;3 <=>e3e>t | | nbohpLs6sT>t WO 02/ A Crs31 PCT/ US02/0273% PROCESS TO ENHANCE
POLYURETHANE FOAM PERFORMANCE BACKGROUND OF THE | NVENTI ON Thi s invention

rel ates tgg @by am ne carboxylic acid salt catalysts fQirpéRReaknd

pol yur et hane foam The invention, 'S”m‘ﬁmwmm dapted for nmaking 5

pol yur et hane foam using the one-shot ess, the quasi-prepol ynmer
process or the pre-polyner process. The idawenti on specifically relates to

pol yur et hane catal ysis with catal ysts conposed of ( 1 ) specific reactive
tertiary amnes) and (2) salts formed by the reaction between the specific

reactive tertiar yraeipse{r) EmwwaWANﬁqﬂ@Amf%@_@Mﬂétd& The
expression "specific reactive tertrary I 0 am ne(s and expr es ns of
Jike inport gidﬁﬁi{lbﬁﬂ)kﬁ“ﬁﬁﬁ HQ%’TE?\!ﬁOtI\? the identified am ne conpounds

t . .

useful in the practice o e invention herein, i.e.

bi s(di met hyl am nopfopyl ) am no- 2- propanol , . bi s(di net hy| agi nopr opyl ) am ne,

.di met hyl ami nopr op@F"di‘%Ye)é‘ﬁ%Bq?%tﬁ% tﬁé,eglﬁfys?ﬁinﬁé? ?‘Q‘;ﬁ ‘?‘Fb‘% Sag%%wgﬁéfr}%%r

N, N, N trimethyl-N -hydroxyethyl -bi s(am noet hyl ) et her and m xtures thereof.
15 Pol yur et heieéu¢ing pglysrethape dehns e Thoipvertinn is gepesially adantepfsir yiaking/anat e wi t h
i socyanat e-reactive conpounds containing two or nore reactive sites,

gener al | y5 i npaljerefraas éramensifg the oneshotdgamingrocasattbd ysissprepolyimee peockss ed
surfactants and other auxiliary agents. For exanple, the

| socyanat e- r gadt ipYeepl9MBPpioeEss AThe intRhGaH bpecHRhNP Hfatedtol piliYetBAE Secondary
pol yam nes, and water. Two nmjor reactions anong the 20 reactants, gelling

and bl owi ng, c;g%lgsipRﬁ_ﬁ%ﬁgspsvmm%s@@&@gﬁgéciﬂufegegvééaﬁa SRR hRA (5

poI yur et hane m ese reactions nu roceea sinu neousry and -‘at a

conpetitivel y,balanced rate dur.i the process in order to.yield

ol yur et hane S arischH GELFPRH tetfer G SeRaRaEeEprEl ARintEatd o1 1 | cosar
PCT/ US02/ 112738 Reaction between the isocyanate and the polyol or

pol yani ne, uBYHPYY andogpplarrarhoxylic agids Jope exprgesion rspe¢ig aractive /&y or mat i on
of a polyner of high nol ecul ar weight. This reaction is predom nant in

f oans bl Bwn amisie(M7T s sxprdssions efdiksaniporigaspuilined ereiamefersto tipoidatifiedThe
progress of this reaction increases the viscosity of the m xture and
general |y comhineloinpsuids usefad Bl thekrdcicadf the invantibn hatiyf ict i onal pol yol s.
The second major reaction occurs between isocyanate and water This reaction

adds to uret H@(ﬁm%b%ﬂﬁﬁoﬁéﬂ%ﬁaﬁinﬁ-@%)&é&ﬁoM(tfliﬁﬁl%}{llﬁﬁingﬁl%g??érﬂ&eCar bon

di oxi de gas whi ch pronotes foam ng. result, I's rea on often is

wvor di ng o Jastr B FRE, Mhobite B USRS BRRBIN NG e o
d bl ' \ in. f bl ow ially. I ith th
i tuf or nERTORaY BareuRe By opey Do B (erees {  gener ati on of

carbon dij oxi de by _the bl ow reaction plays an essential part in the
prepar at 1%on of " oRelyurstiane fpamsiare progrcssdry isagingsmdi- poral¥isosxanae Yittown
pol yuret hane foans, particularly 15 flexible foans, are produced by both
nol ded and sisedyahatarreantive esmpeundasontonat tvovranote meagtivie sitasogemptadliyrin gloeo d
uret hane foam structure the gel and bl ow reactions nust proceed

si mul t aneousprysemcd ofibloofirig apem(Hatanigas, silédons-basedrsuetueramk and bthet Agcikaybon
di oxi de evolution is too rapid in conparison with the gel reaction, the

foam tends tgpeaf [FPSRamAL1BE Rk a¥BleVreadtivelcBRpBRAdsBXE §PRAAP pbEALL i ON S too
20 rapid in conparison with the bl ow reaction generating carbon di oxi de,

foamrise w i !eﬁ]:g '! arhi.gh-density f Al so,
poorly bal ar}%:ljcie r%lgé%(lgdr?l%ﬁg’o}%g%ﬁ%ns W {%f' g@\c}gl?aggrl r;@/&%tlrrp%%@gg%g}%

by the i ur BeBhfts; defifie dndhaoEng e Bihorsd PERR: calflyds Aimehe mrenmanion of |
- organonet al | iﬁ conpounds, used in_the process, 2 WO (12/ (11 >6S31 PCTI
US02/ 112738 Polyurethane foam. These reactions must proceed simultaneously and at a

competitively balanced rate during the process in order to yield polyurethane foam
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with desired physical characteristics.



Flexible and rigid foamformul ations usually include, e.g., a polyol, a

pol yi socyanate, water, optional blow ng agent (low boiling organic conpound
or inert gase@ed1, C02), a silicone type surfactant, and gatgdesmbBs

Fl exi bl e foans are generally open-celled nmaterials, while rigid foans

usual Iy have a high proportion of closed cells. H storically, catalysts for

produci ng pol yur RhaRabehpds tf?@ﬁﬁcﬁna{egﬂg gﬁ}?ﬂf&&oggﬁ%ﬁnrg%% P?_{éﬂ?%i@rw

conpounds and tertiary am nes (nono an i A ca‘f]al ysts

pr edom nant f L] Lon ile amne catalysts exhibit a
nore vari ed{&r/%sntgéég%lfrg%%g\gwelgée#sqgéllaegﬁoglé?t?%?f\r,l\%potwrﬂerc t‘é$l§/§’{)§5°¥ﬁ" Pedtpl e f oam
lo formul at 'Z.gns al.so.i ncgeases 1 g.egrguglnti ty of closed cells contributing to
foam ti ght ne8¥ Teae8pR ispredofingaidn 4pargs blownepelusively aviglslognpoilipg peint or t he

chai n extension reaction and can be used in conbination with the organo-tin
catal ysts. fganseamprends; Theipsogressniithis irenstiof increasdsbhevistaitgtofthe f oans, t he
"one-shot" process has been used wherein triethylenediamne is enpl oyed for
pronoti ngy t méxtwet ad-gesealfpnaitebuteaat érossliak drivadon withqgobaandtionki pdysigact i on,
whil e an organo-tin conpound is used in synergistic conmbination to pronote

the chai n eYhepRsofd nfaReédclbn oddifts BEVEES Kot ydhatdBhl i»\_@lgar.nq{h%‘éaétf?)?%ds
typically involves the mxing of the starting materials wth pol yurethane

f oam pr oducty | I d i ) ne..as it .exits the
o head, |k S RERNRLY e ath AU bk fof Al Flrbhi b e Wikt
pol yur et hang_ foans. are, e, 0. tonotive seats, autonotiye headrests and
arnrests angr OHP&%% EO%P@gca%%l %’ﬁ@.ﬁt Sﬁ%acﬁ?n f’ﬁ%n ’|§§%§rr8$t°s%§rf¥§ PF’&T@BF%O%I ded

f oans i ncl uﬁg e.g., autonotive instrunent panels, energy nmanagi ng foam
and sound abBePlMrigasioads essentighdpravoidiaarredyay themse ofi pdgrablavangni ssi ons
from pol yur et hane foam have becone a major topic of discussion particularly
in car 1t eagants. applications, and sonme car manufacturers request that all
VOCs (Vol atile Organi c Conpounds) are reduced. One of the nmain conponents

of VOCs evapor at Bogh the gehant @tdvbkeactibhsctreul 0d5End BlohAgaaiifor¢ahd) Wsth- 1O
reduce such em ssions, catalysts having a very | ow vapor pressure should be

used. Altergathysl Yon_niaf(ioﬁ BB RhMRIdE r%?ﬁ\/ﬁ H&ah iii)’—?t’}[zhg%{epﬁi%ln. FoadBhne

groups they can be linked to the poly net wor k. I nsignificant

am ne vapor ;w44 | f i test.s. However ..t he use of
reactive any 1%fdlesbl§ ﬁ%étjﬁ\&m%ﬁ%%% 0&1311#3%%8 t??%g{éag%aﬁé%@}ei RISPAM e SPE'SE(HO\AM to
degrade sone fatjque properties su as, hum d, aging |10 conpression set.
Moder n nol d‘élatef'ﬁ’kgm"@y‘g%a%ee ISt @ ‘i‘tE‘l'QOHBIWIYP@@EFAW@‘F‘B&W‘&%‘MBTi on
processes have enjoyed significant growh. Processes such as those used in
Just - i nIoTj n€e¥lbk1f]?31§%ﬁfﬂ Rropucgdthy heslymolded radislabl faanepsessesl f or rapi d denol d
systens, i.e., systens in which the nolding tinme is as short as possible.
Gai ns i n product Avinpted above, in order to obtain good urethane foam structure, the gel and

blow reactions must proceed simultaneously and at optimum balanced rates. For
example, if the carbon dioxide evolution is too rapid in comparison with the gel
reaction, the foam tends to collapse. Alternatively, if the gel extension reaction is too
20  rapid in comparison with the blow reaction generating carbon dioxide, foam rise will
be restricted, resulting in a high-density foam. Also, poorly balanced crosslinking
reactions will adversely impact foam stability. In practice, the balancing of these two
reactions is controlled by the nature of the promoters and catalysts, generally amine

and/or organometallic compounds, used in the process.
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15 and/or reduced part cost result fromreduced cycle tinmes. Rapid cure

H gh Resilience (HR) nol ded flexible foamfornul ations typically achieve
denol d ti g®rpoMfeedsiree to five mnutes. This is acconplishegghysidpbinzg one or
nore of the following: a higher nold tenperature, nore reactive

i nternedi ates (polyols and/or isocyanate), or increased quantity and/or
activity of the catalysts. 20 Hi gh reactivity nol ded pol yuret hane systens
give rise to a nunbher., of problens however. The,fast (initiation tines
require that the ﬂ%?gﬁﬁgéﬁéﬁﬂ‘l@”B\A@aﬂ%‘lﬁ‘gﬂgi%%f“geﬂ'daa?}iy%]kﬁy. In some
circunstances a.rapid build-up of the viscosjty of the rising foam causes a
det er i or at i oObHsqcyanats, atesr epfional bewingpesai{lew bating oxganid empoung of fnert

.mol ded parts. Additionally, rapidly rising foamcan reach the parting |line
of the 4 W2aZD((83) apGRouS{yPR/sufaras, ansl whtalpsis- t Klekibleoioams e geoeratly has
had time to close resulting in collapsed areas in the foam In such

Situations, VRIS ¥t : dami b1 atd i ] tion
catal ysts, cgﬁEtgg%{lent I éﬂe{lglsg‘ghluse%H?%&fl‘ﬁﬁpgyg{;}éh% e llllﬁ}'l?)foaﬁo s;/]st e?nos? ow and
allow sufficiept time to close the nold. As utilized herein, the expression
"del ayed Act B> cat al ysts" is intended to refer to catalysts that display
the desirable property of having a slow start fqllowed by increased
activity. That i s,Hlatoaeqllé)y@atab{é%iferrpreé%lrlg/g@lywerhan&hﬂvsibselaOﬂ iR gsaerli ty at
first followed by increased activity at a later tine. Catal ysts exhibiting
hi gh cat al yt itgpeacergena-finfcomipovidsgnd teriiarxtanunesdnwnespd eoh! Prgememegtallic
However, increasing the |evel of reactive catalysts in order to achieve
good curing genataydiyprédeminasily fasof the welligneagionhehil@amipeealysexhibica of

t he produced parts. Another difficulty experienced in the production of

ol ded  0ans Bl hed fankis UPblok/ PbBENICD Uk 6RBRaNLIsFBEALRYSA 0am

formul ations, is foamtightness. i gh proportion of closed cells causes

foam ti ghtne j I . i f | d.

