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DEGRADATION IN POLYURETHANE FOAM CROSS-REFERENCE TO RELATED APPLICATIONS
[01] Not ApMioaie/BTHITEMENT REGARDING FEDERALLY SPONSORBU'RESHARTMHOR
DEVELOPMENT [02] Not Applicable. INCORPORATION-BY-REFERENCE OF MATERIAL

SUBMITTED ON A. . COMPACT DI 3 t i F THE INVENTION
[05] Field of the In%&ﬁ&?ﬂ@é&mpﬁﬁr&%e@%ﬁﬁ&gﬂ$ggﬁgﬁg§en y maﬁn\]lj?acturing
polyurethane foams prepared with gaanigURE TAKNEZ 8eAMting acids that attack catalysts. For
example, foams prepared with alkyl alkanoates. [07] I. Introduction [08] Polyurethane foams insulate,
float, cushigROYSRIGIRENTE PORED SVEDA PPLAAY TAQNSthora of other applications. Polyurethanes,
defined as polymeric substances having multiple urethane linkages, are a large family of polymers
with widely[0dhgitppAppéicibls. and uses. The types and properties of polyurethanes are so varied that
the Alliance for the Polyurethanes Industry (Arlington, VA has@%@%%@ the "erector set" of the
plastics indUSAEME s‘%ﬁ%%@ﬁgﬁ&%‘éﬂnh 5@ M{ﬁ:& : t@érmoplastic polyurethane;
and other misy@iapeaEtypes, such as coatings, adhesives, sealants and elastomers. Flexible foams
(e.g., that found in most car seat cushions) are generally open- celled materials, while rigid foams
(e.g., buildiffglinsNettidpplieblelly have a high proportion of closed cells. WO 2006/017433
PCT/US2005/027244 Oﬁvhile rigid polyurethane foams are found in in EJ tion in refrigeration
systems, M%@Bﬁ['ﬂr tﬁ]g'ﬁﬁgg[ﬂgfﬁﬁﬁ Qb PAdRIHS e AHENAH: trt}%@ icles and metal doors,

COMPACT DISC

[03] Not Applicable.

[04] BACKGROUND OF THE INVENTION

[05] Field of the Invention

[06] The present invention relates to consistently manufacturing polyurethane foams
prepared with agents that hydrolyze, creating acids that attack catalysts. For example,

foams prepared with alkyl alkanoates.
[07] I Introduction

[08] Polyurethane foams insulate, float, cushion, glue, clothe and absorb sound, among
a plethora of other applications. Polyurethanes, defined as polymeric substances having
multiple urethane linkages, are a large family of polymers with widely ranging properties
and uses. The types and properties of polyurethanes are so varied that the Alliance for the
Polyurethanes Industry (Arlington, VA) has dubbed them the "erector set" of the plastics
industry. Types of polyurethanes include rigid and flexible foams; thermoplastic
polyurethane; and other miscellaneous types, such as coatings, adhesives, sealants and
elastomers. Flexible foams (e.g., that found in most car seat cushions) are generally open-
celled materials, while rigid foams (e.g., building insulation) usually have a high

proportion of closed cells.



flexible polyurethane foams are used in automotive seats, headrests and armrests; in carpet padding,
packaging, clothing, leather products, shoe uppers, tents, life rafts, labels, handbags and furniture
cushions. S¥fiexiiétddolded foams are found in automotive instrument B&AGIS2eIERA24hanaging
foam and sound absorbing foam. [010] A. Forming polyurethane foams: the gel and blow reactions

[011] Polyyrethane foams are pro uce%b reacting a.di- or, polyisocyanate. (compound containing an
isocyanatj%(%i)up\w‘i"d% Bﬁ%ﬁ%h"’ﬂf %%?ga %%‘%%‘g}@é u\l/\%fﬂxc%lrﬁ%%ﬁas' T8 St%mlshg two or more
active hydrogensalgppécatiyninaibfloteseneppbf sinedy stmspiitsion-vobistad sndfaetaliiecshd other auxiliary

agents. Thﬁ&%i}é@@fjﬁﬁ@fﬁﬁ&mwm&@me&un@m&%p@ﬂm%%rwir;, gggpgounds having

more than one hy ) groups per molecule), primary and secon argl polyamines and water.

“cond
Two majorhesiiniRedkagngaiiathig.dsathe ednisshorgRe T St N GafthdaBRy reaction. Balance is

needed bepygsipsangtiomali @ isamaseie andihemola (gehsarction) ansitbmstection of the
isocyanate, with water 4}? ow reaction) in or Jer | tg l%rodu%eal%oﬂﬂ}/uggatrrﬁane foam in which the cells are

relatively Ul EARRh B 1S AR A ?)%%%ic proper%féusn depen mgg on the anticipated application; for
example, f'@m%m%%m-%i%%m Aafdexible faatiolRamsizan be formed by a one-shot

method or rmation of a pré-polymer and subsequent reaction of the pre-polymer with water in the

presence ghgigatpdypird@ind fdamoskrpaation eoneistmphtbie ispoydnaimierqtiogpuithdhe polyol or
polyamine and leads to the formation (3D lyme %fthigh molecul rw i%{hwrins reaction
predominafQ8 Y88 AT HEVARSEIOR /Yy Wi thtac SOING POmL Org: 'cag

ow boiling pofit organic ompoun.(fg.u?‘ e blow reaction
occurs betwassainsgyanatearechotiatehy diogsnesgstiora iy dmthecsgsotpmefrcajabinih slePitows carbon

dioxide buhhles inie the develaRina.RAMY SHARe MRS TRy Rl easlismpenagaid, or reduces the

use of, auxiliary blowing agents. The in situ "generation of carbon dioxide by the blow reaction plays an
essential réf& pigal R P OREBI OTRIBAMINARURS IBNTR HaRRNE VIR YL ERY) BP9 Examples of
unbalanceggehaehippriaastiaiissiachade hsisanfnrmnminatichT earmaprdiaxittmenelves too quickly,

resuling 1T O B e e L e ol by the
nature of thetpremotergoard the isocyanate and the polyol (gel reaction) and the reaction of the

isocyanate with water (blow reaction) in order to produce a polyurethane foam in which

the cells are relatively uniform and the foam has specific properties depending on the

anticipated application; for example, rigid foams, semi-rigid foams, and flexible foams.

Foams can be formed by a one-shot method or by formation of a pre-polymer and

subsequent reaction of the pre-polymer with water in the presence of a catalyst.

[012] The gel reaction consists of the isocyanate reacting with the polyol or polyamine
and leads to the formation of a polymer of high molecular weight. This reaction
predominates in foams blown exclusively with low boiling point organic compounds. The
blow reaction occurs between isocyanate and water. This reaction promotes polymer
growth and blows carbon dioxide bubbles into the developing polyurethane mass. The
blow reaction helps avoid, or reduces the use of, auxiliary blowing agents. The in situ
generation of carbon dioxide by the blow reaction plays an essential role in the preparation

of one-shot, water-blown polyurethane foams.

[013] Examples of unbalanced gel and blow reactions include those foams in which
carbon dioxide evolves too quickly, forming foams that tend to collapse. A gel reaction
that proceeds too rapidly reduces foam-rise, resulting in a high density foam. In practice,

the balancing of these two reactions is controlled by the nature of the promoters and
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Page 2 WO 2006/017433 PCT/US2005/027244 catalysts, generally amine and/or organo-metallic (an
organic molecule containing a metal atom). Frequently, a gelling catalyst and a blowing catalyst are
used togeth®iQduvsienidas gelling and blowing. [014] B. Blowing agents andREtAN2H9J02B4BIowing
agents traditionally include chlorofluorocarbons (CFCs). However, CFCs detrimentally affect the

earth's ozone layer. To ayoid the dangers of CECs,. some _processes use rochl rocarbons
Rkl SRR e S R A s T A L e
and SchulteptdoEraqesitty sngebobuit)yicnda Hexing eatal Gtagitsed SBBHETHROYMANSE even HCFCs
also carry E@lﬂﬂg@ﬁ‘é b%wm%nmental risks, even though they are less harmful than CFCs. [016] Until
recently, using alkyl alkanoates, including methyl formate, as an alternative sole blowing agent were

unsatisfactom] Secheioning shuikampiadlyen 10% after manufacture. Methyl formate as a blowing
agent can produce stable foams if used with other blowing agents--such as the undesirable CFCs or

HCFCs--plioaisiceRlwarpsagaati yragidbhe iy ambidel orlereSuonetatp ek yCaRan ddaws valo AECHithout any
harmful CRC;ar HGFGahas teeR0UyResn accmnlizar (alinovkiet don004). [017] Catalysts

generally fall into twa categories: tertiary amlnesﬁg‘ﬁno,no- andeon-) and organo-metallic compounds.
Organo-meranrssea sy isireshierofiupepreas i GIC Riis dnsiaitheF et IaRLE 1 SOBF IEBRSH or gel reactions
depending,@s thimsaliRbsgiflvisingemetal calalys sKissitexibsctadr) foanlatnand|Schidtreases the
number of ed cells, creating ti faams. Tertiar Ines alsg are effective as catalysts for the
chain exterfé?éﬁ%éﬁoar?%%%%afnq[?é% ed'm g&%tﬁ}%ﬁ%@vﬁﬁﬁ??&éﬁr -lr%ngtoa?fﬁﬂycatalysts. For example,
in the prepematiomehfidxibte, sianstoogtchensratesdrenfibtharoeESs. uses triethylenediamine to
promote the blow reaction and the cross-linking reaction, while an organo-metallic compound
synergisticKilphrabtec entenaine elrshdigneasdarivfinsTethy HarBam B eHE Bikess [019] The
process fokpnaking;ifoammtywiealsiivpies theuthifiam oftitiskstaméngamniatérdis with polyurethane

foam prOd%gr?ur}arptgn%hlﬂfg%yalr}grﬁ\gwg;% mgvi‘%%cglgggt X tpl“lr'E)%’uce stable foams if used with
other blowing agents--such as the undesirable CFCs or HCFCs--produce dimensionally
stable foams. However, using alkyl alkanoates alone--without any harmful CFCs or

HCFCs--has recently been accomplished (Kalinowski et al., 2004).

