
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 polyurethane,  polyu
ea, 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'-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. 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.  [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. 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 such polymers at  desired
cure rates and having desirable physical properties.
[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;
(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. 1 [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: (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.
[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 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;  (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 diirnine, each imino
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. 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 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
iraino  2 bydrocatbylidene group has at least two
carbon atoms. Preferred components for use with  the
aromatic primary diamite are aliphatic secondary
diamines. The components can be  present in the chain
extender chmposilion in a variety ofpropotiions; the
preferred ratios  vary with the typo of component from
(]). L Component (1) I00101 Aromatic primacy diamines
are component (i) of the chain extender compositioan
of the invention. 100111 One type of aromatic primary
diemiae that can be used in this invention is an
aromatic primary diamine in which at least one
position ortho m each amino group has a  hydrogen atom
as a'substtiuent, and which aromatic primary dtamine
is either in the foam  of one phenyl ring having two
amino groups on the Zing or in the farm of two phenyl
rings  connected by. an alI r1ene bridge. and having
oar amino group on each zing. Tho pier 1  zings may
have, but need not have, one or more hydrocatbyl
groups on the phenyl ring(s).  Hydmrarbyl groups, when
present on the phoayl rings, may be the some or
dlfferc at.  When both amino groups are on wiephenyl
ring, the amino groups may be in any position
relative to each other on the ring; preferably, the
aminn groups are meta or Pam relative to  each other.
When the amino groups are oat two phenyl rings
connected by an all 4a  bridge, they may be in.any
position on the rings preferably, each amino group is
mcta or  pars relative to the alkylene bridge. The
allylene bridge of the two-ring diamine has from  one
to six carbon atoms; preferably, the alkylene bridge
lies from one to three carbon  atoms. More preferably,
the alkyiene bridge has one or two carbon atoms;
highly  ptatbnt i is an alkylene bridge having one
carbon atom. The hyduorarbyl groups, when  present on
the phony] ring(s), are as described above for the
aromatic diimines. When one  or more hydrocarbyl
groups are present on the phenyl ring(s), the
hydmcarbyl groups can  have from one to twenty carbon
atoms preferably, the hydrocarbyl groups base from one
to six carbon atoms. 100121 Suitable aromatic primary
diamines of this type having both amino groups on one
phenyl ring include, but are not limited to,
1,2-betze"edaante 1,3-benzned;as ine, 1,4-
benzenediamine, 4-ethyl-1,2-benzenediansine,
2-isopropyl-l,3-benzenediamiite, 4-tort-
butyl-1,3-baizenediamiue, 2-penty1-1,4-benzenediamiae,
4,5-dtbexy1-1,2=  



benzemedamhje, 4-methyl-5-heptyl-1.3-bemenediamiae,
4,6-din-p opyl-1,3- beaze iamme,
2,S-dloctyl-l,4-benzenediatnine,
2,3-diethyl-l,4-bew(r)ediaj roar, and
4,5,6-tribexyl-1,3-benzenediamine. 10013] Examples of
suitable aromatic primary diamines of this type in
which one amino  group is on each of two phenyl rings
include 2,2'-methylenebis(benze>eamine), 23'-
methylenabis {banzeneaminc), 2,4tmet
$enebhs(benzeieamine), 3,3'-
methylenebis(benzeneamine), 3,4'-met
ylenebis(bemzeueem]ue), 4,4'-
melylenebis(beuzeneamine}, 4,4'-(1,2 etbanediy1)bis
(benzeaeamine), 3,4'-(1,3 Replacement Page 3
pmpanediyl)bis(benzeneamine),
2,T-meUrylenebis(5-text-butyl-benzeneamine), 3,3'-
mdttylenebis(2-medrylbeazeneamine), 3,3'-met
ylenebis(5-pentylbenzeneamina), 3,3'-
methyicnebia(6-isopapylbenzeaeamine),
4,4'-metbylenebis(2-metbylbenz ieamine), 4.4'-
methylenebis(3-sec-butyTenzeneamine4
4,4'(1,2ediyi)bis(2-meeylbeaine),
3,3'inethylenebis(24 peatyIbeozeneamiue),
3,3'.methyleaebis(S,6.4iisopiopylbenzene- amine),
4,4'-methyleaebis(7,3-di-sec-butyThcnzeneamine),
4,4=metbylenebis(3,5-ditert-
husylbeazeneamine),andthelike. [0014) Another type of
aromatic primary diamine that can be used in this
invention,  which is a preferred type of aromatic
primary diamine, is an aromatic primary diamine in
which each position ortho (immediately adjacent) to an
amino group bean a hydrocarbyl  group, and which
aromatic primary diandnie either is in the form of one
phenyl-ring having  two ammo groups on the ring, which
amino groups are meet or Para relative to each other,
or is in the fours of two phenyl rings connected by an
alkylene bridge and having one  amino group on each
ring.. The hydrocarhyl grows on the phmyl.rings
{adjacent to the  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 diamim: has from  one to = carbon
atoms; preferably, the bridge has from one to three
carbon atoms. More  preferably, the alkylene bridge
has one or two carbon atoms; especially prefersrd as
the  alkyleae bridge is a methylene group.
