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hydtocarbylidene growp has at least two carbon atoms, Prefirred componeots for use with
the aromatic primary diamine are aliphatic secondary diamines. The components oap be
anmmmﬂonmamofm&emums
varywiﬁzthetypc of cotnponent from (‘u‘). .

I. Compooent (1)
[0010} Mmampmmydmmmeammmmt(z) of thre chain mdﬁmpomuom‘

ofthemvmtm.

[0011]} Ongtypeofaromattcprhnarydmmneﬂntmbcnsedmfhamvm:am
10 - =romatic primary dizmine in which at least one position ortho ito each amine group bas &

hydrogen atotn as a substituent, and which aromatic primary diamine is etther in the form

of une phenyl ring having two aminoe groups on the ring or in the form of two phenyl rings

wnnwtadbyana]h*lene‘mdgemdhavmgommmomonea&mg. The phanyl -

15 HM groups, Whénprﬁentoﬂthcphmylringa, may be the sime or different.
. Mmboihammpgx‘onpsmmoﬁQphmylﬁng,MamimmgmaybeinMypmiﬁm
mlnﬁwwmhothuoqﬂzeﬁng;pmﬁaabbr,ﬁmgmimmfmmeEmmmhﬁwm
each other. When the amino groups arc of two phenyl rings comnected by en alkylens
bﬁdggﬂnymbein.dnypoﬂﬁonmtheﬁng;prefmbly,mohmh;ogmphmﬁm
20 pam relative to the alkyiene bridge. The alkylene bridge of the two-ritig diamins has from
| one tn six carbon atoms; preferably, the alkylene bridge has from one to three carban
 atoms, More preferably, the alkylens bridge has ome or two carhon gtoms; highly
mfomdmanalkylmebndgelmmgmcaﬁmam ’Ihehydzxmrbylmwhm
present cn the phenyd ring(e), ave as m::nbadaboveﬂrﬂwmmmcs. When ope
25  orzmare hydrocarbyl groups ave present on the phenyl ring(s), the hydrocarbyl groups can
lmteﬂomonetotwemymrhmatomn,pmfmably ﬂ:lehydmcarb}dgxwmhmﬁom“
to ix carbon atoms.
(0012] Suitable aromatic primary dismines of this type having both amino growps on cne
. pheayl ring include, but are not limited to, 1,2-benzenediaming, 1,3-benzensdiarnine, 1,4~
30  bemzcnedismine, 4ectiyll,2-benzencdismine, 2-isopropyl-l,3-benzenediemie, 4-test-
- butyl-1,3-benzencdiamine, - 2-penatyl-1,4-bepzanediamine, 4,5.dihexyl-1.2~
benzenedimmime, 4-methyl-5-heptyl-1,3-benzepediamine, 4,6-di-p-propyi-1,3-
benizenedismine, 2,5-dioetyl-1,4-benzensdiaming, 2,3-diethyl-l,4-benzenedismine, and
4,5,6-trihexyl-1,3-benzepediamine. o
35 |8013] Examples of suitable aromatic primary dismines of this type in which one amino
goup is ot each of two phettyl rings inchude 2.2%methylenchig(benzaneamine), 2,3'-
methylensbis-(bemzeneamint), 2 4. methylenchis(benzencamine), 3.3
methylenchis(benzensamine), 3 4'-meﬂ:y1mebm(bmzmme), 4,4
methylenchis{benzeneamine), 4,4'(1,2-ethanediyl)bie-{benzeneaminc), 3,4'(1,3~
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proganediyl)bis(benzeneaming), 2,2'-methylenebis(S-tert-tutyl-benzensamine), 3,3™
methylenehis(2-methylbenzencamine), 3,3 '“methylenshis(5-pentylbenzeneamine), 3,3
methylensbiz(6-isopropylbengencaming), 4 A'“methylencbis(2-mpthylbenzencamine), 4.4'-
. methylenebis(3-sec-butylbenzensamine), 44'<(1,2-ethanediyl)bis(2-methyibenzeneamine),

5 3,3'1mmhy1enebm(2,4—dq;emﬁbcmmeamm), 3.3-methylencbis($,6-diizopropylbetizenc- -
amine), 4,4-methylencbis(Z,3-di-scc-butylbenzeneaming), 4,4 mhylmehs(a,s-di-wt-
butylbemzeneqmine), and the like. |
[0014) Aman!peofmdcpnmmydiamﬂmtmbemedintbmmmtmn,
whibh is a preferred type of aromatic primary @ismine, is an aromstic primary dismine in

10 mbhmhpwﬂonmho(mmg&uﬁ:lyadjacmt)mmammmbmahy&nmmyl
gmnp,andwh:ohamancpﬁmymammoeﬂhcrumthaformofonephmylmghavmg
twosamino groups on the ring, which axting groups are meta or para relative to each otber,
.ot & in the form of two- phenyl tings cormected by an alkylene bridge and having ome
atvio group on each ring. The hydrocatbyl groups.on the phenyt rings {adjacent to the

15  amino groupe) generally have up to tweanty earbon atoms, and the hydrocarby! groups may
be the same or different. The alkylene hridge of the twosring primary dizaine has from
- onerto six carbon atoms; preferably, the bridge hes from one to three carbon atoms. More
orefersbly, the slkylenc bridge has one or two catbon atoms; especially prefetred as the

. alkylenc. bridge is 2 methylene group. Particularty preforred hydrcearbyl groups on the

20  phenyl ring(s) are methyl, ethyl, isopropyl, butyl, and mixturee of two or more of these
groups. Here, buty] groups include n-butyl, seo-butyl, end t-butyl groups.