17 et s c gt i ek IRl MO TR bols b GIIRER T AT ohel®
irreversibly. A. hi g!rll]‘,f?ro;i)orti op. of OE)en cells are required if the foamis
to have the JEEHATEAMIRGIHISOAT Filghiyy a5 el alg drife Ghaip GXIEPIRN Ieactipp NG @hbe
opened physically either by crushing the nolded part or inserting it into a
vacuum chanbée usedhipycombinatiog vath the pegapedin gatadyds elfor esamnlecindhe prepaatign
mechanicals to mnimze the quantity of closed cells at denold. 20 Flexible
pol yur et hane of fleribleaslabstankrfeamns, dhd Yonpshptd pectesshas| ebis tedkwhiendm or i n nol ds.
Sone sl abstock foamis produced by pouring the m xed reactants in |arge
boxes (di scontiéthylenedi@hieassmhplovkd fop pdheting thaWatdk-ifycopnitefadtibneand@@nd | nUous
manner by deposition of the reacting m xture on a paper-lined conveyor. The
foam risqg anghgnRiheatadtita, FRIYSY O aﬁdiﬁﬂ%ﬁlgoﬁﬂ'&jis%@di Qgﬁlrgﬁtié,:“t I nto

| arge blocks as it exits the WO U%/ 06CS31 PCT/ US(12/112733 foam nachi ne.
Sone of the . Of. | bl I : refhane foans include furniture
cushi ons, beé&gﬁlﬁbn%tlgﬁggﬁg)?rb@?ﬁlﬁ%ﬁ%&%ﬁ%?%h%%ﬁzggﬁi sconti nuous processes, the
initiation of the reaction.nust.be del ayed to allow uni fgrm/| aydag of the
reacting mxture REQGEsH EPr dp ‘é@&‘@glge‘i?&?alwp’& H’VBB'FF pixHEg odihe mi xi ng.
QG herw se, foamsplitting caused by the tardy release of such entrapped air
may occur. | Ftastiggmateriglsrwishrolyesthans fam prodectionspachinery and pripgike or

del ayed action catalysts can be used to achieve the required reactivity
profile. The rpactibg enxirs as daxith theaviytlead) into sinalbk t Bekprinogal weodiiflexibley t he
conti nuous process on a machine with a short conveyor. In this case, the

formul atizn hasidédpdiguftigiat Yoamsure, algal adatlotive adedutéBotd: eddehtsagmt | y
cured when the foamreaches the cutting saw. Thus, not only is del ayed

action neces%ﬂﬁﬂesfs%dffuﬂﬂtiu@édghibﬁé(dwﬂe ok uSAGH sehi-nedbRinoligPidinfat al ytic

action is critical. The principal uses of rigid polyurethane toans are,

O Bnspor tat i ORTARE Feb AR R pes AR bR BherkE AR RR RRR EMAAC: bk ana

"sprayed insulation. In rigid foam applications, delayed action catal ysts
can al so find &P dPaMhe sane reasons needed in flexible foam nolding,
i.e., to delay the initial systemreactivity while offering the short cure
tinmes




required for fast production cycles. U S. Pat. No. 2.932,621 discloses the
use of di nmethyl et hanol ai ni ne salts of 20 dicarboxylic acids (such as oxalic

acid) as oe@wrbisst i n the preparation of polyurethane foagpr/bkorP2738at. No.
4,007, 140 discloses the use of tertiary am nes prepared by reacting

3-di et hyl am nopropyl am ne with an organic acid or an acyl ati ng agent
derived therefromas catalysts for the manufacture of pol yurethanes. 6 W

O 112/11(1>531 PCT/,\.. 1112738 Eur,opean Pat . . .0, I 40,480 djscl oses
the use of monocar g‘ﬁ%@%%@’%@“ﬁ rgg}P%lylg‘F&‘B‘Pg?oé’m ﬁ%’@tﬁ?ﬁ?@%?ﬁ%‘"ﬂor&épﬁcﬁti ves as
catal ysts for .the preparati on of polyurethane foans. More recently, it has
been di scoveré‘bf"’t“ﬁg%ll P@&Hﬂ lyringax Wisrios appligefipes, andiseme earyasayifaceurarsi d wi t h
.hydroxyl functionality coul d advantageously be used as a del ayed action

cat al yst for pravesithaigll eQCs (\bolatilefurghnie €ompotihds) preaddudedo rOmefof the main

pol yur et hanes, i ncluding one-shot pol yurethanes, and particularly flexible

pol yur et hane toaapsnenkhifs/O€cbvipbaging ifondasgibieielded fddma.is BtamilPeatalyst.
5,489, 618. The use of such amne salts results in the nanufacture o

pol yur et hane foasduceiidhenfik8oR, Eﬂﬁfyst%@;a@iﬁﬁ%vei@fo@v ??’r%%/ h%éggﬂg uid Be u%éﬂt h.

However, the need remains in the pol yurethane ‘i ndu I ona

catal ysts havisbGnd QDSriiR il Ol e Do ROTLAN Ll hese, cpt al vst s

shoul d del ay the onse e 1 socyanate- pofyol-r

curing rate, d provi de excel |l ent physical. _properties of produced parts.
In addition, ﬁﬁlgeégtogléet%q%{/‘??r %q%ﬁﬁ% Igé‘{i%“%‘gﬁ t amgie YaepPhyili h%é?t%ﬂélg‘e@ei nt o
the polyner structure (i.e., reactive catalysts). BRI EF SUMWARY OF THE

| NVENTI ON | n peginedestsr Bawewarsbavaeat reastive spnasismot withewnt diffieuftiesvi des a

nmet hod for the manufacture of polyurethane foam using the one-shot foam ng,
the quasi - pr eBeagtive amined atclenqwretopteizyade sojpe Gatizns @sopetts sholam lnfmidra@shsced by
reacting an organi c 20 polyi socyanate with a pol yfuncti onal

i socyanat o r eagrhpréssigipggpound in the presence of a bl owi ng agents) and
optional additives known to those skilled in the art, and a catalytically

Ik e el
bi s(di met hyl a&io@&%s aXrle )er"i‘j%iygc? §i§ﬁi@ircgl%agr1!g\|7vth. qugée%isegesﬁc zllsat 1.09e01F1)sreg ri)ny .lhzs?—m-ne’
Time (JIT) supply plants have increased the demand for rapid demold systems, i.e.,
systems in which the molding time is as short as possible. Gains in productivity
15 and/or reduced part cost result from reduced cycle times. Rapid cure High Resilience
(HR) molded flexible foam formulations typically achieve demold times of three to
five minutes. This is accomplished by using one or more of the following: a higher
mold temperature, more reactive intermediates (polyols and/or isocyanate), or
increased quantity and/or activity of the catalysts.
20 High reactivity molded polyurethane systems give rise to a number of
problems however. The fast initiation times require that the reacting chemicals be
poured into a mold quickly. In some circumstances a rapid build-up of the viscosity

of the rising foam causes a deterioration of its flow properties and can result in defects

in the molded parts. Additionally, rapidly rising foam can reach the parting line of the
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7 WO (12/1)1C531 PCT/ US02/ 02738 di net hyl am nopr opyl di pr opanol am ne,

bi s(di met hyl am no) - 2- propanol , NN, N

trimet hyl wid o2nigezexyet hyl - bi s(am noet hyl ) et her and m xt ur gt h@hRess and
(b) at Least one carboxylic acid salt of the specific reactive tertiary

am ne conpound sel ected fromthe group consisting of hydroxy-carboxylic
acid salts and hal o-carboxylic acid salts. In a second broad enbodi nent,
provi ded hereinid Sy t . i {0 its deri.v from
Phe react i on PRy BRI Gol RATLATYS Bibst RRTADY el ol 6l in e

I socyanate-reacti e ¢ und in the presence.af. a bl owi.ng agent and
optionally, a°%§§tsu%hn§8?§8?% F?}gl?'Stéﬁﬂﬁ’aa @agé}iﬂ%?%tyg%ém,@sﬁwé G (a) a
specific 10 reactive tertiary am ne conpound sel ected fromthe group

consi sting ofC%lxb(tai%pﬁwaﬂilWﬁwsgw WepiP Yo the-ipitishwsem flow and allow

bi s(di met hyl am nopropyl ) am ne, di net hyl am nopropyl di propanol am ne,

bi s(di net hyl affheipnttime typelossl the oM. NAs utilized herein, the expression "delayed action
trimethyl-N -hydroxyet hyl - bi s(am noet hyl ) et her and m xtures thereof; and
(b) at |east amaysslrivduyhded taedfer toahtalyats thivaligBCht desifaBROIrbYS ! S ilalvRHpY

am ne conpound sel ected 15 fromthe group consisting of hydroxy-carboxylic

acid sal ts andsiba|Rarb AN bl Sndélsel aahiy: THFISSXBAERA Ron PRAYLMDG | onal

i socyanat e-reactive organi c conpound” as”use erel ers to’an Organic

conmpound poss i: t functi.onal groups .that .are.reactiye with
polyisocyanai%%ﬁhE%F§&3%@@33%gﬁQg%#%%ﬂﬁﬁénﬂF%FgP&%GBVgFlggﬁmpﬁ %@4&ﬂ§

i nvention ince!#lgqe .EOL. | s and pr.i.m and secondary pol yam nes. The use of
the subject cEN{ag @50@@ ticjacvity toll@wangeagtivation arg esnegially aipefphr fowavetes)
and the derived specific reactive tertiary am ne salt conpositions as

pol yur et hane 8gieasing the layrd ppeasctoe cptalesivin agdénto mblieys gbddatiriog gerderéllexi bl e
pol yur et hane foans having i nproved durability characteristics, particularly
hum d agi g sresultd/iowiotninkhe &3ibuLpiopeide’ b0 AikIBodws passi on set (HACS),
relative to those obtained with the same reactive tertiary am nes) al one.

The expression "i %&K%i%ﬁ?%&ﬁé&n?&ﬁhﬁﬁé proadtdnor Reldet fokﬁléf’\ghil%ﬁriﬁi n

refers to a value of a neasurenent of a property or properties related to

durability, ; i gl - if not: better thap t

requi rement s Sary BOR % Al SrabQ2Rle R Yorb Ml BroBoiefess T ma’ ¢ | ¢
Ik to th kilJied in the art that terti i boxy! | i d
21 ts o not REPRRTPP AHRG s shites fim talieest S B oo frdingpis | cant

i mprovenent of HACS is achieved only in conjunction with specific reactive
tertiary am fERO¥FHTAMENEmodd. ¢ Kisfbiorcookinghaisiiaig the foapepast wHi gancratly
i mprovenent in durabil i,tly properties of various foamfornulations, e.g.,
15 shrink irreversibly. A high proportion of open cells are required if the foam is to have
the desired high resiliency. Consequently, foam cells have to be opened physically
either by crushing the molded part or inserting it into a vacuum chamber. Many
strategies have been proposed, both chemical and mechanical, to minimize the
quantity of closed cells at demold.
20 Flexible polyurethane foams are commercially prepared as slabstock foam or
in molds. Some slabstock foam is produced by pouring the mixed reactants in large
boxes (discontinuous process), while other foam is prepared in a continuous manner

by deposition of the reacting mixture on a paper-lined conveyor. The foam rises and

cures as the conveyor advances and the foam is cut into large blocks as it exits the
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1 o different technologies (TDI and MDI) and different foamdensities, is
achieved mainly with hydroxy- andl or hal o-carboxylic acids. Such

i mpr ovenew dacél@Pendent on the specific reactive tertiar oK dsn93s
reactive tertiary am ne m xtures, the bl ocking percentage, and the type of
hydr oxy- andl or hal o- carboxylic acids. Polyurethane reaction kinetics are
controlled, e.g., by the use of such 15 catal ysts, extending the tine

el apsed from ], Xk . pnitiathon of the.foam
Form ng react o Hadhifle, Somb B8 tfeRRes SNGANP BTl ot Bhndlls Bam's Riapdi
advant age of t.he. del ayed catal.ytic.action of the subject catal yst systens)
i s i nproved fﬁ‘HW‘BIFCPﬁBO?SeE%‘ﬁlﬁ% A CERPENIdeaY he producti on of nore open or
nore easily to open foam This quality is denonstrated by reduced force to
crush (FTC). The prol§ciscontinupus propssses.dheinitigtionsf thegaantion nust bpdelayedam
results in foam show ng | ess shrinkage. A further advantage of the catal yst
systemis thealwwdodeindrydéwhioftherresdting emiktunmdrdiesicdpearfientdss air eptrapied

har dness particularly when using TDI. 9 WO 112/ OC(i S31 PCT/ USU2I | 12738

DETAI LED DESCRuRT] ki@t riiing. NYERRiGh) fJ4h § 1imﬂ§eads@d1b§af1@aalﬂd¥ rélBARIFSud® 2
pxocess for making flexible and sem flexi%l e pol yurethane foans and for

making i gi d_eAkytebhang dedin sTAPshADs, BRANYS ShBARG: ifiSuldhidd g her el n

refers to the reaction product of a polylsécyahate w I soeyanate-reactive

conpounds congal i . re.reactive sites, e.dq., | yol s,.. prj,ary and
secondary pol %’%? érﬁigag ,tlwv\g?tg{y? gofﬁ'gg E%Pegaatgtalggﬁveptﬁgmrgd 5?%8§éhgﬁogﬂ£yhkenom to
those skilled in the art as pol yuret hanes and pol yuret hane(ureas). The

i nvention i s BERkn alsp Gansbg same Eltgélﬂb#ﬁﬂi fogmenredudsd by theeantinpeys typesss emd
rigid foans using the one shot foam ng, the quasi-pre-polyner and the
pre-pol ymer | @npchive ¢thsa shiont conveyadahrthismasd) thaforpniatienthas lertigidn, t he

pol yur et hane reaction kinetics are controlled in part by including in the
foam ng nmixt ucsalgzebihalryatio bespifickintly c@)l vheh eid foamyteAHes theGARRRBLAN.