[017] Cafalysts generally fall into two categories: tertiary amines (mono- and poly-) and
organo-metallic compounds. Organo-metallic catalysts favor the gel reaction, while amine
catalysts favor the blow or gel reactions depending on the catalyst. Using metal catalysts
in flexible foam formulations also increases the number of closed cells, creating tighter
foams. Tertiary amines also are effective as catalysts for the chain extension reaction and
can be used in combination with organo-metallic catalysts. For example, in the
preparation of flexible slabstock foams, the one-shot process uses triethylenediamine to |
promote the blow reaction and the cross-linking reaction, while an organo-metallic

compound synergistically promotes the chain extension reaction.
[018] C. The foam-blowing process

[019] The process for making foams typically involves the mixing of the starting
materials with polyurethane foam production machinery and pouring the reacting mixture,
as it exits the mix-head, into a mold. To prepare foams, a first component (component A
or “A-side”), supplying isocyanate, is mixed with a second component (component B or

“B-side”), supplying the polyol and usually a catalyst. Component A can also provide a
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as it exits the mix-head, into a mold. To prepare foams, a first component (component A or "A-side"),
supplying isocyanate, is mixed with a second component (component B or "B-side"), supplying the
polyol and M8@alBP&E0dZ48dyst. Component A can also provide a Page 3 WOPROUGA03A13 3244
PCT/US2005/027244 surfactant and a blowing agent. Component B can also supply a surfactant and
a blowing agent. The optional constituents of the sides, as well as the catalyst, can be alternatively
introduced Y ARG ARIRY RREER: §8§}5%‘r§2t 3 SALASPRMRRInG %%rt?scﬁs e%%%&%%’%’tﬁ%ne foams [021]
Until recenalysrinl Sltiopéigesitsonseitacti GEihel G sand] hysttofieatabshorks Fierasyehowever, these

have man%nl%%egé@p;,e gp@&%ﬁlgarg?tics, especially as related to environmental concerns. Alkyl
alkanoates can be useé as effective substitutes, or with other blowing agents (Kalinowski et al., 2004).

However, wi®) usingrtalvalianariarias Riswingagasthalefeas with CFCs, HCFCs, HFCs,
hydrocarbons or hydrofluoroethers (HFES) in the presence of water, the blowing agent can hydrolyze.

Other fogn{Oﬂg}edijsecanly,y{nggeﬂmem BEhGsend bydedflvotabihyopslyester polyols. This
hydrolysis (gt 1,108 (PG AGHS Rl ARGk e AR cRjalyhy SRl e catalysts

reactivity to ate. 1he consequence is that the reactivity of the foam slows. This fluctuation

interferes whhiksomsisteronstare nh KabafkaertersBebrossst sedertivs Wttty REVAY deleterious

effect on thiASHIES e SWiItRRAIKKWAKNG 4BS20tN! oAV JORRLT (diianally ditayedeaction catalysts,
which are acid-blocked amines, such.as_simpl [ Its of a tertiary amine and a carboxylic acid
(such as fo?ﬁﬁ&l%‘ﬁgﬁca%?"é’-ai?ﬂf/lﬂreyg &EEQCFH;:?@S RS 5Jrocar§8rrlstr?|rs problem, but these are

were uséd to coun
expensive apdtdfieocktiessIdFBs)oh tetptystscisdfimitd. it bléwang aeduistep kygielyzed by imperfections

in the man . : | nJagredi ¥hiefatarget a single
meicuiner B S AWINGS [024

Figure la srelwglshd Pirdidrlisisrentithin thedosna igp plriduhabritpck B orm i saiabS eatalyst activity in
the formatiQauehpehsainars fertmstyib@eractitty THdloeng&luence is that the reactivity of

the foam slows. This fluctuation interferes with consistent, efficient and reproducible foam
production and can have a deleterious effect on the properties or suitability of the resultant

foam.

[022] Traditionally, delayed action catalysts, which are acid-blocked amines, such as
simple amine salts of a tertiary amine and a carboxylic acid (such as formic, acetic or 2-
ethylhexanoic acid) were used to counter this problem, but these are expensive and the
choices of such catalysts is limited. The foam industry is plagued by imperfections in the
manufacturing process, most notably by hydrolysis of certain ingredients which target a

single acid-vulnerable molecule: the amine catalyst.

[023] BRIEF DESCRIPTION OF THE DRAWINGS

[024] Figure la shows the protective effect the methods of the invention have on
retaining catalyst activity in the formation of polyurethane foams. The reactivity of the gel

after formulation is plotted.

[025] Figure 1b shows the reactivity change observed in the experiments of Figure 1a,

expressed as percent change in reactivity.

Page 4



after formulation is plotted. [025] Figure Ib shows the reactivity change observed in the experiments of
Figure la, expressed as percent change in reactivity. Page 4 WO 2006/017433 PCT/US2005/027244
[026] SUMMMRY@EBITHE INVENTION [027] Accordingly, it is an object of IHELW@MIIR Ttévercome
these and other problems associated with hydrolyzable ingredients. [028] In a first aspect, the
invention provide d@ f prepari s used to make polyurethane foams, where at
least one Mingim §n§%€n’gﬁmg§§£8ﬁe catalyst and at least one acid, wherein the at
least one ing.agent is other than water,, such that the activity of the catalys ot substantially
deterioratet:)[@%r ﬁt}ﬁgqrr‘}wgl)blﬁ\ﬁiﬁﬁoall’éeecﬁ gg‘r? e %‘r{? (g]|<¥§/|°§ rgﬂ%]gttg,esseu%?%agg’ § tr%gﬁ%rgmate; the
catalyst casstreiated avithneydethiattiedngrehignisid can be an organic acid, such as formic acid. [029] In a
second aspect, the invention provides methods of stabilizing/retaining activity of catalysts used in
polyurethaf28batn piseirsnest, thrdrseatioadspyides sty AgRpasngsABRrEEritsdifeast one
catalyst anghaelpasueiAc amé) avRifc tha catdeasb gl aydngs agabinsdotierathesstwater, such that
the activity of the catalyst does nat supstantially. deteriorate over time. The owi‘g ggent can be an
alkyl alkangzét?é},' S§38f51 %sﬁére}% nf;’l g rma eer?%tte %gttéd f/séttoélgngt?év a g} e?rﬁésgatgj?/té%, an% the acid can be an
organic acighchultit te deiniiy efCht: (aBD}stdastretbihstariirdbt detesinoemien thnévidibd compositions
suitable for,preparing Aoy veeihans IRMS UG ARG AGtivike! dcalkalyst dintbe omposition

remains stable over time. In such compositions, at least one blowing agent is combined with at least

one catalyRPHKFARISLAWHBASH, MBS &h At ASIL SRR ERIHG %t is other than water, such
that the actiyity, of the catalyst does not substantially deteriorat rtime. The blowing agent can be
an alkyl alljlg#glati? it Ogé ans{)eetﬁyﬁ%lr%gl g;o 50(:\%1% ylgte %é)% 0eF %\P%Y"a{%ﬁ? éeé%{t“a{l’ S{{@ﬁ(&\ the acid can be
an organic efoiatabsttusss fiorpeicereibano Ssanpedochitn.asheetatikasiansilewipeagenidspolyurethane
foams ma”éHﬁ{BﬁHéﬁ@vfffPH% IGRMRRLiaRs wheseitthsrR iRt RiRAIRIYEIERMABISkakge over time. In

such foams, a . i
agent is other than water, such that the activity of the catalyst does not substantially

deteriorate over time. The blowing agent can be an alkyl alkanoate, such as methyl
formate; the catalyst can be an amine catalyst, and the acid can be an organic acid, such as

formic acid.

[030] In yet a third aspect, the invention provides compositions suitable for preparing
polyurethane foams, such that the activity of a catalyst in the composition remains stable
over time. In such compositions, at least one blowing agent is combined with at least one
catalyst and at least one acid, wherein the at least one blowing agent is other than water,
such that the activity of the catalyst does not substantially deteriorate over time. The
blowing agent can be an alkyl alkanoate, such as methyl formate; the catalyst can be an

amine catalyst, and the acid can be an organic acid, such as formic acid.

[031] In a fourth aspect, the invention provides polyurethane foams manufactured from
compositions wherein the activity of a catalyst remains stable over time. In such foams, at
least one blowing agent is combined with at least one catalyst and at least one acid,
wherein the at least one blowing agent is other than water, such that the activity of the
catalyst does not substantially deteriorate over time, and then mixed with a polyol-
containing composition. The blowing agent can be an alkyl-alkanoate, such as methyl
formate; the catalyst can be an amine catalyst, and the acid can be an organic acid, such as

formic acid.
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least one blowing agent is combined with at least one catalyst and at least one acid, wherein the at
least one blowing agent is other than water, such that the activity of the catalyst does not substantially
deteriorate N@¥81a43d then mixed with a polyol- containing compositionPTRYSRAGIAY Bgent can be
an alkyl-alkanoate, such as methyl formate; the catalyst can be an amine catalyst, and the acid can
be an orgapi c\i}d, ch as formi¢ acid, Page 5.\WO 2006/017433 PC {5%520 ‘?/g27244 [032] In all
aspects of &%Tn Br??i}(])aﬁ,p‘fﬁg g%PFdBYFBt OBTé%ee%ct', 58 W SRS I%ei%?; 0 g “the molar equivalent
of the amirf@¢%tafitht. (083&] chnbsteatnd tthenifeatatdystaspects and advantages will become better
understood with reference to the following description, examples and appended claims. [034]
DETAILED DESCRIPTION OF THE INVENTION [035] The problems of the imperfect amine catalyst

that produ é? ms that are togq tight c(?as when most blocked catalysts are used). or falls prey to acid
attack sucﬁ(af?ﬁ aclgfﬁsf)‘?ﬁf‘da%%ftyeﬁtgfgﬁ PRESE a}gd;%%;%n a&ﬁstr@ Igbr%%)é%n ?ﬁ%{gn |o%rl%§%é a simple and
inexpensivevitnetfeochcd hetbelfiitiowiog deseriptidn, thremplsirsleppkidodlainesnt B), surprisingly and
unexpectedly, eliminates the degradation of amine catalysts. The acid is added at a concentration (by
weight) of about 1 % to about 500% of the molar equivalent of the amine catalyst(s); preferably from

about 10% to about 400% of t iyalent i lyst(s); more preferably from about
50% to abdﬂ?%oﬁ/kﬁ%lﬁﬁoﬁ%g%m@ﬁe%mggﬁ In a most preferred embodiment,
formic acid.| d to cgmponent B, wherein.the blowj ent in the system i hyl formate.
[036] II. prﬁﬁ%ﬂﬁmgﬁﬁgﬁgﬁ%[fsJﬁf7§E&%&“ﬁ,‘gﬁ%ﬁ)&*@%@?’fﬂ|“S°§3fg%“§¥§§al[g§§j‘r’&,ﬁéﬁ
manufactuifsgmé éoamsirblockahepehstsisravaed) B, e rrpemtancid ebackisichthacestsidfate, or mixtures
and combinglions QiSRRI iSQFYaNsIaRe BRAAISIGERRbA AkRea SHTRCIAIndfRSReyanate can be

any of the isocyanates, organic or mo,&ganlc, conventionally used in the prpdu?tion of polyurethane
foams. Sudﬁ%?is@bﬁéﬁ%}f&‘ é)'fém acid to the polyol blend (component B), surprisingly and

unexpectedly, eliminates the degradation of amine catalysts. The acid is added at a
concentration (by weight) of about 1% to about 500% of the molar equivalent of the amine
catalyst(s); preferably from about 10% to about 400% of the molar equivalent of the amine
catalyst(s); more preferably from about 50% to about 300% of the molar equivalent of the
amine catalyst(s). In a most preferred embodiment, formic acid is added to component B,

wherein the blowing agent in the system is methyl formate.

