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POLYURETHANE FOAM COMPOSITION AND METHOD OF MAKING SAME (71)    We, UNION
CARBIDE COR-  polyether alcohols. The inconvenience and PORATION, a
Corporation organised and   added expense of this procedure is obvious.
45 existing under the laws of the State of New     Two previous solutions
to this problem have York, United States of America, of 270 Park   been
provided but each introduces problems 5   Avane, New York, State of New
York 10017,  of its own which has left much room for United States of
America, do hereby declare  improvement in this art. First of all United
the invention, for which we pray that a paet   States Patnt Specification
No. 3,205,120  50 may be granted to us, and the method by which   describes
the preparation of polyether-based it is to be performed, to be
particularly des-   polyrethane foams suitable for fabrication of 10
cribed in and by the following statement:-       laminates by a heat
sealing technique wherein This invention  relates to flexible poly-  the
conventional commercial polyether polyol ureth   foams which can be
thermally bonded   flexible polyurethane foam  readon  mixture  55 to
substates and more particularly to poly-   contained a minor amount of a
polyol having uthane foams formulated from polyisocyan-   a modecular
weight of 200 to 1500. The pre- 15  ates and polyether polyols.
ferred low molecular weight polyol was tri- It is known in the art that the
urethane link-  (diropylene glycol) phosphite. Other low ages of
polyurethane foams are fonned by the   molecular weight polyols disclosed
in this   60 exothermic reaction of a polyfunctional iso-   reference
include alkylene axide adducts of 



cyanate and a polyfunctional active hydrogen-   polyhydroxy alkanes,and
phosphorus-contain- 20  co       g compound in the presence of a   ing
ads. It was later found that there are catalyst and a blowing agent. In
accordance   processing difficulties encountered in the pro- with the
"one-shot process" wlii is the most  duction of these types of polyether
poly-  65 widely used industrial technique, direct reac-    urethane foams
that stem from  the high reac- tion is effected between the polyisocyanate,
and   tivity of the polyether polyol mixture.  These 25  the active
hydrogen-containing compound or   difficulties at least cancel the cost
advantage compounds and is regulated by the catalyst  of the polyether
polyol based foam over poly- system and surfactant.
ester polyol based foam with the result that  70 It is also well known that
suitable active   there has been no great incentive for laminate
hydrogen-conaining compounds include poly-  manufacturers to switch from
polyester to 30  ether polyols and polyester polyols. However,  polyether.
it is equally well known that while flexible    The second improvement
described in polyurethane foams formulated from polyer   United  States
Patent  Speication  No.   75 polyols have excellent flame lamination
proper- 3,497,416 compises the use, in the production ties, those flexible
polyurethane foams fonnu-   of heat-sealed polyur e foam laminates, of 35
lated from polyether polyols are unacceptable   polyurethane foam which is
produced by react- for flame lamination Unfortunately the poly-  ing, in
the presence of a foaming agent, a poly- esters used used in this
application are much   ether polyd with the reaction product of an  so more
expensive than the polyether polyols.  aromatic poyisocyanate and
dipropylene glycol This means that fabricators wishing to bond   or
dibutylene glycol. This reaction product, 40  polyurethane foams derived
from  polyether   a quasi-prepolymer, is prepared by using an polyols must
resort to the use of an additional   excess of an aromatic polyisocyanate
over the component, namely, an adhesive in order to   amount of dipropylene
glycol and/or dibutyl-  85 bond flexible polyurethane foams derived from
ene glycol used. While this disclosure consti-    2
1,502181                                2 tutes a further advance in the
art, it will still     and containing an average of at least 2 not
completely satisfactory for commercial use        hydroxyl groups per
molecule; by laminate manufacturers because in order              (c) a
blowing agent; to obtain an open foam one must incorporate     (d) a
catalyst for the urethane-forming 5   a powerful cell opening agent, such
as,          reaction; 



dimethylformamide. The use of a cell opener is     (e) a surfactant; and
normally not used in polyurethane foam pro-      (f) one to seven percent,
based on the cessing. In addition these polyurethane foams   weight of the
graft copolymer, of at least have very high compression sets which are
one polyol modifier consisting of 10  unacceptable for most end use
applications.     (1) an alkylene glycol having 2 to 8 carbon It has now
been found possible to bond a   atoms,
70 flexible polyether polyurethane thermally to a  (2) a glycol ether
having the empirical substrate without the disadvantages of the   formula:
prior art by using the method of the present 15  invention.
[err] According to the present invention there is provided a polyol
composition useful for pre-   wherein n is an integer having values of 2 to
paring a polurethane foam, which composition   4 and m is an integer having
values 2 to 4  75 comprises:-                                  when n is 2,
2 to 3 when n is 3 and 2 when 20    (a) a graft copolymer of a polyether
polyol   n is 4; having a molecular weight of at least 2000 and  (3) a
triol having the empirical formula containing an average of at least two
hydroxyl groups per molecule, the graft copolymer being             [err]
formed by polymerising one or more ethyl- 25  enically unsaturated monomers
dissolved or dis-   wherein x is an integer having values of 3 to  80
persed in the polyether polyol in the presence   10; of a free radical
catalyst, and (b) from 1 to  (4) an alkanolamine having the empirical 7%,
based on the weight of the graft copoly-   formula mer, of at least one
polyol modifier consisting 30  of:
[err] (1) an alkylene glycol having from 2 to 8 cabon atoms;
wherein y is an integer having values of 2  85 (2) a glycol ether having
the empirical  to 10, and z is 1 or 2 and p is an integer from formula:
2 to 4; or (5) a polyhydric mononuclear phend; 35             [err]
(B) Heating the surface of the foamed composition of (A) above its melting
or fusion  90 wherein n is an integer from 2 to 4 and m is  temperature; an
integer from 2 to 4 wh  n is 2, is 2 or 3   (C) Contacting the melted or
fused surface 



