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polyurethanes, polyureas, and polyurea-urethanes are also provided.



DIAMINE CHAIN EXTENDER COMPOSITIONS 

TECHNICAL FIELD 
[0001] This invention relates to the use of aromatic diamines to form polyurethanes, 

5 polyureas, and polyurea-urethanes.  

BACKGROUND 

[0002) There are many polyfunctional compounds, including diols and aromatic 
diamines, which are indicated to be useful as chain extenders in the preparation of 

10 polyurethane, polyurea, and polyurethane-urea polymers and/or as curing agents for 
epoxy resins. None of these compounds has a reactivity such as to make it universally 
ideal, and many fail to provide satisfactory properties in the products made by their use.  
Thus, there is still a need to find compounds capable of serving as chain extenders or 
curing agents. U.S. Pat. No. 4,806,616 teaches the use of certain N,N'

15 dialkylphenylenediamines as chain extenders in preparing polyurethanes and polyureas.  
In this connection, also see for example U.S. 4,528,363, which teaches the use of 
secondary aliphatic diamines as part of a resin binder, and U.S. 64218,480 B1, which 
discloses use of aromatic diamines as hardeners for polyurethanes. Secondary aromatic 
diamines have also been used as anti-degradants for rubber; see U.S. 4,900,868.  

20 [0003] There is a growing need for chain extenders with slower cure rates, so it 
would be a further advantage if aromatic diamines exhibited slower curing rates than 
those of presently available chain extenders.  

[0003A] Any discussion of documents, acts, materials, devices, articles or the like 
25 which has been included in the present specification is solely for the purpose of 

providing a context for the present invention. It is not to be taken as an admission that 
any or all of these matters form part of the prior art base or were common general 
knowledge in the field relevant to the present invention as it existed before the priority 
date of each claim of this application, 

30 

SUMMARY OF INVENTION 

[0004] This invention in part provides chain extenders which are mixtures of 
aromatic primary diamines and one or more other components. These mixtures, when 
included in formulations for polyurethanes, polyureas, and polyurea-urethanes, produce 

35 such polymers at desired cure rates and having desirable physical properties.  
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[0005] One embodiment of this invention provides a chain extender composition.  
The composition comprises (i) an aromatic primary diamine and (ii) another 
component. The component is selected from the group consisting of: 

(a) an aliphatic secondary diamine; 
5 (b) an aliphatic primary diamine; 

(c) an aliphatic secondary diamine and an aliphatic primary diamine; 
(d) a diimine; and 
(e) a combination of any two or more of (a) through (d).  

When (ii) is (a), (a) has amino hydrocarbyl groups which are secondary or tertiary 
10 hydrocarbyl groups. When (ii) is (d), and (d) is an aromatic diimine, each imino 

hydrocarbylidene group has at least two carbon atoms.  

[0005A] In a preferred embodiment of the invention there is provided a chain 
extender composition which comprises 

15 (i) an aromatic primary diamine, and 

(ii) a component selected from the group consisting of: 

(c) an aliphatic secondary diamine and an aliphatic primary diamine; 

(d) a diimine; and 

(e) a combination of (c) and (d), 

20 with the proviso that when (ii) is (d), and (d) is an aromatic diimine, each imino 
hydrocarbylidene group has at least two carbon atoms.  

[0006] Another embodiment of this invention is a process for producing a polymer 
which is a polyurethane, polyurea, or polyurea-urethane. The process comprises 
mixing together (A) at least one aromatic polyisocyanate, (B) at least one polyol and/or 

25 at least one polyetheramine, and (C) a chain extender comprised of (i) an aromatic 
primary diamine and (ii) another component. The component is selected from the 
group consisting of: 

(a) an aliphatic secondary diamine; 
(b) an aliphatic primary diamine; 

30 (c) an aliphatic secondary diamine and an aliphatic primary diamine; 
(d) a diimine; and 

(e) a combination of any two or more of (a) through (d).  

1A



When (ii) is (a), (a) has amino hydrocarbyl groups which are secondary or tertiary 
hydrocarbyl groups. When (ii) is (d), and (d) is an aromatic diimine, each imino 
hydrocarbylidene group has at least two carbon atoms.  

5 [0006A] In a preferred embodiment of the invention, there is provided a process 
for producing a polymer, which process comprises mixing together (A) at least one 
aromatic polyisocyanate, (B) at least one polyol and/or at least one polyetheramine, and 
(C) a chain extender comprised of 
(i) an aromatic primary diamine, and 

10 (ii) a component selected from the group consisting of: 
(c) an aliphatic secondary diamine and an aliphatic primary diamine; 
(d) a diimine; and 

(e) a combination of (c) and (d), 
with the proviso that when (ii) is (d), and (d) is an aromatic diinine, each imino 

15 hydrocarbylidene group has at least two carbon atoms.  
[0007] Still another embodiment of this invention is a polymer which is a 
polyurethane, polyurea, or polyurea-urethane, which polymer is formed from 
ingredients comprising (A) at least one aromatic isocyanate, (B) at least one polyol 
and/or at least one polyetheramine, and (C) a chain extender comprised of (i) an 

20 aromatic primary diamine and (ii) another component. The component is selected from 
the group consisting of: 

(a) an aliphatic secondary diamine; 
(b) an aliphatic primary diamine; 

(c) an aliphatic secondary diamine and an aliphatic primary diamine; 
25 (d) a diimine; and 

(e) a combination of any two or more of (a) through (d).  
When (ii) is (a), (a) has amino hydrocarbyl groups which are secondary or tertiary 
hydrocarbyl groups. When (ii) is (d), and (d) is an aromatic diimine, each imino 
hydrocarbylidene group has at least two carbon atoms.  

30 [0007A] In a preferred embodiment of the invention, there is provided a polymer 
which is formed from ingredients comprising (A) at least one aromatic polyisocyanate, 
(B) at least one polyol and/or at least one polyetheramine, and (C) a chain extender 
comprised of 
(i) an aromatic primary diamine, and 

35 (ii) a further component selected from the group consisting of: 
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(c) an aliphatic secondary diarnine and an aliphatic primary diamine; 

(d) a diimine; and 

(e) a combination of (c) and (d), 

with the proviso that when (ii) is (d), and (d) is an aromatic diimine, each imino 
5 hydrocarbylidene group has at least two carbon atoms.  

[0008] These and other embodiments and features of this invention will be still 
further apparent from the ensuing description and appended claims.  

10 FURTHER DETAILED DESCRIPTION OF THE INVENTION 

Chain Extender Compositions of the Invention 
[0009] Chain extender compositions of this invention are made up of an aromatic 
primary diamine and one or more other components selected from (a) an aliphatic 

15 secondary diamine which has amino hydrocarbyl groups which are secondary or 
tertiary hydrocarbyl groups; (b) an aliphatic primary diamine; (c) an aliphatic 
secondary diamine and an aliphatic primary diamine; and (d) a diimine, wherein when 
said diimine is an aromatic diimine, each imino 
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bydrocarbylidene group has at least two carbon atoms. PreferAed components for use with 
the aromatic primary diamne are aliphatic secondary diamines. The components can be 
present in the chain extender composition in a variety of proportions; the preferred ratios 
vary with the type of component from (ii).  

5.  
L Companent (I) 
10010] Aromatic primary diamines are component (i) of the chain extender compositions 
of the invention.  

100111 One type of aromatic primary dpirmine that can be used in this invention is an 
10 aromatic primary diamine in which at least one position ortho to each amin group has a 

hydrogen atom as a-substitnent, and which aromatic primary diamine is either in the form 
of one phenyl ring having two amino groups on the ring or in the form of two phenyl rings 
connected by an alkylene bridge. and having one amino group on each ring. The phenyl 
rings may have, but need not have, one or more hydrocarbyl groups on the phenyl ringss.  