[036] II. Practicing the invention
[037] A. Component A
[038] 1. Isocyanates

[039] When manufacturing a foam from components A and B, component A contains an
isocyanate, or mixtures and combinations of discrete isocyanates, and preferably also a
surfactant. The isocyanate can be any of the isocyanates, organic or inorganic,
conventionally used in the production of polyurethane foams. Such polyisocyanates are
commonly used in the preparation of polyurethanes by reaction with compounds
containing two or more active hydrogen-containing groups. Any of the polyfunctional
isocyanates, such as isophorone diisocyanate, polymeric methylenebis (phenyl
isocyanate), 2,6-tolulene diisocyanate, 4,4’-methylenebis(phenyl isocyanate), dianisidine

diisocyanate, tolidine diisocyanate, hexamethylene diisocyanate, m-xylene diisocyanate,
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commonly used in the preparation of polyurethanes by reaction with compounds containing two or
more active hydrogen-containing groups. Any of the polyfunctional isocyanates, such as isophorone
diisocyanatdYQaBaieridIhethylenebis (phenyl isocyanate), 2,6-tolulene diidScT/&inaees/027244
4,4'-methylenebis(phenyl isocyanate), dianisidine diisocyanate, tolidine diisocyanate, hexamethylene

diisocyanate, m-xylene diisocyanate, Page 6 W 2006/017433 PCT/US20 4 1,5-napthalene
diisocyanaké? E?B gney eégmgs ﬁ%y%“(?%ir{’é?h‘%’@f’ﬁ‘gﬁsgfeyﬁg%ﬁiiég%’ﬁg%“&%ﬁ%g %%é%ﬁsocyanate,

1,4-di-ethylfenylene dimoygnatatd, 4 shigtindheprane dbisgsiardffisocyane,
3,3-diphenyldimetiyineibRpteAytidiisanyanatgiphedylensdisnevanates- sy disasynates,

2,4-toluenediisocyante dinmier, m- phenylenediisocyante, toluene diisogynates,
y

diphenylmé‘t’fléi‘ﬁé?f“%ﬁ)éﬂf\}%éyé ftisoqRRlE e BIUNESH IR TIB SULRAES can be used, such as
mixtures ofptaylefedinddimdsarners dfisotylenes diipheyginath o2 4-diinckdedaisamers of
methylenehis(phenyl.isocy- anate). Modifi = i enyl i anate) or
mixt.u.res o&ﬁ%{fﬁ%&%é gﬁ{f i%%fq?f%%arﬁ"?egrg t %Er%%‘é)(c{é%}ué ;% extss%%gk[%o&%?%%g\?\%g agents [041] In
addition, casaperserfitaldens éuﬁmmr@tbl@‘w?mﬁ'égéHtﬂél?ﬁé@g%%ﬂb%@‘%@é@h‘?ﬂyéé@ﬁﬁn component A
is unnecesgane) INVERE RIDRAHITEY, 408 VNG ISP Mo kivhiabrnraigevdihivaethyl formate
being prefgrred. Derivatives and precfursor of a selected alkyl alkanoate can also be used, either
alone or wittPREAY AR SORSTRM AN R/S08 Wifd/or precursor of alkyl alkanoate is any
compositiog,in.which th(i %H( | alkang te is attached to an inert carrier with respect to the remaining
ingredientsﬂc))@r(,)mponerits gvélrrmlé ¥“Te derivative and/or precursor of the alkyl alkanoate maintain

the functionphty of thaialy/\alkpanaien Canaliohalkrnaateservathon aimidngeutaanare used, itis

a complex that'maintains the entire structure as a mojety of the c lex. A "precursor" is a
compositioASHAIHFEERCBEEA LIMINSRESIHTYtdAnESHRE 8%%&8??’&; %W%?H&Stﬁ%af%giming process.
[043] Othenliavsiig aganistiahfhempresean irefeidedoMtoiedkyatidnuetesosarfexaletd, CFCs,

HCFCs, HE (S TR TR G SHOs s, QIR TMOIRGR G Medicthars or other

[042] A "derivative and/or precursor" of alkyl alkanoate is any composition in which the
alkyl alkanoate is attached to an inert carrier with respect to the remaining ingredients of
components A and B. The derivative and/or precursor of the alkyl alkanoate maintain the
functionality of the alkyl alkanoate. If an alkyl alkanoate derivative and/or precursor are
used, it is a complex that maintains the entire structure as a moiety of the complex. A
"precursor” is a composition that produces an alkyl alkanoate at some point prior to, or

during, the foaming process.

[043] Other blowing agents can be present in addition to alkyl alkanoates. For example;
CFCs, HCFCs, HFCs, methylene chloride, hydrofluorocarbons, hydrocarbons or other
organic compounds can also be used. Water itself is a blowing agent and is almost
always present in at least residual quantities. The addition of an acid (or blend) to the
polyol blend (component B), surprisingly and unexpectedly, reduces or eliminates the
further degradation of amine catalysts . The acid (or blend) is added at from about 1% to
about 500% of the molar equivalent of the amine catalyst(s); preferably from about 10% to
about 400% of the molar equivalent of the amine catalyst(s); more preferably from about
50% to about 300% of the molar equivalent of the amine catalyst(s). The materials of
component A can be blended in any standard manner. The order of blending is not

particularly significant. Nevertheless, a convenient order of mixing is to add surfactant to

Page 7



organic compounds can also be used. Water itself is a blowing agent and is almost always present in
at least residual quantities. The addition of an acid (or blend) to the polyol blend (component B),
surprisingly WeRMHFéEtedly, reduces or eliminates the further degradatidtCafEHpEBaA ey Sts . The
acid (or blend) is added at from about 1 % to about 500% of the molar equivalent of the amine
catalyst(s); preferably from about.10% t % t 400% of the. molar equivalent of the amine catalyst(s);
more prefe 85?'3?’*%%%% f! ?(ﬁ%dtg‘%%%%f %%%r’d ﬂ%‘é’%’&g‘r“égﬁ“?aﬁ%%%\l‘ c?f% {6 afnine catalyst(s). The
materials cigaofs)pdreemt A can be blended in any standard manner. The order of blending is not
particularly significant. Nevertheless, a convenient order of mixing is to add surfactant to Page 7 WO

2006/0174848 CcThe sitios/prportionsetipgrrsients siopd fasusb dhatdf Seraperelitdr, if any, and finally to
add the bluyirgRaReiEs mirabwRtgtine, miaiiiedtaporions of ingigeigsl snshvodnbet such that if

component A contains one _or more blowi ts, the concentration, of ing agent(s) in
componenf\ﬁ %%?h%ﬁ)éﬁ% %%§EW%6E&%%0§X Vj’ﬁ!ﬁj‘ Wé:fgﬁlaﬁl,y Btr’g*’gr&aa)é\;%%%gﬁ%g% by weight to
about 10%tbyboeights Pheveilyl Akaribpkelkanuhter(asiondirey atitd/ ondiee prraasentiesety) itself can make

up as much ag-ARPHLLY Qymeigmagssiq&a)@lyy%sgw@r@&ah%m%hb% ayGiggesugh as from about
2% by weight to about 10% by we%t{lt of component A. The surfactant can make UfPIess'than about

206 by weidtRighreTshBR bR oP) ) Gigh iR 205uE TP BY YRgh L PEFPRReP N BiIthISs desired, it can
be included\iffRtsaneantadap Ky thap adbm iR bYwbigweieiferitagatoanisvjghtighicomponent A.
T ek SR A e anatreltiol . SHTRCIR ARG T Rge aneous
agents [048 %nf@onventlonal, Acdde’surfactant can be Incorporated into component A. Examples of
such surfacteatisiircildésilicight bassiomabeBragiDanposat BCTyYoBalheths baknesf1315 and
B-8021 (Deg %ﬁPAdEQHQl%EQBQ{@.icm Corp.; Mapleton, IL); L-620 (Union Carbide; Houston, TX);
L-6202 and Y-10390 (Air Products; Allentown, PA), other silicones and siloxaneoxyalkylene block

copolymergg@ailey and 0'Sigfueaintd dBimiseligieousled)s The surfactant choice, while not essential to
the present invention, affects
[046] Any conventional, A-side surfactant can be incorporated into component A.

Examples of such surfactants include silicones, such as B-8407, DC-5160, DC-198, DC-
5125, DC-1315 and B-8021 (Degussa/Goldschmidt Chemical Corp.; Mapleton, IL); L-620
(Union Carbide; Houston, TX); L-6202 and Y-10390 (Air Products; Allentown, PA), other
silicones and siloxaneoxyalkylene block copolymers (Bailey and O'Connor, 1958;
Ferrigno, 1963). The surfactant choice, while not essential to the present invention, affects

the cell structure in the produced foam.

[047] Other compositions, such as fire retardants, for example, those containing
bromine, chlorine or phosphorus, can also be included in the component A. Because the
fire retardant industry continues to be in constant flux, the available chemicals and
chemical families are also in flux. However, any fire retardant that is appropriate for use

in traditionally blown foams are appropriate for use in the foams of the invention.
[048] B. Component B
[049] 1. Polyol

[050] Component B contains at least one polyol. Component B typically consists of 50%
polyol(s) (by weight) to about 98% (by weight), preferably 70% (by weight) to about 92%
(by weight) of at least one polyol.
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the cell structure in the produced foam. [047] Other compositions, such as fire retardants, for example,
those containing bromine, chlorine or phosphorus, can also be included in the component A. Because
the fire retaVd2RUMELBFY continues to be in constant flux, the available ch@@ERZIP2¢REMIcal
families are also in flux. However, any fire retardant that is appropriate for use in traditionally blown

foams are g’ogr?ﬁ,t ' fe aolrnusﬁ?eﬁ% Ofogtrcnﬁ\ %I, %Agxpﬁ,tiaqeigﬂo%]e%fgg%gg\is tB [049] 1. Polyol

[05_0] Com contains at feast one polyol. Component B typically consists of 50% polyol(s) (by
weight) to spBDeEBYS (s nelghkpxytetrsy amiper o melkaxydpiey e sUR oobEsERPAIERSNt) of at least one

Eg%glc-):’ea%%B@h\AzélQ r%ﬁa%(t Qﬂrﬂlfiﬁ&%{‘iw 1061034 aﬂéut[g&id. W&@é}a}bﬁ}nﬂlm@m&wrmate in

nt B, at least one of the polyol(s) in component B js a a lated_amine,

polyalkoxyMtRHE #idwost %Pﬁﬁlﬁgé?e‘?bﬁlﬂf&gp’éﬁ?ﬁfgg%ﬁaﬁr%’%‘}f 2@%8:@? %&ﬁé @%528‘ to about

1000. Prefémh_lygﬁhmbstqmmﬂamwnmmdﬂémmeatbmw;.mwabomhaﬁefmwhmsmybbly about 300 to

about 500 fgr lgid. 1AM A0 meastralerablu 20:d BRI S HiRWRYER dbRRiEred hydroxy!
fefy Byt e desire

ranges grer?f]e%ermlne SO en%g(roduct. The skilled artisan can determine the
appropriatdhesyarseptisiginyssexyhrupbRialkbsprivatkpenaied prbrelapsfardydiethoxylated,
polyPropoaleslo Y IRGApHIgNASShoRurop s eyl Bren Ralusliersdaicrhamine can be, for
example, a polyalkoxylated aliphatic gmine or a Mannich pqlyol; the polyalkoxylated ether can be, for
example, apﬁB'@)gﬁ@' élajgﬁc%‘stée’%&gﬁ{}%'gﬂ%’ %H%"(ﬁ%%’%%%%igr' %o%%'f“@érﬁegé% transesterification of
a terephthalétenmhqmdgol; thit. pbhelpoiytied athdrembdefondiviniplly pelaslkoinlagtrcos2] One or
more of a“XrO’ﬂ?cé’rﬁJP&H‘%&%SI?%&&%BEBSB&W& QAR SRMIRNARACS QteRPMALTAHASP @Ry two or all

three of the _(:Fasses, can be used in component B. Component B can contain other polyols as well;
preferably, WHe Toepev el prpsITpde sy FBARE 2SRRI s (that is, the total of all polyols from

any of the polyalkoxylated i
e oo ciont gmore ol iy oRe oY the hiee HEA S SY BV SRS ESANSA By Up more than

polyols from any two or all three of the classes, can be used in component B. Component
B can contain other polyols as well; preferably, the total of all polyols present from the
three classes (that is, the total of all polyols from any of the polyalkoxylated amines,
polyalkoxylated ethers and polyester polyols) make up more than about 50% by weight of

all the polyols of component B, and at least about 50% by weight of component B.