Particularly prehrred hydrvaasbyl groups on the
phenyl sing(s) are methyl, ethyl, isopropyl, butyl,
and mixtures of two or more of time  groups. Here,
butyl groups include n-butyl, sec-butyl, and t-butyl
groups. 100151 More preferred ammetin primary diamines
with two amino groups on one phenyl  ring have the
amino groups meta relative to each other. Highly
preferred bydroearbyl  groups it methyl, ethyl,
isopropyl, butyl, and mixtures thereof, where the
preference for  butyl groups includes n-butyl,
aeo-butyl, and t butyl groups. Particularly preferred
are  



aromatic primary diamines in which the hydracadryl
group between the two malaamino  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
@roup, while one of the two remaining bydtocarby1
groups is a methyl group and the other  is as ethyl
group, and mixtures thereof Morepreferred aromatic
primary dim, a 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 amity groups pare relative to  the
alkyleae.bridge. An especially preferred aromatic
primary dinmina of this type is a  compound where each
hydrocarbyl gaup ortho to an amino group is an ethyl
group and  the alkylene bridge is a methylene gaup.
[00161 A preferred aromatic primary diamine is one in
which each position ortho to an  amino group bests a
hydmearbyl group, and which aromatic primary diamine
is in the  form of one phenyl ring having two amino
gaups on the ring, which amino groups are  meta orpara
Replacement Page 4 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-l,3-benzenediamine,2,3,5-tri-n-propyl-1,4-benze
nediamine, 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-rnethyl-1,3- benzenediamine
and 4,6-diethyl-2-methyl-1,3-benzenediarine (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 NH2  H3C CH2CH3  NH2 CH3CH2
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  5 cx3CJf2 CH2036  A2N Cx N1I 2 x  CH3CH2
CH,C113  which represents another particularly
preferred aromatic primaty dismiap in this invention,
can be caACd 4,4'-methylanbis(2,54ethylbenzeneamine),
4,4'-metltylenbis(2,H- diethylanilino), of
3,3',5,5'-Wraelhyl-4,4'-dinminodiphenylmethne. U.
Component (u) j00191 Component (ii) is selected'fmm
the group consisting of (a) an aliphatic secondary
diamine; (b) an aliphatic primary diamine; (c) an
aliphatic secondary alumina and an  aliphatic Primary
diamine (4) a dihmine and (e) a combination of any two
or more of (a)  through (d) When (iii) is (a). (a) has
amino. hydrorarbyl groups which are secondary or
tertiary hydrocarhyl groups. When(ji) is (d), and (d)
is an aromatic diimine, each immn  hytacarbylidene
group has at least two carbon atoms. Thus mixttuea of
subcomponents  (a) (d) in various combinations ate
within the scope of this invention. Subcomponent (a)
[0020] 'Aliphatic secondary diemiees which have amino
hydrocatbyl groups which are  secondary. or tertiary
hydrocatbyl groups are subcomponent (a) of component
(ii). The  amino hydrocarbyl groups of the aliphatic
secondary drain an can be cyclic or branched.
Pmfeaably, the amino hydmcat4ryl groups are branched
chain alkyl groups having from  



three to twelve carbon atoms. Examples of suitable
amino hydrocarbyi groups include  isopropyl,
seo-butyl, t-busy!, 3,34methyl-2-butyl, 3 panty],
cyclopentyl, .4-haxyl,  methyleyclohexyl, cyclooctyl,
5-nonyl, and the like. [0021] The aliphatic secondary
diamiines are hydmcarbyl secondary diamines where the
ltydrocadtyl portion of the diamine is aliphatic,
where "bydmcarbyl portion" refers to the  moiety to
which the amino groups are bound. The hyd.ocarbbyl
portion of the aliphatic  diamine can be cyclic,
branched, or straight chain. Cyclic and stnugbt chain
are preferred  as the hydtocaibyl. 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,  bicyclic ring, or
a tricyclic system (which tricyclic system can contain
rased rings and/or  bicyclic rings). The'-min o groups
may be attached directly to the ring, or one or both
amino groups may be bound Replacement Page 5 to a
