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[571] | ABSTRACT .
Highly-stable graft copolymer dispersions are pre-
pared by the in situ polymerization in the presence of
a free radical catalyst of a vinyl monomer in a polyol
containing an essential amount of unsaturation. The
dispersions are low-viscous liquids which may be ad-
vantageously employed in the preparation of flexible
urethane foams having enhanced load-bearing
properties.
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" HIGHLY-STABLE GRAFT COPOLYMER
DISPERSIONS IN POLYOLS CONTAINING
UNSATURATION AND POLYURETHANES

PREPARED THEREFROM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue. | S

" BACKGROUND OF THE INVENTION
. Field of_ the Invention | |

The present invention relates to stable graft-copoly-
mer dispersions of low viscosity and superior particle
size distribution. More particularly, the invention re-
lates to graft copolymer dispersions prepared by the in
situ polymerization of a vinyl monomer in a polyol
having from 0.10 to 0.70 mole of unsaturation per mole
of polyol and to the use of these dispersions in the
preparation of polyurethane polymers. -

2. Prior_ Art

Graft copolymer dispersions prepared from vinyl
monomers and polyether polyols and the use thereof 1n
the preparation of polyurethane polymers are well
known in the art as evidenced by U.S. Pat. Nos.
3,383,351 to Stamberger and 3,652,639 to Pizzini et al.
In the earlier patent, the polyols employed are essen-
tially free from ethylenic unsaturation. It is taught that
the presence of ethylenic unsaturation promotes Cross-
linking and an undesired increase In viscosity of the

resulting dispersions. One of the major drawbacks of

Stamberger is that stable dispersions prepared from
" many of the common vinyl monomers such as styrene

are not able to be prepared when amounts of these
monomers are employed sufficient to provide the de-

sired strength properties to polyurethane polymers.
Thereafter, it was determined by Pizzini et al. that
liquid homogeneous graft copolymers based on acrylo-
nitrile could be prepared by the in situ polymerization
of acrylonitrile with an unsaturated polyol in the pres-
ence of a free radical catalyst. These copolymers are
prepared by the simultaneous addition, at a steady rate,
of acrylonitrile 'and the catalyst to the unsaturated
polyol. The polyols employed by Pizzini et al. con-
tained at least about one mole of unsaturation per mole
of polyol. One drawback of the graft polyols of Pizzini
‘et al. is their relatively high viscosity which appears to
be the result of the presence of soluble graft copolymer
and/or of graft copolymer of extremely small particle
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The dispersions are surprisingly superior to those pre-
pared from essentially saturated polyols in regard to
their narrow particle size distribution. They are also
surprisingly superior to those prepared from polyols
having high unsaturation in regard to their low viscosi-

ties. Furthermore, polyurethane foams prepared from

these graft copolymers exhibit superior load-bearing -
properties. - -
Although not wishing to be bound by theory, it is our
belief that the stability of dispersions obtained by the in
situ polymerization of vinyl monomers in polyols isa
result of the formation of surface stabilizing species.
Without a stabilizing species which provides a repulsive
barrier between the polymer particles, the polymerized
material will agglomerate and form irregularly shaped
lumps. We have found that the stabilizer is an am-
phipathic polymer consisting of lyophobic vinyl poly-
mer and lyophilic polyether chains. The vinyl poly-
mer part is absorbed and/or chemically built in the
particle surface while the polyether part reaches out In

. the surrounding polyol phase providing a protective
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size rather than crosslinking because even very vIsCous

graft polyols of this type are completely soluble In sol-
- vents. | -

SUMMARY OF THE INVENTION

 Now in accordance with the present invention graft

copolymer dispersions are prepared by the in situ poly-
merization of vinyl monomers in a polyol having from
‘about 0.10 to 0.70 mole of unsaturation per mole of
“polyol hereinafter also simply referred to as ‘“‘unsatu-

rated polyol.” In order to obtain the graft copolymer
65 -

“glycerol allylether, trimethylolpropane allylether, pen-

dispersions of the present invention, it is necessary that
grafting occurs by the simultaneous addition at a steady

" rate of a vinyl monomer and a free radical catalyst to

the unsaturated polyol at a temperature between 70°C.
and 170° C., preferably between 105° C. and 135° C.

35

shield against coagulation. I

In the case of an in situ polymerization in a saturated
polyol, such as described in Stamberger, U.S. Pat. No.
3,304,273, an amphiphatic polymer can only be
formed via hydrogen abstraction from the polyether
chain. If the chain transfer coefficient between poly-
ether and monomer, e.g. styrene, is very low, very little,
if any, graft polymer is formed and, therefore, stable
dispersions cannot be prepared. | |
 Contrary to the teachings of Stamberger, we have
now found that polyols containing ethylenic unsatura-
tion are of definite advantage in the preparation of

stable graft copolymer dispersions. If co-reactive unsat-

urated groups carrying polyether molecules are em-
ployed, the surface protective amphiphatic species can
be formed by copolymerization of the vinyl monomer
with these groups. Since, In this case, the co-reaction
does not depend on grafting through hydrogen abstrac-
tion, more efficient ‘“‘comb-shaped” structures are ob-
tained, in which the ‘“teeth” are represented by the
polyether chains and the ‘“‘backbone™ by the vinyl poly-
mer. Furthermore, stable dispersions can be obtained
with monomers which have little tendency to graft, ¢.g.
styrene. As shown in the Examples hereinafter, these
dispersions not only exhibit improved shelf-life stability
but also. they provide improved physical properties to
polyurethane foams prepared therefrom. |

DESCRIPTION OF THE PREFERRED
~ EMBODIMENTS

_The- unsatura'tcd ‘polyols employed in the -present'
invention may be prepared by the reaction of any con-

‘ventional .polyol with an organic compound having

both ethylenic unsaturation and a hydroxyl, carboxyl,
or epoxy group or they may be prepared by employing
an organic compound having both ethylenic unsatura-

" tion and a hydroxyl, carboxyl, or epoxy group as a

60

reactant in the preparation of the polyol. Representa-
tive of such organic compounds include unsaturated
polycarboxylic acids and anhydrides such as maleic
acid and anhydride, fumaric acid and anhydride cro-
tonic acid and anhydride, propenyl succinic anhydride,
and halogenated maleic acids and anhydrides, unsatu-
rated polyhydric alcohols such as 2-butene-1,4-diol,

taerythritol allylether, pentaerythritol vinylether, pen-
taerythritol diallylether, and 1-butene-3,4-diol, unsatu-
rated epoxides such as 1-vinylcyclohexane-3,4-epox-
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ide, butadiene monoxide, vinyl
- vinyloxy-2,3-epoxy propane), glycidyl methacrylate
and 3-allyloxypropylene oxide (allyl glycidylether). If a
polycarboxylic acid or anhydride is employed to incor-
porate unsaturation into the polyols, it Is then neces-

sary to react the unsaturated polyol with an alkylene

oxide, preferably ethylene or propylene oxide, to re-
place the carboxyl groups with hydroxyl groups prior to
employment in the present invention. The amount of
alkylene oxide employed is such to. reduce the acid
number of the unsaturated polyol to-about one or less.
Representative polyols which may be employed in the

preparation of the unsaturated polyols employed in the

‘present invention are well known in the art. They are
often prepared by the catalytic condensation. of an
alkylene oxide or mixture of alkylene oxides either
simultaneously or sequentially with an organic com-
pound having at least two:active hydrogen atoms such
as evidenced by U.S. Pat Nos. 1 922 451 3,190,927
and 3,346,557.