when n is 3, and is 2 whe n is 4;            of the foamed composition of
(A) with a sub- (3) a triol having the empirical formula:  strate, whereby
a flexible polyurethane foam/ substrate laminate is formed; and
95 40                [err]                       (D)  Cooling  the flexible
polyurethane foam/substrate laminate below the melting or wherein x is an
integer from 3 to 10;        fusion point of the flexible polyurethane
foam. (4) an alkanolamine having the empirical    Although one to seven
percent of polyol formula:                                    modifier can
be used in this invention, it is 100 preferred to use two to six percent
based on [err]                       the weight of the graft copolymer
employed in the foaming composition. 45  wherein y is an integer having
values of from  Illustrative of the alkylene glycols having 2 2 to 10, z is
1 or 2 and p is an integer from   to 8 atoms used in this invention are
ethylene 105 2 to 4, or                                  glycol,
1,2-propylene  glycol, 1,3-propylene (5) a polyhydric mononuclear phenol
glycol, 1,2-butylene glycol,1,3-buylene glycol, There is also provided a
foam-forming com-   1,4-butylene glycol, 1,2-pentylene glycol, 1,5- 50
position containing the polyol composition of  pentylene glycol,
1,2-hexylene glycol, 1,4- the invention; and a method of thermally
hexylene glycol, 1,2-heptylene glycol, 1,7- 110 bonding flexible polyether
polyurethane  foam   heptylene glycol, 1,2-octylene glycol, and 1,8- to a
substrate which comprises:             octylene glycol. (A) reacting and
foaming a composition      Exemplary glycol ethers useful in this inven- 55
cosisting essentialy of:                     tion include diethylene
glycol, di(1,2-propyl- (a) a polyisocyanate reactant containing   ene)
glycol, d(l,3-propylene) glycol, tri- 115 at least two isocyanato groups
per molecule:  ethylene glycol, tetraethylene glycol, tri( 1,2- (b) a graft
polymer of a polyether polyol  propylene) glycol, tri( 1,3-propylene)
glycol having a molecular weight of at least 2000   and dibutylene glycol.
3                                       1,502,181
3 Representive examples of triols useful in     2.1 to 3.0. Paticularly
useful polyisocyanates this invention include glycerine, 2-methyl-2    of
this type are the polyphenylmethylene poly- hydroxymethyl-1,3-propane diol
and 2-ethyl-     isocyanates produced by phoagenation of the
2-hydroxymethyl-1,3-propane diol.               polyamine obtained by acid
catalyzed conden-  60 



5     Alkanolamines which can be used include:      sation of aniline with
formaldehyde. Poly- tri-n-propanolamine, tri-isopropanolamine, tri-
phenylmethylene isocyanates of this type are n-ethanolamine, and
N,N-dihydroxyethyl          available commercially under such trade names
ethylene diamine.                               as PAPI, NIAX, Isocyanate
AFPI, Mondur Representative polyhydric mononuclear         MR, Isonate
390P, NCO- 120, Thanate    65 10   phenols include catechol, resorcinol,
hydro-    P-200, NCO-10 and NCO-20. PAPI, quinone, pyrogallol,
hydroxyhydroquinone and    NIAX, MONDUR and ISONATE are Regis-
phloroglucinol.                                 tered Trade Marks. These
products are low The polyisocyanate reactants used in making   viscosity
(50-500 centipoints at 25 degree C) the flexible polyurethane foams of this
inven-  liquids having average isocyanato function-   70 15   tion are
known in the art and any such reactants alities in the range of 2.25 to 3.2
or higher can be suitably employed in producing the       depending upon
the specific aniline-to- flexible polyurethane foams. Among such
formaldehyde ratio used in the polyamine suitable polyisocyanates are those
represented   preparation. by the general formula:
Other useful polyisocyanates are combina-  75 tions of dissocyanates with
polymeric isocyan- 20                [err]                       ates
containing more than 2 isocyanate groups per molecule. Illustrative of such
combinations wherein i has an average value of at least 2   are: a mixture
of 2,4-tolylene diisocynaate, 2,6- and is usually no more than 6, and Q
repre-  tolylene diisocyanate and the aforesaid poly-  80 sents an
aliphatic, cycloaliphatic or aromatic  phenylmethylene polyisocyanate
and/or poly- radical which can be an unsubstituted hydro-  meric tolylene
diisocyanates obtained as resi- 25  carbyl group or a hydrocarbyl group
substi-  dues from the manufacture of the diisocyan- tuted, for example,
with a haloge atom or an   ates. alkoxy group. For example, Q can be an
alkyil-  On a combined basis, the polyether polyol  85 ene, cycloalkylene,
arylene, alkyl-substituted   component and organic polyiso e usually
cycloalkylene, alkarylene, or aralkylene radical  constitute the major
proportion by weight of 30  including corresponding halogen and alkoxy-
the polyurethane-forming reaction mixture. In substituted radicals. Typical
examples of poly-  general, the polyisocyanate and polyether isocyanates
which can be used in preparing the   polyol reactants are employed in
relative  90 polyurethanes of this invention are any of the   amounts such
that the ratio of total-NCO following induding mixtures thereof: 1,6-
equivalents to total active hydrogen equivalents 35  hexamethylene
diisocyanae,, 1,4-tetramethylene  (of the polyether polyol and any water,
when disocyanate,  1-methyl-2,4-diisocyanatocydo   used) if from 0.8 to
1.5, preferably from 1.0 



