
;e3eurTjVH6~TPa}14 JUN 200Z  *166166* Reactive Amine Catalysts for Use In
Polyurethane Polymers This application claims priority from U.S.
Provisional Application Serial No. 60l014,843) filed April 4) 1996.
Background of the Invention Certain amine catalysts are known in the
polyurethane industry such as propaaamide, N,N dimethyl-3-[dimethylamino]
(DDPA. Structure 1 ), which is the simplest of a series of catalysts,
having no reactive functional groups, for the formation of polyurethane
described in U.S. Patcat No. 4,011,223. 10 CH3 ( ~CH3 ~H3. CH3 (1) A
similar non-reactive analog that lies been found useful as a polyurethane
catalyst is propanamide,
3-[bis-(3-[dimcthylamino]propyl))amino-N,N-dimethyl as described is U.S)
Patent No. 4,049,S91. Additionally, a number of hydroxyl, and
primary/scondsry amine containing tertiary IS amine polyurethane catalysts
are described in the article "Factors Affecting rite Discoloration of Vinyl
That Has Been Molded Against Urethane Foam," R. L. Zimmerman and T. L.
Austin) Polyurethane World Congress 1987. Sept 29-Oct, 2, pp 693-G97, l987.
However al) of these catalysts have deficiencies in either activity, with
the hydroxy substituted cases, or with volatility, such as in the
unsubstituted case.    14 JUN 2002 2 U.S. Patent No. 4,384`950 describes
the use of a substituted form of DDPA as a demulsifier for breaking
oil-in-water emulsions from tar-sand bitumen recovery. The reference,
however) does not describe the use of this compound as a catalyst for
urethanc systems. The 



reaction used in the preparation of the substituted compound involves
addition/condensation of 5 methacrylic or acrylic acid with
dimethylaminopropylarnine. Methods of manufacture of said compound are
disclosed in U.S. Patent Nos. 4:236,665-and 4,259,259. Summary vi the
Invention The present invention provides aminelamide catalysts for use in
catalyzing the formation of polyurethane. The aminclamide catalysts have
low volatility in the resulting polyurethane (i.c., o low fogging) and
reactivity at least as good as the most reactive component in the system
(see Pricster) R. D. Jr., R D. Pefley and R. B. Turner) "High Resiliency
Polyurea Foam - Aa Improved Flexible Foam Matrix) Jouma of Cellul lastics,
30(2) 1994, pp. 147` which is incorporated herein by reference]. 'These
compounds are tertiary aminelamides that have similar base structures to
DDPA) but contain secondary amine groups for reacting into the polymer
matrix ix. 5 Unexpectedly, these highly reactive compounds have a catalytic
activity which is very close to that of the completely unsubstituted
catalyst DDPA. The structure of the tertiary amine/aalides of the present
invention is: -. ~/T ~(CH2)n R k N ~ 3) H2 5 R4 _ (Z) Q is C=H~ti, or
(CHi)"N(R')kT and T is a divalent cyclic group, by which is meant a group
which is attached at both, its ends to the nitrogen to form a cyclic is a
nonovalent alkyl, group or   14 JUN 2002 3 aminoalkyl or alkylaminoalkyl
group, k = 0 or l, being 1 if T is a monovnlent group and 0 if T is a
divalent group; R= = H or C=I12~.~; each occurrence of R~ = CsHi=.,: R' =
H: RJ = H or CHI; n = 2 to 6; and each occurrence of z = 1 to 4. "n" is
preferably 2 or 3 and z is preferably t. T when monovalent may be an alkyl
group of one to four carbons which may have one or more amines 5 thereoa
(e.g., amino-C,-C~- alkyl) or therein (e.g" rnono- or di-C,-C.-
atkylamino-C,-C.- alkyl). T when divalent may be alkyl, amine subatitutai
alkyl, alkyluninoalkyl, or alkoxyalkyl which forms with the nitrogen atom
shown in structure (Z) to which 1' is attached a cyclic structure which
incorporates up to 6 carbon atoms in the ring as well as the nitrogen atom
shown is structure (2) and optionally a second nitrogen atom or an oxygen
atom in the ring) e.g., I o mocpholino) piperazino. Said cyclic structures
may include C~ to C. alkyl substitutions on the ring. 



