-, e3eur Tj VH6~TPa} 14 JUN 200Z *166166* Reactive Anmine Catal ysts for WUgeJUNy0
Pol yurethane Pol ymers This application clains priority fromisS.

. Provisional Application Serial No. 601014,843) filed April 4) 1996.
Background of the Invention Certain am ne catal ysts are known in the

pol yur et hane i ndustry such as propaaam de, N, N di net Hﬂmﬁn hyl am no]
(DDPA. Structure 1 ), which is the sinplest of a sermmwnmtn ysts,
havi ng no reactive functional groups, fer—the formati onl_g&mpol yur et hane
described in U S. Patcat No. 4,011,223. 10 CH3 ( ~CH3 ~H3. CH3 (1) A

sim lar non-react kygeapeludfid DeacklySes RE0sd B PAIRTHb0E D yRRLY U ot hane

catal yst is propa

3-[bis-(3-[dincthyl am no] propyl))am no-N, N-di net hyl as described is U S)
Pat ent No. 4,049,S91. Additionally, a nunber of hydroxyl, and

pri mary/scondsry ami ne containing tertiary IS am ne pol yurethane catal ysts

are descri bed & -artigle "B S _Af Y] hig. D | i Vi nyl
That tes Been TErag A fas grBthdin B rodsihal Mgl Gy B gl ™
Aust i n) Pﬂe\éure{lgagbg)sw)rld Congress 1987. Sept 29-Cct, 2, pp 693-@07, |987.
However af®edtP Y ie¥Ocat al ysts have deficiencies in either activity, with
t he hydroxy substit te(} cases, or with volatility, such as in the

unsubst i tﬁf'é‘&sreag‘é!' the Ipyenfign 2002 2 U.S. Patent No. 4,384 950 describes
the use of a sybstituted formof DDPA as a denulsifier for breaking

o0i | -i n-wat er efF&R gRINecABlySE 4re kngwg hihe privirettapeipdusiry sppas prprauamide, NN-
however) does not describe the use of this conpound as a catal yst for

ur et hanc dimethyhd-{dipngthylamino] (DDPA. Structure 1), which (s the simplcst of a series of catalysts,

having no reactive functional groups, for the formation of polyurethane described in U.S. Patent

No. 4,011,223,

) CH*‘\NJ?\/\N/"“3

l
| CH
10 _ LH"‘ o

A similar non-reactive analog that has been found useful as a ptélyurcthane catalyst is
propanezmide, 3-[bis-(3-[dimcthylamino]propyl)]amino-N,N-dimethyl as described in U.S. Patent
No. 4,049,591.
Additionally. a number of hydroxyl, and primary/sccondary amine cottaining tertiary

Is  amiae polyurethane catalysts are described in the article “Factors Affecting the Discoloration of
Vinyl That Has Been Molded Apainst Urethane Foam,” R. L. Zimmerman and T. L. Austin,
Polyurethane World Congress 1987, Scpt. 29-Oct, 2, pp. 693-697, 1987. However, all of thesc
catalysts have deficiencics in either activity, with the hydroxy substituted cnscs; or with volatility,

such as in thc unsubstituted case,

AR
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-reaction used in the preparation of the substituted conpound involvesl4 J

addi ti on/ condensation of 5 nethacrylic or acrylic acid with UN 2002
di met hyl am nopr opyl ar ni ne. Met hods of nmanufacture of said conpound are
‘disclosed in U 'S Patent Nos. 4:236,665-and 4, 259, 259. Sunmary vi the

I nvention The present invention provides am nel am de catal ysts for use in
catalyzing the formati on of pol yurethan The am ncl am de catal ysts have

| ow volatility in the resulting polyur e (i.c., o low fogging) and
reactivity at |east as good as the npbst reactive conponent in the system
(see Pricster) R D. Jr., RD. Pefley and R B. Turner) "H gh Resiliency

Pol yurea Foam g I 0 i bl.e Foam Mat ri X). na. o L 1ul lastics,
30(2) 1994, ppg'sfﬁ'f‘“%' E‘ﬁ%@%&?ﬁ%ﬂﬁw ° é?‘&‘iﬂ“‘fﬁ@%’é‘?%’i%ﬁg’é}‘?" These
conpounds, are fertiary,. am.nel am des_that have simlar base structures to
DDPA) butd%ﬁ%évrfm b*navﬂfﬁéﬂgﬁ'%wasﬁwbw-wéghw TeCRVET: Hawe pritroRaey
matrix iX. 5 Unexpectedly, these highly reactive conpounds have a catalytic
activity heweyer, decs\yet Jesembssthe use afthis campaund axveatilyst &rypreibeng isystéms. (e

catal yst DDPA. The structure of the tertiary am ne/aalides of the present
i nvent i orreaction used-ih The-prépdpition Rf theSubstifited-@mipota invgl¥ds addition/Conidetsatiomof
(CH)"N(R )KT and T is a divalent cyclic group, by which is neant a group
whi ch si s méthaorylizchr atrylioidid with dinsstitidarhinoprbpylamihe.oMethod of ntantfastureyofisiid i s a
nonoval ent al kyl, group or 14 JUN 2002 3 am noal kyl or al kyl am noal kyl

group, Kk coofpotiid are didClobéd it U.5. Patdot Nas.ra256\685 and 495ppsp.and 0 if T is a
divalent group; R= = Hor C=l12~.~; each occurrence of R~ = CsH =.,: R =

H R} = Ky hms of the Inventign 6 and each occurrence of z = 1 to 4. "n" is
preferably 2 (Q)EB angnzni snpref erably t. T when nonoval ent may be an al kyl

group of one t : | ] eoa
(e e “am no. e ftbeat RSN defirB ol BF wlFRh Syl B e Ford
atkylam nq-G -C.,- alkyl).. T when djvalent, may, he al kyl m ne supat it ut ai
o kol PP e e ieR SRS hithpE Ratieds (¥ rev R PR EPBRAS A o
shown in structure (Z) tQ which 1' is atftached a cyclic structure which
i ncor Jor PR IOIENE Jureactivity it kepstiag 8rof asithe mpy geagtve Fomponent inBe pysteTHisEH at om
shown is structure (2) and optionally a second nitrogen atomor an oxygen
atom i n tBnester. RgP. &. .,D-Peﬁm;ﬂw&-ﬂ%wr,bﬁwrmﬂnw eackoam cAn fmpreyesr es
may include C- to C al kyl substitutions on the ring.

Flexible Foam Matrix, Jourpal of Cellular Plastics. 30(2) 1994, pp. 147, which is incorporated

herein by reference). These compounds are tertiary amine/amides that have similar base

structures to DDPA, but contain secondary amine groups for reacting into the polymer matrix.

5  Unexpectedly, these highly reactive compounds have 3 catalytic activity which is very close to
that of the completely unsubstituted catalyst DDPA.

The structure of the tertiary amine/amides of the present invention is:

- A
Q"N (CH2)n
N N~ N\(R3)k

o B e
) )

Qis C,Hayzsy, Or (CH:)..N(RJ)[T and T is a divalent cyclic group, by which is meant a grou

which is attached at both its ends to the nitrogen to form a cyclic group, ox
is a ronovalent alkyl,



Anot her aspect of the present invcotion is nethods of farmng ponureﬁQaqumz
by cbtnbini>"g the polyol and polyisocyanatc reactants in the presence 0
an effective anount of one or nore than one conmpound of fortnu(a (Z) to
catal yze the reaction of said reactants. 15 Detail ed Description of the
I nvention A preferred subset of the am ndam des of the present invention

is: ._ _y ~-r RAN ~~CH2)n~R3)k ~2 R5 ~4, (2A) i0 or nore particularly 14
JUN 7002 4 RB R~ (CH-)~N ~N N~ ~R3 - R2HS ~4 (213 ) wherein R~ _
(R)INNdii)~or CH,~~ R, R, R, R) T, k, nand z are as about. "a"

is preferably 2 or 3 aad z is prefern6ly 1. Each R may be the same or
di fferent, amolikyl stalkdylerithssikyd grotpa0d 05r | BetmpSIAE Tii 2 Mofdvalet groap srd € TAE a

structures for 2A aad 2B is those in which R~ is C-Hu.,. Preferred specific
conpounds g 3R =N o R, Clhchocburrénee bFR (=S 11BN RY <GSR g.di iy, o\
~CFls F13 H Iicn~ , (4) An exa'HpI e oofc %@hea cycltl‘gz'?erm' nated Struct~ues

| N O e rd 7 2 NGRSO {0 PR a =
catalysts fofio arleeananra}Q ge L& i(:)lg]yltgrggupd;fr o%g Eo foﬁra(é;,. 91% wcucich m}y f’avg lgrl}lc ozronqgre amioes
5 thereon (e.g., amino-C,-Cs~ alkyl) or therein (e.g., mono- or di-C;-C.- alkylamino-C;-C.- alky!).
T when divalent may be alkyl, amine substituted alkyl, alkylaminoalkyl, or alkoxyalkyl which
forms with the nitrogen atom shown in structure (2) to which T is attached a cyclic structure
which incorporates up to 6 carbon atorns ia the ring as well as the nitrogen atom shown ia
structurc (2) and optionally a sccond nitrogen atom or an oxygen atom in the ring, e.g.,
10 morpholino, piperazino. Said cyclic structurcs may include C; to C, alkyl substitutions on the
ring.

