1 TILTLE OF I NVENT¥ON POLYETHER Sl LI CONE SURFACTANTS FOR’TH&E CTURE OF
URETHANE FOAMS This invention relates to silicone surf act : ndcﬁﬁq
particularly to silicone polyether surfactants having a sil oxane backbefe
and oxyal kyl ene pendant groups. The surfactants of the present invention
are extrenely efficient and provide urethane foans without splits, as well
as uniformcell structure and size. BACKGROUND OF THE | NVENTION I n

pol yur et hane foam manufacturing, surf actants are needed to stabilize the

foamuntil the product-form'ﬂgL Qﬁ”hﬁ& o ction is sufficiently conplete
so that the foamis self-su i s not suffer objectionable
col l apse. Silicone polyether surfactants for pol yurethane f oam

manuf act ure typi cal lpyy AAERBITEEEONESSTFXETETS | PR} P -and - 2-
AR

pol yet her pendant groups are apg si | oxane backbone by Si-C
bonds, are generally believed to have high potency but produce "tight"
foans with poor breathability. Hydrolyzable surfactants, in which the

pol yet her pendamiigr @fipéneicn atkdsted te (4 RInAXagerPACKDRNS, by gl - hopds.
are generally believed to have poor potency
particularly to silicone polyether surfactants having a siloxane
backbone and oxyalkylene pendant groups. The surfactants of the
present invention are extremely efficient and provide urethane

foams without splits, as well as uniform cell structure and size.

BACKGROUND OF THE INVENTION .

In polyurethane foam manufacturing, éurfactants are needed to
stabilize the foam until the éroduct—forminglchemical reaction is
sufficiently complete so that the foam is self-supporting and does
not suffer objectionable collapse.

Silicone polyether surfactants for polyurethane féé@

manufacture typically are materials having siloxane backbones and .



but  of'fer good processing characteristics, and produce foans wth good
breathability. Flexible slabstock polyurethane foamis nade by two

di fferent processes: the continuous process or the discontinuous process.
In the continuous process, the raw materials are fed continuously through a
m xer and deposited onto a noving conveyor. Along the conveyor, the foam
rises, cures and is cut into blocks of”™foam In the discontinuous process,
the raw naterials are mxed in a stirred tank and poured into a | arge box.
Al'l foam applications require that the final foambe free of "splits".
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but offer good_processing characteristics, and produce foams with
good breathability.

Flexible slabstock polyurethane foam is made by two different
processes: the continuous process or the discontinuous process.
In the continuous process, the raw materials are fed continuously
through a mixer and deposited onto a moving conveyor. Along the
conveyor, the foam rises, cures and is cut into blocks of foam. In
the discontinuous process, the raw materials are mixed in a stirred
tank and poured into a large box.

All foam applications require that the final foam be free of
"spiits". Splits are ruptures between the foam cell struts which
weaken the structural integrity of the foam. Splits are thought to

be caused by weakened struts characterized by altered non-uniform

cell structure and sizes.

In the continuous process, the surfactant is thought to
stabilize the gas nucleation sites, to stabilize the rising foam,
and to regulate the cell structure - of the foam. Splits are
generally though to occur when a foam is under stabilized or over

stabilized by either the surfactant or the formation of the polymer



Typically, a'discontinous process surfactant possesses good enulsification
properties because nechanical mxing in a discontinuous . process is
generally not as good as in the continuous process. It is believed that
splits occur in a discontinuous process when the raw materials are not
conpati bilized properly. W have shewn-that one source of splits is due to
silicone polyether surfactant structure used in the production of the foam
For exanple, a connercLalléFBroduced"silicone pol yet her produces splits in
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specific polyol chasen for _either process can require a surfactant with
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term "box foanm’ comes fromthe shape of the.

process when the raw materials are not compatibilized properly. We
have shown that one source of splits is due to silicone polyether
surfactant structure used in the production of the foam. For
example, a commercially produced silicone polyether produces splits
in discontinuous processes, but not in continuous processes.

Further, the specific polyoi chosen for either process can
require a surfactant with improved emulsification properties. For
example, polyol’s made entirely of propylene oxide have a low water
solubility which requires better emulsification and therefor it is
thought that a surfactant that emulsifies better is needed. Also,
as chlorinated solvents are being eliminated, water levels in newer
formulations are increasing. Therefore, ethylene oxide/propylene
oxide polyol formulations require better emulsifiers as water
levels increase.

The silicone polyether surfactants of <this invention are
particularly useful from the preparation of a type of urethane foam
manufactured in & discontinuous process (Box-Foaming) and the
continuous process. Less-developed countries use a commerical box

foam process. The term "box foam" comes from the shape of the



-4- renoved fromthe nDId easily. The foamis-then cut into various sizes
for a variety of uses. An exanple of a typical discontinuous conmerci al
Box- Foam ng nachi ne is described in Flexible Polyurethane, Ron
Herri ngt.on, Kathy Hock, Flexible Polyurethane Foans, copyright 1991, by The
Dow Chemi cal Conpany. 5.11-5.17 which is hereafter incorporated by
reference. Exanples of silicone surfactjants are described in U S. Pat. No.
4,147,847. This patent describes certain si | oxane- oxyal kyl ene

copol yner silicone surfactants which reduces the occurance of splits in

pol yur et haemovedpEyicn mie mold kasisylf aghantsaharvs Nohdry GurC 1§1t°0>§,%r}§°us
pendant groups as well as polyether pendants, are described in

No. 4, 855siz@s o8 a Warkety dfouses, 929 4%8mple of20kgbicel dicontli®AGRES
organosilicone  conpositions whi ch conprlse pol ysi | oxane-

pol yoxyal lcpmawesciadol yBexsFeaming ni mgchimef uiet i odedcsibedxy imit Flaxdble
di functional siloxy units, an average of between about 2 and about 20

si | i con- b@edyirerianehe RIhgHertiogtpnouRathy Howlr,y ElexibilecPaifyurethane
nmonof uncti onal units, said cyano-bearing ether groups having the formnula,
[err], whdio@ms.q ¢epyRighr lg%b, Py TBebDowl Shemilckyl €oapsfiys t & .8 led.lidn
atons and R', is bivalent alkylene of 2 to 4 carbon atons, and an average of
bet ween aB&}tChZl&nBeEBBGFEBC)‘-%qqu@é'ﬁtB@rhiécIEfGFgaﬁBc @é‘ﬂp‘@deﬁm@md{meene

bl ocks for_ every two nol né)functlonal units, at |east 75 weight
surfactants are descnb S. Pat. No. 4,147,847. This patent

describes certain siloxane-oxyalkylene copolymer silicone
surfactants which reduces the occurance of splits in polyurethane
compositions. Other surfactants having cyclic siloxane pendant
groups as well as polyether pendants, are described in U.S. Pat.
No. 4,855,379.

U.S. Patent No. 3,979,419 to Prokal et al. teaches
‘organosilicone compasitions which comprise polysiloxane-
polyoxyalkylene copolymers containing monofunctional siloxy units
and difunctional siloxy units, an average of between about 2 and
about 20 silicon-bonded cyano-bearing ether groups for every two
moles of monofunctional units, said cyano-bearing ether groups
having the formula, —(O)q_R'OR“CN, wherein q is zero or one,:‘R' is
bivalent alkylene of 3 to 8 carbon atbms and R" 1is bivalent
alkylene of 2 to 4 carbon atoms, and an average of between about 2
and about 30 silicon-bonded, organic-capped polyoxyalkylene blocks
for every two moies of monofunctional units, at least 75 weight

percent of the polyoxyalkylene content of said copolymers being



percefit of the pol yoxyal kyl ene content of said copol ymers being - 5-
constituted of oxyethylene units, said nonofunctional units having at | east
two al kyl s bonded to the respective silicon atons thereof and the

di functional units having at | east one al kyl bonded to the respective
silicon atons thereof, the remai ning organic group bonded to silicon of the
respective nonofunctional and difunctional siloxy units being al kyl, said
cyano- bearing ether group or said pol yoxyal kyl ene bl ock. The pol yners of
the present invention, however are struturally different conpounds from

t hose described in Prokai, because Prokai teaches cyano-bearing ether
groups whereas the present invention does not. U S. Patent No. 3,979,420 to

Prokai et censtiguthésobryqresdiyilecenenitompadi hosiEuncotngl un FLIMLLSE,
pol ysi | oxane- pol yoxyal kyl ene copol yners cont ai ni ng nonof uncti onal S|%d§y
units [er @t ARASTTEWO cddivl s hondeteso dthe erspectiveasdndgenohtbips Wegd-aboUt
10 and 200 ditunctignah_ﬂialkylsiloxy units, and average of between about 2
and about 2160 t8p| REEMEHIRRAL MpAKS- hewing @tetlrest grnm pd kyQ) boadeddts hene
formul a, Lpr%%, wherengﬂvjs zero or one, R is bivalent alkylene of 3 to 8
carbon at GTSPERGRE iS1giSPR HtON KiRFROTf Dheorsmainbed srgapicangreup
aver age o% %@tgeen aao%%nzo%qqngbout 30. si |l i con-bonded, organic-capped
ponoxyakal ed w0 & ché respective monofunctional and difunctional
siloxy units being alkyl, said cyano-bearing ether group or said
polyoxyalkylene block. The polymers of the present invention,
however are structurally different compounds from those described
in Prokai, because Prokai teaches cyano-bearing ether groups
whereas the present invention does not.

