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This invention relates to tobacco ?lters and to novel 
phosphites and polyurethanes. 

It is an object of the present invention to prepare to 
bacco ?lters from foamed polymers. 
Another object is to enhance the flame resistance of 

polyurethane ?lters for tobacco. 
A further object is to make novel phosphorus esters 

of phenol-aldehyde reaction products. 
An additional object is to make novel phosphite esters 

of phenol-aldehyde resins. 
A still further object is to prepare novel phosphates 

and thiophosphates of phenol-aldehyde reaction products. 
Yet another object is to prepare novel polymers from 

phosphorus containing phenol-aldehyde resins. 
An additional object is to prepare polyurethanes hav 

ing improved ?re and ?ame resistance. 
A still further object is to prepare foamed polyurethanes 

from phenol-aldehyde reaction products, e.g., phenol-al 
dehyde resins, having phosphorus containing groupings. 

Still further objects and the entire scope of applicabil 
ity of the present invention will become apparent from 
the detailed description given hereinafter; it should be 
understood, however, that the detailed description and 
speci?c examples, while indicating preferred embodiments 
of the invention, are given by way of illustration only, 
since various changes and modi?cations within the spirit 
and scope of the invention will become apparent to those 
skilled in the art from this detailed description. 

This application is a continuation-in-part of applica— 
tion Serial No. 124,019, ?led July 14, 1961. The entire 
disclosure of the parent application is hereby incor 
porated. 

Various ?lters for tobacco smoke have been proposed 
in the past. Thus, it has been proposed to employ poly 
urethane cellular plastics as tobacco smoke ?lters, Winkler 
Patent 2,770,241. Such polyurethanes and particularly 
polyurethanes prepared from polyethers have unsatisfac 
tory ?ame resistance. It has now been found that by 
employing a phosphorus containing organic reactant as 
one of the components for preparing the polyurethane 
that the ?ame resistance of the ?lter is greatly enhanced. 
Polyurethanes prepared from polyethers which previously 
were unsuited for use as ?lters can be employed satisfac 
torily as a result of the present invention. The phos~ 
phorus substituent also stabilizes the polyurethane. 

In the accompanying drawings which illustrate the 
invention. 
FIGURE 1 is a partially broken away perspective view 

of a cigarette having a ?lter according to the invention; 
FIGURE 2 is an elevation, partially broken away and 

in section of a different embodiment of the invention uti 
lizing a cigarette; 
FIGURE 3 is a view in elevation, partially broken away 

and in section, of a smoking pipe embodying the present 
invention; and 
FIGURE 4 is an enlarged section of a portion of the 

?lter of FIGURE 3. 
Referring more speci?cally to FIGURE 1 there is pro 

vided a cigarette designated generally at 8 comprising 
tobacco 2 and foamed polyurethane ?lter 4 (e.g., the 
foamed reaction product of tris (dipropylene glycol) 
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phosphite and toluene diisocyanate), encased in an over 
all outer paper Wrapper 6. 
As shown in FIGURE 2 a cigarette It) has tobacco 

12 encased in paper Wrapper 14 and foamed phosphorus 
containing polyurethane ?lter 16. In this embodiment of 
the invention the paper does not encase the ?lter. In 
stead the ?lter has a skin 13 of unfoamed polyurethane. 
The skin can be formed during the foaming of the poly 
urethane in conventional fashion. The unfoamed skin 
prevents the escape of smoke from the sides of the ?lter 
when the cigarette is smoked. The skin 18 can be united 
to the paper wrapper 14 with an adhesive. More prefer 
ably the skin is heated brie?y to soften it su?iciently that 
it will adhere directly to the paper. Instead of the un 
foamed polyurethane skin extending slightly beyond the 
foamed polyurethane and being external to the: Wrapper 
at the union, the paper can extend slightly beyond the 
tobacco and be external to the unfoamed polyurethane 
skin at the union. 
FIGURE 3 shows a smoking pipe 20 having a ?lter 22 

of foamed polyurethane. The foamed polyurethane has 
particles 24 of cation exchange resin and anion exchange 
resin dispersed therethrough to assist in the removal of 
objectionable matter, e.g., carcinogenic compounds, nico 
tine and the like, from the smoke. While either cation 
exchange resins or anion exchange resins can be used 
alone, preferably both types of resins are employed to 
gether. To insure thorough dispersal of the ion exchange 
resins through the foamed polyurethane the ion exchange 
material is mixed with at least one of the polyurethane 
forming materials, e.g., with the tris (dipropylene gly 
col) phosphite prior to foaming. As a result in the foam 
ing operation the ion exchange material becomes thor 
oughly dispersed throughout the foamed polyurethane. 
As ion exchange resins there can be employed cation 

exchange resins containing phenolic, carboxyl, sulfonic 
or phosphonic acid groups. 
The cation exchange resin can be in either the free 

acid or salt form, e.g., in the form of the sodium salt. Ex 
amples of such resins include sulfonated styrenedivinyl 
benzene copolymer (available commercially as D‘owex 
50 and Amberlite Ill-120)‘ and the other sulfonated 
resins ‘shown in D’Alelio Patent 2,366,007, sulfonated 
phenol~formaldehyde resin, math-acrylic acid-ethylene 
glycol methacrylate copolymer; acrylic acid-ethylene gly 
col-vinylacetate copolymer and the carboxylic acid resins 
disclosed in D’Alelio Patent 2,340,111, styrene phosphonic 
acid-divinylbenzene copolymer and other copolymers of 
an alkenylaryl phosphonic acid and a cross linking agent 
containing ‘at least two ethylenioally or acetylenic un 
saturated bon-ds, e.g., having at least two vinylidene 
groups. 
As the ‘anion-exchange resin there can be used phenol 

polyalkylene polyamine-fo-rrnaldehyde resins, e.g., phenol 
tetraethylenepentamine formaldehyde resin, quaternary 
ammonium compounds prepared ‘by reacting a tertiary 
amine with a haloalkylated cross-linked copolymer of a 
monovinyl hydrocarbon and a polyvinyl hydrocarbon, 
e.tg., the reaction product of trimethylamine with a chloro~ 
‘methylated, cross~linked copolymer of 92% styrene and 
8% divinylbenzene Amberlite IRA-400), or the re 
action product of triethylenetetramine with chlorometh 
ylated copolymer of 92% styrene and 8% divinylben 
zene IR~45). There can ;be used any of the cation or 
anion exchange resins disclosed in Blank Patent 2,800,908 
or Eirich Patent 2,739,598 or in any of the patents re 
ferred to in Blank or cited against Eirich. 
The ion exchange resins of course should be of small 

particle size, e.g., 50 mesh or smaller (Tyler sieve series). 
The foamed polyurethanes can be made as either open 

or closed cell foams. While for many uses closed cell 
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foams are preferred, in the case of cigarette ?lters there 
normally ‘are employed open cell foams. 

There can be employed conventional polyurethanes 
made from the reaction product of an organic polyiso 
cyanate and polyol containing polyesters or polyethers 
providing at least a portion of the polyol reactants has 
phosphorus in the molecule. 

Thus there can ‘be used polyurethanes from toluene 
diisocyanate and polyol compounds such as polyesters, 
e.g., ethylene glycol propylene glycol adipate resin (mo 
lecular [weight 1900), polyethylene glycol adipate phthal 
ate, polyneopentylene sebacate, the reaction product of 
1,4~butanedio1 with adipic acid and a small amount of 
trimethylol propane, polyethers, e.g., polypropylene gly 
col molecular weight 1075, LG-168 (glycerine-propylene 
oxide adduct molecular weight 1000), 1,2,6-hex-anetriol 
propylene oxide adduct molecular weight 1500 and LE. 
380 (hydroxyl No. about 372 and being a mixture of 
1,1,3-tris[p-(hydroxypropoxy) phenyl1propane and gly 
c'erine-propy-lene oxide adduct {molecular weight about 
265). In place of toluene diisocyanate there can be used 
any of the other polyisocyanates mentioned hereinafter. 

In addition to the polyol set forth above there should 
be at least 5% and preferably 15% to 85% by weight of 
(the total polyol of a phosphorus containing polyol. There 
can beused 100% of phosphorus containing polyols. Ex 
amples of suitable phosphorus containing polyols for use 
alone or in admixture with other polyol-s are given below. 
As suitable phosphorus containing polyurethanes men 

tion is made of the reaction products of toluene diiso 
lcyanate and tris (dipropylene glycol) phosphite, tris 
(polypropylene glycol molecular ‘weight 2025) phosphite, 
dipropylene glycol tetrol diphosphite and the other phos 
phites set forth hereinafter. There can also be used 
phosphonates such as his dipropylene glycol hydroxy 
propoxypropane phosphonate. ‘In place of toluene diiso 
cyaniate there can be used any of the other polyisocyanates 
se-t 'ifont-h below. 

