results
are obtained with about 0.5 to about 20 parts by weight
of elemental phosphorus per hundred weight parts of
polymer, preferably from about 1 to about 10 parts, and

S5
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an amount of halogenated organic moiety such that the
atomic ratio of phosphorus to halogen is from about 4: !
to about 1:6, preferably from about 2:1 to about [:3
Especially preferred self-extinguishing compositicns
contain at least about 5 weight parts of additive which:
is the sum of elemental phosphorus and halogenated
organic moiety per 100 weight parts of polymer.

In making the improved crosslinked olefin polymes
composition in accordance with this invention, the ele-
mental phosphorus and the halogenated organic co-
pound or compounds, when the latter are used, uarc
incorporated separately or as a mixture thereof intc the
polymer by dry-blending the additive ingredients w:ik
granular or powdered polymer and feeding the resuli-
ing mixture of polymer and additives through a plastic
extruder, or by mixing the additives and polymer on ¢
hot roll mill or in a Banbury mixer or by some othei
conventional technique for incorporating solid ada:-
tives into a plastic polymer. Of course, when halogen :-
already a part of the polymer structure to provide th:
required halogenated organic moiety, additional halc:
gen-containing additive may not be required. At this
time, a solid crosslinking additive such as the peroxyge::
type, e.g., dicumyl peroxide, t-butyl peroxide, t-buiy!
perbenzoate and others which are commonly employed
in the crosslinking of olefin polymers and/or & sabd
relatively stable, foaming agent such as the azo com-
pounds, e.g., azodicarbonamide, and others commaoniy
employed solid foaming agents such as dinitrosopenta-
methylene tetramine, sodium bicarbonate, etc., boih of
which are optional additives in the practice of this -
vention, may be incorporated into the polymer. I ein-
ployed, the blowing agent is preferably stabic unce-
conditions employed to cross link the polymer. §h«
crosslinking additives are preferably employed i
amounts in the range from about (.002 to about L.0
mole of additive per 100 grams of polymer and tne:
foaming agent is preferably employed in amounts in tf
range from about 1 to about 20 weight parts per bui-
dred weight parts of polymer. In addition, munor
amounts, preferably up to about 25 weight parts per 1{¥)
parts of olefin polymer, of such additives as dyes, stals-
lizers, fillers, nucleating agents, carbon black, reinio:-
ing materials, e.g., metallic particles or fibers and e
like materials which are chemically inert to the elemen-
tal phosphorus can also be incorporated into the poty-
mer, but are not required in the tnvention. In some cases
up to 100 weight parts of fillers per 100 weight parts f
polymer may be employed.

In a particularly desirable embodiment, a compaosi-
tion of from about 1 to about 20 weight parts of carbon
black, from about 2 to about 20 weight parts of phos-
phorus, from about 2 to about 20 weight parts of halo-
gen in form of halogenated organic motety, up to ! 3
weight parts of crosslinking agent and 100 weight patis
of polymer is employed. such composition is particu-
larly useful as cable jacketing, molded articles, etc. £f a
foamed polymer is desired, then from about 1 to about
15 weight of foaming agent per 100 parts of polymer is
beneficially employed in the foregoing preferred com-
position. |

In the preparation of crosslinked olefin polymer

~ foam, it is most advantageous to employ the procuss

65

disclosed in U.S. Pat. No. 3,562,367 to Shinohara et al.
which is incorporated herein in its entirety. Accord-
ingly, a sheet of the composition comprising olefin poly-
mer, halogenated organic moiety, phosphorus and
foaming agent is first subjected to ionizing radiatio,
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usually in dosages from about 0.1 to about 10 megarad,
preferably from 0.2 to 6 megarad. Thereafter the irradi-
ated sheet is floated on a heated bath which irradiating
it with heat rays. The resultant foamed sheet is found to
possess fire retardance supertor to that of a similar
foamed sheet employing antimony oxide instead of
phosphorus as a synergist.

Alternatively, crosslinked olefin polymer foam is
prepared by incorporating halogenated organic moiety,
phosphorus, foaming agent and crosslinking agent into
heated, plastified olefin polymer on a heated roll mill,
Banbury mill or other suitable mixing device. The tem-
perature is kept below ~130°-140° C. to avoid cross-
linking. The compounded olefin polymer 1s then placed
in a compression molding press and the temperature
gradually raised to 200°-220° C. The press is cooled to
room temperature, the molded sample removed, and
placed in a heated (150° C.) air oven, which produces
the foamed article. Such aiternative methods for prepar-
ing crosslinked foamed polymers are further described
in U.S. Pat. No. 3,098,831 to Carr and U.S. Pat. No.
3,098,832 to Pooley et al.

