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(54) Title: DIAMINE CHAIN EXTENDER COMPOSITIONS

(57) Abstract: This invention provides chain extender compositions. These compositions comprise (i) an aromatic primary di-
amine, and (ii) a component 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; (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. Processes for producing
polyurethanes, polyureas, and polyurea-urethanes are also provided.
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DIAMINE CHAIN EXTENDER COMPOSITIONS

TECHNICAL FIELD
[0001] This invention relates to the use of aromatic diamines to form polyurethanes,
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 poiyurethane-urea polymers and/or as curing agents for

2007300409 25 Aug 2010

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 wuse of certain N,N“

15 dialkylphenylenediamines as chain extenders in preparing polyurethanes and polyureas.
In this conuection, 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. 6,218,480 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] Aﬁy 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 ficld 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.

1
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One embodiment of this invention provides a chain extender composition.

The composition comprises (i) an aromatic primary diamine and (ii) another

component.
(2)
(b)
(©)
(d)
(¢)

The component is selected from the group consisting of:

an aliphatic secondary diamine;

an aliphatic primary diamine;

an aliphatic secondary diamine and an aliphatic primary diamine;
a diimine; and l

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

(i) an aromatic primary diamine, and

(i)  acomponent selected from the group consisting of}

(©
(d)
(e)

an aliphatic secondary diamine and an aliphatic primary diamine;
a diimine; and

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.

[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

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’

(2)
(b)
(©)
(d)
(e)

an aliphatic secbndary diamine;

an aliphatic primary diamine;

an aliphatic secondary diamine and an aliphatic primary diamine;
a diimine; and

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

1A
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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.

[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

()  an aromatic primary diamine, and

10 (ii)  acomponent selected from the group consisting of:

2007300409 25 Aug 2010

(¢} an aliphatic secondary diamine and an aliphatic primary diamine;
(d) adiimine; and
(e} acombination of (c) and (d),
with the proviso that when (i) is (d), and (d) is an aromatic diimine, each imino
I5 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 (i) another component. The component is selected from
the group consisting of:
() an aliphatic secondary diamine;
(b) an aliphatic primary diamine;
(¢) an aliphatic secondary diamine and an aliphatic primary diamine;
25 (d) adiimine; 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 (if) 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
() an aromatic primary diamine, and

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

COMS ID No: ARCS-290264 Received by IP Australia: Time (H:m) 13:03 Date (Y-M-d) 2010-08-27
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(c) an aliphatic secondary diamine and an aliphatic primary diamine;
(d) adiimine; and
(e)  acombination of (¢) 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.

2007300409 25 Aug 2010

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

2A
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hydrocarbylidene group has at least two carbon atoms. Preferred components for nse with
the aromatic primary diamine are aliphatic secondary diamines. The components can be
present in the chain extender composition in a variety ofp:roporhons, the preferred ratios
vary w1fh the type of component from (u')

L. Component ()

U82007068384

[0010] Aromatic primary diamines are component (1) of the chain extmder composnuons -

of the invention.

[0011] Onetypenfmmaﬁnpﬁmarydiamine-thgtmbeusedhthisinvﬁonisan
aromatic primary diamine in which at least one position ortho to each amino group bag 2
hydrogen atomn as a substitnent, and which aromatic primary diamine is either in the forn

: ofonephmylnnghavmgtwoammogroupsonﬂ:cnngcmmtheformoftwophenylnngs

oonnectedbyanalkylenebndgeandhawngoneammogmuponeachnng The phenyl -

nngsmayhave,butneednothnve, one or more hydrocarby] groups on the phenyl ring(s).
Hydrocarbyl groups, when present on the phenyl rings, may be the same or different,
Whenbothammogmupsareononephenylnng,theammogmupsmaybemanyposmon
relative to each other on the ring; preferably, the amino groups are 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,eachamnngmuplsmctaur
para relative to the alkylene bridge. The alkylene bridge of the two-ring 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

' preforred is an alkylene bridge having one carbon atom, The hydrocarbyl groups, when

present on the pheny] ring(s), are as described above for the aromatic diimines, When one
or more hydrocarbyl groups are present on the phmyl ring(s), the hydrocarbyl groups can
have from one (6 twenty carbon atoms; preferably, the hydrocarby] groups have from one
to six carbon atoms,

[0012] Suitable aromatic primary diamines of this type having both amino groups an one
phenyl ring include, but are not limited to, 1,2-benzenediamine, 1,3-benzepediamine, 1,4
benzenediamine, 4-ethyl-1,2-benzenediamine, 2-isopropyl-1,3-benzenediamiiie, 4-tert-

butyl-1,3-benzenediamine, * 2-pentyl-1,4-benzenediamina, 4,5-dihexyl-1,2-

benzenediamine, Lmethyl-s-hbptyi-lﬁ-bmenedmmnw, 4,6-di-n-propyl-1,3-
benzenedlamme ~2,5-dioctyl-1 4~benzened1annnn, 2,3-diethyl-1,4-benzenediamine, and

