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1. A flame retardant flexible polyurethane foam

obtained by reacting in the presence of a flowing agent.

a) a polyoxyalkylene polyether polyol
having an average egquivalent weight of
from 750 to 3000 wherein the polyol has
incorporated therein, in the absence of
a dispersion stabilizer from 20 weight
percent to 60 weight percent a flame
retardant selected from the group
consisting of dicyanodiamide, oxamide
and buiret,

b) a organic polyisdcyanat@7 and

c) optionaliy~chain extenders and other
additives.
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. The following statement is a full description of this invention,
- including the best method of performing it known to ine/us:—




1. Field on the Invention
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The present invention pertains to flexible foam

. compositions and in particular to flexible polyurethane

o »

. flame-resistant foam compositions and methods for the

"2e% S2s A

RN preparation thereof. More particularly, the present
invention relates to the preparation of flexible poly-

RN urethane flame~resistant foam compositions which contain an

,*.0t, effective amount of dicyanodiamide, oxamide and biuret as

ﬁ e the sole flame retardant,

nee 2. Description of the Prior Art

The preparation of flexible polyurethane flame-

.+« resistant foam compositions are generally well known as
evidenced by the following prior art. U.S. Patent 4,022,718
teaches the preparation of high resilience cold-cured
polyurethane foams incorporating 2,3-dibromo-1,4-butenediol

as a chain extender and flame-retardant Eomponent. U.s.

Patent 4,147,847 teaches a method of preparing flexible,
flame~retardant, polyurethanv foams by employing specific
foam stabilizers which reduce the required amount of normal

. flame-retardant additives. U.S. Patent 4,162,353 teaches

- Y

the preparation of flexible polyurethane foams incorpotating
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therein a halo-substituted alkyl phosphate such as, for
example, tris (2-chlorethyl)-phosphate and an
unsubstituted trialkylphosphate such as, for example
triethylphosphate. U.S. Patent 4,293,657 teaches the use
of melamine polyol dispersions wherein the melamine
particles are ground in situ with the polyol and wherein
specific dispersion stabilizers are employed. u.s.,
Patent 4,221,875 teaches the use of melamine ir rigid
polyurethane foam. U.S. Patent 4,258,141 teaches the use
of various cyanic acid derivatives in preparing flame
resistant flexible foams but teaches away from using
toluene diisocyanate as the isocyanate compound.

SUMMARY OF THE INVENTION

“ann The present invention applies to flexible

L polyurethane foam compositions which are prepared by the
s reaction of a polyoxyalkylene polyether polyol compound
2':: having at least 2, preferably 2 to 4, active hydrogen

s, ® atoms and an equivalent weight range from 750 to 3000 with
. s toluene diisocyanate in the presence of an effective

amount of a flame retardant selected from the group
consisting of dicyandiamide, oxamide and biuret in the

sueevy absence of any dispersion stabilizers. The amount of
M- flame retardant may range from about 20 weight percent to
. about 60 weight percent of the total composition.
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- For a more complete understanding of the present
invention, reference is made to the following detailed
description and the examples thereof. -{

Description of the Preferred Embodiments

o, It has unexpectedly been found that, in the

+*, breparation of flexible flame-retarded polyurethane foam

[ X 4

. .°*products, the amount of flame retardant compound necessary

ey &

T oo

«'+" to impart flame retardency may range from about 20 weight
':3,§ercent to about 60 weight percent of the total composi-

tion. Lesser amounts will be insufficient to impart flame

€ @

-‘x:tetardency'while greater amounts will result in poor
*.+..physical properties of the polyurethane foams. The flame

«sssretardants of the invention are selected from the group
.....consisting of dicyandiamide, oxamide and biuret. Dicyandi-

amide is preferred.

]
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Flexible foams are generally defined as having a
high tensile to compressive strength ratio (25% deflection)
from 15 to 60 or 70 to 1, high elongation, a fast recovery
rate and a high elastic limit. Rigid foams, on the other
hand, have a high ratio of compressive to tensile strength,
0.5 to 1 or greater low elongation (less than 10%, a low

recovery rate from distortion and a low elastic limit).
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Representative polyols which may be .employed in
the invention are ﬁell know to those skilled in the art.
They are often prepared by the catalytic condqhsation of an
alkylene oxide or mixture of alkylene oxides, éithet simul-

', taneously or sequentially, with an organic compound having

. at least two active hydrogen atoms, such as evidenced by

ren

J:U.S. Patent Nos. 1,922,459; 3,190,927; and 3,346,557.