In the preparation of solid (non-foamed) articles of
flame retardant crosslinked olefin polymer, the olefin
polymer having elemental phosphorus, halogenated
organic moiety and optionally a crosslinking agent in-
corporated therein 1s advantageously ground, cut or
broken into granular form and then extruded, molded or
otherwise fabricated by conventional techniques into
the desired shape. During or after fabrication, the poly-
mer is crosslinked by heating, irradiation, action or
crossiinking agent or combinations thereof. Conditions
for crosshnking the olefin polymer depend on the poly-
mer, amount and type of crosslinking agent, and degree
of crosslinking desired. Ordinarily, however, tempera-
ture in the range from about 160° to about 230° C. and
ionizing radiation dosages in the range from about 0.1 to
about 10 megarad are employed, preferably from about
0.2 to about 6 megarad.

The following examples illustrate ways in which the
principle of the invention has been applied, but are not
to be construed as himiting its scope. All parts and per-
centages are by weight unless otherwise indicated.

The test employed in the following examples and the
usage herein of the terms “self-extinguishing”, “fire-
retardant” and the hike refer to the suppressed ignition
properties of the polymeric composition being de-
scribed or exemplifed. Accordingly, the ignition or
burning characteristics of such compositions when ex-
posed to small scale ignition sources are being de-
scribed. It 1s well recognized by those skilled in the art
and should be clearly understood by others that all of
such compositions will burn when subjected to a suffi-
ctently intense heat source.

EXAMPLE 1

One hundred parts of granular polyethylene having a
desnmity of 0.915 and a melt index of 5.5 decigrams/mi-
nute as determined by ASTM D-1238-65T(E) together
with 3.96 parts of elemental red phosphorus having a
specific gravity of 2.20 and an average particle size of
<75 microns, 12 parts of decabromodiphenyl oxide
(atomic ratio of P:Br ~ 1:1) and 15 parts of azodicarbon-
amide are compounded thoroughly in a twin-screw
mixing extruder at temperatures of about 130°-140° C,
such that the entire mass is plastified and apparently
homogeneous. The resultant mixture is extruded into a
continuous sheet having a width of 130 mm and a thick-
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ness of 2-3 mm using a sheet extruder having a slit die.
The resulting sheet is trradiated with 1.5 megarad of
electron rays by means of a Van de GrafP’s accelerator.
The sheet 1s fed continuously to the top of a molten salt
bath comprising 53% KNO3, 7% NaNOQOj3, and 40%
NaNQO>; which 1s heated to 225° C. The bath i1s, con-
tained in a tank having feeding and takeup rolls at its
two ends. Infrared heaters are located above the bath.
Heating and foaming of the sheet is effected to produce
a foamed sheet having a width of 300 mm, a thickness of
6-7 mm and an apparent specific gravity of 0.04.

The foamed sheet 1s tested for its self-extinguishing
properties by the following procedure (which is compa-
rable to or more severe than the conditions prescribed
by UL Standard Test No. 94 and ASTM D 635-44]): a
sample (2.5 cm X 1.2 cm X 23 cm) of the foamed product
1s inclined at a 30° angle below horizontal while in a
draft-free enclosure; a gas flame ~ 1 in. high is applied
to the lower end of the sample for 5 sec. which causes
ignition; the flame is then removed and the time for the
ignited sample to extinguish itself is measured. There
are up to 30 ignitions, up to 10 for each of 2 or 3 samples
depending on burning time. The average self-extin-
guishing time for the foam samples (Sample No. 1) is
recorded in Table I. Several similar foams are prepared
in a like manner except that different amounts of phos-
phorus and decabromodiphenyl oxide are employed.
The resulting foamed samples (Sample Nos. 2-5) are
tested for average extinction time and the results are
recorded in Table I.

For purposes of comparison, several polyethylene
foams are prepared and tested under similar conditions
as above except that antimony trioxide is substituted for
phosphorus. The resulting foam samples (Sample Nos.
A1—-A;) are tested for average self-extinction time and
the results are recorded in Table 1.