Representative polyols mclude polyhydroxyl -Con-
taining polyesters, polyalkylene . polyether polyols,
polyhydroxy—termmated ~ polyurethane  polymers,
polyhydroxyl-containing phosphorus compounds, and
alkylene oxide adducts of polyhydric polythloethers
| polyacetals aliphatic polyols and thiols, ammonia, and
amines mcludmg aromatic, aliphatic 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 such as amino alcohols which contain an
amino 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 a —SH group may be used.
~-Any suitable hydroxyl-containing polyester may be
_used such as are obtained. from polycarboxylic acids
and polyhydric alcohols. Any suitable polycarboxylic
acid may be used such as oxalic acid, malonic acid,
succinic acid, glutaric acid, adipic acid, pimelic acid,
suberic- acid, azelaic acid, sebacic acid, brassylic acid,
thapsic acid, maleic acid, fumaric acid, glutaconic acid,
 a-hydromuconic acid, S-hydromuconic acid, a-butyl-
‘a-ethyl-glutaric - acid, o-B-diethylsuccinic acid, 1so0-
. phthalic acid, terephthalic acid, hemimellitic acid, and
1,4-cyclohexane-dicarboxylic acid. Any suitable poly-
hydric alcohol including both aliphatic and aromatic
may be used such as ethylene glycol, 1,3-propylene
glycol, 1,2-propylene glycol, 1,4- butylene glycol, 1,3-
butylene glycol, 1,2- butylene glycol, 1,5-pentane dlol
|, 4-pentane diol, 1,3-pentane diol, 1,6-hexane diol,
|,7-heptane- diol, glycerol, 1,1 l-trlmethylolpropane,
1,1,1-trimethylolethane, hexane-1,2,6-triol, a-methyl
- glucoside, pentaerythritol, and sorbltol Also included
 with the term “polyhydric alcohol” are compounds
derived from phenol such as 2,2,(4,4"-hydroxyphenyl)-
propane, commonly known as Bisphenol A.
~ Any suitable polyalkylene polyether polyol may be
used such as the polymerization product of an alkylene
“oxide or of an-alkylene oxide with a polyhydric alcohol
having from 2 to 6 hydroxyl groups. Any suitable poly-
hydric alcohol may be used such as those disclosed
above for use in the preparation of the hydroxyl-con-
taining polyesters. Any suitable alkylene oxide may be
used such as ethylene oxide, propylene oxide, butylene
oxide, amylene oxide; and heteric or block copolymers
of these oxides. The polyalkylene polyether polyols
" may be prepared from other starting materials such as

glycidylether(1-
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tetrahydrofuran and alkylene oxide-tetrahydrofuran
copolymers; epihalohydrins such as epichlorohydrin; as
well as. aralkylene oxides such as styrene oxide. The
polyalkylene polyether’ polyols may have either pri-
mary or secondary hydroxyl groups and, preferably, are
polyethers prepared from alkylene oxides having from
two to six -carbon atoms such.as polyethylene ether
glycols, polypropylene ether glycols, and polybutylene
ether glycols. The polyalkylene polyether polyols may
be prepared by any known process such as, for exam-
ple, the process disclosed by Wurtz in 1859 and Ency-
clopedia of Chemical Technology, Vol. 7, pp. 257-262,
published by Interscience Publishers, Inc. (1951) or m
U.S. Pat. No. 1,922,459. Polyethers which are pre-
ferred include the alkylene oxide addition products of
trlmethylolpropane glycerine, pentaerythrltol su-
crose, sorbitol, propylene glycol, and 2,2-(4,4'-hydrox-
yphenyl)propane and blends thereof having equivalent
weights of from 250 to 5000.

Suitable polyhydric polythioethers which may be
condensed with alkylene oxides include the condensa-

" tion product of thiodiglycol or the reaction product of
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a dihydric alcohol such as disclosed above for the prep-

“aration of the hydroxyl-containing polyesters with any

other suitable thioether glycol.

“The hydroxyl- eontammg polyester may also be a
polyester amide such as is obtained by including some
amine or amino alcohol in the reactants for the prepa-
ration of the polyesters. Thus, polyester amides may be
obtained by condensing an amino alcohol such as etha-

.Inolamlne with the polycerboxyhc acids set forth above

or they may be made using the same components that

" make up the hydroxyl-containing polyester with only a
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portion of the components bemg a diamine such as
ethylene diamine. : |
Polyhydroxyl-containing phosphorus eompounds
which may be used include those compounds disclosed
in ‘U.S. Pat. No. 3,639,542, Preferred polyhydroxyl-
containing phosphorus compounds are prepared from
alkylene oxides and acids of phosphorus having a P,0O;
equivalency of from about 72% to about 95%.
- Suitable polyacetals which may be condensed with
alkylene oxides include the reaction product of formal-

dehyde or other suitable aldehyde with a dihydric alco-
-hol or an alkylene oxide such as those disclosed above.

~ Suitable aliphatic thiols which may be condensed

‘with alkylene oxides include alkane thiols containing at

least two —SH groups such as 1,2-ethane dithiol, 1,2-
propane dithiol, 1,3-propane dithiol, and 1,6-hexane
dithiol; alkene thiols such as 2-butene-1,4-dithiol; and

alkyne thiols such as 3-hexyne-1,6-dithiol.

33

Suitable amines which may be condensed with alkyl-

-ene ‘oxides include aromatic amines such as aniline,

o-chloroaniline, p-amino aniline, 1,5-diamino naphtha-
lene, methylene dianiline, the condensation products of
aniline and formaldehyde, and 2,4-diamino toluene;
aliphatic amines such as methyl amine, triisopropanol

- amine, ethylene diamine, 1,3-propylene diamine, 1,4-
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butylene diamine, and 1,3-butylene diamine.

As mentioned above, in order to introduce the neces-
sary unsaturated groups into the polyols useful as start-

" ing materials in the present invention, the organic com-

pound having both ethylenic unsaturation and a hy-

droxyl, carboxyl, or epoxy group may be included
the polyol forming reaction mixture or the unsatura-
_tion is introduced by reacting a conventional polyol
‘with said organic, compound To prepare the unsatu-

rated polyols of use m the ‘present invention, from



Re. 29,014

5
about 0.10 mole to about 0.70 mole, preferably from
0.30 mole to 0.60 mole, of said organic compound per
mole of polyol:is employed. The preparation of the
unsaturated polyols emplo’yed in-the present invention

follows conventional prior art procedures such as dis-

closed in U.S. Pat. No. 3 275 606 and U.S. Pat. No.
3,280,077. Generally; this requires a reaction at a tem-

perature between 0° C. and 130° C. Both acidic cata-

lysts, such as Lewis acid catalysts and basic catalysts
usch as alkali metal hydroxides, may be used. In addi-
tion, a non-catalyzed reaction may.be used employmg
temperatures between 50° C. and 200° C.