[053] Other useful polyhydric compounds, whether or not an alkyl alkanoate is used
as a blowing agent and in addition to those listed above, include ethylene glycol,
propylene glycol, diethylene glycol, dipropylene glycol, glycerol, pentaerythritol,
sorbitol, sucrose, methyl glucoside, glucose, efc.. Polyamine compounds that can be
reacted with alkylene oxide to prepare amine-based polyols include mono-, di-, and
trietha-nol amine, ethylene diamine, diethylene diamine, toluene diamine, efc.. These
polyhydric alcohols and polyamine compounds can be reacted separately with alkylene
oxides, or they can be pre-mixed in the preparation of polyether polyol mixtures or
blends. Preferred polyester polyols are those based on terephthalic, phthalic, isophthalic,

adipic, succinic, glutaric, fumaric acid(s), and combinations thereof.
[054] 2. Acids

[055] In those compositions in which a blowing agent can hydrolyze or otherwise
deteriorate, such that a catalyst in the mixture is attacked with consequent reduction in

catalytic activity, an acid is added to the mix to protect the susceptible catalyst. Any
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all the polyols of component B, and at least about 50% by weight of component B. [053] Other useful
polyhydric compounds, whether or not an alkyl alkanoate is used as a blowing agent and in addition to
those listed WORRMGIICHIGe ethylene glycol, propylene glycol, diethylene glIyRSST/Ehpeopgréne glycol,
glycerol, pentaerythritol, sorbitol, sucrose, methyl glucoside, glucose, etc.. Polyamine compounds that
can be reagied wilh allolenc oxide o prepAEATIGRARCd ARNPIRAANAE J0Darfly and trietha-nol
amine, ethyféne diamine, &é?]y ene dtlam ne, toluene diamine,etc.. These 60 yhydric alcohols and
polyamine therhytrahiis cda blondng gt nicpadesiinareHiamy rironmanes Beardy #stfbe pre-mixed in

the prepargtign AlRURING MalhimbiE e onshlRydsT ReslatieshRalyasiepaaligimare those based on
terephthalic, phthalic, isophthalic, adi icgsuccinic,%llutaric fumaric Fcid%an combinations thereof.

[054] 2. AcFq8tjnses aws AbbEitiALRIPINSIcY ?J‘I'(B\ﬂn‘?fér e MERIDNSe or otherwise
deterioratepaticinthta satadysd tﬁdhﬁamﬁdnwed$mmkbdwmemM@qwemhmddmﬁad(iis catalytic
activity, an agid s added 6, e, i 1 protesle, aLaERPIble LBINPNANY. Rede 9 WO 2006/017433

PCT/US2005 4"organtc acl norganic acid that protetts the amine catalyst from acids
generated prgftratly @rdisindbmarsipwfatpblydhd oP stfeerthyisorsiftdsorreamipoheie B ets be used.
Protection gansistaRhINalpiQinime:agegstancy of the reaction rate that permits the continued
manufacture of the final product without a detrimental change in the performance. Any acid that
functions to protect the amine catalyst from acid attack is suitable for use. In general, appropriate
acids have a pKa greater than 0; more preferaRjy;¢-10; and more preferably 0-5. Preferably the acid is
organic. Table 1 lists some examples of suitable acids. TABLE | Examples of suitable acids Acid pKa
Acid pKa Diethylmalonic acid 7.20 triflExmpletlof seitablinadedsicid 13 Formic acid 3.75 benzenesulfonic
acid 2.5

Acid pK, Acid pK.
Diethylmalonic acid 7.20 trifluoromethanesulfonic acid 13
Formic acid 3.75 benzenesulfonic acid 2.5
Glycylglycine 8.40 methanesulfonic acid 2.0
N-2-hyd thylpiperazine-N'-2-

yaroxyetylplp 7.55 trifluoroacetic acid 0.0
ethane-sulphonic acid
N-2-hydroxycthylpipcrazine-N'-3-
Y YERYIPIP 8.00 picric acid 0.3

propane-sulphonic acid
Imidazole 7.00 squaric acid 1.5
2-(N- holino) ethanesulphonic

(N-morpholinc) P 6.15 trichloroacetic acid 0.77
acid
3-(N- holi ropanesulphonic

(N-morpholin) prop P 7.20 oxalic acid 1.2
acid

iperazine-N-N’-bis (2-
PIP ( 6.80 dichloroacetic acid 1.25
ethanesulphonic acid)
Phenol 9.99 fluoroacetic acid 2.6
o-Phosphoric acid (1) 2.12 chloroacetic acid 2.87
o-Phosphoric acid (2) 7.21 citric acid 3.13

iperazine-1,4-bis(2-
PIpEr ( 7.85 formic acid 3.75

hydroxypropanesulfonic acid)
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Glycylglycine 8.40 methanesulfonic acid 2.0 N-2-hydroxyethylpiperazine-N'-2 7.55 trifluoroacetic acid
0.0 ethane-sulphonic acid N-2-hydroxycthylpipcrazine-N'-3 8.00 picric acid 0.3 propane-sulphonic
acid Imidaz®¥® 200/&quddic acid 1.5 2-(N-morpholino) ethanesulphonic 6. 1BGHENGAREREtacid 0.77
acid 3-(N-morpholino) propanesu[phonic 7.20 oxalic acid 1.2 acid piperazine-N-N'-bis (2 6.80
dichloroacetic acid 1.25 ethanesulphonic aciq)AF%ll'L ]ol 9.99 fluoroacetic acid 2.6 o-Phosphoric acid
(1) 2.12 chloroacetic acid 2.87 o-Phosphoric aci (Z:Zn) 7.21 citric acid 3.13 piperazine-1,4-bis(2 7.85

formic acid 3.75 hydroxypropanesulfopiampie dfaairab@ Wids2006/017433 PCT/US2005/027244

TABLE | Examples of suitable acids Acid pKe Acid pKe Succinic aci% (1) 4.19 ascortl)ic acid 4.17
Succinic acid (2) 5.57 benzdfdacid 4.20 PK, Aci pKa
Succinic acid (1) 4.19 ascorbic acid 4.17
Succinic acid (2) 5.57 benzoic acid 4.20
3-[tris (hydroxymethyl) methyl] amino
[ Y Y ) v 8.40 acetic acid 4.75
propanesulphonic acid
2-[tris (hydroxymothyl) methyl] amino
Ltris thy Y 2 v 7.50 thiophenol 6.6
ethanesulphonic acid
Tricine (N-[tris (hydroxymethyl
(-N Ltris (hy Y ¥ 8.15 tropolone 6.7
methy] glycine)
TRIS (tris (hydroxylmethyl
(tris (hy Y ¥ 8.30 p-nitrophenol 7.2
aminomethane)
malonaldehyde 5.0  peracetic acid 8.2
Meldrum's acid 5.1  succinimide 9.6
2,4-pentanedione 8.9  phenol 10.0
hydrocyanic acid 9.2  chloral hydrate 10.0
nitromethane 10.2 benzenesulfonamide 10.1
5,5-dimethyl-1,3-cyclohexadione 4.8 Dinitromethane 3.6

[056] For example, in foams where an alkyl alkanoate is used as a blowing agent with
an amine catalyst, the blowing agent can hydrolyze and form an acid that attacks the
catalyst. To prevent degradation in catalytic activity, an acid is added, such as formic
acid, to at least about 1% to about 500% of the molar equivalent of the susceptible

catalyst. Table 2 lists examples of amine catalysts.

TABLE 2

Examples of amine catalysts

Class Examples

N,N-dialkylpiperazines N,N-dimethylpiperazine, N,N-diethylpiperazine

trialkylamines trimethylamine
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3-[tris (hydroxymethyl) methyl] amino 8.40 acetic acid 4.75 propanesulphonic acid 2-[tris
(hydroxymothyl) methyl] amino 7.50 thiophenol 6.6 ethanesulphonic acid Tricine (N-[tris
(hydroxymeWQIx@4a/61i3golone 6.7 methy] glycine) TRIS (tris (hydroxylmet®§l/BS3WpWiizdphenol 7.2
aminomethane) malonaldehyde 5.0 peracetic acid 8.2 Meldrum's acid 5.1 succinimide 9.6
2,4-pentanedione 8.9 phenol 10.0 hydrocya g 2 chloral hydrate 10.0 nitromethane 10.2
benzenesulfonamide 10.1 5,5-dimethyl-1,3- cvﬁo%exadlone 4.8 Dinitromethane 3.6 [056] For example,
in foams where an alkyl alkanoate is bxamme dnigcpatalyatswith an amine catalyst, the blowing
agent can hydrolyze aﬂgsgorm an acid that attacks the catag/,s‘;m'ggbprevent degradatlon in catalytic
aCt|V|ty,a 0 addead ormi abhoL o-abo % of the-molar
equivalent of the susceptible catalyst ﬁ"é?éhé”?‘ﬂgtg examples of amine catalysts TABLE2 Examples
of amine catalysts Class Examples N demjkammerazmes N,N-dimethylpiperazine,

N,N-diethylpiperazine trialkylamines trlmeéha\é rw)pc g%)%%tgr\]/g)(%(ggg/(e)%gg?aﬁlP%T/U82005/027244

and the lower-alkyl derivatives thereof (e.g.,

2-methyl triethylene diamine

2,3-dimethyl triethylene diamine

2,5-diethyl triethylene diamine

2,6-diisopropyl triethylene diamine)
N,N',N"-trialkylaminoalkyl- N,N'N"-tris(dimethylaminomethyl)hexahydrotriazine
hexarihydrotriazines N,N',N"-tris(dimethylaminoethyl)hexahydrotriazine