{0015} More prefecred aromatic primary diamines with two amino groups on cne phenyl
ring have the amino groups mets relative to cach other. Highly preferned hydrocarbyl
mmmmgmwmmmmgmmmﬁx
25 buty] groups inchudes n-butyl, sec-butyl, and t-butyl gromps. Particularly preferred are
momﬁcpﬂmwdmmchhmehmcemﬁgoupmﬂemmM‘m
groups is 2 methyl group, while the two remaining hydrocatbyl groups are othyl groups,
- &nd those in which the hydrocarbyl group betwesn the two mets amino groups is an ethyl
group, while one of the two remaining hydrosarbyl groups is a8 methyl group and the aother
30 ' is za ¢thyl group, and mixtores therpof. Moreprefmdamahnpmmdmesm
also those in ‘which one amino gronp is on each of two phexyl xings, where the two phenyl
7inps are connected via an sikylene bridge, snid have both amin6d groups para relative to
the: alkylene bridge. An especially proferred azomatic primary diamine of this type is a
wm;mmdwhmwhhydmcmbylgmupoﬂhowanammomwanmlgmupmd
- 35 the alkylene bridae is a methylene group, |

[016] A preferred aromatic pnmary dismine is one in which each posifiop ortho t0 an
antino proup bears a hydrocarbyl group, and which aromstic primary diamine s in the
form of ope phenyl ring having two aming groups on the rmg, which amino groups are

meta or para
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 CH,CE,

whith represents auother particularly preferred &nmmnpmmydmmnmﬁEmvmm
can - be called 4.4 methylenbis(2,6-diethylbenzeneamine), 4.4'-methyienhis(2,6-
5 diethylaniling), or 3,3 ' 5,5\ tetraethyl-4, 4 -disminodiphenylmethzne.

H. Compouent (i) .
(6019] Component (ii) is selected from the group consisting of (a) an aliphatic secondary

"~ djamine; (b) an aliphatic prituary diamine; (¢) an aliphatic secondary dimmine and am
10 a.hphmcpﬁmmydme;(d)adnmme:md(a)ambmumnofanymormmof(a)

through (d). Whm(h):s(a),(a)hasanmohydmaaﬂ:ylgmnpewmuhmmonduyor
tertiary Bydrocarbyl groups. When (i) is (d), and (d) is an aromatic difmine, cach imino
hydrocarbylidene grpup has at least two carbon atoms. Thos mixtures of subcomponent=
(2)d) in various combinations are within the scope of this invention.

15
- Subcomponent (a)
[0028] Mipmmwmchhaveamdmhydmm‘bylmswhbhm
memyhﬁwylmsmmm(n)ofwmponm(@
| amino hydrocarbyl groups of the aliphatic secondary diamine can be cyclic or branched.
20 Preferably, the amino hydrocarbyl groups are branched chain alkyl groups having from -
three t twelve carbon atoms. Exampleaofmimmemohyﬂmoarbylmsmm
isopropyl, sec-butyl, tbotyl, 33-Gimethyl2-butyl, 3.pentyl, UYOIOPWYL 4 haxyl,
methyisyclohexyl, eyclooctyl, S-nonyl, and the like.
j8021] The aliphatic secondary diamines are hydrocarbyl secondary diamines where the
25  hydrocarbyl porbion of the dismine is aliphatic, where “hydrocardyl portion” refers to the
moiety to which the amino groups are bound. The hydrocarbyl portion of the aliphatic
diamine can be ¢yclic, branshed, or siraight chain. Cyelic and) straight chain mre preferred
~ as the hydrooarbyl portion of the aliphatic secondary diamine. When the hydrocarbyl
- portion of the diamine is oyeliv, the cyclic moiety can be & single ring, fused rings,
30 bioyelic rings, or a tricyclic system (which tricyclic system ¢an contain fosed rings and/or
bicychic rings). Thenmmng'onpsmybsMeddmcﬂywo&enng,ormmboﬂx
m:mmnpsmybebmmd
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to a group that is 8 substituent of the ong; it is prefamed thet at Jeast one of the atnino
groups it bound to the ritg. Preferably, the aliphatic secondary diamine has twelve 1o
forty catben atoms; more prefivably, the alipbatic secondary diamine hag fifieen o
twenty-five carbon atoms. ‘Threlaﬁvemmﬁmofamaﬁcpﬁmmy&minew
5 aliphatic secondary diamine fn the chain extender composition are preferably 0.5:1 to
1:0i5 on an cquivalent basis; more preferably, the relative proportions on an equivalent
baxis are 0,751 to 1:0.75. On a welght basis, the relative proportions of aromatic primary
diasnine to aliphatic secondary diamine in the chain extender composzition are preferably
~0.25:1 to 5:1; more preferably, the relative proportions on & weight bagis are 0.5:1 to 3:1.
10 [0022] A preferred cham extender composition, when component {ii) is an aliphatic -
- secondary diamines winch has amino hydrocarbyl groups which are secondary or textiary
hydrocarbyl groups, in which the hydrocarby] portion of the aliphatic secondary diamine is
'a séraight chain, has relative proportions of {i) to (ii) on 8 weipht basis of 0.25:1 to 5:1. .
[0023] Aliphatic secondary diamines that can be uged in this invention mohide, but are
15 ot limited to, N,N'-diisopropylethylenediamine, N, N'-di-sec-butyl-1,2-Jiaminopropane, -
N,N'-di(1-cyclopropylethyl)-1,S-diaminopentane, N,N'-di(3,3-dimethyl-2-butyl)-1,5-
diamino-2-methylpentane, N,N-di-sec-butyk1,6-disminphexane, NN-4i(3-pentyl).-2,5-
dimethyl-2,5-hexanediamine, N N-di(d=hexyl)-1 ,2-dismimocyclobexane, N.N'-
| dicyclobexyl-],3-dizminocyclohexane, © NN-di(1-oyclobutylethyD)-1,4~
20 diaminbcyclohexane, NNﬂ(l,d—dmeﬂzyi-z-pmd)al,S-c}dohmnebu(meﬂnﬂmm),
N,N'-diisopropyl-1,7-diamiinoheptane, N,N'-di-sec-butyl-1,8-diaminooctane, N,N'-di{2-
pentyl)-1,10-diamincdacans, NN'-di(3-hexy])-1,12-diaminododesans, N,N'-di(3-methyl-
2-cyclohexenyl)-1 2-digminopropane, N,N'-di(2,5-dimethyicyclopentyl)-1,4~
dizminobutanz, N,N'-di(isophotyi)-1,5-diaminopentane, N,N-di{mentiryi)-2,5-dimethyle
25 25hexapnediamine, N,N-di($-nonyl-isophoronediamine, and N,N'-3i-(3,3.dimethyl-2~
butyl)-3(4),8(9)-bis{aminomethyl)-tricyeln[5.2.1.0(2,6)}decane (also called N, N'-di(3,3~
dimethy)-2-butyl)-TCD diamine). Prefemed aliphstic secondary dismines include N,N'-di-
(3,3-dimethyle2-butyl)] 6-diaminohexane, N,N‘~d1-2~(4-meﬁylp=myl)-
lsopbmonedmmc,andN.N'-dr(B,B-dmzthyl-z-butyl)-TCDdam -