As mentioned above, the graft copelymers of the |

invention are prepared by the in situ polymerization of
the above-described unsaturated polyols with an ethyl-
enically unsaturated monomer.or a mixture of ethyleni-

cally unsaturated monomers. Representatwe ethylem--

cally unsaturated monomers which may be employed in
the present invention include butadiene, isoprene, 1,4-
pentadiene, 1,6-hexadiene, 1,7-octadiene, styrene, o-
methylstyrene, . methylstyrene, . 2. ,4-dimethylstyrene,
ethylstyrene, i1sopropylstyrene, butylstyrene phenylsty-
rene, cyclohexylstyrene, benzylstyrene and the like;
substituted styrenes such as .chlorostyrene, 2,5-
dichlorostyrene, bromostyrene, fluorostyrene, - tri-
fluoromethylstyrene, iodostyrene, cyanostyrene, ni-
trostyrene, N,N-dimethylaminostyrene, acetoxyisty-

rene, methyl 4-vinylbenzoate, phenoxystyrene, p-vinyl

dipheny! sulfide, p-vinylphenyl phenyl oxide, and the
like; the acrylic and substituted acrylic monomers such
as acrylonitrile, acrylic acid, methacrylic acid, methyl-
acrylate, - 2-hydroxyethyl acrylate, 2-hydroxyethyl
methacrylate, methyl methacrylate, cyclohexyl metha-
crylate, benzyl methacrylate, isopropyl methacrylate,

octyl methacrylate, methacrylonitrile, methyl a-
chloroacrylate, ethyl «-ethoxyacrylate, methyl o-
acetaminoacrylate, butyl acrylate, 2-ethylhexylacry-

late, phenyl acrylate, phenyl methacrylate, a-chloroa-
crylonitrile, N,N-dimethylacrylamide, N,N-dibenzyla-
crylamide, N-butylacrylamide, methacrylyl formamide,
and the like; the vinyl esters, vinyl ethers, vinyl ketones,
etc., such as vinyl acetate, vinyl chloroacetate, vinyl
alcohol, vinyl butyrate, isopropenyl acetate, vinyl for-
mate, vinyl acrylate, vinyl methacrylate, vinyl methoxy
acetate, vinyl benzoate, vinyl iodide, vinyl toluene,
vinyl naphthalene, vinyl bromide, vinyl fluoride, vinyli-
dene bromide, 1-chloro-1-fluoro-ethylene, vinylidene
fluoride, vinyl methyl ether, vinyl ethyl ether, vinyl
propyl ethers, vinyl butyl ethers, vinyl 2-ethylhexyl
‘ether, vinyl phenyl ether, vinyl 2-methoxyethyl ether,
methoxybutadiene, vinyl-2-butoxyethyl ether, 3.,4-
dihydro-1,2-pyran, 2-butoxy-2’-vinyloxy diethyl ether,
vinyl 2-ethylmercaptoethyl ether, vinyl methyl ketone,
vinyl ether ketone, vinyl phosphonates such as bis(f3-
chloroethyl)vinyl phosphonate, vinyl phenyl ketone,
vinyl ethy! sulfide, vinyl ethyl sulfone, N-methyl-N-
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vinyl acetamide, N-vinyl-pyrrolidone, vinyl imidazole,

- divinyl sulfide, divinyl sulfoxide, divinyl sulfone, so-
~ dium vinyl sulfonate, methyl vinyl sulfonate, N-vinyl
pyrrole, and the like; dimethyl fumarate, dimethyl mal-
eate, maleic acid, crotonic acid, fumaric acid, itaconic
acid, monomethyl itaconate, t-butylaminoethyl metha-
crylate, dimethylaminoethyl methacrylate, glycidyl
acrylate, allyl alcohol, glycol monoesters: of itaconic

acid, dichlorobutadiene, vinyl pyridine, and the like.

Any of the known polymerizable monomers can be
used and the compounds listed above are illustrative
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and not restrictive of the monomers suitable for use n
this invention. -

‘The amount of ethylemcally unsaturated monomer
employed in the polymerization reaction is generally
from 1% to 30%, preferably from 3% to 25%, based on
the weight of the unsaturated polyol. The polymeriza-
tion occurs by simultaneously adding at a steady or
constant rate the monomer and a free radical catalyst
to the unsaturated polyol at a temperature between
about 80° C. and 170° C., preferably from 105° C. to
135°.C. Optlonally, the catalyst may be dispersed In a
portion of the polyol and thereafter added along with
the monomer to the remalmng portion of the unsatu-
rated polyol.- = |

The cencentratlon of the catalyst 1s also a critical
aspect of the present invention and can vary from
about 1% to about 10%, preferably from about 2% to

about 5% by weight based on the weight of the mono-

mer. It has been determined that the use of amounts of
catalyst less than one percent does not provide for the

stable dispersions of the subject invention.
Illustrative catalysts are the well-known free radical

type of vinyl polymerization catalysts, for example, the

peroxides, persulfates; perborates, percarbonates, azo

compounds, etc., including hydrogen peroxide, diben-
zoyl peroxide, acetyl peroxide, benzoyl hydroperoxide,
t-butyl hydroperoxide, di-t-butyl peroxide, lauroyl pe-
roxide, butyryl peroxide, diisopropylbenzene hydroper-
oxide, cumene, hydroperoxide, paramenthane hydro-
peromde diacetyl peroxide, di-a-cumyl peroxide, di-
propyl peroxide, diisopropyl peroxide, isopropyl-t-
butyl peroxide, butyl-t-butyl peroxide, dilauroyl perox-
ide, difuroyl peroxide, ditriphenylmethyl peroxide,
bls(p-rnethoxybenzoyl)peromde ~p-monomethoxy-
benzoyl peroxide, rubrene peroxide, ascaridol, t-butyl
peroxybenzoate, diethyl peroxyterephthalate, propyl
hydroperoxide, isopropyl hydroperoxide, n-butyl hy-
droperoxide, t-butyl hydroperoxide, cyclohexyl hydro-
peroxide, trans-Decalin hydroperoxide, a-methylben-
zyl hydroperoxide, a-methyl-a-ethyl benzyl hydroper-
oxide. Tetralin hydroperoxide, triphenylmethyl hydro-
peroxide, diphenylmethyl hydroperoxide, a-a-azo-2-
methyl butyronitrile, a,a-2-methyl heptonitrile, 1,1°-
azo-1-cyclohexane carbonitrile, dimethyl a,a’-azo-
isobutyrate, 4,4'-azo-4- cyanepentanmc acid, azobis-
(isobutyronitrile), persuccinic acid, diisopropyl peroxy
dicarbonate, and the like; a mixture of catalysts may
also be used. Azebls(lsobutyromtrlle) is the preferred
catalyst. 5