15 Hydrocarbyl groups, when present on the phenyl rings, may be the same or different.  
When both amino groups are on one phenyl ring, the amino groups may be in any position 
relative to each other on the ring preferably, the amino groups am meta or para relative to 
each other. When the amino groups are on two phenyl rings connected by an alkylene 
bridge, they may be in any position on the rings; preferably, each amino group is ecta or 

20 para relative to the alkylene bridge. The alkylene bridge of the two-rink diamine has from 
one to six carbon atoms; preferably, the alkylene bridge hias from one to three carbon 
atoms. More preferably, the alkylene bridge has one or two carbon atoms; highly 
preferred is an alkylene bridge having cne carbon atom. The hydrocarbyl groups, when 
present on the pheny] ring(s), axe as described above for the aromatic dilmines When one 

25 or more hydrocarbyl groups are present on the phenyl ring(s), the hydrucarbyl groups can 
have from one'to twenty carbon atoms; preferably, the hydrocarbyl groups have from one 
to six carbon atoms.  
[0012] Suitable aromatic primary dianmines of this type having both amino groups on one 
phenyl ring include, but are not limited to, 1,2-benzenedamine .1,3-bnenmedaine 1,4

30 benznediamin, 4-ethyl-1,2-benzenediamin, 2-isopropyl-1,3-benzenediarnine, 4-tert
butyl-1,3-benznedimine.,- 29pentyl-1,4-benzenediamine, 4,5-dihexyl-1,2
benenediamine, 4-methyl-5-heptyl-1,3-benenenm e, 4,6-di-n-propyl-1,3
benzenediamine, 2,5-dioctyl-1,4-benzenediamine, 2,3-diethyl-1,4-benzenediamine, and 
4,5,6-Uihexyl-1,3-benzenediamine.  

35 [0013] Fxamples of suitable aromatic primary diamines of this type in which one amino 
group is on each of two phenyl rings include 2,2'-methylenebis(benzenomine), 2,3'
methylenobis-(benzeneamine), 2,4'-methylenebis(benzeneamin), 3,3'
methylenebis(benzeneamine), 3,4'-metbylenebis(benzeneanmine), 4,4'
methylenebis(benzeneamine), 4,4'-(1,2-ethanediyI)bis-(benzeam e), 3,4'-(1,3
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propanediyl)bis(benzeneame), 2,2'-methylenebis(5-tert-butyl-benzannmine), 3,3'
methylenebis(2-metylbenzencamine), 3,3'-methylenebis(5-pentylbenzeneanine), 3,3'
methylenebis(6-isopropylbenzencamine), 4,4'-methylenebis(2-methylbenzeneamine), 4,4'
methylenebis(3-sec-butylbenzenamine), 4,4'-(1,2-efhnediyl)bis(2-methylbenzeneamine), 

5 33'-methylenebis(2.4dpctylbenen mine), 3,3'-methylenebis(5,&disopfopylbenzene
amine), 4,4'-methylenebis(2,3-di-sec-butylbweneamie), 4,4'-methylenebis(3,5-di-tert
butylbenzeneamine), and the like.  
[0014] Another type of aromatic primary diaminc that can be used in this invention, 
which is a preferred type of aromatic primary diamine, is an aromatic primary diamine in 

10 which each position ontho (immediately adjacent) to a amino group bears a hydrocarbyl 
group, aid which aromatic primary diaminb either is in the form of one phenyl-ring having 
two amin groups on the rn& which amino groups are meta or para relative to each other, 
or is in the form of two-phenyl rings connected by an alkylene bridge and having one 
amino group on each ring. The hydrocarbyl groups.on the phenyl ings adjacent to the 

15 amino groups) generally have up to twenty carbon atoms, and the hydrocarbyl groups may 
be the same or different. The alkylene bridge of the two-ring primary dimine has from 
one to six carbon atoms; preferably, the bridge has frm one to three carbon atoms. More 
preferably, the alkylene bridge has one or two carbon atoms; especially preferred as the 
alkylene bridge is a methylene group. Particularly preferred hydrocarbyl groups on the 

20 phenyl ring(s) are methyl, ethyl, isopropyl, butyl, and mixtures of two or more of the 
groups. Here1 butyl groups include n-butyl, sec-buiyl, and t-butyl groups.  
100151 More preferred aromatic primary diamines with two amino groups on one phenyl 
ring have the amino groups meta relative to each other Highly preferred hydrocarbyl 
groups are methyl, ethyl, isopropyl, butyl, and mixtures thereof, where the preference for 

25 butyl groups includes n-butyl, sec-butyl, and t-butyl groups. Particularly preferred are 
aromatic primary diamines in which the hydrocarbyl group between the two meta amin 
groups is a methyl group, while the two remaining hydrocarbyl groups are ethyl groups, 
and those in which the hydrocarbyl group between the. two meta amino groups is an ethyl 
group, while one of the two remaining hydrocarbyl groups is a methyl group and the other 

30 is ai ethyl group, and mixtures thereof More-preferred aromatic primary diainn are 
also those in which one amino group is on each of two phenyl rings, where the two phenyl 
rings are connected via an alkylene bridge, and have both amino groups pam relative to 
the alkylene bridge. An especially preferred aromatic primary iamin of this type is a 
compound where each hydrocarby1 group ortho to an amino group is an ethyl group and 

35 the ulkylene bridge is a methylene group.  
[0016] A preferred aromatic primary diamn is one in which each position ortho to an 
amin group bears a hydrocarbyl group, and which aromatic primary dame is in the 
form of one phenyl ring having two amin groups on the ring, which amino groups are 
meta or para 
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relative to each other, and in which the aromatic primary diamine has amino groups are meta 

relative to each other, and/or the ortho hydrocarbyl groups are methyl, ethyl, isopropyl, butyl, 
or mixtures thereof.  

[0017] Examples of more preferred aromatic primary diamines include 3,6-di-n-butyl-1,2

5 benzenediamine, 2,4,6-triethyl-1,3-benzenediamine, 2,4-diethyl-6-methyl-1,3

benzenediamine, 4,6-diethyl-2-methyl-1,3-benzenediamine, 2,4-diisopropyl-6-methyl-1,3

benzenediamine, 2-methyl-4,6-di-sec-butyl-1,3-benzenediamine, 2-ethyl-4-isopropyl-6

methyl-1,3-benzenediamine, 2,3,5-tri-n-propyl-1,4-benzenediamine, 2,3-diethyl-5-sec-butyl

1,4-benzenediamine, 3,4-dimethyl-5,6-diheptyl- 1,2-benzenediamine, 2,4,5,6-tetra-n-propyl

10 1,3-benzenediamine, 2,3,5,6-tetraethyl-1,4-benzenediamine, 2,2'-methylenebis(6-n

propylbenzeneamine), 2,2'-methylenebis (3,6-di-n-propylbenzeneamine), 3,3'
methylenebis(2,6-di-n-butylbenzeneamine), 4,4'-methylenebis(2,6-diethylbenzeneamine), 4,4'

methylenebis(2,6-diisopropylbenzeneamine), 4,4'-methylenebis(2-isopropyl-6

methylbenzeneamine), 4,4'-(1,2-ethanediyl)bis(2,6-diethylbenzeneamine), 4,4'-(1,2

15 ethanediyl)bis(2,6-diisopropylbenzeneamine), 2,2'-methylenebis(3,4,6

tripentylbenzeneamine), 3,3'-methylenebis(2,5,6-trihexylbenzeneamine), 4,4'

methylenebis(2,3,6-trimethylbenzeneamine), 4,4'-methylenebis(2,3,4,6

tetramethylbenzeneamine), and the like. Of these more preferred types of aromatic primary 

diamines, particularly preferred are 4,4'-methylenebis(2,6-diethylbenzeneamine), 4,4'

20 methylenebis(2,6-diisopropylbenzeneamine), and a mixture of 2,4-diethyl-6-methyl-1,3

benzenediamine and 4,6-diethyl-2-methyl- 1,3-benzenediamine (DETDA, Ethacure 100).  
[0018] Those of skill in the art will recognize that there are several ways to name the 

aromatic primary diamines used in this invention. For example, the structure 

NH 2 

H3C CH 2CH 3 

NH 2 
CH 3CH2 

which represents a particularly preferred aromatic primary diamine in this invention, can be 

25 called 2,4-diethyl-6-methyl- 1,3-benzenediamine, 2,4-diethyl-6-methyl- 1,3-phenylenediamine, 
3,5-diethyl-2,4-diaminotoluene, or 3,5-diethyl-toluene-2,4-diamine. Similarly, the structure 

5
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CHCH2  CH2 CL 

H CH2  2NH2 

CH3CH2 H2CH3 

which represents another particularly preferred aromatic primary diamicn in this invention, 
can be called 4 ,4 '-methylenbis(2,6-diethylbenenamine), 4,4'-methylenhis(2,6

5 diethylaniline), or 3,3',5,5'-tefraethyl-4,4'-diam odiphenylmetne.  