*9e Ape Heow
LI

UZRepresentative polyols include polyhydroxyl-containing
':n,ﬁolyesters, polyoxyalkylene polyether polyols, polyhydroxy-
terminated polyurethane polymers, polyhydroxyl-containing

+ +'‘phosphorus compounds, and alkylene oxide adducts of poly-

* ae

» o

*.*..hydric polythioesters, polyacetals, aliphatic polyols and

,»+++thiols, ammonia, and amines including aromatic, aliphatic,
L RN

.....and heterocyclic amines, as well as mixtures thereof.
»

»

. Alkylene oxide adducts of compounds which contain two or

“‘more different groups within the above-defined classes may

also be used, for example, amino aleohols which contain an
aming group and a hydroxyl group. Also, alkylene oxide
adducts of compounds which contain one SH group and one OH
group as well as those which contain an amino group and an
SH group may be used. Generally, the equivalent weight of
the polyols will vary from 500 to 10,000, preferably from
750 to 3000.
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- Any suitable hydroxy-terminated polyester may be
used such as are prepared, for example, from polycarboxylic
acids and polyhydric alcohols. Any suitable pélycatboxylic
acid may be used such as oxalic acid; malonic écid, succinic

.« acid, glutaric acid, adipic acid, pimelic acid, suberic
) * &

acid, azelaic acid, sebacic acid, brassylic acid, thapsic

LER]

.r~acid, maleic acid, fumaric acid, glutaconic acid, a-hydro-

ve @

-

- %a

*“muconic acid, s~hydromuconic acid, a~butyl-e-ethyl-glutaric

268 TO6 S0

.'"+ acid, a,s-diethylsuccinic acid, isophthalic acid, tere-

phthalic acid, hemimellitic acid, and 1,4-cyclohexanedi-

.

.‘{:carboxylic acid. Any suitable polyhydric alcohol, including
':{:both aliphatic and aromatic, may be used such as ethylene

....glycol, propylene glycol, trimethylene glycol, 1,2-butane-

.....aiol; 1,3-butanediol, 1,4-butanediol, 1,2-pentanediol, 1,4-

- o

pentanediol, 1,5-pentanediol, 1l,6-hexanediol, 1,7-heptane-

»e
. »
*

§
ﬁ
&;

‘*8iol, glycerol, 1,1,l-trimethylolpropane, 1,1,l~trimethylol-
ethane, 1,2,6~hexanetriol, a-methyl glucoside, penta-
erythritol, and sorbitol. Also included within the term
"polyhydric alcohol" are compounds derived from phenol such
as 2;2-bis(4-hydroxyphenyl)propane, commonly knawn as
Bisphenol A.

The hydroxyl-containing polyester may also be a

polyester amide such as is obtained by including some amine

e B
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-or amino alcohol in the reactants for the preparation of the
polyesters. Thus, polyester amides may be obtained by
condensing an amino alcohol such as ethanolamlne with the
polycarboxylic acids set forth above or they may be made

.., gsing the aame components that make up the hydroxyl-contain-

Y *n
.

. ing polyester with only a portion of the components being a

(A R]

.**diamine such as ethylene diamine.

e o
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T, Any suitable polyoxyalkylene polyether polyol may

3_$e used such as the polymerization product of an alkylene
oxide or a mixture of alkylene oxides with a polyhydric
.:.'alcohol. Any suitable polyhydric alcohol may be used such
.. "as those disclosed above for use in the preparation of the
3..§ydrqu-terminated polyesters, Any suitable alkylene oxide

“‘".ay be used such as ethylene oxide, propylene oxide,

*

butylene oxide, amylene oxide, and mixtures of these

* e
L 2
.

“‘6xides. The polyoxyalkylene polyether polyols may be
prepared from other starting materials such as tetrahydro-
furan and alkylene oxide-tetrahydrofuran mixtures; epihalo-
hydrins such as epichlorohydrin; as well as aralkylene
oxides such as styrene oxide. The polyoxyalkylene polyether
polyols may have either primary or secondary hydroxyl
groups. Included among the polyether polyols are polyoxy-

ethylene glycol, polyoxypropylene glycol, polyoxybutylene

-.6-
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-glycol, polytetramethylene glycol, block copolymers, for
example, combinations of polyoxypropylene and polyoxy-
ethylene glycols, poly—l,z-oxybutylene and polyoxyethylene

glycols, poly-1,4-oxybutylene and polyoxyethylene glycols,

and random copolymer glycols prepared from blends of two or

T )
e

more alkylene oxides or by the sequential addition of two or

eve

.**more alkylene oxides. The polyoxyalkylene polyether polyols

*e @

‘.'*may be prepared by any known process such as, for example,

L]
. o =
L]

vee ess SNe

«'"+ the process disclosed by Wurtz in 1859 and Encyclopedia of

Chemical Technology, vol. 7, pp. 257-262, published by

.*."‘Interscience Publishers, Inc. (1951) or in U.S. Patent No.

*» s

. o4

«» 1,922,459. Polyethers which are preferred include the

» s

..«.alkylene oxide addition products of trimethylolpropane,

sesR

[ EEEX]
»

glycerine, pentaerythritol, sucrose, sorbitol, propylene

) ;lycol, and 2,2'-(4,4'-hydroxyphenyl)propane and blends

* “**thereof having equivalent weights of from 500 to 10,000.

Suitable polyhydric polythioethers which may be

condensed with alkylene oxides include the condensation
product of thiodiglycol or the téaction product of a
dicarboxylic acid such as is disclosed above for the
preparation of the hydroxyl-containing polyesters with any

other suitable thioether glycol.
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- Polyhydroxyl-containing phosphorus compounds which
may be used includé those compounds disclosed in U.S. Patent
No. 3,639,542. Preferred polyhydtoxyl-containing phosphorus
compounds are prepared from alkylene oxides aﬂd acids of

., ?hosphorus having a P,0g equivalency of from about 72

e

percent to about 95 percent.