N,N'N"-tris(dimethylaminopropyl)hexahydrotriazme

N,N',N"-tris(diethylaminoethyl)hexahydrotriazine

N,N'N"-tris(diethylaminopropyl)hexahydro-triazine

mono-, di-, and tri- 2-(dimethylaminomethyl)phenol
(dialkylaminoalkyl) 2-dimethylaminobutyl)phenol
monohydric phenols or 2-(diethylaminoethyl)phenol
thiophenols (e.g.,) 2-(diethylaminobutyl)phenol

2-(dimethylaminomethyl)thiophenol
2-(diethylaminoethyl)thiophenol
2,4-bis-(dimethylaminoethyl)phenol,
2,4-bis(dipropylaminobutyl)phenol
2,4-bis(dipropylaminoethyl)phenol

2,4- bis(dimethylaminoethyl)thiophenol,
2,4- bis(diethylaminopropyl)triophenol,
2,4- bis(dipropylaminoethyl)thiophenol,
2,4,6- tris(dimethylaminoethyl)phenol
2,4,6- tris(diethylaminoethyl)phenol
2,4,6- tris(dipropylaminomethyl)phenol
2,4,6- tris(diethylaminoethyl)thiophenol
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TABLE 2 Examples of amine catalysts Class Examples triethylamine tributylamine
1,4-diazabicyclo(2-2-2)octane (triethylene diamine) and the lower-alkyl derivatives thereof (e.qg.,
2-methyl trig¥@/ROAEUidddine 2,3-dimethyl triethylene diamine 2,5-diethyl trit€iylE12808i827d ke
2,6-diisopropyl triethylene diamine) N,N',N"-trialkylaminoalkyl-
N,N'N"-tris(dimethylaminomethyl)hexahydrotrjla]g exarihydrotriazines N,N
,N"-tris(dimethylaminoethyl)hexahydrotriazine N, -tri s(dimethyl aminopropyl)hexahydrotriazm e
N,N',N"-tris(d i ethylam inoethyl)hexaBEyanples af ammeNatitstsris(d iethylam

mopropyl)hexahydro friggine mono-, d|- and tri- 2- (dlmeth@%@gpethyl)phenol (dlalkylamlnoalkyl)
2d|methy NOonU Dhenol _mononya nheno ~-(diethvlaminoethvpheno n0|s(eg)

2-(diethylaminobutyl)phenol 2-(dimethyfl hESPﬂ@ﬂ'ﬂﬁ fryikpHarsih Y@ irelsicam i n oeth y I )th i opheno
| 2,4-bis- (c}mmthyiﬁminoethyl)phenol RAhistdiprepilatminaldiyb pheaedndd-bis(dipropylam

inoethyl)phenol I h I thI | h , )
B R L

tris(diethylaminoethyl)phenol N,N,N' N'-tetramethylethylenedlamme
N,N- N,N-dimethylcyclohexylamine,
dialkylcyclohexylamines N,N-diethylcyclohexylamine
N-alkylmorpholines N-methylmorpholine,

N-ethylmorpholine
N,N-dialkylalkanolamines‘ N,N-dimethylethanolamine,
N,N-diethylethanolamine

N,N,N',N'- N,N,N',N'-tetramethylguanidine,
tetraalkylguanidines N,N,N',N'-tetraethylguanidine
[057] 3. Blowing agents

[058] Lower levels of blowing agent than are usually found in comparable foams
utilizing HCFC blowing agents can be used. For example, a preferred formulation is

shown in Table 3.

TABLE 3
Example of a preferred formulation
Constitutent % (by weight)

Component A Isocyanate 96.7

Surfactant 1.3

Methyl formatc;, 2.0
Component B Polyalkoxylated ether 4.5

Polyalkoxylated ether 71.48

Polyalkoxylated amine 10.0

Surfactant 1.5

Catalyst 1 0.59
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2,4,6- tris(dipropylaminomethyl)phenol 2,4,6- tris(diethylaminoethyl)thiophenol Page 12 WO
2006/017433 PCT/US2005/027244 TABLE 2 Examples of amine catalysts Class Examples 2,4,6-
tris(dimethyNi@2vdetHyidBiophenol N, N, N'N'- N,N,N',N'-tetram-ethyl-I,3-pr8AfiEROT3E244
tetraalkylalkylenediamines N,N,N',N'-tetramethyl-l,3-butanediamine N ,N,N’,N'-tetram
ethylethylenediam i ne N,N- N,N-d imethy Icycl am ine, dialkylcyclohexylamines

N,N- drethylcyclohexylamrne N- alkylmorpholrne methvlmorphollne N-ethylmorpholine
N,N-dialkylalkanolamines N,N-dim&tapheibahalpreis gty lethanolamine N,N,N',N'-
N,N,N',N’ tetramethylguanldlne tetraalkylgugg;gmgt%,{\tl N,N',N’ tetraetlw{gyaw@me [057] 3. Blowing
agentS[O S QWe O bIOWINg agent than a ound incomparable foam t|||z|ng
HCFC blowing agents can be used. Feptakahiple, a preferred formulation i¥- $hown in Table 3. TABLE
3 Example of a preferred formulation Egagtitutent % (by weight) Component2 Isocyanate 96.7
Surfactant 1.3 Methyl formate 2.0 Component B Polyalkoxylated ether 4.5

Diluent "5.00
Water 2.51
Methyl formate 3.58
Formic acid 0.48

[059] Such a formulation of component B as presented in Table 3 results in a solution
where the catalysts retain consistent activity over the life of the solution. This and other
component B solutions formulated with an acid of the blowing agent retain consistent
catalyst activity over time. For example, acceptable reactivity drifts are determined by the
end-product and the specific appl'ication of the product. Preferably, the reactivity drift
stays within acceptable ranges in excess of 1 week, more preferably, in excess of 6
months, most preferably, in excess of 2 years. Those of ordinary skill in the art of
producing polyurethane foams can easily adjust the types and quantities of each polyol and
the ratio of alkyl alkanoate to water in the formula such that the desired properties of the

finished foam are achieved.

[060] Water in component B can be from 0% to about 5%, preferably about 0.5% to
about 4%, more preferably about 1% to about 3% (by weight). Water can serve as a

blowing agent as well as add rigidity to the resulting foam.

[061] The alkyl alkanoate in component B is preferably methyl formate and/or any
derivative and/or precursor thereof. The alkyl alkanoate constitutes as much as about
15%, preferably about 2% to about 15% (by weight) of component B. The acid is present

in a sufficient amount to retain the activity of any amine catalysts.

[062] The alkyl alkanoate, as well as the acid, can be introduced by a separate stream in
addition or in place of that which can be in either or both of components A and B. The
concentrations of alkyl alkanoate in components A and B and the amount introduced to the

reaction mixture by way of a separate stream are adjusted and coordinated so that the
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Polyalkoxylated ether 71.48 Polyalkoxylated amine 10.0 Surfactant 1.5 Catalyst 1 0.59 Page 13 WO
2006/017433 PCT/US2005/027244 TABLE 3 Example of a preferred formulation Constitutent % (by
weight) CaMQ02601/33atalyst 3 0.12 Diluent 5.00 Water 2.51 Methyl fBfihdi8280582Rd¢mic acid
0.48 [059] Such a formulation of component B as presented in Table 3 results in a solution where the

18 [059] Such a formulation o _ ed in Table 3 res on wher
catalysts refai ANSiSIRAL A6l bt QT JieRLRS SUHOTURAP BUIEL SRggnent B solutions

owing agent retain consistent catalyst activity over time. For example,
acceptable PEXEh fSLethasuRan AUXREFABRNFIIA andithrad senastie tHearsetfifeyapirdaon of the

pro?uctk.)lPrﬁfe fa&awwél@mﬁmmylﬂimg rﬁﬁ&ﬁﬁ?@d&?{@rﬂ%@@l&%&&fmﬂﬁﬂi%?iirﬁ]‘&é%tﬂif Iﬁ\%@ek, mc; r”e )
preferably, in excess of 6 ths, most preferably, in excess o ears. Those of ordinary skill in the
art of prodﬁlé?ﬁlé4p§l?u?‘é?ﬂ§%1%f2%ﬂ?§gcfghag5?l%?nédfﬁgtbt%'ésfgpoégé‘%%ft TGRS oﬂgéﬁh polyol and the
ratio of alkyinalkde)datexampbtet iCshdHOsnHE €aidhitBg thivizcdedives] pitapetkigsatifativeteinished foam are
achieved. [Q6QLWatex '%&QQQRasmﬁmm%J%aQ% to about 5%, preferably about 0.5% to about

4%, more preferably about 1% to about 3% (by weight). Water can serve as a blowing agent as well
as add rigiqiog3p theresrdiéns fRane. (4 linthatakyakanarif presampeacht&rsdakatarmbly methyl
formate andjoy any, deryative andicy prectrser therrol s gyl alkqnoats canstiutes as much as

should be substantially free (less than 1% by weight) of CFCs, HCFCs, HFCs, HFEs and

hydrocarbons; more preferably, no CFCs, HCFCs, HFCs, HFEs and hydrocarbons are

present. The mixture to blow the foam is preferably also substantially free, more

preferably, devoid, of any other substituted or unsubstituted hydrocarbon. Ideally, the

foaming mixture is substantially free, more optimally devoid, of any other organic

compound that acts as a blowing agent.

[064] The polyols in the combination need not form a separate composition; it is
unnecessary to mix the constituents of the mixture together to form a premix and then to
form component B by mixing the premix with the remaining ingredients of component B.
The ingredients of component B can be mixed in any order, and the polyols can be added

separately from each other as separate ingredients to form component B.
[065] 5. Catalysts