group that is a substituent bf the ring; it is
preferred that a least one of the amino  groups is
bound to the ring. Preferably, the aliphatic secondary
diamme has twelve to  forty carbon atoms; more
prefer'ably, the aliphatic secondary diamm has fifteen
to  twenty-five carbon atoms. The relative proportions
of aromatic primary diamine to  aliphatic secondary
diemiac in the chain ertender composition are
preferably 0,5:1 to  1:0.5 on an equivalent basis;
moms preferably, the relative proportions on an
equivalent  basis are 0.75:1 to 1:0.75. Oh a weight
basis, the relative proportions of aromatic primary
diamfne to aliphatic secondary diamine in the chain
extender composition are preferably  0.25:1 to 5:1;
more preferably, the relative proportions on a weight
basis an 0.51 to 3:1.  .[0022] A preferred chain
extender composition, when component (is) is an
alipbatic  secondary diamina which has amino
hydrocatbyl groups which are secondary or tertiary
hydrocarbyl group; in which the hydrocatbyl portion of
the aliphatic sectary diamine is  a straight chain,
has relative proportions of (i) to (ii) on a weight
basis of 025:1 to 5:1.  100231 Aliphatic secondary
diamines that can be used in this invention include,
but am  not limited to, N,N'
cliieopmapyleffiyleuediamine, N,14'-di-sec4mtyl-1,2-di
mopropaue,
N,N'-di(i-cyclopmpylethyl)-1,5-0ian?inopentane,
N$-di(3,3-dimethyl24utyl)-1,5-
11anthio-2-methylpentana, N,N
di-sec-butyl-1,r.tinn4wet,axane, N,N-di(3-pentyl)-2,5-
dimethyt-2,5-heaenediamh;
N$'-di(4hexyl}1,2-diamimocyclchexane, N,N'-
diayclohe:cyl-1,3~aminocyclobcxaue,
N,N-di(l-cyclobutyletbyl)-1,4  dtaminacyclobexane, N$
di(2,4-dimethyl-3-pentyl))1,3-cyclohexenebis(methyhami
ne),  N,N'-diisopwpyi-1,7 diaminohepfane,
.NN-di-sec-butyl-1,8-diaminonctons, NF-di(2- 



pentyl) 1,10 diaminodecane,
Nfl4i(3-hexyl)-1,12-diaminadodecane, Ned'-di(3-methyl-
2-cyclohexenyl)-1,2-diaminopmpare,
N,N'-di(2,5-dimetbyicyclopentyi)-1,4- draminobutane,
N,N di(isopharyl)-l,5-diaminope e,
.N,N-di(menthyO-2,5-dlmethyl- 2,5-hexanediamine, N V
di(S-monyl)-isophoronediamine, and
N,N-di-(3,3-dimetbyl-2_
butyl)-3(4),8(9)-bfs-(Minomethyl)-Uioyclo[5.2.1.0(2,6)
]decane (also called NR-di-(3,3- dimethyl-2-butyl)-TCD
diamfne). Preferred aliphatic secondary dimmluea
include N -di- (3,3-dimehyl-2-butyl)-1,5tmfnoheeane,
N$-di-2-(4-methylpentyl)- isophoronediamine, and
NV-di-(3,3dimefhyl 2-butyl)-TCD diamme. Subcomponent
(b) 10024] Aliphatic primary diamfnes ere subcomponent
(b) of component (H), and the  aliphatic primary
diamines used in this invention are hydmcarbyl primary
;amines where  the hydrvcatbyl portion of the dismine
is aliphatic. The hydrocarbyl portion of the
aliphatic ;amine can be cyclic, branched, or straight
chain. Preferably, the aliphatic  primary diamfne has
two to twenty carbon atoms; more preferably, the
aliphatic primary  dlamine Replacement Page 7 has four
to twelve carbon atoms. particularly preferred
aliphatic diaauaea have cyclic or  straightchain
hydmcarbyl portions and have four to ten carbon atoms.
100251 Suitable aliphatic primary diamines include,
but are not limited to,  etbylenediamine,
1,2-diaminopropane, l,3diaminopmpane,
1,4sdiamianbufane, 1,5- diaminopeotane,
15-diamino-2-raegtylpentane, 1,6 dianninohexane, 2,5
dimet>;y1-2,5- lresanediamine,
1,2-dlaminocyelohexane, 1,3-diaminocyclohexaue, 1,4-
diaminocyclohaxaoe, 2,4 diethyl-5
methyl-1,3-0yelohexauediamine, 4,6 diethyl-a-methyi-
1,3 c viuhexanediamine, I,3-oyeiohaunebis(methylamme),
1,4- cy6lohexanebis(methylamine), isopherone diamine,
bis(p-aminocyclohci yl)metbane,
bis(3-methyl-4-aminocyclohexyl)methane, lj-diamino-p
menthame, 1,7-diaminoheptaue,  1,84a1eiaooctane,
1,10-diammodecane, 1,l2.dIaninododecane, and
3(4),8(9}bin- (amiaomerhyI}tricyclo(52.1.D(2,6))decaae
(TO) d;nmise; also called octahydro-4,7.  methanoinden
l(2A5(6)-dim~h_, amine or octahydro-4,7 methano-lH-i
idenedimedryl- amine). Preferred aliphatic primary
diamines include lsophorone diamina and TCD  diamiae.