Another aspect of the present inveation is methods of forming polyurethane by combining
the polyo! and polyisocyanatc reactants in the presence of an effective amount of one or more
than onc compound of fc;rmula (2) to catalyze the reaction of said reactants.

15

Detailed Description of the Invention

A preferred subsct of the aminc/amides of the present invention is:

Al o
Y N '\(Fﬁ)k
Lo A5 ke

(2A)

20  or more particularly



5 di met hyl ari nopr opyl ami ne (DVAPA} or other similar anmines) with met A JUN 200
acrylate (MA), dinethyl acrylam de (DMAA) or simlar unsatvnted material s.
The products of these reactions arc substaatially the arni nopropi onam des
‘of the present invention coatainiag | esser anpbuats of unreactcd raw
material s and other adducts such as: O ~O-N-N ~ ) O~~N~N~1 | 0 WN~N~N ~
I NHI OI13-N-N(7) Methods of manufacture of conpounds of Structure 4
are spccificall'y disclosed in U S. Pst 1o Nos. 4, 256,665 and 4, 259, 259)
whi ch are . incorporated herein by reference. These am nehm de catal ysts are
used for the catalysis of the reaction to form pol yurel baae, i.e.” catal yze
t he i socyanatdwat cr and/ or isocyanatel al cohol reactions. Said pol yurethanes
may be rigid) flexible slabstock, cgater slabstock) noRded nicrocellul ar

el astoner or other types of.foans fas are kno 45_’@5% nrl. The

am neJarni des of the pr esen@\'ﬁ? l n 2 UN 2002 6 used in am ne

t

pre-blends, i.e., mxtures W ot hef am cat al yst SR3surfactants, or

ot her additives or_pol yurethang conpggent £s are known in the art. Toam
fornul ations with which the coffounds of the present i nygpj i on can be used
as catalysts usually conprise (a) a polye(her polyol contal ning an average

of more { hagniieh {OAATEXICADIEALRS, PR, IPDRERUIE i 4 By A U 0L Crav i

pol yi socyanat e; ) at oné ca 'yst™'for' productTon of pol yuret hane

copol yrer s Eaiat £or Fadt et  EBR TR WIBY st ooy RERY B one.

pvl yol s have,as aver,age nunbetr of . hydroxyl_groups_ per, nolecul e of at .toast
stightiy abfil¥e of At % °éaf°|l§ﬁ &'F%"%@ﬂ@.zé‘?f &ﬁ&f‘éf?’?ﬁ M@%p‘éf%? ingrhish g
have an equi val ent wei ght of about I o 400 to 1500 or even 400 to 3000

gr ans/ cqui V& I8 GeHand P creadispeeifiecampayadsestit ent of | ess than 20% Usef ul
polyols include but are not limted to polyether polyols such as al kyl eae
oxi de adducts of pol yhydnxyal kapes, al kyl enc oxi de adducts of non-reducing
sugars and sugar derivatéﬁes, kyl ene oxi de addqg&s of pol ypheaol s, end

al kyl ene oxi de adducts o ﬁBN ' yam ncs. The el kyl ene
oxi des are preferably bagHgron et hyl ene oxi de or™~@Hppyl ene 15 oxi de. The
organi ¢ pol yi socysnates contain at |edkt two i socyanatc géﬁups, e.g.,

t ol uene diisocyanates (TDI)) and the index of the foamis typically COto
130. The M@%ﬁr generally conprises on the order of 1 to 12 pltp (parts by
wei ght per ndred pans of polyol)~ ZO O her additives nay be added to the
pol yuret hane foamto inpart specific properties to the foan) including) but
not limted to, coloring ascots, flaufk retardants) and GEQLI TEO Modi fi er

foam addi tives (avail e frorn Qugandg{ Silicones G oup ofxzWtco
Corporation) 14 JUN é plx N/\/\E’ 3
|
15 H H H,
4

An example of such a cyclic terminated structures is:

| £ N (CH).N  NCH
3

CHaN N(CHg)n\N o 2N
Lz RS 4 |

These compounds may be manufactured as known in the art for the manufacture of

20)

amine/amide. Generally, the catalysts are prepared from the dircct reaction of



- Greenwich, t'rT). The inert gas is one which is soluble in the foa

formul ation at el evated ptessures, but will cone out of solution (|1@JUN2W2
- blow) at atnospheric pressure. An exenplary such gas is CO, but nitroben,
air or other common gnscs, including hydrocarbon gases, such as net hane and
et hane may al so be used. The inert gas may al so conprise a volatile organic
conpound such as n pentane isoner or a hydrochl orocarbon that boils above
anbi ent tenperature but has a suf Fci entiy hi gh vapor pressure at atirbient
tenperature that its vapor represents a substanti al conponent of the gas in

of hel pi A ﬁr*@*%%ﬁﬁ%@%@%é%ﬁ@ﬁm@ﬁaﬁﬁeﬁaﬁéﬁf tvi el “ °

effective, to, st abi I| tg“x,(f t hane foam i mount. which is
gener al | ylimgbytecy! HB‘ qes )°"|5’§F’ H’E“B'P‘f%“ﬁ%i‘ﬁl uctsof these factions
preferably 0.2 to . percent. ~'he foamis manufactured by m xing the

i ngr edi erff% swbﬁmalw éhe mgemremdfsaaf therpresenitinyention capipininglessstunountsnl
byproduct gas generated during the reaction foans the pol yuretharie. The

f oam can lmr@elcgeamtgﬁbl} andhethenjdsloets suebad: | nert gas) whereby the reactants
are put under high pressure (i.e., at least greater than atnospheric
pressures) so that the inert gagis dis~olvcd is the reactant m xture. Then
the mxture is flashed, by reledsing the pressure) which causes the gas to
f orm bubbl es at nucl eati on S\ m x§y«stem and thus act as a

bl owi ng agent. This produces reduced ‘flensity fpam For a nore conplete
descrisption of this process and the equl prent refui(gd therein, see

Eur opean ratent Publication No. 0 64S Z26 AZ) which i's incorporated herein
by reference. The conpounds of the present invention nmay also be u3ed is

non-f oam pol yur et hane reaction s ch as pol yur et hane ei astomer formation.
I n such pol yurethones, the vvat JUN 2002 8 fornulation is
of lan replaced with a chain ext der Whl sNa | ow nol ecul ar wei ght

(c400) active hydrogen containing conpound vvlt t feast two reactive
groups. Lxarnples are 1,4 butanediol) ethylene gl yg di ct hyl ehe gl ycol
and et hyl ene diamne. 5 The conditions and fornul ati ons for these el ections

are known in the art, e.g., "Pokyurethane |~andbook" 2nd ed.) Gunter Otel,
.cd., Hanscr Publisger in 4) which is incorporated herein by
reference. Generall M ts HMm/a catslytically effective

anopunt, i.e., in anlanount tqgyeffectiveNy catal )dze tbc ruction to formthe
pol yur et hane. Generally said“effective Aanount is about 0.02 - 5.0 parts per
hundred parts of polyol in the reaction\to fornulation. In nolded flexible
foam which is described in the exanple | ow, these catalysts resulted in
creamand exit tinmes slightly fastegidn for DDPA, and the | oad properties
(ILD) and cure characteristics of the f\ganms were at |cast as good as for
DDPA. EXAMPLES ' 15 d ossary: php: Parté of product per 100 parts of polyol
in the formul ation. Polyol 1: An ethyl &ne oxi dc/ propyl enc oxi de pol yct hcr
sol d by ARCO Chem cal as ARCOL Pol yol 6S5. Pol yol 2: An el hyl cac

oxi del propyl ene oxi de pol yetber sold_Ry At CO Chemi cal as ARCOL 1o Pol yol

B- 688. Pol yol 3: A propyl ene oxide poI et her sold by Domg@;hcm aal as
VORANO: 490. Pol yol 4: A propyl ene oxidé pol yethcr sold by Dow Chem cal as