In a preferred embedlment ef the present invention,
from 5% to 15% by weight of acrylonitrile and from 5%
to 15% by weight of styrene based on the weight of the

unsaturated polyol is polymerized in an unsaturated

polyol in the presence of from 2% to 4% by weight of
azobis(isobutyronitrile) based on the weight of the
polyol at a temperature between 110°C. to 140°C. The
resulting dispersion contains approximately 20% vinyl
polymer, has a viscosity of about 2,500 cps. at 25° C.
and imparts exceptional load-bearing properties when
employed in the preparation of flexible polyurethane
foams. In another preferred embodiment of the mven-
tion, from 10% to 20% by weight of styrene is polymer-
ized in an unsaturated polyol as described above. It 1s
only through use of the subject invention that stable
dispersions containing at least 10% styrene have been
prepared. - |

~ In still another preferred embodlment of the present
invention, the foregoing graft copolymer dispersions
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are employed in the preparation of polyurethane com-
positions, particularly polyurethane foams. The result-
ing polyurethane products exhibit marked improve-
ments in load-bearing properties’ and tensile strength
without substantial impairment of the other physical
properties of the products. The polyurethane products
are generally prepared by the reaction of the graft
copolymer dlsperemns with an organic polylsecyanate
optionally in the presence of additional polyhydroxyl-
containing components, chain-extending agents, cata-
lysts, surface-active agents, stabilizers, blowing agents,
fillers and pigments. Suitable processes for the prepara-

10

tion of cellular polyurethane plastics are disclosed in

U.S. Reissue Pat. 24,514 together with suitable ma-
chinery to be used in conjunction therewith. When
water is added as the blowing agent, corresponding
quantities of excess isocyanate to react with the water
and produce carbon dioxide may be used. It is also
possible to proceed with the preparation of the poly-
urethane plastics by a prepolymer technique wherein
an excess of organic polyisocyanate is reacted in a first
step with the polyol of the present invention to prepare
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tion of the graft copolymer dispersions of the present
invention may be employed along with the unsaturated
polyols in the preparation of the polyurethane compo-
sitions of the present invention. -
Chain-extending - agents which may be employed in
the preparation of the polyurethane compositions of
the present invention include those compounds having
at least two functional groups bearing active hydrogen
atoms such as'water, hydrazine, primary-and secondary
diamines, amines alcohols, amino acids, hydroxy acids,
glycols, or mixtures thereof. A preferred group of
chain-extending agents includes water and primary and
secondary diamines which react more readily with the
prepolymer than does water such as phenylene diamine
1,4-cyclohexane-bis-(methylamine), ethylene diamine,
diethylene triamine, N-(2-hydroxypropyl)ethylene dia-
mine, N,N’'-di(2-hydroxypropyl)ethylene diamine, pi-
perazine, 2-methylpiperazine, morpholine, and
dodecahydro-1,4,7,9b-tetrazaphenalene. '-
 Any suitable catalyst may be used including tertiary

~ amines, such as for example, triethylene diamine, N-

a prepolymer having free isocyanate groups which is

then reacted in a second step with water to prepare a
foam. Alternately, the components may be reacted in a

25

single. working step commonly known as the “one-

shot™ technique of preparing polyurethanes. Further-

more, instead of water, low boiling hydrocarbons such
as pentane, hexane, heptane, pentene, and heptene;
azo compounds such as azohexahydrobenzodinitrile;
halogenated  hydrocarbons such as dichlorodifluoro-
methane, trichlorofluoromethane, dichlorodifluoroeth-
ane, vmylrdene chloride, and methylene ehlorlde may
be used as blowing agents. | -
Organic polylsoeyanates which may be employed
include aromatic, aliphatic, and cycloaliphatic polyiso-
cyanates and combinations thereof. Representative of
these types are the diisocyanates such as m-phenylene
diisocyanate, tolylene-2,4-diisocyanate, tolylene-2,6-
diisocyanate, mixture of 2,4- and 2,6-hexamethylene-
1,6-diisocyanate, tetramethylene-1,4-diisocyanate, cy-
clohexane-1.,4-diisocyanate,. hexahydrotolylene diuiso-
cyanate (and:isomers), naphthylene-1,5-diisocyanate,
1-methoxyphenyl-2,4-diisocyanate, diphenylmethane-
4,4'-diisocyanate, 4,4'-biphenylene diisocyanate, 3,3'-
dimethoxy-4,4’-biphenyl diisocyanate, 3,3’'-dimethyl-
4,4"-biphenyl diisocyanate, and 3,3’-dimethyldi-
phenylmethane 4,4’-diisocyanate; the triisocyanates
such as 4,4’,4'- trlphenylmethane triisocyanate, poly-
methylene polyphenylisocyanate and tolylene 2,4,6-
triisocyanate; and the tetraisocyanates such as 4,,4’-
dimethyldiphenylmethane-2,2,5,5 -tetraisocyanate.
Especially useful due to their availability and properties
are tolylene diisocyanate, diphenylmethane-4,4'-
diisocyanate and polymethylene polyphenyhsecyanate
Crude polyisocyanate may also be used in the com-
positions of the present invention, such as crude tolu-

ene diisocyanate obtained by the phosgenation of a

mixture of toluene diamines or crude diphenylmethane
isocyanate obtained by the phesgenatlon of crude di-
phenylmethyl diamine. The preferred unreacted or
crude I1socyanates are dlselosed in° U.S. Pat. No.
3,215,652. | |

As mentioned above; the graft copelymer dispersions
are preferably employed along with another polyhy-
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droxyl-containing component commonly employed in

the art. Any of the polyhydroxyl-containing compo-

nents which are described above for use in the prepara-

methyl morpholine, N-ethyl morpholine, diethyl etha-
nolamine, N-coco morpholine, 1-methyl-4-dime-
thylamino ethyl piperazine, 3-methoxy-N-dimethyl
propyl amine, N-dimethyl-N’-methyl isopropyl propyl-
ene diamine, N N—diethyl 3-diethyl amino prepyl
amine, dimethyl benzyl amine, and the like. Other suit-

able catalysts are, for example. tin compounds such as

stannous chlonde, tin salts of carboxylic acids, such as
dibutyltin di-2-ethyl hexoate, tin alcoholates such as
stannous octoate, as well as other organo metallic com-
pounds such as -are d1sclosed in U.S. Pat. No.
2,846,408. , | -

A wettmg agent or surface- actwe agent 1s generally
necessary for. production of hrgh grade pelyurethane
foam according to the present invention, since in the
absence of same the foams collapse or contain very
large uneven cells. Numerous wetting agents have been
found satisfactory. Non-ionic surfactants and wetting
agents are preferred. Of these, the nonionic surface-ac-
tive agents prepared by the sequential addition of pro-
pylene oxide and then ethylene oxide to propylene
glycol and the solid or liquid organosilicones have been

.found . particularly desirable. Other surface-active

agents which are operative, although not preferred,
include polyethylene glycol ethers of long chain alco-
hols, tertiary amine or alkylolamine salts of long chain
alkyl acid sulfate esters, alkyl sulfonic esters, and alkyl
arylsulfomc acids.