U.S. Patent No. 3,979,420 to Prokai et al. teaches
organosilicone compositions which comprise polysiloxane-
polyoxyalkylene copolymers containing monofunctional siloxy units
(M,) and, for every two moles of M,, an average of between about
10 and 200 difunctional dialkylsiloxy units, and average of between
about 2 and about 100 silicon-bonded cyano-bearing ether groups (Q)
having the formula, —(O)qR'OR“CN, wherein g is zero or one, R’ is
bivalent alkylene of 3 to 8 carbon atoms and R" is bivalent
alkylene of 2 to 4 carbon atoms, and an average of between about 2
and about 30 silicon-bonded, organic-capped polyoxyalkylene blocks
(E), the polyoxyalkylene content of said copolymers beihg
constituted of between about 20 and about 65 weight percent of
oxyethylene units, sald M, units having at least two alkyls bonded
to the respective silicon atoms thereof, the remaining organic

group of M, being alkyl, 0 or E, said copolymers also containing

difunctional monoalkylsiloxy units the remaining organic group



(E), the pol yoxyal kyl ene content of said copolynmers being constituted of
bet ween about 20 and about 65 wei ght percent of oxyethylene units, said
[err] units having at |east two alkyls bonded to the respective silicon
atonms thereof, the remaining organic group of [err] being alkyl, 0 or E,
sai d copolynmers al so containing difunctional nonoal kyl sil oxy units t he
remai ni ng organic group =~ -6- bonded to the respective silicon atons

t hereof being Q or E. The pol yners of ~the present invention are
structurally different fromthose taught in Prokai, because Prokai teaches
CN bearing compounds and the present invention does not U S  Patent No.

3, 980, 688boh&ed'—tét€ﬁéﬂ res&iecﬂkxe EQ@ Qﬁﬁ{ H&I}S | yetger The
adm xt ures and  pol ysi'l oxane- yoxy ene co ol yners,

sol vent | epelpneeeser fthie mwﬂe@tngnt‘raﬁ@lw@p&id @Eﬁ;dt%'rwl?aaﬂf?ékaﬁ% Lff‘cﬁu a
process for producing flexible polyether polyurethane foam using said

copol yner shasefmnglst din Prokas, dedatbe Posiaipredened dNeealynglidipgidlds
however, teaches cyclic structures as a part of the conposition whereas the
present i anénthenpresentoinventdonPdoeatnd. 4,016, 000 to Prokai et al

t eaches organosilicone polyners are provided mhlch congrlse pol ysi | oxane-
pol yoxyal kyl enB- 8t ocR2E8RBI VHrer s IAB0ei68 8t h&opoliskeprRENeehl ovks teaches

po%yoxyalkylene polyether adnixtures and polysiloxane-
polybkyalkylene block copolymers, a solventless process for
producing said copolymers using said admixtures, a process for
producing flexible polyether polyurethéne foam using said
copolymers as foam stabilizers and the foam produced thereby.
Litteral, however, teaches cyclic structures as a part of the
composition whereas the present invention does not.

U.S. Patent No. 4,016,000 to Prokai et al teaches
organosilicone polymers are provided which comprise polysiloxane-
polyoxyalkylene block copolymers wherein the polysiloxane blocks
are trialkylsiloxyend-blocked and contain reoccurring difunctional
dialkylsiloxy monomeric units in combination with reoccurring
difunctional cyanoalkyl-alkylsiloxy or cyanoalkoxyalkylsiloxy
monomeric units, the mol ratio of the dialkylsiloxy units to the
cyano-substituted siloxy units being about 10-200:3-100, and
wherein the polysiloxane polyoxyalkylene blocks are joined through
an 8i-C or an Si-0-C linkage, and from about 20 to about 65 weight
percent of the oxyalkylene units of the polyoxyalkylene blocks are
constituted of oxyethylene units. The block copolymers of the
invention are effective stabilizers of flexible polyether

polyolbased polyurethane foams and offer particular advantage in



- ar'e trial kyl si |l oxyend-bl ocked and contain reoccurring difunctional
di“al kyl si | oxy nononeric ‘units in conbination with reoccurring difunctional
cyanoal kyl -al kyl sil oxy or. cyanoal koxyal kyl si.l oxy nmononeric units, the nol

ratio of .the dialkylsiloxy units to the cyano-substituted siloxy units

bei ng about -10-200:3-100, and wherein the polysiloxane pol yoxyal kyl ene
bl ocks are joined through an Si-C or ap Ai_.-0OC |inkage, and from about 20
to about 65 wei ght percent of the oxyal kyl ene units of the pol yoxyal kyl ene

bl ocks are constituted of oxyethyl ene units. The bl ock copol yners of the
invention apne eféfdden SloFD! ELapsSrofarddedxi Bbanpo! yehes Ralualdpseds .
pol yuret hane foans and offer particular advantage in -7-" the fornatlon

of flane-paraidetarf edgss ofAkganprowbstetbuddd pdIRANKTYE Boxsh@shyatices
cyano-substituted pol yal kyl sil oxane hydrides which are useful in tg

prepar at i owhdtht heraf orssihild hhockeopekparasion ThE ptieserdfore@id oB1degs
not teach the use of cyano- substituted structures. U S. Patent No.

4,018, 723 cboolifmensr e palesentehrderstimmgdnesiddT aeach thepess bifongancar e
provi ded whi ch conpri se pol ysil oxane-pol yoxyal kyl ene copol yners

cont ai ni ng smbistfancedosskustioRy. units [err] and-di functional siloxy units

[err], an average of between about 2 and 100 silicon-bonded

mor phol i no- bear Un§ -gr G=ent No. 4,018,723 to KRanner et al. teaches
orgénbsilicone compositions are provided which comprise
polysiloxane—polyoxyalkylene copolymers containing monofunctional
siloxy units (M,) and difunctional siloxy units (D,), an average
of between about 2-and 100 silicon-bonded morpholino-bearing groups
(Q) for every two moles of M, and an average of between 2 and about
30 silicon-bonded, organic-capped polyoxyalkylene blocks (E) for
every two moles of M,, the monofunctional units encompassed by M,
having at least two alkyls bonded to the respective silicon atoms
thereof and the difunctional units encompassed by D, having at

least one alkyl bonded to the respective silicon atoms thereof, the

remaining organic group bonded to silicon of said monocfunctional
and difunctional siloxy units being alkyl, O or E.

U.S. Patent No. 4,045,381 to Proka; et al. teaches cyano-
modified polysiloxane-polyoxyalkylene block copolymers that contain
a trifunctional RSlO3/2 siloxy unit, as well as, a process Zor
producing 1'lexJ_ble polyether urethane foam wherein said copolymers
are employed as the foam stabilizing component. The present
invention does not teach cyano-modifi d structures.