sel ected fromthe group consisting of

selected Trom | ! .
i s(di net hy amlﬁlgabtocwy)sadamld%c@@lpmeghy(yd@g gﬂgﬁmﬁgg@%wm&y&mﬂk@ﬁ N

di met hyl a. m nopr opyl di propanol am ne, bis - pr opanol

15 tarinmet hyl Z N; - bi. ¢ am noet hyl ) et her, and m xtures thereof;
and (b) the re é‘{%ﬁi"gﬁﬁ;&?ﬁ% ﬂ‘%ﬁie above-nentioned tertiary am ne
conpounds) and hydﬁ.ﬁx?gand/aﬁr hal 0- ¢ rblox lic acids, i.e., carboxylic acids
having a hydroxyl fPrOPRRGBHASES S rigid Rolxuiethans, iRamsarcI & &y POK-glage
functionalities. The_polyurethane manufacturing process of the present

i nvention typitgalpfign faspsiforetn grsationapplientions, trapspprtatian ppplicetionsgambmatal y a
20 polyol having a hydroxyl nunber from about 15 to about 700, an organic
pol yi socy&nat @9ors, asivehl asdpoargistock and spipydddnsilatimadilh rigesfoammpplitaionkos e
skilled in the art and one or nore catal ysts, at |east one of which is the
subj ect speci @¢layadeation vatalysts ichanlgo &ini nesjor &rdainkeedseachécdnd i Qs fofmt he
subj ect specific reactive tertiary am nes) and hydroxy- and/or

hal o- car boxy! ineldigg 4., td d€ay tHeNBitaLRIsRET reaRBS5t i1 TR e i
02/ Od S31 PCT/ US(f);gZ/ 03738 tertiary %Im nes) oty WhiLe T {“fb: A%g{thcélvﬁllg\?\? ng

agent and opt }egpgéd ﬁ)‘ij%sttbfﬁ%ﬁctliéﬂ §;&%§I e and sem -fl exi ble foam formul ati ons
r y as

(hereinafter erred to sinp I exi bl e foans) al so generally include,

e.g., water, organj.g |0 ol,lJ Xi |iary bl ow t or an optiqgnal
non-reacti ng gas, Qlcﬁlpggﬁgo 2&?2%@?%&’56 %’F F%ﬁfﬁdldg%ﬁggf%’g{m%%s%tﬁﬁfonal
crossli nker(si)i_. Rigid fo(gm formul ations often contain both a | ow boiling
or gani ¢ nth er figfrbgRdicasids(sychrasexalis #rid) apiaecaalist butbe prepaatisn of t u”  as
utilized herein refers to the formati on of the

polyurethane foam.

U.S. Pat. No. 4,007,140 discloses the use of tertiary amines prepared by
reacting 3-dimethylaminopropylamine with an organic acid or an acylating agent

derived therefrom as catalysts for the manufacture of polyurethanes.



del ayed catal yst systemin the resin, i.e. the addition of the hydroxy-
and/ or the halo carboxylic acids) to the resin prem x consisting of all the
fornul ati wo @agennents 10 prior to the addition of the isqogyiaabez7zdhe
order of the addition of the additives to forma resin useful herein is not
critical. Thai 'is, the specific tertiary amnes) may be m xed with the

hydr oxy- and/ or hal o-carboxylic acids) in any order. Therefore, the resin

prem x is prepared Eggo(})%métnfdg%%@% @5@8%% (rﬂ%e M ﬁ{onggelrggggj%ig%ﬁ&c%agé\‘?fg

agent (s), optional tives, specl lary am nes

and/ or hal o-carboxyl i idJin any order. of .addition. . The.preferred order
of addition fﬁpPaméo tﬁ%@&k?éj‘egﬁ%}‘%ﬁﬁ fagfﬁly%? fqrqgeepxag%rgt'xqﬁ 9,%!80l¥lﬁfb routine
.experi ment ati?n. The "one shot foam process” for naking pol yurethane foam
is a one-step'$F®eess in which all of the ingredients necessary (or
desired) for producing the 20 foamed pol yurethane product including the
pol yi socyanat e, thdase greantly, pidiag been distaveredghatahlysefx teiary aminanindw)
optional blowi ng agents and the |like are sinply bl ended together, poured
onto a novi ngcarboxicicidwith hydrogylfohdionhlit @@ujdta@bhma%a@nél'ygwuaédm and
ciu-ed. The one shot process is to be contrasted with the prepol yner
process wher ejéla | cidi - : | e and a
pol yol normally %eld a&&%@@%@%&% ? B%%ﬁgﬁﬁ%%%@ ngg{: ﬁg&ftﬁg‘?‘ﬁ?ﬁfm

m gener ati ng

i socyanate gr I I: -pI epar 0 1 he absence .of. any f.

constituents gﬁgageﬁ%aﬁe{’ﬁlﬁac%dr"g%g eysf@?p?lgurre(taggg%3“%?‘??%%3’?%%%‘%% he presence
of catalyst in a second step . fto formthe soljid urethane polyner. Carboxylic
aci ds usef ul P@V“ﬁi@ﬁ?‘?%' RH@ t?@ﬁ%ﬂﬁ%és Fespribegi Lgﬁiprf‘é @%I%‘i@aﬁl&l- ykheqise
according to the subject invention have the general foi~rnula: (X)ri

R- ( COOH) m Whepksushrniise spdts resulis indhelmaanBaturhgiradaetbare fopinetwhich arpieithér y at
| east a divalent linear or branched aliphatic hydrocarbon noiety and/or at

| east a diowal eprn, alare yasily oparedaorchudli.i ¢ hydr ocarbon noiety; X is
i ndependently chlorine, bromine, 10 fluorine or hydroxyl; n is an integer

having a val ue of glowe@@sthe heddtniidsanghd gdlytﬁf'éfhﬁn@ﬂ@uﬁgj foraghgbhdiution of a
hal ogen and/ or a hydroxyl on the hydrocarbon noiety and n~ is an integer

cubst it on Skt rEbay P Alork ARAE LMl AL R AL HEREP Sl ety

r n m . . e . .
carbon ato the onset of the isocyanate-polyol reaction, exhibit good curing rate, and provide

excellent physical properties of produced parts. In addition, these catalyst should be
15 capable of being incorporated into the polymer structure (i.e., reactive catalysts).
BRIEF SUMMARY OF THE INVENTION
In a first broad embodiment, the present invention provides a method for the
manufacture of polyurethane foam using the one-shot foaming, the quasi-prepolymer
and the pre-polymer processes. The foam is produced by reacting an organic
20  polyisocyanate with a polyfunctional isocyanate-reactive compound in the presence of
a blowing agent(s) and optional additives known to those skilled in the art, and a
catalytically effective amount of a catalyst system comprising (a) a specific reactive
tertiary amine compound selected from the group consisting of

bis(dimethylaminopropyl)amino-2-propanol, bis(dimethylaminopropyl)amine,



has nmore than two X substituents. Cenerally, mand n will independently
have a 15 value of~l, 2, 3, or 4 Tile "at | east a dival ent hydrocarbon
noi et y" cow RAcesssat urated or unsaturated hydrocarbon noi gi¢yr/@dorbrizg 20
carbon atons, including a linear aliphatic hydrocarbon noiety, a branched
al i phatic hydrocarbon noiety, an alicyclic hydrocarbon noiety or an
aromati ¢ hydrocarbon noiety. Stated otherwi se, R can, fox exanple, be a

P i e R S

aral | cyl ene gr.ou 6 to 20.carbon .at . Al kylenes of. 2-10 c ons and
6- carbon aryl é‘ﬂ’é’@lyi'ﬁ\ﬁ]é'gFf’éﬁyﬁﬁhp'ef’ﬁ&ﬁlﬁ?qﬂgyg).ethoeﬁéﬁﬁh fri“étuff‘éﬁl-“frf’?#?i“?q?@’?é&léﬁﬁl es
.of suitable hydrocarbon moieties are pethylene, 12 WO (I2/(1(>GS31

PCT/ US112/ 027398 catbeyykhacid saly ofihe specilifereadtive-tertigny araine compounst ssipgtedne,

1, 4-butyl ene, butylene, 1,1 anylene, 1,1-decylene, 2-ethyl-1, 1-pentyl ene,
2- et hyl hexy! efn@n tiee gronp conpistipgerfihly dosy-catbhyylic-acihenitglaad bab-Grboxplit hsilene,
pp' - bi phenyl ene, cyci opentyl ene, cycl oheptyl ene, xyl ene,

1, 4- di net hy! elagphenyl ene and the |ike. Those skilled in the art wll
readily appreciate the wide variety of avail abl e hydrocarbon noieti es.

Wi | e the above- naherek A 6:3he By Ak pi\RlckHRl i W@Qﬁg{%@{‘mﬁmﬁmf} .