30
Subcomm(b) '
{0624] Mwmmm@om(b)dm(n),mdﬂn
aliphatic primary diamines nsed in this irvestion are hydrocarbyl primary diamines where:
| the bydrocarbyl portion of the dismine is aliphatic, The hydrocarbyl portion of the
35 aliphatic dismine can be cyulic, branched, or straight chain. Profawbly, the aliphatic
| 'Mﬁmmmwmmmmw,haﬁphﬁcm
e ‘
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has (four to twelve carbon atoms. Particulerly preferred aliphatic dinmincs beve cyelie or
strwight chein hydrocarby! portions and bave four to fen carbon atams,

[0025] Smmblcahphmmmmclndehnmwlnmtedm
ethylenediamine, - 1 2-diaminopropans, 1,3-diaminopropene, 1,4-diaminobutane, 1,5-
diaminopentane, 1,S«liamico-2-methylpeatane, *1,6~diaminchexane, 2,5-dimethyl-2,5-
hexansdiamine, - 1,2-diaminocyclohexane, 1,3-diaminocyceichexans, 1,4~
diamminocycloherans, z,wcthyi-ﬁmthyl-l,s-oyalohmnadmme, 4,6-dicthy]-2-methyl-
1,3-¢yclohexanediamine, 1, 3-cyclobexsmebis(methylemime), 14-
sytiohexanebis{methylamine), :sophmona diamine, bis(p-aminocyclohexyl)methane,
hia(3-methyl-4-agminocyclohexylymethane, 1,8-dlemino-p-menthane, 1,7-dzmincheptane,
1,8«liaminooctanie, 1,10«ifaminodecane, 1,12-diaminododecane, and 3({4),8(9)-bis-
(mmyn—tncyﬂﬁs.zl()@.ﬁ)]dm (TCD diamine; slso called octahwdro-4,7-
methanoinden-1(2),5(6)-timecthanamine or octhydro-4,7-methano-1H-indenedimetiryl-
diaming,

Subcomponent (c) -
(0625 Anahphﬁcm&mmdmﬂzpm&cmydmmmm
subcomponent (c) of (¥). The aliphatic secomdary diamine and the aliphatic primary

- diamine can be in any saitable proportion relative to each other, and their' combined total

amount cat be in any relative proportion to the aromatic primary diamme of (i).
Preforably, the propartion of the combined total amonnt of aliphatic seoctidaty diamine
and aliphatic primary diamine relative to the aromatic primary diamine of (1) is in the
range of 0.5:1 10 1:0.5.