45 G-txhexyl-l 3-benzenediamine.

J0013] Examples of suitable aromatic primary diamines of this type in which one amino
gromp is on each of two phenyl rings include 2,2'-methylenebis(benzencamine), 2,3'-

methylensbis<(benzencamine), 2,4'-methylenebis(benzencamine), 3,3-
methylenehis(benzeneamine), 3,4"“methylencbis(benzeneamine), 44-

methylenebis(benzencamine), 4,4'-(1 2-ethanediyl)bis-(benzeneamine), 3,4'(1,3-

Replacement Page 3
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propanediyl)bis(benzeneamine),  2,2metirylenebis(S-tert-butyl-benzeneamine), 3,3
methylenebis(2-methylbenzeneamine), 3,3-methylenebis(5-pentylbenzeneamine), 3,3
methylenehis(6-isopropylbenzeneamine), 4,4'-methylenehis(2-methylbenzeneamine), 4,4

- methylenebis(3-sec-butylbenzeneamine), 4,4'1,2-ethanediyl)bis(2-methylbenzeneamine),
- 3,3"-methylenebis(2,4-dipentylbenzencamine), 3,3™methylenebis(5,6-<diisopropylbenzene- - -

U82007068384

aming), 4 ,4'-methylenebis(2,3-di-sec-butylbenzeneamine), 4,4'- methylenebls(S S-di-text-

butylbenzmeamme),andthehke.
[0014]  Another type of aromatic pnmnry diamine that ¢an be used in this invention,
which is a preferred type of aromatic primary diamine, is an aromatic primary diamine in

‘which each position ortho (mmedmﬁely adjacent) to an amino group bears a  hydrocarbyl

group, and which aromatic primary diamine either is in the form of one pheny) ring having

' twoammogmupsonthermg,whlchummogroupsmmmorpmmlauvem each other,
. ot is in the form of two. phenyl rings comected by an alkylene bridge and having one

amino group on each ring. The hydrocarbyl groups.on the phenyl rings {(adjacent to the
ammogmﬂps)genmﬂyhaveupmtwemearbonamms,andthehydmmrbyl groups may
be the same or different. The alkylene bridge of the two-ring primary diamine has from
nnetoszxca:bonatoms preferably, the bridge has from one to three carbon atoms. More
prefersbly, the a]kylene bridge has one or two catbon atoms; especially preferred as the
alkylene bridge is a methylene group. Particularly preferred hydrocarhyl groups on the

phenyl ring(s) are methyl, ethyl, isopropyl, butyl, and mixtures of two or more of these

groups. Here, buty! groups include n-butyl, sec-butyl, and t-butyl groups. '
[0015] More preferred aromatic primary diamines with two amino groups on one phenyl

- ring have the amino groups mefa relative to each other. Highly prefarred hydrocarbyl

groups are methyl, ethyl, isopropyl, butyl, and mixtures thereof, where the preference for
butyl groups fucludes n-butyl, sec-butyl, and t-butyl groups. Particularly preferred are
aromatic primary diamines in which the hydrocarbyl group between the two meta amino
groups is 2 methyl group, while the two remaining hydrocarbyl groups are ethyl groups,

' andmosemwhmhthehydrwaxbylgmupbetweenthetwoMammogmupsxsanethyl

group, while one of the two remaining hydrocarbyl groups is a methyl group and the other

"mmdhylgvup,mdmmthumi More_preferred aromatic primary diamines are

algo thoss in which one amino group is on ¢ach of two phenyl rings, where the two phenyl
rings are connected via an alkylene bridge, and have both amino groups pare relative to
the alkyleno bridge. An especially preferred aromatic primary diamine of this type is a
compoundwhereeachhydmca:bylgmuporthotoanammogroupxsanethylgmupand
the alkylene bridge is a methylene group.

[0016] A preferred aromatic primary diamine is one in which each position ortho to an
amino group 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 are
meta or para ' .

Repiacement Page 4
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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-
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-
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-
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'-
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,
H,C CH,CH,

NH,
CH;CH,
which represents a particularly preferred aromatic primary diamine in this invention, can be
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
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| CHsCHz | CH,CH,
w} Soe

| CHCH, . CH,CH,

which represents another particularly preferred mmatm primary diaming in this invention,
can be called 4,4methylenbis(2 ;6-diethylbenzeneamine),  4,4'-methylenhis(2,6-
5 diethylaniling), or 3,3, 5 S'-tetracthyl-4,4'-diaminodiphenylmethane. '

