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-1- BREATHABLE: OPEN CELL URETHANE POLYMERS BACKGROUND OF THE | NVENTI ON 5
This invention relates to breathable or air-perneable, open cell, flexible
uret hane pol yners. Pol yurethane foans produced by the reaction of a

pol yet her pol 97008 an i socyanate usually in the presence ECTHSAUNANS st
surfactant and bl ow ng agent are known generally as pol yether based

pol yur et hane foans. Suitable reactants for pr?ducing 10

pol yuret hane foans are known to those of skill in the art. Methods of
produci ng pol yet her - based eTey S Geed i gid or
rigid properties are di scl%% ged July 13,

1965 to Hostettl em&m&ﬁﬂ&WI I y teach the characteristics
of pol yether poly eactants for making

pol'yur et hane foans include U S. Patent 383,351 to 15

St anber g&r (pol yner poIW'%‘T"%‘?del °S°WW?°%&'"WW&'%WFG“M?“’%@"Q
(pol yether polyols). U S. Patent No. 3,884,848 to Ricciardi et al.

di sci oses product RIS subst anti al | y

'Y

Polyurethane foams produced by the reaction of a polyether polyol with an
isocyanate usually in the presence of a catalyst, surfactant and blowing agent are known
generally as polyether based polyurethane foams. Suitable reactants for producing

10 polyurethane foams are known to those of skill in the art. Methods of producing

polyether-based polyurethane foams with flexible, semi-rigid or rigid properties are

- disclosed in U.S. Patent No. 3,194,773, issued July 13, 1965 to Hostettler. Other patents

that generally teach the characteristics of polyether polyols, isocyanates and other

reactants for making polyurethane foams include U.S. Patent No. 3,383,351 to

15 Stamberger (polymer polyols) and U.S. Patent No. 3,454,505 to Cross, et al. (polyether
polyols).

U.S. Patent No. 3,884,848 to Ricciardi, et al. discloses production of substantially
membrane-free open-pore polyurethane foams from the reaction at high pressure of a
polyol and an organic polyisocyanate, including a hydrophilic organosilicon foam-

20 stabilizing emulsifier-surfactant and at least one ester of the formula (RCOO),R' wherein
R and R’ are alkyl or alkenyl groups having from one to 30 carbon atbms, at least one of
R and R’ having at least three carbon atbms, and wherein n is an integer from 1 to 3.
Butyl oleate is among the many possiblé esters embraced within the definition. Ricciardi

does not obtain the advantages and properties of foams formed under vacuum conditions.



menbr ane-free open-pore pol yurethane foans fromthe reaction at high
pressure of a polyol and an organic polyisocyanate, including a hydrophilic
~organosilicon foam 20 stabilizing ermulsifier-surfactant and at
~least one ester of the formula (RCOO)[err]R wherein Rand R are al kyl or
" al kenyl grougso &B0pg0 fromone to 30 carbon atons, at |east prwoshodignd R

havi ng at | east three carbon atoms, and wherein n is an integer from1 to
3. Butyl ol eate isanpbng the many possible esters enbraced within the
definition. Ricciardi does not obtain the ad¥antages and properties of
foans formed under vacuum conditions. WO 97/40082 .
PCT/ US97/ 01918 - 2- ForFarmagy eushipning-anplicatipns, such a3 magitresses mattress nads, medickpads
mattress pads, nedical pads and furniture cushions, a flexible urethane
with certain densimdyfurmwfe cashions, & flexiblt, urethane withi eertaipedensityy tsoftness, febowm,
deflection (IFD), fire retardance and air perneability is desired. To
produce a pol ynmerconipiession s€, ikdriml foree deRpstisre(IFDY; [five Feyardande bhdDair plrendability is
formul ator may sacrifice conpression set and other properties. Polyner '
structures desired. To produce a polymer structure with the required density and IFD, the
5 formulator may sacrifice compression set and other properties. Polymer structures
formed under vacuum conditions generally have lower densities and greater softness than
polymers of equivalent composition formed at or above atmospheric pressure.
Processes for producing polyurethane foams under variable pressure conditions
have been disclosed. PCT Published Patent Application WO 93/09934 discloses methods
10 for continuously producing slabs of urethane polymers under controlled pressure
conditions, including vacuum conditions (below atmospheric pressure). The foam-
forming mixture of polyisocyanate, polyol, blowing agent and optional additives is
introduced substantially continuously onto-a moving conveyor in a substantially closed
chamber. The foaming takes place in the substantially closed chamber at controlled
15 pressure and temperature. Reaction gases are vented or exhausted from the chamber to
maintain the chamber pressure at or below atmospheric or ambient pressure. As the foam
rises, it is conveyed toward a chamber exit. The exit is opened at intervals to cut and
remove sections of the foam slab.
Foaming may be conducted under vacuum conditions in batch processes as well.
20 For example, U.S. Patent No. 4,503,150 to Triolo at col. 10, lines 3 to 14 describes

allowing a single batch foam-forming mixture to expand in a closed mold with internal

pressure maintained at a vacuum.