Another aspect of the present invcotion is methods of farming polyurethane
by cbtnbini>'g the polyol and polyisocyanatc reactants in the presence of
an effective amount of one or more than one compound of fortnu(a (Z) to
catalyze the reaction of said reactants. 15 Detailed Description of the
Invention A preferred subset of the amindamides of the present invention
is: ._ _ y ~'-r RAN ~~CH2)n~R3)k ~2 R5 ~4 (2A) i0 or more particularly   14
JUN Z002 4 R3 R~ (CH~)~N/ ~N N~ ~R3 - R2 HS ~4 (2I3 ) wherein R~ _
(R')iN(Clii)~ or C~H=,,~~; R=, R', R", R') T, k, n and z are as about. "a"
is preferably 2 or 3 aad z is prefern6ly 1. Each R' may be the same or
different, as may each value of n and z. One spccif c preferred range of
structures for 2A aad 2B is those in which R~ is C~Hu.,. Preferred specific
compounds are: n GH3~N ~N~N~CH3 CIi3~ i ~CI~I3 (3) and n CH3~N ~,N N ~N
~CFIs F13 H Ii ~H~ , (4) An example of such a cyclic terminated struct~ues
ig: H N CH (CH~)n ~NCH3 C 3 ~ ( 2~ (2C) These compounds may be manufactured
as known in the art for the ri~anufacture of aminelamide. Generally) the
catalysts are prepared from the direct rcaclioo of   1 4 JUN 2002 



5 dimethylaminopropylamine (DMAPA} or other similar amines) with methyl
acrylate (MA), dimethyl acrylamide (DMAA) or similar unsatvnted materials.
The products of these reactions arc substaatially the arninopropionamides
of the present invention coatainiag lesser amouats of unreactcd raw
materials and other adducts such as: O ~O~N~N ~ ) O ~~N ~N ~ I I 0 wN~N~N ~
I N H I O I3-N -N (7) Methods of manufacture of compounds of Structure 4
are spccificall'y disclosed in U.S. Pstenl 1o Nos. 4,256,665 and 4,259,2S9)
which are incorporated herein by reference. These aminehmide catalysts are
used for the catalysis of the reaction to form polyurelbaae, i.e." catalyze
the isocyanatdwatcr and/or isocyanatelalcohol reactions. Said polyurethanes
may be rigid) flexible slabstock, cater slabstock) molded microcellular
elastomer or other types of foams as are known iu the nrl. The
amineJarnides of the present invention can bE   14 JUN 2002 6 used in amine
pre-blends, i.e., mixtures with other amine catalysts, surfactants, or
other additives or polyurethane components as are known in the art. Toam
formulations with which the compounds of the present invention can be used
as catalysts usually comprise (a) a polye(her polyol containing an average
of more than two hydroxyl 5 groups per molecule; (b) as organic
polyisocyanate; (c) at least one catalyst for production of polyurethane
foam; (d) water; (e) a surfactant) preferably any of the silicone/polyether
copolymers known in this fiehl for this purpose; and (f) an inert gas. ?he
pvlyols have as average number of hydroxyl groups per molecule of at toast
stightiy above 2 and typically 2.1 tv 3.5. Generally, the polyol should
have an equivalent weight of about I o 400 to 1500 or even 400 to 3000
grams/cquivalent and an ethylene oxide content of less than 20%. Useful
polyols include but are not limited to polyether polyols such as alkyleae
oxide adducts of polyhydmxyalkanes, alkylenc oxide adducts of non-reducing
sugars and sugar derivatives, alkylene oxide adducts of polypheaols, end
alkylene oxide adducts of polyamines and polyhydroxyamincs. The elkylene
oxides are preferably baacd on ethylene oxide or propylene 15 oxide. The
organic polyisocysnates contain at least two isocyanatc groups, e.g.,
toluene diisocyanates (TDI)) and the index of the foam is typically CO to
130. The water generally comprises on the order of 1 to 12 pltp (parts by
weight per hundred pans of polyol)~ ZO Other additives may be added to the
polyurethane foam to impart specific properties to the foam) including) but
not limited to, coloring ascots, flaune retardants) and GEOLITEO Modifier
foam additives (available frorn Organo Silicones Group of Witco
Corporation)   14 JUN 2002 



Greenwich, t'rT). The inert gas is one which is soluble in the foam
formulation at elevated ptessures, but will come out of solution (i.e.,
blow) at atmospheric pressure. An exemplary such gas is COi, but nitroben,
air or other common gnscs, including hydrocarbon gases, such as methane and
ethane may also be used. The inert gas may also comprise a volatile organic
compound such as n pentane isomer or a hydrochlorocarbon that boils above