| east one for a carboxyl group and one'for a hydro ogen,
contenpl at ed that. addi.tional dr.ogens. on.t he hydrocarbon coul d be repl aced
W Tor Cher TRRUBRRLS AR R BRIERTIOR RS b Bre b P S e Bl "The
foll ow ng hydroxy- and hal o-acids are illustrative of conpounds suitable
for practici rﬁj’llff)l‘{lécﬁﬂ*’ék’éﬁ%yainﬁ‘@é'ﬁ%qhdﬁ cogppyndyin fthe presemce aégglqwneg agengand

hydr oxybenzoi ¢ aci d, di hydroxybenzoic acid, trihydroxybenzoic acid,

gl uconi ¢ aci dyptionalhy, at kastdne glgitive.iand ach@]ystsystenhydropysiogi @Ghaspadliicd, malic
acid, lactic acid, tartaric acid, 2 hydroxynethyl propionic acid,

hydr oxybutoyr i reactice Gertiatyl amniap compotdscReied frohbthergesmpeRistng 6f aci d,
di chl or opr opi oni ¢ aci d, di bronopropionic acid, chloroacetic acid,

di chl or oacet i s@fh&lhylRfdH afmifsd Srofdhl BRRAGRHyFanfiabshopPiAfiREbUt yri C
aci d, bronoi sobutyric acid, ‘di'chl orophenyl acetic acid, bronomal onic aci d,

di br omosucci nji6, &ﬁagl%ingﬁlgp#@%?%%éngﬁq{igé%@tcﬁﬂie@ﬁ{lﬁnﬁégg—’ I *i’:a%gfcﬁfﬁ%! halic

acid, chloronalel [ enzol c’acl or obefnzo
br onobenzoi c acigi diproroF nzoi.c acid, dichlorobe oic.ac}g
di br onobenzoi EMEE ,%?'(Wg’f%‘%@é{ 'g’ééﬂlﬁoeglﬁl}ﬂ*?he’é?ﬁ BREES HhRTees %Rd ) at least
2- br onohexadecanoi ¢ aci d, 2, 2-dichloro-1-nethyl propionic acid and m xtures
t her eof . HydraRyarbanuliagid salef the spesefianeagtivetieréiapyr ameing eemppundrrslegteds ent
i nvention generally have nol ecul ar wei ghts bel ow about 300, and preferably
bel ow abolft 2d@n the3group consisting of hydroxy-carboxylic acid salts and halo-carboxylic acid
salts.
The expression “polyfunctional isocyanate-reactive organic compound” as
used herein refers to an organic compound possessing at least two functional groups
that are reactive with polyisocyanates. Polyfunctional compounds preferred for use in
20  the invention include polyols and primary and secondary polyamines.
The use of the subject catalyst system, i.e., the specific reactive tertiary
amine(s) and the derived specific reactive tertiary amine salt compositions as

polyurethane catalysts unexpectedly results in the production of flexible polyurethane

foams having improved durability characteristics, particularly humid aging

8



WO 112/ CCli S31 PCT/ US02/ 02738 The reacti on products of the specific
reactive tertiary am ne conpounds) and the hydroxy- and/or hal o- acids can
be prepar @b ¢ggpdsy by any order of mixing of the am ne conpeypéin)®gd t he
acid in a suitable organic solvent (e.g., glycol and al koxyglycol) or an
aqueous sol vent, especially water. The hydroxy- and/or hal oacid nmay al so be
added "in situ" to the resin prem x consisting of all the formulation

conmponents, i i HC & [Vve ternti.ar i.ne conpound(s)., except

t he polyi socygﬁgﬁggﬁ%e%?@?zs g‘trf%ﬁgéto @H%e %bﬁfggﬁlwgfp}léef@m a %‘é’PEt?%IF‘V am ne
conpounds) in _the resin Q%enix by the h dr%xé{,and or the halo- acid is a
fast process. *BYGYPBNS: 166 CHME Jmpreyisd duEabHYy shracissistics” aputilized var i ous
bl ocked pairs_are also useful. The 10 addition of the reaction product of a
speci fic reacherol elrs fody Yalugwfpameastinment of a aiopery pyphopsiyies eetattdio a

hal o-carboxylic acid to a resin fornulation may result in a solution or a
st abl e di sper dumhilitylees. SUAC8cheingatebys eqed td Haopbatee tHanithyeQtirehend ¥elbe
used as a sole catalyst or in conbination with one or nore subject specific
reactive tsert foxhybyaie Bd Gk ATHBUdin i} BuiphiSinp @b Yu$ fel1an6wh &&%@% Sifled in
process. It can also be used in conbination with one or nore other
cat al ysts useful : j g f . f.or anp| t i.ary
am nes, or ganglﬁea{tfatﬁ titgjhg ta lg}gtc %‘Bbﬁéﬂﬁg@ﬁéﬁ%gﬁgtgﬁlgﬁgﬁmgfgﬁ gft@&a@fecﬁg{eﬁk bt
catal ysts, e.g. .. alkali, rrietal or alkaline h tal , carboxyl ate,

catal ysts, ot ﬁ‘éﬁlheﬁg'ioﬁey St B’é‘?@l"%‘?’é‘,(’?ﬁﬁ W@nﬁﬁﬁmﬁﬁé’i‘ GORIEREETe
catal ysts. Dependi ng_on the specific reactive 20 tertiary am ne conpounds)
used in the fBiMIPsHTGIFaC ederigBhtmings and myriviss therepfid Suprisiagly. thar boxyl i ¢
acids reacted with the specific reactive am ne conpounds) can be adjusted
to inmprove HAGShifinehttimpeokneneintdusmbiéyiprarisad vanousypaafomdatidiyee.g.,
initiation delay and reactivity profile, during polyurethane formation. 14

VO 112/ f | 06 S3diffReht Wld@i&i@ﬁ)mﬁmm} iR hi fodslcafntaifadid gl r ee
specific reactive amne and bound amne in the formof the specific

reactive ani ng ety 4y @eky- AT Ha1d1ek8s c%@?&%é{ Eﬁcl?ﬁﬁﬂo{/f%q%tt iisfeedy%a’edn%“’

i.e., carboxylic acid 3alt. Acid exchang€e equi rrumis expec 0 occur

if there is t.han ine. present. Therefore, the amunt of free
ani ne and bo%%ﬁlgﬁp %dgﬁ(g&%f@egstgﬁgg %rfli}?toréff%ﬁé'%%n\ﬂry Fn%r?{;glgﬁ%ﬁﬁ? ng upon
the equilibriumaf the syste Based on aci d-base equival ents, the anmount
of the anine @8?18”?8%8‘?’?%% H”%H\géypeg@ﬁg',déqrqyyaqﬁpqh Eeydewdicaciffout 2%t o
about 80% of the total amine equivalents in the fornmulation. A preferred
quantity of amine Pel¥wsHuangreactien kingligsiasniconiotiadte.g speiefiseof smbt i ve ani ne
salt) in aresin formulation typically will be 1o between about 2% and
about 50%30f ¢ataysisteatendimgdhd fime ckhastd vemttles mixang ofihi peactattienlic MitiAion
equi val ents basis and preferably between about 5% and about 40% By

i ncl udi ng t heofshibf@ed foeming] i¢adtion)aat empafvindBe prReQg dNAVRRLHsAEs. | Andth&:

pol yur et hane reaction m xture, the initiation of the foamng reaction is

del ayed. Ti meydvantapé bf the USlaySPVRMSHic adtDn P ih A '&tscealtz}%@;s?'ﬁgﬁlvﬁﬁ is improved

Furthernore, surprising results are 15 obtai ned, espeti en usirng the

di scl osed del t 1 sts, for king flexible fgans using
the one- shot TE5.f B el BliRfict Al oM Bine i AR5 Dagn S il saslF E2pp g
upon using thg subject catalyst systemis the production of flexible foam
with inpr ovedt%ﬁmtgi.“slqﬁa]étéfd? @%lfB?PSE%teﬂi?@Seﬁ?Wﬁ? ngé?r%’rﬁrPS}b(tFngr) d8¢ armdugten of
using the disclosed 20 nodified catalysts relative to the basic tertiary
ami ne wold0d i Hanergeperoymorefeasily topopen fearn pesnltpin foamehewirig lpssobeinkagec e |
structure, (e.g., significant reduction in the force required to open the

cel I's of fl exfuither fdvamtsgeyf the citalystcayktenr iv sid productio of hipfiuesHerdfigasrdsdr i nkage
~and (3) inproved HR TDI nol ded foam har dness.

foam with improved hardness particularly when using TDI.



15 WD 112/ (1 GCS31 PCT/I!1S02/ 02738 Catal ysts that can be used for the
production of polyurethanes in addition to the disclosed catal ysts of the

present iwoaniesii ncl ude catal ysts well laiown in the uregidiggdegogizk, €. 0.,
tertiary am nes of both the non-reactive and reactive types, organotin, or
carboxyl ate urethane catal ysts. Organonetallic catalysts or netal salt

catal ysts al so can, and often are, used in polyurethane foam formnul ati ons.

For exanple f i nerally preferred netal
salt and or ga%’#ék’g@fﬁﬁ%%@@%mﬁ%@@m oate and di butyltin

di l aurate respectiyely. For flexible nmolded foans, the normally preferred
organonetal | i c cat Fl§§1"§mé‘?rbbr8?‘ﬁ¥trﬁlf‘“teﬁw ﬁlﬂoﬁﬁ?‘s}f)bméﬁﬂg depipleand semi-

dial kyl mercaptide. For 10 rigid foams the npst often preferred nmetal salt
and or ganometflgxtble pelyprgtiane foapsansion meking rimié palyurethpne foamufiedtoat e and
di butyltin dilaurate, respectively. Metal salt or organonetallic catal ysts
normal |y are “poburdtharsitab btibaedueran refersod yherreadtivn erdducnad Apdlpisscyahyei cal |y
from about 0.001 phpp to about 0.5 phpp. Polyols which are useful in the

process of t heith mwﬁtnh&ﬁreﬁcﬁifve@Bﬂnbbﬁkﬂis%oﬂ;ﬁi@ﬂ%m 8t H6RGeadtRb btk gr |y Vvia
t he one-shot foam ng procedure, are any of the types presently erfpl oyed in

the art for t ; I i . . flexihle nolded
foans, sem - fﬁla) g};(oi(P%?xgﬁiag%h@,‘segﬁ%da!rrfB{)lgfhxﬁbrgelﬁt%&égg@e%%%%?%& g§§u$§ﬁgeca| |y

| i qui ds at anhien enper at ur es .an essures and incl yde, pol yether polyols
and pol yest e%% B%lr"@%ﬁ‘egﬁ‘é&‘? ﬁ‘&sq@%ﬁ%ﬁi)ﬁﬁ%ﬁﬁ%}) YRR r?é’é’P“é‘?tK?‘?eéWieéﬁout 15
to about 2o 0., The, hydroxyl nunbers are preferably between about 20 to
about 60 for fMedRvetionfvERgcialbesunistle fabmakingdlyxible. striuflegbly, st rigid

sem -fl exi ble foanms and between about 250 to about 700 for rigid foams. For
flexi bl e foafeampusipg dfeameshotffoarningothelquasi-pre-pelymer hed theqragelymsrber of

hydr oxyl groups per nol ecule of polyol, of the polyols is about 2 to about

4 and noad 1GproceWiesO I ddbbfiaqes Fith BeThredent idkhtlad 3R PIRirehak! da@hgut 2.3 to
about 3.5. For rigid foans the preferred functionality is about 2 to about

S Pt e S S s T

1, 3- phenyl en%ghﬁ)giisﬁl& (Qﬁé’teﬂ%ﬁ‘%hl%yéo%{b%ﬂh&‘@w&e@ FSmRLE ér%{qrj Ec'\:gﬁsisting of
bis(dimethylaminopropyl)amino-2-propanol, bis(dimethylaminopropyl)amine,
dimethylaminopropyldipropanolamine, bis(dimethylamino)-2-propanol, N,N,N'-

15 trimethyl-N'-hydroxyethyl-bis(aminoethyl)ether, and mixtures thereof; and (b) the
reaction product of the above-mentioned tertiary amine compound(s) and hydroxy-
and/or halo-carboxylic acids, i.e., carboxylic acids having a hydroxyl functionality or
a halo functionality or both functionalities. The polyurethane manufacturing process
of the present invention typically involves the reaction of, e.g., a polyol, generally a

20 polyol having a hydroxyl number from about 15 to about 700, an organic
polyisocyanate, a blowing agent and optional additives known to those skilled in the
art and one or more catalysts, at least one of which is the subject specific reactive

tertiary amine(s) and the reaction product of the subject specific reactive tertiary

amine(s) and hydroxy- and/or halo-carboxylic acids (i.e., the subject specific reactive

10



Pol yfuncti onal organi c conpounds which can be used in the process of the
present invention, alone or in adm xture as copol yners, can be any of the

fol | owi ngwigpiydsésziti ng cl asses: a) pol yet her pol yol s deri vge/fis@/mizhe
reacti on of pol yhydroxyal kanes with one or 10 nore al kyl ene oxi des, e.g.,

et hyl ene oxi de, propyl ene oxide, etc.; b) polyether polyols derlved from
the reaction of high-functionality alcohols, sugar al cohol s, sacchari des

and/ or high fyneti I ] i i.red | Xt ur .t h P

ow 1 unct [onaltFiY SRR %%%h%%%ﬁg b AR b Eodtiiibs. oy

et hyl ene oxi de, e .OoxXi e, is.c). pol yether po]yols d rlved from
the reaction i {)ﬂ%s%qﬁ‘giﬂ oay, %H%Q’ﬁffr‘ eéé?%’ge Otsl¥'134ylé§ iflsxed ?

e.g., ethylene oxide, propylene OXIde etc.; d) polyether polyols derlved
from t he reactlsogersralhoingbdertag.i wafar,@@mu@ow bdiling fyNiliave blowidg sgend og an

et hyl ene oxi de, propyl ene oxide, etc.; 20 e) polyether polyols derived from

the reaction ofticnaimon-gecaating gds, a‘hccareisnﬁ”awhmb, @tioyihlenalsid, aeboptéongl |
et hyl ene oxi de, propylene oxide, etc.; f) polyester polyols derived from

the reactipn é}fosﬁuik@f(?f uGgld @%'foﬂnﬂilﬁﬁ(ﬁ{s%ﬁen Qostain Botidh Mw b¥ih ofeanic
hydr oxycar boxyl i ¢ aci Iactone t hereof, e.g., hydroxylcaproic acid or

e-car prol act Oﬁﬁterr]a?an hesEsl PCT/ US02/ 02738 g) pol yoxamate pol yols
derived fromthe reac |on 0 an OXal ate ester and a diam ne, e.g.,