VOL, ZANO18084s of nga_ﬁuflmﬁz%mpounds of Structurc 4 are specifically disclosed in U.S. Patcnt
10 Nos. 4,256,665 and 4,259,259, which are incarporated herein by rcference.
These amine/amide catalysts are used for the catalysis of the reaction to form
polyuretbane, i.e.,, catalyze the isocyanate/water and/or isocyanate/alcohol reactions. Said
polyurethanes may be rigid, flexible slabstock, ester slabstock, molded microcellular elastomer or

other types of foams as are known in the arl, The amince/amides of the prescnt invention can be



9 Polyol 5: A polyester polyol sold by, Stepan Chem cal ay PS-3152. 1' ol yol

G A pol yester polyol sold by Wtcv as rOVMRCZ 53. Silicone 1. A si |i chAelUN 2002
surfactant sold by Wtco as NI AX surfaetont L-3001. Silicone 2: A silicone
surfactant sold by Wtco as NIAX surfactant Y-10829. 5 Silicone 3: A
silicone surfactant sold by Wtco as NLAX surfactant L-6900. Silicone 4: A
silicone surfactant sold by Wtco as L-532. Surfactant 1: An organic
surfactant sold by Union Carbide Cotp, NP-9. Catalyst 1: An am ne

catal yst sold by Wtco as NI AX catalyst A-1. Catalyst 2: Aa am ne catal yst

sold by Wtco as. NI catal yst. A-33 ..t 0O I : ] st sold
by Wt vo. Wieaty RnEREA SR ST Sipiantty BT R iR, A oitatitels

di i socyanat e vari ant sol d by Dow Chemi cal as | SONATE 143-L |socyanatc
2: Tl ae st a?mé‘ﬁw%%ﬂ’fﬁ@?‘e?%ﬁm’rﬁsﬂﬂ?”éw&f‘“ W62, 4 and 20% 2, 6 tol uene

di i socyanatc. | svce/anat e 3:An MDI variant sold comrercially by Dow Chem cal
as TAP127. 15 Foam fompylations yeithyehichethe somprunds ofithrapressyt insplipgrandeascdast B 1
General 5yntheal s: _Uncatal yzed reaction of certain prinmary am ne containing
tertiary ecawlygsusupliycompripe @) e polxebengolyst containingamiveragy of mersithandwo hydsoxyl -
following tertiary am nrJam des was conducted in a 500 nL round Zo bottom
f our - ngckgroupssper miblesule] &3 in or@anie goly 3peyenate;i(t) ahlcpsteas catdyst dorprodoctian afddi t i on
funnel ) nechanical stirrer) nitrogen purge, thernoneter and heating mantle.

Ei t her ongolpwrktham foddv/A8) @Bdr; Pé)a siFthRan®, préftrablamh6f thé silicunelpolyetheropslifiersvl e
of MA and two noles of the amne were-used. |- f the amne it was primary,

it was weiaqmﬂn!tmﬁemmcﬁi'k?ﬁﬂﬁpﬁﬁl%amaﬂ\(&‘r\g&t MA was weighed 14 JUN 200?
iointo the addition funnel. 'if the am ne was not prinmacy) the order was

reversed (i. ek‘g}?ctﬂ%fyo?s_ ﬁ?@aﬁ"?ﬁm%l:ﬂﬁtﬁ?:rio?hﬂ}@xaﬁgl@gés'éﬂpmfofi@ﬂ@ 3 ﬁgﬁs Véﬂ@ht or

MA in the Mas Specitic detarls of reactl outline ow. ~EXpnpl e

L S e BRI S e upARB HGE oaREEAR”
(e ! 205 R )02 2 oS MRS Sl e
nJmn.) 5(?’/6.'[ B?cﬁfxll p%fylélsvméhlee l}urt] ErcTo% Itunuxrte% to polyether polyols such as alkylene ox'ide
adducts of polyhydroxyalkanes, alkylene oxidé adducts of non-reducing sugars and sugar
derivatives, alkylene oxide adducts of polypheaols, and alkylene oxide adducts of polyamines and
polyhydroxyamines. The alkylene oxides ure preferably based on ethylene oxide or pmpylet;e
15 oxide. |
The organic polyisocyanates contain at least two isocyanatc groups, e.g., toluene
diisocyanates (TDI), and the index of the foam is typically 60 to 130,
The water generally comprises on the order of 1 10 12 php (parts by weight per hundred
~ parts of polyol):
20 Other additives may be added to thé _pt;lywcthanc fosm to impart spccific properties to

the foam, including, but not limited to, coloring agents, flaine retardants, and GEOLITE®

Modifier foam additives (available from Organo Silicones Group of Witco Corporation,



was being stirred and the tenperature was being nonitored, The initifa JuN 2002
tenperature was 24 C and did not change during the addition. Once the DMAA
addition was conplete, the flask was 1 o heated to 100C and held for two
hours with stirring. Structure #3 above was obtai ned at 90+% conversion. .
~opanam de. 3-[ 3-di net hyl am nopro~J] am no-N-f 3-di nct hv~i _noDrovv 1- The
synthesis of the M A/ DMAPA version of the am ne was conducted by the
procedure above using two nol es of (204.42 g) an~~oae nole of MA
(86.1D g). During the addition of the MAthe ' . |5 tenperature increased
fromand initial tenperature of 24Cto a final tenperature of 75C. The

L emper atell & ify é’.f@'r %gﬁncﬁgsr {sBhe R%g'ﬁ&p%%lc iEﬂ%ﬁ@ﬁS&%ﬂ@%n E&?&aé?r ! ppfd on

a rot ary evapor ) hour's I { O renobve ne hano .
S et U, SOV R e oS SR Sl 5,

Zo synthesis_of the tnethyl nethacryl ate ) /. PA version of .the am ne
was condie s b?"_'@@%Poﬁngﬂﬂ‘%" cpEmag g&’ﬁg\l}/&/ﬁ‘ﬁé‘? "f%ﬁ%?ﬂlgé’é’"dmePA .
(204.42 g) and one nol e of n1VA«§86. 10 g). During the addition of the MVA

t he t enpuethangapd ethana ey apbrowsed.r Thn inerbgasmayialso compyissavalitibe ogamis C. ' t he
tenperature was increased to 120C for a total of twenty-four hours. The
“sanplse coinpodrd\Su2l 892 pdntammdscariear oppkytirahiaogackoathut boilyabowd ambitwtterhprmtuteour s
at 70C) 5 mMmm Hg to renove nethanol. The follow ng sWturc was obtai ned at
appr oxi romt Bisya 3dientiy\bighsvapor prédsie-at arhbiertltérspekratire thaClits-Bapldr fép3enits £ 33 ( 8)
Lxanple 2 - Synthesis of Conparative Catal ysts Propanam de)

3- [ di nmetshystdntial compindht & thtgay in thescligBfidc fatarti ng From DVAA (one nol e) was
added to a stirred reactor under nitrogen. D nethyla<nine (one nole) was
added at such a rate as to keep the tenperature in the reactor <35C. Wen
all of the dinethylam ue was added) the reactor was hell between 35 and 45C
for about two hou : r j ' t 0C for
an additional 5 hg-sl‘}? %’&%ﬁfgﬁaﬁ'}%ﬁ“ﬁ%ﬂ?o %@B%Eéﬁ? }e@g’ggj F’gﬁ&%&\;\?‘gs? sggfr%pl ete
and the product anglyzed. .The anal ysis. confirmed the anticipated structure
of DB+ Abarh sub o karE o i 35 R v BrAITE e poffethane i, £6, 3

3-[3 rTEtarr]nyolunt3 w i}:/!(:j{sog)é Erta )Y LJJ%%B? lol\% uNrt._pcrcent of the lotal reaction mixture, preferably 0.2

to 1.5 wt. percent.
The foam is manufactured by mixing the ingredients (that is, ingredients (2)

through () together such that byproduct gas generated during the reaction foams the

S polyurethane. The foam can aiso be made by the injcction of inert gas, whercby the reactants are
put under high pressure (i.e., at least greater than atmospheric pressures) so that the inert gas is
dissolved in the reactant mixture. Then the mixture is flashed, by relcasing the pressure, which
causes the gas to form bubbles at nucleation sites in the foaming system and thus act as a blowing

"agent. This produces a reduced density foam. For a more complete description of this process