H. Component (if) , :
[0019] Component (ij) is selected from the group consisting of (a) an aliphatic secondary
diamine; (b)anahphaucpnmarydmmme; (¢) an aliphatic secondary diamine and an
10  aliphatic primary diamine; (d) a diimine; and (e) acombmauon of any two or more of(a)
, through (d). When (i) is (a), (2) has amino hydrocarbyl groups which are secondary or
tertiary hydrocarbyl groups. When (i) is (d), and (d) is an aromatic diimine, cach imino
hydrocarbylidene group has at least two carbon atoms. Thus mixtures of subcomponents
(@{d)in vanous combinations are within the scope of this invention.
15 -
- Subcomponent (a)
[0020] - Aliphatic secondary diamines which have amino hydrocarbyl groups which are
secondary. or tertiary hydrocarbyl groups are subcomponent (8) of component (if). The
, ammohydmcmbylgmupsofthaahphancsecmdmymcmbecychommched.
20 Preferably, the amino hydrocarbyl groups are branched chain alkyl groups having from -
three to twelve carbon atoms, Examples of suitable amino hydrocarby! proups inchide
isopropyl, sec-butyl, t-butyl, 3,3-dimethyl-2-butyl, 3-pentyl, cyclopentyl, 4hexyl,
methylcyclohexyl, cyelooctyl, 5-nonyl, and the Tike.
{0021] The aliphatic secondary diamines are bydrocarbyl secondary dmmmes where the
25  hydrocarbyl portion of the diamine is aliphatic, where "hydrocarby] portion" refers to the
moiety to which the amino groups are bound. The hydrocarbyl portion of the aliphatic
diamine can be cyclic, branched, or siraight chain. Cychoandstrmghtchmnmpmferred '
. as the hydrocarbyl portion of the aliphatic secondary diamine. When the hydrocarbyl
* portion of the diamine is cyclic, the cyclic moiety can be a single ring, fused rings,
30  bicyclic rings, or a tricyclic system (which tricyclic system can contain fosed rings and/or
- bicyclic rings). The amino groups may be attached dn'ecﬂytoﬂaermg, or one or both
amino groups may be bound
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to a group that is a substituent of the ring; it is preferred that at least one of the amino
groups is bound to the ring. Preferably, the aliphatic secondary diamine has twelve 1o
- forty carbon atoms; more prefersbly, the aliphatic secondary diamine has fifieen to
twenty-five carbon atoms. “The relative proportions of aromatic primary diamine to
5 eliphatic 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 on an equivalent
basis are 0.75:1 to 1:0.75. Onawc:ghtbas:s the relative proportions of aromatic primary
dinmine 1o aliphatic secondary diamine in the chain extender camposition are preferably
© 025:1t05:1; moreprefmbly,ﬂxexelauvepmpomonsonawexghtbasxsaxeo5 :1 to 3:1.
10 [0022] A preferred chain extender composition, when component (ii) is an aliphatic
-secondary diamine which has amino hydrocarbyl groups which are secondary or tertiary
hydrocarbyl groups, in which the hydrocarbyl portion of the aliphatic secondary diamine is
‘& straight chain, has relative proportions of (i) to (ii) on a weight basis of 0.25:1 1o 5:1. ,
[0023]  Aliphatic secondary diamines that can be used in this invention include, but are
15 not limited to, N,N'-dusopmpyleﬂaylenedmmme N,N'-di-sec-butyl-1,2-diaminopropane, -
~ NN'di(l-cyclopropylethyl)-1,5-diaminopentane, N,N'-di(3,3-dimethy)-2-butyl)-1,5-
dmmmn—Z-methyIpenm, N.N'-di-sec-butyl-1 6-dmmmohexane, N.N'-di(3-pentyl)-2,5-
dimethyl-2,5-hexanediamine, N,N'-di(4-hexyl)-1,2~diaminocyclohexane, NN
_ dicyclohexyl-1,3-diaminocyclohexane, = ' NN-dx(l-cyclobutylethyl) 1,4-
20  diamindcyclohexane, N,N‘-d1(2,4-dnnethyl~3 -pentyl)<1,3-cyclohexanebis(methylamine),
N,N'-diisopropyl-1,7-diaminoheptane, N,N'-di-sec-butyl-1,8-diaminooctanes, N,N'-di(2-
perttyl)-1,10-diaminodecane, NN'-di(3-hexyl)-1,12-diaminododesane, NN'-di(3-methyl-
2-cyclohexenyl)-1,2-diaminopropane, N.N'-di(2,5-dimethylcyclopentyl)-1,4-
diaminobutane, N,N-di(isophoryl)-1,5-diaminopentane, N,N“di(mentityl)-2,5-dimethyl-

25  2,5-hexavediamine, N,N-di(S-nonyl-isophoronediamine, and NN -di-(3,3-dimethyl-2-
butyl)-3(4),8(9)-bis(aminomethyl)-tricyclo[5.2.1.0(2,6)}decane (also called N.N-di(3,3-
dimethyl-2-butyl)-TCD diamine). Preferred aliphatic seoondary diamines include N,N'-di-
(3,3-dimethyl-2-butyl)-1,6-diaminchexane, NN-di-2- (4-1nethy1pmtyl)-
xsophoronedmmme, and NN'-d:~(3,3-dnnethyl—2-butyl)-TCD diamine.