BX?L[?‘?LQ%OF;QYLQSE% SRRt i S bRl SURS FaeBRidntna o an

tine, e.g., drazjne, ethylenediamne, etc. directly in a polyether

pol yol . For f dryasl eatalyd srstery ir thetesipy 1oy theadgition|of thediyarany ard/arthe delp-of

pol yhydr oxyal kanes axe the ethyl ene oxide and propyl ene oxi de adducts of

al i phatic tri crboxgichacals)gb ylweresih premixmensiyting ofprlloha fremuéttion cBoponérgs d
foans, the preferred class of al kyl ene oxi de adducts are the ethyl ene oxide

and propyl(,ene @@(ﬂtdqhaguiy@@ﬁsonhe@amh@, t ol uene di am ne, sucrose, and
phenol - fornaldehyde am ne resins (Mannich to bases). Gafted or polyner

pol yol s are used eg‘hggﬁ?’@{‘ the! aﬁdﬁlgﬁ oP }@dd'dﬁft%vggtoolf r;xla%éénl?h?e Wpyﬁ%tar €,

al ong with standar one o e pre erre class o ef ul

1t orccesg el oS L B PR TP AL, L VRIS, ALY,
and nore halo-carboxylic acid(s) in any order. Therefore, the resin premix is prepared by
combining organic polyol and/or polyamine, blowing agent(s), optional additives,

15 specific tertiary amine(s) and hydroxy- and/or halo-carboxylic acid in any order of
addition. The preferred order of addition for any specific application will be
determined through routine experimentation.

The "one shot foam process" for making polyurethane foam is a one-step
process in which all of the ingredients necessary (or desired) for producing the

20  foamed polyurethane product including the polyisocyanate, the organic polyol, water,
catalysts, surfactant(s), optional blowing agents and the like are simply blended
together, poured onto a moving conveyor or into a mold of a suitable configuration

and cured. The one shot process is to be contrasted with the prepolymer process

wherein a liquid prepolymer (an adduct of a polyisocyanate and a polyol normally

11



15 preferably the polyols of type a). O her polyner polyols useful in the
process of this invention are polyurea polyols and pol yoxat nate pol yol s.
The pol yi g@rosaisedses that are useful in the pol yurethane foghyfiQhEeisson
process of this invention are organi c conpounds that contain at |east two

i socyanate groups and generally will be any of the known aromatic or

al i phatic polyisocyanates. 20 Suitable organic polyisocyanates include, for

exanpl e, the dr ocar bo diiso yanat | enedii s anat es and
the aryl ene dF%/é% gﬂfﬂa %sfcy@ﬁ @r%‘?sﬁ@gﬁéﬁlﬁg@rgwgﬁ? SeRtS %‘Jd’&’yg e (MDI)
and 2,4- and 2, 6-tol uene, diisocyanate (TDI), as well as known

trii socyanat e SENSFRIING SOPFHINERSF anrbt %rfvmf&wp@némagt@éyfaﬁwm inghe prageisen as
polyneric or crude MDI. For flexible and sem -flexible foans, the preferred
lg WO (12/ mﬁqustmmco@@zste@mf@al the soljhmathese gelyereal |y are, e.g.,

m xtl ~res of 2,4-tolul ene diisocyanate and 2, 6-tol ul ene diisoeyanate (TDI)

in proportions by @atb@hylmﬁmabwﬁﬂMMn@bﬁJﬁeaé’t&%tem@e&him@Jlli/ca'ial?/st@' SO
about 65% and about 35% respectively; mxtures of TDI and polyneric M,

pref erabl ys'naéceﬁalﬂgmﬂetshaecttayveﬁﬁbﬂmve%ega Qi BYIDI and about 20% of
crude polyneric M~ to about 50% TDI and about 50% crude polymeric M ; and
all polyisocyanates of the MD typ For rlﬁgg oans, the preferred

i socyanates are, e.g., ponisocyan f type and preferably crude
polynmeric MDI. The anpbunt of polyisocyanate included in the foam

formul ati ons used MHeatinReisbt kasta diveders hpdimotardbn eddiety, typicelly #llsast 8 t he
formulations is described in terns of "lsocyanate I ndex". "Isocyanate

| ndex" means #iveleacknsat ofbm@tEHedoliphaicydfsyida infoitty emd/di wi Ked alyv 4168
theoretically required stoichionetric anount of polyisocyanate reqw red to

react with al lahcé/hﬁc aﬁél’oﬁﬁtlmﬁ%ﬁgﬁﬂoﬁ Potdde X RaGkd dﬁeﬂdéﬂtfytaa'i&ld%fo mé ed by

one hundred [see Certel, Polyurethane book, "Hanser Shers,

New Yor k, 16"5 Mcmr(e gsgf)i%%xy]hﬁﬁl?g%ﬁ %E%évexﬂén% e og af! 1eB§Ei V%‘gﬁﬁté}lﬁ’gg‘?{m sgures

used in the process
typlcally

Mor e usual |y, e | socyanate I x i1s: for exi bl e f oans,
bet ween 85 an?;n By Sy m}ﬁﬂndlefd‘ geR ier a Wfer‘ﬂ’B)flloy B"e&ﬁi@ﬁ‘f‘r magties for

mol ded MDI foams, nost often between 70 and 90; and for rigid MD foans,
general |y bet Wd&An gegerbavine a valwef eklan |l and allows forangrosancynetsieartionyt i gi d
foans are produced at indices as high as 250-400. Water often is used as a
reactive bl owsubgtitugienbnithe lyadrbearbexmbiety, aniith the prodisb abatso sinzld dugbqar atdmct i on
of flexible slabstock foans, water generally can be used in concentrations

of, e.g., betheano theh ivdXRabitBuddey. GuneileImRadtswil inBeleyi@éntlyfaReh, and

@y

15 wvalueof'1,2,3,or4.

The "at least a divalent hydrocarbon moiety" can be a saturated or unsaturated
hydrocarbon moiety of 1 to 20 carbon atoms, including a linear aliphatic hydrocarbon
moiety, a branched aliphatic hydrocarbon moiety, an alicyclic hydrocarbon moiety or
an aromatic hydrocarbon moiety. Stated otherwise, R can, for example, be a linear, or

20  branched alkylene group of one to 20 carbon atoms, a cyclic alkylene group of 4 to 10
carbon atoms, or an arylene, an alkarylene, or an aralkylene group of 6 to 20 carbon
atoms. Alkylenes of 2-10 carbons and 6-carbon arylenes are generally preferred.

Specific non-limiting examples of suitable hydrocarbon moieties are methylene,

12



nore often between 3.5 to 5.5 phpp. Water |levels for TDI nol ded foans
normal ly 19 WO | 12/ CCl S31 PCT/ US02/f12738 range, e.qg., from3 to 4.5

phpp. For whldeedsded foam the water level, for exanple, igPRéBorRgMRIlIlYy
between 2.5 and 5 phpp. Rigid foamwater |evels, for exanple, range from

0.5 to 5 parts, and nore often fromO0.5 to 1 phpp. Physical blow ng agents
such as bl owi ng agents based on vol atil e hydrocarbons or hal ogenat ed

hyd b ' [ h

o oducti on of Cholgr ol Ran e Eaha T AR A AR 1Pl LNAIR L s on
A signifi t ti f t Lgid i | ati duced is bl

i th ol at 11 e RYRRGcal BERACTS: DRI detb o rioAhBaIcatrd the pr of orred

bl owi ng agents are the hydrochl orof | uorocarbons (HCFC) and the volatile
hydr ocar bons {ffert-phenylges, 6thyystnhsariersmd-npphthyleng patibinticonlend, f1 exi bl e
sl abst ock foans, water is the main bl owi ng agent; however, other bl ow ng

agents can becydemngderaixydlotepyylddeowy oy, dgedinmthyfarephdsidnalaad shealklat ock
foans, the preferred auxiliary bl ow ng agents are carbon di oxi de and

di chl or omes hamRoderseiiiedlie fe GHWAT fed@ily a;%étﬂfte HeOWde $aR@9 B avdiRYIeal SO be used
such as, e.g., the chlorofluorocarbon (CFC) trichlorononofl uoronet hane 15

(CFC-11 ). Fl gxdiBL b(‘;ﬂ)fn@fe‘ilieg.melettﬂé)z.ib%%-h%fteg?acﬂ@atls Hask 1813 aivglng‘t%%m s@éﬁg%iigﬁ[ Z

bl owi ng agent,” and 1 n any event 1 ncorporate Iess auxiliary

t han sl abstock, f o . However, .there is reat jnterest in the use of
carbon di oxi dse]tqsh%g%aﬁéo%mfoagc?hﬁb«%%rﬁS?lg’gV.% (%Bﬁg%l%‘ﬁ'aw SLAdj0gendl S and in
sonme devel opi ng countries use 20 nethyl ene chloride, CFC 11 and ot her

bl owi ng agent sontampplatrddbatiadditional yginckes dybabydreesrben seddbgirenjaced withe
desired foam density and foam hardness as recogni zed by those skilled in
the art. Wenfurthedhalogen andtorydwikyhymdlaycarbosyl-growes. bl owi ng agent vari es
from e.g., a trace anmobunt up to about 50 parts per hundred parts of polyol
(phpp) ando CO2 var Ths fdllowving Bydtoxy-aid tiklolactds aedlubstraBibof28mpoMAsQaitakiei s31

PCT/ US02/ U273% Crosslinkers also may be used in the production of
pol yur et hane f#@RRticing the present invention: salicylic acid, benzilic acid, hydroxybenzoic acid,
dihydroxybenzoic acid, trihydroxybenzoic acid, gluconic acid, citric acid, glycolic
acid, dimethylolpropionic acid, malic acid, lactic acid, tartaric acid, 2-
hydroxymethylpropionic acid, hydroxybutyric acid, chloropropionic acid,
15 bromopropionic acid, dichloropropionic acid, dibromopropionic acid, chloroacetic
acid, dichloroacetic acid, bromoacetic acid, dibromoacetic acid, bromobutyric acid,
bromoisobutyric acid, dichlorophenylacetic acid, bromomalonic acid,
dibromosuccinic acid, 3-chloro-2-hydroxypropionic acid, dichlorophthalic acid,
chloromaleic acid, fluorobenzoic acid, chlorobenzoic acid, bromobenzoic acid,
20  difluorobenzoic acid, dichlorobenzoic acid, dibromobenzoic acid, dibromosalicylic
acid, 2-bromocaprylic acid, 2-bromohexadecanoic acid, 2,2-dichloro-1-methyl
propionic acid and mixtures thereof. Hydroxy- and halo- acids useful in the practice

of the present invention generally have molecular weights below about 300, and

preferably below about 200.
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Crosslinkers are typically small nol ecules; usually |less than 350 nol ecul ar
wei ght, which contain active hydrogens for reaction with the isocya~i ate.
The functhen@ldetasiof a crosslinker is greater than 3 and pEhgd@lahysbet ween
3 and 5. The amount of crossliirker used can vary between about 0.1 phpp
and about 20 phpp and the anpbunt used is adjusted to achieve the required
foam stabilization or foam hardness. Exanples of crosslinlcers include

gl ycerine, diethan ] i elam n nd. S

t et r ahydr oxyet hyl e? h@fgé‘g@%f} é%dﬁ%?%@ﬁe%@%cﬁc %ﬁ&f"éﬁé{ﬂglﬁpsarflﬁ’gtco’t]?twu%cgs)t@gd in
the process of this invention include, to e.g., "hydrolysable" |

pol ysi | oxane- PEIYR%r P@Pblﬂ?go‘mc&gl&ae&’58}'??;’&98@,111}919{%’9! aﬁw.rféﬂrygwueg of the

pol ysi | oxane- pol yoxyal kyl ene bl ock copol yners, cyanoal |l cyl pol ysi | oxanes,