Frequently, as stated above, there is employed a mix 
ture of 5—85% of phosphorus polyol containing reactant 
and another polyol for reaction with the polyisocyanate. 
The phosphorus containing polyol in such event is em 
ployed in an amount su?’icient to enhance the flame re 
sistance of the polyurethane. While phosphates and 
thiophosphates can be employed, it is preferred to employ 
phosphites or phosphonates. 
The polyurethanes can be either of the rigid or ?exible 

type and preferably have a density of 2.5 lb./cu. ft. or 
less although the density can be as high as 6.5 lb./cu. ft. 

Another aspect of the present invention is the prepara 
tion of novel phosphorus containing polyols and the 
formation of polyurethanes from such polyols. The novel 
phosphorus containing polyols can be used in making to 
bacco ?lters. 
Thus oxyalkylated phenol-aldehyde, phenol-ketone, and 

phenol-ketone-aldehyde reaction products, e.g., oxyalkyl 
ated phenol-aldehyde polymers can be transesteriiied with 
a tris hydrocarbon phosphite or tris haloaryl phosphite 
to form a phosphite containing product. One, two or 
three phenol or alcohol groups can be removed from the 
tris substituted phosphite ‘during the transesteri?cation. 
Preferably, all three groups are removed since the result 
ing compounds are more stable. The phosphites obtained 
during this transesteri?oation can be used as stabilizers 
{for vinyl chloride resins, e.g., in an amount of 1%, as 
stabilizers for polyalkylene glycols, e.g., dipropylene gly 
col, diethylene glycol, polypropylene glycol 2025, anti 
oxidants for natural rubber and synthetic rubber, e.g., 
butadiene-styrene copolymer, or as stabilizers for poly 
ethylene and polypropylene. 
The phosphite containing oxyalkylated phenolaldehyde 

resins can be converted to the corresponding phosphates 
by oxidation, e.g., with hydrogen peroxide, and can be 
converted to the corresponding thiophosphates by treat 
ment with sulfur. The phosphates and thiophosphates are 
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4: 
useful as plasticizers for synthetic resins, e.g., poly 
urethanes and vinyl chloride resins. 
The phosphites are easier to make and are more stable 

than the phosphates and thiophosphates and hence are 
preferred. - 

The phosphites, phosphates and thiophosphates of the 
present invention are particularly useful for incorporation 
into urethane systems where they react with the isocyanato 
groups in the growing polymer chain and thus become 
?xed. They can be the sole hydroxyl reactant present 
or they can be used in admixture with other polyhydroxy 
compounds in forming the polyurethanes. Foamed poly 
urethanes can be obtained by adding water prior to or 
simultaneously with the addition of the polyisocyanate. 
Alternatively, there can be uniformly distributed a lique— 
?ed halogen substituted alkane containing at least one‘ 
?uorine in its molecule in liquid form, having a boiling 
point at one atmosphere pressure not higher than 80° 
F. and preferably not lower than —60° F. in either 
the phosphorus containing polymer reactant or the poly; 
isocyanate reactant and then mixing the reactants and 
permitting the temperature of the mixture to rise during 
the ensuing reaction above the boiling point of the lique 
?ed gas to produce a porous polyurethane. Such ?uorine 
containing compounds include dichlorodi?uoromethane, 
dichloromono?uoromethane, chlorodi?uoromethane, di 
chlorotetra?uoroethane. The foams can be formed with 
such- ?uorine containing compounds in the manner de 
scribed in General Tire British Patent 821,342. 
Foamed polyurethanes can be made by either the one 

shot or two step procedure. 
The polyurethanes prepared according to the present 

invention are solids. They have good ?ameproo?ng prop 
erties and in the foamed form are useful as linings for 
textiles, e.g., coats, insulation in building construction, 
upholstery ?lling material, pillows, tobacco ?lters, etc. 
The unfoarned polyurethane products are useful wher 
ever elastomeric polyurethanes can be employed with 
the advantage of improved ?ame and ?re resistance. The 
elastomers can be cured in an oven, e.g., at 110° C. 
The elastomers in thread form can be employed in mak 
ing girdles, etc. 
As examples of polyisocyanates which can be em 

ployed to make the polyurethane there can be used 
toluene-2,4-diisocyanate; toluene 2,6-diisocyanate; 4 
methoxy-l,3-phenylene-diisocyanate; 4-chloro-l,3-phenyl 
ene-diisocyanate; 4-isopropyl-1,3-phenylene diisocyanate; 
4-ethoxy-1,3-phenylene-diisocyanate; 2,4-diisocyanatodi 
phenylether; 3,3-dimethyl-4,4-diisocyanatodiphenylrneth 
ane, mesitylene diisocyanate; durylene diisocyanate; 4,4’ 
methylene-bis (phenylisocyanate), benzidine diisocyanate, 
o-nitro-benzidiene diisocyanate; 4,4'-diisocyanatodiben 
zyl; 1,5-naphthalene diisocyanate; tetramethylene diiso 
cyanate, 3,3’-bitolylene-4,4'-diisocyanate, hexamethylene 
diisocyanate, decarnethylene diisocyanate, tritolyhnethane 
triisocyanate, the reaction product of toluene diisocyanate 
with trimethylolpropane at an NCO/OH ratio of 2:1 
(Mondur CB), the reaction product of toluene diiso 
cyanate with a polyol phosphite at an NCO/ OH ratio of 
2: 1, e.g., when the polyol phosphite is dipropylene glycol 
tetrol diphosphite or tris (Pentaerythritolipolypropylene 
glycol ether) phosphite. 

Alternatively as the polyisocyanate there can be used 
prepolymers made by reacting one or more of the above 
polyisocyanates with a polyhydroxy compound such as a 
polyester having terminal hydroxyl groups, a polyhydric 
alcohol, hydroxy containing glycerides, etc. The pre 
polymers should have terminal isocyanate groups. To 
insure this it is frequently desirable to employ an excess 
of 5% or more of the polyisocyanate in forming the 
prepolymer. 

Typical examples of such prepolymers having iso 
cyanate end groups are those formed from toluene di 
isocyanate and polyhydroxy compounds. In the illustra 
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tive examples a mixture of 80% 2,4-isomer and 20% 2,6 
isomer of toluene diisocyanate was employed to make 
the prepolymer. Thus, there can be used the prepolymers 
from toluene diisocyanate and castor oil, toluene diiso 
cyanate and blown tung oil (or blown linseed oil or blown 
soybean oil), toluene diisocyanate and the polyester of 
ethylene glycol, propylene glycol and adipic acid having 
a molecular weight of 1900 described in Example I of 
Kohrn Patent 2,953,839, as well as the isocyanate termi 
nated prepolymers in Examples II—VIII, inclusive, of the 
Kohrn patent, toluene diisocyanate and polytetrameth 
ylene glycol (1000 molecular weight, toluene diisocyanate 
and polypropylene glycol (molecular Weight 2025 ), 
toluene diisocyanate and dipropylene glycol, toluene di 
isocyanate and polypropylene glycol (molecular weight 
1025), toluene diisocyanate and LG-56 (glycerine pro 
pylene oxide adduct having a molecular weight of 3000), 
toluene diisocyanate and 1,2,6-hexanetriol-propylene ox 
ide adducts having molecular weights of 500, 700, 1500, 
2500, 3000 and 4000, hexamethylene diisocyanate and 
pentaerythritol, toluene diiocyanate and polyethylene 
sebacate, toluene diisocyanate and a mixture of 98% 
polypropylene glycol (molecular Weight 1900) with 2% 
l,2,6'-hexanetriol, toluene diisocyanate and a copolymer 
of ethylene oxide and propylene oxide having a molecular 
weight of 2020, toluene diisocyanate and glyceryl adipate 
phthalate polymer, toluene, diisocyanate and a mixture 
of polypropylene ether glycol molecular weight 995 and 
castor oil described in Example 2 of Kane Patent 2,955, 
091 as Well as the other prepolymers set forth in Ex 
amples 1 and 3-11 of Kane, toluene diisocyanate and 
polypropylene ether glycol (molecular weight 1800) of 
Example I of Swart Patent 2,915,496 and the prepolymers 
of Examples II, III, VI and VIII of the Swart patent, 
toluene diisocyanate and tris (dipropylene glycol) phos 
phite and toluene diisocyanate and tris (polypropylene 
glycol 2025 ) phosphite. 
Any of the conventional basic catalysts employed in 