30 :

Subcomponent )

- [0024] - Aliphatic primary diamines are subcomponent (b) of component (ii), and the
aliphathnmarydmmmesusedmthw mvennonazehydmcarbylprnm:ydmmmeswhm~
the hydrocarbyl portion of the diamine is aliphatic, "‘The hydmcarbyl portion of the

35 aliphatic diamine can be cyclic, branched, or straight chain. Preferably, the aliphatic
©primary diamine has two o twenty carbon atoms, more preferably, the aliphatic primary

diamine
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has four to twelve carbon atoms, Pamcularly preferred aliphatic diamines have c.yclw or

stmghtchnm hydrocarby! portions and have fom'toten carbon atoms.
[0025] Suitable aliphatic primary diamines include, but are not limited to,

ethyienediamme, 1,2-diaminopropane, 1,3-diaminopropane, 1,4-diaminobutane, 1,5-

diaminopertane, 1,5~dismino-2-methylpentane, ' 1,6-diaminohexane, 2,5-dimethyl-2,5- -

hexanediamine, - 1,2-diaminocyclohexane, 1,3-diaminocyclohexans, 14-
diaminocyclohexdne, 2,4-diethyl-6-methyl-1,3-cyclobexanediamine, 4,6-diethy)-2-methyl-
1,3cyclohexanediamine, 1,3-cyclohexancbis(methylamine), - 14-
cyclohexanebis(methylamine), isophorone diamine, bis(p-zminocyclohexyl)methane,
bis(3-methyl-4-aminocyclohexyl)ymethane, 1,3-diamino-p-menthane, 1,7-diamincheptane,
1,8-diaminooctane, 1,10-diaminodecane, 1,12-diaminododecane, and 3(4),8(9)-bis-
(aminomethy])-tricyclof5.2.1.0(2,6)]decane (TCD diamine; also calied octahydro-d,7
methanoinden-1(2),5(6)-dimethanamine or  octahydro-4,7-methano-1H-indenedimethryl-
amine). Preferred aliphatic primary diamines inciude isophorone diamine and TCD
diamine. -

Subcomponent (c)

[0026] Anahphaﬂosecondarydmmneandanahpha&cpnmarydlmnem
subcomponent (c) of (ii). The aliphati¢ secondary diamine and the aliphatic primary
diamine can be in any suitable proportion relative to sach other, and their combined total
amount can be in any relative proportion fo the aromatic primaty diamine of (i),
Preferably, the proportion of the combined total amount of aliphatic secondary diamine
andahphaucpmnarydammerelauvetotheammzncprmnrydmmmcof(i)xsmme
rangeofOS 110 1:0.5.

[0027) Suitable aliphatic prnmary dJammes for subcomponent (¢) and preferences
therefor are as described above for subcomponent (b). - Similarly, when the aliphatic
secondaty 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 (¢)

is an aliphatic secondary dismine in which the amino hydrocarbyl groups are primary, the

. hiydrocarbyl 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
atoms. Examples of suitsble amino hydrocarbyl groups include ethyl, propyl, n-butyl,

- pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl, and the like. Preferred aliphatic

secondary dismines with primary amino hydrocarbyl groups have cycHe or straight chain
hydrocarby] 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-
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'-
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
(i1). Processes for forming diimines from primary diamines are provided in commonly-owned
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=R*

Ra R a Ra

R R*
N=R°®
N=R°®
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R* R

N=R® ' N=R®

where cach R* may be the sameordiﬂ‘emn:,mdeachk‘isahydmcmbylgmp R"isan

-alkylene bridge, and each R® is a hydrocarbylidene group hnvmg at least two carbon

atoms.
[0031) Aromatic diimines that can be nsed in ﬂns invention are aromatic diimines in

U82007068384

which the imino hydmea:byhdeme groups have at least two carbon atoms. One type of -

aromaucdnmmeﬂmtcanbensedmﬁnsmvenhonlseﬁhmmthefomofonephyInng

hnwngtwommommsmthenng,mwlmheachpomhonorthotoannnmogmup .