Sabcompo et (e) 100261 An elipbatio secondary diamiiae
and an aliphatic primary diamine are  subcomponent (c)
of (ii). The aliphatic secondary diamine and the
aliphatic primary  



diamine can be in any suitable proportion relative to
each othar, and tlraiecombined total  amount can be in
any relative proportion to the aromatic primar y
di=line of (1).  Preferably, the proportion of the
combined total amount of aliphatic secondary diamiae
and aliphatic primary diamine relative to the aromatic
primary diamine of () Is in the  range of 0.5:1 to
LOS. [0027) Suitable aliphatic primary diammes for
subcomponent (c) and preferences  therefor are, as
described above for subcomponent (b). Similarly, when
the aliphatic  secondary diamina of subcomponent (c)
has secondary or tertiary amine hydroeat'byl  groups,
suitable aliphatic secondary diamines and preferences
therefor we as described  above for subcomponent (a).
When the aliphatic secondary diamine of subcomponent
(c)  is an aliphatic secondary diarnine in which the
amino hydrocarbyl groups are primary, the
bydrocarbyl.portion ofthealiphatic diamine can be
branched, or, preferably, straight chain  or cyclic.
The amino bymocarbyl groups of the aliphatic secondary
diamine can be cyclic,  branched, or straight chain.
Preferably, the amino hydracarbyl groups are straight
chain  or, more preferably, branched chain alkyl
groups having fiurn three to twelve carbon  atoms.
Examples of suitable amino hydrocarbyl groups include
ethyl, propyl, n-butyl,  pentyl, hexyl, beptyl, octyl,
nonyl, decyl, dodecyl, and the bike. Preferred
aliphatic  secondary diamines with primary amino
bydrocarbyl groups have cyclic or straight chain
hydrocacbyl portions and have twelve to twenty-five
carbon atoms.. RcplacementPage 8 [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-l,5-diaminopentane,
N,N'-diheptyl-1,5-diamino-2- methylpentane,
N,N'-di-n-butyl-l,6-diaminohexane,
N,N'-di-n-propyl)-2,5-dimethyl-2,5- hexanediamine,
N,N'-dihexyl-1,2-diatninocyclohexane,N,N'-didecyl-l,3-
diarninocyclohexane,
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-diaminodenane, 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  



(ii). Processes
forforrningdiiminesfromprimarydiaminesareprovidedincom
monly-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 RD RD  Ra RD RD R  N=R` Ra N=R'
9 R6  N=t. N(r)R where each R' may be the same or
dit&senk and each r is a hydmcatbyl group, It" is an
alkylene bridge, and each r is a hydmcarbylideae group
having at least two carbon  atoms. I0031J Aromatic
diimines that can be Hied In this invention are
aromatic Marines in  which the imino hydrocasbylideno
groups have at least two carbon atoms One type of
aromatic diimine that can be used bh this invention is
either in the Solt of one phenyl ring  having two
imino groups on the ling, in which each position ertho
to an =' ='o group  (-N=R) beats a hydrocatbyl group,
or in the Soren of two phenyl rings connected by an
alkylene bridge and having one into group on each
ring, in which each position otbo to  an imino group
bears a hydrocarbyl group. Another type of aromatic
diimitw that can be.  used in this invention is an
aromatic diimine in which at least one position ortho
to each  into group has a hydrogen atom as a
substituent, and which aromatic diimine is either in
the Sort of one phenyl ring having two imino groups on
the ring or in the form of two  phenyl sings connected
by an alkylenebridge and having one imino group on
each ring  [00321 The hydmcasbyl groups on the phenyl
rings may be the same or different,  Examples of
suitable hydrocarby] groups on the aromatic ring
include' methyl, ethyl,  propyl. isopropyl: n-butyl,
seo-butyl, t-butyl, pantyl, oyclopentyl, hexyl,
metlryleyelohesyl,  heptyl, octyl, cyclooctyl, nonyl,
decyl, dodecyl, phenyl, benzyl, and the like. When the



aromatic r1 iminn is in to form of two phenyl rings
connected by an alkylene bridge and  having one amino
group on each ring and the imino group is adjacent
(mtbo) to the  alkylene bridge, the alkylene bridge is
considered as a hydrocarbyl group orthe to the  into
group. Prefersed hydrvcarbyl groups on the phenyl
rhtg(s) (ortho to as into  group) of the aromatic
diimines are strais$-chain or bmnched-obain alkyl
groups having  from one to six carbon atoms;
particularly preferred hydrocarbyl groups are methyl,
ethyl, .  isopropyl, butyl, and miftm of two or more
of these groups. Bern, the psef runce for  butyl
groups includes n-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 ft m carbon atoms. More