polyurethane foam technology can be used. These in 
clude N-methyl morpholine, N-ethyl morpholine, tri 
methyl amine, triethylamine, tributylamine and other tri 
alkylamines, 3-diethylaminopropionarnide, heat activated 
catalysts such as triethylamine citrate, 3-morpholinopropi 
onamide, Z-diethylaminoacetamide, the esteri?cation 
product of 1 mole of adipic acid and 2 moles of diethyl 
ethanolamine, 3-diethylamirropropionamide, diethyletha 
nolamine, triethylenediamine, N,N,N',N’-tetrakis (2-hy 
droxypropyl) ethylenediamine (Quadrol), N,N’-dimethyl 
piperazine, N,N - dimethylhexahydroani-line, tribenzyl 
amine 1and sodium phenolate. 
There can also be used tin compounds, e.g., dibutyltin 

dilaurate, dibutyltin diacetate, di-Z-ethylhexyltin oxide, di 
butyltin monolaurate, octylstannoic acid, di-butyltin di 
ethoxide, dibutyltin dioctoate, tributyltin monolaurate, di 
methyltin diacetate, dioctyltin diacetate, dilauryltin diace 
tate, dibutyltin maleate and other hydrocarbontin acylates, 
dibutyltin dimethoxide and other hydrooarbontin alkox 
ides, trimethyltin hydroxide, trimethyltin chloride, tri 
phenyltin hydride, triallyltin chloride, tributyltin ?uoride, 
dibutyltin dibromide, bis (carboethoxymethyl) tin diiodide, 
tributyltin chloride, trioctyltin acetate, butyltin trichloride, 
octyltin tris (thiobutoxide), dimethyltin oxide, diphenyltin 
oxide, stannous octanoate, stannous oleate, as Well as the 
other tin compounds set forth in Hostettler French Patent 
1,212,252. 

Conventional surfactants can ‘be added in an amount of 
1% or less, e.g., 0.2% by Weight of the composition. The 
preferred surfactants are silicones, e.g., polydimethyl 
siloxane having a viscosity of 3 to 100 centistokes, such 
as polydimethyl siloxane (50 centistokes grade); triethoxy 
dimethyl polysiloxane molecular Weight 850 copolymer 
ized with a dimethoxypolyethylene glycol having a molec 
ular Weight of 750 and any of the other siloxanes disclosed 
in Hostettler French Patent 1,212,252. 
The novel hydroxy containing phosphites, phosphates 
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6 
and thiophosphates can be used as the sole hydroxyl 
group containing compounds in forming the polyurethanes 
or they can be replaced in part by other polyhydroxy 
containing compounds such as polyethylene glycol having 
molecular weights of 400 to 3000, polypropylene glycol 
having molecular weights of 400 to 3000, ethylene glycol, 
diethylene glycol, triethylene glycol, propylene glycol, di 
propylene glycol, tripropylene glycol, 1,4-1butanedi0l, thio 
diglycol, glycerol, trimethylolethane, trimethy-lolpropane, 
glycerine~propylene oxide adduct, 1,2,6»he=xanetriol 
propylene oxide adducts having molecular weights of 500, 
700, 1500, 2500, 3000 or 4000, trimethylolphenol, trietha 
nolamine, pentaerythritol, methyl glucoside, castor oil, 
glycerine ethylene oxide adducts, diethanolarnine, ether 
tr-iols from glycerine and propylene oxide having molecu 
lar weights of 265, 1000 and 3000 (available commercially 
as LG-633, LG-168 and LG-56, respectively), sorbitol 
propylene oxide adduct having a molecular Weight of 
1000, pentaerythritol-propylene oxide adducts molecular 
weights 368 and 1000, oxypropylated sucrose, blown lin 
seed oil, iblown soyabean oil, Quadrol, mixed ethylene 
glycol-propylene glycol adipate resin (molecular weight 
1900), polyethylene adipate phthalate, polyneopentylene 
sebacate, tris (dipro-pylene glycol) phosphite, tris (poly 
propylene glycol 2025) phosphite, dipropylene glycol 
tetrol ‘diphosphite, tripropylene glycol hexol tetraphos 
phite, tris (pentaerythritol-polypropylene ‘glycol ether) 
phosphite (molecular weight about 3000), 1-2,6-hexa.ne 
triolpropylene oxide adduct molecular weight 750 (LHT 
240) hexol phosphite, and the product made by reacting 
an excess of 1,4-butanediol with adipic acid and including 
a small amount of trimethylolpropane for each 3000 to 
12,000 molecular weight units of polyester. 
While the polyurethanes produced in general are solids, 

the phosphites, phosphates and thiophosphates from 
which they are made are normally liquids. 
As the oxyalkylated phenol-aldehyde and/or ketone 

condensation products, there can the employed the ‘or 
ganic reaction products of (A) an alpha-beta alkylene 
oxide having 2 to 4 carbon atoms from the ‘group con 
sisting of ethylene oxide, propylene oxide, butylene oxide, 
glycide and methyl glycide with (B) an oxyalkylation sus 
ceptible fusible phenol-aldehyde and/ or ketone condensa— 
tion product. The oxyalkylated phenol-aldehyde and/ or 
ketone condensation products, e.g., resins, are character 
ized by introduction into the molecule at the phenolic 
hydroxyl groups of a plurality of divalent radicals having 
the formula (R10)n in which R1 is a member of the class 
of ethylene, propylene (methylethylene), butylene (ethyl 
ethylene), hydroxypropylene and hydroxybutylene radi 
cals and n is a member varying from 1 to 20; with the 
proviso that an average of at least 2 moles of alkylene 
oxide is introduced into the phenol-aldehyde (and/ or ke 
tone) condensation product. Preferably at least one R10 
radical is introduced ‘for each available phenolic hydroxyl. 
The most preferred alkylene oxide is propylene oxide 

and next to propylene oxide it is preferred to use ethylene 
oxide. 
As starting phenolaaldehyde and/ or ketone condensa 

tion products there can be used any of the phenol-alde 
hyde and/‘or ketone resins disclosed in De Groote Patent 
2,499,365. As the oxyallcylated phenol-aldehyde and/or 
ketone condensation product there can ‘be employed any 
of the oxyalkylated phenola‘aldehyde and/ or ketone resins 
of De Groote. The entire ‘disclosure of the De Groote 
patent is hereby incorporated by reference. There can 
also be used as starting products phenol-ketone condensa 
tion products and mixed phenol-ketone-aldehyde conden 
sation products, e.‘g., of the types. set forth in De Groote. 
The condensation products of the present invention have 
at least 3 phenolic units and at least two aldehyde and/ or 
ketone residues or units. Particularly pertinent portions 
of De Groote are column 5, lines 48-68, Example 1a 
l88a,_inclusive, Examples 203a-211a, inclusive, Examples 
258a—339a, inclusive, column 91, line 72, to column 92, 
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line 17, column 92, 1lines 55-72, column 93, line 9 to 
column 95, line 23, column 97, line 14, to column 99, 
line 72, Examples 1b-19b, inclusive, Examples 24b-26b, 
inclusive, Example 43 b, Examples 48b—6lb, inclusive, Ex 
ample 66b,'Example 74b, column 124, line 53, to‘ column 
125, line 17, column 125, line 39, to column ‘126, line 39 
and all of the tables showing oxyalkylation on columns 
125430, inclusive, the tables on columns l31—l36, inclu 
sive, except for those portions referring to Examples 200a, 
201a, 202a, 195a, 196a, 197a, 213a, 239a, 257a, 351a 
and 344a through 376a. 