0 and the equipment required therein. see European Patent Publication No. 0 645 226 A2, which is

incorporated herein by reference.
The compounds of the preseat invention may also bc used in non-foam polyurethane

reactions, such as polyurethane elastomer formation. In such polyurcthanes, the water in the



dirnethyl (9) was made from DVAA and MEOA (N-net hyl ct hanol am ne). O O34 JUN 2002
Cl133~N N I.11; Cfi3 (9) Additionally) propanarnidc,

3-[ bi s(Z- hydroxyet h~' I am no] - N, N-di met hyl (10) was made from O NI ~ 5 DVAA
and DEQA (di et hanol am ae). 14 JUN 200? 12 O C~13~ ~N OOH ~Hs - H (10)
Propanam de, 3-[3-nethyl - 3-hydroxyet hyl Jam no- N- net hyl - N- hydt ~oxyet hyl (|

1) was made from MA and MECA. O HON ~N ~Q1~ ~~13 -~I|; Propanam de)

3- (bi s(2-hydroxyet hyl )am no]-N, N- (bi y(2-fiydroxyethyl)) (12) was nmade horn

MA and DECA. O HO-N-N~-OH , |11 H (12) Eianple 3 - Evahtation in a Sinple

Vater Blo r et hang Fo ch of the reactive.DDOPA catalysts val uat ed
in terns fgfq“‘iﬂf‘é“"dP B%Wﬁﬂafpgéaw@hb&%‘q ?"t‘?’@?‘ ?”blcﬁﬂﬁ‘{/ wthgl W%@\@@‘fﬁ"ﬁ) n bl ow
capabilities a sinple systemof 97.22 {)hp (0.049 cq.) of_Polyol 1, 1.79 php
(0. 195 cqacivehydipgsscontaining rompourdwith at 58 to rsarlive grtuphBramplesare 183 i ndex
was used. A total of 50 grans of pecnade pol yol, water) surfactant blend
was wei ghsdaniediol cthylenmglicalndicthylene glygobandomtgylentideugest al ysts wer e eval uat ed
by adding 0.25g (0.5 p6p) or 0.5g ( 1.0 php) to this m xture. |socyanate
was added and the m xture stirred on a drill press for 5 seconds. 14 JUN
2002
5 The coanditions and formulations for these reactions are known in the art, e.g.,

“Polyurcthane Handbook.” 2nd ed., Gunter Ortel, ed., Hanscr Publishers, Cincionati, 1994, which

is incorporated herein by reference. Generally, these catalysts are uscd at a catalytically effective

amount, i.e., in an amount to effectively catalyze the reaction to form the polyurethane. Generally

said cflective amount is about 0.02 - 5.0 parts per hundred parts of polyol in the reaction
10 formulation. In molded flexible foam, which is described in the examples below, these catalysts
rcsulted in cream and exit times slightly faster thao for DDPA. and the load propertics (ILD) and

cure characteristics of the foams were at lcast as good as for DDPA.

EXAMPLES
15  Glossary:

php: Parts of product per 100 parts of polyol in the formulation.

Polyol 1.  An ethylenc oxide/propylene oxide polyether sold by ARCO Chemical as ARCOL

Polyol B-656.

Polyol2: An élhylcne oxide/propylcne oxide polyether sold by ARCO Chemical as ARCOL
20 Polyol B-688. :

Polyol 3: A propylene oxide polyether sold by Dow Chemical as VORANOL 490.

Polyol 4. A propylene oxide polyether sold by Dow Chemical as VORANOL 800.



13 H ow capabilities were determ ned by neasuring top-of cup sad bl ow gyu
time' as conpared to DDPA. Data are preseatcd in Table 1. 'Sable 1- V\}i N 2002
D own Foam Exanpl es RunStructure #~~hpTop-of Cup sec 'Krcl UDPAD ow (S)
“110.5168t . 0U,>300211. 0531.001143. 40.5157 -

-0.93300441. 0601. 1 3113530. 51901. 13>300631. 01302. 45235790. 5>600>3. 57>600891.
02274. 28>30U9110. 5>600>3. 57>60010111. 02364. 4S>30U11100. 5>600>3, 57>60012101.
0>600 ->11.3 _>60013120.5>600 ->3.57>6 4121. 0>600> | 1.3>600 a The

top-c~f cup time reprssents Ihc time (seconds) at which the rising Coom
reached the height of the cup. b The Krel DDPA val ue represents the

rcl al i uc Palybl i tAypaly¢stas polyobdoldsty Stephan/ehemidat a8 B3l SBy di vi di ng the top of

cup tinme for the am ne-am de by the top-of cup tine for the DDPA al a given
use | evelpolybbg: FRpolgéstdrpdlysbsuldB8Wiee asFOMREZS3L Uel DDPA at 0.5 php. c¢ The
blow tine represents the tine (seconds) at which gasses visibly escaped tom

the foamgjitaft & A sRBMSsurfabntGaIILY WaEd g NIAX surfabtast 1W00ar bl ows ur et hane
foam fornul ati on. _Each catal yst was evaluated at levels of 0.5 and 1.0 php,

and 1 se off 0 1 GEdnedlttadf WIFBL WikddE NIRKSHradeday ¥o1ggbgar L hat the

candi dat es break I'es, those w activities reasonably
close_ togthat of, the caontrdl b ne 2= d 1 hos ith significantly
poore? aé{‘l‘ﬂ‘?@”(ﬂg%ﬂ“fﬂﬂ‘?@tfﬁgﬁ?% aﬁ%‘%ﬁsﬁ?ﬁ%‘tgg@?% nt(le preferred
cat al yst g.,not ed abave (Structur ad 4) .while Rues 7-14 were catal yzed
with theEBlfB?ee'g ﬁ&'ﬁf%ﬂ’%{*ﬁ&%&?‘g%ﬁf&w 31%g candi dates (5truetures
9-12). The difference in. overall rfornmance i s_signiflecant. suggesting
uni que caRHRSHERd: HARQTEABIe surfagtan s}l bﬁi&’ﬂ@r‘?’éﬂ“&?f’@c!\h’%‘@: 14 JUN 2002 14
Exanple 4 - Evaluation is a Urethane El astoncr A simlar experinment was
used to GatlyshiticAn ymingeatalystseldibyi Witeosasd¥lAXratalyshdtl ve DDYA catal ysts
rclaliuc to DDPA. Tlte rcsiu blend consisted of 94 Ithp (0.047 eq.) of

Pol yol 1 Catalys62:pGpantifie tftalysgold byfWitcdasINIAN cagllyscAl33. | socyanate | was used
at 103 index. Atotal of 100 grans of Use resin blend was wcigécd into a

l'i nedopi TatalyisZ® AdPffine EitilystlssldbynidcasWaA X ittt As9, stirred by hand. The
catal ysts were evaluated at 3 php. Gel- capabilities were determ ned by

measur i NGsodfdnafel 19K dipBehydmetiylehB dfishcPankic (MD])WatiahtaeIdWy BwiChémlicsllas T DY hand)
.sad tack-forg?e tinme gg c)grrparyed to DgiPA. Data are presyent ed in Table Z

‘fable Z - U et hgpraAg@pdsoner E=anple
Isocyanate 2:The standard commercial mixture of 80% 2,4 and 20% 2.6 toluene diisocyanatc.
Isocyanate 3:An MD] variant sold commercially by Dow Chemical as PAPI 27.

1s 1FD: Foam load values as determined by ASTM D-3574 Test Bl

General Synthesis: Ur;cnlalyzed reaction of certain primary amine containing tertiary
amines with acrylates or methacrylates
The syn;hcsis of the following tertiary pfninc/amides was conducted in a 500 mL round-
20  bottom four-neck flask. The flask was equipped with a pressurc equalizing addition funnel,
mechanical stirrer, nitrogen purge, thermometer ;nd heating mantle. Either one mole of DMAA
and one mole of the amine of interest, or one mole of MA and two molces of the amine were used.

