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POLYISOCYANURATE FOAMS PREPARED FROM
PARTIALLY ETHERIFIED METHYLOLAMINES

The present invention relates to polyisocyanurate
foams prepared from partially etherified methylolamines with

polyisocyanates in the presence of trimerization catalysts.

The prior art generally teaches the preparation of
isocyanurate-modified foam products.

U. S. Patent 4,139,501 teaches the preparation of
poelyurethane foam with enhanced flame retardancy by the
reaction of a2 polyol and an organic polyisocyanate in
mixture with a hydroxylmethylmelamine derivative and
including therein a halogenated phosphorus ester.

U. S. Patent 4,197,373 teaches the preparation of
flame retardant polyurethane foams from a reaction mixture
containing the reaction products of melamine and chloral and
optionally alkylene oxide adducts thereof.

U. §. Patent 3,135,707 teaches the use of par-
tiallv alkylated polymethylolmelamines for the preparaticn
of polyurethane foams. There is no teaching in the prior
art that improved flame retardant polyisocyanurate foams may
be prepared employing partially etherified methylolmelamines

either alone or in combination with other polyols.
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The present invention relates to the preparation
of polyisocyanurate foams by reacting partially etherified
methylolmelamines with polyisocyanates in the presence of
trimerization catalysts.

In accordance with the invention, etherified
methylolmelamines are prepared by reactiqg an agueous
solution of formaldehyde with melamine employing an alkaline
catalyst. After the reaction has proceeded at elevated
temperatures, an etherifying hydroxyl containing compound is
added, followed by an acid catalyst and the etherification
process is allowed to proceed. After the reaction is
complete, the product is obtained by neutralization of the
acid filtration of the salts, and vacuum stripping of the
volatiles. ,

The etherified methylolmelamine employed in the
invention is the condensation product of melamine and
formaldehyde in the first stage of the reéction. In the
second stage, etherification is accomplished by reacting an
alcohol with the methylolmelamine to form a product having

the following fornmula:

N

7N\

z_n(RCHZ)HnN-i ?'Nan(CHzR)z-n

N\\ 4/N

c
NH (CH,R),
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wherein n is an integer from O to 2
R is selected from the group consisting of
- OH,

- o-cx52x+l !
- 0~Cx32xocxHZxOH,

- o-cxa2x-y+1zy

- O—Czﬂzz_l ’

!

o

- P=(0R"),
- - - !

0~C, H, NH-R',
- o-c_H

-NH-CxB x—OH:

2x

5% ﬁa
- 0-CH_- c
0-CH,~C H

2

and

Q

- O—CxHZX_o-R'
wherein v is an integer from 1 to 3 and R' is an alkyl
containing 1 to 4 carbon atoms, x is an integer frem 1 to 5,
Y is bromine or chlorine, and z is an integer from 2 to 5
and with the proviso that at least two of the R groups are
ofl.

The preferred ratio of formaldehyée to melamine is

7:1 to 8:1 while the preferred ratioc of alcohol to melamine

is 13:1 to 15:1.
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Any alkaline catalyst may be employed. Examples
include sodium hydroxide, potasaium hydroxide, sodium
methoxide etc. The acid catalysts which may be employed are
nitric acid, hydrochloric acid, phosphoric acid and sulfuric

5 acid. The hydroxyl group containing compounds which may be

employed for the etherification are those which have the

formula:
CxBax+108
HOCXHZXOCXHZXOH'
10 CyBpy_y41 ¥ 08
C_H,, _,0H,
HOCxﬂszH-R':
Ho-cxHZx-NH—CxHZx-OH'
B CH
HO-CHZ—C gﬂ and
o]
15 BO.CXHZX—O-R'

wherein x, vy, 2, R' and ¥ are as defined above.
It is further ccntemplated that compounds having

the formula:



10

15

20

25

"0.2. 2970701401

- - 0146692

may be employed wherein R' is an alkyl radical containing
from 1 to 4 carbon atoma.

The phoépho:us compounds are generaliy employed in
combination with the other compounds listed above in order
to provide that at least two R groups are OH.