Thus, any of the oxyalkylated phenolaldehyde and/ or 
ketone resins of De Groote can be employed as starting 
materials in the present invention. Preferably, the resin 
employed has a hydrocarbon or halogen substituent in the 
ortho or para position to the phenolic hydroxyl, most 
preferably in the para position. However, as indicated, 
trifunetional or higher functional phenols can be em 
ployed. When using phenol per se or meta cresol, for 
example, novolaks can be used. Alternatively, resoles 
can be employed providing the phenol-formaldehyde resin, 
for example, has not reached the infusible stage. 
As examples of phenols which can be used mention is 

made of phenol, m-eresol, o-cresol, p-‘cresol, o-chloro 
phenol, p-ehlorophenol, m-chlorophenol, p-‘bromophenol, 
p-?uoroplhenol, p-ethylphenol, p-butylphenol, p-tertiary 
butylphenol, p-phenylphenol, o-tertiary butylphenol, p 
secondary butylphenol, p-tertiary amylphenol, p-second 
ary amylphenol, p-cyclohexylphenol, resoreinol, 3,4 
Xylenol, bisphenol A, o-tertiary amylp‘henol, p-terti-ary 
hexylphenol, p-octylphenol, p-styrylphenol, cresylic acid, 
p-nonylphenol, p-dodecylphenol, o-dodecylphenol, p 
nonylphenol, p-menthylphenol, p-deeylphenol, p-cumyl 
phenol, p-‘octadecylphenol, p-‘eicosanylphenol, p-tetra 
icosanylp‘henol7 p-isopropylp'henol, o-isopropylphenol, 
t-hyrnol, carvacrol, alpha-naphthol, Abeta-naphthol, hydro 
quinbne and cardanol. As the aldehyde or ketone there 
can be used formaldehyde, furfural, \acetaldehyde, propi 
onaldehyde, ‘butyraldehyde, benzaldehyde, heptaldehyde, 
acrolein, glyoxal, 2-ethyl-3 propyl vaerolein, acetone, meth 
yl ethyl ketone, eyclohexanone and chloroacetone. 

Preferably, the phenol has an alkyl substituent of l to 
24 carbon atoms in the para position or in the ortho posi 
tion. The preferred aldehyde is formaldehyde. Prefer 
ably, the resins have ‘3 to 7 phenolic nuclei with an aver 
age of v4.5 to 5.5 nuclei. However, the resins can have 15 
or even more structural units (as shown on column 99 
of the De Groote patent). 
While De Groote indicates that its oxyalkylated prod— 

ucts should be hydrophyllic this is not an essential feature 
of the present invention since products which are still 
hydrophobic can be employed. 
As previously stated there should be used at least two 

moles of alkylene oxide per mole of phenol-aldehyde 
(and/ or ketone) condensation product and preferably at 
least one R10i radical is introduced per each available 
phenolic hydroxyl. Most preferably at least two moles of 
alkylene oxide (or hydroxyalkylene oxide) are used per 
structural unit of the phenol~aldehyde or phenol-ketone 
resin. There can ‘(be used more of the alkylene oxide, e.g., 
6 to 1; 10 to l; 15 to 1 or 20 to 1 moles per structural 
unit of the resin. For use in (forming ?exible foamed 
polyurethanes ‘desirably at least 6' moles of alkylene oxide, 
preferably propylene oxide are used per structural unit. 
For making rigid foamed polyurethanes it is frequently 
desirable to reduce the alkylene oxide to 1 to 2 moles per 
structural unit in order to ‘get a maximum of ?ame resist 
ance. 
For the tnansesteri?eation of the oxyalkylated phenol 

aldehyde and/ or ketone resin there can be used trihydro 
carbon or trihaloaryl phosphites including trialkyl and 
triaryl phosphites such as triphenyl ‘phosphite, tri-o-cresyl 
phosphite, tri-m-cresyl phosphite, tri-p-cresyl phosphite, 
tr‘i-xylenyl phosphite, tridecyl phosphite, diphenyl decyl 
phosphite and triethyl phosphite as Well as tri-haloaryl 
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8 
phosphites such as tri-ip-chlorophenyl phosphite, tri-o 
chlorophenyl phosphite, etc. 

Preferably, the reaction between the oxyalkylated 
phenol-aldehyde resin and the tri-hydroearbon phosphite 

~ is catalyzed by a dihydrocarbon ('e.\g., aryl or alkyl) or 
dihaloaryl phosphite, e.g., 0.1—1% of diphenyl phosphite, 
di-o~cresyl phosphite, di-p-cresyl phosphite, dimethyl phos 
phite, diethyl phosphite, didecyl phospite, dioetadecyl 
posphite, di-p-chlorophenyl phosphite, etc. Such catalysts 
are neutral and are particularly advantageous: with ther 
mosetting resins since alkaline catalysts tend to advance 
the resin. 

Alkaline catalysts can be employed for the transesteri? 
cation. Such catalysts preferably have a pH of at least 
11 in‘ a 0.1 N solution. Examples of these catalysts are 
sodium phenolate, sodium cresylate, sodium methylate, 
potassium phenolate and sodium vdecylate. They are em— 
ployed in an amount of 0.1-1% of the reactants. 
By utilizing an excess of the oxyalkylated phenol-alde 

hyde or ketone resin, e.g., a ?ve fold excess, calculated 
on the molar ratio_ of the resin structural unit molecular 
weight to the triaryl phosphite molecular weight there 
can be obtained products wherein 3 different resin mole 
cules are attached to a single phosphorus atom. As the 
amount of resin is reduced, the tendency for different hy 
droxyl groups on the same resin molecules reacting with 
a’ single phosphorus atom is increased. When an excess 
of starting oxyalkylated resin is employed to form the 
phosphite it can be left in the phosphite product and uti 
lized as a polyol in forming the polyurethane. 
T 0 determine the amount of isocyanate to employ, a 

sample of the hydroxyalkylated resin phosphite (with 
or without hydroxyalkylated resin) is tested to determine 
its hydroxyl number and then the polyisocyanate is added 
in conventional manner. 

Unless otherwise indicated, all parts and percentages 
are by Weight. 7 

In preparing urethane foams according to the inven 
tion a rigid, foam is made by utilizing a hydroxyl com 
pound or mixture of hydroxyl compounds having a hy 
droxyl number of 350-750; a semi-rigid foam is prepared 
if the hydroxyl number is 75—350 and a ?exible foam is 
prepared if the hydroxyl number is 35—75. 

In general, the higher the alkyl group the lower the 
hydroxyl number. Also, the lower the molecular weight 
of the alkylene oxide the higher the hydroxyl number 
(providing there is not an extra hydroxyl group on the 
alkylene oxide). In preparing urethane foams (and 
other urethane polymers) the following values are of 
interest. 

N0. of Hydroxyl Number 
Resin Unitsin 

Resin 
15E 3E BP 151’ GP 10E10P20P 

Phenolform'alde 
hyde ____________ __ 5 ____ 190 160 46 __.__ 82 65 
Do ____________ __ 7 _.. ._..__ 170 .___ 106 .___ ____ -__ 

Cresol-formalde 
hyde ____________ __ 5 __.. 17B 153 ____ _____ ____ 64 _.__ 

Do ____________ __ 7 .___ _____ 163 __._ 103 ____ ____ ____ 

Butylphenol-formal 
dehyde __________ __ 5 55 150 134 43 88 74 60 34 

7 .__.____ 143 ____ 94 _-_. 65 ____ 

5 ____ _____ 122 ____ _____ __._ ____ _ 

7 ___. ________ ._ .___ 91 c.._ ____ __._ 

5 _.__ _____ 115 _... _-___ 68 56 ____ 

D0 ____________ __ 7 ____ ________ __ ____ 85 ____ ___. _.__ 

Ohlorophenol-formal 
dehyde __________ __ 5 _.._ .____ 150 ___- _____ ____ 63 -___ 

In the above table the term 3E signi?es three ethylene 
oxide groups per resin unit, 3P signi?es three propylene 
oxide groups per resin unit, 6P signi?es six propylene oxide 
groups per resin unit, 10E signi?es ten ethylene oxide 
groups per resin unit, 101’ signi?es ten propylene oxide 
groups per resin unit, 15? signi?es ?fteen propylene oxide 
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groups per resin unit, 15E signi?es ?fteen ethylene oxide 
groups per resin unit, and 20? signi?es twenty propylene 
oxide groups per resin unit. 

Unless otherwise indicated, in the following examples 
the oxyalkylated phenol-formaldehyde and/ or ketone 
resins had about 5 phenol units in the molecule. 

Example 1 
One mole of the oxyethylated p-tertiary butylphenol 

formaldehyde resin of Example lb of the De Groote 
patent (having about 5 phenol units in the resin molecule 
and 11 moles of ethylene oxide per phenol unit) was 
mixed with one mole of triphenyl phosphite (310 grams) 
and 3 grams of diphenyl phosphite. The mixture was 
heated in vacuo (10 mm.) at 120° C. and phenol was 
collected until approximately 3 moles had distilled over. 
The tris oxyethylated p~tertiary butylphenol-formaldehyde 
resin phosphite formed was a viscous liquid and can be 
represented by the formula 

10 

15 

1% 
Example 6 

The process of Example 5 was repeated but the oxy 
propylated phenol-formaldehyde novolak employed had 
15 propylene oxide groups per phenol unit in the resin 
molecule. There was recovered the tris oxypropylated 
phenol-formaldehyde novolak phosphite as a viscous 
liquid after recovery of three moles of phenol. 