- The following examples illustrate the nature of the
invention. All parts -are by weight unless otherwise
stated. In the examples, the physical properties of the

- polyurethane were determmed by the fellomng ASTM

tests:

Tensile Strength D-412
Modulus . | D-412
Elongation - D-412
Split Tear - D-470
Compression Set .. D-395
. D- 1564

Compression Lead

65 'The' ‘absorbance of the graft polymer dispersions is

measured. by the following turbidity test. Turbidity is
the cloudiness in a liquid caused by the presence of
finely divided suspended material. The quantity of solid
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material in a colloidal suspension can be determined by

rmeasurlng either the transmitted light or the scattered
light. Absorbance is defined as log,s (1/Transmit-

tance). As turbidity increases, the transmittance de-
creases and the absorbance increases.

The turbidity method employs a Beckman DU spec-
trophotometer. The spectrophotometer is operated as

per the instructions in the manual using a wavelength of

800 millimicrons, a tungsten lamp, and the red photo-
tube light meter-is used. The sample is contained in.a
curette which is 1 cm. deep and large enough to com-
pletely cover the windows in the cell department. The
curette is first placed against the window of the photo-
tube housing (right side). The instrument i1s then ad-
justed until the sample in this position reads 100%
Transmittance. The curette is-then moved left against
‘the window of the monochromator housing. The Trans-

mittance scale ‘is then turned until the galvanometer

reads zero. The Absorbance is then read off the trans-
mittance scale. The Absorbance=log,, [/ where I, is

the intensity of the incident light and I is the intensity of

the-light'remaining after passage through the sample.
" EXAMPLE1 o

(A) Preparatmn of an- Unsaturated Polyester-ester .

- Polyol

An autoclave equipped with a thermometer, stirrer,
nitrogen source, inlet means and heat exchange means
was charged with 49 parts (0.5 mole) of maleic anhy-
dride and 2400 parts (0.5 mole) of a polyol prepared
by the reaction of ethylene oxide with a propylene

oxide condensate of glycerol, said polyol having an OH

number of 35 and containing thirteen weight percent of
ethylene oxide. The charge was purged with nitrogen
~ and heated to 150° C. With constant stirring, 132 parts
(3.0 moles) of ethylene oxide was added to the charge
over a period of two hours maintaining the temperature
at 150° C. Upon completion of the oxide addition, the
reaction mixture was maintained at 150° C for seven
hours. Thereafter, the reaction mixture was cooled to
25° C. and discharged from the autoclave. The reaction
product was stripped at 100° C. for one hour at less
than ten millimeters of mercury to remove volatiles.

The product, a clear liquid, had an OH number of 33.6,

an acid number of 0.12, a refractive index at 25° C. of

1.4552 and a viscosity at 25° C. of 1875 cps.
- (B) Prepa_ration-'ef Graft Co’polymer Diapersien |

A reaction vessel equipped as described above was
charged with a blend of 150 parts of the unsaturated
polyol described in (A), above, and 150 parts of the
saturated polyol described in (A), above. The amount
of unsaturation in the polyol blend was 0.5 mole per
mole of polyol. With stirring and under a slight nitrogen

flow, the charge was heated to 125° C. and a stream of

100 parts of styrene and of 2.0 parts of azobis-
(isobutyronitrile) dispersed in 100 parts of the above-
 described blend was continuously added to the charge
~ over a forty-minute period. Upon completion of the

addition, the reaction mixture was maintained at 125°

C. for sixty minutes. The reaction mixture was then
stripped - of volatiles for thirty minutes at 90° C. under
less than five millimeters of mercury. The stripped
reaction product, a white opaque dispersion, had a
viscosity at 25°C. of 4 700 eps and a hydrexyl number
ef 27.9. | |
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'EXAMPLE I

(A) Comparahve Example: Use of Polyol Essentlally
| Free From Unsaturation

A reaction vessel equipped as described in Example |
was charged with 300 parts of the saturated polyol
described in Example 1. With stirring and under a slight
nitrogen flow, the charge was heated to 125° C. and a

stream of 100 parts of styrene and of 2.0 parts of azobis
(isobutyronitrile) dispersed in 100 parts of the satu-
rated polyol was continuously added to the charge over
a forty-minute period. Upon completion of the addi-
tion, the reaction mixture was then stripped of volatiles

for thirty minutes at 110° C. at less than ten millimeters
of mercury. A completely coagulated mass ef polysty-
rene in pelyol was ‘obtained. -

(B) Cornparatwe Example: Use of Pelyol Contammg
Large amounts of Unsaturation

A reaction vessel equrpped as described in Example 1
was charged with 300 parts of the unsaturated polyol
described in Example I (unsaturation level of 1.0 mole
per- mole of polyol). With stirring and under a slight
nitrogen flow, the charge was heated to 125° C. and a
stream of 100 parts of styrene and of 2.0 parts of azo-
bls(lsobutyrunltrlle) dispersed in 100 parts.of the un-
saturated polyol was continuously added to the charge
over a forty-minute period. Upon completion of the
addition, the reaction mixture was maintained at 125°

C. for sixty minutes. The reaction mixture was then

stripped of volatiles at 120°.C. at less than ten millime-
ters of mercury. The product, a transparent liquid, had
a hydroxyl number of 28 and a very hlgh Bmokﬁeld
viscosity at 25° C. of 19,600 cps.

. This example illustrates the differences between the
graft copelymers of the subject invention and those of
the prior art. Using a polyol essentrally free from ethyl-
enic unsaturation resulted in a product with a com-
pletely coagulated polystyrene while use of a- polyol
containing a mole of unsaturation per mole of polyol

resulted in a liquid product having a viscostity of 20,000

cps. The copolymer of the invention as exemplified by
Example 1, was a stable white dispersion having a vis-
cosity of 4,700 cps. This copolymer finds particular
utility 1n the preparatlen ef flexrble polyurethane |
foams o .

EXAMPLE lII |
Preparatmn ef Graft Copolyrner Dlspersmns

A reaction vessel equipped as described in Example I
was charged with 66 parts of the unsaturated polyol
described in Example | and 264 parts of the saturated
polyol described in Example I. The polyol blend had an
unsaturation of 0.2 mole per mole of polyol. With stir-
ring and under a slight nitrogen flow, the charge was
heated to 115°C. and a mixture of 62.5 parts of acrylo-
nitrile and 62.5 parts of styrene and 3.1 parts of azobis-
(isobutyronitrile) in 170 additional parts of the polyol

blend was continuously added to the charge over a

65

period of two hours at 115° C. Upon completion of the
addition, the reaction mixture was maintained at 115°
C. for one hour. The reaction mixture was then
stripped of volatiles for one hour at 100° C. under less

than five millimeters of mercury. The stripped reaction

product had a Brookfield wscesrty of 2900 cps. and a
hydroxyl number of 27. 1 | . |
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The above procedure was duplicated varying the
ratio of acrylonitrile to styrene. The polymer disper-
sions prepared are presented in Table 1, below.