The partially etherified methylolmelamines are
reacted with polyisocyanates in the presence of trimeriza-
tion catalysts and blowing agents to produce polyisscya-
nurate foams.

The organic polyisocyanate employed in the instant
invention corresponds to the formula R'(NCO)z where R' is a
polyvalent organic radical which is either aliphatic, aryl=-
alky;, alkylaryl, aromatic or mixtures thereof and z is an
integer which corresponds to the valence of R' and is at
least 2. Representative of the types of organic polyiso-
cyanates contemplated herein include, for example, 1,2~
diisocyanatcethane, 1l,3-diisocyanatopropane, 1,2-diiso-
cyanatopropane, l,4-diisccyanatobutane, 1,5-diisocyanato-
pentane, l,6~-diisocyanatohexane, bis{3-isocyanatopropyl)-
ether, bis(3-isocyanatopropyl)sulfide, 1l,7-diisocyanato-
heptane, l,5-diisocyanato-~2,2-dimethylpentane, 1,6-diiso-
cyanate-3-methoxyhexane, 1l,8-diisocyantooctane, 1,5-diiso-
cyanato-2,2,4-trimethylpentane, 1,9-diisocyanatononane,
1,10-diisocyanatopropyl ether of 1,4-butylene glycol, 1l,11l-

diisocyanatoundecane, 1l,l2-diisocyanatododecane, bis(iso-
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cyanatohexyl) sulfide, 1l,4-diisocyanatobenzene, 1l,3-diiso-
cyanato-o-xylene, l,3-diisocyanato-p-xylene, 1l,3-diiso-
cyanate-m~xylene, 2,4-diisocyanato-l-chlorobenzene, 2,4- -
diisocyanato-l-nitrobenzene, 2,S-diisccyanato-l-ni;ro—
benzene, m-phenylene diisocyanate, 2,4-toluene diisocyanate,
2,6-toluene diisocyanate, mixtures of 2,4~ and 2,6-toluene
diisocyanate, l,6-hexamethylene diisocyanate, l,4-tetra-
methylene diisocyanate, 1l,4-cyclohexane diisocyanate, hexa-
hydrotoluene diisocyanate, l,5-naphthylene diisocyanate, 1-
methoxy-2,4-phenylene diisocyanate, 2,4'-diphenylmethane
diisocyanate, 4,4'-diphenylmethane diisocyanate, 4,4'~
biphenylene diisocyanate, 3,3'-dimethoxy~4,4'-biphenyl
diisocyanate, 3,3'-dimethyl-4,4'-diphenylmethane diiso-
cyanate and 3,3'-dimethyldiphenylmethane-4,4'~diisocyanate:
the triisocyanates such as 4,4',4"-triphenylmethane triiso-
cyanate, polymethylene polyphenyiene polyisocyanate and
2:4,6-toluene triisocyanate; and the tetraisocyanates such
as 4,4'-dimethyl-2,2'-5,5"~-diphenylmethane tetraisocya-
nate. &specially useful due to their availability and
properties are toluene diisocyanate, 2,4'-diphenylmethane
diisocyanate, 4,4'-diphenylmethane diisocyanate, poly-
methylene polyphenylene polyisocyanate and mixtures thereof.
The poclyisocyanurate foams of the instant inven-
tion may be prepared by employing well-known compounds as

trimerization catalysts. Examples of these catalysts are



10

15

20

25

0.Z. 2970/01401

0146692

(a) organic strong bases, (b) tertiary amine co-catalyst
combinations, (c) Friedel Craft catalsyts, (4) basic salts
of carboxylic acids, (e) alkall metal oxides, alkali metal
alcoholates, alkali metal phenolates, alkali metal hy-
droxides and alkal metal carbonateg; (£) onium compounds

from nitrogen, phosphorus, arsenicQAantimony, sulfur and

. selenium,; and (g) mono-substituted monocarbamic esters.