U.S. Patent No. 4,107,068 to Prokai et al. teaches

acrylonitrile~capped polyoxyalkylene compounds; siloxane polymers



(Q for every two noles of [err] and an average of between 2 and about 30
si‘l i con- bonded, organi c-capped pol yoxyal kyl ene bl ocks (E) for every two

nol es of [err], the nonofunctional units enconpassed by [err] having at

| east two. al kyl s bonded to the respective silicon atons thereof and the

di functional units enconpassed by [err] having at |east one al kyl bonded to
t he respecti-ve silicon atons thereof,_the remai ning organic group bonded to
silicon of said nmonofunctional and difunctional siloxy units being alkyl, 0
or EE U S Patent No. 4,045,381 to Prokai et al. teaches cyano- nodified
pol ysi | oxanteddf yek wdlckytien ecbteshondireg Waklizal Badf eand addipbundish; Uss1{ena!
[err] siloxy unit, as well as, a process for -producing flexible polyether
ur et hane f ocompdeiteionss acontaipdingnessidir sitopany edodgmétes; f aapricesd | ZbAg

conponent . The present invention does not teach cyano-nodified

st ruct ur es.pre@icimat potyunethang £03m0@singo saPdokaloxane polymemnchesthe
acrylonitriIe-capged_fplyoxyalkylene conpounds; sil oxane polyners - 8-
‘modi fied wi FPRRhETEBH BEPON AT TR £RATS BFOdufed chrffo ARdst BRAcRs®. The
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the foam produced &1 OBesahd HeCeFS 10,2710 BECSRHnek ™A 7 dRSRAY EREC"
formation of polyurethane foam including flame-retarded foam is
provided employing, as the sﬁrfactant component of the foam
formulation, a particular class of sulfolanyloxyalkyl-substituted
polysiloxane-polyoxyalkylene polymers. The polymers comprise

chemically combined monofunctional siloxy units (M and

o)
difunctional silo#y units (D,) and, for every two moles of M,, an
average of from about 2 to about 100 silicon-bonded
sulfolanyloxyalkyl groups (Q) and an average of from about 2 to
about 30 silicon-bonded polyoxyalkylene blocks (E). The M, units
have at least two alkyls bonded to the respective silicon atoms
thereof and the D, units have at least one alkyl bonded to the
respective silicon atoms thereof, the remaining group bonded to
silicon of said M, and D, units being alkyl, W or E. When the
polyol reactant of the foam formulation.ié a polyether polyol, the
polymers confain from 10 to 200 dialkylsiloxy units and from 2 to
100 Q groups, and the polyoxyalkylene content of E is constituted
o from 20 to 75 weight percent oxyethlene. When the polyol
reactant is a polyester polyol, the polymers contain zero or up to
20 dialkyléiloxy units and from 2 to 20 Q. groups, and the

polyoxyalkylene content of E is constituted of at leaét 75 weight



-U.S. Patent No. 4,110,271 to Kanner et al. teaches the formation. of

pel yur et hane foamincluding flane-retarded foamis provided enpl oyi ng, as
t he surfactant conponent of the foamformulation, a particular class of

sul f ol anyl oxyal kyl -substituted pol ysil oxane-pol yoxyal kyl ene pol yners.

The polyners conprise chemcally conbined nonofunctional siloxy wunits
[err] and difunctional siloxy units [erg] and, for every two noles of
[err], an average of from about fo about 100 ~silicon-bonded
sul f ol anyl oxyal kyl groups (Q and an average of from about 2 to about 30
si |1 con- bonded ggl 0Xx ab | ene bl ocks (E). The [err] units have at | east
two al kyl sPE&RE giﬁ’%ﬁ Yxsgﬁectﬂ}% RTESEHh IMVeRE iPReARe BOE FPREID the tus

have at Ieg§t <Q9 oglgél bonded to the respective silicon atons thereof, the
remai ni ng group na to silicon of said [err] and [err] units bei ng
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cont ent OfrEab%eGQ”@itﬂL”d?bdﬂbh?ﬁrb%iinZﬁeﬁeMQQEr hyd¥osilation reaction
' cqﬂditions in the presence of a platinum catalyst preferably a
neutral platinum catalyst, to form very useful nonhydrolyzable
siloxane block copolymers. Novel nonhydrolyzable linear block
copolymers substantially free of silicon-bonded hydrogen are
obtained with linear dihydropolyorganosiloxane reactants and linear

ethers or polyethers.

U.S. Patent No. 4,331,555 to Baskent et al. teaches a process
for manufacturing low density flexible polyester polyurethane foam
utilizing as a foam stabilizer selected low molecular weight (e.qg.,
400 to 1500) organosiloxane compositions containing monomeric units
A, B and C wherein A is monofunctional trimethylsiloxy unit
[(CH3)3Si01/2], B 1is a difunctional dimethylsiloxy unit
[(CE 3)28102/2] and C is a difunctional organomethylsiloxy unit
[R(CH3)8102/2] where R is a cyano-, ether-, hydroxy-or phenyl-
organo modifying moiety, and in which the unit ratioc of B to C in
each organosiloxane composition is from 1 to 4 inclusive; solutions
of such organosiloxane compositions; and the foams derived from
such process. The surfactants taught in Baskent, however, have a

D/D' ratio of 6.7 to 13, whereas the D/D’ ratio of the present

invention is 14-18.



" percerit oxyet hyl ene. The present invention does not teach.the us of

sul fonanes. U. S. Patent No. 4,242,466 to Schilling, Jr. et al. teaches
organi c ethers including polyethers having two CH2=C(R) CH2- end gr oups per
nol ecul e .wherein R is a nonoval ent hydrocarbon group are reacted with

or ganohydr osi | oxanes under hydrosilation reaction conditions in the
presence of a platinumcatalyst preferably a neutral platinumcatalyst, to
formvery useful nonhydrol yzabl e sil oxdle-bl ock copol yners. Novel
nonhydr ol yzabl e i near bl ock copol yners substantially free of

si | i con- bonded;;hydr ogep e tai pe | | i near_ di.hydr opql yar,ganasi | gxane
reactants and Ffﬁéar'gfﬁg?s g?'pol‘ﬁlggmairés]l. US. B NG 4,%31,55953‘%)95
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nmononeric units A, B and C wherein A is nonofunctifonal trinmethylsiloxy unit

[err],  Boamsfomiflgf UPcdd¢wingl makaBREBY|Si @fBindPién| &F ] cedBdif i Blane
di functional organonethylsiloxy unit [err] where Ris a cyano-, ether-,

hydr oxy- orephedght eigdactandsl wndg derwliy, JRRd ndledileay teight todBfd Ds of
Bto Cin each organosil oxane conposition is from1l to 4 inclusive;

sol uti ons Thke surfiactgansstidwRenéeheospastéacns DAD] tdeid cach dealved fham
such process. The surfactants taught in Baskent, however, have a DD ratio
of 6.7 tothk3t wietbasprieeedtDinventionf the present

U.S. Patent Nos. 4,814,409 and 4,855,329 to Blevins, II et al.
teaches the pfesent' invention provides certain
polysiloxanepolyoxyalkylene compositidns and their use as
stabilizers in the manufacture of polyether polyurethane foam.
More particularly, the present invention provides such
compositions, which have a polysiloxane chain substituted with at
least two types of polyoxyalkylene polymers as pendants from the
silicon atoms of the polysiloxane.

The polysilokane chain is linear or branched and can have
average molecular weights of up to 30,000 or higher, excluding the
weight of the polyoxyalkylene polymers.

The distinctive feature of these compositions is the specific
selection of polyoxyalkylene  polymers. " Preferably the
polyoxyalkylene polymer pendants are provided as at least three
different polyoxyalkylene polymers. One of these polyoxyalkylene
polymers is composed of only oxypropylene units. This
polyoxypropylene has an average molecular weight from about 130 to
about 1200 excluding link and endcap. The other polyoxyalkvlene

polymers are composed of both oxyethylene and oxypropylene units.