[6027) Smhbkahphancprmydmmmesfarmbmw(c)andprefww
therefor ars as described sbove for subsomponent (b). Similarly, when the aliphatic
smcondary dismmine of subcompopent (c) has secondary or tertiary anzino hydrocatbyl
groups, suitable aliphatic secondary diamines and preferences iheyefor are as desoribed
above for subcomponent (g8). When the aliphatic secondary diamine of subcomponent (¢)

US2007068384

ip an aliphatic secondary digmine in which the amino hydrosarty! groups are primary, the

hydrocarbyi portion of the aliphatic diamine can be traushed, or, preferably, straight chain
ot eyclic. The amino hydrocarbhyl groups of the aliphatic secondary diaming cam be Cyclic,

 bravched, or straight chain. Preferably, the amino hydrocarbyl groups are straight chain

35

or, morc preferably, branched chain alkyl groups having from three to twelve carbon
atoms. Examples of soitahle amino hydrocarbyl groups mclude ethyl, propyl, n-{anyl,

. pentyl, hoxyl, hepty), octyl, nonyl, deoyl, dodecyl, and the like. Preferred aliphatic

secondaty diemmes with primary amine hydrocarbyl groups have cyclic ar straight cham
hydrocarbyl portions and have twelve to tweaty-five carbon atoms.

Replacement Page 8-
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where each R” may be the same or different, and each R® is 2 hydrocarbyl group, R” is an
. .mmmidge,wmhriuhymmﬁdmmmumMm
5 atoms
[0031) Amnﬁanmﬁmtmbemedinﬂmmvenﬂmmmuncdmﬂmsm
wh:chthemmnhydmmrbyﬁdmgwupahaveatmmmm One type of
aromatic diimine that can be used in this invention is either in the form of one phenyl ring
having two imino gtoupa an the ring, in which each position ortho to an imino growp -
10 (—N=K) bears & hydrocarbyl group, or In the form of two pheniyl rings comnested by an
alkylene bridge and having one imino group on each ring, in witich each position ortho to
an imino group bears a hydrocarkyl group. Am&:arwofmﬁcd:mem-mhe .
usedmﬂnsmvmmnmmmmhmmemwmchatlusvonepommweach
imino group has a hydrsgen ainm as a substiteent, and which sromatic difmins ie ejther in
15 the form of ane phenyl ring baving two imino groups on the ring or in the form of two
pheny] rings commected by an alkylene bridge and having one imino group on each ring,
[0032] The hydrocarbyl groups on the phenyl rings may be the same or different, -
Exsmples of guitable hydrocarbyl groups on the aromatic ring include methyl, ethyl,
propyl, isopropyl, n-butyl, sec-butyl, t-butyl, pentyl, cyclopeatyl, hexyl, medrylcyclobexyl,
heptyl, octyl, cycloootyl, nomyl, decyl, dodeoyl, phenyl, benzyl, and the Jiks, When the
mumaﬁcchmaismﬂ»ﬁarmdmﬁmylrmgscomwMBymdkﬁmbndgaand
having one iming group on each ring and the imino group: is adjecent (artho) to the
alkylene bridge, fhe alkylene bridge is considered as a hydrocarbyl group orthe to the
. iming group., Preferred bhydrocarbyl groups on the phemyl ring(s) (ovtho o &n imino
25 gromp) of the aromatic diimines are straight-cham or branched-chain alkyl groups having
from oge to six carbon atoms; particulacly preferred hydrocarbyl groups are.methyl, ethyl,
isopropyl, butyl, mad mixtures of two or more of theso groups. Hare, the preference for
butyl groups includes n-butyl, mo—bmyl,"anit-bmvlmz, The alkyleoe bndge of the
two-ringed diimine has from ome o six carbon atoma; prefersbly, the bridgs hes from one
30 to three carbon atoms. More preferably, the
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a&d'mmdgchwoneurtwocarbonamms;hgblymfmwdisumm bndg@
havingunembonatmn,z.e.,amwylmegmnp
[0033] The hydrocarbylidene groups oftbcmnogmmo:fthemhndmm
| - genemlty bave from two o twenty carbon atoms; the hydrocarbylidene proups may be
. 5 aliphatic (straight chain, branched, or cyclic) or aromatic. Prefersbly, the imino
| memmmmmmaemmmcmmw '
from thtee to aix carbon atouns. E:mphsofsniﬁbhmohydrmbyhdmm
inchnde ethylidene, propylidens, isopropylidene, l-cyclopu'opyleﬂ:yhdene, n-butyhidene,
 sec-butylideps, cyclobutylidens, 2-sthylbutylidene, 3,3-dimethyl-2-butylidene, 3-
10 pentylidene, 3-pepten-2-ylidene, cyclopentylidens, 2,5-dimethylcyclopentylidene, 2-
cyclopenicnylidens, hexylidene, methyleyclohexylidene, menthylidens, ionylidene,
phorylidens, isophorylidene, beptylidene, 2,6,~dimethyl-3-heptylidene, cyclooctylideae, 5-
. nonylidene, decylidene, 10-umdecenylidene, benzylidene, Wmeﬂnrlbenzylidme, 2-
~~ pheoylethylidepe, | 1-phenylpestiylidene,  1-naphthylidene,  2-napbthylidene,  1-
15 nsphth}deﬂlyhdme,andﬁehke. | ‘
- [0034) - Preferred aromatic diimines with two imino groups on one phenyl sing have the
i groups metd relstive o each other. In these preferrad ditmipes, the immo
hydrocarbylidens group preferably is a straight chain or branched chain alkylidene group
. having from three t0 gix carbon atoms, Particularly preferred are aromatic diimines in
20  whikh the hydrocarbyl group between the two meta immo groups i2 a methyl group, while
the two remaining hydrocarbyl groups are eothyl groups, and those in which the
" hydrocarbyl group between the two meta mmino groups is an ethyl group, while one of the
fwomhdmcﬁﬁmmamﬁhlmmdhoﬂm:mwwmmd
mixtures thereof.
28  [0035) Preﬁnmdammﬂcdmmmiuwhchmmmomzpmmeadlofw:ophml
rings, where the two phattyl rings ats satiticted via an alkylene bridge, have both iminn
gronps para relztive to the alkylene bridge. A pasticularly preferred aromatic diimine of
Mmeknmemwm‘mwmkameﬂm
g:mqmndthea]Menebndgczsamethylmgmup this iz especially preferred when the
30 imino hydrocarbylidene groups are isopropylidenc or sec«butylidenc.
[0036] Dnnﬁnﬁshumgboﬂaminogrwpsonmphmylmgsum&kﬁnmmm
jnvention inclnde, but are not limited to, N Ndlisopropylidene-2,4,6-riethyl-1,3-
berzenediamime, NN-di-gec-butylidane-2.4.6-triethyl-1,3-benzenediamine, NN'-GH(2-
pentylidane)«(2,4.6-triethyl-1,3-benzenediamine), N,N'-diisopropylidene-(2,4-dicthyl-6-
35 .efhyi-13-benzencdiamine), N,N'-di-sec-binylidene(2,4-dicthyl-6-mnethyl-1 3.
~ bemzenediaming), - N,N'-diisopropylideme-(4,6-diethyl-2-methyl-1,3-benzensdiamine),
N,N'-di-sec-butylidene~(4,6-diethyl-2-methyi- 1,3-benzenediamine), NN-
dicyclobutylidene-(4,6-disthyl-2-methyl-1,3-benzencdiomine), N,N'-dicyclopentylidene-
(2,4-diisopropyl-6-methyl-1 A-benzepadiamine), N N'-diisopropylidene-(2.methyl-4,6-di-
40  sec:butyl-1,3-benzepediamine),
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- NNdi(undecylidens)-3,4'(1,3-propanediyl)bis(benzeneamine), NN'-di(2/4-dimethyl-3-
pentylidens)-2,2 " mothylénebis(5-tert-butybenzeneamine), N,N'-di(phorylidene)-3,3'
methylenebiz(S-pentylbenzensaming), NN'-di(3-methylbutylidens)-3,3-methylenebis(6-
isopropylbénzensamine), | N.N'-di(2-heptylidene)-4,4'-methylenebis(2-