[066] .In addition to the amine catalysts listed in Table 2, any organometallic
compound known to be a catalyst in the reaction between an isocyanate group and an
active hydrogen-containing group can be used as a catalyst. Such catalysts include,
but not limited to, the organic acid salts of, and the organometallic derivatives of,
bismuth, lead, tin, iron, antimony, uranium, cadmium, cobalt, thorium, aluminum,
mercury, zinc, nickel, cerium, molybdenum, vanadium, copper, manganese, and

zirconium.
[067] 6. Other agents

[068] Component B can also contain other ingredients as desired. Optional additives
such as dispersing agents, cell stabilizers, surfactants, flame retardants, and the like,

that are commonly used in the fabrication of polymer foams can be used in the
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15%, preferably about 2% to about 15% (by weight) of component B. The acid is present in a
sufficient amount to retain the activity of any amine catalysts. [062] The alkyl alkanoate, as well as the
acid, can beN@29de/6Ed By a separate stream in addition or in place of thatREHIRIS XY Addeither or
both of components A and B. The concentrations of alkyl alkanoate in components A and B and the

amount intrqstyeed ¥ the ifamtI PHXEHEMAVBNORPRLRARBIAIE SSEMAIE.AfSiRYANd coordinated
so that the Pa8§14 WQ_.2006/017433 PCT/US2005/027244 resulting concentration of total alkyl

alkanoate (PO LS tstedarssrEfsilsy: KidinheRbsmeren PeakemsthEonents A‘and B
and separatergtneasikicohampy| passchanuted iotalrfueigints of the resuitingnmixture, is from about 1% to
about 12%, preferably from about 4% to about 8%. Other blowing agents can be used or at least be
present. Thd8691n&hthss i aned atslisiver uchHs Moreraic@sd e Fasichijiecs admosisy bther alkyl

alkanoates, 3sdvetk a8 RBY Qg inewnda the sk lefatisanuNER] MaseRglieiabi;the total amount

of blowing agﬁgt present in each component and, in the total combination of all ingredients mixed

together to B 2 fBHRYMY WideSr & ShBiATBEsRieania il frsdnglude fhsy a8y PRISIBES of CFCs,
HCFCs, HF@s] ktfpelymeds dfydigdatiloride marel peefesglalyty ton GiH€ st yteikeGae G, HFES and
hydrocarbo mi 0 blo foam is preferably alsp substantjally free, more
preferably, e\%%l}%{%%e?r%%%%?&%é%{ﬁltéecf%r%‘F\ u '%t?t%%&%%‘)} ?%%g%lgﬁﬁjgﬁ\fﬁﬁfﬁb foaming mixture
is substantidifgfeed sres apsithedndeevettiromadigasteny irgaitle. vispoorelithaaeticas a blowing

agent. [064]sTbéin6)yMisaiictRA60) PALRE, NRPHRNLIAHY RIEBRAALE £Lgaaposition; it is unnecessary
to mix the constituents of the mixture together to form a premix and then to form component B by

mixing the pléfra]x Rottexhmpmeainingtindaed molsapflesmpansnnB bréhtmée)ghedieats of component B
can be mixegh ik OIS 2TRL AN OLNGICAR R ACRA-ASRAFRIGIL (g casigtner as separate

ingredients to form component B. [065] 5. Catalysts ition to the amine catalysts listed in

Table 2, any*oRIBPH e Rdditbrese Audepoxirs o airing carappsitipnt surbastrastreaiveen an isocyanate

group and agromatic polyesters, glycols and/or alkoxylated sorbitols, acid scavengers (for example, a-

methyl styrene), acid formation inhibitors or diluents.
[071] C. Forming the foam

[072] Component A and component B can be mixed, such as through a static mix, high
pressure mix or impingement mix chamber or any other device commonly known in the
industry, by standard procedures to produce a homogenous blend. In a preferred
embodiment, a one-shot method of foam fabrication is used, whereby the isocyanate
containing stream (component A) and the polyol-containing and catalyst-containing
stream (component B) are mixed. Each of these streams is preferably liquid in which
all of the various additives are preferably soluble, although dispersions utilizing solid

components can be used as desired.

[073] Preferably component A and component B are mixed such that there is about 0.3 to
about 1.2 polyol equivalents per equivalent polyisocyanate. “Polyol equivalent” means
the weight component B used in the foam divided by the equivalent weight of component
B. “Polyisocyanate equivalent” means the weight component A used in the foam divided

by the equivalent weight of component A.
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active hydrogen-containing group can be used as a catalyst. Such catalysts include, but not limited to,
the organic acid salts of, and the organometallic derivatives of, bismuth, lead, tin, iron, antimony,
uranium, cavifigipe/ebdak, thorium, aluminum, mercury, zinc, nickel, ceriuRCHl{BR00EMTA#4vanadium,
copper, manganese, and zirconium. [067] 6. Other agents [068] Component B can also contain other
ingredients, fe ired.% tional additives such as dispersing agents, cell stabilizers, surfactants,
flame retar@# s, St th gike, that are commonly used in the fabrication of polymer foams can be

used in therfpage 45 ARRG/HEdARdAT - barORa/ad sndmios semebib ail vefiliaR: For example,

phosphorus-based flame retardant additives can be used if flame retardancy is desired. A finer cell
structure cRFesigBEsFRIPTonHhe RFEShEYEPRdPdts fllssbertsats (HEdRUIRE M the reaction mix.
[069] Otherpfiprahadsiivasypwel asiinetigasicand dotganis bienaithaniasentininged. Examples of
inorganic figfer include calcium carbonate, barium sulfate, silica, glass, antimony oxides, etc.;
examples 0 ¥ 8%1%?(3 fillers include the various polymers and copolymers of vinyl chloride, vinyl
acetate, ac[’m?itrtfggm; ggne, melamine, partially oxyalkylated melamine, etc. Organic esters can also
be used. Particularly preferred esters are those derived from dicarboxylic acids, such as oxalic,

malonic, SpELNicREHLtRIG chaaeineRitealindispphibinps-ane teegpbiitabcacidrni@a0] For example, a
fire retardant, such as those containing bromine, chlorine or phasphorus, can be incorporated into the
mixture to iﬂﬁ%%%tflp Ofgﬁg?gﬁ%g?t ?ﬁg%%gﬁﬁpnlgﬁllys/yatse&l ealg'(ﬁ i{?\?gqs“g{r?gshcﬂar%(;(gf%grrll![%?(r{ing
compositionsingubh StsrgaSiditinik aardchaekid welimsters, glycols and/or alkoxylated sorbitols, acid
scavengers (for example, a methyl styrene), acid formation inhibitors or diluents. [071] C. Forming the
foam [072] @GrhpSABRIE-S%d- component B can be mixed, such as through a static mix, high pressure

mix or impingement mix chamber or any other device commonl own in the. industry, by standard
proceduresﬁ%gg;o%tﬂ'gg'gﬂdm IR Hgl.elﬁof p‘t:rheefe?lgé%f"ng Rl i

adheres to a thin wire (approx. 1/16" in diameter) and becomes "stringy'-something like

bubble gum.
[080] String-Gel measurements are made as follows:

[081] 1. Take a 10-second shot into a 30-gallon plastic bag and simultanebusly start

the stopwatch.

[082] -2. At about 60-seconds, poke a wire into the rising chemical at least 12 inches
deep and take it out again. Repeat poking wire in and out of the rising chemical at 5-
second intervals until the foam sticks to the wire and forms a bubble gum-like string. Do

not poke the same place twice.
[083] 3. Record time the String-Gel took place.

[084] Tongue depressors or Popsicle sticks should not be used for String-Gel because
they do not go deep enough into the rising foam. A wire similar to a coat hanger is

suitable.
[085] TACK-FREE

[086] Tack-Free is the measure of time from the beginning of the shot until the foam

becomes "tack-free" or does not stick to fingertip when touched tightly.
[087] A Tack-Free measurement may be made as follows:

[088] 1. Follow Step 1-3 for String-Gel.
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embodiment, a one-shot method of foam fabrication is used, whereby the isocyanate containing
stream (component A) and the polyol-containing and catalyst-containing stream (component B) are
mixed. EachVél thegeligtsdams is preferably liquid in which all of the variousP&dRIP2E&5 823 Wreferably
soluble, although dispersions utilizing solid components can be used as desired. [073] Preferably
component A and component B are mixed s c£ that there.is about 0.3,1o ahouf 1.2 polyol equivalents
per equiva@ﬁﬂ)o@isocﬂﬁ e SN, DESHALL ﬁtgjﬁ{eué’rtféf?ﬁré' l\l}veé’%rﬁ?scé?ﬁ]ﬁgﬁegnto bnt(jnsed in the foam
divided by thegequiviedenthediggrop edrmpondrd Bglitholyisocyanate equivalent” means the weight
component A used in the foam divided by the equivalent weight of component A. Page 16 WO
2006/01 74308 CP/10S280500bthe4ing074] Examples [075] Without further elaboration, it is believed
that one skjlled in the art can, using the preceding descyiptjon, us the present invention to its fullest
extont. TheTRbuSH s b LA GHA A 7 TR S KT WAy oF ting the
remaining GisdboshseevddTiodt BndMyple Frd0 b Rieacihsiryehnlbis impagentt herp thepledinpared to the

profile of the chemigal i o[@ﬂiigﬁf éh&%trég&ﬁﬁﬁh-ﬁl@mica' system. The reactivities can be
determinedgal s?ﬁgc?ﬁge%%%da%%%%r]ne and S:I'ack-Free timef [078] STRING-GEL [079] String-Gel is the

measure ofi§igne TRRANRLSURNMOEIS shetdentitihg fommatcadhespsingaisin, witk 4approx. 1/16" in

diameter) and becomes "s,tring

( ‘-something like, hubble gum, [080] String-Gel measurements are
made as folfdhRutfsTiqacdp ngm'ggectigé gﬁgt?ﬁ%"és é%fglé’l Wnnp]?a}'s’[i%’1 ga%azl{qng %ﬁiﬁrﬁultaneously start
the stopwatster (087} AtiAg ediopir®dt Seodhdadpoken adie ifite thegsismmewﬁhdai weteast 12 inches
deep and take it qyt 30AIRLZSBSR RAKIAG MiiSHIBRAC PI AfIhSTiRpIYShPRREAER el

reactivity (Table 3 and Figure 1a) and % change of reactivity compared to the baseline of

0 weeks (Table 4 and Figure 1b).

TABLE 3

Results of gel reactivity over time in foams formed with and without acid

Time (weeks) AA*-blown foam no acid (seconds) AA*-blown foam with acid (seconds)

0 78 80
1 92 80
2 100 79
3 106 78
4 112 79

*AA, alkyl alkanoate

[093] As shown in Figure 1a and Table 3, when the acid is not present, the gel reactivity
declines over time, so that at 4 weeks after formulating component B, gel reactivity
requires 20 more seconds than at baseline (Fig. 1a, diamonds). However, when formic
acid is present, reactivity does not decline, remaining at 78-80 seconds (Fig. 1a, squares).
Figure 1b and Table 4 report these results as percentage of change from baseline,
reinforcing the dramatic effect acid has upon protecting the amine catalyst from reactivity

drift and degradation. The percent of reactivity change reaches 45% at 4 weeks when acid
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second intervals until the foam sticks to the wire and forms a bubble gum-like string. Do not poke the
same place twice. [083] 3. Record time the String-Gel took place. [084] Tongue depressors or Popsicle
sticks shoulWA0P@3&d for String-Gel because they do not go deep eno§HITHt3 @AY foam. A
wire similar to a coat hanger is suitable. [085] TACK-FREE [086] Tack-Free is the measure of time

from the beginniigreédha ot bdiihndoammikasamsashtackieRnE dRaRiROLSHCK to fingertip when
Jmay be made as follows: [088] 1. Follow Step 1-3 for

touched tlghtl 08710% ack-Free measure

String- Gel y5na 356870‘_’(‘?‘ é%@f%@éé&%ﬁfh& lfoggiaﬁeskfleasure from the start of the
shot until foam becomes "tack-free” or no longef-gtigks fo the fingertip when touched lightly. [090] 3.
Record the MLM&DQM&E@&BHMWWW the
String- Get is oBs&Rm &8} shanae vhgal easividyiavardimspiadiaames fonugewithiand witheniagid

off cold roorsrian; WI|| at&eot W@?&Jh‘ﬂﬁ)ﬁ gme@/o
methyl for 3 A ‘ ‘ C
blown 0, 1, 2, 3 an 4 Weeks after formula?mg component B Wlth and Wlthoht aC|d The tlmes of gel
reactivity were asshyed as described abd¥é), and the data plotted. The data are expressed as time of
gel reactivity (Tablg 3 and Figure 1 a) angk% change of reactivity compar %o the baseline of 0
weeks (Table 4 and Figure 1 b). TABLE 3 Results of gel reactivity over t|me In foams formed with and
without acid Time (§\leeks) AA*-blown foa?3-fo acid (seconds) AA*-blown f8am with acid (seconds) 0
7880 19280 4 43.6 -1.25

*AA, alkyl alkanoate

[094] Other Embodiments

[095] The detailed description set forth above is provided to aid those skilled in the art in
practicing the present invention. However, the invention described and claimed herein is
not to be limited in scope by the specific embodiments herein disclosed because these
embodiments are intended as illustration of several aspects of the invention. Any
equivalent embodiments are intended to be within the scope of this invention. Indeed,
various modifications of the invention in addition to those shown and described herein will
become apparent to those skilled in the art from the foregoing description which do not
depart from the spirit or scope of the present inventive discovery. Such modifications are

also intended to fall within the scope of the appended claims.
[096] References

[097] All publications, patents, patent applications and other references cited in this
application are incorporated herein by reference in their entirety for all purposes to the
same extent as if each individual publication, patent, patent application or other reference
was specifically and individually indicated to be incorporated by reference in its entirety
for all pnrposes. Citation of a reference herein shall not be construed as an admission that

such is prior art to the present invention.