*ee

-

-

AN Suitable polyacetals which may be condensed with

*,"*alkylene oxides include the reaction product of formaldehyde

[

.T..§r other suitable aldehyde with a dihydric alcohol or an

cess T8 Saevw

alkylene oxide such as those disclosed .above.

S Suitable aliphatic thiols which may be condensed

- a9

.+ 'with alkylene oxides include alkanethiols containing one or

....tWwOo -SH groups such as 2-mercaptoethanol, 1,2-ethanedithiol,

v....ks2-propanedithiol, 1,3-propanedithiol, and 1,6-hexanedi-

thiol; alkene thiols such as 2-butene-1l,4-dithiol; and

s

* "<ealkyne thiols such as 3-hexyne-1,6-dithiol.

Suitable amines which may be condensed with
alkylene oxides include aromatic amines such as aniline, o-
chloroaniline, p-phenylenediamine,m-phenylenediamine, o-
phenylenediamine, 1,5-diaminonaphthalene, methylene di-
aniline, the condensation products of aniline and formalde-
hyde, and 2,3- 2,6~, 3,4-, 2,5~, and 2,4-diaminotoluene; ‘

aliphatic amines such as methylamine, triisopropanolamine,

-8 <
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-ethylenediamine, 1,3-diaminopropane, 1,3-diaminobutane, 1,4~
diaminobutane, and ammonia.
Other poiyols which may be employed:ére graft
polymer dispersions in either saturated or ungaturated

polyoxyalkylene polyether polyols. Preferred are the graft

.
£ z

- -

polymer dispersions prepared employing unsaturated

(XX

*polyols. These are prepared by conducting the in situ

-

- &

. :polymerization of an ethylenically unsaturatéed monomer or

ses oa® vas

~:3,ﬁixture of monomers in the presence of a free-radical
initiator in an unsaturated polyol mixture containing less

~}::than 0.1 mole of unsaturation per mole of polyol mixture.

*.+..The polyol mixture employs as part of t! . mixture a poly-

,++e-ether-ester polyol prepared by the reaction of a polyoxy-

LR X

ves..83lkylene polyether polyol with maleic anhydride and capped

with an alkylene oxide. This polyether-ester polyol is than

isomerized by methods well known to those skilled in the

art. Specific details for the preparation of the polyether-
ester polyol are found in U.S. patent 4,550,194 the disclo-
sure of which is incorporated by reference.

Chain transfer agents are preferentially employed
as reaction moderators for the polymerization of the
ethylenically unsaturated monomers. The polymerization

reaction may be carried out at temperatures between 25°C and

R T e
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_180°C, preferably between 80°C and 135°C. The polyol
mixture contains less than 0.1 mole of unsaturation per mocle
of polyol mixture and preferably ranges from Q;OOI to 0.09

mole of unsaturation per mole of polyol.

e o Among those reaction moderators which may be

. L
. s

.~ employed are as follows: acetic acid, bromocacetic acid,
*

-
» X R

s .+-chloroacetic acid, ethyl dibromoacetate, iodoacetic acid,

enn @

«=."*kribromoacetic acid, ethyl tribromoacetate, trichloroacetic

[ »

.'ﬁ.écid, ethyl trichloroacetate, acetone, p-bromophenylaceto-

[

nitrile, p-nitrophenylacetylene, allyl alcohol, 2,4,6-~

.".t*trinitroaniline, p-ethynylanisole, 2,4,6-trinitroanisole,

* N

. F*

azobenzene, benzaldehyde, p-cyanobenzaldehyde, 2-butyl-

. -~
" eo

....benzene, bromobenzene, 1,3,5-trinitrobenzene, benzochrysene,

- *
*nse

@thyl trinitrobenzoate, benzoin, benzonitrile, benzopyrene,
X E R R ]

gributylborane, 1,4-butanediol, 3,4-epoxy-2-methyl-l-butene,
E-'"t:--but:yl ether, t-butyl isocyanide, l~phenylbutyne, p-cresol;
p-bromocumene, dibenzonaphthacene, p-dioxane, pentaphenyl
ethane, ethanol, 1,l-diphenylethylene, ethylene glycol,
ethyl ether, fluorene, N,N-dimethylformamide, 2-heptene, 2-
hexene, isobutyraldehyde, diethyl bromomalonate, bromotri-
chloromethane, dibromoethane, diiodomethane, naphthalene, 1-

naphthol, 2-naphthol, methyl oleate, 2,4,4-triphenyl-l-

pentene, 4-methyl-2-pentene, 2,6-diisopropylphenol; phenyl

- 10 -
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-ether, phenylphosphine, diethylphosphine, dibutylphosphine,
phosphorus trichloride, 1,1,1-tribromopropane, dialkyl
phthalate, 1,2-propanediol, 3-phosphinopropionittile, 1-
propanol, pyrocatechol, pyrogallol, methyl ste;rate,

.. JtLetraethylsilane, triethylsilane, dibromostilbene, a-
+, bromostyrene, o-methylstyrene, tetraphenyl succinonitrile,

¢ ,**2,4,6-trinitrotoluene, p-toluidine, N,N-dimethyl-p~tolu-

LR N BN J

:*.**didine, m-cyano-p-tolunitrile, a,a'-dibromo-p-xylene, 2,6~ .