I nvention is 14-18. - 10 - u.S. Patent No. 4,367,291 to Baskent et
al. teaches conbustibility properties of flexible polyurethane foans made
with flame retardant additives are increased by incorporating into-the
foamform ng reaction mxture a conbination of certain flanme retardant
surfactants and certain | ow nol ecul ar wei ght polyols. The surfactants
taught therein teach a DD ratio nuch_ﬁgaller than that of the present
invention. U S. Patent Nos. 4,814,409 and 4,855,329 to Blevins, Il et al.

t eaches t he pr esent I nvention provi des certain

pol ysi | oxanepol yheyapkyseme invepesibhi alisffeand sthetturdld®y ofomt alkd | 2gkS
i n the manufacture of pol yether polyurethane foam More particul arly,

t he pr es@neviousiyntived Bleuinsi@atensschecangpnsitel pnesenthiimivenaienahas
pol ysi | oxane chain substituted with at | east two types of pol yoxyal kyl ene
pol ymers a®gdhdasiogieofyrRecti perdantat ons of the pol ysil oxane. The

pol ysi | oxane chain is linear or branched and can have average nol ecul ar

wei ghts of up t &-30, RAFDME hiGhert, BE&RcB Ui #g Bveinidk @t k- t heaches novel
pol yoxyal kyl .ene pot% rs. . The distinctive feature of these conpositions . is

t he speci f i SHDEPOTYSEHLT  POLYBLYSI k¥ &ne PrYdAPHer Sontaining, oCYCIALy

the siloxanes which are useful in silicone surfactants for foam
polyurethane foam applications. The novel polymers are prepared by
reacting a polyhydridosiloxane polymer with a cyclic polysiloxane
containing a vinyl group and with an allyl started polyoxyalkylene
polymer in the presence of a platinum catalyst. The resulting
polymeric products are highly potent and impart flat breathability
profiles to foams when used as surfactants in their preparation.
U.S. Patent No. 5,145,879 to Budnik et al. teaches silicone
surfactants having a siloxane backbone and a mixture of high and
low atomic mass oxyalkylene pendant groups, these polyether
pendants having. average atom mass is of 1500-6000 and 300-750
respectively. The surfactants of the invention operate in
polyurethane foam compositions to provide stable foams over a range
of surfactant concentrations while still producing product Ioams
" having relatively constant Dbreathability. Also ‘disclosed and
claimed are polyurethane foam compésitions which include the
surfactants, a method of making polyurethane foam using the
surfactants, and polyurethane foam made by the method. The present
invention teaches a composition having only a single pendant group.
It would be desirable to have nonhydrolyzable silicone

surfactants which have high efficiency, and offer good processing



pol yoxyal kyl ene pol ynmer pendants are provided as at |east three different
pol yoxyal kyl ene pol yners. One of these pol yoxyal kyl ene polyners is = -
conposed of only oxypropylene wunits. . Thi s pol yoxypropyl ene has
an average nol ecul ar wei ght from about 130 to about 1200 excluding |ink and
endcap. The ot her pol yoxyal kyl ene pol yners are conposed of both oxyethyl ene
and oxypropyl ene units. The present_Havgntion differs structurally from
the two previously cited Bl evins patents because the present invention has
only a single type of pendant. U S. Patent No. 4,855,379 to Budnik et al.

teaches NQwRlravitediaRachRo! ¥ethals §Oby ra%m%&%%%hd@fi ﬁ@g&ﬁb?i %g%&ﬁ#’r‘%

si |l oxanes which are useful in silicone surfactants for fo pol

foam appl igAiHANS + Tt}etﬁeﬁelglmﬂ%}r?agﬁggﬁxg sgﬁe.&%r.eds@an 'R3¢hcidnds are the

pol yhydri dosi | oxané pol yner ol ysil oxane containing a viny
group and sMgject o ltHe skf€ PPpYreaaldsy| ene pol ymer in the presence of
a platinum catal yst. The resulting polyneric products are highly potent
and inpart flat breathability profiles to foans when used as surfactants in
their preparation. U S. Patent No. 5,145,879 to Budnik et al. teaches
silicone surfactants having a sil oxansuMmaRBone and a m xture of high and
| ow at om ¢ mass oxyal kyl ene pendant groups, these pol yether pendants havi ng
average atom nmele | Prefse300i6060tiom 3MHBVAsEs nonhydrolyzable silicone
surfactants which offer excellent efficiency and .desirable
processing characteristics such as good emulsification of TDI/H,0,
good water solubility without providing foam splits. Moreover,
polyurethane foams produced with silicone surfactant of the present
invention showed better foam heights, and lower shrink and sigh
rates while maintaining good air flow, than foams produced with
other surfactants.
The surfactants of this invention are compositions of matter

having the generalized average formula

MDXD'YM

wherein

M represents (CH3)3Si01/2 or R(CH3)ZSi01/2;

D represents (CH3)ZSiOZ/2; |

D’ represents (CH3)(R)Si02/2; and

X + y is between 94 and 150, and the ratio x/y is from 13.5 to
18 inclusive.

In the above formulae for M and D', R is a polyether-
containing substituent derived from a CpHy, —started polyether and

is selected from the group consisting of:

1%



respecCtively. The surfactants of the invention operate in

pol yur et hane foam conpositions to provide stable foanms over a range of
surfactant concentrations while still producing product foanms having

rel atively constant breathability. Al so disclosed and cl ai ned are

pol yur et hane foam conpositions which include the surfactants, a nethod of
maki ng pol yuret hane foam using the surfactants, and pol yurethane foam made
by the nethod. The present invention fedches a conposition having only a
singl e pendant group. It would be desirable to have nonhydrol yzabl e

il faot | I ghaeffici . ff d |
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t | ybddd A h @} | §s.. Such fact ant th
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nonhydr ol yzaly g sij-iscone surfactants which offer excellent efficiency and
desirabl e processing characteristics such as good enul sification of
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pol yuret hane foans produced with silicone surf actant o _present _
I nventi on sgpund Wetighe! ofogRehel kPl éne a8 dOWs itfiidsN b raRHeShalyeehes; Wil e

mai ntai ning good air flow, than foans produced with

"b" is a number such that propylene oxide residues constitute
45—7b% by weight of the alkylene oxide residues of the polyether;
and

R" represents H, an alkyl group of 1-4 carbon atoms, or -
C(O)CH3.

The invention also relates to polyurethane foam compositions
comprising:

(a) a polyol;

(b) an organic polydiisocyanate;

(c) at least one catalyst for production of polyurethane foam;

(d) a blowing agent; and

(e) a siloxane-oxyalkylene copolymer surfactant as defined
above.

The invention further relates to a method of preparing a
polyurethane foam by reacting a polyol, an'organic diisocyanate in
the presence of at least one catalyét for production of
polyurethane foam, a blowing agent, and a siloxane-oxyalkylene

copolymer surfactant as defined above.

The invention also relates to polyurethane foam produced using

the above-described method.



ot her "surfactants. The surfactants of this invention are conpositions of
matt er having the generalized average fornmula [err] wherein Mrepresents
[err] or [err]; Drepresents [err]; D represents [err]; and X + y is

bet ween 94 and 150, and the ratio x/y is from13.5 to 18 inclusive. In the
above formulae for Mand D, R is a polyether- containing substituent
derived froma [err] -started polyeth and is selected fromthe group
consi sting of: - 13 - (1) [err] noieties having average atom c masses in
t he range 1500 to 3000 and wherein n is 3-4; "a" is a nunber such that

et hyl ene oxi de residues constitute 30- 55% by wei ght of the al kyl ene oxi de
resi dues of the pol yet hepETAILED DESCRIPREONSHE hritd alyvii@ Py €NE OXi de

resi dues constitute 45-70% by wei ght of the al kyl ene oxi de resi dues of the
pol yether; and The surfactants of this invention are compositions of matter
having the generalized average formula
MDXD’YM
wherein
oo % represents (CH3)BSi01/2 or R(CH3)ZSi01/2;
b represents (CH3)25102/2;
D' represents (CH3)(R)SiOZ/2; and
X +y is between 94 and 100, and the ratio x/y is from 13.5 to
18 inclusive.
In the above formulae for M and D’, R is a polyether-

containing substituent derived from a C,H,, —started polyether and

is selected from the group consisting of:

~

(1) =CLHn0(CoH,40) (C3HEO),R" moieties having average atdmic
masses in the range 1500 to 3000 and wherein

n is 3-4;

"a" is a number such that ethylene oxide residues constitute
30-55% by weight of the alkylene oxide residues of the polyether;

"b" is & number such that propylene oxide residues constirute
45-70% by weight of the zlkylene oxide residues of the polyether;
and

R" represents X, an alkyl group of
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C(O)CH3.
Within the broad range of compounds of the iavention &as
delined above are & number of preferred materials. The polyether-

Contziring substituents R having average atomic masses in <he range



R’ fepresents H, an al kyl group of 1-4 carbon atons, or - [err].

The

i nvention also relates to pol yurethane foam conpositions conprising:
pol yol ; (b) an organic pol ydiisocyanate; (c) at |east one catalyst for

production.of pol yurethane foam (d) a blowing agent; and (e) a

(a) a

si | oxane- oxyal kyl ene copol yner surfactant as defined above. The invention
further relates to a nethod of prepariqg a pol yurethane foam by reacting a

pol yol, an organic diisocyanate in tHhe
for production of polyurethane foam a blow ng agent, and a

resence of at |east one catal yst

S|onane é%%lé% @ne co olﬁne% s%g%fctant as defi ned above. The invention
al so rel ates % 6981 y %t haRBSFBE oditalis Ut e el Gt plescr iMRketies
nmet hod. - DETAI LED, §§§6PT ON OF THE | NVENTI ON The surfactants of

TRAETRS
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formul a [%{Qi having average atomic masses of approximately 2250.

preferably —C(O)CH3.