If the aminc it was primary, it was weighed into the flask and the DMAA or MA was weighed



" RunStructure # cl s Krel DDPAtack-tree s 14 JUN 200
11261. 00262442| . 624833702. &980491706. 542 i /i
. 05111806. 922556l o' >60a>z6>600712>600>2G>600 a All catal ysts were eval uated
at 3.0 parts. Am ne equivalents based only on tertiary am ne content tai
3.0 pari use level. b The gel tine represents the tinme al which the m xturo
is tv viscous |10 6t flitted by hand. Cq he Krel DDPA val ue represents the
relative activity of the rorrespondi n=—&atdysl as conpared to DDPA. (gel
tlme of amine-amde of inrerast/~el tine of DDPA). d 'L he tack-fret lino
reprcsenla the tithe at which the mxture is tack tree to the touch. Runs Z

end 3 CofbWPadlkdbn §Izi1b‘lc tFIfh AmbneWRdd bt Pradfty AB¢ brdbrt WTeverstd Qi thyariin@ s t O
that of DDPA, Wiiile all of the other candi dates are very much slower. This

signifi ?)?a@&%ﬂ'lﬁ‘c &i&iﬁ&ﬁ%ﬁd@l 43 15 BMIA QFMA (ﬁjﬁ( csg élﬁér&cthtk%f?ﬁhf?diﬁm
catal ytic aracter of these conpounds and the d scope of their

utili tyou“mg#?]e]w 200Z 15 exanple 5 fivaluation in a Ml ded hlcxible Foam
For mul at’on e catal ysts Were t hen eval uat ed in a nolded Ilexible Coarn

fornmul atj on. e.cantyol i 0 ta| 0 php of Polyol 1, 20 php
of Poly ’“‘2‘}“”1 'zs)ﬁﬁb‘— ’é|°IriAEB AZT"‘F&"E%% . S6 php_of water, 0.Z3
php of Cat al yst 2) 14 php. of Catalyst 1 ( and 0 28 php of " DDPA bl end"”
(sec STamWMwA@wﬂmnMx%ﬁmwf hh@MATA:t i ve DDPA

catalysts were bl ended exactly like the "DDPA bl end") replacing the DDPA
with eam@mmymmmlmwaﬁbsbw weighed inte theiflagh dEhemeytem s gurged Witkce of
tho "DDPA blend'' at equal pans in the forrmulation. The m xture was m xed
(drill piteegen for sevembminutesn dde DMAA) wasagdadd{6 emlimin.)td thedlask whilé the ehiktgre

anot her 5 seconds after the uocyanate addition. The foans were nade is as
al tt m niwas being stirvddtand eltemperature/ ey tking thdnitored] Thé it temriperaturpvvas 280
(tenpered water heating) wth a denvid tinme of 3.5 m nutes. Foans nade were

conpar ogydYiu ¥eAdhde Waring S AdA MBS Vnke b WAA aumﬁ&/w cofpléts, leB fAakwas. and
cure response. Data are presented is Table 3, Table 3 - Cat al yst Conpari son

1 Lodh L?%%@é%@‘@i@z@%@@i@%@%ﬁ iy SELABTM 6N b RS 7

2400340, S03. 536. 4nn2700K430. 25537. 8nr n2Z50K530. 503. 53f i . 6nt n2200K690. 2554
. 211St unCRPEF'B0540. 8125t uUNOKB120. 25543. 5an?l 00K912' 0. 50542 8arr2230|<10110 25

54 pnnl950K11110..503. 539. 8nr2000K12100, 540. 5t.unl162sl
m.so43@@ﬁm&éﬁﬁm@. @mm@&pﬁ&m&ﬁﬂam r mvewcf'hgf the | st

amount of foamwas visible in the nold vents. b iLD indicates indentation

| oad de MABNLARA vérsiandif the amine wianeongdudtettbycthe propesiure #oveysing twpardesafl. 15- S- 7
surfactant (Union Carbide Corp.) 66.5/.. d nmindicates that this val ue was
not rncRNARA.(204.42 g)aatl one diotead fAA (BRI 0 gh During thomiditioh ofithe MA the | N Z002 16
The perfotnmace of the prcfe:red catalysts is given in Runs 2-5. These

cat alystémpepaitk iitteasél s and il eperatire8243Citgh fihyl témpdrataretofasC. ire f or

t he DDPA control blend, and the | oad
temperature was held at 75°C for two hours. The sample was then stripped on a rotary
evaporator for four hours at 70°C, 5 mm Hg to remove methanol. Steucture #4 above was
obtained at 92+% conversion.
* Propapamide, 3-[3-dimethylaminopropyllamino-N-[3-dimethylaminopropyll.. 2-methy! - The
20  synthesis of the methylmethacrylate (MMA)/DMAPA version of the amine was conducted by the
procedure listed above using two moles of DMAPA (204.42 g) and one mole of mMA (86.10 g).

During the addition of the MMA the temperature did not change from the initial temperature of

24° C. The temperature was increased to 120°C for a total of twenty-four hours. The sample

‘e



properties (1LD) and cure characteristics of the foams were at | east tals JUN 2007
good as the control. This 5 is additio" ~.1 evidence that the typical
catalytic activity of these tertiary arninel am de conpounds is very cl ose

to that of DDPA . The performance of the hydroxyl containing candidates is
shown itt Runs 6-13. Wile simlar to DDPA, they tend to give sotnewhet

| onger exit times (i.e.) are slower to ,yeact) and | ower | oad properties.
exanple 6 - Confirmation of the reactl y of arnine/am de with isocyaaate

o Structure-4 (0.315g, 0.00265m was added to a snall reactor followed by
phenyl isocyanate (0.684g, 0.00265m) . |Immediately upon m xing, there was a
signi ficopd slﬁ?ﬁalg{bﬁmmﬁﬂdeﬂpaﬁgo@%ﬁo FEuPAR 9077 St i B aRbiemethanoh CTHE Xt ur e

suggesting a react’i on. ter about three mnutes, a sanple of the

peon cortomuiie SF-lnied BARled T rrondBbel s enlBeR O T e Ty

Wi th isocyaaate, :5 supporting the coactpt that they wll react into the
f oam and be non-volatile. Fxanpte 7Q tvaluarion in Rigid Foam Fom ul ati on
The catalysts were eygbuated in a rigid foam fornul ati gge contai ning GO php
of Polyol 3. 15 php o "BRryONA, 28" php” 0T NP0 Yo 5NZ php Silicone 3, 1.0
php of water, 36 php of I~-CFC- 141Q bl oy ng kgent. Is$ yanate 3 was used at
an Index of 120. StructuFB4 was ed 3t catal ys¥*¥ o f ¥ eval uati on.
Al'l conponents except the isocyanate were prenmi xed is a pint-size |lined

paper ¢ I . idd press) for 10 seconds, the
isocyanaif"l%u\'/égg %%gglgﬁﬁﬂgﬁﬁgﬁwyﬁg her 3 seconds. The m xture was then
transferred to a |lined e ucke nd c stying,. 4 0 _m and
gel )3 and. 11 PRl ey ey AP GmebEE mads, Seting GamDitARde,
denonstrate that catalyst 4, of the present inventjon yielded ggjld rigid

f oam. Tapple) was added ig 3 Himed Feactos undst nilrprn.cPimathydamine (otie mole) was added at

gransl. 131. 132. 20Z. 30cream (sec) 29. 2329. 6518. 6016. 14stri ngl gél

(sec) 87. suFly @ r@q Bslto(kRep e tS@pcraturefin the réastor K3H G2 Wharadl czfohuagmnﬂbm wasal

rise (sec)140.00160. 471 01. 38100. O0Odeaslty (pcf)l.851.851.811.82 5 Exanple 8
- Eval uatdded) thewchaby wss teld baarerf arid 458C foab&ititwe howrs. Aftenthatimey eval uat ed
in a polyester foamformulation. Two foans wets nmade: a control aad a foam ]
. Usi ng sttethpblitife Wasidcieased Vo 60 Nk ddditiddaP hdirs. ARG codlifigto 26YCT|itvedesstion. The -
formulations are listed in Table 5 below. The TDI was added to tire polyol

and {fe {hdoripte¥asd tﬁé‘gﬂadﬂét&ﬁﬂ?iﬂm e ahal hﬁx_?i_é;t]i- the Sitidipatell Gtripbré g f T D

m xture was mxed at 1000 tpmfor B, seconds. e water, am ne,. surfactant

prem x vgpadg 9§1+"}5'ic5£\/e?si‘§1¥ réiﬂ:ﬂgrlﬁrﬂgop%ﬁiﬁg, 3‘-’@§nethyl-3-hydroxyethyl]amino-b{.N-

dimethy! (9) was made from DMAA and MEOA (N-methylethanolamine).