prefeiabiv, the  Replacement page 10 --- ---- --
------ up4 alkylene bridge has one or two carbon
atoms; highly preferred is an alley lene bridge
having one carbon atom ie, a methylene group, 100331
The hydrocarbylidene groups of the imino groups of the
aromatic diimine  generally have from two to twenty
carbon atoms; The hydrocmbyli4cue groups may be
aliphatic (straight chain, branched, or cyclic). or
aromatic. Preferably, the imino  hydwcaxbylldcne
groups an straight chain or branched chain alkylidenc
groups having  from three to six carbon atoms,
Examples of suitable lain hydrocarbylidane groups
include ethylideoe, propylidene, isopropylidene,
1-cyclopropylethylidene; n-butylidene,
sec-butylidene, eyclobutylidene, 2-ethylbatylideee,
3,3-dimethyl-2-lmtylidene, 3- pentylidenw 3-peofm-2
ylidene, cyclopeatylidene,
2,5-dimetbylcyclopemtyllacne, 2- cyclopentenylidene,
hexylidenc, methylcyclobexylidene, menthylidene,
ioetyjidene,  phorylidene, ixrphorylidene,
heptylidene, 2,6,-dimefhyl-3.heptylidene,
cycloactylidene, 5- uonylidane, decylidene"
10-undeoemylidene, benzylidene, 2,4dimehylbenzyiMene,
2- p ylethylidene, 1-phenYlpontylldeoe;
i-naphthylidene, 2-naphthylidene, 1-
naphthylethylidene, and the like. 100341 ` Preferred
aromatic diimines with two innino groups on one phenyl
ring have the  mine groups meta relative to each
other, In these prc&rred durr nes, the lame
hydmcarbylidene group preferably is a straight chain
or branched chain akkylidene group  having from three
to six carbon atoms. Particularly preferred we
aromatic diimmes in  which the hydrgcarbyl group
between the two meta immo groups is a methyl group,
while  the two remaining hydrocarbyl getups are ethyl
groups, and those in which the  



lydroearbyl group between the two meta imino s is an
ethyl groups group, while one of the  two remmn+"g
hydrocaubyl groups is a' methyl group and the other is
an ethyl group, and  mixtures thereof. [0035]
Preferred aromatic diimipes m which one lame group is
on each of two-phenyl  rings, where the. two phenyl
rings are connected via an alicylune bridge, have both
immo  groups pare relative to the alkylene bridge. A
particularly preferred aromatic diimine of  this type
is a compound where each hydrocarbyl group oitho to an
imino group is an ethyl  group and the alkylene bridge
is a methylene group; this is especially preferred
when the  imiuo bydrocmbylidene stoups are
isop3xupylidene or sec-butylidene. _  [00361 Diimine8
having both lamp groups on one phenyl ring suitable
for use in this  invention include, but are not limbed
to, NR4iisopmpylidene-2,4,6-Methyl-1,3- benzenediamme,
N$ di-sec-butylidene-2,4,6-triethyl-1,3-beoz ;nmina
N,N'-0i(2-
pentybdcue)-(2,4,6-triethyl-1,3benzenediatnh ),
NX-diisoprvpylideue-(2,4diethyl.6- .methyl-1,3
benzenediarnine),
N,N'-di-sec-butylidem-(2,4-diethyl-&methyl-1,3-
benzenediamine),
NYdiisopropyfidene-(4.6-dietbyl2-methyl-1,31raazenedia
mine),  NX-di-seF4yutylidene44,6diethyl-2-motbyl-1,3
benzcnedi=mi N,N'- dicyolobotylidene (4,5 dieth
4-2-metbkvi-l,3-benzenediamiue),
NN'-dicyclopeutylidene-
(2,4diisopropyl-6-methyl-l,3-benzenediamine),
NR-dirsopwpylidene-(2-methyl4 ,6-di-
see-butyl-l,3-benzenediamine), Replacement Page 11
N,N'-di(1-cyclopropylethylidene)-(2-methyl-4,6-di-sec-
butyl-l,3-benzenediamine), N,N'-
di(3,3-dimethyl-2-butylidene)-(2-ethyl-4-isopropyl-6-m
ethyl-1,3-benzenediamine), N,N'-di(2-
butenylidene)-2,4,5,6-tetra-n-propyl-l,3-benzenediamin
e, 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-
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-propylben
zenearine),
N,N'-di-sec-butylidene-2,2'-methylenebis(3,6-di-n-prop
ylbenzeneamine), N,N'-di(l-
cyclobutylethylidene)-2,2'-methylenebis(5,6-dihexylben
zeneamine), N,N'-diisopropylidene-
3,3'-methylenebis(2,6-di-n-butylbenzenearnine),
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-diethylbe
nzeneamine),
N,N'-di(benzylidene)-4,4'-methylenebis(2,6-diethylbenz
eneamine), 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-tripentylbenzenearnine),
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'-rnethylenebis(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-benzenediamin
e), N,N'-di(l-
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-
benzenediarnine,
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'- meth
lenebis enzeneamine N N'-diment lidene-2 3'-meth
lenebis enzeneamine 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)bisbenzene
amine,  12 N,N'-di(madecylidene)-3,4'-(I,3-psopaned
y1)bis(b~e), N,N-di(2,4dimethyl3- Penty
)-Z2'-methylemebie(5-tent butylbenzeneamine),
N,N4t(phozylidene}3,3'.