Example 7 

The process of Example 4 was repeated utilizing an 
oxyethylated phenol-formaldehyde novolak having 10 
ethylene oxide groups per phenol unit in the resin mole 
cule. 

Example 8 
The process of Example 5 was repeated but the oxy 

propylated phenol-formaldehyde novolak employed had 
10 propylene oxide groups per phenol unit in the resin 
molecule. 

OZ 

1 OZ 

CAI-I9 \ C4110 J3 C4HD 

‘Where Z is the grouping 

C 4119 \ 04119 J 3 04119 

This formula is representative only and the ester link 
ages for the phosphorus, for example, might be present 
on other units of the resin molecule instead. 

Example 2 

One mole of the oxypropylated p-tertiary butylphenol 
formaldehyde resin of Example 2b of De Groote (con 
taining about 8.6 moles of ethylene oxide per phenol 
unit in the resin molecule) was mixed with one mole of 
triphenyl phosphite and 2 grams of diphenyl phosphite; 
The mixture was heated in vacuo (10 mm.) at 120° C. 
and the phenol formed was distilled and collected until 
about 3 moles had distilled over. The tris oxypropylated 
p-tertiary butylphenol-formaldehyde resin phosphite 
formed was a viscous liquid. 

Example 3 

The process of Example 2 was repeated but distillation 
was stopped when one mole of phenol had come over. 
The product was monooxypropylated p-tertiary butyl 
phenol-formaldehyde resin phosphite. 

Example 4 
The process of Example 1 was repeated using an oxy 

ethylated phenol-formaldehyde novolak having 3 ethylene 
oxide groups per phenol unit in the resin molecule. There 
was recovered the tris oxyethylated phenol-formaldehyde 
resin phosphite. 

Example 5 

The process of Example 4 was repeated but there was 
used an oxypropylated phenol-formaldehyde novolak hav 
ing 3 propylene oxide groups per phenol unit in the resin 
molecule. There was recovered the tris oxypropylated 
phenol-formaldehyde resin phosphite after removal of 
three moles of phenol by distillation. 
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Example 9 

The process of Example 5 was repeated but the oxy 
propylated phenol-formaldehyde novolak employed had 
20 propylene oxide groups per phenol unit in the resin 
molecule. 

Example 10 
One mole of oxypropylated thermosetting phenol~ 

formaldehyde resin having 15 propylene oxide groups per 
phenol unit was mixed with one mole of triphenyl phos~ 
phite and 2 grams of didecyl phosphite. The mixture was 
heated in the vacuo (10 mm.) and three moles of phenol 
removed by distillation to recover the tris oxypropylated 
phenol-formaldehyde resin phosphite. 

Example 11 
One mole of oxypropylated phenol-formaldehyde novo 

lak having 7 phenol units in the resin molecule and having 
6 propylene oxide groups per phenol unit was mixed with 
one mole of trioctyl phosphite and 2 grams of dioctyl 
phosphite. The mixture was heated in vacuo (10 mm.) 
until three moles of octyl alcohol were removed by dis 
tillation to recover the tris oxypropylated phenol-form 
aldehyde novolak phosphite. 

Example 12 
One mole of oxypropylated p-cresol-formaldehyde resin 

having 5 cresol units in the resin molecule and having 
3 ethylene oxide groups per cresol unit was mixed with 
one mole (310 grams) of triphenyl phosphite and 3 grams 
of diphenyl phosphite. The mixture was heated in vacuo 
(10 mm.) until three moles of phenol were removed by 
distillation to recover the tris oxyethylated cresol-form 
aldehyde resin phosphite. 

Example 13 
The process of Example 12 was repeated replacing the 
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oxyethylated p-cresol-formaldehyde resin by an oxypro~ 
pylated o-cresol-formaldehyde resin having 3 propylene 
oxide units per cresol unit. The product recovered was 
tris oxypropylated o-cresoléformaldehyde resin phosphite. 

Example 14 

The process of Example 13 was repeated using oxy 
propylated p-cresol-formaldehyde resin having 5 cresol 
units in the resin molecule and having 10 propylene oxide 
units per cresol unit. The tris oxypropylated o-cresol 
formaldehyde resin phosphite was recovered as a substan 
tially colorless viscous liquid. 

Example 15 

One mole of oxypropylated p-cresol-formaldehyde resin 
having 7 cresol units in the resin molecule and having 
6 propylene oxide groups per cresol unit was mixed with 
one mole of triphenyl phosphite and 3 grams of diphenyl 
phosphite. The mixture was heated in vacuo (10 mm.) 
until about three moles of phenol were removed by dis 
tillation to recover the tris oxypropylated p-cresol-form 
aldehyde resin phosphite. 

Example 16 
One mole of oxypropylated p-tertiary butylphenol 

formaldehyde resin having 5 butylphenol units in the 
resin molecule and having 2 propylene oxide groups per 
butylphenol unit was mixed with one mole of triphenyl 
phosphite and 3 grams of diphenyl phosphite. The mix 
ture was heated in vacuo (10 mm.) until about three 
moles of phenol were removed by distillation to recover 
the tris oxypropylated p-tertiary butylphenol-formalde 
hyde resin phosphite. 

Example .17 
One mole of oxyethylated o-n-butylphenol-formalde 

hyde resin having 5 butylphenol units in the resin molecule 
and having 3 ethylene oxide ‘groups per butylphenol unit 
was mixed with one mole of triphenyl phosphite and 3 
grams of dicresyl phosphite. The mixture was heated 
in vacuo (10 mm.) until three moles of phenol were re 
moved by distillation to recover the tris oxyethylated o-n 
butylphenol-formaldehyde resin phosphite. 

Example 18 

The process of Example '17 was repeated using oxy 
ethylated p-secondary butylphenol-formaldehyde resin 
having ‘15 ethylene oxide groups per butylphenol unit. 
There ‘was recovered tris oxyethylated p-secondary butyl 
phenol-formaldehyde resin phosphite as a viscous liquid. 

Example .79 

One mole of oxypropylated p-tertiary butylphenol-form 
aldehyde resin having 5 butylphenol units in the resin 
molecule and having 3 propylene oxide groups per butyl 
phenol unit was mixed with one mole of triphenyl phos 
phite and 3 grams of diphenyl phosphite. The mixture 
was heated in vacuo (10‘ mm.) until about three moles 
of phenol were removed by distillation to recover the 
tris oxypropylated p-tertiary ‘butylphenol-formaldehyde 
resin phosphite. 

Example 20 

One mole of oxypropylated p-tertiary butylphenol-form 
aldehyde resin having 5 butylphenol units in ‘the resin 
molecule and having 15 propylene oxide groups per butyl 
phenol unit was mixed with one mole of triphenyl phos 
phite (310 grams) and 2.5 grams of diphenyl phosphite. 
The mixture was heated in vacuo (10 1mm.) until about 
three moles of phenol were removed by distillation to 
recover the tris oxypropylated p-tertiary butylphenol 
tormaldehyde resin phosphite as a viscous liquid. 

Example 21 

The process of Example 20 was repeated but the oxy~ 
propylated p-tertiary butylphenol~tormaldehyde resin em 
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12 
ployed had 6 propylene oxide groups per butylphenol 
unit. 

Example 22 

One mole of oxypropylated p~tertiary butylphenol-form 
aldehyde resin having 5 butylphenol units in the resin 
molecule and having 10‘ propylene oxide groups per butyl 
phenol unit was mixed with one mole of triphenyl phos 
phite and 3 grams of diphenyl phosphite. The mixture 
was heated in vacuo (10 mm.) until about three moles 
(282 grams) of phenol were removed by distillation to 
recover the tris oxypropylated p-ter-tiary butylphenol-form. 
aldehyde resin phosphite ‘as a colorless viscous liquid. 

Example 23 

The process of Example 22 was repeated replacing the 
oxypropylated resin vby one mole of oxyethylated p-terti 
ary butylphenol-formaldehyde resin having 10‘ ethylene 
oxide groups per butylphenol unit. The product re 
covered was tris oxyethylated p-tertiary butylphenol-form 
aldehyde resin phosphite as a liquid. 