TABLE |

Pergent of mggomer b[gnd Viscosity, =~ OH
B ' cpsat - .num-
Dispersion Styrene_ . Acrylomtrlle 25°C. ~ “ber
A 50 50 2,900 270
B - 60 40 2,730 27,6
C 66 33 2,490 27.8
D 33

2,410° 269

66

Table I illustrates that the monornej-__.-- ratio can be
changed over a relatively wide range. To. the contrary,:

if a polyol essentially free from ethylenic unsaturation.
is used, the monomer ratio required for the desired low

vrscosrty 1S far more limited. -

EXAMPLE IV | |
(A) Preparation of an Unsaturated*POlyether Polyol

A stainless steel autoclave equipped wrth a thermom-
eter, stirrer, mtrogen source, inlet means-and heat ex-
change means was charged with 17.6 parts of propyl-
ene glycol and 530 parts of a 325 molecular weight
polyol prepared by the condensation in the presence of
potassium hydroxide of four moles of propylene oxide

with one mole of glycerol. The charge was purged with
nitrogen ‘and heated to 105° C. With constant stirring,

a mixture of 4783.6 parts of propylene oxide and 68.4
parts (corresponding to 0.30 mole per mole: of prod-
uct)’ of allylglycidylether was gradually added to the
reaction mixture over eight hours. Upon completion of
the oxide ‘addition, the reaction mixture was main-
~ tained at 105° C. for six hours at which time the.reac-
tion mixture was cooled to 30° C. and discharged from
the ‘autoclave. The reaction product was treated with
an adsorbent, filtered to remove the catalyst and
stripped at 100° C. for one hour under less than five
millimeters of mercury to remove volatiles. The prod-
uct, a.clear: colorless hquld had a hydroxyl number of
59.3. an acid number.of 0.01, a refractive index at 25°
C.of 1 4509 and a Brookﬁeld wscosrty at 25°C. of 480

Cps.
B (B) Preparatlon of Drspersron

A reaction vessel equrpped as described abovewas
charged with 332 parts of the unsaturated polyol pre-

pared in (A), above. Nitrogen was bubbled through the

polyol for about one hour. With stirring and under a
slight nitrogen flow, the charge was heated to 115° C.
and a mixture of 62.5 parts of acrylomtrlle and 62.5
parts of styrene and a solution of 3.6 parts of azobis-
(isobutyronitrile) in 168 parts of the unsaturated polyol
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TABLE ll
g lngredlent -
Polyol, parts “300 .. = *300.
- Water, parts. - 9 9
Bis(2,N N'drmethylamme ethyl)cther ml 0 33 0.33
Silicone surfactant, ml - - 3.0 0 3.0
Stannous, octoate, ml . - 0.7 . . 0.7
80/20 mixture 2,4/2, 6 toluene dusocyanate, parts 113 119
TDI index | 105~ 10§
Physical propertles e
- Density, Ibs./ft.® 1.85 . 190
. Tensile strength, p.s.i. 196 - 139
Percent- elongatlon | 130 .. 200
Tear, p 1 2.7, 2.6
S LL.DG . o
Sample thrclmess, in’ | ] 03 . 1.04
Load at 25% deflection 2.1 1.2
Load at 65% deflection 4.5 2.4
Load at 25% rctum | 1.3 0.8
Sag factor * 2.1 2.1
Guide factor 1.2 0.6
C.L.D. (ps.L.): |
Load at 25% deﬂectlonh | 0.91 0.48
Load at 65% deflection 1.61° . 0.89
Compression scts: - - -
- Pecrcent set at 50% compressron - 63
Pcrcent set at 90% compresslon - 6.2 4.1
| 0.35 1.15

was continuously added to the charge over a penod of 33

one hour at 125° C. Upon completion of the addition,

the reactlon mixture was maintained at 125° C. for

twenty minutes. The reaction - mixture was: then

~ stripped for one hour at 105° C. under less than five
'mllllmeters of mercury. ‘The stripped reaction product

60 -,'

- was a homogeneous liquid dispersion having a Brook-

field viscosity at 25° C. of 1772 cps and a hydroxyl
number of 48.- - . -

EXAMPLE v '

A reactlon vessel eqmpped as descnbed In. Example I :.':
was charged with 332 parts of:the unsaturated polyol

described in Example IV(A), above. Nitrogen was bub-

12

bled through the po]yol for about one hour. With stir-
ring and. under a slight nitrogen flow, the charge was
heated to 115° C. and a stream of 75 parts of acryloni-
trile and- 50 parts of styrene and a suspension of 2.5
parts of azobis-(isobutyronitrile) in 168 parts of the
unsaturated polyol was continuously added to the
charge over a period -of ninety minutes. Upon comple—-
tion' of the addition; the reaction mixture was main-
tained :at }15°.C. for one hour. The reaction mixture:
was then stripped for twenty minutes at 115° C. under
less than ten millimeters of mercury. The stripped reac-
tion product- was an off-white:liquid having a Brook-:
field viscosity at 25"' C of 1,300 cps. and a hydroxyl
number:of 47 - |

‘Using a- one-quart capacrty 3% mch dlameter cylm-
drical container equipped with a Lightnin Model V-7
mixer fitted with a 1% inch diameter shrouded mixing
blade and operatively connected to a rheostat control
set-at 140 volts, a suitable 'quantity of polyol, water,
conventional catalysts. and silicone. surfactant was
added- to" the containers. The mixture was stirred for.
about thirty seconds, allowed to set for about fifteen
seconds and then stirring was resumed. After about
sixty seconds elapsed time, the polyisocyanate was
added to the container and the resulting mixture was
stirred for about four to five seconds. The content of
the container was then immediately poured into a card-
board cake box and the foam was allowed to rise
therem After foam rise was completed the resultmg"

. foam was oven cured for about fifteen minutes.

The followmg table, Table 11, sets forth the ingredi- '

‘ents and amounts thereof used to prepare the foams as

well as the physrcal propertles of the foams

Air flow,. c.f.s.

“Polyol prcpared in Example V above.

3.9

- *Polyol prepared by reaction of propylene oxide with giyccrmc (3 000 molecu]ar
: .werght -OH number of 56).

EXAMPLE VI

A series of graft copolymer dlspersmns was prepared

ffollowmg the procedure described in Example 1. In all

cases, (1) a ratio of 10 parts of acrylonitrile to 7.5 parts

65 -of styrene was employed; (2) 5.3 weight percent azobis

(isobutyronitrile) was employed; (3) a temperature of
125° C. was employed; and (4) the addition of the
monomers and the catalyst occurred in about eighty
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minutes, followed by a smty-mmute reaction perlod

The only variable in the series was the polyol em-
ployed. As a control, an essentlally saturated polyol
was used. This polyol is the polyol described in Exam-
ple 1V. Unsaturated polyols were then prepared by
replacing some of the propylene oxide with allylglyei-
dyl ether. The amount of allylglycidyl ether was varied
to prepare polyols of differing degree of unsaturation.

~ Table HI below illustrates graft copolymer dispersions

prepared and the physical properties of the dispersions.
~ TABLE Il
Polvol __ Graft copolymer dispersion -
| S Unsatu-- o - o
- Allyl- ration in - Viscosity, - . Percent
glycidyl polyols cps., 25°  -Absorb-. - trans-
cther, moles mcq./gm.* C. ance - mitted
A 0.00 © 0.045 2,545 1.066  8.59
B - 0.30 - 0.105 . 2,420 0.426 37.5
C (.45 - (153 2,425 0.180 - 662
D (3.75 0.175 2,485

- 0.148 - 71.1

*Millequivalents per gram.