These include 1,3,5-tris(N,N-dialkylaminoalkyl)=-s-hexahydro-
triazines; the alkylene oxide and water additives of 1l,3,5-
tris(N,N-dialkylaminoalkyl)-s~hexahydrotriazines:; 2,4,6-
tris(dimethylaminomethyl)phenol: ortho., para- or a mixture
of o- and p-dimethylaminomethyl phencl and triethylene-
diamine or the alkylene oxide and Jater adducts thereof,
metal carboxylates sgch as potassium octanocate, sodium and
potassium salts of hydroxamic acid:, and organic boron-
containing compounds. Monofunctional alkanols containing
from 1 to 24 carbon atoms, epoxides containing 2 to 18
carbon atoms and alkyl carbonates may be used in conjunction
with tertiary amine to accelerate the rate of the polymeri-
zation reaction. The concentration of trimerization
catalysts that may be employed in the present invention is
from 0.001 part to 20 parts of catalyst per 100 parts of
organic polyisocyanate. The temperature ranges which may be
employed for the polymerization reaction may range from 25°C

to 230°C,; preferably from 15°C to 120°C.
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In accordance with the present invention, rigid,
flexible, 2nd microcellular foams may be prepared by the
catalytic reaction of organic polyisocyanates with polyols
containiné therein the etherified methylolmelamine in the
presence of blowing agents, trimerization catalysts, surfac-
tants and other additives which may be deemed necessary.
Non-cellular products may also be prepared in the absence of
blowing agents.

Typical optional polyols which may be employed in
the preparation of the foams of the instant invention
include polyhydroxyl-containing polyesters: polyoxyalkylene
polyether polyols:; polyhydroxy-terminated polyurethane
polymers, polyhydroxyl-containing phosphorus compounds, and
alkylene oxide adducts of polyhydric sulfur-containing
esters, polyacetals, aliphatic polyols or diols, ammonia.
and amines including aromatiec, aliphatic and heterocyclic
amines as well as mixtures therecof. Alkylene oxide adducts
of compounds which contain two or more different groups
within the above-defined classes may also be used such as
amino alcochols 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.
Generally, the equivalent weight of the polyols will vary

from 100 to 10,000, preferably from 1000 to 3000.
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Any suitable hydroxy-terminated polyester may be

_used such as are obtained, for example, from the reaction of
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, e-hydromuconic acid, g-butyl=—-g—ethyl-glutaric acid,
a,8-diethylsuccinic acid, iscphthalic acid, terephthalic
acid, hemimellitic acid, and 1l,;4-cyclohexanedicarboxylic
acid. Any suitable polyhydric alcohol may be used such as
ethylene glycol, propylene glycol, trimethylene glycol, 1l,2-
butanediol, 1l,3-butanediol, l,4-butanediol, 1,2-pentanediol,
l,4-pentanediol, 1,5-pentanediol, l,6-hexanediol, 1,7-
heptanediol, glycercl, 1l,1l,l-trimethylolpropane, 1,1,1-
trimethylolethane, 1,2,6-hexanetriocl, a—-methyl glucoside,
pentaerythritol,and sorbitel. Also included within the term
"polyhydric alcohol™ are compounds derived from phenol such
as 2,2-bis(4-hydroxyphenyl)propane, commonly known as
Bisphenol A.

Any suitable polyoxyalkylene polyether polvel may
be used such as the polymerization product of an alkylane
oxide with a polyhydric alcohol. Any suitable polyhydric
alcohol may be used such as those disclosed above for use in

the preparation of the hydroxy~terminated polyesters. Any
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suitable alkylene oxide may be used such as ethylene oxide,
propylene oxide, butylene oxide, amylene oxide, and mixtures
of these oxides. The polyalkylene polyether polyols may be
prepared from other starting materials such as tetrahyéro-
furan and alkylene oxide-tetrahydrofuran g§xtu:es: epihalo-
hydrins such as epichlorohydrin: as well as aralkylene
oxides such as styrene oxide. The polyalkylene polyether
polyols may have either primary or seconééry hydroxyl
groups. Included among the polyether polyols are polyoxy-
ethylene glycol, polyoxypropylene glycol, polyoxybutylene
glycol, polytetramethylene glycol, block copolymers, for
example, combinations of polyoxypropylene and polyoxy-
ethylene glycols, poly~l,2-oxybutylene and polyoxyethylene
glycols, poly=l,4-tetramethylene and polyoxyethylene
glycels,and copolymer glycols prepared from blends as well
as sequential addition of two or more alkylene oxides. The
polvalkylene polyether polyols may be prepared by any known
process such as, for example, the process disclosed by Wurt:

in 1859 and Encyclopedia of Chemical Technologv:, Vol. 7, pp.