IL Component (i) 
[0019 Component (i) is selectedfhom the group consisting of (a) an aliphatic secondary 
diamine; (b) an aliphatic primary divine; (c) an aliphatic secondary diamine and an 

10 aliphatit primary diamine; (d) a diimine; and (e) a combination of any two or more of (a) 
through (d). When (ii) is (a), (a) has amino hydrocarbyl groups which are secondary or 
tertiary bydrocarbyl groups. When (ii) is (d), and (d) is an aromatic diimine, each imin 
hydrocarbylidene group has at least two carbon atoms. Thus miurs of subcomponmnts 
(a)-(d) in various combinations are within the scope of this invention.  

15 
Subcoimponent (a) 
[0020] -Aliphatic secondary diamine which have amino hydrocarbyl groups which are 
secondary. or tertiary hydrocarbyl groups are subcomponent (a) of component (ii). The 
amino hydrocarbyl groups of the aliphatic secondary diamite can be cyclic or branched.  

20 Preferably, the amino hydrocarbyl groups are branched chain alkyl groups having from 
three to twelve carbon atoms. Examples of suitable amino hydrocarbyl groups include 
isopropyl, seco-butyl, t-butyl, 3,3-dinethyl-2-butyl, 3-pentyl, cyclopentyl, .4-hexyl, 
methylcyclohexyl, cyclooctyl, 5-nonyL, and the like.  
[0021] The aliphatic secondary iamines are hydrocarbyl secondary diamine where the 

25 hydrocarbyl portion of t diamine is aliphatic, where "hydrbcarbyl portion" rEfe to the 
moiety to which the amino groups are bound. The hydrocurbyl portion of the aliphatic 
diamine can be cyclic, branched, or straight chain. Cyclic and straight chain are preferred 
as the hydrocarbyl portion of the aliphatic secondary diaina When the hydrocarbyl 
portion of the dinming is cyclic, the cyclic moiety can be a single ring, fused rings, 

30 bicyclic rings, or a tricyclic system (which tricyclic system can contain fused rings and/or 
bicyclic rings). The amino groups may be attached directly to the ring, or one or both 
amin groups may be bound 
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to a Soup that is a mabstituent of the ring; it is preferred that at least one of the amin 
groups is bound to the ring. Preferably, the aliphatic secondary diamine has twelve to 
forty carbon atoms; more preferably, the aliphatic secondary diamie has fifteen to 
twenty-five carbon atoms. The relative proportions of aromatic primary diamine to 

5 aliphatic secondary diamine in the chain extender composition are preferably 0.5:1 to 
1:0.5 on an equivalent basis; more preferably, the relative proportions an an equivalent 
basis are 0.75:1 to 1:0.75. On a weight basis, the relative proportions of aromadc primary 
diamin to aliphatic secondary diamiie in the chain extender composition are preferably 
0.25:1 to 5:1; more pferably, the relative proportions on a weight bsi ar 0.5:1 to 3:1.  

10 .[0022) A preferred chain extender composition, when component (ii) is an aliphatic 
secondary dine which has amino hydrocarbyl groups which are secondary or tertiary 
hydrocarbyl groups, in which the hydrocarbyl portion of the aliphatic secondary diamine is 
a straight chain, has relative proportions of(i) to (ii) on a weight basis of 0.25:1 to 5:1.  
[0023 Aliphatic secondary diamines that can be used in this invention include, but are 

15 not limited to, N,N'-diisopropylethylenediamine, N,-di-se-butyl-1,2-damiopmpm, 
N,N'-di(1-cyclopropylethyl)--1,5-daminnpentane, N,N'-di(3,3-dimethyl-2-butyl)-1,s
diaminn-2-methylpentane, N,N-di-sec-butyl-1 6wiaminobexane N,N'-di(3-pentyl)--2,5
dimethyl-2,5-hexaneeimine, N,N'-di(4-hexyl)-1,2-dimncyclohcane, N 
dicyclohexyl-1,3-diam ocycloboxane, N,N'-di(1-cyclobutylethyl)-1,4

20 dimino-yclohexane, NN (2,4-dimethyl-3-pentyl)-1,3-cyclohexanebis(methymine), 
NN'-diisopropyl-1,7-diaminoheptane, .NX-di-sec-butyl-1,8-diminooetane, N,N'-di(2
pentyl)-1,10-dianindeane, N,N'-di(3-hexyl)-1,12-diaminododean, NN'-di(3-methyl
2-cyclohexenyl)-1,2-diaminoopane, NN'-di(2,5-dimethylcyclopentyl)-1,4
di'"inobutane, N,-di(isophoryl)-1,5-diaminopentne, N,'-di(menthyl)-2,5-dimethyl

25 2,5-hexanediamine, N,N'-di(5-nonyl)-isophoronedmnie and N,N'-di-(3,3-dimethyl-2
butyl)-3(4),8(9)-bis-(aminomethyl)-tricyco[5.2.1.0(2,6)]deae (also called NN-di-(3,3
dimethyl-2-butyl)-TCD diamine). Preferred aliphatic secondary diamines include N,-di
(3,3-dimethyl-2-butyl)-1,6-diannhexam, NN'-di-2-(4-methypenty1)- 
isophornnedmmine, and NN-di-(3,3-dimethyl-2-butyl)-TCD diamine.  

30 
Subcomponent (b) 
1024] Aliphatic primary diamines are subcomponent (b) of component (ii), and the 
aliphatic primary diamines used in this invention are hydrocarbyl primary doine where 
the hydrucarby1 portion of the diamin is aliphatic. The hydrocarbyl portion of the 

35 aliphatic diamine can be cyclic, branched, or straight chain. Preferably, the aliphatic 
primary diamine has two to twety caron atoms; more Preferably, t aliphatic primary 
diame 
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has four to twelve carbon atoms. Particularly preferred aliphatic diames have cyclic or 
straight chain hydrocarbyl portions and have four to ten carbon atoms 
[0025] Suitable aliphatic primary diamines include, but ar not limited to, 
ethlenediamie -1,2-diaminopropane, 1,3-diaminnprpane, 1,4-diminobutane, 1,5

5 diaminopentmne, 1,5-diamino-2-methylpentane, l,6-diaminohexan, 2,5-dimethyl-2,5
anediamine, . 1,2-diaminocy6lohexane, 1,3-diaminocyclohexane, 1,4

diaminocyclohexane, 2,4-diethyl-6-methyl-1,3-cyclohexanediamine, 4;6-diethyl-2-methyl
1,3-cyclohexanediamine, 1,3-cyclohexanebis(methylamine), 1,4
cyclohexanebis(methylamn), isophorone diaine, bis(paminocyclohexy)mctbane, 

10 bis(3-methyl-4-aminocyclohexyl)methane, 1-diamino-p-mentane, 1,7-diminohbptne,
1,8.diaminooctane, 1,10-diaminodecmne. 1,12-diaminododeane, and 3(4),8(9)-his
(aminomethyl)-tricyclo[5.2.1.0(2,6)]decane (TCD diamine; also called octahydro-4,7
methanoinden-1(2),5(6)-dimetbanamine or octahydro47-metbano-lH-indenedimethyl
amine). Preferred aliphatic primary diamines include isophorone diamine and TCD 

15 diamine.  