TABLE I
Decabromo- Anti-

diphenyl Red mony Foam ASET

Sample Oxide Phosphorus  Oxide Density, {2)

No. pph pph pph pef(1) seC

] 12 3.96 — 2.44 0.5

2 10 3.30 — 2.49 0.3

3 8 2.64 — 2.25 0.6

4 6 1.98 — 2.37 1.0

5 4 1.32 — 2.38 2.3

A* 12 — 6.24 2.56 2.2

AnH* 10 — 5.20 2.50 1.9

Aj* 8 — 4.16 2.75 5.8
Ag® 6 — 312 2.74 Burned
Ag* 4 — 2.08 - 2.82 Burned

*Not an exampie of the invention

(1)Foam density in pounds per cubic foot wherein each side of foamed sample has
skin.

(2)Average Self Extinction Time as determined by the method described in Example
E.

EXAMPLE 2

Following the procedure of Example 1 except that
0.15 parts of trimethylolpropane tnacrylate is included
in the composition and an ionizing radiation dose of 0.75
megarad is employed, a foam sample 1s prepared and
tested for average self-extincton time (ASET) using the
method described in Example 1. ASET for the sample 1s
found to be 0.6 second.

EXAMPLE 3

Following the procedure of Example 1, several foam
samples (Sample Nos. 1-6) employing different olefin
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polymers and halogenated organic compounds are pre-
pared and tested for foam density and ASET. The rc-
sults are recorded in Table II.

For the purposes of comparison, several similar sam-

ples are prepared in which antimony oxide is substituted
for phosphorus. The resulting foam samples (Sample
Nos. Aj-Ag4) are similarly tested for foam density and
ASET and the reslts are recorded in Table II.
TABLE II
Olefin Halogenated Red
Polymer Organic Compound Phaosphorus
Sample No. 100 pph Type Amount, pph pph
] PE (a) Cl Wax {c) 8 4,94
2 PE(a) Cl Wax {(c) 6 3.74
Al* PE@® ClWax(c) B —
Al* PE (a) Cl Wax (c) 6 —_
3 PE (8) CsHgBrsCl (d) 1¢ 3.02
4 PE (8) CgHgBrsCl (d) 8 2.42
Ax* PE (2) CsHgBriCl (d) 10 —
Ayt PE () CgHgBrsCl (d) 8 —
5 PE(a) TBPCA (e) 8 2.96
6 EVA (b) BripDPO (D 6 1.98

12

pph of 40% dicumyl peroxide (0.0037 moles active) and
15 pph azodicarbonamide.

The mixtures are thoroughly mixed taking the soft
polymer off, folding it and reintroducing it into the roll

5 mill 6 times while keeping the temperature below 140°
C. The mixed formulation is then removed, formed into
a cylinder and cut into discs ~ -4 inch thick.
Approximately 30 g. of this product is placed in a
Antimony
Oxide Density(1) ASET(2)
pph pcf S&C
— 2,08 1.3
- 1.62 2.9
7.78 316 ~13
3.84 2.7% Burned
— 1.62 0.7
.45 1.1
4.74 2.86 Burned
3,78 3.09 Burned
— 1.48 0.7
— 5.33 2.1

*Not an example of the invention
(8)PE - polvethylene of Example |

(BJEV A - ethylene/vinyl acetate copolymer (96/4) having melt flow viscosity [ASTM-D-1238-64T(E)jof decig/min
(¢)C] Wax - chlornated paraffin wax having a chlorine content of 70 weight percent

{(d¥CeHgBrsCl - pentabromachiorocyelohexane

(¢)TBPCA - Bis{tribromoneopentyl) ester of chlorendic acid
(NBr)gDPO - decabromodipheny! oxide

{1}-{2}-Same as in Table ?

EXAMPLE 4

Several samples of solid (non-foamed) olefin poly-
mers are prepared by compounding various proportions
(specified in Table I hereinbefore) of a variety of olefin
polymers, elemental red phosphorus and a variety of
halogenated organic compounds on a laboratory mill of

30

mold cavity 4 inches X2 inches x3/16 inch in a cold
press, and heated. The heat control for the mold is set at
215°-220° C. The mold is closed as soon as plastic flow
permits, (after ~18 min and a temperature of ~ 125°
C.). Ram pressure on the mold is maintained at 700 psig.
When the temperature reaches 215°-220° C. (~45 min-
utes), the mold i1s cooled to 25° C. and the molding