hexane,  bis(4-isocyanato  phenyl)methane,  to 1.15 equivalents of -NCO
per equivalent  95 phenylene disocyanates such as 4-methoxy-   of active
hydrogen. This ratio is known as the 1,4-phenylene   diisocyate,
4-chloro-1,3-  Isocyanate Index and is often also expressed as 40
phenylene diisocyanate, 4-bromo-1,3-p enyl-  percent of the stoichiometric
amount of poly- ene diisocyanate, 5,6-dimethyl-1,3-phenylene  isocyanate
required to react with total active diisocyanate, 2,4-tolylene
diisocyanate, 2,6-   hydrogen. When expressed as a percet, the 100 tolylene
diisocyanate,  crude tolylene diiso-  Isocyanate Index may be from 80 to
150, and cyanates, 6-isopropyl-1,3-phenylene diisocyan-  is preferably
within the range from  100 to 45  ate, durylene diioscyanate,
triphenylmethane-  115. In general it is not necessary to take the
4,4,4"triisocyanate, and other organic poly-  polyol modifier into account
sine the amount iscoyanates known to the polyurethane art. Of  used is
always relatively small.          105 the aforesaid types of isocyanates,
those con-  In produng  the  flexible polyurethane taining aromatic nuclei
are generally preferred.  foams of the present invention, a graft copoly-
50    Also useful as the polyisocyanate reactants   mer of a polther
polyol either alone or in are polymeric isocyanates having units of the
combintion with  an ungrafted  polyether formula:
polyol is employed for reaction with the poly- 110 isocyanate reactant to
provide the urethane [err]                      linkage. The polyol
reactants used have an average of at least 2 and usually not more than 6
hydroxyl groups per molecule and include compounds which consist of co
,hydrogen , 115 and oxygen and compounds which also contan phosphorus,
halogen and/or nitrogen  Such polyols also have an average molecular weight
wherein R is a hydrogen atom and/or a methyl  of at least 2000. 55  group
and j has an average value of at least  Among the suitable ungrafted
polyether 120 2.1. Preferably j has an average value of from    polyols
that can  be  employed  are  the    4
1,502,181 poly (oxyalkylene) polyols, that is alkylene   taneously to
provide substantially random oxide adducts of water or a polyhydric
distribution of the units. Alternatively, the organic compound used as the
initiator         polyoxyalkylene chains may consist essentially 



or starter. Suitable polyhydric organic        of one type of oxyalkylene
unit, such as, oxy-     65 5   initiators include the following
individually or   propylene capped with oxyethylene units. in combination:
ethylene glycol; diethylene       The graft polymer polyether polycols are
glycol; propylene glycol; 1,5- pentanediol;     produced by polymerizing
one or more ethyl- hexylene glycol; dipropylene glycol; trimethyl-
enically unsaturated monomers dissolved or ene glycol; 1,2-
cyclohexanediol; cyclohexane-   dispersed in a polyether polyol in the
presence   70 10   1,1-dimethanol; glycerine; 1,2,6-hexane triol;   of a
free radical catalyst. Suitable polyether 1,1,1- trimetholethane; 1,1,1 -
trimethyol-      polycols for producing such composition in- propanel;
3-(2-hydroxyethoxy) - and 3- (2-       clude, for example, any of the above
described hydroxypropoxy_ -1,2- propane diols; 2,4 -       polyols.
Illustraive of suitable ethylenically dimethyl-2-(2-hydroxyethoxy)
methylpentane-      unsaturated monomers are those encompassed  75 15
diol-1,5; 1,1-tris [(2-hydroxyethoxy) methyl]    by the general formula:-
ethane; 1,1,1 - tris[2 - hydroxy propoxy) methyl] propane; pentaerythritol;
sorbitol; sucrose; and alpha-methyl glucoside. The above-described
ungrafted polyether               [err] 20    polyols are prepared in
accordance with well known techniques comprising the reaction of
wherein [err] is a hydrogen atom, a methyl group the polyhydric starter and
an alkylene oxide     or any of the halogen atoms (i.e. fluorine, in the
presence of an oxyalkylation catalyst     chlorine, bromine, or iodine);
and [err] is [err]  80 which is usually an alkaline metal hydroxide.    or
a cyano, phenyl, methyl-substituted methyl, 25    The oxyalkylation of the
polyhydric initiator    or alkenyl radical having from 2 to 6 carbon is
carried out at temperatures ranging from      atoms such as vinyl, allyl
and isopropenyl 90 degree C to 150 degree C and usually at an elevated
group. Typical examples of such polymerizable pressure up to 200 psig,
employing a sufficient   monomers are the following which may be  85 amount
odf alkylene oxide and adequate reac-      employed individually or in
combination: 30    tion time to obtain a polyol of desired molecular
ethylene, propylene, acrylonitrile, methacrylo- weight which is
conveniently followed during      mitrile, vinyl chloride, vinlidene
chloride, the course of the reaction, by standard           alpha-methyl
styrene, and butadient. These hydroxyl number determinations. As is well
and other polymer polyol compositions which known in the art the hydroxyl
numbers are         are suitably employed either individually 35
determined by and are defined as the number       combination with
polyether polyols described of miligrams of potassium hydroxide required
above are those described in British Patent for the complete neutralization
of the hydro-     Specification No. 1,063,222 and United States 



lysis product of the fully acetylated derivative  Patent Specification No.
3,383,351. Such  95 prepared from one gram of polyol or mixture
compositions are prepared by polymerizing the 40    of polyols. The
hydroxyl number is also           monomers in the polyols at a temperature
be- defined by the following equation which indi-     tween 40 degree C and
150 degree C. employing any cares its relationship with the molecular
weight  free radical-generating initiator including and functionality of
the polyol:                  peroxides, persulfates, percarbonates, per-
100 borates, or azo compounds, such as, hydrogen 56.1X1,000Xf
peroxide, dibenzoyl peroxide, benzoyl hydro- OH=
peroxide,  isuroyl peroxide, and azobis(iso- M.W.
butyronitile). When used in the practice of this invention, 105 45  wherein
OH equals hydroxyl number of the   the grafted polymer polyol composition
usually polyol f equals average functionality, that is,  contains fom 5 to
50, and more usually from the average number of hydroxyl groups per   10 to
40 weight percent of the ethylenically un- molecule of polyol, and M.W.
equals average   saturated monomer polymerized in a polyether molecular
weight of polyol.                 polyol. Especially suitable
polymer/polyols are 110 50    The alkylene oxide usually employed in the
those containing: ungrafted polyether polyol reactants are the  (A) from 10
to 30 weight per cent of a lower alkylene oxides, that is, compounds
copolymer of (1) acrylonitrile or methacrylo- having from 2 to 4 carbon
atoms including   nitrile, and  (2) styrene or alpha-methyl ethylene oxide,
propylene oxide, butylene   styene, the said copolymer oontaining from  115
55  oxides (1,2' or 2,3') in combination thereof.   50 to 75 and from 50 to
25 weight per cent of When more than one type of oxyalkylene unit  (1) and
(2), respectively; is desired in the polyol product, the alkylene  (B) from
90 to 70 weight per cent of the oxide reactants may be fed to the reaction
sys-  polyether polyol and particularly tri-functional tam sequentially to
provide polyoxyalkylene   polyols such as alkylene oxide adducts of 120 60
chains containing respective blocks of different   glycerine. oxyalkylene
units or they may be fed simul-    Preferably the polyether polyol reactant
com-    5.                                      1,502,181
5 prises 80 % by weight of the reaction product    ing gases include
aliphatic and cyclofluoro- of glycerine with 1,2-propylene oxide having
carbons which vaporize at or below the tem- 