Subcmponent (c) 
[0026] An aliphatic secondary diamine and an aliphatic primary diamine are 
subcomponent (c) of (ii). The aliphatic secondary diamine and the aliphatic primary 

20 diamine can be in any suitable proportion relative to each other, and their combined total 
amount can be in any relative proportion to the aromatic primary diamine of (i).  
Preferably, the proportion of the combined total amount of aiiphatic secondary dimine 
and aliphatic primary dirmine relative to the aromatic primary dinmine of (i) is in the 
range of 0.5:1 to 1:0.5.  

25 100271 Suitable aliphatic primary diamines for subcomponent (c) and preferences 
therefor are as described above for subcomponent (b). Similarly, when the aliphatic 
secondary diamine of subcomponent (c) has secondary or tertiary amino hydrocarbyl 
groups, suitable aliphatic secondary diamines and preferences therefor are as described 
above for subcomponent (a). When the aliphatic secondary diamine of subcomponent (c) 

30 is an aliphatic secondary damine in which the amin hydrocarbyl groups are primary, the 
hydrocarbyl portion of the-aliphatic diamine can be branched, or, preferably, straight chain 
or cyclic. The amino hydrocarbyl groups of the aliphatic secondary diamine can be cyclic, 
branched, or straight chain. Preferably, the amino hydrocarbyl groups are straight chain 
or, more preferably, branched chain alkyl groups having from three to twelve carbon 

35 atoms. Examples of suitable amino hydrocarbyl groups include ethyl, propyl, n-butyl, 
pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl, and the like. Preferred aliphatic 
secondary diamines with primary amno hydrocarbyl groups have cyclic or straight chain 
hydrocarbyl portions and have twelve to twenty-five carbon atoms.  
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[0028] Examples of aliphatic secondary diamines having primary amino hydrocarbyl groups 

that can be used in this invention are N,N'-didodecylethylenediamine, N,N'-didecyl

1,3-diaminopropane, N,N'-dinonyl-1,5-diaminopentane, N,N'-diheptyl-1,5-diamino-2

methylpentane, N,N'-di-n-butyl-1,6-diaminohexane, N,N'-di-n-propyl)-2,5-dimethyl-2,5

5 hexanediamine, N,N'-dihexyl- 1,2-diaminocyclohexane, N,N'-didecyl- 1,3-diaminocyclohexane, 
N,N'-di-n-butyl-1,4-diaminocyclohexane, N,N'-dipentyl-1,3-cyclohexanebis(methylamine), 
N,N'-dinonyl- 1,4-cyclohexanebis(methylamine), N,N'-di-n-propyl- 1,7-diaminoheptane, N,N'
di-n-butyl- 1,8-diaminooctane, N,N'-dipenty-1,10-diaminodecane, N,N'-dihexyl

1,12-diaminododecane, N,N'-di(undecyl)-1,2-diaminocyclohexane, N,N'
10 dihexylisophoronediamine, N,N'-dioctyl)-isophoronediamine, N,N'-dipentyl-TCD diamine, 

and the like.  

Subcomponent (d) 

[0029] Diimines (which are also called diketimines) are subcomponent (d) of component 

(ii). Processes for forming diimines from primary diamines are provided in commonly-owned 

15 copending U.S. Pat. Application No. 11/390,777, filed March 27,2006, and PCT Application 

No. PCT/US2005/47696, filed December 30, 2005. Other disclosures of methods for making 

diimines include WO 97/01529, and U.S. Pat. No. 4,855,500, and U.S. Pat. No. 4,536,518.  
[0030] Aromatic diimines suitable for use in this invention can be represented by the 

structures: 

N=R' 
N=Re 

NRaRa 

Ra N=' Ra /a R 

Ra Ra 
N=R' 

Ra N=R' 
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a it' R P 

RP 

N=R* N=R 

where each R" may be the sme or different, and each r is a hydrocarbyl group, Ris an 
. alkylene bridge, and each R* is a hydrocarbyiidene group having at least two carbon 
5 atoms.  

10031] Aromatic disines that can be ued in this invention are aromatic diimines in 
- which the imino hydrcarbylidene groups have at least two carbon atom. One type of 

, aromatic diimine that can be used in this invention is either in the form of one phenyl ring 
having two imino groups on the ring, in which each position ortho to an unmo group 

10 (-N=R) bears a hydrocarbyl group, or in the form of two phenyl rings connected by an 
alkylene bridge and having one imino group on each ring, in which each position ortho to 
an iminn group beers a hydrocarbyl group. Another type of aromati, diimine that can be.  
used in this invention is an aromatic diimine in- hich at least one position ortho to each 
inino group has a hydrogen atom as a substituent, and which aromatic diimine is either in 

15 the form of one phenyl ring having two imin groups on the ring or in the form of two 
phenyl rings connected by an alkylene bridge and having one imino group on each ring.  
[0032] The hydrocarbyl groups on the phenyl rings may be the same or different.
Examples of suitable hydrocarbyl groups on the aromatic ring include methyl, ethyl, 
propyl, isopropyl, n-butyl, sec-butyl, t-butyl, pentyl, cyclopentyl, hexyL, methylcyclohexyl, 

20 heptyl, octyl, cyclooctyl, nonyl, decyl, dodecyl, phenyl, benzyl, and the like. When the 
aromatic dilmine is in the forn of two phenyl rings connected by an alkylene bridge and 
having one imino group on each ring and the imino group is adjacent (ortho) to the 
alkylene bridge, the alkyleno bridge is considered as a hydrocarbyl group ortho to the 
imin group. Prefred hydrocarbyl groups on the phenyl ring(s) (ortho 1o an imino 

25 group) of the aromatic diimines are straight-chain or branched-chain alkyl groups having 
from one to six carbon atoms; particularly preferred hydrocarbyl groups are methyl, ethy, 
isopropyl, butAy, and mixtures of two or more of these groups. Here, the preference for 
butyl groups includes n-butyl, sec-butyl, and t-bulyl groups. The alkylene bridge of the 
two-ringed dimine has from one to six carbon atoms; preferably, the bridge has from one 

30 to three carbon atoms. More preferably, the 
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aikylene bridge has one or two carbon atoms; highly preferd is an alkylene bridge 
having one carbon atom, ie, a methylene group.  
(00331 The bydrocarbylidene groups of the iminn groups of the aromatic diimine 
genemlly have from two to twenty carbon atoms; the hydrocarbylidece groups may be 

5 aliphatic (ustight chain, branched, or cyclic) or aromatic. Preferably, the imino 
hydnocarbylidene groups are straight chain or branched chain alkylidene groups having 
from three to six carbon atoms. Examples of suitable imino hydroarbylidene groups 
include ethylidene, propyliden, isopropylidene, l-cyclopropylethylidene; n-butylidene, 
sec-butylidane, cyclobutylidene, 2-ethylbutyliden, 3,3-dimethyl-2-butylidene, 3

10 pentylidene, 3-pentzn-2-ylidene, cyclopentylidene, 2,5-dimethylcyclopentylidene, 2
cyclopentnylidene, hexylidene, methylcyclohexylidene, menthylidene, ionylidene, 
phorylidenc, isophorylidene, heptylidene, 2,6,-dimetbyl-3-heptylidene, cyclooctylidene, 5

. nonylidene, decylidene, 10-undecenylidene, benzylidene, 2,4-dimetylbenzylidene, 2
phenylethylidene, l'phenylpentylidene, l-naphthylidene, 2-naphthylidene, I

15 naphthylethylidene, and the like.  