. formed under vacuum conditions generally have | ower densities and greater
softness than polyners of equival ent conposition forned at or above

at nospheri c pressure. Processes for producing pol yurethane foans under

vari abl e pressure conditions have been di scl osed. PCT Published Patent

Appl i cation WO®R6@2934 di scl oses net hods 10 for ECHUSHINS y
produci ng sl abs of urethane polynmers under controlled pressure conditions,

i ncl udi ng-vacuum condi ti ons (bel ow at m)sphe;.; c pressure). The foam form ng
m xture of polyisocyanate, polyol, blow ng agent and optional additives is

I ntroduced substantial | ntj nupusly opnto.a [povin '
substantially cl osed GH%@E.W@W%H?%@W@“ "geéég{%%%éd% however, y
cl osed chanber at controlled 15 pr.essur d tenperature,.
Reaction gases a%CDMGW%Rﬁ%@EQWYWtW@ﬁH?FB@FW%ﬁ?ﬁ#@?ﬂqﬁgs'
chanber pressure at or bel ow atnospheric or anbient pressure. As the foam
rises, it is conSemetimesthe polymensimotuce sheinks upoxiegolingjdue ta aninsyffigientmumber o
intervals to cut and renove sections of the foam slab. Foam ng may be
conduct ed under vpeniceisc Sudh tighreell strudhaescdre pnsuitahle for cushionisng applications due to

For exanple, U S. Patent No. 4,503,150 to Triolo at col. 10, lines 3 to 14
descri bes al | owi pgorresbvéry and dluabilifyo aAmiosé opengbieathhble eelt stnenpe ischreferred for

closed nold with internal pressure maintained at a vacuum
bedding and cushioning applications because such structures permit increased air
circulation and are more comfortable. In addition, foams are typically compressed when
they are packaged for shipment to customers. Foams with tight cell structures do not
recover in a suitable manner.

10
SUMMARY OF THE INVENTION

Methods and compositions for forming a breathable or air-permeable, open cell,

flexible urethane polymer structure under controlled pressures maintained at or below

atmospheric pressure, preferably in the range of 0.5 to 1.0 bar, most preferably 0.5 to 0.9

15 bar, are disclosed. The invention comprises reacting a polyether polyol, or mixture of a
polyether polyol and a polymer polyol, with a polyisocyanate, such as toluene

diisocyanate or other polyisocyanates or mixtures of polyisocyanates in the presence of

a blowing agent, such as water, and from about 0.5 to 2.0 parts, preferably 1.0 to 1.5

parts, based on 100 parts by weight polyol, of butyl oleate. The isocyanate index

20 ~ preferably (vill be within the range of 100.to 120, mbst preferably 107 to 115 to obtain

desired compression set values.



WO 97/ 40082

PCT/ US97/ 01918 -3- Controlling foam form ng under reduced pressures can be
nore difficult, however. The pol yner structure does not always and
repeatedly formstructures with open cells. Sonetinmes the polyner structure

shrinks upon waobidegz due to an insufficient nunmber of open cgdt/Esorosib _
tight cell structures are unsuitable for cushioning applications due to 5

poor recovery and durability. A nore open, breathable cell structure is
preferred for beddi ng and cushi oni ng appl i ca#4tons because such structures
permt increased air circulation and are nore confortable. In addition,

foams are typically coﬂmmmwauegtwahd\emwag&amencgnfﬂnbinwmg»agem

custoners. Foans with tight cell structures do not recover in a suitable
manner. 10 SUMVARN afeppardfus inwhisi thOiprekdureris dontmiletl aromginteined atroy bélow dtmospheric a
breat habl e or air-perneabl e, open cell,
pressure. The foam is allowed to rise under the controlled pressure conditions.
Thereafter, the foam should be cured for at least one hour and up to twenty-four (24)
5 hours at ambient pressure and temperature before foam properties are determined.

Optionally, other foam-forming additives may be present in the foam-forming
composition, such as fire retardants, melamine, catalysts, surfactants, extenders, colorants,
pigments, deodorants, antimicrobial compounds, and the like. Such optional additives
may be included so long as they do not adversely affect the resultant air permeability and

10 density of the polymer structure.

The open cell, flexible urethane polymer structures formed under controlled
pressure conditions from the compositions including butyl oleate surprisingly have
resultant air permeability much greater than polymer structures produced under the
identical conditions and with the identical compositions, except lacking butyl oleate. Air

15 permeability for all polymer structures so formed with the butyl oieate remained greater

than about 110 f*/f®/min. The polymer structures have desired density, softness, rebound

and compression set properties making them well suited for use as cushions.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
20 The air-permeable or breathable, open cell, flexible urethane polymer according
to the invention is formed from the reaction of a polyol and a polyisocyanate in the

presence of a blowing agent. The foam-forming composition additionally contains from



fl exi bl e urethane pol ynmer structure under controlled pressures naintained
at or bel ow at nospheric pressure, preferably in the range of 0.5 to 1.0
bar, nost preferably 0.5 to 0.9 15 bar, are disclosed. The

i nvention conprises reacting a polyether polyol, or mxture of a polyether
pol yol and a pwbpmmsospol yol, with a pol yi socyanate, such as tBCTU897/01918

di i socyanate or other polyisocyanates or m xtures of polyisocyanates in the
presence of a bl owi ng agent, such as water, and fromabout 0.5 to 2.0
parts, preferably 1.0 to 1.5 parts, based on 0 parts by weight polyol, of

butyl oleate. The J|sac at e Jjndex 20 preferably w b 1t hin
t he-range of 100 t%§f?é?d1wgstbyp\”8‘%tr REsferably 1.0,18 lﬁgarfsoggsqudbégg% E"&wenght
conpressi on set val yes. 97/ 40082

PCT/ US97/ 01918 -4-P#¥f§'?f(h“§MYglféﬁFanate is reacted with the polyol in the

presence of the bl ow ng@agent In an apparatus in which the pressure is

control | ed or maintai nekplyathespolyslshaving afmstienality qf ableass 20, are kuowmiorhe syitable

allowed to rise under the controlled pressure conditions.
for producing flexible polyurethane foams. Conventional polyols may be used in this