al kyl pol ysi | os@bEsonpatng(s} andi the aeidlis p Seiehiecorganie solverd (eypeslpdol sidi cone
surfactant used and the anowit required depends on the type of foam
produced as r elkogyglymi) dryantdyaseussblvehedspeniallhevasrt Th&hydeapeamsitvriakt ant s
can be used as 15 such or dissolved in solvents such as glycols. For

f1 exi bl e s4 abadi@ehayfapaBe 4dagd ransiti ab the pebil hRensik WBhdiMideOsH M (s rdhRimtaRout
0.1 to about 6 phpp of silicone surfactant, and nore often from about 0.7
to about 2.5 r: i | 1 e i 1 Xt ur sual ly
cont ai ns about .Ofl eﬁfé, b%“ﬁ‘%ﬂggpgﬂgg rgagcﬂ\é% %?ti%%gl%g{fr(?@doglﬁii@,)a%%pﬁﬁh%e of ten
about 0.5 to about 2.5 p -ox. rigi.d foaps the reaction, 20 m xture .
usual Iy contaP ¥158®'@B?teo&k%%{raff%‘(?ﬂtogg’epsﬁﬁﬁiggfeag‘i”fq EOREY amineLOPRPNd@EHE or e
often fromabout Q.5 tqo about 3.5 phpp. The anount used is adjusted to
achi eve the rB§apsiRaronys by dhs hydsexyrentios thedglor saighis e st progassi diguilibration
Tenper atures useful for the production of polyurethanes vary dependi ng on
the type of fpwductndnepgetifls andaromes ® fose dafious ipodkad phire areagsonskful. The
under st ood by those 21 WO (12/ (1 (,GS31 PCT/US02/ 11273H skilled in the
art. Fl exibl eaddindséirhl rdaotom paxdactusaabbifipreadiveedrtyy Ainkienhpfindagahd@nt s
generally at an anbi ent tenperature of between about 20C and about 40C. The

conveyor on WahGlokeandRAR Hal S88bERTicTHIES alrssif ?o?ﬁfﬁ?zitﬁ;ll Lr%ﬁmﬂm £nt

tenperature, which tenperature can vary significantly nding on the
geogr aphi cal er . is made and the tine of year. Flexible

nol ded foans gogﬁtg?qm@ aasrqaeglgglgégrg{é]&' by m xing the reactants at tenperatures
bet ween about 20C iFd bout 30C, iagd nmore. often between about 20C and about
25 C. The nixed st ??‘ﬁ’é)ecttrﬁ?t@#y?ta?st SPIESEE NVERERR MayBe Ysqd a5iaselq ptalyst or
pouring. The nold preferably is heated to a tenperature between about 20C
and about 70Qn eompbingsioa vith ene Yenoussubisgisneciiocagti tatity aintness@lysgpinay ed
rigid foamstarting nmaterials are m xed and sprayed at anbi ent tenperature.
Mol ded ritfi d thegpelsrethariegodmtion padsssarlecan atscbeatsed it enplinaian with oné e
range of about 20C to about 35C. The preferred process used for the

product i on of mbteathéd catayabedetslfer proaiting pal dethah® s, AR ExahfletefR@ys i n
accordance with the present invention is the "one-shot” process where the

starting mat eghfles AEMoMetdlc flyds, éﬁ?&’g%tiinrbafé@fsts? hfefal salt catalysts, e.g.,

alkali metal or alkaline earth metal carboxylate catalysts, other delayed action
catalysts, or other known polyurethane catalysts. Depending on the specific reactive
20  tertiary amine compound(s) used in the formulation, the quantity of hydroxy- and/or
halo-carboxylic acids reacted with the specific reactive amine compound(s) can be
adjusted to improve HACS and to achieve the desired reactivity, such as the initiation

delay and reactivity profile, during polyurethane formation.
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The basic procedure used to m x the reactants and prepare | aboratory foam
pads for evaluation of foam properties was as follows: The fornul ation

i ngr edi entv® @r@e3sei ghed in preparation for sequential addigd©fsik@2AR
appropriate m xing contai ner (cardboard cup). 20 2. A prem x of water,
catal ysts, and diethanol am ne (DEQA) was prepared in an appropriate
container. 3. A polyol, a cell opener (for MD fornulations), the prem X,

ri1 i press at 2000 o B gt Sty 88k skt SR s g oS "9
i socyanate wa nd m.xed wi.t.h the other reactant ingredients. 5. The
reacting m xt%‘%’g‘%\?}gg’%ﬁﬁ?@é SiPge! C§W§ﬁ?&‘6%%&ﬁﬁé‘i‘?ﬁ}ﬁ @mﬁ@r_haimgarh@gdm
temperature was controlled at 60C (TDI) or 50C ( l\/DIZ7 by thernost at

control | ed hotCEaEHoEPiogystats-oFrboppylic ppidgalti Aciaukchange egpiibiingsisat t he
four 5 corners. Tables 2 through 4 provide neasures of foam properties to

perm t conpar¢¥pgatedto eeacifithereys mbreathen penmease passedntHAGSrefdRsthe imiohadst used
to nmeasure the physical characteristics of the foam produced in the

exanpl es & e frexundineahdboumd diafdk@f lhesd Bath¥SyGiaths Q?ﬁﬂ/@i@rtc?erp.bﬁdih%umiety
Table 1 Test Method ASTM D 3574 Test a Exit Tine Exit time is the tine

el apsed, in sqp@Mtum bf @BsyfEmadisdd 6}{1?&(?-b'él&eeé[llﬁfgfé}ﬂ%nﬂltefea}%%ng Elg th'f’: %{%’?ﬁ‘{/gﬂt s

m xture to the 15 ~ first appearance o oam extrusi on

of the nold. Force-toserush (FTC) Is th e force required
to deflect a %8%%%5%(31 1\%0 ?ﬁatgﬁ@efﬁﬁ%%@éﬁﬁg?zVé@&&%}"t %%’ 1'3(?.%0 'Oﬁaqls/h.o?ﬂieﬁﬂtéht or, 1
m nute after denold,. to 50%.of its original_ thjckness. It is measured with
a | oad-t est i FgREERPINRICHS i Hhefprnulation. ob prefensed quaatity afeenine preseiesthieng f oam
hardness. A |oad tester crosshead speed of 50.8 cmminute is used. The FTC
val ue is a 23cactign@radupt (spa¢ifisBaachyT Aning 5ak) ihha7$s foundaticel ixpicalty wilhbeir e of
the degree of foamopemess, i.e., the |lower the value, the nore open the
f oam Hot 10LD bRitwedmabont 2iand aboatb08ed1 e tatalnspédiEDYeactvaRaAGA afhiR cdnfgt Same
pad used for the FTC neasurenent three m nutes after denold. Follow ng the

FTC measur emeit an éduevalagnbasachnd prefenblyetivitertdrdah®d 4Ry 2Boiegbani cal crusher
before the neasurenent of |ILD at 50% conpression is taken.

By including the subject catalyst system of the present invention in the
polyurethane reaction mixture, the initiation of the foaming reaction is delayed. Time
to full cure, however, is not adversely affected. Furthermore, surprising results are

15 obtained, especially when using the disclosed delayed action amine catalysts for
making flexible foams using the one-shot foaming process. The unexpected
advantage that is realized upon using the subject catalyst system is the production of
flexible foam with improved HACS.

In addition to HACS improvement, other advantages of using the disclosed

20 modified catalysts relative to the basic tertiary amine would include, e.g., (1) amore
open or more easily opened cell structure, (e.g., significant reduction in the force

required to open the cells of flexible foams by mechanical crushing), (2) reduced

foam shrinkage and (3) improved HR TDI molded foam hardness.
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10 HACS Conpression Set (75% conpression at 70C for 22h, 1SQO DI S 1856)
after Humd aging (5 h at 120C 100% RH ) |SO 2440 15 The terns and

abbrevi at (xn®/Me8d I N the specification including the fol lQwnpgesAagp! es
have the foll ow ng neani ng: Tenn or Abbreviation Polyol OH 28 Polyol OH 32

20 Polyol OH 18.5 TDI 80/20 MDI DEQA Meaning Reactive triol with 28 OH No.
H ghly reactive triol with 32 OH No. Highly reactive grafted triol with

18.5 OHI~"0. A m re of 80 . % pof 2, 4-tolyl ene diisocyapate and 20 w.

% 2, 6-tol yl ene dii ?8@%‘,—‘1&% Y ‘i@B\tMﬁy‘P%% f&f"ﬁﬁ@%\‘gﬂﬂoaio Eolyisthanes iRidgtenigs

t hereof Di et hanol am ne 24 WO 02/ 043 S31 PCT/ US02/ 112738 C

1Di met hy| ani n8isrbsnjesed srialyais of e mecpBinvertiondnelpdeeataipes sisllinawinie @88 s(di m
et hyl am nopr opyl ) am no- 2- pr opanol C4Bi s(di et hyl am no) - 2- pr opanol 5

C5N, N, N' -t r i matethyne Iart; &g ¢l teotiareg amphestnif Sotnthe cet-hedclied el €68 W-tdpexet hyl am noe
t hyl - N' - met hyl am noet hanol C7Di net hyl am noet hoxyet hanol C8Di net hyl am nopr opyl

-am neggr ans 10ofg@nbit, iog cabb s g6 anslsarervatantstek gki | ogr anscntent i et er 15
%per cent by wei ght phppparts per hundred parts by wei ght of polyol Cdegree

Cel si usNNegt onl LD m%&%&%ﬁlﬁp@ﬂalﬁg Bpﬁlgia?%pcaltzﬂg%yﬁlgtg?%ngél g@% ér%,r Hsseggﬁge q

force) Wiile the sco e present 1 nvention s e e’ ap

clainms, the gl ow.n xanmpl es. il lustrate certapn .aspects of the invention
and, nore par ?ﬁg%‘d‘i@éﬁﬁ?" ”gogmubaéloﬂ%t %rch‘(aWBFe éﬂgFﬂgjfeisf?gﬁsm?ﬁéo%%ﬂfﬂ es are
presented for 25 WO 02/ Q(CS31 PCT/US02/112738 illustrative purposes and
are not to beBensHbRIetsrsd metaisels andyprgapgmetpllic spialysisiare Hommus oatoaendpl es 1
to 13 (Table 2) 5 Table 2 shows significant inprovenent of HAGS, of M

mol ded f oans, dikatyldibddauraid respectivelyt Hior dldgible mnlded fdaypdy, theynormatly preferred

hal o- carboxylic acids reaction product of subject tertiary am ne in NDI

nol ded f oans. ofgeanmtrBickatalystslde dibabllen ddacawpad abuvetcdRBertagidio For
i nprovenent or significant inprovenent of the HAGS of MDI nol ded foans was

Klbil—ezi;/?rgt ttﬁ: NEigidBaim® kl{&?ﬁ@jdﬁgftéﬁﬁféﬁﬂﬁ h&hf daf’=Md J N6 ANEE éatf'eﬁkgts sl ts:
\ yl am noet hyl - N - et hyl am noet hanol , di et hyl am noet hoxyet hanol ,
di met hyl am ”OB&QM&rﬂﬁwﬁe, ﬂo@assium octoate and dibutyltin dilaurate, respectively. Metal salt
or organometallic catalysts normally are used in small amounts in polyurethane
formulations, typically from about 0.001 phpp to about 0.5 phpp.
Polyols which are useful in the process of the invention for making a
15 polyurethane, particularly via the one-shot foaming procedure, are any of the types
presently employed in the art for the preparation of flexible slabstock foams, flexible
molded foams, semi-flexible foams, and rigid foams. Such polyols are typically
liquids at ambient temperatures and pressures and include polyether polyols and
polyester polyols having hydroxyl numbers in the range of from about 15 to about
20 700. The hydroxyl numbers are preferably between about 20 to about 60 for flexible
foams, between about 100 to about 300 for semi-flexible foams and between about
250 to about 700 for rigid foams.