0]

é“g éﬂg

_ Additionally, propanamide, 3-[bis(2-hydroxyethy"amino]-N N-dimethy! (10) was made from

)

15 DMAA and DEOA (diethanolamine).



-00otinued for 7 seconds. The m xture was thin i medi ately paurod i nto0 i
card box (20 x 20 x 20 cm and cream aad blow tinmes were nonitored a]l‘o w“ﬂﬂl
wWith the rise profile. Creamtines of the control foam and experi nent al
foam were 13 seconds each. Howtinmes for the two foans were 119 seconds
and 121 seconds, respectively. No differences is the two foans were

observed. 14 JUN 2002 is Table 5 - Catal yst Evalustion is Pol yester Noam
Formul ati on Conponents ~Coetrol foam 4:E truetuce 4, phpPolyoi G-~ ~_ r~
j 00 ~~. 100Water44Silicone 41.41.4 . Surfactant 10.420.43Catalyst 3
_0.1750, 175DDPA0. 105--Structure 4--~ 0.095I socyanato 2 (103

i ndex) 48. Z948. 29Cream secondsiB13Dl ow, seconds119l 21 -- _Exanple 9 -

Verification of hbnfugihéﬁity gitivity stueﬁﬁs were al so perfornmed on a
series of polyester foa haﬂ L0 e s follow ng catal ysts:
~N- et hyl nor phol i-nc, N—nethyé nmor phol ijne, N, N-di net J~yl benzyl arni oe) n.,

| t cxadecyl di met hyhni ne, and GHguct ure %= The fol |l owi ng fornul ati on was
used: Polyol 6, water, silicone 4, surfggtant 1, |socyanate 2 at 103 i ndex.
F.ach of the catalysts was eval uated at tThe use(l0@vel required. to give a
bl ow ti nme of 41 seconds. The polyol was weighed into a 32 oz. paper cup.
The TDpropasaniide] S{3irethyl3-BaokgtibfinihoN-methy N hydrgy i/l Iyweethetddifrom i t Was
10- clear. ThEn, the polyolrl "Dl mactuce was m xed at 1000 rpmfor 8
secondsqa IaEMEDLr) amne, surfactant prem x was ndded with a syringe and
m xi ng was continued for 7 aeoonds. The m xture was then i medi ately poured
info a paper bucket and top-of c times were recorded. ' ~ 14 JUN 2002 19
Then, approximtely 0.2 gram sany es of eacb oC the Foans were taken from
the center of a foam | e _gut om the congii nch fromthe bottom of the
bucket. These sanplessﬁggé’ﬁfé éd 3 gIhEéQV?ﬁls and scal ed and wore

anal ytod on a DB-1 (30 neter x 9.32 N Nk ol um usiag a Varian 3760 Gas

Chr omat ogr aph equi pped with a erkin Elimnér HS- 40(19) | i cadspace Aut osanpl er.
Data are showss, below. Table 6 - Fugitivity Data Catal yst Use Levet’

Hor mal prdp@namible, ALBR(ZRHIN & eth lummnlghl' -N;N-[bis(2-hydroxyethyl)] (12) wes made frem MA- P. ~
e ~d§. . NEM ~@2F2 I 7)8) X)Ga 699 Nﬂ\‘/lscl é 15’&?9)’},(8&51

N, N- di gei pgbacnzyl aaiine 1.6 244,9(p, 456 n- hexadecyl dincthylarniae t .4 0 b
Structure 4 1.3 0 - a Required php to-give a top-of cup tinme of 41 sec.

0
I;'lo\/\‘NJ]\/\N/\/OH .

W, |

12)

ta

Example 3 - Evaluation in a Simple Water Blown Urcthane Foam

Each of the reactive DDPA catalysts was evaluated in terms of its blow and gel
capabilities relative to DDPA. To obtain blow capabilities a simple system of 97.22 php (0.049
cq.) of Polyol 1, 1.79 php (0.195 ¢q.) of water. 1 php of Surfactant | and ls.ocyanate 1 at 103
index was used. A total of S0 grams of premade polyol, water, surfactant blend wAs weighed into
a lined one pint paper cup. The catalysts werc evaluated by adding 0.25g (0.5 php) or OI.Sg (1.0

php) to this mixture. Isocyanate was added and the mixture stirred on a drill press for 5 seconds.



b Less,than detection [imt (<1,000,000). t O the above data cont’ MnJUW@GZ
Structure 4 has no detectable volatility. Thus, we anticipate that
Structure 4 woul d be nonfugitive in foam applications. 14 JUN 20~~ 20 W
claim t. 1n the formation of poiyuretbanc) wherein a reaction m xeure
conprising a pofyol Conponent and a polyi socyanate conmponent is forned and
reacted in tho presence of as effectiv% amuunl of a catalyst for the
reaction) the inpnm/cneat wherein sai ction m xture-al so conprises as
am nel am de of the structure: - ' ~'T . (ate ~ (CH2)n~ N~R3)k t~2 5 1~4
2 () wherein - Qis CHt=.,, or (CHX)"N(R )kT; T is a nonovalcnt C-C.

al ky! ,BlewicapabiitieCwerealckeyininedby meatuntyg topedficpp andblow-off tifcs asabinpired tor

di-C -C - alkytaaiino-C, -C - dlkyl group, or T is a divalent alkyl, am ne
subst ipyppAd Dalakare presénied inmabreal kyl ) or al koxyal kyl . group which fornms with
the nitrogen atom shown is structure (1) to which T is attached a cyclic

structure which incorporpifisi - WakOnhe qfolgaﬂsﬂnqﬁg, inthe ring as well as
t he nitrogen atom_shovvn?{n structure (JZ;L.), Ictz cyclic structure nay be
subst i t TpEt W PTG T KV e nr i 9 PN 2K t—pbeing 1 if T
i's a mgnoval gnt gc?%rtfp?) ‘F\le%l idePs?r¢§d % [ﬁg b g*oup;moér.@ bl pr G H-. ., :
D =) A E_+_|_ =

each ogeurre R = +H -e+—e|+|3—-—r-(—a2 to 6; and
" =2 ¥ tg 198 p ot oeddl acbordi-AgPo—oha

J 10T
each ocetreRee- -m 3t m | wherein

23

T . —_— . A ) 'P T OO J T AU
Qis R S0 Q?}LanLgc : L] 1 wberein n
is 2td33and z i4 1. 4 98 drocedd7accotdi 934 o blaim30hereih R is

net hyl .| 54 Al procéss adcdildilng toé®lainll Mhidreip R _islhethyl) 6. A
process agcofdi ng3to cliaom I whenepon R |i s ipadrogen. 7308 procgss accordi ng
to cla'lungl jvheregyn the am ne/amidg 1S pf ofmg stfucturgis O CI 3B ~N ~N ~N ~N

~C1~3 II=371-f I~T9~T~"1 95 >600 >3.57 >600
8 9 [.0 227 4.28 >300
9 11 0.5 >600 >3.57 >600
10 11 1.0 236 4.45 >300
11 10 0.5 >600 _ >3.57 >600 .
12 10 1.0 >600 - >11.3 >600 -
13 12 0.5 | >600 - >3.57 >600 .
14 12 1.0 | >600 >11.3 >600
A The top-of-cup time represents the time (scconds) at which the rising foam reached the height of the cup.
b The Krel DDPA value represents the relative activity of the catalyst and was obtained by dividing the top- -

of-cup time for the aminc-amide by the top-of-cup time for the DDPA at a given usc level. For Run 3; 157
sec/168 gec = 0.93 = Krel DDPA at 0.5 php.
c The blow time represcnts the ime (seconds) at which gassey visibly escaped from the foam.

Table | shows this comparison in a simple water blown urcthane foam formulation. Each catal'yst
was cvaluated at icvels of 0.5 and 1.0 php, and rise (top-of cup) and blow-ofF times noted. It is
clear that the candidates break down into two families, those with activitics reasonably close to
that of the contrdl DDPA (Runs 2-6) and those with significantly poorer activity (Runs 7-14).
The foams of Runs 3-6 contain the preferred c;xiaiysts noted abovc (Structures 3 and 4), while
Runs 7-14 were catalyzed with the poorer performing hydroxyl containing candidates (Structures
9-12). The difference in overall performance is significant, suggesting unique catalytic behavior .

of the preferred structures.



- 8. A process according to claim1 wherein the pol yurethane fornmed '514aUUN2002
clastarner. 9. A process according to claim1 wherein the polyurethane
formed is a polyurethane roam 10. A process according to claim-9 wherein
the foamis nolded flexible foam _ 11. A process according to claim?9

wherein the foamis rigid foam 12. A process according to claim1l wherein
the amnc/amde is present at 0.02 io j‘? parts per -hundred pans o' f polyol.
.Ah E. A A@. AE. A AYe. AU , . AFs3 . AFn. ALTA AGN . AF% AU3. A . A Al LA

L. A Yy. A3. Al P4be

x7K{vqgl gb] X] ca] ca] cTa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] cal] caU] cal]

< 7Qd )O
aﬂﬁgﬁ’ﬂ@fg Ewﬂéﬁ%ﬁﬁ%@q@]@?ﬂ C] ﬂafga]qca] c?aU] Za] ca] ca] cal] ca] cal] caU
] ca] ca] c”*a] ca] ca] ca] cal] ca] ca] cal] ca] cal] ca

5Uk' - 36\ yaz Ausimdarzsperiment vas 43e84p ema&atpeaql@ar@&ﬁlpwﬁ thepelye OB ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!