5 invention. The polyether polyols and/or graft polyols used in the present invention have
an average molecular weight of about 3000 to 3500. Examples of these polyols are
VORANOL 3010 from Dow Chemical and PLURACOL 1103 from BASF.
The term "polyether polyol” includes linear and branched polyethers (having ether
linkages) and containing at least two hydroxy! groups and-includes polyoxypropylene
10 polyether polyol or mixed poly(oxyethylene/oxypropylene) polyether polyol. Preferred
polyethers are the polyoxyalkylene polyols, particularly the linear and branched
poly(oxethylene) glycols, poly(oxypropylene) glycols and their copolymers. Modified
polyether polyols are those polyether polyols having a polymer of ethylenically
unsaturated monomers dispersed therein. Representative modified polyether polyols
15 include polyoxypropylene polyether polyol into- which is dispersed poly(styrene
acrylonitrile) or polyurea, and poly(oxyethylene/oxypropylene) polyether polyols into
which is dispersed poly(styrene acrylonitrile) or polyurea. Modified polyether polyols are
commercially available from several companies, including Arco (supplied as "Polymer
Polyol"), BASF (supplied as "Graft Polyol"), Dow Chemical (supplied as "Co-polymer
20 Polyol") and Mobay (supplied as "PHD Polyol"). Arco, BASF and Dow Chemical |
disperse poly(styrene acrylonitrile) into the polyol, whereas Mobay disperses polyurea
therein. Some examples of commerciaily available modified polyether polyols are set

forth below:



Thereafter, the foam should be cured for at |east one hour and up to
twenty-four (24) 5 hours at anbient pressure and tenperature
before foam properties are determ ned. Optionally, other foamformng
additives may be present in the foamform ng conposition, such as fire

- retardants, mmbawaoogz catal ysts, surfactants, extenders, colsrBu§s901918 _
pi gnents, deodorants, antimcrobial conpounds, and the |ike. Such optional
additives may be included so long as they do not adversely affect the

resultant air perneability and 10 -@rensity of the pol yrer _
structure. The open cell, flexible urethane polynmer structures formed under
control |l ed press ons fromthe conpo§ﬁ$$ons I ncl udi ng butyl ol eate

surprisingly have resultant air perneability nuch greater than pol yner
structures produd®C@nder the identical condi tH988 and with the identical
conposi tions, excéPelymerdlalyols"but yl ol eate. A NidGE694 permeabi ity
for all polynmer structures so formed with the butyl ol eate renmai ned greater
than alout 110 fBASK]/ft[err]/ m n. The pol ynPLURACOLU1&%: have desired
density, softnessGraffRolyols"and conpressi on sePLURACOL 994Lveki ng them wel |
suited for use as cushions. DESCRI PTION OF THE PREFERRED EMBODI MENTS 20
The air-perneabl pow breat habl e, open cell, fhhoglveLwosbhane pol yner

according to the rOyRINh&Polyolsh Or med from t he varaeNiop39a a pol yol and a
pol yi sggyanate in the

MOBAY E9232
"PHD Polyols"

Modified polyether polyols can be prepared by the procedure described by Critchfield, et
al, Rubber Chemistry and Technology, Vol. 45, No. 5, pp. 1467-77 (1972) and U.S.
15 Reissue Patent No. 23,817, which teaches reacting polyether . polyo! {(e.g.,
polyoxypropylene polyol) with styrene and acrylonitrile in the presence of a free radical
catalyst, then isolating the resulting modified polyether.
The term polyisocyanate refers particularly to isocyanates that have previously
been suggested for use in preparing polyurethane foams. "Polyisocyanates” include di-
20 and polyisocyanates and prepolymers of polyols and polyisocyanates having excess
isocyanate groups available to react with additional polyol.
The amount of polyisocyanate employed is frequently expressed by the term
"index" which refers to the ratio of the actual amount of isocyanate in the reaction mixture
to the theoretical amount of isocyanate required for reaction with all the active hydrogen-
25 containing compounds present in the reaction mixture muitiplied by 100. For most
applications, the index is in the range of from about 70 to 150, preferably from about 90

to 130, most preferably from about 110 to 120.



presence of a blow ng agent. The foamform ng conposition additionally
contains from WO 97/ 40082 _

PCT/ US97/ 01918 0.5 to 2.0 parts by weight, preferably 1.0 to 1.5 parts,
based on 100 parts by wei ght polyol, of butyl oleate. Polyether polyols
havi ng a functworsalspesg of at |east 2.0 are known to be suit abPETU§H7/01918
produci ng fl exi bl e pol yurethane foans. Conventional polyols nmay be used in
this 5 i nvention. The pol yet her poly, ’Pl s and/or graft polyols used
in the present invention have an average nol ecll ar wei ght of about 3000 to

PLURACDL 1103 11 om BASFCONRESDR HOmReyples. b o Pooh JE i ViD. Siiabl

fydroxy| Groups. anEoBNOPERRE BE (e ﬁ@%méwhﬁ 'er”'p& syt RSl

0l yet her & ar ¢ 1 g e”%ﬁn%é&%’%&ﬁw’&' Ip 3L She paiigocymutesied baArssen

Eranched pol y(oxet hyl ene) glycols, poly(oxypropylene) glycols and their

copol ymers. Modi f i isdan amount of about 40 to 70 parts by weight, preferably 50 to 70 parts by weight,
5 based on 100 parts by weight polyol in the foam-forming composmon.

Blowing agents which may be employed include, for example, water, either alone
or admixed with other components, e.g., as an aqueous solution of catalysts. When water
is employed it reacts with an excess of the polyisocyanates to generate carbon dioxide,
thereby resulting in a foam. Carboxyl-containing compounds may also be included as a

10 . source of carbon dioxide. The blowing agent should be present in an amount of about 2
to 6 parts by weight, preferably 2 to 3 parts by weight, based on 100 parts by weight,
polyol in the foam-forming composition.