ambient temperature but has a sufFciently high vapor pressure at atirbient
temperature that its vapor represents a substantial component of the gas in
the cells of the foam. The silicone copolymer surfactants should be capable
of helping to fom~ a stable foam and should be present is an amount
effective to stabilize the polyurethane foam, i.c.) an amount which is
generally about 0.05 to 5 wt. percent of the total reaction mixture,
preferably 0.2 to 1.5 wt. percent. ~'he foam is manufactured by mixing the
ingredients (that is, ingrodieats (a) through (f)) together such~that
byproduct gas generated during the reaction foams the polyurethane. The
foam can also be made by the injection of inert gas) whereby the reactants
are put under high pressure (i.e., at least greater than atmospheric
pressures) so that the inert gas is dis~olvcd is the reactant mixture. Then
the mixture is flashed, by releasing the pressure) which causes the gas to
form bubbles at nucleation sites is the foaming system and thus act as a
blowing agent. This produces a reduced density foam. For a more complete
description of this process and the equipment required therein, see
European ratent Publication No. 0 64S Z26 AZ) which is incorporated herein
by reference. The compounds of the present invention may also be u3ed is
non-foam polyurethane reactions, such as polyurethane eiastomer formation.
In such polyurethones, the water in the   14 JUN 2002 8 formulation is
oflan replaced with a chain extender, which is a low molecular weight
(c400) active hydrogen containing compound with at feast two reactive
groups. Lxarnples are 1,4 butanediol) ethylene glycol, dicthylehe glycol
and ethylene diamine. 5 The conditions and formulations for these elections
are known in the art, e.g., "Polyurethane I~andbook" 2nd ed.) Gunter Ortel,
cd., Hanscr Publishers) Cincinnati) 1994) which is incorporated herein by
reference. Generally) these catalysts are used at a catslytically effective
amount, i.e., in an amount to effectively catalyze tbc ruction to form the
polyurethane. Generally said effective amount is about 0.02 - 5.0 parts per
hundred parts of polyol in the reaction to formulation. In molded flexible
foam, which is described in the examples below, these catalysts resulted in
cream and exit times slightly fasterthan for DDPA, and the load properties
(ILD) and cure characteristics of the foams were at Icast as good as for
DDPA. EXAMPLES ' 15 Glossary: php: Parts of product per 100 parts of polyol
in the formulation. Polyol 1: An ethylene oxidc/propylenc oxide polycthcr
sold by ARCO Chemical as ARCOL Polyol E-6S5. Polyol 2: An elhylcac
oxidelpropylene oxide polyetber sold by AItCO Chemical as ARCOL 1o Polyol
B-688. Polyol 3: A propylene oxide polyether sold by Dow Chcmiaal as
VORANOt 490. Polyol 4: A propylene oxide polyethcr sold by Dow Chemical as
VO1,ZANOL 800.   14 JUN 2002 



9 Polyol 5: A polyester polyol sold by, Stepan Chemical ay PS-3152. 1'olyol
G: A polyester polyol sold by Witcv as rOMRCZ 53. Silicone 1: A silicone
surfactant sold by Witco as NIAX surfaetont L-3001. Silicone 2: A silicone
surfactant sold by Witco as NIAX surfactant Y-l0829. 5 Silicone 3: A
silicone surfactant sold by Witco as N1AX surfactant L-6900. Silicone 4: A
silicone surfactant sold by Witco as L-532. Surfactant 1: An organic
surfactant sold by Union Carbide Cotp, as NP-9. Catalyst 1: An amine
catalyst sold by Witco as NIAX catalyst A-1. Catalyst 2: Aa amine catalyst
sold by Witco as NIAX catalyst A-33. t o Catalyst 3: Aa amine catalyst sold
by Witco as NIAX catalyst A-99. lsoryanate 1:A diphcnyl methylene
diisocyanate (MDl) variant sold by Dow Chemical as ISONATE 143-L Isocyanatc
2:Tlae standard commercial mixture of 80% 2,4 and 20% 2,6 toluene
diisocyanatc. Isvcyanate 3:An MDI variant sold commercially by Dow Chemical
as TAP127. 15 IFD: Foam load values as determined by ASTM D-3574 Test B 1
General 5yntheals: Uncatalyzed reaction of certain primary amine containing
tertiary amines with acrylates ar methacrylates The synthesis of the
following tertiary aminrJamides was conducted in a 500 mL round Zo bottom
four-neck flask. The flask was equipped with a pressure equalizing addition
funnel) mechanical stirrer) nitrogen purge, thermometer and heating mantle.