: g1 e g : 35 o
the Banbury type using the milling conditions specified placed in an air oven at 150°-155° C. for 10 min to foam
in Example 1. The resulting samples (Sample Nos. 1-6) it.
are compression molded into test bars at temperatures The samples had an extremely fine cell structure;
of 140°-180° C. foam densities are ~0.05 g/cc. Strips 2.5 cm wide are
The resulting test bars (§ inch X} inch X8 inch) are 40 Cut from these foam samples, the strips are tested for
tested for ASET. The results are shown in Table. 1. self-extinguishing properties and the results are re-
For purposes of comparison, several samples are corded in Table IV.
similarly prepared except that antimony oxide is substi- TABLE IV
tuted for elemental red phosphorus. The resulting sam- —— — —
_ ecabromo ntimony
ples (Sample Nos. Ai Aq.} are tested for ASET and the 45 Sample Dlpheny] oxide Phosphorus oxide ASET(1
results are recorded in Table I11. No. pph nph oph sec
TABLE IIl
Red Antimony
Olefin Halogenated Organic Compound _ Phosphorus Cxide ASET(1)
Sample No. Polymer Type Amount,pph pph pph seg
1 PE(a) Cl Wax (c) i 4.94 — 1.0
2 PE (a) Cl Wax (©) 6 37 — 1.3
Al PE (a) . Cl Wax (c) : — 7.78 3.7
Ao* PE (a) Cl] Wax {c) § — 5.84 h.6
3 PE (a)  CeHgBrsCl (d) 10 3.02 — 0.9
4 PE (a) CeHegBrsCl (d) 8 2.42 — 1.6
Ai* PE (a) CeHgBrsCl (d) 10 — 4.74 Burned
Aa® PE (a) CsHgBrsCl (d) 8 — 178 Burned
5 PE(a) TBPCA (e) 5 2.96 — 1.0
6 EVA (b) BrigDPO() 10 3.30 - 3.6
*Not an example of this invention
(a)-{f1 Same as in Tabile [1{1) Same as {2} in Table |
EXAMPLE 5
On a heated 2-roll mill 1s placed 60 g. of polyethylene
having a density of 0.915 and a melt index of 5.5 decig/- 65
min. To the heat plastified polyethylene are added a dry : "  6a — 5
powder mixture of decabromo diphenyl oxide, elemen- 3 p ' 98 _ 4 6
tai red phosphorus or Sb2QO3, 1n varying amounts, 2.3 C* 8 — 4.16 Burned
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TABLE 1V-continued
Decabromo Red Antimony
Sample Diphenyl oxide Phosphorus oxide ASET(1)
No. pph pph pph iec
C,* 6 - 3.12 Burned

*Not an example of this invention
(1)Sume an {2) in Table 1.

What is claimed is:

1. In an olefin polymer composition containing a
halogenated organic moiety which is active chlorinated
organic compound, active brominated organic com-
pound, passive brominated organic compound or hexa-
chlorocyclopentadiene, dimerized  hexachlorocy-
clopentadiene, hexachloroendomethylene  tetrahy-
drophthalic acid or a derivative thereof and having the
halogen concentration from about 5 to about 95 weight
percent based on said moiety, the olefin polymer being
selected from the group consisting of homopolymers
and copolymers of aliphatic hydrocarbon monoolefins
having no more than 12 carbon atoms, substituted a-
monoolefins wherein the substituent is carboxylic acid,
alkyl or haloalkyl ester of carboxylic acid wherein alkyl
or haloalkyl has from 1 to 12 carbon atoms, acyl having
from 1 to 12 carbon atoms, carboxylate having from 1 to
12 carbon atoms, alkoxyl having from 1 to 12 carbon
atoms, and aryloxy having 6 to 12 carbon atoms, the
improvement wherein the olefin polymer is crosslinked
to at least its gel point and contains a flame retarding
amount of elemental phosphorus having a specific grav-
ity greater than 2.0.

2. The improvement according to claim 1 which
contains a self-extinguishing amount of elemental phos-
phorus having a specific gravity greater than 2.0.

3. The improvement according to claim 1 wherein
the concentration of phosphorus is from about 0.5 to
about 20 parts by weight per 100 parts of polymer and
the atomic ratio of phorphorus to halogen is from about
4:1 to about 1:6.

4. The improvement according to claim 1 wherein
the halogenated organic moiety is chlorinated paraffin
wax, the chlorine concentration being from about 25 to

.. about 97 weight percent based on the halogenated or-

ganic moiety.
§. The improvement according to claim 1 wherein
the concentration of phosphorus is from about 1 to
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about 10 parts, the atomic ratio of phosphorus to halo-
gen is from about 2:1 to about 1:3 and the sum of amount
of phosphorus and amount of halogenated moiety is at
least 5 parts based on 100 weight parts of polymer.