[0034] Prferred aromatic diimines with two imino groups on one phenyl ring have the 
imin groups metai relative to each other. In these preferred dinines, the iminn 
hydrocarbylidene group preferably is a straight chain or branched chain alkylidene group 
having flor three to six carbon atoms. Particularly prefemd are aromatic diumines in 

20 which the hydrocarbyl group between the two meta imino groups is a methyl group, while 
the two remaining hydrocarbyl groups are ethyl groups, and those in which the 

* hydrocarbyl group between the two meta iminn groups is an ethyl group, while one of the 
two remaining hydrocabyl groups is a methyl group and the other is an ethyl group, and 
mixtures thereof.  

25 [0035] Preferred aromatic dimines in which one imino group is on each of two-phenyl 
rings, when the two phenyl rings are connected via an alkylene bridge, have both imino 
groups para relative to the alkylene bridge. A particularly preferred aromatic dimine of 
this type is- a compound where each hydrocarbyl group'otho to an imino group is an ethyl 
group and the alkylene bridge is a methylene group; this is especially preferred when the 

30 imino hydrocarbylidene groups are isopmpylidene or sec-butylidene.  
[0036 Diimines having both imino groups on one phenyl ring suitable for use in this 
invention include, but are not limited to, N,'disoppyliden-2,4,6-triehyj.1,3
bevzenediamine, NN-di-sec-butylidene-2,4,6-triethyl-1,3-heb neening, N,N'-di(2
pentylidene)-(2,4,6-triethyl-l,3-benzeneamine), N,N'-diisopropylidmec-(4-4iethyl..6

35 methyl-1,3-benzenediamine), N,N'-d-sec-butylidene-(2,4-dietbyl-6-methyl-1,3
benzenedamine), NN'-diisopropylidene-(4,6-diethyl-2-methy.-1,3-b ~enzenamine), 
N,N'-di-sec-butylide-4,6-dietyl-2-metl-1,3-hene=ediamine), NN-
dicyclobutylidene-(4,6-diethy-2-metyl-1,3-bnzenedinine), N,-dicyclopentylidcne.  
(2 ,4 -diisopropyl-6-methyl-l,3-benzenedimine NNlsopropylide-(2-methyl-4,6-di

40 sec-butyl-l,3-benzeneiamine), 
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N,N'-di(1-cyclopropylethylidene)-(2-methyl-4,6-di-sec-butyl-1,3-benzenediamine), N,N'
di(3,3-dimethyl-2-butylidene)-(2-ethyl-4-isopropyl-6-methyl- 1,3-benzenediamine), N,N'-di(2
butenylidene)-2,4,5,6-tetra-n-propyl-1,3-benzenediamine, N,N'-di-sec-butylidene-2,3,5,6

tetraethyl-1,4-benzenediamine, and N,N'-di(2-phenylethylidene)-2,3,5,6-tetraethyl-1,4

5 benzenediamine.  

[0037] Examples of aromatic diimines in which one imino group is on each of two phenyl 

rings suitable for use in this invention include N,N'-diisopropylidene-2,2'-methylenebis(6-n

propylbenzeneamine), N,N'-di-sec-butylidene-2,2'-methylenebis(6-n-propylbenzeneamine), 

N,N'-di-sec-butylidene-2,2'-methylenebis(3,6-di-n-propylbenzeneamine), N,N'-di(1
10 cyclobutylethylidene)-2,2'-methylenebis(5,6-dihexylbenzeneamine), N,N'-diisopropylidene

3,3'-methylenebis(2,6-di-n-butylbenzeneamine), N,N'-di(2,4-dimethyl-3-pentylidene)-3,3'

methylenebis(2,6-di-n-butylbenzeneamine), N,N'-diisopropylidene-4,4'-methylenebis(2,6

diethylbenzeneamine), N,N'-di-sec-butylidene-4,4'-methylenebis(2,6-diethylbenzeneamine), 
N,N'-di(benzylidene)-4,4'-methylenebis(2,6-diethylbenzeneamine), N,N'-di(2-heptylidene)

15 4,4'-methylenebis(2,6-diisopropylbenzeneamine), N,N'-dicyclobutylidene-4,4'-methylenebis(2

isopropyl-6-methylbenzeneamine), N,N'-di(3-methyl-2-cyclohexenylidene)-4,4'

methylenebis(2-methyl-6-tert-butylbenzeneamine), N,N'-di-sec-butylidene-4,4'-(1,2

ethanediyl)bis(2,6-diethylbenzeneamine), N,N'-di(1-cyclopentylethylidene)-4,4'-(1,2

ethanediyl)bis(2,6-diethylbenzeneamine), N,N'-di(1-phenyl-2-butylidene)-4,4'-(1,2

20 ethanediyl)bis(2,6-diisopropylbenzeneamine), N,N'-di(2-phenylethylidene)-2,2'

methylenebis(3,4,6-tripentylbenzeneamine), N,N'-di(4-heptylidene)-3,3'-methylenebis(2,5,6

trihexylbenzeneamine), N,N'-dicyclohexylidene-4,4'-methylenebis(2,3,6

trimethylbenzeneamine), N,N'-di(1-cyclobutylethylidene)-4,4'-methylenebis(2,3,4,6

tetramethylbenzeneamine), and the like.  

25 [0038] Other aromatic diimines which can be employed in this invention include, but are not 

limited to, N,N'-diisopropylidene-1,2-benzenediamine, N,N'-di-sec-butylidene-1,3

benzenediamine, N,N'-di(3-hexylidene)- 1,4-benzenediamine, N,N'-dicyclopentylidene-4-ethyl

1,2-benzenediamine, N,N'-di-sec-butylidene-(4-tert-butyl-1,3-benzenediamine), N,N'-di(1
cycloproylethylidene)-2-pentyl-1,4-benzenediamine, N,N'-di(undecylidene)-(4-methyl-5

30 heptyl-1,3-benzenediamine), N,N'-di(2-cyclopentenylidene)-4,6-di-n-propyl-1,3

benzenediamine, N,N'-di-sec-butylidene-2,3-diethyl-1,4-benzenediamine, N,N'-di(2
butenylidene)-4,5,6-trihexyl- 1,3-benzenediamine, N,N'-di(2,5-dimethylcyclopentylidene)-2,2'

methylenebis(benzeneamine), N,N'-dimenthylidene-2,3'-methylenebis(benzeneamine), N,N'
diisopropylidene-2,4'-methylenebis(benzeneamine), N,N'-di-sec-butylidene-3,3'

35 methylenebis(benzeneamine), N,N'-di(3-methyl-2-cyclohexenylidene)-3,4'

methylenebis(benzeneamine), N,N'-di(3,3-dimethyl-2-butylidene)-4,4'

methylenebis(benzeneamine), N,N'-di(3-pentylidene)-4,4'-(1,2-ethanediyl)bisbenzeneamine, 
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N,N'di(ndecylidene)-3,4'-(1,3-prpanediylbis(benzeneamine), NN'-di(2,4-dimethyl-3
pentylidene)-2,2'-methyleebi(5-tert-butylbenzeneamine), NN-di(phorylidene)-3,3'
methylenebis(5-pentylbeneamin) NN'-di(3-methylbutylide)-3,3'-methyleebis(6

NN-di(2-heptylidee)-4,4'-methylenebis(2
5 methylbenznearmine), Nf-dimenhylidenc-4,4'-methylenebis(3-sec-buty]Jb eneamine), 

NN-di(1-cycopentylethylidene)-4,4'-(1,2-etanediyl)bi2-methylbenemin), and 
NN'-di(l-penten-3-ylidene)-44'-methyenebis(2,3-d&-se-butylbenzenemne).  

[0039) Aliphatic diimincs are also part of subcomponent (d) of the curative mixture. The 
hydrocarbyl portion of the aliphatic diimine can be cyclic, branched, or straight chain 

10 hydrocarbyl group, where "hydrocarbyl portion" refers to the moiety to which the imino 
groups are bound. Preferably, the aliphatic diimine has six to forty carbon atoms; more 
preferably, the aliphatic dimilne has ten to thirty carbon atoms. The hydrocarbylidec 
groups of the imino groups of the aliphatic diimine generally have from one to twenty 
carbon atoms; the hydrocarbyidene groups may be straight chain, branched, or cyclic.  