Procedures for synthesizing nonhydrolyzable

Rll

is

silicone

surfactants having . polyalkylene oxide pendant groups are well

known. Representative disclosures' are provided in U.S. Pat. Nos.

4,147,847 and 4,855,379, which are hereby incorporated by

reference.

Typically, the surfactants of the invention are prepared by

causing a polyhydridosiloxane of generalized average formula M*D,

D"YM* to react with an appropriately chosen blend

of

allyloxyalkylene polyethers in the presence of a hydrosilation

catalyst such as chloroplatinic acid. In the formula for the

pelyhydridosiloxane, M* is (CH3)(H)SiOl/2 or (CH3)3Siol/2, D is as

defined above, and D" represents (CH3)(H)Si02/2. The allyl

oxyalkylene polyethers are polyethers having a terminal wvinyl

group, and containing multiple units derived from ethylene oxide,

propylene oxide, or both. The reagents are mixed, generally in.a

solvent such as toluene or isopropanol (2-propanocl), heated to

about 70°-85° C, then the catalyst is added, a temperature rise of

about 10-15° C is observed, and the mixture is finally sampled and

analyzed for SiH groups by adding an alcohol and base and measuring

evolved hydrogen. If a volatile solvent was used, this is removed

under wvacuum.



wherein Mrepresents [err] or [err]; Drepresents [err]; D represents
[-err]; and x + y is between 94 and 100, and the ratio x/y is from13.5 to
18 inclusive. In the above formulae for Mand D, R is a polyether-

contai ning substituent derived froma [err] -started polyether and is
selected fromthe group consisting of: (1) [err] npieties having average
atom c nmasses in the range 1500 to 3008 and wherein nis 3-4; "a" is a
nunber such that ethyl ene oxide residues constitute 30-55% by wei ght of the
al kyl ene oxi de residues of the polyether; "b" is a nunber such that

ropyl ene oxid Si Ltute_45-70% by wei ght. of, the_al kyl epe oxj de
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hexamethyldisiloxane, a polyhydridosiloxane polymer, and an alkyl
cyclosiloxane such as octamethylcyclotetrasiloxane are reacted in
the presence of a strong acid such as sulfuric acid. For the case
in which M* is (H)(CH3)ZSi01/2, a hydridoalkyldisiloxane such ‘as
dihydridotetramethyldisiloxane, a polyhydridosiloxane polymer, and
an alkyl cyclosiloxane such as octamethylcyclotetrasiloxane are
reacted in the presence of a strong acid such as sulfuric acid.

The allyl oxyalkylene polyethers, also referred to as
polyethers, are likewise prepared in the manner known to the art.
An allyl alcohol, optionally bearing a substituent on the 1 or 2-
position, is combined with ethylene oxide, propylene oxide, or
both, in the presence of an acid or a base, to yield the desired
polyether with a terminal hydroxyl group. This is typically capped
by further reaction with an alkylating or acylating agent such as
a methyl halide or acetic anhydride, respectively, to obtain an
alkoxy or acetyl endgroup. ther end caps may of courée be
employed, including alkoxy groups or alkfl or aryl groups.

In addition, the silicone surfactants of the present invention
may be diluted with a variety of diluents. A preferred diluent is
dipropylene giycol. The diluted surfactant is at a concentration
that yields optimel performance at a normal use level. This
concentration is dependent on the formulation, application, and the

capacity or range of available metering devices and the viscosity



- 15 - 1500- 3000 are preferably [err] npieties containing approxi mtely 40%
by wei ght of ethyl ene oxide residues and having average atom c nmasses of
approxi mately 2250. R' is preferably -C(O CH3. Procedures for

synt hesi zi ng nonhydr ol yzable silicone surf actants having pol yal kyl ene
oxi de pendant groups are well known., _Representative disclosures are
provided in U S. Pat. Nos. 4,147,84ﬂ7ahd 4,855,379, which are hereby

i ncorporated by reference. Typically, the surfactants of the invention are
prepared by causing a pol yhydri dosil oxane of generalized average formul a
MDx [err] to react wth an appropriately chosen blend of

al | yl oxyalfkydhen€ipallyprbdustin the presence of a hydrosilation catal yst
such as chl oropl atinic acid. In the formula for the pol yhydridosil oxane,
M is [err] ofTheer sprfBekants def i ik dinveatioandar®’ emgpraysent sin [ edh .
The allyl ox¥alkylene pol yethers are pol yethers having a term nal vinyl

group, amd Ugiengf nee Y yret-hame: Soamrin dder manper KAQHe toxthe axfr oy ene
oxi de, or both. The rea efts are mxed, generally in. a_solvent such _as
t ol uene &9 i POLYRTTRNRNG  TOAMA cPE1RT abRGt SPEFRFLRILS hed tHhds
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linkage. Such polyols have an average typically 2.1 to 3.5 hydroxyl
groups per molecule. Illustrative of suitable polyols as a
component of the polyurethane foam composition are the polyalkylene
ether and polyester polYols. The preferred polyalkylene ether
polyols include the poly(alkylene oxide) polymers such as
poly(ethylene oxide) and poly(propylene Sxide) polymers and
copolymers with terminal hydroxyl groups derived from polyhydric
compounds, including diols and triols; for example, among others,
ethylene glycol, propylene glycol, 1,3-butane diol, 1,4-butane
diol, 1,6-hexane diol, neopentyl glycol, diethylene glycol,
dipropylene glycol, pentaerythritol, glycerol, diglycerol,
trimethylol propane and like low molecular weight polyols.
In the practice of this invention a single high molecular
‘weight polyether polyoi may be used. Also, mixtures of high
molecular weight polyether polyols such as mixtures of di- and
trifunctional materials and/or different moiecular weight or
different chemical composition materials maﬁ be used.
Useful polyester polyols include those produced by reacting a

dicarboxyiic acid with an excess of a diol, for example, adipic

acid with ethylene glycol or butanediol, or reacting a lactone with



_under vacuum - 16 - The polyhydridosiloxanes of generalized average
formula [err] are prepared in the manner known to the art. For the case in

which M is [err], an al kyl di sil oxane such as hexanet hyl di sil oxane,

a pol yhydri dosi | oxane pol ynmer, and an al kyl cycl osil oxane such as

oct anet hyl cycl otetrasi |l oxane are reacted in the presence of a strong acid

such as sulfuric acid. For the casggin which M is [err], a

hydri doal kyl di si | oxane such as di hydri dot et ranet hyl di si | oxane, a

pol yhydri dosi | oxane pol ynmer, and an al kyl cycl osil oxane such as

octanethylcyclotetra5|onane are reacted in the presence of a strong acid

such as §l§1 fQ:ﬁ‘-'leésa@l*da e laskgh @ﬁyé’le@?lténe pabyelirtione Hidd mafapyiedet o

as pol yet are |likew se prepared in the manner known to the art. An

allyl al &° ‘optionally bearing a substituent on the 1 or 2- position, is
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the foam’s resistance to deformation i.e. to increase the load-
beérihg properties of the foam. Currently, two different types of
polymer polyols are used to achieve load-bearing improvement. The
first type, described as a graft polyol, consists of a triol on
which vinyl monomers are graft copolymerized. Styrene and
acrylonitrile are the usual monomers of choice. The second type,

- polyurea modified polyols, is a polyol containing a polyurea
dispersion formed by the reaction of a diamine and TDI. Since TDI
is used in excess, some of the TDI may react with both the polyol
and polyurea. This second type of polymer polyol has a variant
called PIPA polyol which is formed by the in-situ polymerization of
TDI and alkanolamine in the polyol. Depending on the load-bearing
requirements, polymer polyols may comprise 20-80% of the polyol
portion of the masterbatch. a

The polyurethane foam products are prepared - -using suitable
organic polyisocyanates well know in the art including, for
example, hexamethylene diisocyanate, phenylene diisocyanate,
toluene diisocyanate (TDI) and 4,4’'-diphenylmethane diisocyanate
(MDI). Especially suitable are the 2,4; and 2,6- TDIs individually
or together as their commercially available mixtures. Other

suitable isocyanates are mixtures of diisocyanates known



T addition, the silicone surfactants of the present invention nayfbe"
. diluted with a variety of diluents. A preferred diluent is.dipropylene’

glycol. The diluted surfactant is-at a concentration that yields optinmal -
performance at a normal use |evel. This concentration is dependent on the
formul ation, application, and the capacity or range of avail able netering
devi ces and the viscosity - 17 - offS%he final product. The surfactants

of the invention are enployed in the manufacture of pol yurethane foamin
t he manner known to the art. In producing the pol yurethane foans using the
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pol y(propylene” oxide) polynmers and" ners wth tefmnal” hyd

derived fropepehyhydr hixe@PP NS lyidcydnatedi @hd 3BUvEEhet Sor f 961 pesvet e,
anong ot hers, ethylene glycol, propylené glycol, 1,3-butane diol;

1, 4- but anepolyols.