metbylenebis(5-pentylbenzeaeamiae),
NNP-di(3-methylbotylideme)-3,3'-methylenebis(6-
isopropylb~eneemitre), N,N'-di(2
heptylideoe)44'-moftlenebis(2- methylbeazeneamine),
N,N'-dimmthylidene-4,4 -iadhylenebis(3-sec-butylb
=meamine),
N.N'-di(I-ayclopentyletbylidene}4,41-(1,2-cthanekl)b*2
-methyl6eozenr miw), and
N,N'-di(1-penten-3-ylidene)44!
methylenebis(2,3-di-sec-butylbenzeneamine). .[00391
Aliphatic dtimin ' are also part of subcomponent (d)
of the cmretive mixture. The  



bydmrarhyl portion of the aliphatic d&imine can be
cyclic, branched, or straight chain  hydzorarbyl
group, where "hydrocarbyl portion" refers to the
moiety to which the Amino  groups are brnmd.
Preferably, t e aliphatic diimine has six to tarty
carbon atoms; mom  preferably, the aliphatic diimine
has ten to thirty carbon atoms. The hydrocarbylidene
groups of the Amino groups of the aliphatic di=me
generally have from one to twC ity  carbon. atoms; the
hydwcarbylidene groups may be straight chain,
branched, or cyclic.  Preferably, the Amino
hydrocarbylidse groups are straight chain or branched
chain . atlrylidane groups having franc three to six
carbon atoms, Example's of suitably itaiso
hydmcarbylidene groups include ethylidene,
propylideae, - isopmpylidene, 1-
cycloprapylethylideoe, u-butylideae, sec-butylzdene,
eyclobutylidene, 2-etby dcac,  3,3-di aetlgd-2
butylidcnr4 3-pentylidene,. 3-penten 2-ylidene,
cyclopedtylidenq 2,5- dimethylcyelopentylidene,
2-cyclopeutcnylidena, hexylideas,
metbylcyclohexylidene, .  menthylideme, ionylidene
phorylideae, isoplsuylidene, heptylidece,
2,6.-dimetbyl-3- heptylidene, cyclooetylidene,
5-nonylxlet e, deoyildene, 10- mdccenylidenes and the
111w.  (0040) Aliphatic diimitres that can be used in
this invention include, but are not limited  to,
N,N'-dvaopropyliderte-ethyleaediamine,
NW-di-sec-bntylideae-1,2-diaminopmpane,  N;
N-g2buteaylidene)-1,3-dinMoprapsne, N N!di(1
cyclnpropyldhylidene}15  diaminopeatane,
N,N-di(3,3-dimcthyl-2-butylidene}1,54amina2-methylpenf
eae, N,N- di-sec butyHdene l,ti diamiaobexane, .
N,N-df(3-pemty'lideae)-2,5ifimeihyl-2,5-
hexanediamine,
N,Ndi(4-hexylidene}1,2-dmdaocyclohexane,
N,Ntlicyclohexylidene- I$-di~inocyclohexane,
NiV'-di(1-cyclobutylethylidene)-3,4-diaminoeyolohexane
, N,N'-
di(2.4-dimethyl-3-pentylideae)-L3-cyclohexanebis(methy
lamine), NRdi(1-penten 3-
ylidene)-1,4-cyclohexanebis(mett}ylamine),
N,N-diisopropylidene-1,74amiaebeptane,  N V'~i
sec-butylideno-l$-diaminooctane
N$-di(2-peutylidene}1,10-diaminodecane,
N,N-di(3-hexylideue)-1,124iamirmdodecane,
N,N'-di(3-mettryl-2-cyclohexenylidene}
1,2-diaminoprnpane,
NN'di(2,5-dimethylcyclopentylidene}I,4-disminobutane,
N,N'- di(lsophorylidene)-1,5-diaminopentane, NN
di(menthylidcne)-2,5dlmethy12,5- hexanediamime,
NN'-di(uudecylidene)-1,2-sliaminocyciohex(r)e,
N,N-di-2-(4  methylpentylidene)-isophomnedi e, and
N,N-di(5-aonylidene}isophomnodianrine.