Example 24 

The process of Example 22 was repeated replacing 
the oxypropylated resin by one mole of oxypropylated p 
tertiary butylphenol-formaldehyde resin having 20‘ pro 
pylene oxide groups per butylphenol unit. The product 
recovered was tris oxypropylated p-tertiary'butylphenol 
formaldehyde resin phosphite as a colorless liquid. 

Example 25 
The process of Example 22 was repeated replacing the 

oxypropylated resin by one mole of oxypropylated p-n 
butylphenol-butyraldehyde resin having 10* propylene ox 
ide groups per butylphenol unit. The product recovered 
was tris oxypropylated p-n~butylphenol-butyraldehyde 
resin phosphite as a colorless liquid. 

Example 26 

The process of Example 22 was repeated replacing the 
oxypropylated resin by one mole of oxypropylated p 
tertiary butylphenol-fur'fural resin having 10 propylene 
oxide groups per butylphenol unit. The product re 
covered was tris oxypropylated p-tertiary butylphenol 
furfural resin phosphite. 

Example 27 
The process of Example 22 was repeated replacing the 

oxypropylated resin by one mole of oxypropylated p-terti 
ary butylphenol-formaldehyde resin having 7 butylphenol 
units in the resin molecule and having 6 propylene oxide 
groups per butylphenol unit. The product recovered was 
tris oxypropylated p-tertiary butylphenol-formaldehyde 
resin phosphite. 

Example 27a 

The pro‘ces of Example 22 was repeated replacing the 
oxypropylated resin by onermol of oxypropylated p-terti 
ary butylphenol-formaldehyde resin having 7 butylphenol 
units in the resin molecule and having 10 propylene oxide 
groups per butylphenol unit. The product recovered was 
tris oxypropylated p-tertiary butylphenol-formaldehyde 
resin phosphite as a liquid. 

Example 28 
The process of Example 22 was repeated replacing 

the oxypropylated resin by one mole of oxypropylated 
p-tertiary amylphenol-formaldehyde resin having 5 amyl 
phenol ‘units in the resin molecule and having 3 propylene 
oxide groups per amylphenol unit. The product recov— 
ered was tris oxypropylated p-tertiary amylphenol-formal 
dehyde resin phosphite. 

Example 29 

The process of Example 28 was repeated but the oxy 
propylated amylphenol-formaldehyde resin had 10‘ pro 
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pylene oxide groups per amylphenol unit. The phosphite 
product recovered was a viscous liquid. 

Example 30 

The process of Example 22 was repeated replacing the 
oxypropylated resin by one mole of oxypropylated p 
tertiary amylphenol-formaldehyde resin having 7 amyl 
phenol units in the resin molecule and having 6 propylene 
oxide groups per amylphenol unit. The product recov 
ered was tris oxypropylated p-tertiary amylphenol-form 
aldehyde resin phosphite. 

Example 31 

The process of Example 22 was repeated replacing the 
oxypropylated resin by one mole of oxypropylated octyl 
phenol-formaldehyde resin having 5 octylphenol units in 
the resin molecule and having 2 propylene oxide groups 
per octylphenol unit. The product recovered was tris 
oxypropylated p-octylphenol-formaldehyde resin phos 
phite. 

Example 32 

The process of Example 31 was repeated by the oxy 
propylated p-octylphenol-formaldehyde resin used had 10 
propylene oxide groups per octylphenol unit. The tris 
oxypropylated p-octylphenol-formaldehyde resin phos 
phite recovered was a viscous liquid. 

Example 33 

The process of Example 31 was repeated but the oxy 
propylated p-octylphenol-formaldehyde resin used had 3 
propylene oxide groups per octylphenol unit. 

Example 33a 
The process of Example 31 was repeated but the start 

ing resin was replaced by oxyethylated p-octylphenol 
formaldehyde resin having 10 ethylene oxide groups per 
octylphenol unit. The tris oxyethylated p'octylphenol 
formaldehyde resin phosphite was a viscous liquid. 

Example 34 

The process of Example 31 was repeated but the oxy 
propylated resin employed was oxypropylated p-octyl 
phenol-formaldehyde resin having 7 octylphenol units and 
having 6 propylene oxide groups per octylphenol unit. 

Example 35 

The process of Example 22 was repeated but the start 
ing resin was oxypropylated p-dodecylphenOl-formalde 
hyde resin having 10 propylene oxide groups per dodecyl 
phenol unit. There was recovered tris oxypropylated 
dodecylphenol-formaldehyde resin phosphite as a liquid. 

Example 36 

The process of Example 22 was repeated but the start 
ing resin was oxypropylated p-chlorophenol-formaldehyde 
resin having 10 propylene oxide groups per chlorophenol 
unit. There was recovered tris oxypropylated p-chloro 
phenol-formaldehyde resin phosphite as a liquid. 

Example 37 

The process of Example 36 was repeated but the start~ 
ing oxypropylated resin had 3 propylene oxide groups 
per chlorophenol unit. 

Example 38 

The process of Example 22 was repeated replacing the 
starting resin with p-nonylphenol-formaldehyde resin hav 
ing 5 nonylphenol units in the resin molecule and having 
2 ethylene oxide units per nonylphen'ol unit. There was 
recovered tris oxyethylated p-nonylphenol-formaldehyde 
resin phosphite. 
As previously indicated, the corresponding phosphates 

can be prepared by oxidizing the corresponding phos 
phites, e.g., with hydrogen peroxide (either 30% or 50% 
concentration) or Other peroxy compounds, e.g., per 
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acetic acid. The peroxy compound is used in an amount 
which is stoichiometrically equivalent to the amount of 
phosphorus present. 

Example 39 

To the tris oxypropylated p-tertiary butylphenol-form 
aldehyde resin phosphite of Example 22 there was added 
an equimolecular amount of 50% aqueous hydrogen per 
oxide. After reaction was complete, the water was dis 
tilled off leaving a residue of tris oxypropylated p-tertiary 
butylphenol-formaldehyde resin phosphate as a liquid. 

In place of the phosphite resin of Example 22 in a 
similar manner there can be converted into phosphates 
any of the other phosphite resins of Examples 1~21 and 
23-38. 

Example 40 

To the tris \oxypropylated p-tertiary butylphenol-form 
aldehyde resin phosphite of Example 22 there was added 
an equimolecular amount of elemental sulfur. The mix 
ture was heated to 1‘10-130" C. for one hour. The prod 
uct was tris oxypropylated p-tertiary butylphenol-form 
aldehyde resin thiophosphate as a liquid. 

In place of the phosphite resin of Example 22 in a 
similar manner there can be converted into thiophosphates 
any of the other phosphite resins of Examples 1-21 and 
23-38. 

In the following Examples 41-69 a one shot foam was 
prepared by utilizing the following standard formulation 
in a 10 ounce cup. 

Grams 
Water ____________________________________ __ 0.37 

Dibutyltin dilaurate _________________________ __ 0.07 

Polydimethyl siloxane _______________________ __ 0.12 
N-ethyl morpholine _________________________ __ 0.1 

Polyol _____________________________ __ As indicated 

This mixture is designated in the following examples 
as Formulation A. 
Foams were made by adding Formulation A to 5.2 

gnams of toluene ‘diisocyanate (a mixture of 80% of the 
2,4-isomer and 20% of the 2,61isomer). The foams pre 
pared were placed in a 110° C. curing oven for 20 min 
utes. 
The 80:20 mixture of toluene diisocyanates was used 

in all of the following examples. 

Example 41 
The polyol used in Formulation A was 15.4 grams of 

the tris oxypropylated p-tertiary butylphenol-formalde 
hyde resin phosphite prepared in Example 22. Upon addi 
tion of the 5.2 grams of toluene diisocyanate there was 
formed a solid polyurethane foam. 

Example 42 

The polyol used in Formulation A was the same as 
that in Example 41. The water was omitted from Form 
ulation A and 5.2 grams of the toluene diisocyanate 
(80:20 ratio of 2,4 and 2,6-isomers) were added. After 
prepolymer formation was complete, there was added 0.37 
gram of water with strong stirring to obtain a solid 
foamed product. 

Example 43 

The polyol used in Formulation A was a mixture of 7.7 
grams of the polyol used in Example 41 together with 7.2 
grams of LG—56. After addition of the 5.2 grams of 
§oluene diisocyanate, there Was obtained a nice solid 
‘0am. 