5 methylbenzeneamine), N,N'-dimenthylidenc-4, 4‘-methylmehzs(3 ~seo-buqf]benzenmmn),
NN'-di(1-cyclopentyletitylidenn)d,4'-(1,2cthanediyl)bis(2-methylbenzenegmine),  and
N,N'-di(1 -penten-3-ylidane)-4,4“methylenebis(2, 3-di-ssc-butylbenzensamine).

[0039] Aliphatic diimines are also pent of subcomponent (d) of the curative mixture. The
hydrocarbyl portion of the alphatic diimine cen be cyelle, brauched, or straight chein
10 - hydrocarbyl group, where "hydrocarbyl portion” refers to the moiety to which the imino
groups are bound. Prefexably, the aliphatic ditmine has gix to: forty carbon atoms; mere
preferably, the aliphatic diimine bas ten to thirty carbon atoms. The hydrocarbylidens
groups of the imino groups of the aliphatic diimine genemally have from ane to twenty
| mm&ahy&omrbylﬂmmmmmmmmm
15 Preferbly, the imino hydrocarbylidens groups are straight chain or branched. chain
. alkylidene groups having from three to six carbon atoms Emmplasofmntnblcminb
hydrmocarbylidens groups melnde cthylidenms, propylidene, - isopropylidene, 1-
cyclopropylethylidene, n-butylidene, sec-butylidene, cyclobutylidens, 2-ethyloutylidens,
3,3-dimefhyl-2-butylidens, 3-pentylidene, 3-pemten-2-yiidewe, cyclopentylidene, 2,5-
20 dimethyloyclopemtylidene, 2-cyslopentenylidens, hexylidens, thethyloyelohexylidens,
menthylidens, jomylidene, phorylidcue, isophorylidene, heptylidene, 2,6,-dimethyi-3-
heptyhdene, cyslosetylidens, S-nomylidesie, daoylidena, 10-1mdecenylidens, and the like,
{0048] Aliphatic diimines that can be used in this mv-noninclude,hutmnotlnmted
to, NN-ditsepropylidenc-ethylenediamine, N,N'-di-sec-butylidene-1,2«diaminopropane,
253  NN-di(2-butenylidene)-1,3-diaminopropane, N, N'-di{1~cyclopropylctylidene)-1,5-
diaminopentane, N,N'-di(3,3-dimethyl=2~butylidene)-1,5-diamino-2-methylpentane, N.N'-
di-seo-bitylidene-1,6-diaminohexanc, Nﬁwudmyzﬁmmm-
hexanedizming, N,N'-di(4-hexylidens)-1,2-diamninogyclobexane, N,N'-dicyclchexylidene-
1 3-diaminocyclokexane, NN'-di(1-cyclobutylethylidene)-1,4-diamigocyelohexane, N,N'-

30 ° dif24-dimethyl-3 -peatylidme)-l J-oyclohcxanebis(methylamine),  N,N'-di{1-penten-3-