* Hew

«."+ kylenol, diethyl zinc, dithiodiacetic acid, ethyl dithiodi-
acetic acid, 4,4'~dithio-bisanthranilic acid, benzenethiol,

.*.**o-ethoxybenzenethiel, 2,2'-dithiobisbenzothiazole, benzyl

a2 &@

«>.’"sulfide, 1l-dodecanethiol, ethanethiol, l-hexanethiol, 1-

....naphthalenethiol, 2-naphthalenethiol; l-octanethiol, 1-

‘ipeptanethiol, 2-octanethiol, l-tetradecanethiol,a-toluene-

[
.

thiol, isopropanol, 2-butanol, toluene, bromochloromethane,

L

: **1-butanol, carbon tetrachloride, 2-mercaptoethanocl, octa-

e TR RATT W

decyl mercaptan, carbon tetrabromide and tertiary dodecyl
mercaptan.

The reaction moderators employed will depend on
the particular monomers or mixtures of monomers employed and
the molar ratios of such mixtures. The concentration of the
reaction moderator is that amount which is effective ahd may

range from 0.1 to 10 percent by weight based on the weight

W TP et o
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.of monomer, preferably from 0.5 to 2.0 weight percent based
on the weight of ménomer.
The unsaturated polyols or macromers‘which are
employed in the present invention may be prepgred by the

reaction of any conventional polyol such as those described

e —_—
.

above with a compound selected from the group consisting of

««maleic acid, maleic anhydride and fumaric acid. Thereafter

£

T
€

SE&w mme ==
- -

.'*fhe unsaturated polyol may be reacted with an alkylene
’r..?xide, preferably ethylene or propylene oxide, to replace
the carboxyl groups with hydroxyl groups prior to employment

,'."'in the present invention. The amount of alkylene oxide

& ze

L 2N 3

..n:employed is such as to reduce the acid number of the

....unsaturated polyol to about 5 or less,

hawd

e The alkylene oxides which may be employed for the

preparation of the polyetherester polyols include ethylene

*s

: 3‘0xide, propylene oxide, butylene oxide, amylene oxide and

mixtures of these oxides, preferably ethylene and propylene

oxide.
The maleated macromers are preferably isomerized

at temperatures ranging from 80°C to 120°C for one-fialf hour

iy

to three hours in the presence of an effective amount of an
isomerization catalyst. The catalyst is employed at

concentrations greater than 0.0l weight percent based on the

_12.‘.
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.weight of the macromer and may be as high as 5.0 weight
percent,

When preparing the polyetherester pqiyol employing
the catalyst selected from the group consistiﬁg of salts and
oxides of divalent metals, the concentration of catalyst
which may be employed ranges from 0.01 to 0.5 weight percent
based on the weight of polyocl mixture. The temperatures

employed range from 75°C to 175°C. The equivalent weight of

.'.?he polyol employed to prepare the macromer may vary from

[3
T

+

t

1000 to 10,000, preferably from 2000 to 6000.

Among the divalent metals which may be employed
are: zinc acetate, zinc chloride, zinc oxide, zinc neodec-
anoate, tin chloride, calcium naphthenate, calcium chloride,
calcium oxide, calcium acetate, copper naphthenate, cadmium

acetate, cadmium chloride, nickel chloride, manganese

‘*¢hloriwe, and manganese acetate.

Certain of the above-mentioned catalysts such as
calcium naphthenate promote the isomerization of the maleate
to the fumarate structure during the ?reparatién of the
macromer, while others such as zinc chloride; % ich is an
effective catalyst for the esterification, inhibit this

isomerization.

- 13 -
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The macromer unsaturation ranges from 0.1 mole to
1.5 mole of unsaturation per mole of polyol and, preferably,
from 0.5 to 1.0 mole of unsaturation per moleqéf polyol.

As mentioned above, the graft polymér dispersions

of the invention are prepared by the in situ polymerization,

-
-

in the above-described polyols of an ethylenically unsatu-

,f+rated monomer or a mixture of ethylenically unsaturated

*8S Sow = e
. »

.*monomers. Representative ethylenically unsaturated monomers

.“.‘?hicb may be employed in the present invention include

L d

butadiene, isoprene, 1l,4-pentadiene, 1,6-hexadiene,

.'."*norbornadiene, 1,7-octadiene, styrene, a-methylstyrene, 2~

* we

* s e

- - methylstyrene, 3-methylstyrene. and 4-methylstyrene, 2,4-
....,dimethylstyrene, ethylstyrene, isopropylstyrene, butyl-

shew

styrene, phenylstyrene, cyclohexylstyrene, benzylstyrene,

and the like; substituted styrenes such as cyanostyrene,

e
LI ]
-

**nitrostyrene, N,N-dimethylaminostyrene, acetoxystyrene,
methyl 4-vinylbenzoate, phenoxystyrene, p-vinylphenyl oxide,
and the like; the acrylic and substituted acrylic monomers
such as acrylonitrile, acryliec acid, methacrylie acid,
methyl acrylate, 2-hydroxyethyl acrylate, methyl methacry-
late, cyclohexyl methacrylate, benzyl methacrylate, iso-
propyl methacrylate, octyl methacrylate, methacrylonitrile, .