Bailey, D.L., and F.M. O'Connor. 1958. US 2,834,748. Siloxane-oxyalkylene block

copolymers.
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210079 310678 411279 *AA, alkyl alkanoate [093] As shown in Figure la and Table 3, when the
acid is not present, the gel reactivity declines over time, so that at 4 weeks after formulating
component WORMEHEHSdty requires 20 more seconds than at baseline (FidU&/hz9favRig¥4However,
when formic acid is present, reactivity does not decline, remaining at 78-80 seconds (Fig. la, squares).

Figure | b 3pd Table.rqBerl [hesp (oS a5 PRISANIAGS B1CRNAR 9, paselig, fginiorcing the

dramatic efféct acid Fias upon ing the amine catalyst reactivity "drift and degradation. The

percent of ReAGHNIMERERYD §aRbAS AP MMAtAvyes!s Wi BSis Rags AR W@FAR6/017433
PCT/US2005/027244 is not present (Fig. 1 b, diamonds), while thi;[lfor,the component containing acid

marginally fluctuatS8IPRAHOAT AP Bghos €Bpley BemeRy | B glsALaP T ABIE R Percent (%) change of
gel reactivity oyer.time in f formed Juit i tacid J] 3-blown foam no acid
(%) AA*-blgﬁﬁkFOam@Wﬁﬁdﬁg? ﬁ%@“@eoqu ﬂf%igg %'328"{- f.%%g&@%é%ﬁ%&? C}/ﬁ%.%%l.% *AA, alkyl
alkanoate [094] Orlwerimgaeottiments [095] The detailed description set forth above is provided to aid

those skilled in the art in practicing the present invention. However, the in jan described and
claimed heffikf %&TB“SMiFni?@&‘meség%@bk}stﬁezgfjéﬁﬁiF&ﬁ%ﬂ’i‘?ﬁé‘ﬁﬁg#@:ﬁ{g%i%%sed because
these embodimebisvarg uganded as illustration of several aspects of the invention. Any equivalent

embodiments are intended to be within the scope of this invention. Indeed,
Keske, D.G., and M.S. Schulte. 1993b. US 5,194,175. Rigid foams, methods of

preparation thereof and compositions useful in methods and preparations thereof.
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various modifications of the invention in addition to those shown and described herein will become
apparent to those skilled in the art from the foregoing description which do not depart from the spirit or
scope of the present inventive discovery. Such modifications are also intended to fall within the scope of
the appended claims. [096] References [097] All publications, patents, patent applications and other
references citedgpAigs application are incorporated herein by reference in their entirety for all purposes
to the same extent as\;{/eatch i?divid al publication, patent, patent application or other reference was
specifically and individuakf@/ IRJICATET (3 be incorporated by reference in its entirety for all purposes.
Citation of a reference herein shall not be construed as an admission that such is prior art to the present
invention. Bailey, D\lmeafsh oA RIGABNPEoHIRR MR BafiTd 8 poilananaraliyiessmmigsly copolymers.
Page 19 WO 2006/017433 PCT/US2005/027244 Ferrigno, T.H. 1963. Rigid plastic foams. Reinhold Pub.
Corp., NERRARINIx, 276 p. pp. Kalinowski, T.T., D.G. Keske, V. Matimba, el al. 2004. US 6,753,357.
Rigid foam composiisimsamtbmathageemploying methyl formate as a blowing agent. Keske, D.G., and

M.S. Schulte. 1991, US p.032 623, @gjc{faﬂrgéta@ibqga%%CLFz as a blowing agent. Keske, D.G., and
M.S. Schulte. 1993a. US 5,274,007. Rigid foams using CHCLF2 as a blowing agent. Keske, D.G., and

M.S. Schulte. 18088SU&& a8%; 175. Rigid foams, methods of preparation thereof and compositions
useful in methodgarghpreparations thereof. Page 20 CLAIMS What is claimed is: 1. A method of

Zgrgeep;iring a componenlthfé)[,j1 Iéaalgpgnae B%Wr;gtggagng Il‘é)gmer(:%rgrp\rﬁ%g; combining at least one blowing

the at least one non-delayed action catalyst is added independently of the acid;
and
the activity of the at least one non-delayed action catalyst does not substantially

deteriorate over time.

2. The method of claim 1, wherein the at least one non-delayed action catalyst

comprises an amine catalyst.
3. The method of claim 1, wherein the acid comprises an organic acid.
4. The method of claim 1, wherein the blowing agent comprises an alkyl alkanoate.
5. The method of claim 4, wherein the alkyl alkanoate comprises methyl formate.
6. The method of claim 3, wherein the organic acid comprises formic acid.
7. The method of claim 1, wherein the blowing agent is an alkyl alkanoate.

8. The method of claim 7, wherein the alkyl alkanoate is methyl formate.

©

. The method of claim 8, wherein the acid is formic acid.

10. The method of claim 2 , wherein the acid is present, by weight, from 1% to 500% of
the molar equivalent of the amine catalyst.

11. The method of claim 10, wherein the acid is present from 10% to 400% of the molar

equivalent of the amine catalyst.
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at least one non-delayed action catalyst; and at least one acid; wherein the at least one blowing agent is
other than water; the at least one non-delayed action catalyst is added independently of the acid; and the
activity of the at least one non-delayed action catalyst does not substantially deteriorate over time. 2. The
method of claim 1, wherein the at least one non-delayed action catalyst comprises an amine catalyst. 3.

The method of glainTAe Weeistnoi@aasid ComprisasrRaei@aNitcaeist. ot BesneiodBiglaieeherein
the blowing a ?nt cthprises an a%lli alkanoate. 5. The method of claim 4, wherein the alkyl alkanoate
equl eyrito { eamlggfﬁ a%

I
comprises'me formate. e Setthod of claim 3, wherein the organic acid comprises formic acid. 7.

The method of claim 1, wherein the blowing agent is an alk%l alkanoate. 8. The method of claim 7,

wherein the alkyi3aIRdABHRIiSTRERRF RS fheRa PONGTHLBRHEROT BRIV BNAM RO RBISIEFormic acid.
10. The reetimaigy claim 2, wherein the acid is present, by weight, from 1 % to 500% of the molar
equivalent of ther\n gmi??ocr:r%t%{st. 11. The method of claim 10, wherein the acid is present from 10% to
400% of the molar é’quwalaent of the amine catalyst. 21 12. The method of claim 11, wherein the acid is
present from 508y ic3mRds ATthe molar equivalent of the amine catalyst. 13. A method of preparing a

component for aligRY SRR UeibR B ARRTbIFRBRRIN Y IGRTHRIRthme tayhfgimate; formic acid- and a
non-delayed acgv%ré r%?%alyst comprising at least one amine catalyst, wherein
the at least one non-delayed action catalyst is added independently of the formic
acid; and
the formic acid is present in an amount sufficient to prevent the substantial

deterioration of the activity of the at least one non-delayed action catalyst over time.

14. The method of claim 13, wherein the acid is present in an amount sufficient to

prevent the activity of the catalyst to not substantially deteriorate over time.

15. The method of claim 13, wherein the acid is present, by weight, from 1% to 500% of

the molar equivalent of the amine catalyst.

16. The method of claim 15, wherein the acid is present from 10% to 400% of the molar

equivalent of the amine catalyst.

17. The method of claim 16, wherein the acid is present from 50% to 300% of the molar

equivalent of the amine catalyst.

18. A method of retaining activity of a catalyst in a component composition for forming
polyurethane foams, comprising combining

at least one non-delayed action catalyst;

at least one blowing agent; and

at least one acid;

wherein

the at least one blowing agent is other than water;

the at least one non-delayed action catalyst is added independently of the at least one

acid; and
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the at least one non-delayed action catalyst is added independently of the formic acid; and the formic
acid is present in an amount sufficient to prevent the substantial deterioration of the activity of the at least
one non-delayed action catalyst over time. 14. The method of claim 13, wherein the acid is present in an
amount sufficient to prevent the activity of the catalyst to not substantially deteriorate over time. 15. The

method of claimfsawhyainttcaprdIspieaentddmwaigbliofi @ataly¥ do &G0 bshatmmjar equivalent of
the amin%qugalﬁt. 16. The method of claim 15, wherein the acid is present from 10% to 400% of the

molar equwa|8r?t e t<'!1mme|he catalyst. 17. The method of claim 16, wherein the acid is present from 50%

to 300% of the molar equivalent of the amine catalyst. 18. A method of retaining activity of a catalyst in a
component combbsitibh F&HeARifgaIFbRiINTIARE B8 FRIALSHENTIRGORIARING &8ieist-one non-delayed

action catalyst; at least one blowing agent; and at least one acid; wherein the at least one blowing agent
is other than wa@r; e atdtest amsanori-8leldgeeatipacihtalygiriseadued gadeparidently of the at least one
acid; and 22 the activity of the at least one non-delayed action catalyst does not substantially deteriorate

over time. 19. The methpd @balaimidith Y arpindnainiishs AMHISSARRD K SRR 2e The

method of claim 18, wherein the acid comprises an organic acid. 21. The method of claim 18, wherein the

blowi ' I w22 T f clai : in.th | alk
compriees mett ol P oo e e e a2, The

method of claim 18, wherein the bIov_ving agent is an alkyl alkanoate. o
23. The method of claim 22, wherein the acid comprises formic acid.

24. The method of claim 18, wherein the blowing agent is an alkyl alkanoate.
25. The method of claim 24, wherein the alkyl alkanoate is methyl formate.
26. The method of claim 25, wherein the acid is formic acid.

27. The method of claim 18, wherein the acid is present, by weight, from 1% to 500% of

the molar equivalent of the catalyst.

28. The method of claim 27, wherein the acid is present from 10% to 400% of the molar

equivalent of the catalyst.