~ ylidene)-1A-cyclohexanebis(methylamine), N ,N-diisopropylidens-1,7-diaminoheptane,

N,N-di-sec-utylidene-1,8~diaminooctane,  NN'-di(2-pentylidenc)-1,10-diaminodecans,

N N'=di(3-hexylidene)-1,12-diaminododecans, N,N'-di(3-methryl-2-cyclohexenylidens)-

- ljedaammopmpme, NN'-di(2 S-dmethyleyalopentylidene)-1,4-diaminobutane, N,N'-

35  di(isophorylidens)-1,S-dianinopentane, NN-di{menthylidens).2, S-dimethyl-2,5-

bezanediamine, N,N-di(vndecylidene)-1,2-diaminocycichexens, N,N'-di-2-(4-
methylpentylidene)asophoronediarnine, and NN'-H(8-noayhidene)-isophoronediatmine.
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Procésses of the Invention |
(0041] In the processes of the invention, & polymer which is a polywrethane, polyures, or
polywua-urcthans is made by mixing together at least ona aromatic #ocyanste, at leagt
-onepolyoland/watlmstcnepolyﬂhuamme,andachmexmducompomonofﬂm
5  invemtion Azmwaﬂknownmfhemomcomnmmyalsobcinmdedwhﬂn
making the polyurcthane, polyurca, or polynrethane-urea, soch as one or more ‘flame
. relaidapts, thermal stabilizers, aud/or surfactunts. In zome processes of the invention, the
polyol or polyetheramine, chain extender mmmmtan.mdwhenmed, optional
mgmdiem,mblmdodtogmmfomaﬁmmixma,ﬁmowedbyblmﬂmﬁrn
10  mixture with the isocyanaic to form & second mixtnre; this secomd mixtire is allowed to
cure, h@wmdﬁsmmmﬁammwmdﬂlepolyolmpolym
gre blended together to form a prepolyiner, which prepolymer iy then mixed together with
mmmmﬁmmmmmmﬂa In still other processes of the
mm&zmnmmmkmmwlyolmwwma
1S qwmmmlwlmmlymmmmmmdﬁmmedEmempomm
o form a mixiure; and then the mixture is mixed with the gquasiprepolymer to form the
desimdpohrmur Thus, the chain extender composition iz reasted with an aromatic
polyﬂsocymtemdatfeastampolyolmdfmatlmompdycthmmma‘
prepolymer or & quasiprepolymer of the isocyanaté end the polyol or polyetheramine. In
20 the practice of this invention, use of quasiprepolymers is prefered way of producing
poiyureas,
[0042] Themmaucpoljuocyanamamm'gamnpolyisocyanmeahavmgﬂlmm
isocyanate groups. Geberally, the isooyenates have a free -NCO content of at least 0.1%
by weight. Aromatic polyisocyunstes that can be vsed in the practice of this mvention
25 inchude phenylens dijsocyamate, toluems diisocyapste (TDI), xylens diisocyanate, 1,5-
naphthalens diisocyanate, chlorophéitiene 2.4-dusocyanate, bitohene diisocyanate,
diznisiddiine diisocyanate, tolidine dtisocyanste, alkyiated bemzepe diisocyanates
tnethylens-interrupted aromatic dilsocyanates such as methylepediphenyl diicocyanates,
especially 4.4-methylenediphenyl difsdcyanate (MDI), alkylated enalogs of methylent-
30 intemupted = aromatic - dilsocysnates (such ap 3,3-dimethyls,4'-diphenylmethanc * -
| diisecyanate), and polymeric methylenediphenyl diisocyanates. A prefetred aromatic |
- polyigocyanate is 4,4~methylenediphenyl diisocyanate (MDI). Examples of isocyenatrs
‘that can be used are also tanght in, for example, U.S. 4,595,742
[0043]  Isocyamatereactive polyols sl polystheramines (sometimes referred o as
35 ammtarmxnwdpolyoh)ﬂntmtypwaﬂymedmmaMgpolymmpolym and
~ polyurea-urcthanes range in molecular weight from 60 to over 6,000. The polyols can be
. ditrpdric, trihydridic, or polyhydric polyols, but are usually ditrydric. Examples of suitable
polyols imchude poly(ethylencoxy) glycols, dipropylene glysol, poly(propyleneoxy)
glycols,
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dibutylens glyeol, poly(butylencvxy) glyeols, and the polymeric glycol from caprolactone,
commonly known ag polycaprolactone, The polyetheramines used to make polyurethanes,
polyuregs, and polyureg-urethanes are amine-capped polyols which are the reaction

-- protiuct of a polyol md'tbnnanmincwiﬂzalkylmooxides as' well as amine-capped
5 ,hydmxyl-oonta.ining pb}yeam. Polyctheramines fypically have & molecular weight of

200 t0' 6000, Several commerciglly svailable polyctherangues known as Jam:esg

avajhbleﬁumﬁmmﬂnmncalCompmymdmcludekﬂ’mnmc®T-5000 a

polypropylent oxide trizmine of 5000 molecular weight, XTJ-509, a polypropylens oxrde
trizmmne of 3000 moiecularwenght, XTJ-510, apolympylmeoxlde diamine of 4000