ethyl a-ethoxyacrylate, methyl a-acetaminoacrylate, butyl

- 14 -
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.acrylate, 2-ethylhexyl acrylate, phenyl acrylate, phenyl
methacrylate, N,N-éimethylacrylamide, N,N~dibenzylacryl-
amide, N-butylacrylamide, methacrylyl fotmamidé, and the
like; the vinyl esters, vinyl ethers, vinyl kéiones, etc.,

. such as vinyl acetate, vinyl butyrate, isopropenyl acetate,

4

~

vinyl formate, vinyl aciylate, vinyl methacrylate, vinyl

E S

.'‘methoxyacetate, vinyl benzoate, vinyltoluene, vinyl-

«% B

*.**paphthalene, vinyl methyl ether, vinyl ethyl ether, vinyl

k4

Thw Waw ®aa
¢

.:Kléropylrethers, vinyl butyl ethers, vinyl 2-ethylhexyl ether,
vinyl phenyl ether; vinyl 2-methoxyethyl ether, methoxybuta-

.*."*‘diene, vinyl 2-butoxyethyl ethe¢~ . 3,4-dihydro-1,2-pyran; 2-

e« 29

. 4o

»l..'Butoxy-2'<vinyloxy diethyl ether, vinyl methyl ketone, vinyl
....ethyl ketone, vinyl phosphonates such as vinyl phenyl

*
[ XX R

.&“.getone, n-vinyl carbazole, vinyl ethyl) sulfone, N-methyl-N-

vinyl acetamide, N-vinylpyrrolidone, vinyl imidazole,
e

**divinyl benzene, divinyl sulfoxide, divinyl sulfone, sodium
vinylsulfonate, methyl vinylsulfonate, N-vinyl pyrrole, and
the like; dimethyl fumarate, dimethyl mzleate, maleic acid,
crotonie acid, fumaric acid, itaconic acid, monomethyl
itaconate, t-butylaminoethyl methacrylate, dimethylamino-
ethyl methacrylate, glycidyl acrylate, allyl alcohol, glycol
monoesters of itaconic acid, vinyl pyridine, and the like.

Any of the known polymerizabié‘monomers‘Can be used and the
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. compounds listed above are illustrative and not restrictive
of the monomers suitable for use in this invention.
Preferably, the monomer is styrene.

The amount of ethylenically unsatura&ed monomer
employed in the polymerization reaction is generally from 25

; percent to 75 percent, preferably from 30 percent to 50

1t

- -

‘*percent, based on the total weight of the dispersion. The

*
¥ 3

t:polymerization occurs at a temperature between about 25°C

P TC RE S

'+ and 180°C, preferably from 80°C to 135°C.

Illustrative polymerization initiators which may
.}::be employed are the well-known free radical types of vinyl
':g:polymerizatiOn initiators such as the peroxides, per-
’.H.§ulfates, perborates, percarbonates, azo compounds, etc,

seee

.....These include hydrogen peroxide, dibenzoyl peroxide, acetyl

peroxide, benzoyl hydroperoxide, t-butyl hydroperoxide, di-

&t
¥
L ]

2‘£—butyl peroxide, lauroyl peroxide, butyryl peroxide,
diisopropylbenzene hydroperoxide, cumene hydroperoxide,
paramenthane hydroperoxide, diacetyl peroxide, di-a-cumyl
peroxide, dipropyl peroxide, diisopropyl peroxide, iso-
propyl-t-butyl peroxide, butyl-t-butyl peroxide, difuroyl
peroxide, bis(triphenylmethyl) peroxide, bis({p-methoxy-
benzoyl) peroxide, p-monomethoxybenzoyl peroxide, rubene

peroxide, ascaridol, t-butyl peroxybenzoate, diethyl

- 16-
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. peroxyterephthalate, propyl hydroperoxide, isopropyl
hydroperoxide, n-butyl hydroperoxide, t-butyl hydroperoxide,
cyclohexyl hydropefoxide, trans~decalin hydropéroxideyu-
methylbenzyl hydroperoxide, a-methyl-a-ethyl bénzyl hydro-
peroxide, tetralin hydroperoxide, triphenylmethyl hydro-
peroxide, diphenylmethyl hydroperoxide,a,a'—-azobis-(2methyl

: heptonitrile), 1,1'-azo-bis({cyclohexane carbo-nitrile),

x,;5,4'—azobis(4ecyanopentanoic acid), 2,2'-azobis(isobutyro-
o :hitrile), l-t-butylazo-l-cyanocyclohexane, persuccinic acid,
' «diisopropyl peroxy dicarbonate, 2,2'-azobis(2,4-dimethyl-

t
1
€
v
t
t

te
i Tt

* 'valeronitrile), 2-t-butylazo-2-cyano-4methoxy-4-methylpen-

tane,2,2'-azobis-2-methylbutanenitrile, 2-t-butylazo-2-

'3~'&yanobutane, l-t-amylazo-l-cyanocyclohexane, 2,2'-azobis-
‘“‘i2,4-dimethy1-4—methoxyvaleronitrile), 2-tbutylazo-2-cyano-
+''"’4-methylpentane, 2-t-butylazo-2-isobutyronitrile, butyl-

':"'ﬁeroxyiSOprepyl carbonate and the like; a mixture of

]
%

., initiators may also be used. The preferred initiators are

2,2'-azobis{2-methylbutanenitrile), 2,2'-azobis(isobutyro-

LE N J

nitrile), 2,2'-azobis(2,4-dimethylvaleronitrile), 2-t-
butylazo-2-cyano-4-methoxy-4-methylpentane, 2-t-butylazo-2-
cyano-4-methylpentane, and 2-t-butylazo-2-cyanobutane.
Generally, from about 0.0l percent to about 5 percent,

preferably from about 0.5 percent to about 1.5 percent, by




.weight of initiator based on the weight of the monomer will

be employed in the process of the invention.