257-262, published by Interscience Publishers, Inc. (1951)
or in U.S. Patent No. 1,922,459. Polyethers which are
preferred include the alkylene oxide addition products of
trimethylolpropane, élyceriﬁe, pentaerythritol, sucrose,
sorbitol, propylene glycol, and 2,2-bis(4-hydroxyphenyl)-

propane and blerids thereof having equivalent weights of from

100 to 5000.

~10-

0146692
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Suitable polyhydric polythiocethers which may be
condensed with alkylene oxides include the condensation
product of thiodiglycol or the reaction product of a
dicarboxylic acid such as is disclosed above for the
preparation of the hydroxyl-containing polyesters with any
other suitable thicether glycol.

The hydroxyl—-containing polyester may alsc be a
polyester .amide such as is obtained by including some amine
or aminoc alcohol in the reactants for the preparation of the
polyesters. Thus, polyester amides may be obtained by
condensing an amino alcohol such as ethanclamine with the
polycarboxylic acids set forth above or they may be made
using the same components that make up the hydroxyl-contain-
ing polyester with only a portion of the components being a
diamine such as ethylene diamine.

Polyhydroxyl—containing phosphorus compounds which
may be used include those compounds disclosed in U.S. Patent
No. 3,639,542. Preferred polyhydroxyl-containing phesphorus
compounds are prepared from alkylene oxides and acids of
phosphorus having a ons equivalency of from about 72
percent to about 95 percent.

Suitable polyacetals which may be condensed with
alkylene oxides include the reaction product of formaldehvde
or other suitable aldehyde with a dihydric alcohol or an

alkylene oxide such as those disclosed above.

~1l-
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Suitable aliphatic thiols which may be condensed
with alkylene oxides include alkanethiols containing at
least two =-SH groups sucha s 1l,2-ethanedithiol, l,2-propane-
dithiol, 1l,2-propanedithiol, and l,6~hexanedithiol: alkene
thiols such as 2-butene-~l,4-dithiol; and alkyne thiols such
as 3-hexyne-1l,6~-dithiol.

Suitable amines which may be condensed with
alkylene oxides include aromatic amines such as aniline, o-
chloroaniline, p-aminocaniline, 1l,5-diaminonaphthalene,
methylene dianiline, the condensation products of aniline
and formaldehyde, and diaminotoluene; aliphatic amines such
as methylamine, triisopropanolamine, ethylene diamine, 1,3-
diaminopropane, l,3-diaminobutane,and 1l,4-diamincbutane.

Water, low boiling hydrocarbons such as pentane.,
hexane, heptane, pentene, and heptene: azo compounds such as
azohexahydrobenzodinitrile: halogenated hvdrocarbons such as
dichlorodifluorcomethane, trichlorofluoromethane, dichlorodi=-
fluorcethane, vinylidene chloride, and methylene chloride
may be used as blowing agents.

Chain-extending agents which may be emploved in
the preparation of the polyurethane foams include those
compounds having at least two functional groups bearing
active hydrogen atoms such as water, hydrazine, primary and
secondary diamines, amino alcohols, amino acids, hydroxy

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

-12-
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chain-extending agents includes water, ethylene glycol, 1,4~
butanediol, and primary and secondary diamines which react
more readily with the polyisocy;nates than does water.

These include phenylenediamine,lethylenediamine, diethylene-
triamine, N-(z—hydrgxypropyl)-ethylenediamine, N,N'-di(2-
hydroxyptopyl}ethylénediamine, piperazine, and 2-methyl-
piperazine.

A surface-active agent is éenerally hecessary for
production of high grade polyurethane foam according to the
present invention, since in the absence of same, the foams
collapse or contain very large uneven cells. Numerous
surface-~active agents have been found satisfactory.