10 molecular weight, and Jeﬁnnne D-2000, a -polymropylenc oxide dimmine of 2000,

olecular weight. Jeﬁme® T-5000 - and Jeﬁmmog D-2000 m prefened

polyetheramines in the practice of thig invention.
[0044) Inaprefmredpmcmoftheinvcnﬁon,'thepotyisocyamteis4,4l
methylenediphenyl diisocyanate. In another preferred process of the invention, at least
15  onepolystheramine ip used, In still anothér preferrad process of the invention, componeut
(D) of the chain extender composition is aromatic primary diamime in which each position
ortho to an amino group bears a hydrocarbyl group, and which aromatic primaty diamnine
mmﬁmﬁzmofonaphmylmgha\dngtwoammogmxwmﬂunng,whwhammo
grotps are meta of para telative 1o each other, and in which the aromatic primary diamine
70 " hasiamino grotps are meta relative fo each other, and/or the ortho hydtecarbyl groups are
methyl, ethyl, isopropyl, tutyl, or mixtures thereof,

Palymers farmed by the Invention | ~
[0045]  The polymers: formed by the invention are polyurethanes, polymreas, snd
25 polyurcesnmethanes (sometimes called polyurea-polyurethanes), Because of their differmg
gel times (cure rates), thess polmers can be uged in different spplications. Polyurethanes,
“polyureas, and polyurcasurethanss made with the chain exiendey compositions of the
mvesrtion have mare desirable gel times, and, &t a minfimm, the physical properties of the
polymers are not adversely affected by thense of the chain extendar compositions of the
30 iovention. In fact, an improvement i the tensile strength of the polymers made ffom
chain extender composgitions of the invention is obmdmoommﬁmmpolfymmde
with the mdividual chain extenders, - .
- [0046) A prefetred polymer ftvmed by this inventiop is formed fom 44-

mmawmwmmmmmpmymwwmhmmm

35 formed from nt Jeast ome polyethoramine. Another preferred polymer formed by this
invention is formed from a chain extender compogition of the invention in wiich
compenent (1) is an aromatic primary diamine in which cach position ortho to an amino
group bears 3 hydrocarbyl group, and which
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[0054) It is to be understood that the reactants and components referred to by chemicnl
fiamme or formula anywhere in this document, whether referred to in the singular ar phoral,
are identified as they exigt prior 10 coming into contact with another substance refarred to
by chemical name or chemical type (2.g., another reactznt, & solvent, or efe.). It matters
& not what preliminary chemical changes, transformsations and/or reactions, if any, take
place in the resuling mixture or solution or reaction medmm as such changes,
transformations and/or reactions aré the natural result of bringing the specified reactants
- and/or somponents together under the conditions called for pursuant to this disclosure.
ThmthemMandmmponmEmﬂmﬂﬁedasmgmdwmmbewwgathMm
10 conpection with performing a desired chemieal operation or reaction or i1 foming a
nﬁxturewhemedin@dwﬁngadasimdmﬁaﬁonnrrmﬁon. Alsa, even thopgh an
embodiment may refer to substences, components and/or ingredients in the present tense
(Misicotaprised of”’, ¥oamprises®, "is", etc.), the reference is to the substancs, component or
ingredient a3 it existed at the tune just before it wes first contacied, blended or nrixed with
15 m&ormmoﬂzmmmmmandfmmgmcﬂmtsmmﬂmcemﬁﬂm
present disclosare,
[0055]  Also, even though the may refer to substances in the presemt tense (eg, |
"eomprises”, “is", efc.), the reference is to the substance as it cxists at the time yust before
it ie first contacted, bilended or mixed with one or more other substances in accordance
20 with the present disclosure.
[0056] Exmptasmaybeexpmlyomerwmemdioawd,thea:mle a“m-"an"lfmdas
usedhmmzsnotmendadtolnnit,mdabmldmtbewmdashmmng,m
description ar 8 to 4 single element to which the article refers, Rather, the article “a
| mffmdumedhmmmmdedmmerwammmmhmmm&umem

25  expreasly indicates otharwise.
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1. A chain extender compositioa which Gmnprms
- (i) an arnmatic primary diasmine, and
5 (i) acomponent sclected from the group consisting of -
(8) analiphatic saconda'ry digmine;
{c) mmmmmﬂmmm
{d) adBmine; and -
(¢) acombimation of auy two or mere of (3) through (d),
lO with' the proviso thet when (i) is (a), (a) has emino hydrocarbyl proups which are
secondary or tertiary hydrocatbyl groupa, and with the proviso that when (ii) i3 (d), and (d)
is an gromatic difmine, each fmino hydrocarbylidene group has at least two carbon atoms,
2. A composition as in Claim 1 wherein (f) is an sromatic primary dismine in
which each position ortho to an amino group bears' a hydrocarbyl group, and which
15 aromatic primary diamine sither is in the form of one phenyl ring having two ainine
groups on fhe ring, which amino groups are mets or para relative to each other, or is 1 the
ﬁ:mofmfhmylrhgsmmwdbymaﬂcﬁmcbﬁdgemdhwingmamimmupm
4, A comnposition an in Claim 1 wherein () 18 2 mixtare of 2,4-diethyl-6-

20 methyl-1,3-benzenediamine mid46-dwthyl -methyl-1.3-benzenadiamine,

- 5. AcomposmcnasmCIamlwhemn(h)manahphaupsewndarydiamme
whchhaamﬁmhydmcmbﬂmesecmdmymHhmyhy&mmrbylms,
wherein the hydrocarbyl portion of the aliphatic sccondary diamine either has a single
ﬁnggmwhhhatlaistonp'afthemimgmmisbomddkwﬂymam,mwhminﬁm