6. The improvement of claim 1 wherein the olefin
polymer composition is foamed.

7. The improvement according to claim 1 wherein
the olefin polymer is an aliphatic hydrocarbon a-
monoolefin polymer and the halogenated organic moi-
ety is hexachlorocyclopentadiene, dimerized hexa-
chlorocyclopentadiene, hexachloroendomethylene tet-
rahydrophthalic acid or a derivative thereof.

8. The improvement according to claim 1 wherein
the olefin polymer is an ethylene/vinyl acetate copoly-
mer or polyethylene.

9. The improvement according to claim 7 wherein
the a-monoolefin polymer is polyethylene and the halo-
genated organic moiety is hexabromocyclododecane.

10. The improvement according to claim 3 wherein
the olefin polymer is polyethylene and the halogenated
organic moiety is a passive brominated organic com-
pound selected from the group consisting of decabromo
diphenyl oxide 2,3,3-triboromoallyl 2,4,6-tribromophe-
nyl ether, 1-(2,4,5-triboromophenyl)-1-(2,4,6-tribromo-
phenoxy)ethane,  pentaerythrityltetrabromide  and
bis(2,3,3-tribromoalkyl)maleate. |

11. The improvement of claim 1 wherein the olefin
polymer is crosslinked by exposing said polymer to
jonizing irradiation at a dosage from about 0.1 to 10
megarad.

12. The process for preparing a fire retardant, cross-
linked olefin polymer foam which comprises subjecting
a sheet of an olefin polymer containing a halogenated
organic moiety, a flame retarding amount of elemental
phosphorus having a specific gravity greater than 2 and
a foaming amount of a foaming agent to a dosage of
ionizing radiation in the range from about 0.2 to about 6
megarad and thereafter floating the sheet on a heated
salt bath while irradiating the sheet with heat rays.

13. The improvement of claim 1 wherein the olefin
polymer is crosslinked using a chemical crosslinking
agent.

14. The improved olefin polymer composition pre-
pared by the process of claim 12.

¥
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. Re. 30,497 Page 1 of 3
DATED , January 27, 1981
INVENTOR(S) ©  charles F. Raley, Jr.

it is certified that error appears in the above—identified patent and that said Letters Patent
is hereby corrected as shown below:

Column 1, line 29, "employed"® should read -- employ --;

Column 2, line 30, "applicances” should read -- appliances
Column 2, line 37, "priod" should read -- period --;

Column 4, line 68, "ﬁiom" should read -- aboutf -=;

Column 5, line 13, "having" should read -- have --;

Column 6, line 3, "represents’ should read -- represented =--;
Qoiumn 6, line 29, "1,4-butynedio” should read -- 1,4-butyned-
iol --;

Column 6, line 32, "+yi (bromomethyl" should read --

tris (bromomethyl --;

Column 6, line 62, "Examplary" should read -- Exemplary --;
Column 8, line 56, "such" should read —— Such --;

Column 9, line 3; "which" should read -~ while --;

Column 9, line 44, "test" should read -- tests --;

Column 9, line 48, "exemplifed" should read -- exemplified --;

column 10, line 6, delete "," after "is";




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. :  Re. 30,497 Page 2 of 3
DATED : January 27, 1981
INVENTOR(S) : Charles F. Raley, Jr.

It is certified that error appears in the above—identified patent and that said Letters Patent
IS hereby corrected as shown below:

Column 10, line 62, "extincton" should read -- extinction --;
Column 9, line 58, "desnity" should read -- density --;
Column 11, line 8, "reslts" should read -- results --;

Column 11, Table II, footnote (b)), "of decig/min" should read
-— of 2 decig/min --;

Column 11, line 41, delete "." after "Table';

Column 13, line 38, "phorphorus" should read -- phosphorus --;
Column 14, line 24, insert a -- , -- after "oxide";

Column 14, line 25, "-triboromophenyl" should read

—— —tribromophenyl --;

Column 14, line 24, "-triboromoallyl" should read

~—- —~tribromoallyl --;

Column 14, line 27, "-tribromoalkyl" should read
—-— —-tribromoallyl --;




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. Re. 30,497 Page 3 of 3
DATED : January 27, 1981
INVENTOR(S) Charles F. Raley, Jr.

It 1s certified that error appears in the above—identified patent and that said Letters Patent
IS hereby corrected as shown below: '

Column 14, Claim 14, "The improved" should read -- An
improved --,

Signed and Sealed this

Twenty-fifth D ” | )’ Of August 1981
(SEAL] |
Atiest:

GERALD J. MOSSINGHOFF

Attesting Officer Commissioner of Patents and Trademarks
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