Catalysts may be used to accelerate the polyol-polyisocyanate reaction. The
catalyst may be either a single compound or a mixture of two or more compounds from,

15 for example, amines and metal salts. Especially preferred catalysts are organotin salts and
tertiary amines. The amount of catalyst employed may be varied over a wide range,
depending upon the formulation employed and the type of catalyst, as is known to those
skilled in the art. For most applications, the catalyst, either as a single compound or as
a mixture of compounds, is employed in an amount equal to from about 0.01 to 5.0 parts

20 ‘by weight per 100 parts by weight of polyol in the foam-forming compositions.

When blowing agents are included in or generated by the polyurethane reactants,

surfactant-type stabilizers are frequently included in the foam-forming composition. The

surfactants contro! the amount and quality of the foamed polyurethane obtained.



pol yet her polyols are those pol yether polyols having a polymer of
et hyl enically unsaturated nononers dispersed therein. Representative
nodi fi ed pol yet her polyols 15 i ncl ude pol yoxypropyl ene pol yet her
pol yol into which is dispersed poly(styrene acrylonitrile) or polyurea, and
pol y( oxyet hwiomradessypr opyl ene) pol yet her pol yols into whi clecrasstiapar sed.
pol y(styrene acrylonitrile) or polyurea. Mdified pol yether polyols are
comercially available from several conpanies, including Arco (supplied as
"Pol ymer Pol yol "), BASF (supplied as "G aft8Pol yol"), Dow Chemi cal
(supplied as "Co- po::érrer 20 .. Polyol 5529 and Mobay (supplied as "PHD
Pol yol "). Arco, BASFORHenatly,othercadditives may heradded,tp fhesfopmamnipg comppsition. | )
into the polyol, whereas Mbbay disperses pol@g/ur ea therein. Some exanpl es of
comerci al |y avdsualiyitee addgives wil] bp preymixied with dbeypsilyol.a The eptionsladditivessindude,
WD 97/ 40082 PCT/ US97/ 01918
-6- Pol yet her Faityané not limited to, fire retardants, melaniipg) surfactants, antimicrobial compounds,
colorants, pigments, extenders, deodorants, stabilizers. Such additives must not have any
5 deleterious effect on the air permeability of the resultant urethane.

The foam-forming process may be carried out batchwise, semi-continuously or
continuously, so long as pressure may be controlled and maintained at or below ambient
pressure. The desired product air pei'meability, density, softness and compression
characteristics are most readily obtained when foam-forming is carried out at vacuum

10 conditions. Any foam-forming apparatus that permits one to control and maintain the
pressure at or below atmospheric pressure during foam-forming is suitable for this
invention. The pressure or vacuum preferably will be maintained in the range of about 0.5
to 1.0 bar, most preferably about 0.5 to 0.9 bar. For example, in a batch process a
polyurethane foaming mixture may be placed into a closed chamber maintained at or
15 below atmospheric pressure. While the reaction is allowed to take place, the emitted
gases are vented from the chamber to maintain the vacuum condition throughout the
foaming reaction. Alternatively, this method may be made continuous. The foaming
mixture is added to the pressure controlled chamber continuously and the chamber is
vented to a constant pressure (vacuum) during the continuous foaming reaction. The
20 foam formed may be conveyed out of the chamber. An apparatus for continuously
producing polyurethane foam under controlled pressures is disclosed in published PCT

patent application WO 93/09934.

The invention is further illustrated, but not limited by, the following examples.



ARCO HS100 " Pol yner Pol yol s

Ni ax E694 5 BASF PLURACOL 1103
"Gaft Polyols" PLURACOL 994LV DOW -
VORANCL 3939 " Copol yrer Pol yol s* VORANCL 3943 10 MOBAY

E9232 " PHD Polaehmdesivbdi fi ed pol yet her pol yols can be preparBeT/B§p7(0pU8
procedure described by Critchfield, et al, Rubber Chem stry and Technol ogy,
Vol . 45, No. 5, pp. 1467-77 (1972) and U. s 1 Rei ssue Pat ent No.
23,817, which teaches reacting pol yether pol yol (e.g., pol yoxypropyl ene

pol on) W th styrer%mryl onitrile in the presence of a free radical
catal yst, then isol e resulting nodified polyether. The term

pol yi socyanate refers particularly to. 1soc anat.es that have n
suggested for use in prg;r %?Fﬁ“‘&% ﬁg"ala§8fm@8%@%§§%§ iXes Wi
i nel ude di- 20 and pol yi soc ana es a e ners of ols a d

isocyanate, were pre-mixed with the polyol. The water, isocyanate and pre-mixed polyol
5 and other ingredients were then mixed together in a hand mixer and introduced into a box
with a controlled pressure or vacuum. The polymer was allowed to rise in the box for ten
(10) minutes. After the polymer had risen to full rise, the polymer was removed from the

box and allowed to cure for one (1) hour.
Physical characteristics of the resultant polymer were then measured and reported.
10 Air permeability was determined in cubic feet per square foot per minute of a sample
using a Frazier Differential Pressure Air Permeability Pressure Machine in accord with
ASTM D 737. In summary, the pressure drop across a polymer sample is measured while
a set rate of air flow is administered to one surface of the sample. Air permeability is
defined as the rate of air flow through a material under a differential pressure between the
15 two surfaces of the sample material. A higher air permeability at a given density is desired
for foam polymer cushions because such cushions will provide more air circulation and

greater comfort.