P-eplaeementPage 13 Proeesses.of the Invention [044Ij
In the processes of the invention, a polymer which is
a polyurethane, polyunea, or  polyurea-uretiane 3s
made by mixing together at least one aromatic
isocyanate, at least  onepolyol aodfor at least one
polyetheiante, and a chain extender composition of the



invention. As is well )mown in the art, other
components may also be included when  making the
polyurethane, polyurea, or polyurethane-urns, such as
one or more flame  retatdants, thermal stabilizers,
sndlor surfactants. In some processes of the
invention, the  polyol or pm mina chain extender
composition, and when used, optional  Ingredients, are
blended together to foam a first mixture, followed by
blaadiug this first  mixture with the isocyanate'to
form a second mixture; this second mixvae is allowed
to  core. In other processes of this invention, the
isocyanate and the polyol orpolyetheramine  are
blended together to form a ptepolymer, which
prepolymer is than mixed together with  the chain
extender composition to form the desired polymer. In
still other processes of the  invention, the
isooyanate is. mixed with polyo1 or polysteramine to
form a  qussiprepolymer, polyol or polyetberamine is
mixed with the chain extruder composition  to form a
mixture; and then the ntixtare is mixed with the
quasiprepolymer to fort the  dared polymer Thus, the
chain extender composition is reacted with an aromatic
polyisocyenate and at Ieast one polyol and/or at least
one polyetheramine or with a  prepolymer or a
quesiprepolymer of the isocyanate and the. polyol or
polyetbetamine In  the practice of this invention, use
of quasiprepolymers is preferred way of producing  l
1un421 The aromatie.polyisocyanates arc organic
polyisooyanates having at least two  isocyaoate
groups. Generally, the isoeyanates have a five -NCO
content of at least 0.190  by weight. Aromatic
polylsocyanates that can be used in the practice of
this invention  include pheaylene diisocyarrate
toluene diisocyaaate (TDI), xylem diisocyanate, 1,5-
naphthalene diisocyanate, cblorophenylene
2,4-diisocyaaate, bitoluene diisocyanate,  dianisidine
diisocyimate, tolidine dlisocyanate, aikylated benzene
d isocyanates,  methylenrrintermpted aromatic
diisocyanstes such as methylenediphenyl diisocyanates,
especially 4,4-mothylenediphenyl diisoayanate (MEl),
alkylated analogs of melbylene- interrupted ' aromatic
diisocyana'es (such as
3,3'-dimethyl-4,4'-diphenylm4hane .  dpsocyanate), and
polymeric methylenediphenyl diisocyenates. A preferred
aromatic  Polyisocyanate is 4,4-methylenediphenyl
dihocyanate (MDI). Examples of isocyanates  that on be
used am also taught in, for example, US. 4,595,742.
[0043) Isocyanate-reactive polyols and polyetheramines
(sometimes referred to as  ammo-terminated polyols)
that are typically used in malting polyurethanes,
polyureas, and  polyurea urethanes range in molecular
weight from 60 to over 6,000. The polyols can be
dibydrie, tribydridic, or polyhydrie polyola, but are
usually dihydh c. Examples of suitable  polyols
ivelude poly(ethyleneoxy) glycols, dipropylene glycol,
poly(prcpylcneoxy)  



gels, ReplacementPage 14 . dibutylane glycol,
poly(butyleneosy) glycols, and the polymeric glycol
from caprelactene,  commonly known as po]ywpmlaetone.
The polyetheramines used to make polywtanes,  POIYMINN
and Poly urethanes me amine-capped polyols which ate
the mention  product of a polypi and then an amine-
with alkyleoo oxides as well as amine-awed
hydmxylcoining polyesters, Pot Yeffietantinm typically
have a molecular weight of  200 to'.6000. Several
commercially available polyetheramines known as
Jezatnimes(r)  available , from Huntsman Chemical
Company and include' Jeff raine(r) T-5000, a
polypropylene oxide triamine of 5000 molecular weight,
a'PoI3'ProPY3M-509, lain oxide  ltiamine of 3000
molecular weight, XTJ-510, a polypropylene oxide
diamine of 4000  molecular weight, and Je9'smine(r)
D4000, a -polypropylene oxide diamine of 2000.
molecular weight. Jeffamine(r) T5000- and Jeffuuwe'
D-2000 axe prefeued  polyetficramines in the practice
of this invention. [0044] In a preferred process of
the invention, the polyisocyanate is 4,4-
medtylenediphenyl diisocyai e In another preferred
process of the invention, at least  one polyetheramine
is used. In still another preferred process of the
invention, component  (i) of the chain extender
composition is aromatic primary diamine in which each
position  ortho to an ammo group bears a hydmeaabyl
group, and which aromatic primary diamine  is in the
form of one phenyl ring having two amino groups on the
ring, wbioh amino  getups are meta or Para relative to
each otter, 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 Polymeri
formed by the Invention [0045] The Polymers formed by
the iaventioa are pol thanes, polyareas, and
Polyurea-ur thanes (sometimes called
polymea-polyurethancs). Because of their differing
gel times (cure rates), these polmers can be used in
different applications. Polyuretlt,  polytweas, and
polynrea-w'a+hanes made with the chain exicnder
compositions of the  invention have more desirable gel
times, and, at a minimum, the physical, properties of
the  polymers are not adversely affected by theme of
the chain extender compositions of the  invention. in
fact, an improvement in the tensile strength of the
polymers made four  chain extender compositions of the
inventim is observed in comparison to polymers made  



with the individual chain extenders, [0046] A
preferred polymer fumed by this invention is formed.