a moelcular weight of 3000, and 20% by           perature of the foaming
mass. Such gases are weight of a mixture of styrene and acrylonitrile at
least partially fluorinated and may also be 5   graft polymerized thereon,
either alone or in    otherwise halogenated. Fluorocarbon blowing
combination with the reaction product of         agents suitable for use in
foaming the formu- glycerine with a mixture of 86% by weight of     lations
of this invention include trichloromono- 1,2- propylene oxide and 14% by
weight of        fluoromethane, dichlorodifluoromethane, 1,1- ethylene
oxide having a molecular weight of      dichloro-1-fluoroethane,
1,1,1-trifluoro-2- 10   3500.
fluoro - 3,3 - difluoro-4,4,4-trifluorobutane,  75 The urethane-forming
reaction is effected in   hexafluorocyclobutane and octafluorocyclo- the
presence of a minor amount of a catalyst     butane. Another useful class
of blowing agents preferably comprising an amine catalyst and a    include
thermally-unstable compounds which metal catalyst useful in promoting
gelation of   liberate gases upon heating, such as N,N` 15   the foaming
mixture. The amine component
dimethyl-N,N'-dinitrosoterephthalamide.  80 of the polyurethane-forming
reaction mixture     The generally preferred method of foaming for is
usually a tertiary amine. Suitable amine      producing flexible foams is
the use of water catalysts include one or more of the following:  or a
combination of water plus a fluorocarbon N-methyl-morpholine;
N-ethylmorpholine; N-       blowing agent such as trichloromonofluoro- 20
octodecylmorpholine; N,N,N',N' , tetramethyl-    methane. ethlenediamine;
N,N,N',N', tetramehtyl-1,3-        The amount of blowing agent emplyed in
butanediamine; hexadecyldimethylamine; and       the foaming reaction will
vary with factors N,N-dimethyl-benzylamine. The amine cata-        such as
density that is desired in the foam lyst may be introduced to the
polyurethane      product. Usually, however , from 1 to 30 parts 25
producing reaction mixture as such or as a       by weigh of the blowing
agent per 100 parts  90 solution in a suitable solvent.                  by
weight of the polyether poylol reactant is The amine catalyst is present in
the final      preferred. polyurethane-producing reaction mixture in an
The polyurethane foam of this invention amount of from 0.05 to 3 parts by
weight of      may be formed in accordance with any of the 30   active
catalyst, that is, the amine (exclusive of  procesing techniques known to
the art such as.   95 other components in solution thereof) per 100    in
particular, he one shot technique. In accor- parts by weight of the
polyether polyol reac-    dance with this method, foamed products are tant.
provided by carrying out the reactio of the Metal catalysts which are also
used in con-    polyisocyanate and polyether polyol simul- 35   junction
with the amine catalyst in producing    taneously with the foaming
operation. It is to   100 polyurethanes from polyether polyols include
be understood that the relative amounts of the 



organic derivatives of tin, particularly the tin  various foaming
components of the conven- compounds of carboxylic acids such as stan-
tional foam formulatious are not narrowly nous octoate, stannous oleate,
stannous acetate,  critical. The polyether polyol and polyiso- 40   stanous
laurate, dibutyl tin dilaurate, and       cyanate are present in the
foam-producing   105 other such tin salts. Additional metal catalysts
formulation in a major amount. The relative are organic derivatives of
other polyvalent       amounts of these two components is the metals such
as zinc and nickel (e.g. nickel       amount required to produce the
urethane acetylacetonate). In general, the amount of       structure of the
foam and such relative 45   such metal co-catalysts which can be present
amounts are well known in the art. The   110 in the polyurethane-producing
reaction mix-       source of the blowing agent such as water, ture is
within the range 0.05 to 2 parts          auxiliary blowing agents, amine
catalyst and by weight per 100 parts by weight of the          metal
catalyst used in the present invention are polyether polyol reactant.
each present in a minor amount neceassary to 50     Foaming is accomplished
by the presence in      achieve the function of the individual compo-   115
the reaction mixture of varying amounts of        nent. Thus the blowing
agent is present in an a polyurethane blowing agent, such as, water,
amount sufficient to foam the reaction mixture, which upon reaction with
isocyanate generates     the amine catalyst and metal catalyst are each
carbon dioxide in situ, or through the use of     present in a catalytic
amount (i.e. an amount 55   blowing agents which are vaporized by the
sufficient to catalyze the reaction to produce exothermic reaction , or by
a combination of the  the urethane at a reasonable rate) and the two
methods. These various methods are            surfactant is present in a
foam-stabilizing known in the art. Thus in addition to or in  amount. The
preferred amounts of the vari- place of water, blowing agents which can be
ous components are as given herein. 60  employed in the process of this
ivention in-    Suitable surfactants include a foaming sta- 125 clude
methylene chloride, liquefied gases which  lizer, as for example, a
Pluronic (Registered have boiling points below 80F (27 degree C) and  Trade
Mark) hydrolyzable polysiloxane-poly- above - 60F (-52C), or other inert
gases  oxyalkylene block copolymer such as block such as nitrogen, carbon
dioxide added as such,  copolymers described in United States Patent 65
methane, helium and argon. Suitable liquify-  Specifications Nos. 3,834,748
and 2,917,480. 130    6                                         1,502,181
6 Another useful class of emulsifying agents or     over the heating source
and then passing 