- EXAMPLE VI
Following the procedure described in Example I, a
series of polyols was prepared with varying levels of
‘unsaturation. The base polyol employed was a 3,000
molecular weight propylene oxide adduct of glycerine
(OH number of 56). Maleic anhydride was employed
to impart unsaturation to the polyols. A weight ratio of

85:40 acrylonitrile to styrene monomers was employed.
All of the polyols were then employed in the prepara-

14

pared therefrom. Furthermore, the Table shows that an
increase in unsaturation from 0.6 mole to 0.8 mole per
mole of polyol does not improve the load-bearing prop

~ erties of the foams.

10
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 EXAMPLE VIII

(A) Preparatlon of an Unsaturated Polyether—ester
~ | Diol

A stainless steel autoclave equipped with a thermom-
eter, stirrer, nitrogen source, inlet means and heat ex-
change means was charged with 123 parts (1.25 moles)
of maleic anhydride and 5,000 parts (2.5 moles) of a
2,000 molecular weight polyol prepared by the conden-
sation of propylene oxide with propylene glycol in the

" presence of potassium hydroxide (OH number of

56.5). The charge was purged with nitrogen and heated
to 175° C. With constant stirring, 326 parts (5.62

moles) of propylene oxide was gradually added to the
reaction mixture over 0.5 hour. Upon completion of
the oxide addition, the reaction mixture was main-
tained at 175° C. for eleven hours, at which time the
reaction mixture was cooled to 30° C. and discharged

~from the autoclave. The reaction product was stripped

23

30

tion of polyurethane foams as described in Example V.

The polyols prepared and physical properties thereof,
as well as the physical propertles of the foams resulting
therefrom, are presented in Table IV, below. All foams
were prepared using the following ingredients and

amounts thereof.

35

40

at 100° C. for one hour under less than five millimeters
of mercury to remove unreacted propylene oxide. The
product, a clear golden yellow liquid, had a hydroxyl
number of 54.9, an acid number of 0.34, a refractive |
index at 25°C. of 1.4510 and a Brookfield v1scosny at
27 C. of 475 cps.

(B) Preparatlon of Graft Copolymer Dlspersmn

A reactlon vessel equipped as described above was
charged with 350 parts of the unsaturated polyol pre-
pared in (A), above. The vessel was purged with nitro-
gen and with stirring and under a slight nitrogen flow,
the charge was heated to 115° C. and a mixture of 62.3
parts of acrylonitrile and 62.5 parts of styrene and a
solution of 2.5 parts of azobis-(isobutyronitrile) m 150

parts of the unsaturated polyol was continuously added
to the charge over a period of one hour at 115° C. Upon

-completion of the addition, the reaction mixture was

45

Polyol, grams - 300
Water, grams | | 9.0
Bis(2 N,N'dimethylamineethyl)ether, ml - 0.33
Silicone surfactant, ml. | 3.0
Stannous octoate, ml. | - 0.72
TDI (80/20-2 4- 2,6- lsumer mlxture], Index 105

TABLE IV

Pclycl . A -
Moles of unsaturation (g) (b) 0.2
- Viscosity, cps. at 25° C - 450 1,075 1.510
Physical properties of foam: : |
Density, 1b./ft.? - 1.92 1.88 1.84
Tensile strength, p.s.i. 14.1  20.4 19.3
Percent elongation - 177 133 122
Tear, p.1. 2.6 2.5 2.5
ILL.D. | o - .
Sample thickness, in 1.01 . 1.06 1.04
- Load at 25% deflection 12 - 22 0 23
- Load at 65% deﬂectmn | 2.6 - 4.6 4.7
Sag factor - 2.15 - 208 - 2.03
. Guide factor 06 1.2 1.3
CL.D.: - I
Load at 25% deflection 056 0 094 - 097
Lnad at 65% deﬂectinn. | 1] (}0 | l 56 - 1.59

0.4
1,560

1.83
18.8"
115

23

1.04
2.4
5.1
210
1.3

096
1.73.

maintained at 115° C. for twenty minutes. The reaction
mixture was then stripped for one hour at 105° C.
under less than five millimeters of mercury, The

stripped reaction product was a white homogeneous
hqmd dlspersmn havmg a Brookfield wscosnty at 25° C.

0.6 08 1.0
| 3290 - 4,110

2,750 -

. 1.35
181
- 103

1.86
18.5

- 105
- 23

1.87
192
105
2.5

1.06
2.7
5.7

213
1.4

105 106
26
52
203 .-
e |

.07
1.85

107
190

“Pﬂl}'ﬂ] employed was propylene oxide adduct of glycenne {OH number of 56), essentially free from unsaturation.
*Polyol employed was propylene ﬂmde adduct of glycerine (OH number of 56] essentlally free from unsaturatmn 'in which was

polymerized the 85: 4{} dcr}'lnmtnle styrene monomer mixture. -

Table IV lllustrates that the use of polyols contammg
minor amounts of unsaturation positively affects the

load-bearing propemes of polyurethane foams pre-

of 1725 cps. and a hydroxyl number of 45.3.
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| (C) Prep__sirati'én of Pelyﬂféthané.Fpam

Following the procedure described in Example V,
above two polyurethane foams were prepared. The
ingredients and amounts thereof, as well as the physical
properties of the foams, are presented below.

- TABLE V
Ingredient: | | .
Polyol A, gm - 225 225
Polyol B, gm - 75 |
Polyol C, gm - 75
Water, gm" o .. 105 10.5
Triethylenediamine (30% solution in . o
dipropyl- . | o
ene glycol), ml I i.1
N-ethylmorpholine, ml - 05 0.5
Silicone surfactant, ml | o 2.3 2.3
Stannous octoate, ml | | 0.25 0.25
80/20 2,4- 2,6-toluene dilsocyanate, gm 135 135
TDI index | - | 105 105.5
Physical properties:
Density, 1bs./ft.? - 1.8, 1.8
- Tensile strength, p.s.1. 14.9 169
Percent clongation 175 - 161
Tear, p.i. 2.5 2.1
LL.D.:. - o -
‘Sample thickness, in - 1.05 1.05
Load at 25% deflection 1.25 1.55
Load at 65% deflection - 2.65% 3.15
[Load at 25% return 0.85 1.0
Sag factor | 2.10 2.04
Grade factor 0.7 0.85
CL.D. (psi): = .. |
Load at 25% deflection 0.54 0.66
Load at 85% deflection 0.92. 1.06
. Compression sets: . D S
Percent set at 50% compression 47 6.4
" Percent'set at 90% compression. 52 - .60
Air Flow, c.f.s L 236 . 1.39

o

Notes:

Polyal A = Ethylene oxide capped adduct of 3,000 molecular weight propylene
oxide adduct of glyceral (OH number of 56, 10% by weight of ethylene oxide).
Polyol B = 2,000 molecular weight propylene oxide adduct of propylene glycol.

Polyol C = Unsaturated polyol prepared in Example VII{A), above.