15 Preferably, the imino hydrocarbylidene groups are straight chain or branched- chain 
alkyHdwa groups having from three to six carbon atoms. Examples of suitable imino 
hydrocarbylidene groups include ethylidene, propylidene, - isopropylidene, 1
cyclopropylethylidene, n-butylidene, sec-butylidene, cyclobutylidane, 2-ethylbutylidene, 
3,3-dimethy1-2-butylidenc, 3-pentylidene, 3-penten-2-ylidene, cyclopentylidene, 2,5

20 dimethylcyclopentylidene, 2-cyclopentenylidene, hexylidene, methylcyclohexylidene, 
menthylidene, ionylidene, phorylidene, isophorylidere, heptylidme, 2,6,-dimethyl-3
heptylidme, cyclooctylidene, 5-nonylidene, decylidene, 1-umdecenylidene, and the like.  
I(O4J Aliphatic dilmines that can be used in this invention include, but ae not limited 
to, NN-diisopropylide-ethyenediamine, N,N'-di-sec-butylidee-1,2-diaminopmpane, 

25 N,N-di(2-butenylidcne)-1,3-dn N,N'-di(1cyclopropylthyliden)-1,5
dininopentane, N,N4di(3,3-dimcthyl-2-butylidene)-1,5-damino-2-methylpernn,. NW
di-sec-butylidete-1,6-dhminnhcxan, NN'-di(3-pentylidene)-2,5-dimethyl-2,5
hexanediaine, N,-di(4-hexylidme)-1,2-diaminocyclohexane, Nlo'-dicyclohexyHnne
1,3-diaminocyclohexane, N,N-di(1-cyclobutyletylidene)-1,4diaminocyclohexane, N,N'

30 di(2 ,4-dimethyl-3-pentyliden)-I3yclohexanebi(methylmine), NN-di(1-penten-3
ylidene)-1,4-cyclohexanebis(methyanine), NN'-diisopmpylidene-1,7.inoheptune, 
N,N'-di-sec-butylidcne-1,8-diaminnnnane, NN-di(2-pentylidenc)-l,l0-diamindecanc, 
N,N-di(3-hexylidene)-1,12-daminadodecane, NN-di(3-mthyl-2-cyclohexenyliden)
1,2-diaminopropane, NN'-di(2,5-dimethylcyclopentylidene)-I,4-diminobutane, NN'

35 di(isophorylidene)-1,5-diminpentane, NN'-di(mithylidene)-2,5-dimethyl-2,5
henanedimine N,'-di(mdecylidmne)-1,2diaminocycloheane, N,N'-di-2-(4
methylpentyliden)-isophoronediamine, and NN'-di(5-nonylidene)-isophoronediamsine 
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- Processes.of the Invention 
[00411 In the processes of the invention, a polymer which is a polyurethane, polyurea, or 
polyurwa-urethane is made by mixing together at least one aromatic isocyanate, at least 
one polyol and/or at least one polyetheramine, and a chain extender composition of the 

5 invention. As is well known in the art, other components may also be included when 
making the polyurethane, polynrea, or polyurethane-mea, such as one or more flame 
retatdants, thermal stabilizers, and/or surfactants. In some processes of the invention, the 
polyol or polyethermine, chain extender composition, and when used, optional 
mgredints, are blended together to form a first mixture, followed by bending this first 

10 mixture with the isocyanate to form a second mixture; this second mixture is allowed to 
cure. In other processes of this invention, the isocyanate and the polyol or polyetheramnine 
are blended together to form a prepolymer, which prepolymer is then mixed together with 
the chain extender composition to form the desired polymer. In still other processes of the 
invention, the -isocyanate is. mixed wit polyol or polyetheramine to form a 

15 quasipxepolymer; polyol or polyetheraMine is mixed with the chain exteider composition 
to form a mixture; and then the mixture is mixed with the quasiprepolymer to form the 
desired polymer. Thus, the chain extender composition is reacted with an aromatic 
polyisocyanate and at least one polyol and/or at least one polyetheramine or with a 
prepolymer or a quasiprepolymer of the isocyanate and the polyol or polyetheranine. In 

20 the practice of this invention, use of quasiprepolymers is preferred way of producing 
polyureas, 
10042] The aromatic. polyisocyanates arm organic polyisocyanates having at least two 
isocynate groups. Generally, the isocyantes have a free -NCO content of at least 0.1% 
by weight Aromatic polyisocyanates that can be used in the practice of this invention 

25 include phenylene diisocyanate, toluene diisocyanate (TDI), xylene diisocyanate, 1,5
naphthalene diisooyanate, chlorophenylene 2,4-diisocyanate, bitoluene diisocyanate, 
dianiMidine diisocyanate, tnlidine dilsocyanate, alkylated benzene diisocyanates, 
methylene-interrupted aromatic dilsocyanates such as methylenediphcnyl diisocyanates, 
especially 4,4-methylenediphenyl diisocyanate (MDI), alkylated analogs of methylene

30 interrupted aromatic diisocyanates (such as 3,3'-dimethyl-4,4'-diphenylmethaue 
diisocyanate), and polymeric methylenediphenyt diisocyanates. A preferred aromatic 
polyisocyanate is 4,4-methylenediphenyl diisocyanate (MDI). Examples of isocyanatres 
that can be used are also taught in, for example, U.S. 4,595,742.  
[0043] Isocyanate-reactive polyols and polyetberamines (sometimes referred to as 

35 amine-terminated polyols) that arm typically used in making polyurethanes, polyureas, and 
polyurea-uretbanes range in molecular weight from 60 to over 6,000. The polyols can be 
dihydric, trihydridic, or polyhydric polyols, but are usually dihydric. Examples of suitable 
polyols include poly(ethyleneogy) glycols, dipropylene glycol, poly(propylcneozy) 
glycols, 
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dibutylene glycol, poly(butyleneoxy) glycols, and the polymeric glycol from caprolacton, 
commonly known as polycaprolacton. The polyetheramines used to make polyurethancs, 
polynreas, and polyurea-urethanes are amine-capped polyols which are the reaction 
product of a polyol and then an ame with alkylene oxides as well as aminecapped 

5 hydroxyl-containing -polyesters. Polythemmines typaly have a molecular weight of 
200 to .6000. Several commercially available polyetheramies known as Jeffamines® 

available from Huntsman Chemical Company and include Jefhminc T-5000, a 
polypropylene oxide trimmine of 5000 molecular weight, XTJ-509, a-polypropylene oxide 
triamine of 3000 molecular weight, XTJ-510, a polypropylene oxide diamine of 4000 

10 molecular weight, and Jekmine D-2000, a -polypropylene oxide diaine of 2000.  

molecular weight Jeffamine T-5000- and Jeffmine D-2000 are preferred 
polyetheramines in the practice of this invention.  
[00441 In a preferred process of the invention,- the polyisocyanate is 4,4
methylenediphenyl diisocyanate. In another preferred process of the invention, at least 

15 one polyethenmine is used. It still another preferred process of the invention, component 
(i) of ft chain extender composition is aromatic primary diamine in which each position 
ortho to an amino grup bears a hydrocarbyl group, and which aromatic primary diamine 
is in the form of one phenyl ring having two amino groups on the ring, which amino 
groups ar meta or para relative to each other, and in which the aromatic primary diamine 

20 has amin groups are meta relative to each other, and/or the ortho hydrocarbyl groups are 
methyl, ethyl, isoprupyl, buty, or mixtures thereof.  