Either one mole of DMAA and one mole of the amine of interest, or one mole
of MA and two moles of the amine were used. I f the amine it was primary,
it was weighed into the flask and the DMAA or MA was weighed   14 JUN ?00?
io into the addition funnel. if the amine was not primacy) the order was
reversed (i.e., the amine was placed in the addition funnel and the DMAA or
MA in the Mask). Specific details of reactions are outlined below. Expmple
1- Synthesis of AntineslAmides of the Present lavention 5 1_'rooanamidc.
3-(~-dirncllmlarninoyioQyllamino-N.N-dirncthy~ - One mole of the DMAPA
(dimethylamiaopropylarnine) 102.21 g) was weighed into the flask. The
system was purged with nitrogen for several minutes. The DMAA was added (b
mLJmin.) to the flask while the mixture 



was being stirred and the temperature was being monitored, The initial
temperature was 24 C and did not change during the addition. Once the DMAA
addition was complete, the flask was 1 o heated to 100C and held for two
hours with stirring. Structure #3 above was obtained at 90+% conversion..
~opanamide. 3-[3-dimethylaminopro~J]amino-N-f 3-dimcthv~i_noDrovv 1- The
synthesis of the M:A/DMAPA version of the amine was conducted by the
procedure above using two moles of DMAPA (204.42 g) an~~oae mole of MA
(86.1D g). During the addition of the MA the ' . l5 temperature increased
from and initial temperature of 24C to a final temperature of 75C. The
temperature was held at 75C for two hours. The sample was then stripped on
a rotary evaporator for four hours at 70C, 5 mm I3g to remove methanol.
Structure 1~4 above was obtained at 92+% conversion. prop..anarn- idc
3~[,~-~limetlivlaminonronyl] 'amp-N-f3-climethYlamino~pvl]..2-met O -1'he
Zo synthesis of the tnethylmethacrylate (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 120C for a total of twenty-four hours. The
sample   14 JUN 2002 11 was stripped oa a rotary evaporator for four hours
at 70C) 5 mm Hg to remove methanol. The following sWcturc was obtained at
approximately 80% conversion: FhC~~ ~N ~Clis I 1 I Ci~3 H C133 H CI33 (8)
Lxample 2 - Synthesis of Comparative Catalysts Propanamide)
3-[dimethyl]amino-N,N-dimathyl was made, starting From DMAA (one mole) was
added to a stirred reactor under nitrogen. Dimethyla<nine (one mole) was
added at such a rate as to keep the temperature in the reactor <35C. When
a11 of the dimethylamiue was added) the reactor was hell between 35 and 45C
for about two hours. After that time, temperature was increased to 60C for
an additional 5 hours. Ai~cr cooling to 25C, the reaction 10 was complete
and the product analyzed. The analysis confirmed the anticipated structure
of DDI'A at 99+% conversion. Similarly, propanamide)
3-[3-methyl-3-hydroxyethyl]amino-N,N 



dirnethyl (9) was made from DMAA and MEOA (N-methylcthanolamine). O OOH
C133~N N l.11; Cfi3 (9) Additionally) propanarnidc,
3-[bis(Z-hydroxyeth~'lamino]-N,N-dimethyl (10) was made from 0 N I ~ 5 DMAA
and DEOA (diethanolamiae).   14 JUN 200? 12 O C~I3~ ~N OOH ~Hs - H (10)