For flexible foams the preferred functionality, i.e., the average number of

hydroxyl groups per molecule of polyol, of the polyols is about 2 to about 4 and most
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Exanples 20 to 28 (Table 4) Significant inprovement of the HACS of TDI
nol ded foams was obtained using the subj ect specific reactive tertiary

am ne andwigestgeadsy am ne mi xtures and their hydroxy- and Wﬂuﬁﬁﬂ)‘i’%w iC
acid salts. 20 26 WO (12/(1(1;3 1 NNHO~M<Or ct e- I I i~

Orrr~00(f|Nr~tTO~f|r-||~~|~mOOOVr’\CVfrOr~'CO
OO(ht ~Or tJ s-O~~~~MirCO~rOOOc0I~Nr~N,OI~Or-
~w Oi ~i M~.~r |~ N | 00¢- ~~i i ~
yijoiir ﬁréfe&‘blyé ‘6““3%0'88“9} 2 FOW “%'d&)f)&n&th@ prefprrey ﬁme’@r@hrw s gbopb c1
OO~1~Os- ~ ~ ~ ~r COeVr OOMr ~Yas Q(OOr
~r ~~~i ~2FOabomSGB@nmSY\PIﬂfWIY:a@W)Z‘@@Wﬁtt7 N~Or-V r ~~ii ~
.M~rOO(NO(gyp~rJerOOI~Nrd.zOOLO~~to~~r ~~~~~ -
0 N~ r r T 00 t~Ofthe polyapi@syti@nrines such as; e-g. piperazine, ;5- ﬁi@'étlﬁiﬁpnperazme C r
NOi- Cfr~~|iMlmOOOOONtM~chrNrd'rOrOr~r~f|~
i i ~ m 000 amfdophedyl)ethér, 1,3-phenynbliiammeand hexamdhMefediamind are I X fn 2
z c"70 ~y —%UUUUILJJUY)&O C%JW%~~Ode ,,~-%{ENCJ~V\/Q>>>~.V
~.V O X~ ~50~I§ ANV OO0 OC~ ~ ~~UUlUlL-Qlw-mo ~ u~ -~ v <D QOTfI)

.Ua L O.C(n OOV CL~XN(4 NOd PCT/US(12/0273fi 27

Polyfunctional organic compounds which can be used in the process of the
present invention, alone or in admixture as copolymers, can be any of the following
non-limiting classes:

a) polyether polyols derived from the reaction of polyhydroxyalkanes with one or

10 more alkylene oxides, e.g., ethylene oxide, propylene oxide, etc.:

b) polyether polyols derived from the reaction of high-functionality alcohols,
sugar alcohols, saccharides and/or high functionality amines, if desired in
admixture with low-functionality alcohols and/or amines with alkylene oxides,
e.g., ethylene oxide, propylene oxide, etc.;

15 ¢) polyether polyols derived from the reaction of phosphorus and

polyphosporus acids with alkylene oxides, e.g., ethylene oxide, propylene

oxide, etc.;

d) polyether polyols derived from the reaction of polyaromatic alcohols with
alkylene oxides, e.g.. ethylene oxide, propylene oxide, etc.;

20 e) polyether polyols derived from the reaction of ammonia and/or an amine with
alkylene oxides, e.g., ethylene oxide, propylene oxide, etc.;

1) polyester polyols derived from the reaction of a polyfunctional initiator, e.g., a
diol, with a hydroxycarboxylic acid or lactone thereof, e.g., hydroxylcaproic

acid or e-carprolactone;
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diamine, e.g., hydrazine, ethylenediamine, etc. directly in a polyether polyol;
h) polyurea polyols derived from the reaction of a diisocyanate and a

diamine, e.g., hydrazine, ethylenediamine, etc. directly in a polyether polyol.

For flexible foams, preferred types of alkylene oxide adducts of
polyhydroxyalkanes are the ethylene oxide and propylene oxide adducts of aliphatic -
triols such as glycerol, trimethylol propane, etc. For rigid foams, the preferred class
of alkylene oxide adducts are the ethylene oxide and propylene oxide adducts of
ammonia, toluene diamine, sucrose, and phenol-formaldehyde-amine resins (Mannich
bases).

Grafted or polymer polyols are used extensively in the production of flexible
foams and are, along with standard polyols, one of the preferred class of polyols
useful in the process of this invention. Polymer polyols are polyols that contain a
stable dispersion of a polymer, for example in the polyols a) to €) above and more
preferably the polyols of type a). Other polymer polyols useful in the process of this
invention are polyurea polyols and polyoxamate polyols.

The polyisocyanates that are useful in the polyurethane foam formation
process of this invention are organic compouncis that contain at least two isocyanate
groups and generally will be any of the known aromatic or aliphatic polyisocyanates.
Suitable organic polyisocyanates include, for example, the hydrocarbon diisocyanates,
(e.g. the alkylenediisocyanates and the arylene diisocyanates), such as methylene
diphenyl diisocyanate (MDI) and 2,4- and 2,6-toluene diisocyanate (TDI), as well as
known triisocyanates and polymethylene poly(phenylene isocyanates) also known as

polymeric or crude MDI. For flexible and semi-flexible foams, the preferred
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polymeric MDI, preferably in the proportion by weight of about 80% TDI and about
5  20% of crude polymeric MDI to about 50% TDI and about 50% crude polymeric
MDI,; and all polyisocyanates of the MDI type. For rigid foams, the preferred
isocyanates are, e.g., polyisocyanates of the MDI type and preferably crude polymeric
MDLI.
The amount of polyisocyanate included in the foam formulations used relative

10 to the amount of other materials in the formulations is described in terms of
"Isocyanate Index". "Isocyanate Index" means the actual amount of polyisocyanate
used divided by the theoretically required stoichiometric amount of polyisocyanate
required to react with all the active hydrogen in the reaction mixture multiplied by one
hundred (100) {see Oertel, Polyurethane Handbook, Hanser Publishers, New York,

15 NY. (1985)]. The Isocyanate Indices in the reaction mixtures used in the process of
this invention generally are between 60 and 140. More usually, the Isocyanate Index
is: for flexible TDI foams, typically between 85 and 120; for molded TDI foams,
normally between 90 and 105; for molded MDI foams, most often between 70 and 90;
and for rigid MDI foams, generally between 90 and 130. Some examples of

20  polyisocyanurate rigid foams are produced at indices as high as 250-400.

Water often is used as a reactive blowing agent in both flexible and rigid foams.
In the production of flexible slabstock foams, water generally can be used in
concentrations of, e.g., between 2 to 6.5 parts per hundred parts of polyol (phpp), and

more often between 3.5 to 5.5 phpp. Water levels for TDI molded foams normally
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eacting a Oca aor{ &ioxide and dichloromethane (methylene chloride). Other blowing agents may

also be used such as, e.g., the chlorofluorocarbon (CFC) trichloromonofluoromethane
15 (CFC-11).

Flexible molded foams typically do not use an inert, auxiliary blowing agent,
and in any event incorporate less auxiliary blowing agents than slabstock foams.
However, there is a great interest in the use of carbon dioxide in some molded
technology. MDI molded foams in Asia and in some developing countries use

20  methylene chloride, CFC-11 and other blowing agents. The quantity of blowing agent
varies according to the desired foam density and foam hardness as recognized by
those skilled in the art. When used, the amount of hydrocarbon-type blowing agent
varies from, e.g., a trace amount up to about 50 parts per hundred parts of polyol

(phpp) and CO» varies from, e.g., about 1 to about 10%.
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2 polyisocyanate with a pol yfunctional isocyanate-reactive conpound in the
presence of 3 a catalytically effective anount of a catal yst system
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the group consisting of salicylic acid, 5 benzilic acid, hydroxybenzoic
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acid, tartaric aci 2-.hydr oxynet hyl propi oni ¢ acid, hydroxybutyric acid, 31
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aci d, dichloropropionic acid, dibronmopropionic 9 acid, chloracetic acid,
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2
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selected fromthe 2,gro consi sfing .of reactive hlow ng agents, physical
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the reactive blow ng agent is water. | 11. The process of claim9 wherein
the physical Bremplsgohereptlinkersqetluda dpcepingy dpthandanyinsutpictwnelaminenapdof
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bi s(di net hy| aptodogrdoytapmized-ba-thssepkitied in the art. Silicone surfactants can be used as

)

15 such or dissolved in solvents such as glycols. For flexible slabstock foams the
reaction mixture usually contains from about 0.1 to about 6 phpp of silicone
surfactant, and more often from about 0.7 to about 2.5 phpp. For flexible molded
foam the reaction mixture usually contains about 0.1 to about 5 phpp of silicone
surfactant, and more often about 0.5 to about 2.5 phpp. For rigid foams the reaction

20  mixture usually contains aboult 0.1 to about 5 phpp of silicone surfactant, and more
often from about 0.5 to about 3.5 phpp. The amount used is adjusted to achieve the
required foam cell structure and foam stabilization.

Temperatures useful for the production of polyurethanes vary depending on

the type of foam and specific process used for production as well understood by those
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bi s(am no@tgwdasedsper and mi xtures thereof; and 10 (b) at | gasSHsR@RSI3s
carboxylic acid salt of the specific reactive tertiary am ne 11 conpound

selected fromthe group consisting of hydroxy-carboxylic acid salts and 12
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bi s(am noet hylibeephesyonaa whish the dean hisgsaofl curen s Bs¢biallpnt hmbisht temperature,
carboxylic acid having the following formula: s (x)ri R (COOH) m 33 WO
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and n ar esi NRgRes iakciand BRARAEDE fehr NPk Aollich (YhHRuefly &k phédtiby L
with the proviso that no single carbon atomof R has nore t%an t wo X

substi tuent syl il tﬂ??ea@fﬁh%‘zhrt f%ng%?%wfeg’ﬁmgn Ght %J@aw%go%% gﬁ)‘fd;fgpil ¢ acid,

carboxylic acid 1s selecte € group consisting S

benzilic acid, hydroxybenzojc L di h benzoi.c acid, )

tri hydr oxybedsdF §9‘8‘& ?ﬁ}”eﬁ? Ao 2D (géﬁ"g?boef }c{gtfchﬁ}ﬁ 1gixeq SAERg patgrigls jage fed

di met hyl propi.onic acid, nmalic acid, |lactic acid, tartaric acid, 2 5

hydr oxymet hy|1?}Pém1§'Hitbpl%iy(j?y P HSX ibampld prefespbly isheataddpadpnperatiraici d, 6
br onopr opi oni ¢ aci d, dichl oropropionic acid, dibronopropionic acid,

br onobut yri ¢ betveeeh@bosr2630iasd labowtr708C aanid dnpord iofibh betwyehie alydia detG andagbomt
bronmomal oni ¢ acid, s di bronosuccinic acid, 3-chloro-2-hydroxypropionic

aci d, di abl or6phit Batayed sigiddoad sedting wam}igk eredaixdd ahll yohpheRZaIerRCi d,
chl or obenzoi ¢ acid, bronmpbenzoic acid, | o difluorobenzoic acid,

di chl or obenz giepagiutb. MbRIEATRRERAR s‘farﬁﬁé-c g}ategiiaﬂragggﬁ%di:aﬁﬁltélﬁgejlrél'tufaqfihgpe 19

2-bronocapryi c ‘aci d, 2-bronmphexadecanoit acid, l'oro ne
B R AL A o e RO B T LSRR . 7 ifRied regpent e e mougtionaf oL &
2. AsAy. A Le'ﬂg\)lflllbléa\ slflibsﬁ)%l(%mhé\n%élé\gc{ fo'g\rlﬁ‘g,' é?\l\derig'?\g foAa?an' iﬁ\%gcgo? z:mcg w?th>th<? ot
present invention is the "one-shot" process where the starting materials are mixed and
15 reacted in one step.
The basic procedure used to mix the reactants and prepare laboratory foam
pads for evaluation of foam properties was as follows:
1. The formulation ingredients are weighed in preparation for sequential addition
to an appropriate mixing container (cardboard cup).
20 2. A premix of water, catalysts, and diethanolamine (DEOA) was prepared in an
appropriate container.
3. A polyol, a cell opener (for MDI formulations), the premix, and a silicone
surfactant are mixed thoroughly in the cardboard cup using a drill press at

2000 rpm.
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5 the same pad used for the FTC measurement three

minutes after demold. Following the FTC
measurement, the foam pad is completely crushed by a
mechanical crusher before the measurement of ILD at
50% compression is taken.
10
HACS Compression Set (75% compression at 70°C for 22h,
ISO/DIS 1856) after Humid aging (5 h at 120°C 100%

RH ) ISO 2440

15 The terms and abbreviations used in the specification including the following

examples have the following meaning:

Term or Abbreviation Meaning
Polyol OH 28 Reactive triol with 28 OH No.
Polyol OH 32 Highly reactive triol with 32 OH No.
20  Polyol OH 18.5 Highly reactive grafted triol with 18.5 OH No.
TDI 80/20 A mixture of 80 wt. % of 2,4-tolylene diisocyanate and