surfactants is the non-hydrolyzable poly-         directly into contact
with the desired substrate. siloxanes or polyoxyalkylene block copolymers
Dielectric heating, heating lamps, e.g. infrared such as those described in
United States Patent   lamps, hot plates, and hot air guns can also 5
Specification No. 3,505,377.                      be used. The preferred
substracts are polyurethanes,       Although not necesaay, it is preferred
to paper, kraft paper, leather , hids, cotton, linen, employ a moderate
amount of pressure in con- silk, hemp, jute, wool, flar, nylons,
polyesters.  tacting the substrate with the polyurethane Orlon (Registered
trade Mark), Dacron              foam whose surface has been brought above
10   (Registered Trade Mark), rayon, rayon              its melting or
fusion point. The pressure can acetates, styrene polymers, and vinyl
chloride     be as low as that resulting form the weight polymers. The
invention is not limited to any      of the foam or the substrate but is
preferably substrate and hence includes not only the          in the range
of 0.1 to 100 or more pounds oer above-enumerated substrates but also both
square inch. 15   ferrious and non-ferrous metals, vitreous             The
invention is further described in the  80 materials including glass,
ceramics, clays,        Example which follow. ALl parts and percent- chins,
and porcelain; cellulonic substrates        ages are by weight unless
otherwise specified. including wood, pyl-wood, cane, bamboo, and rattan;
proteinaceous materials including             Foaming Procedure I- Bench
Scale. 20   gelatin; natural fibres; as well as, building        The
general procedure used for the prepara- materials, including brick,
granite, sandstone,  tion of the flexible polyurethane foams used in  85
plaster, tile, wall board, and cement blocks;  this invention is as
follows. thermosetting polymers such as phenol and      Polyether polyol
was dispensed into a con- urea resins, epoxy resins, and coumarone  tainer
along with the polyol to be evaluated 25  indene polymers; and
thermoplastic polymers  by stirring with a spatula until a homogeneous such
as acrylonitrile polymers, polycarbonates,  solution was obtained. Optional
additives such   90 polyacetals, polyamides, synthetic rubber, poly-   as
flame retardants can be added at this point ethylene, and polypropylene.
if desired to prepare a flame retardant poly- The laminated structures of
the invention   urethane foam. Surfactant, water, amine cata- 30  can be
used for various purposes such as insu-  lyst, and fluorocarbon blowing
agent were then lation or padding of clothing where the sub-   added to the
mixture followed by mixing with  95 strate would be cloth, the sound
deadening and   a spatula. insulation  of building materials, e.g. pre-
The contents of the container were agitated formed panels. Blocks of
polyurethane foam   for 15 seconds at 2000 revolutions per minute. 35  can
be heat sealed to each other (butt-welded)   Stannous octoate co-catalyst
was then added by 



to form larger sections from smaller sections.  means of a hypodermic
syringe. After agitating 100 Single-ply or multi-ply  laminates can be
for an additional 8 seconds, the polyisocyanate fabricated with the
laminates produced by this  reactant was added rapidly and agitation con-
invention.                                  tinued. for another 7 seconds.
The mixture 40     Other uses for the laminates of this inven-  following
agitation was then poured into a tion include the preparation of preformed
parchment lined box (12" X  12" X  12") 105 cushioning for furniture,
automobile seats, and   supported by a wooden mold. The foam was crash
pads.                                 allowed to rest in the mold for at
least 3 The laminates of the invention are produced   minutes and then
cured for 5 minutes (unless 45  by heating part or all of the surface of
the   otherwise noted in the examples) at 125 degreeC. urethane foam
described above to a tempera-  The foams were then allowed to cure for 24
110 ture aboe the fusion temperature of the foam   hours at ambient
temperature before evalua- to form a tacky liquid or semi-liquid layer,
tion. After cutting, the following properties and thereafter or
concurrently with the heating   were determined: 50  operation, applying
the substrate to the tacky  Height of rise surface of the foam and holding
in contact    Breathability                           115 therewith while
cooling until the surface cools  Density and resolidifies, thereby forming
an adhesive  Foam-to-foam bond strength bond between the foam and the
substrate. The  Burning extent (flame retardant foams only) 55  fusion
temperature of the foam  will vary      During foam preparation, cream
time, rise depending upon the nature and proportion of  time and top
collapse are measured.       120 the components therein, but in general is
in  Breathability denotes the porosity of a foam the range of from 2040C.
to 3150C  It is in   and is roughly proportional to the number of general
desirable not to heat the surface of   open cells in a foam. In accordance
with the 60  the foam to a temperature higher than 38C.   NOPCO test
procedure described by R. E. above the fusion temperature of the particular
Jones and G. Fesman, "Journal of Cellular 125 foam.
Plastics", January, 1965 breathability was Preferred methods include flame
trmunent   measured as follows: a 2" X 2" X 1" piece of the surface or a
heat sealing means with   of foam was cut from near the center of the 65
the polyurethane foam  passing continuously  test specimen. Using a NOPCO
foam breath-    7                                      1,502,181
7 