Ball Rebound is a measure of the percent of polymer height return after a standard
- weight is dropped onto the polymer sample from a standard height above the sample. The
20 - test was performed according to ASTM 357 testing standards. The rebound height of the
sample is measured while the weight rem#ins on the sample. A higher Ball Rebound
indicates a greater springiness and load support. A higher number indicates a better result

~for a cushion.



| socyanate groups available to react with additional polyol. The anount of
pol yi socyanate enpl oyed is frequently expressed by the term"index" which
refers to the ratio ofthe actual anount of isocyanate in the reaction

m xture to the theoretical anmount of isocyanate required for reaction with
all the actiwpoleyddeggen- 25 cont ai ni ng conpounds pperesd7oLsIst he .
reaction mxture nmultiplied by 100. For nost applications, the index is in
the range of from about 70 to 150, preferably from about 90 to 130, nost
preferably fromabout 110 to 120. WO 97/ 46082

PCT/ US97/ 01918 -7- Conventional polyisocyanates may be used in this
invention. Suitable polyisocyanates are t BABERd d||socyanate (TDI) ot her
pol yi socyanat es, ) » )

The pol yi socyanat 'A an Jamoant of
by weight, prefer —ghi ’1_ -
parts by weight p Ip)g%l(gmgjﬂe foamfomﬁ.@g (On‘pm[dCIOl 100.0 100.0
' H,0 5.0 5.0 50 5.0
5 L620 ' 2.0 20 2.0 2.0
Cc2? 0.27 0.27 0.27 0.27
R8020° 0.18 0.18 0.18 0.18
u X3LV* 0.15 0.15 0.15 0.15
butyl oleate - 1.0 - 1.0
10 TDI (TD80) 66.5 66.5 66.5 66.5
Index 117 117 117 117
Foaming 1.0 1.0 0.7 0.7
Pressure (bar)
Density ' 1.28 1.30 0.86 0.92
15 (lbs/f%)
Permeability 94 242 5 121
an),
(R*/ft¥min)
Ball Rebound(% 22 32 14 33
20

1 L620 is a silicone surfactant offered by OSi

2 C2 is a tin catalyst offered by Air Products.

3 R8020 is an amine catalyst offered by Air Products.
4 X3LYV is a blue dye offered by Milliken.



Bl owi ng agents which may be enpl oyed include, for exanple, water, either
al one or adm xed with other conponents, e.g., as an aqueous sol ution of
catal ysts. Wien water is enployed it reacts with an excess of the

pol yi socyanates to generate carbon di oxide, thereby resulting in a foam
Car boxy! - conW 9714882 conpounds may al so be included as a 10 PCTUSIIBIBour ce
of carbon di oxi de. The bl owi ng agent shoul d be present in an anount of
about 2 to 6 parts by weight, preferably 2 3 parts by weight, based on
100 parts by weight, polyol in the foamformng conposition. Catalysts may

be used to acceler ateﬁthe ‘gsoéyglg& ?ﬁg%‘?@lﬁ%ﬂ?&%gxiygﬁgstiin%icmgb&gfsa%&ghagﬁg

be either a single co WO Oor’ nore conmpoun rom

for exanple, amn an t sal ts. Especi,al I red catal ysts .ar
organotin salts &‘ﬁ@d f‘b‘gf E‘SF%L%WP%WPWH&’%&B&M'@‘PQE@E{%]I @?WI%‘?/’B@%‘Q/ be
varied over a w de range, depending upon the forpul ati on enpl oyed and the
type of catal yst ande2 st‘é“‘fﬁb en fhe|iqegtical fpapy;forming cofappsitigns included
applications, the catalyst, either as a single conpound or as a m xture of
conpounds, is enputyl el¢aten thenresuiting, foapypelymers had gin nepmeabilitiep surprsingly) highes, s
20 by wei ght per 100 parts by wei ght of polyol in the

f oam f & m ng conpkimugh density Wipeainel consistept.agent s are i ncluded i n or generated
by the pol yurethane reactants, surfactant-type stabilizers are frequently

i ncluded in the foam The inveatichdie beéni illastrated by detailed description and examples of the

preferred embodiments. Various changes in form and detail will be within the skill of
persons skilled in the art. Therefore, the invention must be measured by the claims and

not by the description of the examples of the preferred embodiments.

10



surfac armunt and quality of the foamed pol yurethane

obt ai n%ﬂ m E‘ﬂl ‘l@&ﬂ

PCT/ US onal ly, other additives may be added to the

foam form ng conposition. Usually, the additives will be pre-mxed with the
pol yol . - Thwoapuoespal additives include, but are not l.inm tedrwsyzdipise
retardants, nelam ne, surfactants, antim crobial conpounds, colorants,

pi gnents, extenders, deodorants, stabili zei Such addi ty

any 5 del eterious effect on theldir per meabi | i f YIS SHES HAS BEEMN
ur et hane. The foamform ng process may be carried out b chwi KEPLACED
sem -conti nuouW“y"‘Gf“ continuously, so long as pressure nay
and mai ntai ned at or bel ow anbi ent pressure The desired product air
permeability, densi MFO%@W%B(”&%PMWM@%‘!-W&WEF‘% Hst
readi |y obtai ned when foamformng is carried out -at vacuum 10

condi tions. Any foastepsoofii ng apparatus that pernmits one to control and

mai ntain the pressure at or bel ow at nospheric pressure during foamform ng
is suitable for thi@) preparingafoam-forming composition from (a) a polyol selected from the

—

5 group consisting of polyether polyols and polyether polyols with polymer
polyols, and (b) from 40 to 70 parts by weight, based upon 100 parts by
weight polyol, of a polyisocyanate, (c) a blowing agent; and (d) from 0.5
to 2.0 parts by weight, based upon 100 parts by weight polyol, of butyl

oleate; and
10 (2) forming the polyurethane foam from the foam-forming composition under
controlled pressure conditions maintained at or below atmospheric

pressure.