A 7F? |catalystsirtlativg te DI A The ficsin plead/kora]sted af 84 phm{0M ¢q) ohPeladlcladnd 6| pba] ¢

aJ c*a] cal] ca] cal] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca

_I'b! n! "(0.193#aty &Y SBSaRIEHdo). HsédyRgdRe 1 )wal tised’at 133sindex? YSjotdlpf H)dgrimaoftha] ca] cau
‘] ca] ca] ca] ca] calU] ca] cal] ca] ca] cal] ca] cal] ca] cal] ca] ca] cal] ca] cal] ca] cal] ca]
ca] cia] aadifi bland was welghcd into a lincd pint-size paper cup. Isocyanate was sdded and stirred by

FESEHN L, . p. ./ /00\0_00001t 1| vgkf " ZTj eUU] caU] caU] ca] cal] ca] c

aU] ca] qad. cmﬂea és&]ﬁé%%a@ﬁﬂa@ékﬁﬁj calcagdbaiich e@i&ﬁl&:ﬂh@@b& frblufiag ga cal cal
cajcalcalca t111&2e222' 3) 37333P4444! 55555666*666@ 77 8

8 I
U] \c’ga%]qc Bm§ E‘i ca&i caj C'W'] ca caH%ﬂﬁ? ’@]q%é‘] caelj]'"caﬁ] "Efcafj] cal] caU
8?
] 22<y<32€€2«§ @ azé;grgie&tcg] beZ‘?] e] cal] cay] cal] cal] ca] cal] cal] ca] cal] ca] cal
N N 2?2
A Ry R aak Rk R R Ee i pepci

a] cal cc_]-ca-]-c-a-].W aU] ca] caU
] cal] ca4BBBDCCC DDDDDPGEHEEEFF FFFFQGGGG}wr Ihf~ [ UKf ™ ZTj e] U C<E] cal] cal]
caU] ca] calRum] cla] Strugtuea i ¢ o U Kegt ORRA S U] tal] ca] caU

] ca] caUllcal] taUllca] ca@acHH) HHHLI 26 hJJJJ I KK+KBKDLL MAMVIVVVIVMMEZ t oi cAKSj €] cal] ¢
a] cal] cqU] ca] cqU] calUl«ca] call caUkzal cd] ca] chéfl ca] caU] cal cadkal cal] cq] ca] cal ca
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) dEYNC&S@L0%ZZ y#10%r&' ()- " 10%r&' ()- F10%r&' ()-", F

10%m& ()- | 10%& () - #10%m& ()- )0 vy

a?YNCES@0%! 0°L3. 10% ! & ()-!L3. 10%u& () -, , LO%r& () -

L* 10%r&' () -' y#10%v& ()- L@10%m& ()-F @ abcoq} oP1&&F109%& () - (mLO%& () -

10MpMo 10MoMp
10MpMp! @YL0INOMDE () - @YAOUCCE: gf; I L3, 10%4H () - q5UJEOP1&&F10% : ! 109%& () -

9$109REXample SoFraluption in s0dglded Flexible Fogm Fpomulatiengog () - k' - dEOP1&&F1093 L!
109& ()- | F109%&' ()-f#109%& ()-Q 2109%&' ()-1T

109 () -1 : ! THeOdatalysts3direl e e eatikatal it a molded flexibie foam formulation. The control
0109%41& ()--10%& ()-1)gl0%& ()-f' 109& ()-1% 109& ()-|f#! 109%& () -

{\ =&&SPHEn&Lidn conlaiiledd 8B hp of PAYoILN) 20 QKD of Polyol 2, 1.2 pbp Silicone 2, 1.5 php of

7109 ()-! @109%& ()-!0109%& ()-azX6{\=& 10%& ()-!10%C& ()-!10%& ()-!> 10%
DEOA, 3.56 php of water, 0.23 pbp of Catalyst 2, 0.14 php of Catalyst I, and 0.25 php of
i “DDPA blend” (see Table 3). Isocyanate 2 was uscd at an Index of 100. The reactive DDPA
catalysts were blended exactly like the “DDPA blend”, replacing the DDPA with each catalyst to
be evaluated. The new blends were used in place of the “DDPA blend™ at cqual pans in the
formulation. The mixture was mixed (drill press) for 55 seconds. the isocyanate was added and
mixed for another 5 seconds afier the isocyanate addition. The foams were made in an aluminum
mold with 1/16 inch vents. The mold temperature was 150°F (tempered water heating) with a
demold time of 3._5 minutes. Foams made were —;:ompared by measuring cream and exit times,

50% or 75% ILD values, and curc responsc. Data are presented in Table 3.

Table 3 - Catalyst Comparison in a Flexible Molded Foam

Run | Structure #° | php | cream, sec | exit time® | 50% 1LD® | 75% ILD | cure

1 1 0.25 5 40.5 152 230 OK
2 0.25 <5 36.9 nm* 240 OK
3 4 0.50 3.5 364 nm 270 oK
4 3 0.25 5 37.8 nm 225 OK
5 3 0.50 3.5 36.6 nun 220 QK
6 9 0.25 3 42 115 nm OK
7 9 0.50 5 40.8 125 am QK
B 12 0.25 5 43.5 nm 210 OK
9 1z 0.50 5 42.8 nm 223 . OK
10 I 0.25 5 .. 40 m 195 OK
11 11 0.50 35 398 nm 200 OK
12 10 0.25 5 40.5 nm 162 sl set*
13 10 0.50 4 398 nem 174 OK

a  Theexit time represents the time at which the first amount of foam was visible in the mold vents,

b ILD indicates indentation load delection.

¢ Indicated amine-amide catalyst, 33.5% / TERGITOL 15-8-7 surfactant (Union Carbide Corp.) 66.5%.

d nmindicates that this value was not incasured.

¢ sl setindicates that the cure was slow

1o
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S$100& () -!s$10%& ()-!, 10%& ()-| (mMO%&=Y) - 10 10 1087" 10%&/ ()-1 su

ZX6~\: &1 ( YO$100& ()-'!; YOI$100& ()-' YI$1004M& ()-'!; YO$S100& () -

S$109& ()-! s$10%& ()-U ! lalb!n! #$KuS1&! y &#10%f&' ()-" !t&#lO%SS&' () -

#1096& ()- ' | #9%&fhancd Bf 4P phcfirfed YRSY IR given ilKbhs 2-6.( THOsk Valdysts et () -
310%&' ()-3(3h10%& ()- 10@@ @)

in cream and exit times shghtly faster than those for the DDPA control blend, and the load
propertics (ILD) and cure characteristics of the foams were at [cast as good as the control. This

5 isadditios .1 evidence that the typical catalytic acﬁvi&y of these tertiary amine/amide compounds is
very close to that of DDPA . The performance of the hydroxyl containing candidates is shown in
Runs 6-13. While similar to DDPA, they tend to give somewhat longer exit times. (i.e., are slower
to react) and lower load properties. |
Example 6 - Confinmation of the reactivity of amine/amide with isocyanate

0 Structure 4 (0.315g, 0.00265m) was added to a smal! reactor followed by phenyl
isocyanate (0.684g, 0.00265m). Immediately upon mixing, there was a significant exotherm and a
notablc increase in the viscosily of the mixture suggesting a fast reaction. After about three
minutes, a sample of the mixture was taken which confirmed that all of the phenyl isocyanate had
been consumed. This result confirms that these compounds react readily with isocyanate,

(5 supporting the concept that they will react into the foam and be ;ion-volatilc.
Example 7 - Evaluation in Rigid Foam Fox;rnu]alion

The catalysts were evaluated in a rigid foam formulation containing 60 php of Polyol 3. 15

php of Polyol 4, 25 php of Polyol 5, 2 php Silicone 3, 1.0 php of water, 36 php of HCFC-141b
blowing agent. Isocyanate 3 was uscd at an Index of 120, Structure 4 was used as the catalyst

0 for evaluation-. All components cxcept the isocyanate were premixed in a pint-size lined paper

cup. The mixture was mixed (drill press) for 10 scconds, the isocyanatc was added and mixed for

another 3 seconds. The mixture was then transferrcd to a lined paper bucket and cream, string
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CL#10%& () -F 109 () -, - #109%& ()- & 109%& () -