The graf£ polymer dispersions of this invention
have useful viscosities less than 10,000 cps at 25°C.

Preferably they have viscosities ranging from 208% to 8000
cps at 25°C.

PR Also, polyols containing ester groups can be

:*. .employed in the subject invention. These polyols are

":tprepared by the reaction of an alkylene oxide with an

o An
. &

+ ' JOrganic dicarboxylic acid anhydride and a compound con-

-» L4

*. '#aining reactive hydrogen atoms. A more comprehensive dis-

cussion of these polyols and their method of preparation can

s o8

*.'.Be found in U.S. Patents Nos. 3,585,185; 3,639,541 and

. e

*."v3,639,542,

dece

. . The polyurethane foams employed in the present

q-.énvention are generally prepared by the reaction of a

i

.- polyoxyalkylene polyether polyzl with an organic polyisocya-

) .Kate in the presence of a blowing agent aﬁd optionally in
the presence of additional polyhydtoxfl—contaiaing compo~-
nents, chain-extending agents; catalysts, surface-active
agents, stabilizers, dyes, fillers and pigments. ‘Suitable

processes for the preparation of cellular polyurethane foams

are disclosed in U.S. Reissue patent 24,514 together with

- 18 -
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_suitable machinery;to be used in conjunction therewith.
When water is added as the blowing agent, corresponding
quantities of excess isocyanate to react withwthe water and
produce carbon dioxide may be used. 1t is poésible to
proceed with the preparation of the polyurethane foams by a
prepolymer technique wherein an excess of organic polyiso-

.**, €yanate is reacted in a first step with the polyol of the
E:n_gtesent invention to prepare a prepolymer having free
E‘f:isocyanate groups which is then reacted in a second step

LX)

: 3:with water and/or additional polyol to prepare a foam.

-w
- .

. .élternatively, the components may be reacted in a single

working step commonly known as the "one-shot" technique of

f-:preparing‘polyurethanes. Furthermore, instead of water, low

*.*..Boiling hydrocarbons such as pentane, hexane, heptane,

,°--‘pentene, and heptene; azo compounds such as azohexahydro-

RN

.....benzodinitrile; halogenated hydrocarbons such as dichlorodi-

|

, fluoromethane, trichlorofluoromethane, dichlorodifluoro-

“*ethane, vinylidene chloride, and methylene chloride may be

e

used as blowing agents.

Organic polyisocyanates which may be employed
include aromatic, aliphatie, and cycloaliphatic polyiso-
cyanagtes and cdmbinations thereof. Representative of these

types are the diisocyanates such as m-phenylene diiso-

319"
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_cyanate, 2,4-toluene diisocyanate, 2,6-toluene diisocyanate,
mixtures of 2,4- aﬁd 2,6-toluene diisocyanate, hexamethylene
diisocyanate, tetramethylene diisocyanate, cyqiohexane—1,4-
diisocyanate, hexahydrotoluene diisocyanate (aﬁd isomers),
naphthalene-1,5-diisocyanate, l-methoxyphenyl-2,4-diiso-
cyanate, 4,4'-diphenylmethane diisocyanate, 4,4'-biphenylene

.?.‘giisocyanate, 3,3'-dimethoxy-4,4'-biphenyl diisocyanate,
:'+,.3,3'-dimethyl-4,4'-biphenyl diisocyanate and 3,3'-dimethyl-
EJ‘:diphenylmethane-4,4‘-diisocyanate; the triisocyanates such
E‘x:és 4,4',4"-triphenylmethane triisocyanate, and toluene

a4
. .

+ +2,4,6-triisocyanate; and the tetraisocyanates such as 4,4'-

dimethyldiphenylmethane-2,2-5,5'-tetraisocyanate and
*»*..polymeric polyisocyanates such as polymethylene poly-

® o0

'3~*bhenylene polyisocyanate. Most preferred are toluene

.*"**diisocyanates.

*

savdas Crude polyisocyanates may also be used in the

- L 2

%

.. compositions of the present invention, such as crude toluene
. &
- LR ]

diisocyanate obtained by the phosgenation of a mixture of
toluene diamines or crude diphenylmethane diisocyanate
obtained by the phosgenation of crude diphenylmethane
diamine.

The polyoxyalkylene polyether polyols may be

employed along with another polyhydroxyl-containing compo-~

- 20 -~
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-nent commonly employed in the art. Any of the polyhydroxyl-
containing componeﬁts which are described above for use in
the preparation of the polyols may be employed'in the
preparation of the polyurethane foams useful in the present
invention. Optionally chain extenders and other additives
may be employed.