2. The process for producing a breathable, flexible polyurethane foam of claim 1,

15 wherein the foam-forming composition contains from 1.0 to 1.5 parts butyl oleate.

3. The process for producing a breathable, flexible polyurethane foam of claim 1,

wherein the polymer is formed under controlled pressures of from 0.5 to 0.9 bar.

20 4. The process for producing a breathable, flexible polyurethane foam of claim 3,

wherein the polymer is formed under a controlled pressure of 0.7 bar.
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I nventi r vacuum preferably will be maint a‘ MHIS
range oﬂmnﬂlua‘ﬂﬂﬂn ﬁlﬁ bar, nost preferably about 0.5 to %Ew AS BEEN}
exanpl e, tn ‘@ Batéh ﬁrotess a pol yuret hane foam ng m xture ' acel
into a cl osed chanber maintained at or 15 bel ow at nos ric
pressure. \hi [WOPTI2action is allowed to take place, the erﬁ‘%’&!ﬁ?”ﬁ&é&s
are vented fromthe chanber to nmaintain the vacuum condition throughout the
foam ng reaction. Alternatively, this method fryay be made continuous. The
foami ng m xture is added to the pressure controlled chanber continuously

and the chanber i s venugd g4 foRRkiAthe R'i,ﬁaau{,.s Ak Wiucle/Hach B claim 1

conti nuous foam ng reactl may be conveye

out - of the chanber. tus for conti du0| ng pol yur et hane
f oam under control | ed ﬂﬁgg"‘é‘h ésocgnaﬁeér&‘g’ ib%ﬁﬁ shed PCT pat ent
appfication WO 93/09934. The invention is furt her illustrated, but not
limted by, the follow ng exanpl es. WO 97/ 40082

PCT/ US97/ 01918 - 9- .
' 6 The process for producing a breathable, flexible polyurethane foam of claim 1,

5 : wherein the foam-forming composition contains one or more additives, selected
from the group consisting of® fire retardants, melamine, surfactants, catalysts,

colorants, pigments, deodorants and antimicrobial compounds.

7. The process for producing a breathable, flexible polyurethane foam of claim 1,
10 wherein the foam has an air permeability greater than 100 f*/ft*min.
8. A breathable, flexible polyurethane foam produced according to the process of
claim 1.
15 9. The breathable, flexible polyurethane polymer of claim 8, wherein said polymer

after curing has an air permeability greater than 100 f*/f%min.

10. A composition for producing a breathable, flexible polyurethane polymer when
foamed at controlled pressures maintained at or below atmospheric pressure,

20 comprising:
a polyol selected from the group consisting of polyether polyols

and mixtures of polyether polyols with polymer polyols;
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EXAMPL ' nposi ti ons were made on a | abor ateey—scal.e.as.hand.
m xes \Tﬂl‘ﬂmﬂulmmmm s ;and in the amounts shown in Tall EHIS. SHEET HAS BEEN
i ngredi ent§, excepts wat er '‘and i socyanate, were pre-ni xed W th REPLAGED/O! .
The water, isocyanate and pre-m xed polyol 5 and—ottrer

i ngredi ents weoe74degn ni xed together in a hand nmixer and i ntregosodisgt o a
box with a controlled pressure or vacuum The polynmer was allowed to rise
in the box for ten (10) mnutes. After the polynmer had risen to full rise,
t he pol ymer was renoved fromthe box and al Fbred to cure for one (1) hour.
Physi cal characteristics ofthe resultant polynmer were then neasured and
reported. 10 Ai r pedioputf to 70, patsdyesight hasedpunon 100 paes by aveight
square foot per mnute of a sanple using a Frazier Differential Pressure
Air Perneability Pressure bl 0€2 polyisccyanate or mixtyseofipalyig@yanates; sunmary,
the pressure drop across a polyner sanple is neasured while a set rate of
air flowis admnistered to onefiour 2ac® peitstiyeweightpbased Apon e paedby meight S
defined as the rate of air flow through a material under a differential
pressure between the 15 polyol, of a bloWwirigldgbmeasl of t he sanple material. A

hi gher air perneability at a given density 1s desired for foam polyner

cushi ong because such cushi ons ok 0. PtPY 0HartsBY Weidht based $pdhA0b PartsdBY weight

greater confort.

polyol, of butyl oleate.

11.  The composition of claim 10, wherein the butyl oleate is present in an amount

from 1.0 to 1.5 parts by weight.

_ 10
12.  The composition of claim 10, wherein the isocyanate index is between 100 and
120.
13.  The composition of claim 10, further comprising one or more additives selected
15 from the group consisting of: fire retardants, melamine, surfactants, catalysts,

colorants, pigments, extenders, stabilizers, deodorants and antimicrobijal

compounds.
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ot ana AN ONTEA

above tthetsahpl'e. °Thée

- 357 testing standards.
" the wei ght

ure of the percent of polyner height rmqusﬂggfmg ﬁEN
pped onto the polyner sanple froma $tanday

-}
’I
3

test was perforned accorei-rg—to- l\/I-
The rebound height of the sanple is rreasured whi |l e

r erNiDAY49® t he sanpl e. A higher jBall Rebound i ndi cREEUSEOPMRAt er -

springi ness and | oad support. A higher ates a better result for
P ueh o %‘H&Eﬁ CLRMNS
PCT/ US97/ 01918 - 10-

C2
100-0
L620'

Herr]O

CZ[;err]

WO 97 40082

2 Pol onl

1.