&L0%& ()-1109&' ()->++",,,,,aBuV7&y,)Z10%& ()-& 109%& ()- % 109%& ()-

109& ()-!1$109& ()-109%& ()- ,R ---. . .a.dE /& 10 10s5&L0%& () -

s> 3&10% () - FF1S10%& () - 0s/! 10%&' () -

2109 ()-s3+110%& ()-a.b.n.p...//xY: /& 10s109%& ()-s, 109 ()-'s

109&' () - SMLOY& ()-t10%&' ()- (MLOY%&' ()--=40/ 001t 111dE:/& 10, #! 10%&' () -

1> 109&' ()-s10% ()-1gl0%&' ()- ms&L0%&' () - Gs&10%& () - GL&2e222733dE: / &

10F1" 10%&' () - 0&, / 10%&' () -s- 109& () - S+@10% ()-Ys' s10% ()-sY%l0%& () - 33P4
444444 CRanti@ely afd/Boahb ri6d times weéré ERsufdd. Lalrepdcnted in Table 4 demonstrate that catalyst
10s@! 10%&' () - &6#10%&' () - ms4nt 10%&' () - 4! 5555* 66dEb @&

10! " 10%4024. (of tha'pidieeiaventidryided gouvd F31@arh) - L" 10%@& () - 3 #10%@& ()- 66@77
8d8dEb@& 10!s! - #10%@&' ()- Z10%@& ()-S*10%@&' ()-Y "10%@& ()- ! 10%@& () -
G'10%@& () - d889r 99: <: dEbfGh1d @' Catalyst Evaluation in Rigid Foam

grams 1.13 1.13 2.20 2.30
cream (sec) 29.23 29.65 18.60 16.14
string/gel (sec) 87.17 77.87 51.02 . 50.38
tack-free (sec) 88.25 ~ 116.50 60.52 59.86
final rise (sec) 140.00 160.47 101.38 100.00
density (pcf) 1.85 1.85 1.81 1.82

5 Example 8 - Evaluation in Polyester Foarn Formulation
Structurc 4 was also evaluated in a polyestef foam formulation. Two foams were madc: a control
and a foam using structure 4 as a replacement for DDPA at equal amine equivalents, The
formulations are listed in Table 5 below. The TDI was added to the polyol and the mixture was
hand mixed u;xtil it was clear. Then, the polyol/TDI mixture was mixed at 1000 rpm for8 ,

0 scconds. The water, amnine, surfactant premix was added with a syringe and mixing was
continued for 7 seconds. The mixture was then immediately poured into a card box (20 x 20 x 20
cm) and crearn and blow times were monitored along with the rise profile. Cream times of the
control foam and experimental foam were 13 seconds each. Blow times for the two foams were

119 seconds ard 121 seconds, respectively. No differences in the two foams were observed.
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10@B! 10%G () - 62" 10%@& () - 4" 10%E () - y2$10%a& () -

SO' 10%@ () - <<<y<<<=aBYNC& 10! 9910% & ()- !$, q' 10%& ()-Ls 10%& ()- 93
"10% & ()- 10% & ()-1 (0% & () - =b==>s>>2?dEYNC& 10! 3! @10% & () -

9" 109 & ()-9109% & ()-9" 10% & ()-91 10% §,() - y10% & ()-22?2222D@ [ <YNC&
109/ " 110% & ()- !. Y(@O0% (& ()-@y =&

Y(@OWFYF& ()-@Y(@O0%& ()- P@&LON & ()-9% "10% & () -nDA @@ @@ @ @@\ : &
101 910%PP& ()-! 10%c& ()- ' mlO% ()- 10( 10( 10(

110% & () - ! h(VI10%H( Heghié 5~ Wehlustion f Palyester Foam Formulation

10! S' 109%& () - ! PLOYSSE ()-S! 10%a& () - SS, 10%& () - S' 10%' ()-! B

910%~&' () - WAAAAAYBBI==! e - - =51 1098 () -
I sl 100/¢)p<(§;)(\)N- @FlOW«%LC?Ti’%D mmézﬁﬂiis% 5§/G&§§§E-iﬂi°1io““fo 0

Polyol 6 100 100
T Water 4 4

Silicoae 4 1.4 14
Surfactant 1 0.42 0.43
Catalyst 3 o 0.175 0.175
DDPA 0.105 --
Structure 4 - 10.095

N Isocyanate 2 (103 index) 48.29 48.29
Cream, seconds 13 13
Blow, seconds 119 121

Ia

Example 9 - Verification of Nonfugitivity . s
Fugitivity studies were also performed on a scries of polyester foams made usiog each of the

s following éaulysts: N-ethyl morpﬂoline. N-methy] moxpholin-_g, N.N-dimethyl benzylamine, a-
hexadecyldimethylamine, and Structure 4. The following fom;ulation was used: Polyol 6,
water, silicone 4, surfactant 1, Isocyanate 2 at 103 indcx. Each of the catalysts was evaluated
at the use level required to give a blow time of 41 seconds. The Polyol was weighed into a 32
oz. paper cup. The TDI was added to the polyol and the mixture was hand mixed until it was

io_ clear. Then, the polyol/TD] mixture was mixed at 1000 rpm for 8 seconds. The water,

amine, surfactant premix was added with & syringe and mixing was continued for 7 seconds.
The mixture was then immediately poured inlo a paper bucket and top-of-cup times were

recorded.
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EEEEEEEXY: nhC& 10) =10%&' () -) =10%&" () )=10%& ()-)=10%& () -/ KPH;
) =10%&' () - ESE( E) E+E/ E3EXY: nbC& 10) =1 R ()-)=10%& ()-)=10%& () -/ KPH;
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I D el o i s RO

) =10%6% () - °°§'6%’.§§ r{’?’")’“’%'&/&%’" the g"(?%%““f') from hevhiaernof the byeket Thess-rrrerey v
2 o R A L e R i

Fifin e AC NeD up

)
109G& 0! %8 () - EEEEEEET: nhC& 10/ ) =10%3& () - / KPH;
3 =10%G E 3% §‘°%“T8¢%GE‘8“3 shopm@giow) . EEEEEF?:eSrTbC& (12)/ KPH;

1096& =109 =109 109458 109638 FFFFFF#Fi JnbC&
%I.O/ KPH; 0-) 0-) - %‘nhleG Fu(gzuvktynna O- !

) =109%6& () -) =10%G8 () = 1ml00R () =) 100K () =) 100K () =) =T00R' () - #F$F' F*F.
F5F: FxY: nbC& Catalyst Use Level*  Normalized

10/ ) =109%6G& () - ) =109%G&..().-).=10%G& (.- ) =1.0%GC& php- ) =1.08488 GoyatsKPH;

. F@FAFEFHFLFQFXY: mbC& NBM) =10%G&' () - ) =10%G& 1.2- ) =109M5166)%699 =10%GE () - / KPH;

) =10%&' () - FYFAF_F FOGGyX7nbC& 10/ #S#10% &' ()-Y

#SH109% & () - Y) =10%C& (WMMKPH; ) =10%G& () -) =1096& () - Qodsishl J| [ : nbC& 10/ 00
"10% & ()- /110% & ()- & "10%& ()- +3"10%& ()- (,#10%& ()- -

#SH1098& () -YJ hJJJJJJNM&e&Wb@QWGﬂu&' ()- ' Bk10%9) #44(905,43€( 10( 10(

7109% & ()- 5"109%& ()-- L3"10% & ()-4J+KKKDLLM [:vU4& 10 y"10%g) & () -

G #10%N\g) N& () - ynt 10%ghekaderyldiddi@hind ) - QYY) & ()--0Yy 10%Q) & () -
 NeMVMVWME ] =vUA& 10 1a 10%) & ()-a 10%) & ()-1a 10%) & ()- s 10%) & () -
yY10%9) & () -- y@" 10%8tfuctors WMV YOVUAE | 3 0°

a Required php to give a top-of-cup time of 41 sec.
b Less than detection limit (<1,000,000).

10  The above data confirm that Structure 4 has no detectable volatility. Thus, we anticipate that

Structure 4 would be nonfugitive in foam applicstions.
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9. A process according to claim 1 wherein the polyurcthane formed is a polyurethane 10am.
10. A process according lo claim 9 wherein the foam is molded flexible foam.
_11. A process sccording o claitn 9 whercin the foam is rigid foam.

12. A process according to claim 1 wherein the aminc/amide is present at 0.02 to 5 parts per

-hundred parts of polyol.