(—N=R) bears a hydrocarbyl group, or in the form of two phenyl rings connected by an
alkylene bridge and having onc imino group on each ring, in which each position ortho to

animinngroupbearsahydmcarbylgmug. Another type of aromatic diimine that can be. .

used in this invention is an aromatic diimine in-which &t least one position ortho to each
imino group has a hydrogen atom as a substitnent, and which aromatic ditmine is either in
the form of one pheny] ring having two imino groups on the ring or in the form of two
phenyl rings commected by an alkylens bridge and having one imino group on each ring,

[8032] 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,
propy), isopropyl, n-butyl, sec-butyl, t-butyl, pentyl, cyclopenty), hexyl, methylcyclohexyl,
heptyl, octyl, cyclooctyl, nonyl, decyl, dodecyl, phenyl, benzyl, and the like, When the
atomatic diimine i3 in the form 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 alkylene bridge is considered as a hydrocarbyl group ortho to the -

. imino group. Preferred hydrocarbyl groups on the pheny] ring(s) (ortho to an imino

group) of the aromatic diimines are straight-chain or branched-chain alkyl groups having

isopropyl, butyl, and mixtures of two or more of these groups. Here, the preference for
butyl groups includes o-butyl, sec-butyl, and t-butyl groups, The alkylene bridge of the
two-ringed diimine has from one to six carbon atoms; preferably, the bridge has from one
to three carbon atoms. More preferably, the )

Replacement Page 10
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alkylene bridge has one or two carbon atoms; highly pmfemad is an alkylene bndge
having one catbon atom, i.e., a methylens group.
[0033]  The hydrocarbylidene groups of the imino groups of the aromatic dnnune

. generally have from two to twenty carbon atoms; the hydrocarbylidene groups may be

aliphatic (straight chain, branched, or cyclic) or aromatic. Preferably, the iminio

_ hy&ocmbyﬁdmegmmmstaightchainwbmchedchamaﬂqhdencgmupshdvmg :

from three o six carbon atoms. Examples of smtable imino hydrocarbylidene groups
inchude ethylidene, propylidene, isopropylidene, 1-cyclopropylethylidene; n-butylidene,
sec-butylidene, cyclobutylidene, 2-ethylbutylidene, 3,3-dimethyl-2-butylidene, 3-
pentylidene, 3-penten-2-ylidene, cyclopentylidene, 2 S-dlmcﬂrylcyclopentyhdme, 2-

cyclopentenylidene, hexylidene, methylcyclohexylidene, menthylidene, ionylidene,
" phorylidene, isophorylidene, heptylidene, 2,6 ,~dimethyl-3-heptylidene, cyclooctyhdene 5-
- nonylidene, decylidene, ‘10-undecenylidene, benzylidene, 2 4-dimethylbenzylidene, 2-

phmylethyﬁdme, 1-phenylpentylidene; . l-naphthylidene, 2-naphthylidens, 1-
naphthylemyhdr.ne, and the like. ,
[0034] - Preferred aromatic diimines with two imino groups on one phenyl ring have ﬂ:e

'.mmogrowsmetarelahvetoeachother In these preferred diimines, the imino

hydrocarbylidene group preferably is a straight chain or branched chain alkylidens group
having fiom three to six carbon atoms, Partlcularlyprefmdareammatmdnmmesm
whmhthehydrocarbylgmupbetweenthetwometannmogmupsuamethylgmup while
thetworﬂmmmnghydmcarbylgmupsareeﬂlylg'oups,andthosemwhchthe

" hydrocarbyl group between the two meta imino groups is an ethyl group, while one of the

two remaining hydrocarbyl groups is a' methyl groupandtheother:sanethylgrmxp,and B

- mixfures thereof,.
* [0035) Preferred aromatic diimines in which one imino group is on each of two’ phenyl

rings, where the two phenyl rings are connectedvmanalkylenebndge, have both imino
groups para relative to the alkylene bridge, A particularly preferred aromatic diimine of
this type is a compound where each hydrocarbyl group ortho to an imino group is an ethyl
group and the alkylene bridge is a methylene group; this is especially preferred when the
jmino hydrocarbylidene groups are isopropylidene or sec-butylidene,

[0036] Diimines having both imino groups on one phenyl ring suitable for nse in this -
invention include, but are not limited to, N,N'-diisopropylidene-2,4,6-trethyl-1,3-
benzenediamine, N,N'-di-sec-butylidene-2,4.6-triethyl-1,3-benzenediamine, N,N'-di(2-

_pentylidene)-(2,4,6-triethyl-1,3-benzenediamine), N ,N'-diisopropylidene-(2,4-diethyl-6-
.methyl-1.3-benzenediamine), N,N'-di-sec-butylidene-(2,4-diethyl-6-methyl-1,3-

benzenediamine), - N,N'-diisopropylidene-(4,6-diethyl-2-methyl-1,3-benzenediamine),
N,N'-di-sec-butylidene-(4,6-diethyl-2-niethyl-1,3-benzenediamine), N,N-
dicyclobutylidene-(4,6-diethyl-2-methyl-1,3-benzenedismine), N,N-dicyclopentylidene-
@, 4-dnsopropyl-6—methyl-l,3-benzmd:annne), N,N‘—dusopropyhdene—(z-methyH 6-di-

sec-hutyl—l,S-benzenedJamme)
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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-tetracthyl-1,4-
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-
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)-
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-
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.