Polymer. formed by the Invention 
[0045] The polymers- formed by the invention are polyurethanes, polynreas, and 

25 polyurea-urethanes (sometimes called polyurea-polyurethane). Because of their differing 
gel times (cure rates), these polmers can be used in different applications. Polynrethanes, 
polyureas, and polyurea-urethanes made with the chain extender compositions of the 
invention have more desirable gel times, and, at a minimum, the physical properties of the 
polymers are not adversely affected by tense of the chain extender compositions of the 

30 invention. T fact, an improvement in the tensile strength of the polymers made from 
chain extender compositions of the invention is observed in comparison to polymers made 
with the individual chain extenders.  
[0046] A preferred polymer foned by this invention is formed from 4,4
methylenediphenyl diiocyanate another preferred polymer fonned by this invention is 

35 formed from at least one polyethemmine. Another preferred polymer formed by this 
invention is formed frm a chain extender composition of the invention in which 
component (i) is an aromatic primary diamine in which each position ortho to an amino 
group bears a hydrocarbyl group, and which 
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aromatic primary diamine is in the form of one phenyl ring having two amino groups on the 

ring, which amino groups are meta or para relative to each other, and in which the amino 

groups of the aromatic primary diamine are meta relative to each other and/or the ortho 

hydrocarbyl groups of the aromatic primary diamine are methyl, ethyl, isopropyl, butyl, or 

5 mixtures thereof.  

[0047] Still another preferred polymer formed by this invention is formed from isophorone 

diisocyanate, at least one polyetheramine, and a chain extender composition in which 

component (ii) is an aliphatic secondary diamine and an aliphatic primary diamine, and in 

which the aliphatic secondary diamine is N,N'-di-(3,3-dimethyl-2-butyl)- 1,6-diaminohexane, 
10 N,N'-di-2-(4-methylpentyl)-isophoronediamine, or N,N'-di-(3,3-dimethyl-2-butyl)-3(4),8(9)

bis-(aminomethyl)-tricyclo[5.2.1.0(2,6)]decane.  

[0048] The following examples are presented for purposes of illustration, and are not 

intended to impose limitations on the scope of this invention.  

EXAMPLE 1 
15 [0049] In this example, the isocyanate was 4,4-methylenediphenyl diisocyanate (MDI, 

15.2% NCO, Rubinate 9480, Huntsman Chemical). Jeffamine D-2000 and Jeffamine T

5000 (polyetheramines, Huntsman Chemical) were used to make the polyureas, with the 

Jeffamine D-2000 and Jeffamine T-5000 in a 0.92:0.08 weight ratio. The aromatic primary 

diamine was a mixture of 2,4-diethyl-6-methyl- 1,3-benzenediamine and 4,6-diethyl-2-methyl

20 1,3-benzenediamine (Ethacure 100, Albemarle Corporation). A pneumatic dispensing gun 

(DP-400-85- 1, Mixpac Systems AG, Switzerland) was used in conjunction with a static mixer.  

The static mixer was either a plastic spiral bell mixer with 30 elements and an inner diameter 

of 0.37 inches (EA 370-30, Ellsworth Adhesives) or a plastic bell mixer with 48 elements and 

an inner diameter of 0.25 inches (Statomix MS 06-48).  

25 [0050] Polyurea formulations containing isocyanate, Jeffamine D-2000 and Jeffamine 

T-5000, Ethacure 100, and an aliphatic secondary diamine were prepared. The Ethacure 

100 and the aliphatic secondary diamine were used in a 1:1 ratio by equivalents. The 

isocyanate was mixed together with a portion of the Jeffamines to form a quasiprepolymer.  

The remainder of the Jeffamines was blended with the chain extender(s) to form a mixture.  

30 This mixture was then added to one compartment of the pneumatic mixing gun; the 

quasiprepolymer was added to the other compartment. The mixture and quasiprepolymer were 

mixed (reacted) by pushing them through a static mixer onto a steel plate and cured at room 

temperature. One polyurea was prepared without an aliphatic secondary diamine for 

comparative purposes. Amounts of the chain extenders relative to each other (in equivalents) 

35 are listed in Table 1. The cured polymers were subjected to testing. Properties of the 

polyureas are summarized in Table 1.  

16
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TABLE 1 

Comparative Run 1 Run 2 Run 3 

EthacureU 100 1 1 1 1 

N,N'-di-2-(4-methylpentyl)- 0 1 0 0 
isophoronediamine 

5 N,N'-di-(3,3-dimethyl-2-butyl)- 0 0 1 0 
TCD diamine 

N,N'-di-(3,3-dimethyl-2-butyl)- 0 0 0 1 
1,6-diaminohexane 

Gel time (cure rate) <2 sec 97 sec 50 sec 32 sec 

10 Shore D hardness, 0 sec. 45 44 57 48 

Shore D hardness, 10 sec. 40 38 55 44 

Tensile strength 2310 psi 2030 psi 2410 psi 2180 psi 

Elongation,% 370% 370% 280% 380% 

Modulus (100%) 1300 psi 990 psi 1570 psi 1350 psi 

15 Modulus (300%) 2030 psi 1720 psi --- 2050 psi 

Tear strength 460 pli 470 pli 630 pli 530 pi 

EXAMPLE 2 
[0051] Polyurea formulations were prepared as described in Example 1. The amounts of 

Jeffamine D-2000 and Jeffamine T-5000 were different than in Example 1. The chain 

20 extenders were Ethacure 100, and N,N'-di-(3,3-dimethyl-2-butyl)-1,6-diaminohexane in various 

proportions. Ethacure 100-LC (Albemarle Corporation) is Ethacure 100 of lower color 

with a stabilizer present at ppm levels. Two polyureas were prepared for comparative 

purposes. Amounts of the chain extenders and Jeffamines by weight are listed in Table 2.  

The cured polymers were subjected to testing. Properties of the polyureas are summarized in 

25 Table 2.  
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TABLE 2 

Compar Run 1 Run 2 Run 3 Run 4 Compar 
ative ative 

JeffamineU D-2000 54.2 

JeffamineU T-5000 5.4 

Ethacure 100-LC 0 0 0 0 15.6 0 

5 EthacureU 100 28.1 21.8 17.8 14.6 0 0 

N,N'-di-(3,3-dimethyl- 0 10.9 17.8 23.3 24.9 55.7 
2-butyl)- 1,6
diaminohexane 

Mix temperature 58 0C 

10 Gel time (cure rate) <2 sec 6 sec 10 sec 16 sec 16 sec 49 sec 

Shore D hardness, 0 sec. 45 41 42 43 43 49 

Shore D hardness, 10 40 38 38 39 39 44 

sec.  

Tensile strength 2310 2320 2530 2460 2410 2180 

psi psi psi psi psi psi 

15 Elongation 370% 350% 390% 360% 350% 330% 

Modulus (100%) 1300 psi 1300 1320 1340 1390 1410 psi 

psi psi psi psi 

Modulus (300%) 2030 2120 2190 2230 2240 2120 

psi psi psi psi psi psi 

Tear strength 460 pli 430 pli 450 pli 470 pli 460 pli 510 pli 

EXAMPLE 3 
20 [0052] Polyurea formulations containing isocyanate (MDI, 15.2% NCO, Rubinate 9480, 

Huntsman Chemical), Jeffamine D-2000, Jeffamine T-5000, Ethacure 100, and/or N,N'
di-(3,3-dimethyl-2-butyl)-TCD diamine were prepared; one formulation was prepared using 

only Ethacure 100, for comparative purposes. All ingredients except the isocyanate were 

mixed together in a blender for five minutes and then degassed in an oven; amounts of the 

25 components in this mixture are listed in Table 3. The mixture was placed in one barrel of a 

two-barrel syringe; the isocyanate was placed in the other barrel. The syringe contents were 
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blended by pushing them through a static mixer onto a steel plate and cured at room 

temperature. A 1:1 volume ratio of isocyanate to the mixture resulted from the blending of 

the syringe contents. The cured formulations were then subjected to testing. Amounts of the 

components in each formulation are listed in Table 3. The formulation having N,N'-di-(3,3
5 dimethyl-2-butyl)-TCD diamine without Ethacure 100 was observed to be brittle. Properties 

of the formulations are summarized in Table 3.  