Example 44 

The polyol used in Formulation A was a mixture of 
2.1 grams of the tris oxyethylated phenol-formaldehyde 
resin phosphite of Example 4 and 7 grams of polyprop 
ylene glycol 2025. Upon addition of 5 .2 grams of toluene 
diisocyanate a solid foamed polymer was produced. 
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Example 45 
The polyol used in Formulation A was a mixture of 

2.5 grams of the tris oxypropylated phenol-formaldehyde. 
resin phosphite of Example 5 and- 7.2 grams of LG-56. 
Upon addition of 5.2 grams of toluene diisocyanate a solid 
foamed polymer was produced. 

Example 46 
The polyol used in Formulation A was 17.2 grams of 

the tris oxypropylated phenolformaldehyde resin phos 
phite of Example 6. Upon addition of 5.2 grams of 
toluene diisocyanate a solid foamed polymer was pro 
duced. 
A similar foam was prepared using the phosphite of 

Example 10. I 
Example 47 

The polyol used in Formulation A was a mixture of 
7.3 grams of the tris oxypropylated phenol-formaldehyde 
resin phosphite of Example 11 and 7.2 grams of LG-56. 
Upon addition of 5.2 grams of toluene diisocyanate a solid 
foamed polymer was produced. 

Example 48 

The polyol used in Formulation A was a mixture of 
2.7 grams of the tris oxypropylated cresol-formaldehyde 
resin phosphite of Example 13 and 7.2 grams of LG-56. 
Upon addition of 5.2 grams of toluene diisocyanate a 
foamed polymer was produced. 

Example 49 
The polyol used in Formulation A was a mixture of 

7 grams of the tris oxypropylated cresol-formaldehyde 
resin phosphite of Example 14 and 7 grams of polyprop 
ylene glycol 2025. Upon addition of 5.2 grams of toluene 
diisocyanate a solid foamed polymer was produced. 

Example 50 
The polyol used in Formulation A was a mixture of 

2.5 grams of the tris oxyethylated butylphenol-formalde 
hyde resin phosphite of Example 16 and 7.2 grams of LG 
56. Upon addition of 5.2 grams of toluene diisocyanate 
a solid foamed polymer was produced. 

Example 51 
The polyol employed in Formulation A was 14.4 grams 

of the tris oxyethylated butylphenol-formaldehyde resin 
phosphite of Example 18. Upon addition of 5 .2 grams of 
toluene diisocyanate a solid foamed polymer was pro 
duced. 

Example 52 

The polyol employed in Formulation A was a mixture of 
2.7 grams of the tris oxyethylated butylphenol-formalde 
hyde resin phosphite of Example 17 and 7.2 grams of 
LG-56. Upon addition of 5.2 grams of toluene diisocy 
anate a solid foamed polymer was produced. 

Example 53 
The polyol employed in Formulation A was a mixture of 

9.3 grams of the tris oxypropylated butylphenol-formalde 
hyde resin phosphite of Example 20 and 7.2 grams of 
LG-56. Upon addition of 5.2 grams of toluene diisocy 
anate a solid foamed polymer was produced. 

Example 54 

The polyol employed in Formulation A was a mixture of 
4.5 grams of the tris oxypropylated butylphenol-formalde 
hyde resin phosphite of Example 21 and 7.2 grams of poly~ 
propylene glycol 2025. A solid foam was formed upon 
the addition of 5.2 grams of toluene diisocyanate. 

Example 55 

The polyol employed in Formulation A was a mixture of 
5.5 grams of the tris oxyethylated butylphenol-formalde 
hyde resin phosphite of Example 23 and 7.2 grams of 
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LG-56. A solid foam was formed upon the addition of 
5 .2 grams of toluene diisocyanate. 

Example 56 
The polyol employed in Formulation A was a mixture of 

12 grams of the tris oxypropylated butylphenol-formalde 
hyde resin phosphite of Example 24 and 7.2 grams of 
LG-56. The foam was produced upon the addition of 
5.2 grams of toluene diisocyanate. 

Example 57 

The polyol employed in Formulation A was a mixture of 
5.7 grams of the tris oxyethylated butylphenol-formalde 
hyde resin phosphite of Example 1 and 7.2 grams of poly 
propylene glycol 2025. The foam was produced upon 
the addition of 5 .2 grams of toluene diisocyanate. 

Example 58 
The polyol employed in Formulation A was a mixture 

of 5.7 grams of the tris oxypropylated butylphenol-forrnal 
dehyde resin phosphite of Example 2 and 7.2 grams of 
LG-56. The solid foam was produced upon the addition 
of 5.2 grams of toluene diisocyanate. 

Example 59 

The polyol employed in Formulation A was a mixture 
of 3.8 grams of the tris oxypropylated butylphenol-formal 
dehyde resin phosphite of Example 27 and 7.2 grams of 
LG-56. A solid foam was produced upon the addition 
of 5.2 grams of toluene diisocyanate. 

Example 60 

The polyol employed in Formulation A Was a mixture 
of 6 grams of the tris oxypropylated butylphenol-formal 
dehyde resin phosphite of Example 27 and 7.2 grams of 
LG—56. A solid foam was produced upon the addition 
of 5.2 grams of toluene diisocyanate. 

Example 61 

The polyol employed in Formulation A was 13.8 grams 
of the tris oxypropylated butylphenol-butyraldehyde resin 
phosphite of Example 25. A solid foam was formed 
upon the addition of 5.2 grams of toluene diisocyanate. 

Example 62 

The polyol employed in Formulation A was 14.4 grams 
of the tris oxypropylated butylphenol-furfural resin phos 
phite of Example 26. A solid foam was formed upon 
the addition of 5.2 grams of toluene diisocyanate. 

Example 63 

The polyol employed in Formulation A was 14.4 grams 
of the tris oxypropylated amylphenol-formaldehyde resin 
phosphite of Example 29. A solid foam was formed 
upon the addition of 5 .2 grams of toluene diisocyanate. 

Example 64 

The polyol employed in Formulation A was a mixture 
of 3 grams of the tris oxypropylated octylphenol-formal 
dehyde resin phosphite of Example 31 and 7.2 grams of 
polypropylene glycol 2025. A solid foam was formed 
upon the addition of 5 .2 grams-of toluene diisocyanate. 

Example 65 

The polyol employed was a mixture of 6 grams of 
the tris oxyethylated octylphenol-formaldehyde resin phos 
phite of Example 33a and 7.2 grams of LG-56. A solid 
foam was formed upon the addition of 5.2 grams of 
toluene diisocyanate. 

Example 66 

The polyol employed was 14.4 grams of the tris oxy 
propylated octylphenol-formaldehyde resin phosphite of 
Example 32. A solid foam was formed upon the addi 
tion of 5.2 grams of toluene diisocyanate. 
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Example 66a 
The polyol employed was a mixture of 6.5 grams of 

the tris oxypropylated chlorophenol-formaldehyde resin 
phosphite of Example 36 and 7.2 grams of LG-56. Upon 
the addition of 5.2 grams of toluene diisocyanate a solid 
foam was produced. 

Example 67 
The polyol employed was 14.4 grams of the tris oxy 

propylated dodecylphenol-formaldehyde resin phosphite 
of Example 35. Upon the addition of 5.2 grams of tolu 
ene diisocyanate a solid foam was produced. 

Example 68 
The polyol employed was a mixture of 2.9 grams of the 

tris oxypropylated nonylphenol-formaldehyde resin phos 
phite of Example 38 and 7.2 grams of LG-56. Upon 
the addition of 5.2 grams of toluene diisocyanate a solid 
foam was produced. 

Example 69 

The polyol employed was 14.4 grams of the tris oxy 
propylated butylphenol-formaldehyde resin phosphate of 
Example 39. Upon the addition of 5 .2 grams of toluene 
diisocyanate a solid foam was produced. 

Example 70 

The polyol employed was 14.4 grams of the tris oxy 
propylated butylphenol-formaldehyde resin thiophosphate 
of Example 40. Upon the addition of 5.2 grams of 
toluene diisocyanate a solid foam was produced. 

Example 71 

237 grams of (0.021 mole) of the tris oxypropylated 
butylphenol-formaldehyde resin phosphite of Example 22 
and 95 grams (0.55 mole) of toluene diisocyanate were 
heated together at 90° C. for one hour and dissolved in 
400 ml. of dimethyl forrnamide solvent and portions were 
painted on (a) glass dish, (12) a steel plate and (c) a 
piece of wood. The samples were placed in an oven at 
120° C. for one hour to remove the solvent and then air 
cured for 4 hours. In all cases a clear resin coating was 
obtained. The coating acted as a ?re retardant. The 
polyurethane formed was useful therefore as a nonburning 
paint. 