[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-
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'-
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,

12
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pentyhdenn)-z,z -methylenebis(5-tert-butylbenzeneamine), N,N'-di(phorylidene}-3,3'-
methylenebis(S-pentylbenzeneamine), N,N'-di(3-methylbutylidene)-3,3"-methylenehis(6-
isopropylbénzeneamine), - ' N.N'-di(2-heptylidenc)-4,4'-methylenebis(2-
methylbenzeneamine), N,N'-dimenthylidene-4, 4'-meﬂ1ylenebxs(3-seo-buty]benzenmme)

- N,N™-di(1 cyclopentyle&xyhdeneﬂ,#—(l,thhanedayl)bm(z-meﬂlylbenmeamne), and

N,N'-di(1-penten-3-ylidene)-4,4'-methylenebis(2,3-di-sec-butylbenzeneamine).

-[0039] Aliphatic diimines are also part of subcomponent (d) of the curative mixture. The

U82007068384

 NN'di(undecylidene)-3,4(1,3-propanediylbis(benzencemine), NN-di(2,4dimethyl 3 .

hydrocarbyl portion of the aliphatic diimine can be cyclic, branched, or straipht chain -

hydrocarbyl group, where "hydrocarbyl portion” refers to the moiety to which the imino
gronps are bound Preferably,ﬂmahphancdzmmehnss:xtofonymbonat,mm

preferably, the aliphatic diimine has ten to thirty carbon atoms. The hydrocarbylidene

groups of the imino groups of the aliphatic diimine generally have from ane to twenty
urbonawms,thehydmcarbyhdmegwupsmaybesmghnhmbmnheiorcychc
Preferably, the imino hydrocarbylidene groups are straight chain or branched- chain

. alkylidene groups having from three to six carbon atoms, Examples of suitable imino

hydrocarbylidens pgroups include cthylidene, propylidens, - isopropylidene, 1-
cyclopropylethylidene, n-butylidens, sec-butylidene, cyclobutylidene, 2-ethylbutylidene,
3,3-dimethyl-2-butylidene, 3-pentylidene, 3-penten-2-ylidene, cyclopentylidens, 2,5-

dimethyleyclopentylidene, 2-cyclopemtenylidene, bexylidene, methylcyclohexylidene, .

menthylidene, jonylidene, phorylidene, isophorylidene, heptylidene, 2,6,-dimethyl-3-
heptylidene, cyclooctylidene, 5-nonylidenie, decylidene, 10-imdecenylidene, and the like,

{0040]  Aliphatic diimines that can be used in this invention include, but are not limited
to, N,N'.diisopropylidene-ethylenediamine, N,N'-di-sec-butylidene-1,2-diaminopropane,
N,N'-di(2-butenylidene)-1,3-diaminopropane, ~ N)N“-di(1-cyclopropylethylidene)-1,5~
diaminopentane, N,N'-di(3,3-dimethyl-2-butylidene)-1,5-diamino-2-methylpentane, NN'-
di-sec-butylidene-1,6-diaminohexanc, ' N,N'-di(3-peatylidene)-2,5-dimethyl-2,5-
hexanediemine, N,N'-di{4-hexylidene)-1,2-diaminocyclohexane, N,N'-dicyclohexylidene-
1.3-diaminocyclobexane, NN"-di(1-cyclobutylethylidene)-1,4-diamisocyclohexane, N,N'-

" di(2,4-dimethyl-3-pentylidene)-1,3-cyclohexanebis(methylamine), N,N'-di(1-penten-3-

ylidene)-1,4-cyclohexanebis(methylamine), N,N-diisopropylidene-1,7-diaminoheptane,

| N,N'di-sec-butylidene-1,8-diaminooctane, -N,N-di(2-pentylidene)-1,10-diaminodecans,

N,N'-di(3-hexylidene)-1,12-diaminododecane,  N,N'-di(3-methyl-2-cyclohexemylidenc)-
l,2-dmmmopropane, NN'-di(2,5-dimethyleyclopentylidene)-1,4-diaminobutane, NN'-
di(isophorylidene)-1,5-dianrinopentane, N,N'-di(menthylidene)-2,5-dimethyl-2,5-
hexanediamine, NN"di(undecylidene)-1,2-diaminocyclohexane, N,N'-di-2-(4-

methylpentylidene)-isophoronediamine, and N,N'-di(5-nonylidene)-isophoronediamine.
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Processes of the Invention ’ '
[0041] In the processes of the invention, 2 polymer which is a piolyurethane, polyures, or
polyurea-urethane is made by mixing together &t least one aromatic jsocyanate, at least

-one polyol and/or at least one polyetheramine, and a chain extender composition of the

invention. As 1s well known in the art, other componenis may also be included when
making the polyuretbanc, polyurea, or polyurcthane-urea, such as oie or more ‘flame