Propanamide, 3-[3-methyl-3-hydroxyethylJamino-N-methyl-N-hydt~oxyethyl (I
1) was made from MA and MEOA. O HON ~N ~01~ ~~13 -~Il; Propanamide)
3-(bis(2-hydroxyethyl)amino]-N,N-(biy(2-bydroxyethyl)) (12) was made horn
MA and DEOA. O HO~N~N~OH , I1 H (12) Eiample 3 - Evahtation in a Simple
Water Blown Urethane Foam Each of the reactive DDPA catalysts was evaluated
in terms of its blow and gel capabilities relntive to DDPA. To obtain blow
capabilities a simple system of 97.22 php (0.049 cq.) of Polyol 1, 1.79 php
(0.195 cq.) of water._ 1 php of Surfactant 1 and lsocyaaatc 1 at 103 index
was used. A total of 50 grams of pecmade polyol, water) surfactant blend
was weighed into a tined one pint paper cup. The catalysts were evaluated
by adding 0.25g (0.5 p6p) or 0.5g ( 1.0 php) to this mixture. lsocyanate
was added and the mixture stirred on a drill press for 5 seconds.   14 JUN
2002 



13 Hlow capabilities were determined by measuring top-of cup sad blow-off
time' as compared to DDPA. Data are preseatcd in Table 1. 'Sable 1- Water
Dlown Foam Examples RunStructure #~~hpTop-of Cup sec 'Krcl UDPADlow (s)
`I10.5168t .OU>300211.0531.001143. 40.5l57 -
-0.93300441.0601.l3113530.51901.13>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>600I 4121.0>600> I 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 value represents the
rclaliuc activity otthe catalyst and was obtained Dy dividing the top of
cup time for the amine-amide by the top-of cup time for the DDPA al a given
use level. For Run 3; l57 serJ168 sec = U.93 = IUeI DDPA at 0.5 php. c The
blow time represents the time (seconds) at which gasses visibly escaped tom
the foam. Table 1 shows this comparison in a simple water blows urethane
foam formulation. Each catalyst was evaluated at levels of 0.5 and 1.0 php,
and rise (top-of cup) and blow eFf times noted. It is clear that the
candidates break down into two families, those with activities reasonably
close to that of the contrdl bDPA (Rune 2-6) and those with significantly
poorer activity (Rutu 7-14). The foams of Runs 3-6 contain t(le preferred
catalysts noted above (Structures 3 sad 4), while Rues 7-14 were catalyzed
with the poorer performing hydroxyl contaiaing candidates (5truetures
9-12). The difference in overall performance is significant. suggesting
unique catalytic behavior . of ttre preferred structures.   14 JUN 2002 14
Example 4 - Evaluation is a Urethane Elastomcr A similar experiment was
used to evaluate tbE gel capabilities of the reactive DDYA catalysts
rclaliuc to DDPA. Tlte rcsiu blend consisted of 94 lthp (0.047 eq.) of
Polyol 1 and 6 p6p (0.193 eq.) of tahyleat: glycol, Isocyanate I was used
at 103 index. A total of l00 grams of Use resin blend was wcig6cd into a
lined pint-size paper cup. lsocyanate was nddcd and stirred by hand. The
catalysts were evaluated at 3 php. GeI capabilities were determined by
measuring gel time (point at which mixture was too viscous to stir by hand)
sad tack-free time as compared to DDPA. Data are presented in Table Z.