" Other typical agents found in. the polyurethane £foam
formulations include crosslinkers such as ethylene glycol,
butanediol, diethanolamine, diisopropanclamine, triethanolamine
and/or tripropanolamine; blowing agents such as water, methylene
chloride, trichlorofluoromethane and other CFC’s and HCFC’s; and
tertiary amine and organotin urethane.catalysts well known in the
polyurethane foam art such' as triethylenediamine, bis-
(dimehtylaminoethyl) ether and stannous octoate.

Other additives may of course be employed to impart specific
properties to the foam. Examples are materials such as flame
retardants, colorants and hardness.

The polyurethane foams of this invention may be formed in
accordance with any of the processing techniques known to the art,
such as, in particular, the “"one shot" éechnique. In accordance
with this method; foamed products are provided by carrying out the
reaction of the polyisocyanate and polyol simultaneously with the
foaming operation. It is sometimes convenient to add the surfactant
to the reaction mixture as a premixture with one or more of the
blowing agents, polyol, and catalyst components.

It is to be understood that the relative amounts of the



di ol ,* 1, 6- hexane di ol , neopent yl gfycol, diethylene gl ycol, dipropyl ene B

gl ycol , pentaerythritol, - glycerol, di gl ycerol, trinethyl ol propane
and |ike | ow nol ecul ar wei ght polyols. In the practice of this invention a
si ngl e high nol ecul ar wei ght pol yet her pol yol may be used. Al so, m xtures

of high nol ecul ar wei ght pol yether polyols such-as m xtures of di- and
trifunctional materials and/or differer0 pol ecul ar wei ght or different
chenical conposition materials may be used. Useful polyester polyols

i ncl ude those produced by reacting a dicarboxylic acid with an excess of a

diol, f , LDi i . d
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copol yneri zed. Styrene and
amount sufficient to foam the reaction mixture. The catalyst is
preéeﬁt in a catalytic amount, i.e., that amount necessary to
catalyze the reactions to produce the urethane at a reasonable
rate, and the surfactant is present in an amount sufficient to
impart the properties desired and to stabilize the reacting foam.
In a typical preparation, the polyol, surfactant, amine
catalyst, and blowing agent are mixed together, then stannous
octoate is added with stirring, and finally toluene diisocyanate is
mixed in and the composition is allowed to foam and polymerize.
The polyurethanes produced in accordance with the present
invention can be used in the same areas as conventional
polyurethanes. For example, the foams 6f the present invention can
be used with advantage in the manufacture of textile interliners,
cushions, mattresses, padding, carpet underlay, packaging, gaskets,

sealers, thermal insulators and the like.

EXAMPLES
In the examples which follow,'all reactions involving the
manipulation of organometallic compounds were performed in an inert
atmosphere. Commercial reagents were used without additional

purification. All glassware was washed successively with



acrylonitrile are the usual nmononers of choice. The second type, polyurea
nodi fied polyols, is a polyol containing a polyurea dispersion forned by
the reaction of a diamne and TDI. Since TDl is used in excess, sone of the
TDI may react with both the polyol and pol yurea. This second type of

pol ynmer polyol has a variant called PIPA polyol which is forned by the

I n-situ polynerization of TDI and al atol amine in the pol yol . Dependi ng on
t he | oad-bearing requirenments, polynmer polyols nmay conprise 20-80% of the
pol yol portion of the nmasterbatch. The pol yuret hane foam products are
prepared using suitable organic polyisocyanates well know in the art

i ncl udi ngkOEdetbanob) eyatexarditlntecHE1di aadcyatet £, thHie pyletrardieds befarat €,
tol uene diisocyanate (TDI) and 4, 4' -di phenyl met hane dii socyanate (MDI).
Especi al | §ssui t Bbeefeams t1e which ohe 2p6fathhsts noff ilbugdesent tingehktdionas

their comercially available nixtures. Q her suitabl e isocyanates are
m xt ures W8Fe 8pFEed¥eme diade igwiccordange- wibhmehe i fidllowing' pro¢edudie’s,
al so know as PAPL, i ch contain about 60% of 4, 4'-di phenyl net hane

di i socyanQPet8PoAgl{PYHRGt FFMY & Hmic and anal ogous hi gher
pol yi socyanat e

i sp suitable are "prepolynmers" of these
pon!socyanate%i%B%bE%%i . %fﬁé%tia]ly pﬂ%r 2cghppn1xture of
pol yi socyanat e u @ac a£§%1 r or polyestel.5 phpp.
V230-056 polyol (Dow) 100.0 phpp
H,0 6.0 phpp
Dabco T16 0.6 phpp
TDI _ 80.0 phpp

phpp = parts hundred parts polyol

1) For each foam a polyethylene liner was prepared and
inserted into a corrugated box having dimensions 14x14x14 inches.

2) A premix was prepared for each series of foams. The
premix contained polyol, wéter and amine catalyst.

3) Premix was weighed into a paper cup and silicone
surfactant was added.

4) In a separate plastic beaker, TDI (toluene diisocyanate)
was weighed and methylene chloride added to the TDI.

5) Dabco T16 (available from Air Products and Chemicals,
Inc. in Allentown, Pa.) was added to the resin cup and mixed %or 10

" seconds with the electric mixer at 6500 rpm. Dabco T16 is a 50% -

dilution of stannous octoate.

6) The contents of the TDI/methylene chloride beaker were
poured into the resin cup and immediately mixed for 6 seconds.

7) A stopwatch was started when the electric mixer started

to mix the contents of the cup.

8) The mixture was poured into the box keeping the lip of



polyols. Qther typical agents found in the pol yurethane foam fornul ati ons
iI'ncl ude crosslinkers such as ethylene glycol, butanediol, diethanolam ne,

di i sopropanol anm ne, triethanol am ne and/ or tripropanol am ne; bl ow ng agents
such as water, nethylene chloride, trichlorofluoronethane and other CFC s
and HCFC s; and tertiary am ne and organotin urethane catalysts well known
I n the pol yuret hane foam art such as tri et hyl enedi am ne, bi s-
(di nmehtyl am noet hyl ) ether and st anrmodd octoate. Ot her additives may of
course be enployed to inpart specific properties to the foam Exanples are

mat eri al s theChogs 44 aPRodet @ dianyd %Q@Qwr@ftéhénﬂ%ﬁf?‘ég“@éési to,

: Al . void
pol yur et hane foans of this invention nay be fornmed in atcordance wi £8 any
of the prepdsshiggt.echni ques known to the art, such as, in particular, the
"one shot" technique. In accordance with this nethod, foanmed products are
provi ded by caPfnlyi nFheuremainirgnaateriall fihethel yup oeasmnetighadd pol yo

simul taneously with the foam ng operation. It is sometinmes convenient to
add the surfactt@it foeaRetine@ndoplawxeif cime aerecneasurad wi Heighe wersore

of the bl ow ng agents, Eolypl, and catal yst conponents. It is to be
under st ood! &ty dpatj GeSendifiter §f miReand afper -24 hours.

11) After the_S-minute foam height was taken, the foams were
given.a final cure in a 180°F oven for at least 20 minutes and then
~allowed to cool in a ventilated cabinet over night before cutting.
12) A two inch cross section of the foam was cut vertically

in the foam and in the center of the foam.
13) One of the remaining halves of the foam was cut
horizontally to provide one inch thick bottom, middle and top
sample specimens. The bottom specimen was cut 2 inches above the

bottom of the foam and each specimen layer was separated by a two

inch space.