from 4,4- methylenediphenyl diisoeyanate; another
preferred polymer formed by this invention is  formed
from at least one polyethemmiaa. Another preferred
polymer formed by this  invention is Snrmed from 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 Replacement Page 15
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
secondarydiamine is
N,N'-di-(3,3-dimethyl-2-butyl)-1,6-diaminohexane,
N,N'-di-2-(4-methylpentyl)-isophoronediamine,
orN,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 I [0049] In this example, the isocyanate was
4,4-methylenediphenyl diisocyanate (MDI,  15.2% NCO,
Rubinate@ 9480, Huntsman Chemical). Jeffamine(r)
D-2000 and Jeffamine(r) T- 5000 (polyetheramines,
Huntsman Chemical) were used to make the polyureas,
with the  Jeffamine R D-2000 and Jeffamine(r) 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- 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 R MS 06-48). [0050] Polyurea
formulations containing isocyanate, Jeffamine D-2000
and Jeffamine  T-5000, Ethacure R 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(r) to form a
quasiprepolymer.  The remainder of the Jeffamines R
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. 16 TABLE 1 Comparative Run 1 Run 2 Run 3  Ethacurea
100 1 1 1 1  N,N'-di-2-(4-methylpentyl)- 0 1 0 0
isophoronediarnine 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  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  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  Jeffamine a D-2000 and Jeffamine 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  



rs purposes. Amounts of the chain extenders and
Jeffamines(r) by weight are listed in Table 2.  The
cured polymers were subjected to testing. Properties
of the polyureas are summarized in  Table 2. 17 TABLE
2 Compar Run 1 Run 2 Run 3 Run 4 Compar  ative alive
R Jeffamine D-2000 54.2  Jeffamine T-5000 5.4  R
Ethacure 100-LC 0 0 0 0 15.6 0  a Ethacure 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 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 430 phi 450 pli 470 pli 460 pli 510
phi  EXAMPLE 3 [0052] Polyurea formulations containing
isocyanate (MDI, 15.2% NCO, Rubinate(r) 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  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  18 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 a 100 was observed to be
brittle. Properties  of the formulations are
summarized in Table 3. TABLE 3 Component Formulation 1
Formulation 2 Formulation 3  Armin-terminated polyol
66.1 wt% 49.5 wt% 31.3 wt%  (Jeffamine(r) D-2000)
Amine-terminated polyol 5.8 wt% 5.8 wt% 5.7 wt%
(Jeffamine(r) T-5000) Ethacure(r) 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 1
790 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. 19
100541 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 phial,  are identified as they exist prior
to coming into contact with another substance referred
to  by chemical name or chemical type (eg., another
react, a solvent, or eta). It matters  not what
preliminary chemical changes, transformations and/or
reactions, if any, take  place in the resulting
mixture or solution or reactors medium as such.
changes,  transformations 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  connection with performing a
desired chemical operation or reaction or it forming 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 tease  Cis comprised of, "comprises",
"is", eta), 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
ingredients in accordance with the  present
disclosure. [00551 Also, even though the may refer to
substances in the present tense (e-g-,  "comprises",
"is", sc.), the reference is to the substance as It
exists at the time just before  it is first contacted,
blended or mixed with one or more other substances in
accordance  with the present disclosure. 100561 Except
as may be expressly otherwise indicated, the article
"e" or "an" if and as  used herein is not intended to
mart, and should not be construed as limiting, the
description or on to, a single element to which the
article refers. Father, the article "a" or  "an" if
and as used herein is intended to cover one or more
such elements, unless. the text  expressly indicates
otherwise Replacement Page 20 Claims  1. A chain
extender composition which comprises (i) an aromatic
primary diamine, and (ii) a component selected from
the group consisting of 



(a) an aliphatic secondary diamine and an aliphatic
primary diamine;  (b) a diimine; and (c) a combination
of any two or more of (a) and (b), with the proviso
that when (ii) is (b), and (b) 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 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
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. 21  5.
A composition as in Claim 1 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. 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 (i) an aromatic primary diamine, and (ii)
a component selected from the group consisting of: (a)
an aliphatic secondary diamine and an aliphatic
primary diamine;  (b) a diimine; and c a combination
of any two or more of (a) and (b), with the proviso
that when (ii) is (b), and (b) is an aromatic diimine,
each into  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-l,3- benzenediamine and 4
6-diethYl-2-methYl-1 3-benzenediamine. 8. A process as
in Claim 6 wherein (ii) is an aliphatic secondary
diamine and an  aliphatic primary diamine, and wherein
said aliphatic secondary  diamine is
N,NI-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. 22  9.
A process as in Claim 6 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 (i) an aromatic primary diamine,
and (ii) a further component selected from the group
consisting of. (a) an aliphatic secondary diamine and
an aliphatic primary diamine;  (b) a diimine; and (c)
a combination of any two or more of (a) and (b), with
the proviso that when (ii) is (b), and (b) is an
aromatic diimine, each imino  hydrocarbylidene group
has at least two carbon atoms. It. A polymer as in
Claim 10 wherein (i) is a mixture of
2,4-diethyl-6-methyl-l,3- benzenediamine and
4,6-diethyl-2-methyl-1,3-benzenediamine. 12. A polymer
as in Claim 10 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,Nl-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. 23  