'fable Z - Urethane Llastomer E=ample 



RunStructure #'cl s Krel DDPAtack-tree s
11261.00262442l.624833702.&980491706.542 i
05111806.922556lo'>6oa>z6>600712>600>2G>600 a A11 catalysts were evaluated
at 3.0 parts. Amine equivalents based only on tertiary amine content tai
3.0 pari use level. b The gel time represents the time al which the mixturo
is tv viscous l0 6t flitted by hand. c The Krel DDPA value represents the
relative activity of the rorrespondin~ catdysl as compared to DDPA. (gel
tlme of amine-amide of inrerast/~el time of DDPA). d 'L he tack-fret limo
reprcsenla the tithe at which the mixture is tack tree to the touch. Runs Z
end 3 confvm that Structures 3 and 4 have activities reasonably close to
that of DDPA, wliile all of the other candidates are very much slower. This
significant di~'creace in this elastomcr system confirms the naique
catalytic character of these compounds and the bread scope of their
utility.   14 JUN 200Z 15 example 5  fivaluation in a Molded hlcxible Foam
Formulation The catalysts were then evaluated in a molded Ilexible Coarn
formulation. The control formulation contained 80 php of Polyol 1, 20 php
of Polyol Z) 1.2 php Silicone 2) 1.5 php of DTsOhI, 3.S6 php of water, 0.Z3
php of Catalyst 2) 0.14 php of Catalyst 1 ( and 0.2S php of "DDPA blend"
(sec Table 3). Isocyanate Z was used at an Index of l00. The reactive DDPA
catalysts were blended exactly like the "DDPA blend") replacing the DDPA
with each catalyst to be evaluated. 'I-he new blends were usod in piece of
tho "DDPA blend'' at equal pans in the formulation. The mixture was mixed
(drill press) for 5S seconds, the isocyanate was added and mixed for
another 5 seconds after the uocyanate addition. The foams were made is as
alttmintun mold with 1/16 inch vents, Tltc mold temperature was 150F
(tempered water heating) with a demvld time of 3.5 minutes. Foams made were
comparod by measuring cream and exit times) ~. 50% or 75% ILD values, and
cure response. Data are presented is Table 3, Table 3 - Catalyst Comparison
In a rlexlble Molded Foam RunStructure #h ~cream secexit time'S0% lLD 75%
1LDcure110.25540.5152230OK240.25<536,9am
`240OK340,S03.536.4nm270OK430.25537.8nrn2Z5OK530.503.53fi.6ntn220OK690.2554
211StunOK790,50540.8125tunOK8120.25543.5am2l0OK912'0.50542.8am223OK10110.25
54 pnm195OK11110.503.539.8nm200OK12100.2S540.5tun162sl set'131
D0.50439.8nrn174OK a The exit time represents the time at which the first
amount of foam was visible in the mold vents. b iLD indicates indentation
load de(leetion. c indicated amine-amide catalyst, 33.5/. / TeROffOL 15-S-7
surfactant (Union Carbide Corp.) 66.5/.. d nm indicates that this value was
not rncatuted. a sl set indicates that the cute was slow   14 JllN Z002 16
The perfotmaace of the prcfe:red catalysts is given in Runs 2-5. These
catalysts'resulted in cream and exit times slightly faster than those for
the DDPA control blend, and the load 



properties (1LD) and cure characteristics of the foams were at least as
good as the control. This 5 is additio" ~.1 evidence that the typical
catalytic activity of these tertiary arninelamide compounds is very close
to that of DDPA . The performance of the hydroxyl containing candidates is
shown itt Runs 6-13. While similar to DDPA, they tend to give sotnewhet
longer exit times (i.e.) are slower to react) and lower load properties.
example 6 - Confirmation of the reactivity of arnine/amide with isocyaaate
o Structure 4 (0.315g, 0.00265m) was added to a small reactor followed by
phenyl isocyanate (0.684g, 0.00265m). Immediately upon mixing, there was a
significant exothemt and a notable increase in the viscosity of tbc 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 confu~tns that these compounds react readily
with isocyaaate, :5 supporting the coactpt that they will react into the
foam and be non-volatile. Fxampte 7 - tvaluarion in Rigid Foam Fomlulation
The catalysts were evaluated in a rigid foam formulation containing GO php
of Polyol 3. 15 php of Polyol 4, 25 php of Poiyol 5, Z php Silicone 3, 1.0
php of water, 36 php of I~CFC-141b blowing agent. Isocyanate 3 was used at
an Index of 120. Structure 4 was used as the catalyst 'o for evaluation.