20 wt. % 2,6-tolylene diisocyanate
MDI Methylene diphenyl diisocyanate and blends thereof

DEOA Diethanolamine
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.10% u&' () -i k5l 5nmbn5} 555, 6bC 10 %R (.- . .

|~ 10%@& () - F%EOW@; () - LLOY@& ()%%t%ﬁ‘ﬂ’éprf&'S‘R’?pa“‘)lamme

s10% u& () -, 6666&7s77dEbC 10g109%@E. (,) - SLOY%E () - 910%@& ()- 10%&&' () -
109%@&' () - 10%3& () - 78d888N99dEDLC %@@k&@ IH(Y)ORQP@?)%W@' ()-

MLOY@E' () - 10%@& () - 10%@& () - MLO%E&' ()-999G : : 8; dEbC 10gLOY10%E& ()- .z
109@% () - +10%@& ()- ) 10%@& () -' Fisidmegthylemimpgpypm@io-2-prepapne <y <z <d YNC
10g 10@ 10@ 10@ s10%@& ()-8410%@& ()- 6T 109G ()-410%@ ()-y210%@& () -

: C4 Bis(dimethylamino)-2-propanol

5 C5 N,N,N'-trimethyl-N'-hydroxyethyl-bis(aminoethyl)ether

C6 N,N-dimethylaminoethyl-N'-methylaminoethanol
C7 Dimethylaminoethoxyethanol
C8 Dimethylaminopropylamine
g grams

10 mg milligrams
S seconds
min minute
kg kilograms
cm centimeter

15 % percent by weight
phpp parts per hundred parts by weight of polyol

C degree Celsius

N Newton
ILD Indention Load Deflection

20 FTC Force-to-crush (crushing force)

While the scope of the present invention is defined by the appended claims,
the following examples illustrate certain aspects of the invention and, more

particularly, describe methods for evaluation. The examples are presented for
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10% uf&') ()- 10% u& ()- 10% u& ()- \/\M/I\%%&%&@%ﬁé%%nfﬁ ORSIDYS REPSEYL. &3z
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1093. 10% ué& ()-;&ig%'u&' ()-8 10% u& ()-& 10% u& ()- %! 10% u& () - y#10% u& () -
XQQANRRRRRJE: / 10-u 10-u ;10% u&' ()-&8 L . _ .
?0% u& () - 86ML0% & () - 84Z10% u& () - 8210% u& () - 0"10% u& () - RRRRS| SSSY: /
10-u , 10%¢& () - &10%& () -~ 109%& ()- |&10%& ()- F'" 10%& ()-L10%& (()) -
10- uS; TKTTToUEKREples| bto,ld eblsd) () - RMLO%&: () - 109H& () - 10%& () - LL@ALOY%&: () -
5 Table 2 shows significant improvement of HACS, of MDI molded foams, was
obtained due to the addition of hydroxy- and/or halo-carboxylic acids reaction product

of subject tertiary amine in MDI molded foams.

Examples 14 to 19 (Table 3) comparative example

10 No improvement or significant improvement of the HACS of MDI molded
foams was observed using the following reactive tertiary amines and their salts:
N,N-dirnethylaminoethyl-N'-methylaminoethanol,
dimethylaminoethoxyethanol,
dimethylaminopropylamine.

15
Examples 20 to 28 (Table 4)
Significant improvement of the HACS of TDI molded foams was obtained using the
subject specific reactive tertiary amine and tertiary amine mixtures and their
hydroxy- and halo—cmﬁoxylic acid salts.

20
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19
100
1
4
1
0.25
1
80
60
130
125
426
39.2

18
100
1
4
1
1
80
37
391
169
421
55.9

17
100
1
4
1
15

16

100

1

4

1

1

1

80 80
51 45
579 320
171 157
42.8 42.9
67.7 67.7

15
100
1
4
1
1
80
35
141
135
424
70.4

Formulation, phpp
2.1

14
100
1
4
1
1
80
37
544
154
42.3

1.2
71.3

Table 3
Examples
Polyether polyol (OH 28)
Cell Opener
Water (total)
DEOA(98%)
Catalyst C6
Catalyst C7
Catalyst C8
propionic acid
MDi(index)
Exit time, s
FTC, N
hotILD, N
Density, kg/m3
HACS, 75%

Niax® Silicone L-3011

2-Chioro
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mLO%&' ()-y+10%&' ()- )S109%& ()-' 109%& ()- % 109%& ()-y#S 10%& ()- Wadef dE: /
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L& 109& ()s- Gcloigﬁp%gl{y Ylﬁg‘t}{e)prgence of a blowing agent(s) and optlonal additives known to

4 those skilled in the art, and a catalytically effective amount of a catalyst system
5  comprising:
6 (a) a specific reactive tertiary amine compound selected from the group
7 consisting of bis(dimethylaminopropyl)amino-2-propanol,
8  bis(dimethylaminopropyl)amine, dimethylaminopropyldipropanolamine,
9  bis(dimethylamino)-2-propanol, N,N,N'-trimethyl-N'-hydroxyethyl-
10 bis(aminoethyl)ether and mixtures thereof; and
11 (b) at least one carboxylic acid salt of the specific reactive tertiary amine
12 compound selected from the group consisting of hydroxy-carboxylic acid salts and

13 halo-carboxylic acid salts.

1 2. The process of claim 1 wherein the specific reactive tertiary amine is

2 bis(dimethylaminopropyl)amino-2-propanol.

1 3. The process of claim 1 wherein the specific reactive tertiary amine is

o

bis(dimethylaminopropyl)amine.

1 4. The process of claim 1 wherein the specific reactive tertiary amine is

2 dimethylaminopropyldipropanolamine.
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1 8. The process of claim 7 wherein the step of reacting an organic

2 polyisocyanate with a polyfunctional isocyanate-reactive compound in the presence of
3 acatalytically effective amount of a catalyst system comprises a catalyst system

4 wherein the carboxylic acid is selected from the group consisting of salicylic acid,

5  benzilic acid, hydroxybenzoic acid, dihydroxybenzoic acid, trihydroxybenzoic acid,

6  gluconic acid, citric acid, glycolic acid, dimethylolpropionic acid, malic acid, lactic

7 acid, tartaric acid, 2-hydroxymethylpropionic acid, hydroxybutyric acid,
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15 propionic acid and mixtures thereof.

1 9. The process of claim 1 wherein the blowing agent is selected from the

2 group consisting of reactive blowing agents, physical blowing agents and mixtures

3 thereof,

1 10. The process of claim 9 wherein the reactive blowing agent is water.

1 11. The process of claim 9 wherein the physical blowing agent 1s selected

88}

from the group consisting of volatile hydrocarbons, halogenated hydrocarbons,

3 hydrofluorocarbons, chlorofluorocarbons, non-reacting gases and mixtures thereof.

1 12. The process of claim 1 wherein the optional additive is selected from the

2 group consisting of catalysts, cross-linkers, surfactants and mixtures thereof.

1 13. The process of claim 12 wherein the optional catalyst is selected from the

2 group consisting of tertiary amines, organotin compounds, carboxylate urethane

3 catalysts and mixtures thereof,
32



& ()- 49%0%& & ()- F" 10% & & ()- @0% & & ()- L10% & & ()-10 10 vO|[: ALO
M10%& & ()- M10% %& ()- M10%-& ()- MI10%B'-& ()- M10%S$-& ()-
V' 10% & &'Wo 02deSROR| ZL>01 10 10 10! | 6109& () - 610% & & ()"/Cf/%&(‘gz% ()-&
,10% & & ()- *10%& & ()-R pb| [:L>01 10 @0% ! 9

10%1:& ()- F10%!:& ()- 3"s10%!:& ()- 10%! &'() Q[:L>01 10
sInT10%: & ()-@ 10%!: & ()- 10%!:&'()- G'10%1:& ()-M G 10% : & ()-M

| "10% !: & ()- VX [:L>01 10 sO 10%!: & ége Msoﬁé}igz{@ & (3r M |yvu41 .
F."10%! : & 314. 186 ro&es(;bfclaml@%ﬂereﬁnl cat %}

A9 "10%&-&'(%) B F"sl%%&-&'() 910%&-&'()-2% it s dictae “%!?% L& ()-
41710%1: & ()- g#vt|[ vUAL 1 L10% & & ()- 310%& & ()-3 110%& & ()-F

2 10% &Y & ()- a 10%n$m & ()- da’' 10%g# & ()-6{[[: VUl 1 /110%& & (g-

* - & " 10% 10% & & () -
pi'?ég‘ﬁfoﬁuai 1Y bl e e bheltidd e v ipin e wsbian f ()
"10% & & () - F110% & & 11 PAO%B& ()-f @0%& ()-f

Sy! 1008& (E-OrE4Me RYjyEseCcYd atefanﬁ@o)aog'f(“)@lonﬁl'liwoas@ltejreaqu: porppemdiin the
F(M'10% & ()-z $10% & ()- !'"110% & ()- vy 10%& ()-My 109B& ()-M

@@AL0YB & Presereecefa blavang agenvamt qpfionalivl 0olesstOne additisd, GMa&ata)yst . S10% & () -
.S10% & ()- F(nt'10%!& ()-z0BobA410" 3 "10%-&& ()-3 | 10%-&& ()- |

|" 10%-&&' (systemlconfffrsigy: () - 9! 10%&&';)-510" 10" B6d| [ : A410" 1 10%-&& () -Y
C11098& ()-Y 1 10%-&& ()-Y 1109% & ()-Y  "110%&& ()-Y

° ific &8 O-Y
o ()Y <dtheds () feb‘;‘%%f‘& pgin PO Sclep il fom IEERE. LG g

"6 (e Ty c' " di 63] c" " Headi
BT T T e

2WW olLx P9%a h#T" ;
Font M g?gtgé@%‘%l | el tOz|l2:f 28X§ﬁ$ Eﬁ(y(; m?lnozopii%rffam;;m
Z\"dhln E - BUf QA8z1 ax/ > S
I " #$%%L () 3 yS{ }mggpww ﬁﬁrmmedmﬁ{lfhy_érom@ﬂw'h Root
Ent r yWor dDocurrent >t I"#$UR' ()*+,-./0123456789:

<=>7 @BCDBBGMINREHNOPGRSTIAMIKIEE fhereofmadef ghi j ki mopgr st uvwxyz{ |}~

10 (b) at least one carboxylic acid salt of the specific reactive tertiary amine

11 compound selected from the group consisting of hydroxy-carboxylic acid salts and

12 halo-carboxylic acid salts.

1 16. The polyurethane foam of claim 15 wherein the catalyst system comprises

o

the equilibrium reaction product of (a) a specific reactive tertiary amine compound
3 selected from the group consisting of bis(dimethylaminopropyl)amino-2-propanol,
4  bis(dimethylaminopropyl)amine, dimethylaminopropyldipropanolamine,

5  bis(dimethylamino)-2-propanol, N,N,N'-trimethyl-N'"-hydroxyethyl-

6  bis(aminoethyl)ether and mixtures thereof; and

~3

(b) at least one carboxylic acid having the following formula:

8 (X)y—R—(COOH),,
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9  wherein R is at a least divalent hydrocarbon moiety, X is independently chlorine,
10 bromine, fluorine or hydroxyl, m and n are integers each independently having a
11 value of at least 1, with the proviso that no single carbon atom of R has more than two
* 12 X substituents.
1 17. The polyurethane foam of claim 16 wherein the carboxylic acid is selected
2 from the group consisting of salicylic acid, benzilic acid, hydroxybenzoic acid,
3 dihydroxybenzoic acid, trihydroxybenzoic acid, gluconic acid, citric acid, glycolic
4 acid, dimethylpropionic acid, malic acid, lactic acid, tartaric acid, 2-
5 hydroxymethylpropionic acid, hydroxybutyric acid, chloropropionic acid,
6  bromopropionic acid, dichloropropionic acid, dibromopropionic acid, bromobutyric
7 acid, bromoisobutyric acid, dichlorophenylacetic acid, bromomalonic acid,
8  dibromosuccinic acid, 3-chloro-2-hydroxypropionic acid, dichlorophthalic acid,
9  chloromaleic acid, fluorobenzoic acid, chlorobenzoic acid, bromobenzoic acid,
10 difluorobenzoic acid, dichlorobenzoic acid, dibromobenzoic acid, dibromosalicylic
11 acid, 2-bromocapryic acid, 2-bromohexadecanoic acid, 2,2-dichloro-1-methyl
12 propionic acid and mixtures thereof.
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