ability tester, type  GP-2Model 40GD10, air     propylene oxide and 14%
ethlene oxide   50 was drawn through the one inch portion at a     having a
molecular weight of 500) was pressure differential of 0.5 inches of water
less  blended with 24 parts of polyether polyol II than atmospheric
pressure. The air flow was      (the product obtained by the interaction of
5  parallel to the direction of original foam rise.  80% of an adduct
polymer obtained by react- The degree of openness of the foam (or foam
ing glycerine with 1,2-propylene oxide having  55 breathability) is
measured by air flow and is   a molecular weight of 3000  polymerized
expressed as standard cubic feet per minute   with 20%  of a blend of
styrene and acrylo- (SCFM).                                    nitrile) and
employed as the polyether polyol 10    Foam density, expressed in pounds
per cubic  components of the urethane foaming composi- foot, (pcf) is the
weight of the foam divided   sion together with 4 parts of diprolene glycol
60 by its volume.                             as the polyol modifier. Four
parts of water was Foam-to-foam bond strength is determined   added as
blowing agent together with 2 parts by bonding two foam samples cut to a
size   of amine catalyst (1) [a blend of a major 15  [err] inches by 2
inches by six inches with a   amount of dimethylaminopropionitrile and a
Vertrod Model 8HTV Heat Sealing Machine.    minor amount of
bis(2-dimethylaminoethyl)   65 Dwell time and temperature was set at a
maxi-  ether], 1 part of L-6202 (a commercial mum and foam sample was
seaed. This pro-  silicone-polyether copolymer fam  stabilizer cedure was
repeated several times as noted   available from  Union Carbide Corp,),
0.15 20  by "number of cycles" in the Examples, infra.  parts of stannous
octoate, 2 parts of dichloro- A bond was formed which was 2 inches long
difluoromethane, and 53.5 part of tolylene  70 by * inches wide. The bonded
foam sample  diisocyanate (a mixture of 80%  2,4-tolylene was allowed to
age at ambient conditions for   diisocyanate and 20%  2,6rolylene disocyan-
at least twenty-four hours. Bond strengths were  ate). The Isocyanate Index
was 105. The 25  then determined using a Table Model TM    Isocynate Index
is the per cent of the stoi- Instron machine set at a cross-head speed of
chiometric amount of polyisocyanate required  75 two inches per mimute and
two inches per  to react with total active hydrogen. This index minute
chart speed. The foam samples were  is preferably in the range of 100 to
115. The held using pneumatic tensile jaws. Bond   hydroxyl number of the
total polyol blend 30  strengths were reported in pounds per linear
including the dipropylene glycol additive was inch.
79.3. Pertinent physical properties of the foam   80 Cream time is the time
in seconds that the   obtained inuding  foam - to - foam  bond foaming
mixture akes to become heterogene-  strengths are presented in Table I
together ous. This condition was ascertained by obsv-  with 3 additional
Examples and a Control A 



35  ing the time taken for the dear mixture to   demonstrating the
improvement in foam-to- change to a milky white color.             foam
bond strengths with increasing amounts  85 Rise time is the time in seconds
taken to   of dipropylene glycol modifier and the cx- achieve maximum
height of rise in the foam.    tremely low bond strength in the Control A
Top collapse is the amount in inches a foam   in which no dipropylene
glycol modifier was 40      s     in height after maximum rise.     used.
The data in Table I also show that based on setting and breathability data
foams are  90 Examples 1 to 4.               more difficlt to make, that
is, the stannous The enhancement of the thermal bonding  octoate operating
latitude is diminished as the properties of a conventional polyurethane
foam   dipropylene glycol modifier concentration is was demonstrated in the
following Examples  increased. This demonrates that the amount 45  by  the
addition  of varying amounts of  of low molecular polyol modifier used in
this  95 dipropylene glycol as the polyol modifier.  invention has a
critical upper limit as defined Using the procedure described supra  72
supra. These data presenting bond-bond parts of polyether polyol I (the
reaction pro-   strengths values also establish that the lower duce of
glycerine with a mixture of 86% 1,2-  limit is critical as well.
1,502,181,                                       8 [err]    9
1,502,181                                      9 As the concentration of
dipropylene glycol  having an adjusted hydroxyl number of 79.3, modifier is
increased n these Examples, the   gave excellent foam to foam bond
strengths hydroxyl number of the total polyol blend   the Controls D and G
using Polyether Polyol increased along with the bond-to-bond strengths.
IV with an adjusted hydroxyl number of 75.3 5   Controls B-I show that mere
adjustment of           gave maskedly inferior bond-to-bond strengths. the
hyydroxyl number of the polyether polyol       Thus, a blend of convetional
polyether polyols component will not give results equivalent to      with a
low molecular weight polyol modifier the compositions containing low
molecular  such as dipropylene glycol is surprisingly and weight polyols as
well. This is demonstrated in   unexpectedly unique in improving bond-to-
30 



10  Table II where urethae foaming Control  bond strengths of thermally
bonded poly- compositions comparable to those in Examples   urethane foams.
This unexpected finding is 1 to 4 were prepared and foamed with the   also
corroborated in Table II where it can be exception that no dipropylene
glycol modifier  seen that the Control H which used Polyether was present.
Polyether Polyol I was used as   Polyol V, having an hydroxyl number of 112
35 15  the polyether polyol component together with  and an average
molecular weight of 2240 the series Polyether Poloyl III, IV, V and VI.
afforded a polurethane bond with a very low These latter polyols are all
reaction products   bond-to-bond strength, further supporting the of
glycerine and proylene oxide having average   conclusion that molecuar
weight vanations of molecular weight of 3000, 2240, 1500 and 700   a base
polyol are not the controlling key to  40 20  respectively. A comparison of
Tables I and II   obtaining polyurethane foams with high bond- demonstrate
dearly that whereas Example 1,  to-bond strength.    10
1,502,181                                            10 [err]    11
1,502,181                                        11 Examples 5 to 10.
polyurethane foam composition in respect of A comparison of ethylne glycol
with di-  the achievement of good foam-to-foam bond ethylene glycol as the
polyol modifier of this  strengths. A comparison with conrols J and  15
invention is shown in Table III. In Thes    K in which no dipropylene
glycol was used 5  examples the base polyether polyol chosen was
demonstrates the effectiveness of dis simple Polyether Polyol II
demonstrating the use of   polyol modifier in improving foam-to-foam a
graft polymer polyol alone. All of the   bond strength as demonstrated in
Table IV. examples show satisfactory to excellent foam-   These data
demonstrate that no bond strength  20 to-foam bond strengths.
is obtained when Polyether Poldol I is used and only 1 pound per linear
inch foam-to- 10              Examples 11 to 14.               foam bond
strength obtained when Polyether Examples 11 to 14 show the effectiveness
of   Polyol II is ued in the absence of the polyol dipropyiene glycol as
the polyol modifier of   modifier, dipropylene glycol.              25 