Nonionic sutface-aétive agents are preferred. Of these, the

" nonionic surface-active agents such as the well-known

silicones.have been found particularly desirable. Other
surface-active agents'which are operative, although not
preferred, include polyethylene glycol ethers of long chain
alcohols, tertiary amine or alkanolamine salts of long chain
alkyl acid sulfate esters, alkyl sulfonic esters, and alkyl
arylsulfonic acids.

In the foilowing examples, all parts are by weight
unless otherwise designated and the following abbreviations

are employed.
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Etherifying agent A - butanol

- methanol

- dibromopropancl

= trichloroethanol

- 2-ethoxyethanol

furfuryl aleohol

- allyl alecohol

~ 2-chlorocethanol

- diethylene glycol

- diethanoclamine

®m 4+ mmQ m m o 0 o
'

- diethylphosphite
L - N-methylethanolamine
Polyol A -~ a propylene oxide adduct of pentaerythritol

having a hydroxyl number of 400.

Freon 1lla - monochlorotrifluoromethane sold by E. I.

duPont de Nemours & Co.

L-5303 - a silicone surfactant
TDH - 1,3,5-tris(¥,N-dimethylaminopropyl)=-S=~
hexahydrotriazine
T=-9 -~ stannous 2-ethylhexancate
,\\\
~
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Examples 1-12

Into a suitable reaction vessel equipped with a
stirrer, reflux condenser, and thermometer was added

formaldehyde, melamine, neutralized formalin soluticn and

one-half of the etherifying agent or mixtures thereof in the
amounts indicated in the Table below. The amount of sodium
hydroxide varied from 0.75 pbw to 2.0 pbw. The mixture was
heated to about 55°C for two hours. After cooling, the
remaining amount of etherifying agent was added and the
mixture was heated to 35°C. The alkaline catalyst was
neutralized with nitric acid, the reaction solution was then
vacuum stripped at 50°C to remove all volatiles. The
residue was then washed with methylene chloride, filtered.
and the product obtained by wacuum stripping the volatiles
at 50°c.

N -

-15-
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Examples 13-24

The designated resin, with or without added
Polyol A (300 pbw), 9.0 pbw Freon llA, 4 parts L-5303,
2.1 parts TDH catalyst and 0.1 parts of T-9 catalyst were
mixed for 30 seconds. 'Crude MDI was added, the mixture was
stirred fék 10 seconds and the entire mixture poured into a
one-galloﬁ container and the foam was allowed to rise. The
resulting foams were cured at room temperature for 25
hours. The resins employed and the resulting physical
properties of the foams are shown in Table II below.
Improvements in smcke density, friability and weight
retained in the Butler chimney test are shown when the

resins of. the invention are employed.

-17~- N
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The embodiments of the‘invention in which an
exclusive privilege or property is claimed are defined as

follows:

1. A polyisocyanurate foam prepared by reacting
(a) a polyol, (b) an organic polyisocyanate, (c) blowing
agent, in the presence of a trimerization catalyst, wherein
the polyel is selected from the group conaisting of a
partially etherified methylolmelamine and a mixture of a

polyoxyalkylene polyether polycl and said methylolmelamine.

2. The foam of claim 1 wherein said methylolmel-

amine has the formula

N
7\
2_n(ac32)anu-ﬁ C-NE_(CH,R),

N N
N

NH_(CE,R), .

wherein n is an integer from O to 2.
R is selected from the group consisting of
- QH;
- 0-C H
x 2x+1 '

- O-C H, OC _H, OH,
X 4&X X <X

2 2

- 0-C Hy gr1Yy

- O-'Czﬂzz_l 7
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bt P-(OR')Z ’

- - - '
o} CxBZxNH R',

- o-cxHZx-NH.cxHZX-OH'

H B
- O-CBZ-C CH and
o
- O~CxHZX-O-R'
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wherein y is an integer from 1 to 3 and R' is an alkyl

containing 1 to 4 carbon atoms.

x is 1 to 5, ¥ is bromine

or chlorine, 2z is an integer from 2 to 5 and provided that

at least two R groups are OH.

3. The foam of claim 1

4. The foam of claim 1

5. The foam of claim 1

is from 150 to 400.

- 20 -

wherein R is OCxH

wherein R is OH.

2xOH.

wherein the NC0:08H index
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