TABLE 3 

Component Formulation 1 Formulation 2 Formulation 3 

Amine-terminated polyol 66.1 wt% 49.5 wt% 31.3 wt% 
10 (Jeffamine D-2000) 

Amine-terminated polyol 5.8 wt% 5.8 wt% 5.7 wt% 
(Jeffamine T-5000) 

Ethacure® 100 28.1 wt% 14.7 wt% 0 

Amount of diamine 0 30.0 wt% 63.0 wt% 

15 Gel time (cure rate) <2 sec. 11 sec. 50 sec.  

Shore D hardness, 0 sec 45 47 57 

Shore D hardness, 10 sec 40 43 55 

Tensile strength 2310 psi 2500 psi 2410 psi 

Elongation 370% 360% 280% 

20 Modulus (100%) 1300 psi 1340 psi 1570 psi 

Modulus (300%) 2030 psi 2250 psi 1790 psi 

Tear strength 460 pli 500 pli 630 pli 

[0053] Formulations similar to the those in Example 3 were made with N,N'-di-5-nonyl

isophoronediamine. The gel time (cure rate) for the N,N'-di-5-nonyl-isophoronediamine 

25 formulation was 59 seconds. Another formulation similar to those in Example 3 was made 

with N,N'-di-2-(4-methylpentyl)-isophoronediamine; the gel time for this formulation was 22 

seconds. Still another formulation similar to those in Example 3 was made with N,N'-di-(3,3
dimethyl-2-butyl)-TCD diamine; the gel time for this formulation was 25 seconds. Yet 

another formulation similar to those in Example 3 was made with N,N'-di-(3,3-dimethyl-2

30 butyl)-1,6-diaminohexane; the gel time for this formulation was 25 seconds at room 

temperature.  

19



CASE K27432B PCT 

10054j It is to be understood that the reactants and components referred to by chemical 
name or formula anywhere in this document whether referred to in the singular or plural, 
ae identified as they exist prior to coming into contact with another substance referred to 
by chemical name or chemical tye (ag., another reactant, a solvent, or c). It matters 

5 not what preliminary chmical changes, transformations and/or reactions, if any, take 
place in the resulting mixture or solution or action medium as such changes, 
Iransfonnations and/or reactions are the natural result of bringing the specified reactants 
and/or components together under the conditions called for pursuant to this disclosure.  
Thus the reactants and components are identified as ingredients to be brought together in 

10 connection with performing a desired chemical operation or reaction or in fonning a 
mixture to be used in conducting a desired operation or reaction. Also, even though an 
embodiment may refer to substances, components and/or ingredients in the present tense 
("is comprised of", "comprises", "is", etc.), the reference is to the substance, component or 
ingredient as it existed atthe time just before it was first contacted, blended or mixed with 

15 one or more other substances, components and/or ingredients in accordance with the 
present disclosure.  
[00551 Also, even tough the may refer to substances in the present tense (a,
"comprises", "is", etc.), the reference is to the substance as it exists at the time just before 
it is fist contacted, blended or mixed with one or more other substances in accordance 

20 with the present disclosure.  
[00561 Except as may be expressly otherwise indicated, the article "a" or "an" if and as 
used herein is not intended to limit and should not be construed as limiting, the 
description or a to a single element to which the article refers. Rather, the article "a" or 
"an' if and as used herein is intended to cover one or more such elements, unless the text 

25 expressly indicates otherwise.  
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A chain extender composition which comprises 

(i) an aromatic primary diamine, and 

5 (ii) a component selected from the group consisting of: 

(c) an aliphatic secondary diamine and an aliphatic primary diamine; 

(d) a diimine; and 

(e) a combination of (c) and (d), 

with the proviso that when (ii) is (d), and (d) is an aromatic diimine, each imino 

10 hydrocarbylidene group has at least two carbon atoms.  

2. A composition as in Claim 1 wherein (i) is a mixture of 2,4-diethyl-6

methyl-1,3-benzenediamine and 4,6-diethyl.-2-methyl-1,3-benzenediamine.  

15 3. A composition as in Claim 1 or Claim 2 wherein (ii) is an aliphatic 

secondary diamine and an aliphatic primary diamine, and wherein said aliphatic 

primary diamine has at least one of the following features: 

the hydrocarbyl portion of the diamine is cyclic or a straight chain; 

the aliphatic primary diamine has about four to about ten carbon atoms.  

20 

4. A composition as in Claim 1 or Claim 2 wherein (ii) is an aliphatic 

secondary diamine and an aliphatic primary diamine, and wherein said aliphatic 

secondary diamine is N,N'-di-(3,3-dimethyl-2-butyl)-1,6-diaminohexane, N,N'-di-2-(4

methylpentyl)-isophoronediamine, or N,N'-di-(3,3-dimethyl-2-butyl)-3(4),8(9)-bis

25 (aminomethyl)-tricyclo[5.2.1.0(2,6)]decane.  

5. A composition as in Claim I or Claim 2 wherein (ii) is an aromatic 

diimine which is either in the form of one phenyl ring having two imino groups on the 

ring, in which each position ortho to an imino group bears a hydrocarbyl group, or is in 

30 the form of two phenyl rings connected by an alkylene bridge and having one imino 

group on each ring, in which each position ortho to an imino group bears a hydrocarbyl 

group.



6. A process for producing a polymer, which process comprises mixing 

together (A) at least one aromatic polyisocyanate, (B) at least one polyol and/or at least 

one polyetheramine, and (C) a chain extender comprised of 

5 (i) an aromatic primary diamine, and 

(ii) a component selected from the group consisting of: 

(c) an aliphatic secondary diamine and an aliphatic primary diamine; 

(d) a diimine; and 

(e) a combination of (c) and (d), 

10 with the proviso that when (ii) is (d), and (d) is an aromatic diimine, each imino 

hydrocarbylidene group has at least two carbon atoms.  

7. A process as in Claim 6 wherein (i) is a mixture of 2,4-diethyl-6-methyl

1,3-benzenediamine and 4,6-diethyl-2-methyl-1,3-benzenediamine.  

15 

8. A process as in Claim 6 or 7 wherein (ii) is an aliphatic secondary diamine 

and an aliphatic primary diamine, and wherein said aliphatic secondary diamine is 

N,N'-di-(3,3-dimethyl-2-butyl)-1,6-diaminohexane, N,N'-di-2-(4-methylpentyl)

isophoronediamine, or N,N'-di-(3,3-dimethyl-2-butyl)-3(4),8(9)-bis-(aminomethyl)

20 tricyclo[5.2.1.0(2,6)]decane.  

9. A process as in any one of claims 6-8 wherein a quasiprepolymer is 

formed during the process or wherein a prepolymer is formed during the process.  

25 10. A polymer which is formed from ingredients comprising (A) at least one 

aromatic polyisocyanate, (B) at least one polyol and/or at least one polyetheramine, and 

(C) a chain extender comprised of 

(i) an aromatic primary diamine, and 

(ii) a further component selected from the group consisting of: 

30 (c) an aliphatic secondary diamine and an aliphatic primary diamine; 

(d) a diimine; and



(e) a combination of (c) and (d), 

with the proviso that when (ii) is (d), and (d) is an aromatic diimine, each imino 

hydrocarbylidene group has at least two carbon atoms.  

5 11. A polymer as in Claim 10 wherein (i) is a mixture of 2,4-diethyl-6-methyl

1,3-benzenediamine and 4,6-diethyl-2-methyl-1,3-benzenediamine.  

12. A polymer as in Claim 10 or 11 wherein (ii) is an aliphatic secondary 

diamine and an aliphatic primary diamine, and wherein said aliphatic secondary 

10 diamine is N,N'-di-(3,3-dimethyl-2-butyl)-1,6-diaminohexane, N,N'-di-2-(4

methylpentyl)-isophoronediamine, or N,N'-di-(3,3-dimethyl-2-butyl)-3(4),8(9)-bis

(aminomethyl)-tricyclo[5.2.1.0(2,6)]decane.


	Bibliographic Page
	Abstract
	Description
	Claims