12                                      1,502,181
12 [err]    13                                           1,02,181
13 [err]    14             1 502 181                            14 TABLE V
Example 15 15     Control L Polyether Polyol II                95
100 Dipropylene glycol (parts)          5          - Water (parts)
3.0        3.0 Amine Catalyst (') (parts)          0.15       0.30 Stannous
Octoate (parts)            0.15       0.10 Silicone surfactant (parts)
1.0        0.5 TDI 80/20 (parts)                  42.1       17.1
Prepolymer Isocyanate (parts)       -         30.25 Cream Time (sec.)
12         12 Rise Time (sec.)                  113        187 Height of
Rise (in.)                5.4        4.7 Breathability (SCFM)
1.5        1.10 Density (pcf)                       1.95       2.26
Foam-to-Foam Bond Strength (lbs./inch)   3 cycles            3.40       2.4
4 cycles            3.25       2.0 (') Blend of a major amount of
N,N-dimethylethanolamine 



and a minor amount of bis(2-dimethylaminoethyl)ether. Examples 16 to 22.
duced to a hybrid foam machine under low FOAMING PROCEDURE II-MACHINE
foam pressure conditions. To prepare flame SCALE.
retardant foams, NIAX  (Registered Trade 5     A  series of comparative
machine scale   Mark) Flame Retardant 3CF, tris(2-chloro-  30 flexible
polyurethane foams was prepared at a   ethyl) phosphate, was added via a
separate through-put rate of about 70-80 pounds per  stream (1300-1500
grams per minute) or a minute. The foams were all prepared as  blend of
QYNV-1 vinyl resin (polyvinyl follows:
chloride dispersion resin sold by Union Carbide 10     Blends of
conventional polyurethane foam-   Corp.) and antimony oxide was added via
the  35 ing compositions were mixed with the polyol  polyol stream.
modifiers to be evaluated by weighing the     The mixer speed was 5000 RPM,
discharge proper amounts into a fifty gallon drum and   nozzle I inch in
diameter, conveyer angle 3.5 tumbling several hours to effect mixing. The
degrees and conveyer speed between 8 and 12 15  mixture was referred to as
the polyol stream.  feet per minute. At ambient temperatures, the   40 A
constant stream of polyol blend (21,000-   emerging foam mixture was poured
onto a con- 22,000 grams per minute) along with an  tinuously moving
conveyer belt. The foam was activator stream consisting of water, amine
allowed to set and cure in the form of ten foot catalyst and silicone
surfactant (800-1000   long 26 inch wide, 18 inch high slabs. After 20
grams per minute), a separate stream con-  twenty-four hours of aging at
ambient tern-   45 sisting of aditional silicone surfactant (150-
perature, the foams were cut and phyiscal pro- 300 grams per minute), a
separate stream of  perties determined. The results along with auxiliary
blowing  agent  (tricholofluoro-  other physical properties are reported in
part methane; 300-500 grams per minute) and  in Table VIII. 25  a separate
stream  of tolylene diisocyanate     The results in Table IX show excellent
foam    50 ( 10,000- 1,000 grams per minute) was intro-  physical poperties
are obtained using either    15
1,502,181                                       15 [err]    



16                                         1,502,181
16 Footnote for Table VIII on previous page.: * Added to the foam mixture
as a 50/50 blend by weight with Polyether Polyol 1. ** Gel Time is the time
it takes for the foam to reach strength great enough to cause visual
resistance to a pipe cleaner as it is pushed into the foam bun. [err]
Tris(dipropylene glycol phosphite) [err]  Polyvinyl Chloride dispersion
resin; inherent viscosity 1.17-1.35 (ASTM D 1243 Procedure A) (A) 70%
solution of bis(2-dimethyl aminoethyl)ether in dipropylene glycol (B) Major
amount of dimethyl ethanol amine and a minor amount of bis(2-dimethyl-
aminoethyl)ether (a) Silicone polyether copolymer molecular weight ca.
20,000 (b) Silicone polyether copolymer molecular weight ca. 10,000. Foams
prepared in Examples 16 to 22 were  the art that samples that give foam
tear are of tested for flame lamination properties accord-   excellent
quality. ing to the following procedure. Foam samples   The foam physical
properties and heat seal-  40 5   were cut into [err]  inch thicknesses and
passed  ing results are presented in Table IX. The into a laminator. The
substrate used was a   flame lamination results are presented in Table
cloth-backed vinyl automotive upholstery mat-   X. erial.
It may be concluded from these last data The width of the half-inch foam
and vinyl/  that:                                    45 10  cloth substrate
was 36 inches. The laminating   1. Flame lamination properties of the com-
flame consisted of propane gas and air in a   positions used in the present
invention are ratio of 58:400.                            excellent  by
commercial standards. This can The foam was passed over the flame at a   be
demonstrated by bond strecgth results as given speed and pressed to the
substrate with   well as the number of Examples giving foam   50 15  nip
rollers set 0.4 inches apart. Foam thick-   tear. ness after lamination was
measured and sub-   2. The Control U  polyester polyol poly- tracted from
the original thickness to deter-  urethane foam bond strength values are
higher mine the amount of foam burned off. Bond  than those in the Examples
due to higher strengths were determined by teang the lami-
tensile/elongation values of the foam. This  55 20  nates (cut 1" X 6")
using an Instron machine  is well known in the art and does not detract as
described previously. Bond strengths were  from  the excellent results of
the polyether determined at different times after lamination   polyol
polyurethane foams in the Examples. 



to determine the rate at which they bid.       3. Humid aging data
demonstrates foams Speed of lamination was varied to make the   prepared
according  to this invention are  60 25  test more critical. During each
test a polyester  superior to polyester foam (Conrol U) as can polyol
polyurethane foam of 1.8 pcf density    be seen from the fact that the
latter totaly prepared on a conmercial machine was used   degraded after
three 5-hour humid aging cycles as a control. During Instron testing it was
resulting in zero bond strength. recorded whether or not the bond between
the  4. Control T  laminates took longer to  65 30  foam  and  the
substrate was separatig   develop bond strength than foam laminates of
(referred to as bond tear) or whether the  the present  ivention. This was
detemined foam was tearing (referred to as foam  tear)-  quaitatively
inmediately after lamination by It is well known in the art, that once the
pulling samples apart. This constitutes a strength of the foam/substate
bond exceeds a   serious commercial disadvantage for foams  70 35  certain
value, the foam will tear. At this point,  made according to the
composition of Control it is impossible to determine the foam/   T.
substrate bond value. It is also well known in    12 17
1,502,181                                               17 [err]    18
1,502,181                         18 [err]    19
1502,181                                      19 [err]    