Example I
Silicone surfactants were produced in accordance with the
methods earlier described. The surfactants were used in the
formulation described above to produce polyurethane foams. The
cured foams were examined to determine if the surfactants produced

any splits. The results are shown in Table 1.



vari ous conponents of the foam fornulation are not narromy critical. The
pol yol and pol yi socyanate are present in the foam producing fornulation in
a maj or amount. The relative anounts of these two conponents in the mxture
are well kmown to the art. The bl owi ng agent, catalyst, and surfactant are
each present in a mnor anmount sufficient to foamthe reaction m xture. The
catalyst is present in a catalytic amupg .- i.e., that anount necessary to
catal yze the reactions to produce the urethane at a reasonable rate, and
the surfactant is present in an anmount sufficient to inpart the properties
desired and to stabilize the reacti ”gr%ﬂ%{“z. In a typical preparation, the
pol yol, surfactant, am ne catalyst, an W ng agent are m xed together,

t hen stannous oct oat e fro—crretrrwr i r=st=rt—=ngr—ae=fi=s Sy =9l uene
diisocyanate is m xed{i rFeand Spldteoapoai Fanetich alfl ayed to foam and
pol yneri ze. The pol yufjet hanes produced in accordance with the present

exanpl e, the foans of jjthe pr on SBLER used wit advant age in
t he manuf act ure of tex ile | r1shion 1: pssed, paddi ng,

carpet underl ay, packdgi ng, igagkets, sea| ersyeihermal insul gtors and the
| i ke. EXAMPLES In the‘exanples which fol]low, all reactions anolving t he

i nvention can be used|rn € _Ssane areas p onventronalpor yur et hanes. For
é%@ht i nvent
nl.e ine

mani pul ati on of organgmetalTJc conpounds| Were per i orned AN i nert
at nosphere. Conmerci aI reage’r?t‘é were usefl wi SPB%itSRIHHR i onal purification.
Al  glassware was ashed —successivell/ with

14.0 None

17.4 None

17.8 None

The data in the foregoing table shows that the polyethers of
the present invention do not produce foam with splits where the
ratio of X/Y groups is greater than 13.3. In polyethers having an

X/Y ratio of 13.3 or less, splits occur in the resulting foams.

Example II

Polyurethane foams were made in accordance with the procedures
in Example I using the following silicone surfactants:

Surfactant A is a silicone surfactant having a degree of
polymerization ("DP") of 220, a target D to D’ ratio of 11, a ratio
of ethylene oxide to propylene oxide groups ("EO/PO") of 24/24, and
a C(0)CH3 group terminating the EO/PO pendant. The surfactant was

diluted 50% in Dowanal EPH, (available from the Dow Chemical

Corporation, Midland, MI.)



. 21 * KOH ethanol, water, dilute HO, and water, then oven-dried before
use. The foans in which the surfactants of the present invention were
tested were nmade in accordance with the foll owi ng procedures on the

follow ng formul ati on: Methyl ene Chl ori de 15.0 phpp Dabco TL
am ne 0. 14 phpp Surfactant 1.5 phpp
V230-.056 pol yol (Dow) 100. 0 phpp [err] 6.0
phpp Dabco T16 - 0.% 24phpp TDI

80.0 phpp phpp = parts hundred parts polyol 1) For each foam a
pol yet hyl ene ISMamﬁoraeper@@la&éoheS&ﬁffécééﬁ@o% ERL! B eg-gch*l%eﬁ%\ibﬂg

di nensi ons 14x14x14 inches. 2) A prem x was prepare Seri es of

foans. Thevimend DE@f doned patyet DR @ zadianbRelfatal W/Pog)ratl'gr F X
was weighed into a paper cup and silicone surfactant was added. 4)

In a sepa?4f24pl asdi e KHAWEH,; TERloufpt aiemmaﬁm@owau@/)porvapemlg@ed and
nmet hyl ene chl ori de added to the ‘TDI . 5) Dabco T16 (avail able fromAir
Products swdf@eantatas diluted 50% in Dowanal EPH. -

Surfactant C is a silicone surfactant having a DP of 77, a
target D to D' ratio of 14, an EO/PO ratio of 24/24 and a C(O)CH,4
groué-terminating the EO/PO pendant. The surfactant was diluted -
50% in Dowanal EPH.

The performance of the foams using each of the surfactants is
described in Table 2. 1In Table 2, the terms therein have the

following meanings.

“Max. Ht." is the maximum height obtained during the rise of

the foam.

"Max. + 5" is the maximum height of the foam after 5 minutes

from the initial mixing of the foam components.

"Max + 24" 1s the maximum height of the foam after 24 hours

from the initial mixing of the foam components.

"$ Sigh" = 100 x (Max Ht) - (Max + 5) = % sigh back

Max Ht

"$ Shrink" = 100 x (Max + 5) —~ (Max +24) = % shrinkage
(Max + 5)

"Airflow" = Average airflow in cubic feet per minute through

a foam sample having dimensions 2x2xl1 inch. The average



Inc. 'in Allentown, Pa.) was added to the resin cup and m xed for 10 seconds
Wth the electric mxer at 6500 rpm Dabco T16 is a 50%dil ution of

st annous octoate. 6) The contents of the TDI/nethyl ene chloride beaker
were poured into the resin cup and i medi ately m xed for 6 seconds. 7) A
stopwatch was started when the electric mxer started to m x the contents
of the cup. 8) The m xture was poured énto the box keeping the |ip of

- 22 - the cup as close to the bot t om™of® the box as possi ble to avoid

spl ashing. 9) The remaining material in the cup was wei ghed. 10) Cream
time and blow of f tinme were neasured. Height were neasured at full rise,

f 5 1), Af he 5 f h ht
Caken, the foavE tugr i AR Brohotug pdsore maf b 1 e hetee, Eom,

m nut es and tgeglagko&ﬁdféghcool in a ventilated cabinet over night before
cutting. 12) A two inch cross section of the foamwas cut vertically in the
foamand in the center of the foam 13) One of the renaining halves of the
foam was cut horizontally to provide one inch thick bottom mddle and top

sanpl e speci m#DsTopMe= hidrsirtys pECt o rEoss spetiBeh YRS adbDYEk tdE foam in
kg/m3. |

“p-Mid" = density of middle foam specimen from a block of foam

in kg/m3.

"D-Bot" = density of bottom foam specimen from a block of foam

in kg/m3.

Table 2
Silicone MAX HT mh+5 mh+24 MAX HT $SIGH
A 430.24 413.11 406.25 448.51 3.9
B 434.29 411.20 406.15 451.74 5.3
C 431.81 408.97 401.59 450.47 2.2

$SHRINK A-top 2A-mid A-bot  AIRFLOW

A 1.66 2.92 2.16 1.94 2.34

B 1.23 3.96 3.09 2.61 3.22

C 1.80 2.39 2.06 1.63 2.03 )
D-top D-mid D-bot

A 12.11 12.58 12.51

B 11.48 12.48 11.94

Cc 12.06 12.21 12.51

Surfactant B produces a foam having acceptable overall
characteristics, and produces superior Air flow and Foam hts

compared to the other tested surfactants, A and C.



bottom of the foam and each speci nen |ayer was se arated by a two inch

space. Exanple | Silicone surfactants were pro @dwith the
. met hods earlier described.: The surfactants rrul ation
descri bed above to produce polyurethane foans wer e
examned to determne if the surfactargés produced any spllts The results
are .shown in Table 1. - 23 - Table 1 Foam Splits as a Function

ay, | weodmiis s o g
14.0 None 17.4 None 17.8 The data

in the foregoing table shows that the polyethers. of the preseht |nvent|on
Chan 133 Fh S8l Jerherodhls FreBafif piriiethae Yoipl died [eteeiten:
in the resu&éaéﬁkﬂqﬁiﬁgolﬁﬁﬁﬂﬁkﬁah'organ;c polyisccyanate in the pzesence of
at least one urethane catalyst, a blowing agent and a siloxane-
oxyalkylene copolymer cell stabilizer, the improvement which
conmprises:
employing as the cell stabilizer a siloxane-oxyalkylene
copolymer kaving the generalized average formula MD D;Y M

MD,, D'Y M
wherein

M rapresents (CH3)33101/2 or R(CH3)28101/2;

D represents (CH3)ZSiOz/2;

_ D’ represents (CH3)(R)Si02/2:

X + Y is between %4-150, and the ratic x/y is ..from 13.5 to 18
inclusive; wherein the above formula for ¥ and D, R is a polyether-
containing substituent deriVed from a CoH,, -iditiated polyether
having moieties having average atomic masses in the range 1300-3000
and wherein

n is 3-4;

a is a number such that ethylene oxide residues constitute 30-
55% by weight of the polyether; |

b is a number such that propylene oxide residues constitute 45-
70% by weigh; of the polyether; and

R" represents H, an alkyl group of 1-4 carbon atoms, or -

C(O)CHj.