. retardants, thermal stabilizers, and/or surfactants. In some processes of the invention, the

polyol or polyetheramine, chain extender composition, and when used, optional

- ingredients, mb]emdedtogetheﬂofomaﬂmtmhm,foﬂowedbyblenmngﬂnsﬁmt
- mixture with the isocyanate to form 2 second mixture; this second mixture is allowed to

cure. In other processes of this invention, the isocyanate and the polyol or polyetheramine
are blended together to formaprcpolymer. which prepolymer is then mixed together with
the chain extender compomtmn to form the desired polymer. In still other processes of the
invention, the isocysnete is mixed with polyo! or polyetheramine to form a

_quasiprepolymer; polyol or polyethemmme is mixed with the chain extender composition

mfomanq:xtm and then the mixture is mixed with the quasiprepolymer to form the
desited polymer. Thus, the chain extender composition is reacted with an aromatic

U82007068384

polyisocyanate and at Jeast one polyol and/or at least one polyctheramine or with a -

prepolymer o & quasiprepolymer of the isocyanaté and the polyol or polyetheramine. In
the practice of this invention, use of qmlprepolymms is preferred way of producing

polyureas,

[o042] The aromatic polylsocyanatas are organic polyuoc'yanates having at least two
isocyanate groups. anemlly the isocyanates have a free -NCO content of at least 0.1%
by weight. Aromatic polyisocyanates that can be used in the practice of this invention
inchude phenylene diisocyanate, toluene thsocyanate (TDI), xylene diisocyanate, 1,5-
nephthalene dnsocyanate chlorophenylene 2,4-diisocyanate, bitoluene diisocyanate,
dianisidine diisocyanate, tolidine disocyanate, alkylated benzene diisocyanates,

methylene-interrupted aromatic diisocyanates such as methylenediphenyl diisocyanates, ,

especially 4.4-methylenediphenyl diisseyanate (MDI), alkylated analogs of methylene-

interrupted * aromatic - diisocyanates (such as 3,3'dimsthyl-4,4'diphenylmethane
dusocyanate), and polymeric methylenedipheny! diisocyanates. A preferred aromatic

_ polyisocyanate is 4,4-methylenediphenyl diisocyanate (MDI). Examples of isocynnates

‘that can be used are also taught in, for example, 1.S. 4,595,742. _
[0043] Isocyanate-reactive polyols and polyetheramines (sometimes referred to as
amine-terminated polyols) that are typically used in making polyurethanes, polyureas, and

" polyurea-urethanes range in molecular weight from 60 to over 6,000. The polyols can be
- dihydric, trihydridic, or polyhydric polyols, but are usually dihydric. Exampleg of suitable
polyols inctude poly(eﬂxylmoxy) glycols, dipropylene glycol, poly(propylencoxy)

glycols,
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dibutylene glycol, poly(butylencoxy) glycols, and the polymeric glycol from caprolactone,
commonly known as polycaprolactone. The polyetheramines used to make polyurethanes,
polyuress, end polywrea-urethanes are aminecapped polyols which are the reaction

- pmdunt of a polyol and then an amine with alkylene oxides as well ag amine-capped
5  hydroxyl-containing -polyesters, Polyetheramines typically have a molecular weight of
200 106000, Several commercially available polyctheramines known as Jeffamines™
available from Huntsman Chemical Company and mclude Jeﬂaminc® T-5000, a

- polypmpylene oxide triamine of 5000 molecular weight, XTJ-509, a: polypropylene oxide
ttiamine of 3000 molecular we:ght, XTJ-510, a polypmpylene oxide diamine of 4000

10 molecular weight, and Jeﬁ'nmme D-2000, a -polypropylene oxide dramme of 2000.

_molecular weight, Jeﬁ'amme T-5000- and Jeﬁ'nmme D-2000 are ptefetred.

polyetheramines in the practice of this invention.

- [0044) In a preferred process of the invention, the polyisocyanate iz 4,4-
methylenediphenyl cmsocyanate In another preferred process of the itvention, at least
15  one polyetheramine is used. In still another preferred process of the inventtion, compohent
(1) of the chain extender composmon 1s aromatic primary diamine in which each position
onhoto &n amino group 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 are meta or para relative to each other, and in which the aromatic primary diamine
20 has amino groups are meta relative to each other, and/or the ortho hydrocarbyl groups are

methyl, ethyl, isopropyl, butyl, or mixtures thereof,

' Polymers formed by the Invention
[0045]  The polymers- formed by the ‘invention are polyurethanes polyureas, and
25 polyumé.—methanes (sometimes called polyurea-polyurethanes), Because of their differing
gel times (cure rates), these polmers can be used in different applications. Polyurgthanes,

. polyureas, and polyurea-urethanes made with the chain extender compositions of the
invention have more desjrable gel times, and, at a minimum, the physical properties of the
polymers are not adversely affected by theuse of the chain extender compositions of the

30 invention, Tn fact, an improvement in the tensile strength of the polymers made from
chain extender compositions of the invention is observed in cumpmson to polymers made
with the individual chain extenders, ,
[0046] A prefetred polymer formed by this invention is formed. from 44~
methylenediphenyl diisocyanate; another proferred polymer formed by this invention is
35 formed from at least one polyetheramine. Another preferred polymer formed by this
invention is formed from a chain extender composition of the invention in which
component (i) is an aromatic primary diamine in which each position ortho to an armino
group bears 2 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
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,
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

[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
J effamine® D-2000andJ effamine® T-5000ina0.92:0.08 weightratio. The aromatic primary
diamine was a mixture of 2,4-diethyl-6-methyl-1,3-benzenediamine and 4,6-diethyl-2-methyl-
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).