R 5 Chain-extending agents which may be employed in

fn_‘;he preparation of the polyurethane foams include those
E.f:bompounds having at least two functional groups bearing

+ * +active hydrogen atoms such as water, hydrazine, primary and

.o []

'~°-%econdary diamines, amino alcohols, amino acids, hydroxy

acids, glycols, or mixtures thereof. A preferred group of

"+*..chain-extending agents includes water, ethylene glycol, 1,4~

» we

*+"s.butanediol and primary and secondary diamines which react

srus

. more readily with the prepolymer than does water such as

oy-'bhenylene‘diamine, 1,4~-cyclohexane-bis-(methylamine),

.. ethylenediamine, diethylenetriamine, N-(2-hydroxypropyl)-

ethylenediamine, N,N'-di(2-hydroxypropyl)ethylenediamine,
piperazine, and 2-methylpiperazine.

Among the flame retardant compounds in conjunction
with melamine which may be employed are tetrakis(2-chloro-
ethyl) ethylene phosphonate, pentabromodiphenyl oxide,

tris(1l,3~dichloropropyl) phosphate, tris(beta-chloroethyl)

- 21 -
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-phosphate, molybdenum trioxide, ammonium molybdate, ammonium
phosphate, pentabrémodiphenyloxide, tricresyl phosphate,
2,3—dibromopropanoi, hexabromocyclododecane, dibromoethyldi-
bromocyclohexane, tris(2,3-dibromopropy1)phosﬁhate, and

tris(beta-chloropropyl)phosphate.
Any suitable catalyst may be used including

»"’. ertiary amines such as, for example, triethylenediamine, N-

E‘°"methy1morpholine, N-ethylmorpholine, diethylethanolamine, N-

. »a
.

:.: Locomorpholine, l-methyl-4-dimethylaminoethylpiperazine, 3-

>es as

: ° methoxypropyldimethylamine, N,N,N'-trimethylisopropyl

’ “ﬁropylenediamine, 3-diethylaminopropyldiethylamine, di-

methylbenzylamine, and the like.

" se

“+".:are, for example, stannous chloride,dibutyltin di-2-ethyl

Other suitable catalysts

. &%
a

- L
* “hexanoate, stannous oxide, as well as other organometallic

.. ~‘@ompounds such as are disclosed in U.S. Patent No.

<++-3,846,408.

., A surface-active agent is generally necessary for
| .;moduction of high grade polyurethane foam according to the
present invention, since in the absence of same, the foams
collapse or contain very large uneven cells. Numerous
surface-active agents have been found satisfactory.
Nonionic surface active agents are preferred. Of these, the

nonionic surface~active agents such as the well-known

- 22 -
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_silicones have been found particularly desirable. Other
surface-active agehts which are operative, include poly-
ethylene glycol ethers of long chain alcoholsthtertiary
amine or alkanolamine salts of long chain alkfl acid sulfate
esters, alkyl sulfonic esters, and alkyl arylsulfonic acids.

The following examples illustrate the nature of

e ;he invention. All parts are by weight unless otherwise

. @

 .stated. In the examples, the physical properties of the

e

.:polyurethane foam were determined by the following ASTM

"

S0s Sen ses
*

* atests :

-a

"+ “.Density - D1622-63

California Bulletin No. 117 Test MVSS 302

LI
e = L
¢ aw

» e
L I

o e The following abbreviations are employed in the

."*"‘examples below:

..

]
sevwsa
. -

.-, Polyol A is a propylene oxide/ethylene oxide adduct of
T trimethylolpropane containing a 5 percent cap of
ethylene oxide having a hydrbxyl number of 27.
Polyol B is a propylene oxide/ethylene oxide adduct of
glycerine containing a 16.5 percent cap of ethylene

oxide having a hydroxyl number of 35.

- 23 -
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. Polyol C

Polyol D

Polyol E

-
*
»

.
.o

L

*..Polyol F

.y

*
LX)
.

a8 e ved aAwe
L

L]
.
.« & o

L2

""§olyol G

* o9
.
L A

‘«*«+DEOA

*asw

. Silicone
2ate

- *
l I AN SN
L d L d

:u. T-12

Freon 11

is Polyol A reacted with 1.7 percent maleic
anhydride;capped with propylene oxide and isomer-
ized to fumarate. \;

is a propylene oxide adduct of propyfene glycol
having a hydroxyl number of 145.

is a blend of 96.2 percent Polyol D, 3.8 percent
Polyol C.

is Polyol E containing 50 percent of 2:1
styrene:acrylonitrile having a hydroxyl number of
about 70.0.

is a blend of 87 percent Polyol B, 8 percent
Polyol F and 5 percent of tris-(g-chloroethyl)-
phosphate.

is diethanolamine.

5043 is a silicone surfactant manufactured by Dow
Corning Corporation.

is dibutyltin dilaurate.

T-10 is stannous octoate in dioctylphthalate.

is monoﬁlutotrichloromethané.

- Dabco 33LV is a 33 percent solution of triethylene diamine

Niax aA-1

in dipropylene glycol.

e b due L e PR U

is an amine catalyst manufactured by Union Carbide
Corporation.
- 24 -
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TDI is toluene diisocyanate.
L-6202 is a silicone surfactant sold by Goldschmidt, Inc.
Table I

Example 1-13

The polyurethane foams of Table I were prepared by
'. changing a container with a suitable quantity of the

«, reactants, as listed with the exception of the isocyanate,
"'as tabulated. The mixture was stirred for about 30 seconds

":hnd allowed to set until the air bubbles had dissipated.