Pol yuret hane fooams were made in accordance with the pr ocedur es in Exanmple |
using the follow ng silicone surfactants: Surfactant A.is a silicone
surfactant having a degree of polynerization ("DP") of 220, a target Dto
D ratio of 11, a ratio of ethylene oxide to propyl ene oxide groups

("EQ PO") of 24/24, and a C(O CH3 group term nating the EQ PO pendant. The
surfactant was dil ut ed 50%in DOV\B.R%T PH, (avail able fromthe Dow Chem cal
Cor poration, Mdland, M.) F+ actant B is a silicone surfactant
of the present invention having a DP of 99, a target Dto D ratio of 14,
an EQPO ratio of 24/24, and a [err] group termnating the EQ PO pendant.
The surfact aﬂTITM@?e)Fd[MmWOI@Q‘V Ao s a silicone
surfactant having a DP of 77, aﬂlg,ﬁmﬁmﬁ Idéﬁ SUR?FHA%?%% ﬁggn EQ PO ratio
of 24/ 24 and a [err] group term nat 1 ng the E PO pe ant. The su
was diluted 50% in Dowanal EPH. The performance of the
the surfactants is described in Table 2. |In Table
have the foll owi ng nmeanings. "Max. H ." is the maxi
during the rise of the foam

This Sheet Has Been Re laced

LIIIIIII T

Silicone surfactants having a siloxane backbone and
polyether pendants having average atomic masses of 2250. The
surfactants of the invention operate in polyurethane foam
compositions to provide stable foams over a range of surfactant
concentrations while still producing product foams without splits.
Also disclosed and claimed are polyurethane foam compositions which
include the surfactants, a method of making polyurethane foam using

the surfactants, and polyurethane foam made by the method.



/ 5" iIs the maxi mum hei ght of the f oappaft-er—b—-aut-es—+om-the
i i xi NSEARGHREBORE orponent s. " Max|Ap Applizagion Na. thﬁsdgﬁﬁ rgim hei ght
t he®foam after 24 hours fromthe initial rrjxmg of the corrponents

—Srgh—-——]:@ﬁ—>e—(—khe&HH——(—P«he<—+—5)———%—s+
X ( VEXTOBTHE ABRERAGP4) = % shrinkage (Max + 5) "Airflow' = Average

of -
n %
100

alrfTow 1 n cubl c Teet per mnute tnrough a foam sanpt e havi ng di nensr on
2x2x1 i nch. ‘The average - 25 -rairflow i S t aken fromthe bott om
m ddl e -and top sanples froma bl ock of foam "D Top" = density of top f

speq ﬂ@ﬁho}?r@mnﬁkmgy&kp&fguf‘@ﬂﬁhé nfoll?ﬁ/diﬁrn@] a siPoRdré- oxyagﬁﬁﬁér%}’c@; [)“f'f” e
specl n rom,a I N g ensi y (0] (0] om

oD Bp TGN ROrNE B CRt a1 EhRHnGOFRS Seheraligee Formy i cone’ < it HT
mh+5 mh+24 MAX HT o8l GH A 430.24- 413.11 4006. 25 44
3.9 | MDDy, B

wherein M represents (CH3)3 3101/2 or R(CH3)2 Si01/2;
D represents (CH3)2 Si02/2;
D' represents (CH3) (R) Si02/2;
x +y is between 94-150, the ratio x/y is from 13.5t0 18 mcluswe and
R is a polyether-containing substituent consisting of

-CnH2nO (C2H40)a (C3H60)b R"
moieties having average atomic masses in the range of 1500 - 3000.

The cell stabilizer in the polyurethane foam compositions provides stable foams over a range of cell
stabilizer concentrations while still producing product foams without splits.
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B 434. 29 411. 20 406. 15 451. 74 5.3 C 431. 81

408.97 401.59  450. 47 5.2 ¥SHRINK A-top A-md A- bot
Al RFLOW A 1. 66 2.92 2.16 1.94 2.34 B 1.23
3. 96 3.09 2.61 3.22 C 1. 80 2.39 2. 06 1. 63
2.03 D-top D-nid D- BECOND SCHEDULE - cbthfed 12.51 B

- 11. 48 12. 48 11.94 C 12. 06 12. 21 12.51 Surfactant B

pr oduces PATENGSSHORM/15g accept abPENGAPEORE| char act er i sRiles 48and 49(3)
produces superior Air flow and FOaPABTENTSOAGA ed to the other te
surfactants, A and C Thi s SheqiCHAPTEREZ2Ipe | aced 26 W

nmet hod of preparing pol yuret hane PAGENTHRULESNPri ses reac
and an organi c polyisocyanate in the presence of at | east

catal yst 4 b?é\"rgg agent and a sil oxane- oxyal kyl ene copoliyrer BESEIVED
stabiliz . rovenent which conprises: enploying asi{gthe Z®&hig 1955
stabili zgi%l 8§gggqng§gyal kyl ene & SO

\‘/
REQUEST TO AMEND APPLICATION BEFORE GRA

NOTES: T
1. This form should be completed by the applicant(s) for the patent, who should enter his/their name(s)
and address(es) and the number of the relevant Patent Application in the spaces provided.
2. A copy of the original application with the proposed amendments shown in indelible red marking should
be attached to this form.
3. Attention is drawn to rules 90 and 105 of the Patents Rules.
o . . —
I/We 1. Air Products and Chemicals, Inc
7201 Hamilton Boulevard
Allentown, PA 18195-1501
United States of America.
2. Dow Corning Corporation
Midland, MI 48611-0994
United States of America.
| seck leave to amend my/our Patent Application No. _9500927-0
as shown in red marking in the accompanying copy of the original application.
My/Our reasons for making this amendment are as follows: _
To add to the specification, Claims 2-6 of the US Priority document by modifying
W them to depend from Claim 1.

Signature(s)...\‘.{ ........................................... — Date 19 August 1996
(see note 3)
Name of Agent (if any) DONALDSON & BURKINSHAW l

which all communications should be sent SINGAPORE 905667

Address for service in Singapore to P.O. BOX 3667 l




T R
copol ymer having the generaym!w’ggmgﬂ &m Ia [err Egr["ﬁ?E%eres"iFElﬁ
represents [err] or [err]; re @g@r]ft__jg__.pemﬁ 1996 + y
is between 94-150, and the‘ratio x/y is from 13. 5 t s LS B
the above fornula for Mand D, Ris a #lyether- co o Shaat 1972
~derived froma [?l{e Jél -initiated polyether having noieties havi ng average
h

atom c nmasses in ar&'nge 1500 3000 and wherein nis 3-4; [err] is a
nunber such that et hy ene e re5|du s constitute. %Db ht of
the pol yet her; Yrr %‘h% FPEUREPR %bqﬂﬁd %’?‘8%"3@4‘3&?% g reacting
constitute 45- 70?:@»1&69“0@&:\:&@1%@@1&?@% the Présencec6f 46 fdAsE ol uRéthane

al kyl group of 1-4 carbon gtonms, or - [err]
calalyst, a luwmg agenc and a siloxane-oxyalkylene copolymer cell stabilizer, the

cell stabilizer comprising:

a siloxane-oxyalkylene copolymer having the general formula
MD, D' M

wherein
M represents (CH;);SiOy, or R(CH,;),Si0y;0;

D represents (CH,),Si0,p;

D’ represents (CH;)(R)SIOyo;

X + y is between 94150, and the ratio x/y is from 13.5 to 18 inclusive; and
wherein R is a polyether containing substituent derived from a C.H,, -initiated
polyether having C,H,,0(C;H,0),(C;H,0),R*’ moieties with an average atomic
mass in the range 1500-30C0 and wherein

n is 3-4;
a is a number such that ethylene oxide residues constitute 30-55% by weight
of the polyether;

b is a number such that propylene oxide residues constitute 45-70% by
welght of the polyether and .
‘’ represents H, an alkyl group of 1-4 carbon atoms, or C(O)CHa.

2. A method a3 claimed in claim 1, wherein said siloxane-oxyalkylene
copolymer is mixed with a diluent.

3. A method as claimed in claim 2, wherein the diluent is dipropylene glycol.

4. A method as claimed in any one of claims 1 to 3 wherein x is about 50.5 and
y is about 6.5,

5. A method as claimed in any one of claims 1 to 4, wherein the polyether-
containing substituents R have an average atomic mass of approximately 2250,