[0050] Polyurea formulations containing isocyanate, Jeffarnine® D-2000 and J effamine®
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 J effamines® to form a quasiprepolymer.
The remainder of the J effamines® was blended with the chain extender(s) to form a mixture.
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)
are listed in Table 1. The cured polymers were subjected to testing. Properties of the

polyureas are summarized in Table 1.
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TABLE 1
Comparative Run 1 Run 2 Run 3
Ethacure 100 1 1 1 1
N,N'-di-2-(4-methylpentyl)- 0 1 0 0
isophoronediamine
N,N'-di-(3,3-dimethyl-2-butyl)- | 0O 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
Shore D hardness, O 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
Modulus (300%) 2030 psi 1720 psi | --- 2050 psi
Tear strength 460 pli 470 pli 630 pli 530 pli
EXAMPLE 2

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

J effamine® D-2000 and J effamine® T-5000 were different than in Example 1. The chain

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

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

Table 2.
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TABLE 2
Compar | Run1 Run2 |[Run3 Run4 | Compar
ative ative
Jeffamine" D-2000 54.2
Jeffamine" T-5000 5.4
Ethacure~ 100-LC 0 0 0 0 156 |0
Ethacure 100 281|218 178 [146 |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°C
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
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 | 430pli |450pli |470pli [460pli | 510 pli
EXAMPLE 3

[0052] Polyurea formulations containing isocyanate (MDI, 15.2% NCO, Rubinate® 9480,
Huntsman Chemical), J effamine® D-2000,] effamine® 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
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-
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—‘Ferrélinated polyol 66.1 wt% 49.5 wt% 31.3 wt%
(Jeffamine ™ D-2000)
Amine-Fer%linated 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%
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%
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
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-
butyl)-1,6-diaminohexane; the gel time for this formulation was 25 seconds at room

temperature.
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[0054]) 1t is to be understood that the reactants and components referred to by chemical
nhame orformu]nunywhcremthlsdommem,wheﬂlermfm'redmmthesmgularurplm'al,
are identified as they exist prior to coming into contact with another substance referred to

n

U82007068384

by chemical name or chemical type (e.g., another reactant, @ solvent, or eze.). It matters

not what preliminary chemical changes, transformations and/or reactions, if any, take
plice in the resulting mixture or solution or reaction medium as such changes,
transformatiops and/or reactions aré 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

‘conmection with performing a desired chemical operation or reaction or in forming a

mixtore to be used in conducting a desired operation or reaction. Also, even thongh an
embodiment may refer to substauces, components and/or ingredients in the present tenge
("is comprised of", "comprises®, "is", efc.), the reference is to the substance, component or
ingredient as it existed at the time just before it was first contacted, blended or mixed with
one or more other substances, components and/or mgredlents in accordance w:th the
present disclosure.

[0055) Also,evmihoughthemnyrefermsubstaneésinthepresemmnse(ag.,_

"comprises”, "is", etc.), the reference is to the substance as it exists at the time just before

it is firgt contacted, blendedorm:xedthhoneormomotbersubstanmmaccordame _

with the present disclosure.

[0056] Exceptasmaybeexpxesslyomermsemdjcated,theaxﬁcle"' or "an" if and as
usedheramxsnotnnmdedtohmﬂ,andshouldnotbecmsu'uedashmiﬁng,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 suchelements,lmlessthetext

Vot

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
(i)  acomponent selected from the group consisting of:
(¢) an aliphatic secondary diamine and an aliphatic primary diamine;
(d) adiimine; and
(¢) acombination 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.

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,

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.

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

5. A composition as in Claim 1 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
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,
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6. A process for producing a pelymer, 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
(1) an aromatic primary diamine, and
(i)  acomponent selected from the group consisting of:

(¢} an aliphatic secondary diamine and an aliphatic primary diamine;

(d) adiimine; and

(e) acombination of (c) and (d),
with the provise 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-methyi-

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

8. A process as in Claim 6 or 7 wherein (i1) 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)-
tricycio[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.

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
(1) an aromatic primary diamine, and
(ii)  a further component selected from the group consisting of:

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

(d) adiimine; and

gl
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(¢) acombination of (¢) 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.

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.
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