L .

‘e "eIthe calculated amount of polyisocyanate was added to the

container, the resulting mixture was stirred for about 35

‘.*.«5econds, and the foam was allowed to rise therein. After

"«*++the foam rise was completed, the resulting foam was cured

."**“for about seven days at room temperature. The physical

cvaw

.:-s.properties were then determined.

R T

.
.
L

LR 4
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TABLE I
Examples i 2 3 4 5 [ 1 8 q 10 11 12 13
Earmulation ‘
k Polyol G 100 B it T R R T meemmemee——— . ->
: Melamine 100 75 50 25 - 75 50 25 - 75 - 50 25 -
; Oxamide - 25 50 75 100 - - - - - - D - -
Biuret - - - - - 25 50 75 100 - - - -
) Picyandiamide - - - - - - - - - 25 50 75 100
o Water 2.4 e eececcecesceeceescs e e e ——————— L LT TP ST TP ARP SRS ————— >
" pe-sob3 Tl eceocecmmmmeecemcmmcem—mcmoeeme oo ecmmmme—meemommeeoemmneoe o mane - >
DEOA 1.4 ceceee- ————— e ——e——- e cseemcsemccaccmcccresrcccccreswcsncceercceccescceanmeeen— >
DABCO 33LV 0.18  cmme et eemccmmememcmmcememeemmsemememememese e eeeaee—————————————— >
NIAX A-1 0.06  -e--- e ececceeceeceecmcesceeeceesceemeceea- ——erepmmecsececemacceeenec———— e >
T-12 0.1  eommeee S —— ———— e e ememcere—measeamm———————— > - - - -
- T-10 - - - - - - - - - 0.3 0.3 0.3 0.4
FREON 11 5.0 memeemmecmmeeccccemcmecmececcsccSemmcccsremmeeemeeeeecemmeas——e= cmmmccmmme—ceaa- ->
L=6202 - 0.1 B it ettt > - - - -
TDI (Index 110) 35 D L N T e LE T L E S - >
T
AN ——— e . I e {
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TABLE 1 - continued
Examples 1 2 3 . 5 6 -2 _8_ _9 10 11 12 13
Physical Properties
Density Kg/M3 58.9 59.1 56.5 60.9 62.1 53.2 51.7 51.6 58.0 '60.2 60.1 63.4 60.1
Oxygen Index 37.5 27.5 28.5 29.5 28.5 28.5 28.5 217.5 37.5 29.5 29.5 29.5 29.5
California 117
1 Afterflame, sec. 7 ,
N ave. o 0.8 0.6 2.2 1-6 306 3.8 2.8 1.0 0.6 1o0 100 !.o
~3
i max. 0 1.0 1.0 4.0 3.0 6.0 5.0 5.0 1.0 1.0 1.0 1.0 1.0
Char Length, Cm
ave. 2.5 §,1 4.3 3.8 2.8 5.6 5.1 2.8 2.0 4.3 5.1 4.6 4.6
max. 3.6 5.1 4.6 4,1 3.3 6.4 5.6 3.0 2.3.. 4.6 5.8 5.3 4.8
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The claims defining the invention are as follows:
1. A flame retardant flexible polyurethane foam
obtained by reacting in the presence of a flowing agent.
a) a polyoxyalkylene polyether polyol
having an average equivalent weight of
from 750 to 3000 wherein the polyol has
incorporated therein, in the absence of
a dispersion stabilizer from 20 weight
percent to 60 weight percent a flame
retardant selected from the group
consisting of dicyanodiamide, oxamide
and buiret,
b) a organic polyisdcyanate; and
c) optionaliy chain extenders and other
additives.
2. The foam of claim 1 wherein the organic
:”. : polyisocyanate in toluence diisocyanate.

LN
.

. »

3. The foam of claim 1 or 2 wherein the polyol is a
3-°graft polymer dispersion containing from 25 weight percent to
":75 weight percent based on the total weight of the dispersien
: of an ethylenically unsaturated monomer of mixture of mono-
.t mers.

L3
-«

soe NN &ada sany
ese

ERE N A foam according to claim 1, 2 or 3 wherein the
"polyol is a propylene oxide, ethylene oxide adduct of gly-
cerine containing from 25 weight percent to 75 weight percent
,of a 1:1 to 3:1 styrene:acrylonitrile graft polymer disper-

vasssrs

+ +sion.

LE N 24 . : - . []

‘eet 15 A foam according to any one of claims 1 to 4 wherein
L

"2*:methylolpropane containing from 25 weight percent to 75 weight
percent of a 1:1 to 3:1 styrene:tacrylonitrile graft polymer

", dispersion.

", A flame retardant flexible polyurethane foam

:‘Hgaccording to any one of the preceding claims where the
polyoxyalkylene polyether polyol employed has from 2 to 4

active hydrogen atoms.

€
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,the polyol is a propylene oxide, ethylene oxide adduct of tri-
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7. A flame retardant flexible polyurethane foam
substantially as hereinbefore described with reference to
any one of the Examples,

DATED this 25th day of February 1991

BASF CORPORATION

By their Patent Attorneys
GRIFFITH HACK & CO.
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