All components except the isocyanate were premixed is a pint-size lined
paper  cup. The mixture was nuxed (drill press) for 10 seconds, the
isocyanate vvas added and mixed for another 3 seconds. The mixture was then
transferred to a lined paper bucket and cream, string   14 JUN 200 m and
gel ) and final rise times were measured. Data reprcseated in Table 4
demonstrate that catalyst 4, of the present invention yielded goad rigid
foam. Table 4 . Catalyst Evaluation tn Rl6id Foam
grams1.131.132.20Z.30cream (sec)29.2329.6518.6016.14stringlgel
(sec)87.1777.8751.02. 50.38tack free (sec)88.2S- 116.50-60.5259.86final
rise (sec)140.00160.47l01.38100.00deaslty (pcf)l.851.851.81l.82 5 Example 8
- Evaluation in Polyester Foam Forntulatioa Slructurc 4 was also evaluated
in a polyester foam formulation. Two foams wets made: a control aad a foam
using structure 4 as a replacement for DDPA at equal amine equivalents. The
formulations are listed in Table 5 below. The TDl was added to tire polyol
and the mixture was hand mixed until it was clear. Then, the polyolffDl
mixture was mixed at 1000 tpm for B , seconds. The water, amine, surfactant
premix was added with a syringe and mixing was 



oootinued for 7 seconds. The mixture was thin immediately paurod into 3
card box (20 x 20 x 20 cm) and cream aad blow times were monitored along
with the rise profile. Cream times of the control foam and experimental
foam were 13 seconds each. Hlow times for the two foams were 119 seconds
and 121 seconds, respectively. No differences is the two foams were
observed.   14 JUN 2002 is Table 5 - Catalyst Evalustion is Polyester Noam
Formulation Components ~Coetrol foam, phpStruetuce 4, phpPolyoi G -~ ~__r~
j 00 ~~. 100Water44Silicone 41.41.4 .Surfactant 10.420.43Catalyst 3
_0.1750,175DDPA0.105--Structure 4--~ 0.095Isocyanato 2 (103
index)48.Z948.29Cream, secondsI313Dlow,seconds119l21 -- _Example 9 -
Verification of Nonfugitivity Fugitivity studies were also performed on a
series of polyester foams made using each of the s following catalysts:
~N-ethyl morpholinc, N-methyl morpholine, N,N-dimetJ~yl benzylarnioe) n.,
ltcxadecyldimethyhmine, and Structure 4. The following formulation was
used: Polyol 6, water, silicone 4, surfactant 1, lsocyanate 2 at 103 index.
F.ach 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 haQd mixed until it was
10- clear. ThEn, the polyolrl'DI miactuce was mixed at 1000 rpm for 8
seconds. The water) amine, surfactant premix was ndded with a syringe and
mixing was continued for 7 aeoonds. The mixture was then immediately poured
info a paper bucket and top-of cup times were recorded. '   14 JUN 2002 19
Then, approximately 0.2 gram samples of eacb oC the Foams were taken from
the center of a foam sample cut from the second inch from the bottom of the
bucket. These samples were placed in glass vials and scaled and wore
analytod on a DB-1 (30 meter x 0.32 mrn) column usiag a Varian 3760 Gas
Chromatograph equipped with a Perkin Eliner HS-40 5 Iicadspace Autosampler.
Data are showss,below. Table 6 - Fugitivity Data Catalyst Use Levet'
Hormali:cd _ h Area Counts ...__.___.._-_...._..._._........_...._...p.~
...__..~ .. NEM ~ 2.2 l 79) 1 G6,699 NMM l.G 150,597,S91
N,N-dimethylbcnzylaaiine 1.6 244,9Q5,456 n-hexadecyldimcthylarniae t .4 0 b
Structure 4 1.3 0 - a Required php to give a top-of cup time of 41 sec. 



b Less,than detection limit (<1,000,000). t 0 the above data cont'uzn that
Structure 4 has no detectable volatility. Thus, we anticipate that
Structure 4 would be nonfugitive in foam applications.   14 JUN 20~~ 20 We
claim: t. 1n the formation of poiyuretbanc) wherein a reaction mixeure
comprising a pofyol Component and a polyisocyanate component is formed and
reacted in tho presence of as effective amuunl of a catalyst for the
reaction) the impmvcmeat wherein said reaction mixture-also comprises as
aminelamide of the structure: -  ' ~ 'T ._ (ate ~ (CH2)n~ N ~R3)k t~2 5 !~4
2 () wherein -  Q is C=Ht=.,, or (CHx)"N(R')kT;  T is a monovalcnt Ct-C.