%#@DL ernational Bureau on 18 uiy 1997(18.07.97);
celled; g)rbﬂmal cla1m 1 I and 10 am?LndjedO

Eemglmng claif changed (3l )]

5.0 5
A prooaﬁ f(Q'-Producmg a gwﬁha})}e flexible po@vbnegl}ne foam, com@sglg the

steps of’

(1)  preparinga fomn-fomﬁng composition from (a) a polyol selected from the
group consisting of polyether polyols and polyether polyols with polymer
polyols, and (b) from 40 to 70 parts by weight, based upon 100 parts by
weight polyol, of a polyisocyanate, (c) a blowing agent; and (d) from 0.5
to 2.0 parts by weight, based upon 100 parts by weight polyol, of butyl
oleate; and

(2) forming the polyurethane foam from the foam-forming composition under

controlied pressure conditions maintained in the range of 0.5 to 0.9 bar.

The process for producing a breathable, flexible polyurethane foam of claim 1,

wherein the foam-forming composition contains from 1.0 to 1.5 parts butyl oleate.

Canceled.

The process for producing a breathable, flexible polyurethane foam of claim 1,

wherein the polymer is formed under a controlled pressure of 0.7 bar.

The process for producing a breathable, flexible polyurethane foam of claim 1,

wherein the isocyanate index is from 100 to 120.
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5
10
2.
15
3.
4.
20
5.
This Sheet Has Been Replaced -

18 JUL 1997

'AMENDED SHEET (ARTICLE 19)




R8020[ err]

S i, 2

TDI (TD80) © 66.5 66.5 66. 5 Tndex
117 - wo sHichs2 117 117 Foami ng PCT/US97/019181. 0 .
1.0 0.7 0.7 Pressure (bar) Density 1.28
1.30 0. 86 0.92 15 (bs/ft[err]) Perneability

94 242 5 “ 18T (ft[err]/ft[err]/mn) Ball

Rebound( % err]L620
is a silicone &urf é'é\eam?oeé#%mﬁustps @éfea[]@"lﬂ ﬂé“? E"l&”ﬁhﬁ““cé?‘al‘%?&%flf ered
by Air Products. [err] R8020 is an am ne catal yst offeredady Air Products.
[err]X3LV is a bl uavheyein the feane riving)gompesition contains one or more additives, selected

from the group consisting of: fire retardants, melamine, surfactants, catalysts,

colorants, pigments, deodorants and antimicrobial compounds.

7. The process for producing a breathable, flexible polyurethane foam of claim 1,

wherein the foam has an air permeability greater than 100 f3/t%/min.

8. A breathable, flexible polyurethane foam produced according to the process of

10 . claim 1.

9. The breathable, flexible polyurethane polymer of claim 8, wherein said polymer

after curing has an air permeability greater than 100 ft*/ft*/min.

15 10. A composition for producing a breathable, flexible polyurethane polymer when
foamed at controlled pressures maintained in the range of between 0.5 and 0.9
bar, comprising:

a polyol selected from the group consisting of polyether polyols
and mixtures of polyether polyols with polymer polyols;

20 from 40 to 70 parts by weight, based upon 100 parts by weight

polyol, of a polyisocyanate or mixture of polyisocyanates;
from 2 to 6 parts by weight, based upon 100 parts by weight

polyol, of a blowing agent; and
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WD 97/ 40082

PCT/ Us97/ 01918

- Exanples O and C2 are conparative e no butyl Tat-e—hes _
added to the foamforning conpositi oﬁmmnmnm,ﬂmabl e 1 (¢ Zf SHEEJT HAS BEEN

exanples C1 and C2 with exanples 1 ant

, whetn she+1 denti cal | f oamREFHACED

conpositions included butyl ol eate, the resul ting foam pol ymers had alr

permeabi | i ti esWOR4BI83i ngly hi gher, 5

al t hough densPEFUSEHEPRed

consi stent. The invention has been illustrated by detail ed description and

exanpl es of the preferred enbodi nents.

Var T dds- changes in form and detai l

will be within the skill of pers I R
I nvention nust be neasured by thg&éloiqﬁsigﬁJ*g}#‘bﬁ?ﬁtbhsed}ggiﬁ%?&én ofelFlF]e
exarrpl es of the preferred eﬂa%l'gﬁmﬁole;&

11.  The composition of claim 10, wherein the butyl oleate is present in an amount

5 : from 1.0 to 1.5 parts by weight.

12 The composition of claim 10, wherein the isocyanate index is between 100 and

120.

10 13.  The composition of claim 10, further comprising one or more additives selected

from the group consisting of: fire retardants, melamine, surfactants, catalysts,

colorants, pigments, extenders, stabilizers, deodorants and antimicrobial

compounds.
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rocess for produm ng a breat habl e, oven ceII %PE\Q

pol yujﬂi wm r| sing the steps of: (1) preparing a fBa Wi AL 7
conpo poI yol selected from5 \ Pc(hﬁ)ggqm?\f

consi sting of pol yet her pol yol s and m xtures of polyether pol on s wth
nodi fi ed pol yether polyols, and (b) from40 to 70 parts by weight, based
upon 100 parts by wei ght poI yol, of a polyisocyanate, (c) from2 to 6 parts
by wei ght, ésl%lgl}upon 10Q parts by wei ght polyol, of a hlow ng agent; and

(d) fromO. parts by 10 wei ght, based upon 100
parts by wei ght polyol, of butyl and ( he ur et hane
f oam from the féﬂ@?@ﬁlﬁ?ﬁﬂoé%%é f %g%ﬂwﬂﬂ?@;ﬁé@lﬁe@mﬁ ndi tions

mai ntained in the range of 0.5 to 0.9 bar (absolute). 15 : The
process for progomaprising the stegsiodbl e, 1 exi bl e pol yuret hane foam of claim1l,
wherein the foamform ng conposition contains from1.0 to 1.5 parts butyl

oleate. 20 (1)  preparing a foam-forming composition from (a) a polyol selected from
5 : the group consisting of polyether polyols and mixtures of polyether

~ polyols with polymes modified polvether polyols, and (b) from 40 to’
70 parts by weight, based upon 100 parts by weight polyol, of a

polyisocyanate, (¢) from 2.to 6 parts by weight. based upon 100 parts
by weight polyol, of a blowing agent; and (d)'f}om' 0.5 to 2.0 parts by ._ -

10 - weight, based upon 100 parts by weight polyol, of butyl oleate; and
(2)  forming the polyurethane foam from the foam-forming composition
under controlled pressure conditions maintained in the range of 0.5 to

0.9 bar (absolute).