Example 72 

The process of Example 1 was repeated using an oxy 
propylated phenol-formaldehyde novolak having 3 phe 
nolic units and 2 methylene groups. There were 3 pro~ 
pylene oxide groups per phenol unit. There were em 
ployed 5 moles of the novolak per mole of triphenyl 
phosphite and ‘0.102 mole of diphenyl phosphite. The dis 
tillation was continued until about 3 moles of phenol had 
distilled overv 

Example 73 

The process of Example 1 was repeated utilizing the 
resin of De Groote Example 327a which had been etheri 
?ed with 250 grams of propylene oxide per 167 grams of 
resin. One mole of the oxypropylated resin was used 
with one mole of triphenyl phosphite and 3 grams of di 
phenyl phosphite. 

Example 74 

The process of Example 1 was repeated utilizing the 
resin of Example 317a. of De Groote which had been 
further reacted with 3 moles of propylene oxide per 
phenolic hydroxyl group. 

Example 75 
The polyol used in Formulation A was a mixture of 

7.2 grams of LG-56 and 2.5 grams a tris oxypropylated 
phenol-formaldehyde novolak phosphite having 5 phe 
nolic groups and having 1 propylene oxide unit for each 
phenolic group and having a hydroxyl number of about 
190. The oxypropylated novolak phosphite included 
some free oxypropylated novolak as a result of incomplete 
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esteri?cation. Upon addition of 5 .2 grams of toluene div 
isocyanate a solid foamed polymer was produced. 
The phospbites prepared in Example 72, 73 and 74 can 

be similarly converted into foamed polyurethanes by re 
placing the tris oxypropylated phenolformaldehyde resin 
in Example 45 by the equivalent weight of the phosphites 
prepared in Examples 72,73 and 74. Thus, there can be 
used about 2.4 grams of the resin phosphite of Example 
74 with 7.2 grams of LG-S 6 in Formulation A with ad 
dition of 5.2 grams of toluene diisocyanate to form a. 
solid foamed polymer. 

I claim: 
1. A member of the group consisting of phosphite, 

phosphate and thiophosphate esters of oxyalkylated phe 
nol-aldehyde and phenol-ketone resins, said resins being 
characterized by etheri?cation of the resin molecule at 
the phenolic oxygens thereof by at least two divalent oxy 
alkylene radicals having the formula (R10)n in which 
R1 is a member of the group consisting of ethylene radi 
cals, propylene radicals, butylene radicals, hydroxy 
propylene radicals and hydroxybutylene radicals, n is an 
integer of at least one, the phosphorus is attached to a 
terminal oxygen of at least one of said divalent radicals 
and at least a portion of the remainder of said divalent 
radicals terminating in hydrogen. 

2. A polyoxyalkylated phenol-aldehyde resin phos 
phite, said resin being characterized by etheri?cation of 
the molecule at the phenolic oxygens by a plurality of 
divalent unsubstituted polyoxyalkylene radicals having 
the formula (R20)n in which R2 is a saturated aliphatic 
hydrocarbon radical having 2 to 3 carbon atoms, n is an 
integer of at least 2, the phosphorus having its valences 
satis?ed by a terminal oxygen of said divalent radicals, 
the remainder of said divalent radicals terminating in 
hydrogen atoms, there being at least two free hydroxy 
groups present in said phosphite. 

3. A polyoxyalkylated phenol aldehyde resin phos 
phite, said resin being characterized by etheri?cation of 
the molecule at the phenolic oxygens by a plurality of 
divalent radicals of the formula (R30)n in which R3 is 
propylene and n is an integer, the phosphorus having its 
valences satis?ed by a terminal oxygen of said divalent 
radicals, the remainder of said divalent radicals termi 
nating in hydrogen atoms, there being at least two free 
hydroxyl groups present in said phosphite. 

4. A polyoxyalkylated phenol-ketone resin phosphite, 
said resin being characterized by etheri?cation of the 
molecule at the phenolic oxygen by a plurality of diva 
lent radicals having the formula (R20)n when R2 is a 
divalent aliphatic hydrocarbon radical having 2 to 3 car 
bon atoms, n is an integer of at least one, the phosphorus 
having its valences satis?ed by terminal oxygens of said 
divalent radicals, the remainder of said divalent radicals 
terminating in hydrogen atoms, there being at least two 
free hydroxyl groups present in said phosphite. 

5. A tris polyoxyalkylated phenol-aldehyde resin phos 
phite, said resin being characterized by etheri?cation of 
the resin molecule at the phenolic oxygen by a plurality 
of divalent unsubstituted polyoxyalkylene radicals having 
the formula (R20)n wherein R2 is an alkylene radical 
having 2 to 3 carbon atoms and n is an integer of at least 
one, the phosphorus atom having each of its valences 
satis?ed by a terminal oxygen of one of said divalent 
radicals, the remainder of said divalent radicals termi 
nating in hydrogen atoms, there being at least three free 
hyldroxyl groups present in said phosphite. 

6. A tris polyoxyalkylated phenol-formaldehyde resin 
phosphite, said resin being chanacterized by etheri?cation 
of the resin molecule at the phenolic oxygen by a plurality 
of divalent unsubstituted polyoxyalkylene radicals having 
the formula (R20)n wherein R2 is an alkylene radical hav 
ing 2 to 3 carbon atoms and n is an integer of at least one, 
the phosphorus atom having each of its valences satis?ed 
by a terminal oxygen of one of said divalent radicals, the 
remainder of said divalent radicals terminating in hydro 
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gen atoms, there being at least three free hydroxyl groups 
present in the phosphite. 

7. A phosphite according to claim 6 wherein the phe 
nol of the phenol-formaldehyde resin is an alkylated phe-‘ 
nol in which the alkyl group has 1 to 24 carbon atoms. 

8. A phosphite according to claim 7 wherein the alkyl 
group is in one of the ortho and para positions, 

9. A phosphite according to claim 6 wherein there are 
between 1 and 20 oxyalkylene groups per phenol unit. 

10. A phosphite according to claim 6 wherein there 
are between 2 and 20 oxyalkylene groups per phenol unit 
and the phosphite has a hydroxyl number between 35 
and 200. 

11. A phosphite according to claim r10 wherein the oxy 
alkylene groups are oxypropylene groups. 

12. A phosphite according to claim 6 wherein the phe 
nol of the phenol-formaldehyde resin is phenol per se. 

13. An oxyalkylated phenol-formaldehyde resin phos 
phite, said resin being characterized by etheri?cation of 
the resin molecule at the phenolic oxygens thereof by at 
least two divalent oxyalkylene radicals having the for 
mula (1110),, in which R1 is a member of the group con~ 
sisting of ethylene radicals, propylene radicals, butylene 
radicals, hydroxypropylene radicals and hydroxybutylcne 
radicals, n is an integer of at least one, the phosphorus 
is attached to a terminal oxygen of at least one of said 
divalent radicals and at least a portion of the remainder 
of said divalent radicals terminating in hydrogen. 

14. A phosphite according to claim 13 wherein the 
aldehyde is formaldehyde. 

15. A polyoxyalkylated phenol ketone condensation 
product phosphite, said resin being characterized by 
etheri?cation of the molecule at the phenolic oxygen by 
at least 2 divalent oxyalkylene radicals having the for 
mula (R30)n in which R3 is hydroxy propylene, n is an 
integer of at least one, the phosphorus is attached to a 
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terminal oxygen of at least one of said divalent radicals 
and at least a portion of the remainder of said divalent 
radicals containing hydroxyl groups. 

' 16. A polyoxyalkylated phenol ketone condensation 
product phosphite, said resin being characterized by 
etheri?cation of the molecule at the phenolic oxygen by 
at least 2 divalent oxyalkylene radicals having the for 
mula (R10)n in which R1 is a member of the group con 
sisting of ethylene radicals, propylene radicals, butylene 
radicals, hydroxy propylene radicals and hydroxy butyl 
ene radicals, n is an integer of at least one, the phosphorus 
is attached to a terminal oxygen of at least one of said 
divalent radicals and at least a portion of the remainder 
of said divalent radicals containing hydroxyl groups. 

17. A product according to claim 3 wherein the phenol 
aldehyde resin is a novolak resin. 

18. A product according to claim 2 wherein the phenol 
aldehyde resin is a novolak resin. 
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