alkyl, amino-Ct-C,- alkyl, mono-Ct-Cc- alkylarnino-Ci-C.- alkyl, or
di-C,-C,- alkytaaiino-C,-C.- alkyl group, or T is a divalent alkyl, amine
substituted alkyl. alkylaminoalkyl) or alkoxyalkyl.group which forms with
the nitrogen atom shown is structure (I) to which T is attached a cyclic
structure which incorporates, up to 6 carbon atoms in the ring as well as
the nitrogen atom shown in structure (1), whictz cyclic structure may be
substituted with C, to C. alkyl;   14 JUN 2002 21 k = 0 or I, being 1 if T
is a monovalent group and 0 if T is a divalent group; Rl.= bl or CtH~..,:
each occurrence of R' = CtHi=.,; R' = H; Rs = Ii or Clip; rt = 2 to 6; and
each occurrence of z = 1 to 4. __2. A process according to claim l wherein
Q is R' wherein R~ is C~Hi~.,. 3. A process according to claim 1 wberein n
is 2 to 3 and z is 1. 4, A process according to claim 3 wherein R' is
methyl. 5. A process according to claim 1 wherein R' is methyl. 6. A
process according to claim 1 wherein R' is hydrogen. 7. A process according
to cla'un 1 wherein the amine/amidc is of the structure: 0 CI33 ~N ~N ~N ~N
~C1~3 I~3 1~J 1~1 ~I~ ~ 



8. A process according to claim 1 wherein the polyurethane formed is an
clastarner. 9. A process according to claim 1 wherein the polyurethane
formed is a polyurethane roam. 10. A process according to claim -9 wherein
the foam is molded flexible foam. _ 11. A process according to claim 9
wherein the foam is rigid foam, 12. A process according to claim 1 wherein
the aminc/amide is present at 0.02 io 5 parts per -hundred pans o'f polyol.
.Ah E.A.A@[.AE.A.AYe.AU ,.AFs3 .AFn.Al.A .A@Al .AF%.AU3.A.A.Al.A
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U]c^aU]caU]caU]caU]caU]ca]c^a]ca]ca]ca]ca]ca]caU]ca]caU]caU]caU]caU]caU]caU
]ca 8?8d889r99:<:f:g::::Q;
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10@`6"10%&'()-@F4"10%&'()-S,2#10%&'()-ZS0!10%&'()-DDvDDDDDdEmbC&
10!)=10%G&'()-)=10%G&'()-&S10%G&'()-&10%G&'()-3"10%G&'()-
10%G&'()-DDDDDDDeFmbC&
10!)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-DDDEEE
ExY:mbC& 10)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-/KPH;
EEEEEEExY:mbC& 10)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-/KPH;
)=10%G&'()-E$E(E)E+E/E3ExY:mbC& 10)=10%G&'()-)=10%G&'()-)=10%G&'()-/KPH;
)=10%G&'()-)=10%G&'()-3E;E@EDEEEGEIEsY:mbC& 10)=10%G&'()-)=10%G&'()-/KPH;
)=10%G&'()-)=10%G&'()-)=10%G&'()-IEMEPEUEYEZE\ET:mbC& 10)=10%G&'()-/KPH;
)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-\E^EbEfEkEpEqEe5mbC& 10/KPH;
)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-qEsEuEyE}EEEiJmbC&
10/KPH;
)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-EEEEEEExY
:mbC& 10/)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-/KPH;
EEEEEEExY:mbC& 10/)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-/KPH;
)=10%G&'()-EEEEEEExY:mbC& 10/)=10%G&'()-)=10%G&'()-)=10%G&'()-/KPH;
)=10%G&'()-)=10%G&'()-EEEEEEEsY:mbC& 10/)=10%G&'()-)=10%G&'()-/KPH;
)=10%G&'()-)=10%G&'()-)=10%G&'()-EEEEEEET:mbC& 10/)=10%G&'()-/KPH;
)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-EEEEEFFe5mbC& 10/KPH;
)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-FFFFFF#FiJmbC&
10/KPH;
)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-)=10%G&'()-#F$F'F*F.
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)=10%G&'()-QFYF^F_F`F9GGyX7mbC& 10/ #S#10%(&'()-Y
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()-xa%B"10%&&'()-x;c-%>"a%B"10%&&'()-xVVVVVVVC'Aa%B"10%&&'()-x;
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