19                                       1502,181
19 [err]    20                                       1 502,181
20 2. A composition as claimed in claim  1   6 and Q is an aliphatic,
cyclodiaphatic or aro- wherein the grat copolymer is a graft polymer  matic
radical, or having the general formula:-  60 polyether polyol having from 2
to  6 hydroxyl groups per molecule wherein the polymer is
[err] 5  prepared by polymerizing a monomer of the formula:-
CH2 [err] wherein [err] is a hydrogen atom and/or a methyl wherein [err] is
a hydrogen or halogn atom   group and j has an average value of at least
and [err] or a cyano, phenyl, methyl- 10  substituted methyl or alkenyl
group having     12.A composition as claimed in claim 10  65 from 2 to 6
carbon atoms, dissolved or dis-  or  im   11 w n  the polyol  modifier is
persed in the said polyether polyol in the. ethylene glycol. presence of a
free radical catalyst.           13. A composition as claimed in claim 10 3
A composition as claimed in claim 1 or   or claim  11 wherein the polyol
modifier is claim 2 wherein the polyether polyol comprises    1,2-propylene
glycol. 14. A composition as claimed in claim 10 or a  polymer triol
reaction product of glycerine      claim  11 wherein the polyol modifier is
di- with propylene oxide and ethylene oxide.             ethylene glycol.
4. A composition as claimed in claim  3 wherein the polyether polyol
comprises the    15. A composition as claimed in claim 10 20  reacion
productof glycerine with a mixture of  or claim  11 wherein the polyol
modifier is  75 86%  by weight of 1,2-propylene oxide and
di(1,2-propylene) glycol. 14% by weight of ethylene oxide and has a     16.
A composition as claimed in claim  10 molecular weight of 3500.
or claim  11 wherein the polyol modifier is glycerine. 5. A composition as
claimed in any one   17. A composition as claimed in claim 10   80 25  of
the preceding claims wherein the graft co-    or claim  11 wherein the
polyol moder is 



polymer comprises from 10 to 30 weight per cent of a copolymer of from 25
to 50 weight   18. A  composition as claimed in claim 10 per cent of
acrylonitrile or methacrylonitrile   or claim 11 wherein the polyol
modifier is and from 50 to 75 weight per cent of styrene    resorcinol. 30
or alpha-methyl styrene,and from 70 to 90       19. A composition as
claimed in any one weight per cent of the said polyether polyol.    of
claims 10 to 18 wherein the catalyst com- 6. A composition as claimed in
claim  5        prises a tertary amine in an amount of from wherein the
graft copolymer comprises 80%      0.05 to 3 weight percent of the
polyether polyol by weight of the polyether polyol and 20%        reactant
and an orgamic derivative of a metal  90 35  by weight of the copolymer.
in an amount of from 0.05 to 2 weight percent 7. A composition as claimed
in any one of the preceding claims additionally  containing   of the
polyether polyol reactant. the polyether polyol in its ungrafted form.
20. A composition as caimed in claim 10 8. A polyol composition as claimed
in claim   substantially as hereinbefore described in any 40  1
substantially as hereinbefore described   one of the Exmples.
95 9. A polyol composition as claimed in claim    21. A method of thermally
bonding flexible 1 substantially as hereinbefore described in any
polyether polyurethane foam  to a substrate one of the Examples
which comprises: 10. A composition for producing a flexible  (A) reacting
and foaming a composition as 45  polyurethane foam comprising:
claimed in any one of claims 10 to 20;    100 (a) a polyisocyanate reactant
containing    (B) heating the surface of the foamed com- at least two
isocyanato groups per molecule;  position of (A) above its melting or
fusion (b) ablowing agent;                    point; (c) a catalyst for the
urethane-forming      (C) contacting the melted or fused surface (c) a
catalyst for the urethane-forming   of the foamed composition of (A) with a
sub-  105 50   reaction;                                 strate whereby a
flexible polyurethane foam/ (d) a surfactant; and               substate
laminate is formed; and (e) a polyol composition as claimed in   (D)
cooling the flexible polyurethane any one of the preceding claims.
foam/substrate laminate below the melting or 11. A composition as claimed
in claim 10   fusion point of the flexible polyurethane foam.   110 55
wherein the polyisocyanate reactant is a com0   22. A method as claimed in
claim 21 pound having the general formula:-              wherein the
temperature of the melted or fused surface of the flexible polyurethane
foam is [err]                        from 204 degree C to 315C. 



23. A method as claimed in claim 21 or 115 wherein i has an average value
of from 2 to  claim  22 wherein the flexible polyurethane    21
1,502,181                               21 foam surface is melted or fixed
by passing over  strate as claimed in claim 21 substantially as a flame at
a constant rate of speed.        hereinbefore described in any one of the
24. A method as claimed in claim 21 or  Examples.
15 claim  22 wherein the flexible polyurethane  27. A substrate/foam
laminate when formed 5  foam  surface is nicked or fused by contact  by a
method as claimed in any one of claims wih a heat seating means.
21 to 26. 25. A method as claimed in any one of claims 21 to 24 wherein the
substrate is main- tamed at ambient temperatures when contacted
BOULT, WADE & TENNANT, 10  with the melted or fused surface of the flexible
Chartered Patent Agents, polyurethane foam.
34 Cursitor Street, London, 26. A method of bonding a foam to a sub-
EC4A 1PQ Printed for Her Majesty's Stationery Office by the Courier Press,
Leamington Spa, 1978. Published by the Patent Office, 25 Southampton
Buildings, London, WC2A lAY, from which copies may be obtained.    