29. The method of claim 28, wherein the acid is present from 50% to 300% of the molar

equivalent of the catalyst.

30. A method of retaining activity of a catalyst in a component composition for forming
polyurethane foams comprising combining

at least one non-delayed action catalyst comprising an amine catalyst; with

methyl formate; and

formic acid;

wherein the activity of the non-delayed action catalyst does not substantially deteriorate
over time; and

the non-delayed action catalyst is added independently of the formic acid.

23



25. The method of claim 24, wherein the alkyl alkanoate is methyl formate. 26. The method of claim 25,
wherein the acid is formic acid. 27. The method of claim 18, wherein the acid is present, by weight, from 1
% to 500% of the molar equivalent of the catalyst. 28. The method of claim 27, wherein the acid is
present from 10% to 400% of the molar equivalent of the catalyst. 29. The method of claim 28, wherein

the acid is present fioma Aedo® GRMMmdhaBRIAT tRLbI@IeTidhe Baiatsht Jbr metb edwhretaining
activity o[hae %%%Ilyset i&\lv% %%[nox??ﬁéant (I:r?mc%?aslitgn for forming polyurethane foams comprising combining
at least one non-de?ayed action ca%g]yset com¥)r|‘5ing an amine catalyst; with methyl formate; and formic
acid; wherein the activity of the non-delayed action catalyst does not substantially deteriorate over time;
and the non-del@3getngctisHed iyt dddebsrsie fsndents e tBAMd @ddo 4¥%10fhe MltHod of
claim 30 gghiesgnttbetaeighipresanistby weight, from 1 % to 500% of the molar equivalent of the amine
catalyst. 32. The method of claim 31, wherein the acid is present from 10% to 400% of the molar

equivalent of thg amife CRIANE L3 Faill S2MABRG-OhEIAITY A2 WBEEEHbINS G % S EUESENHEMERP % to

300% of the molar equivalent of the amine catalyst. 34. A component for making polyurethane foams,
comprisir‘?@y"éﬁ“%ﬁsquh%%ﬂ@%ﬁﬁtﬂﬁéyed action catalyst at least one blowing agent; and at least one
acid, wherein the at least one blowing agent is other than water; the activity of the at least one
non-delayed actén Aataiysooedgorongkibgtpolyaligthane foams, comprising:

at least one one non-delayed action catalyst ;
at least one blowing agent; and
at least one acid,
wherein
the at least one blowing agent is other than water;
the activity of the at least one non-delayed action catalyst does not substantially
deteriorate over time; and

the at least one non-delayed action catalyst is added independently of the acid.

35. A component for making polyurethane foams, comprising:
at least one non-delayed action catalyst comprising an amine catalyst;
at least one alkyl alkanoate; and
at least one organic acid,
wherein
the activity of the at least one non-delayed action catalyst does not substantially
deteriorate over time; and

the non-delayed action catalyst is added independently of the organic acid.
36. The component of claim 35, wherein the alkyl alkanoate is methyl formate.
37. The component of claim 36, wherein the organic acid is formic acid.

38. The component of claim 34 or 35, wherein the acid is present, by weight, from 1% to

500% of the molar equivalent of the amine catalyst.
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deteriorate over time; and the at least one non-delayed action catalyst is added independently of the acid.
35. A component for making polyurethane foams, comprising: at least one non-delayed action catalyst
comprising an amine catalyst; at least one alkyl alkanoate; and at least one organic acid, wherein the
activity of the at least one non-delayed action catalyst does not substantially deteriorate over time; and

the non-delayedsgcting caialyskia afedarindepeatantiveoidhiaOpaaintacieh 86 tbacwmppent of claim
35, wher(rari]gjgﬁ% all|<\yl a}\l%arg(aqaetea;%irr]%eéh%g fgfmate. 37. The component of claim 36, wherein the organic
acid is formie acid. %e Re componen? orclaim 34 or 35, wherein the acid is present, by weight, from 1 %
to 500% of the molar equivalent of the amine catalyst. 24 39. The component of claim 38, wherein the
acid is present ff8m 106 R 6f BRIMISIAN RRYGIVAEHRUF thPa5hRE lERTaREC 03685 ebionent of
claim 39 mdnareduihgeacior b Peespatfaany$i0% to 300% of the molar equivalent of the amine catalyst. 41.
A polyurethane foam, made according to the process of: preparing a first component made according to

the process of Cﬁi.mAlﬁ&ﬁﬂemQﬂBQ&Qﬁ,fmo@%%m ygiméa\p']:,gggg‘éd&omponent, the second component

comprising at least one polyol, wherein a polyurethané foam is formed. 42. The foam of claim 41, wherein

the catalyst comprisesPARPARTIEEAd4BAKRTPARCHITBARR AT AT EIA L ePHER HhE'allcSRtbrises an
organic acid. 44. The feaxmg@hiaiairstEbnvoacpiniine Hixvitg ageposempiitescaonalkyhalsasoate. 45. The
foam of clgim 44 wgﬁrein the abl g/lozfllkanoate comprises methyl formate. 46. The foam of claim 45,

k
. h t . . . . : .
wherein {he rrglgsén C ac(? chrrﬁep |8 s formic acid. 47. The foam of claim 41, wherein the blowing agent is

an alkyl alkanoat@erein a polyurethane foam is formed.
42. The foam of claim 41, wherein the catalyst comprises an amine catalyst.
43. The foam of claim 41, wherein the acid comprises an organic acid.
44. The foam of claim 41, wherein the blowing agent comprises an alkyl alkanoate.
45. The foam of claim 44, wherein the alkyl alkanoate comprises methyl formate.
46. The foam of claim 45, wherein the organic acid comprises formic acid.
47. The foam of claim 41, wherein the blowing agent is an alkyl alkanoate.
48. The foam of claim 47, wherein the alkyl alkanoate is methyl formate.
49. The foam of claim 48, wherein the organic acid is formic acid.

50. The foam of claim 42, wherein the organic acid is present, by weight, from 1% to

500% of the molar equivalent of the amine catalyst.

51. The foam of claim 50, wherein the acid is present from 10% to 400% of the molar

equivalent of the amine catalyst.

52. The foam of claim 51, wherein the acid is present from 50% to 300% of the molar

equivalent of the amine catalyst.

53. A polyurethane foam, made according to the process of
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48. The foam of claim 47, wherein the alkyl alkanoate is methyl formate. 49. The foam of claim 48,
wherein the organic acid is formic acid. 50. The foam of claim 42, wherein the organic acid is present, by
weight, from 1 % to 500% of the molar equivalent of the amine catalyst. 51. The foam of claim 50,
wherein the acid is present from 10% to 400% of the molar equivalent of the amine catalyst. 52. The

foam of claim 51, whergispHitgeidiis pepseiidremfiddadeod@iffadfibeisslas #ualest of fieamine
catalyst. 53. A polyurethane foam, made according to the process of 25 preparing a first component
made according to the process of claim 13, 18 or 30; and mixing the first component with a second
component, the seconthbdrapgoeérat econpamsingrathlesscond poetaihic tensaqenily gastnanefoam is

formed. S4nfhsanPanentferaaing polyurethane foams, comprising: at least one non-delayed action
catalyst comprising an amine catalyst; at least one blowing agent; and at least one organic acid, wherein
'I%\F\ﬁ

the at least one BIGRRPREHESIAPRLI kYIS kanoate; wherein the non-delayed action catalyst is

added independently of the acid; and wherein the activity of the non-delayed action catalyst does not
substantially defetiofatempesetinier. makmadelHiptiaast foaalaiePBW i@iRerein the organic acid is present,

by weight, from 1 % tq,pa% sidhRm@ianeduvaeniehlie anipestrialydmrfe ddggamponent of claim

55, wherein the acid is present from 10% to 400% of the molar equivalent of the amine catalyst. 57. The
component of claim 56T GRLCRAE RISASBRS from 50% to 300% of the molar equivalent of the
amine catalyst. 58. ThetreetstavheboginT Béidther comprising combining at least one polyol.

wherein the at least one blowing agent comprises an alkyl alkanoate;
wherein the non-delayed action catalyst is added independently of the acid; and
wherein the activity of the non-delayed action catalyst does not substantially deteriorate

over time.

55. The component of claim 54, wherein the organic acid is present, by weight, from 1%

to 500% of the molar equivalent of the amine catalyst.

56. The component of claim 55, wherein the acid is present from 10% to 400% of the

molar equivalent of the amine catalyst.

57. The component of claim 56, wherein the acid is present from 50% to 300% of the

molar equivalent of the amine catalyst.
58. The method of claim 1 further comprising combining at least one polyol.

59. The method of claim 58, wherein the at least polyol has a hydroxyl number from
about 300 to 500.

60. The method of claim 18 further comprising combining at least one polyol.

61. The method of claim 60, wherein the at least polyol has a hydroxyl number from
about 300 to 500.

62. A component for making rigid polyurethane foams, comprising:
at least one non-delayed action catalyst;

at least one blowing agent;
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59. The method of claim 58, wherein the at least polyol has a hydroxyl number from about 300 to 500.
60. The method of claim 18 further comprising combining at least one polyol. 61. The method of claim 60,
wherein the at least polyol has a hydroxyl number from about 300 to 500. 62. A component for making
rigid polyurethane foams, comprising: at least one non-delayed action catalyst; at least one blowing
agent; 26 at least one aeidagnshedddrpsinane polyol; wherein the at least one blowing agent comprises an
alkyl alkanoate; the at I(?:ilést ane go!yo(l)lhas a hydroxyl number of from about 300 to 500; the non-delayed
action catalyst is added inéiepend n{Yy of the acid; and the activity of the non-delayed action catalyst does
not substantiallyieteiiorate over time. 63. The component of claim 62, wherein the at least one

non-delayed action cat@lysk |§Q&]QH§W@@E@IPM¥5§5@4‘; ahgirmraneaEof claim 62, wherein the
acid comprises an organic acid. 65. The component ot claim 64, wherein the organic acid comprises

formic acid. 66. The cOMFOIRAR SPEIBRY F3A% APSHRE HERPRY SHQMRAMRHHITHL 2% 1 % to 500% of

the_ molar equivalent othbmmrﬂetaxaedadyﬂurﬁ@tmyet dmmtotadépﬂjeﬂmidhrnt@ﬁ)fmﬂteaeid; thedacid is pregent, by
weight, from 10% to 404 9 ySmelan GRHL ARl NEAMING GaLAYsh Qs AR aenRLR! claim 67,

wherein the acid is preggitiime weight, from 50% to 300% of the molar equivalent of the amine catalyst.
27
63. The component of claim 62, wherein the at least one non-delayed action catalyst

comprises an amine catalys
64. The component of claim 62, wherein the acid comprises an organic acid.
65. The component of claim 64, wherein the organic acid comprises formic acid.

66. The component of claim 63, wherein the acid is present, by weight, from 1% to

500% of the molar equivalent of the amine catalyst.

67. The component of claim 66, wherein the acid is present, by weight, from 10% to

400% of the molar equivalent of the amine catalyst.

68. The component of claim 67, wherein the acid is present, by weight, from 50% to

300% of the molar equivalent of the amine catalyst.
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