15 2. The i)focess for producing a breathable, flexible polyurethane foam of claim 1,
:; | wherein the foam-forming composition contains fron.lll.O to 1.5 parts butyl
oleate. | REPLACEMENT SHEET
o 29 APR 1999 |
3= _ |

20
4-3, The process for producing a breathable, flexible polyurethane foam of claim 1,

wherein the polymer is formed under a contfolled pressure of 0.7 bar

(absolute),



3.. The process for producing a breathable, flexible polyurethane foam of
claim1, wherein thj,mmm mﬂml d under a controlled pressure of 0.7
bar (absol ute). rl jlm producing a breathable, flexible

pol yur et hane foam of ¢l d&i m“1, "wh&retn the isocyanate index is from 100 to
120. 5. The process for produm ng a breathable, flexible polyurethane foam
of claim1, 5 wherein the foam form ng conposition contains
one or more gaddi typg oce%?k&?r ﬂlciﬁé)m) aglréoﬂ&lﬁlgroﬁ%ﬁétﬂ&eqomnf({frcfmml

retardants, nETamn ,. sur tant s, yst
deodorants and ant; Bﬁbj al como nds produci ng a

The rocess for
breat habl e, fl exﬁﬂi‘%elﬁ ?ﬁ?@faﬁaﬁ‘?én ‘B‘dﬁﬁ@fn I:Q(honl\z?) wher ei n

the foam has an air perneability greater than 100 ft[err]/ft[err]/m' n. 7.
A breat habl e, flexible polyurethane foam produced according to the process
of claiml1. 15 _ 8. The breat habl e, flexible polyurethane pol yner
of claim 7.g,shermiebré@ss!for producing a breathable, flexible polyurethane foam of claim 1,

5 - wherein the foam-fonmng composxtlon contains ‘one or more additives,

selected from the group consisting of: fire retardants melamine, surfactants,

catalysts, colorants, pigments,_ deodorants and antimicrobial compounds.

& 6. The process for producing a breathable, flexible polyufethane_ foam of claim 1,.
10 wherein the foam has an air permeability greater than 100 ft*/f*/min.
-8:7. A breathable, flexible polyurethane foam produced éccording to the process of
claim 1.
15 - 9:8. The breathable, flexible polyurethane polymer of claim € 7, wherein said
3 polymer after curing has an air permeability greater than 100 f*/f%/min.
10-9. A composition when used for producing a breathable, open cell, flexible
polyurethané ‘polymer when that is foamed at controlled pressures maintained
20 in the range of between 0.5 and 0.9 bar (absolute), comprising:

a polyol selected from the group consisting of polyether

polyols and mixtures of polyether polyols with pelymer modified

polyethef polyols; REPLACEMENT SHEET
29 APR 1998




polyner after curing has an air perneability greater than 10
ftlerr]/ft[err]/mn. 9. A conposition when usec”m“wﬂ Milligm br eat habl e,
open cell, flexi-ble polyurethane polyner that i8¢ yarg rol | ed
pressures mai ntai ned 20 in the range of between 0.5 and 0.9

bar (absolute), conprising: a polyol selected fromthe group consisting of
pol yet her polyols and m xtures of polyether polyols with nodified

pol yet her pol yols; fromedQ. 40, 7 t L el . - arts
by wei ght polyol, of a por;.rlﬁglo%@%)n& orbirr‘Pég%\gé%g&uBg?;ﬁgg%?%aﬁg ,hpfrom 2
to 6 parts by weight, based upon 100 parts by weight polyol, of a blow ng
agent; and 5 -~ polyol, of a polyisocyanafe grmixture of polyisopyanateshy wei ght based
upon 100 parts by wei ght polyol, of butyl oleate. 10. The :
conposition of claim9, whéom 2td 6 parm iy weight dased o160 paits by weight

polyol, of a blowing agent; and

5 | from 0.5 to 2.0 parts by weight based upon 100 parts by weight
polyol, of butyl oleate.
-) _ H- 10, The compésition of claim 48 9, wherein the butyl oleate is present in

an amount from 1.0 to 1.5 parts by weight.

10
42-11. | ' The composition of claim-8-9, wherein the isocyanate index is
between 100 and 120.
43-12. The composition of claim 4-9-_9,, further comprising one or more
15 additives selected from the group consisting of: fire retardants,
:‘ | | melamine, surfactants, catalysts, colorants, pi'gx.nents, extenders,

stabilizers, deodorants and antimicrobial compounds.
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an.anmouné -f#om 1.0 to 1.5 parts by weight. 10 11. The coﬂ%@i‘QY&QﬁZ
claim9, wherein the isocyanate index is between 100 and 120. {13045 )STI(%P
conposition of claim9, further conprising one or nore 15 -

additives selected fromthe group consisting of: fire retardant
surfactants; catal ysts, colorants, pignments, extenders,. stabili

deodorants and anfP@IEr obi al amxpmwnaﬁmm.m?mw ORGANIZATION
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