EXAMPLE IX

Preparation of Graft Copolymer Dispersions

A reaction vessel equipped as described in Example 1
‘was charged with 66 parts of the unsaturated polyol
prepared in Example IV(A). With stirring and under a
slight nitrogen flow, the charge was heated to 125° C.

and a mixture of 10 parts of bis(B-chloroethyl)vinyl 45.

phosphonate and S parts of styrene and 0.87 part of
azobis(isobutyronitrile) in 19 parts of the polyol blend
was continuously added to the charge over a period of
one hour at 125° C. Upon completion of the addition,
the reaction mixture was maintained at 125° C. for one
hour. The reaction mixture was then stripped of vola-
tiles for one hour at 125° C. under less than five milli-
meters of mercury. The stripped reaction product had
a Brookfield viscosity of 1120 cps., a hydroxyl number
of 29.5, a phosphorus content of 1.35%, and a chlorine
content of 3.4%.

| EXAMPLE X
(A) Preparation of an Unsaturated Polyether Polyol

A stainless steel autoclave equipped with a thermom-
eter, stirrer, nitrogen source, inlet means and heat ex-
change means was charged with 20.4 parts of propyl-
ene glycol and 292 parts of a 335 molecular weight
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glycidylether (0.3 mole per mole of polyol) was gradu-
ally added to the reaction mixture over 0.5 hour. Upon
completion of the oxide addition, the reaction mixture
was maintained at 105° C. for eight hours. Thereafter,
870 parts of ethylene oxide as added to the reactor over

ninety minutes at a temperature of 105° C. After this

addition, the reactor is heated at 105° C. for one hour
at which time the reaction mixture was cooled to 30° C.
and discharged from the autoclave. The reaction prod-
uct was treated with an adsorbent, filtered to remove
the catalyst and stripped at 100° C. for one hour under
less than five millimeters of mercury to remove unre-
acted propylene oxide. The product, a clear golden
yellow liquid, had a hydroxyl number of 33, an acid
number of 0.01, a refractive index at 25° C. of 1.4534

and an unsaturation level of 0.105 meq./gm..
o (B) Preparation of Graft Copolymer Dispersion

A reaction vessel equipped as described above was
charged with 350 parts of the unsaturated polyol pre-
pared in (A), above. Nitrogen was bubbled through the
polyol for about one hour. With stirring and under a
slight nitrogen flow, the charge was heated to 85° C.
and a mixture of 10 parts of glycidyl methacrylate, 95

- parts of vinylidene chloride and 20 parts of ethylacry-

late and a solution of 1.3 parts of azobis(isobutyroni-
trile) in 150 parts of the unsaturated polyol was contin-

‘uously added to the charge over a period of one hour at

85° C. Upon completion of the addition, the reaction

‘mixture was maintained at 85° C. for one hour. The

‘reaction mixture was then stripped for one hour at 85°
- C. under less than five millimeters of mercury. The
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polyol prepared by the condensation in the presence of |

potassium hydroxide of four moles of propylene oxide
with glycerine. The charge was purged with nitrogen
and heated to 105° C. With constant stirring, a mixture
~of 4579 parts of propylene oxide and 39 parts of allyl-
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stripped reaction product was an opaque liquid disper-

-sion having a Brookfield viscosity at 25° C. of 3250 cps.

and a hydroxyl number of 26.1. -
' EXAMPLE XI

Preparation of Graft Copolymer Dispersion

A reaction vessel equipped as described in Example 1
was charged with 750 parts of the unsaturated polyol
prepared in Example IV(A). Nitrogen was bubbled
through the polyol for about one hour. With stirring
and under a slight nitrogen flow, the charge was heated
to 115° C. and a stream of 250 parts of ethyl hexyl
acrylate and a solution of 5.0 parts of azobis-
(isobutyronitrile) in 250 parts of the unsaturated polyol
was continuously added to the charge over a period of
three hours at 115° C. Upon completion of the addi-
tion, the reaction mixture was maintained at 115°C. for
one hour. The reaction mixture was then stripped for
one hour at 115° C. under less than five millimeters of
mercury. The stripped reaction product was a transpar-
ent liquid having a Brookfield viscosity at 25° C. of 950
cps. and a hydroxyl number of 46.2.

_ EXAMPLE XII
(A) Preparation of an Unsaturated Polyol

A reaction vessel equipped as described in Example |
was charged with 300 parts (0.1 mole) of a 3,000 mo-
lecular weight propylene oxide adduct of glycerine
(OH number of 56) and 0.11 part of sodium and heated

to 120° C. to 130° C. until the sodium was dissolved.

Thereafter the charge was cooled to 85° C. and over a
twenty-minute period 14.2 parts (0.1 mole) of glycidyl

methacrylate was added thereto with constant stirring.

 After the addition of the methacrylate, the reaction

mixture was heated for thirty minutes at 70° C. with an
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adsorbent and filtered to remov_e: the catalyst. The
product was a slightly brown clear liquid having a hy-
droxyl number of 35.

(B) Preparation of Graft Cop_ol-ymer Dispersion

- Following the procedure described in Example 1, a
graft copolymer dispersion was prepared from the fol-
lowing ingredients and amounts thereof:

180 parts of the saturated polyol described in (A),
above - |

20 parts of the unsaturatéd polyol prepared in (A),

-above |

30 parts of styrene

20 parts of acrylonitrile |

1 part of azobis(isobutyronitrile)

The resulting white and uniform dispersion had an

OH number of 45.5 and a Brookfield viscosity at 25°C.

of 2150 cps. - | |
The embodiments of the invention in which an exclu-

sive property or privilege is claimed are defined as

follows: | |

1. A highly stable graft copolymer dispersion pre-
pared by the in situ polymerization in the presence of a
free radical catalyst at a temperature of from 70° C. to
~about 170° C. of |

(a) an ethylenically unsaturated monomer or mixture

of said monomers in

10

18

into the polyol mixture by the reaction of a polyol
‘with an organic compound having both ethylenic
unsaturation and a hydroxyl, carboxyl or epoxy
group or by employing said organic compound as a
reactant in the preparation of the polyol, said poly-
merization carried out by adding the monomer and

the catalyst to the polyol mixture. |
2. The copolymer dispersion of claim 1 wherein the

monomer is styrene. -

3. The copolymer dispersion of claim 1 wherein the

" monomer is a mixture of acrylonitrile and styrene.
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" 4, The copolymer dispersion of claim 1 wherein the
unsaturated polyol mixture comprises a polyol which is
prepared by the reaction of an alkylene oxide with the
reaction product of maleic anhydride with a polyether
polyol having an equivalent weight of from 250 to
5,000. | o

5. The copolymer dispersion of claim 4 wherein the
polyether polyol is an alkylene oxide adduct of glycerol
or propylene glycol. | -

6. The copolymer dispersion of claim 1 wherein the
unsaturated polyol mixture is prepared by the reaction
of a polyhydric alcohol having from two to six hydroxyl

groups with a mixture of propylene oxide and allyl

glycidyl ether.
7. The copolymer dispersion of claim 1 wherein the
catalyst is azobis(isobutyronitrile).

8. The copolymer dispersion of claim 1 wherein the

(b) an unsaturated polyol mixture containing from 30 polyol mixture contains from 0.30 to 0.60 mole of

0.10 mole to 0.70 mole of unsaturation per mole of
- polyol mixture, said unsaturation being incorporated
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unsaturation per mole of polyol mixture.
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