25 hydrocarbyl portion of the alipbatic sscondary diamine is a straight chain.
7. A composition as in Clatm 1 wharein (if) is N,N'-di-(3,3-dimethyl-2-butyl}
1,6-diaminohexane, NN-dl-z-{4-mothylpmtyl)-isophnmnedhmm or NN-di-(3,3-

dJthhyl-Z-butyl)-TCD dianitse.
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9. A compogition as in Claim 1 wherein (if) is an aliphstic secondary disming
and|an aliphatic primaty dismine, and wherein said aliphatic primary diamine bas at least
onefofﬁ:efollowmgfumtw .

| ) thehjdmcaﬂ)ylporhonofthedmncmcychcorastmigh!chm

5 | the aliphatic primary dismine has about four to sboutiten carbon atoms.

10, A composition as in Clatm 1 wherein () is an aliphatic secondary diamine
andian aliphatic primary diamine, and wherein the aliphatic secondary diamine eithes

has amino hydrocarbyl groups which sre secomdery or tertiary hydrocarbyl

groups, wherein the hydrocarbyl portion of the atiphatic secondary diamipe has

10 ‘amnglenng,whmatleastomofﬂzeammguupsmbomddnedbma

" ml&()l'
has amino hydrocarhyl groupe which are sacondary or tertiary hydrocariyl
. groups, whaem&xehydmca:bylmofﬂwm econdaxydmmmeisa
o straight chain,

15 11. Acmpomhmasmdamlwm(n)nanahphammmydimnm -
mdmahphm:pnmarydmmms,andwhammmdahphm:mmdmydmmemNN-
di-(3,3-dimethyl-2-tratyl)-1 6-diaminohexane, NN'-di-2-(4-methylpenty])- |
isophoronediamine, or NN-di-(3,3-dimethyl-2-butyl)-3(4),8(9)-bis-(aminomethyl)-
tricyclof5.2.1.0(2,6)kiecane.

20 12. A composition a3 in Claim 1 wherein (i) is an gromatic ditmine which is
cither it the form of one pheny! ring having two iming groups on the ring, in which each
pomuonorﬂmtoanminogrwpbeamahydmmbylgmup or is in the form of two
phmylmgscmmmdbyanalkylmcbndgemdhmngmminomnponmhrm&m
which each position ortho to an imino group bears 8 hydrocarbyl group

25 - 13. Amcmﬁrprﬁmngapobmawhchwcompdmmmg
together (A) et least one aromatic polyisocyanate, (B) at least one polyal and/ar a1 least
one polyetharaming, and (C) a chain extender conmrised of
@) a component selected from the gronp consisting off

20 (a) = Aliphatic sscondary dismine: -

()  analiphatic sscondary dismine and an aliphatic primary diamine;

(d) adiimine; and

(e) acombmnﬁmofmytwoormmeof(a}thrwgh(d),
with the proviso that when (i) is (8), (a) has ammohydmcarbylmwhmhm

35  secondary or tertiary hydrocarbyl groups, and with the provisoithat when (i) is (d), and (d)
i an aromatic. diimine, each iming hydrocarbylidene group bas at least two ferban atoins.

4. A process a8 in Claim 13 wherein said polyisacyamate iz 44-
meﬂxylenediphmylcﬁimcyamm.mdwhﬁ&nm)ismwﬂmepobvﬂrmmim
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18, ApmcmasinClmmbhwm(i)isanmmanspnmuydlmm
whcheachpomnonorthomanarnmogmupbmahyﬂ:mbylmandwhmh
aromatic primary diaming either is in the fhrm of one phenyl ring having two ammno

groups on the ring, which amino groups are meta of para relative to each other, or is in the
5 fmmoftwopbmﬂmgemﬂnwﬁbyﬂkylﬂnebndgcandlmmgoncammogmupm
cach ring..
. 17, A process as in Claim 13 whwn(i)nammmofz,wmmyl-&methyl-
1,3-benzenediamine and 4,6-diethyl-2-methyl-1,3-benzensdismine,

18 A process as in Claim 13 wheroin () is an aliphatio secondary diamine

10  which has emino hydrocarbyl groups which are secondary or tertiary hydtocarbyl groupe,
wherein the hydrocarby! portion of the shiphatic secondary diamine either has a single
ring, and wherein at least cpe of the amino groups is bound directly to a fing, or wherem
the hydrosarbyl portion of the aliphatic secondary diamine is a straight chain,

20, A procesa 83 In Claim 13 whetenn (15) is NN-di~(3,3-dimsthyl-2-butyf)-1,6-

15 - dizmmohexane, NN&-Z{MW)—MWM of N,‘.N’-d:-(S,S—d:metlul-.
2 butyl)}-TCD diamine.

22. ApmcmasmClmehnmin(u')manahphmmduydmmd
mammmymmmwmmmmmsmwmmum
| hasammohydmmbylgmupswh:chmswmdmyormmyhydmwbyl‘

20 groups, wherein the hydrocarbyl portion of the aliphatic seoondary diamine has
asmglermg,matlwmmof'tbcammowmmmmﬂyma
ng; of
hasalmmhydrocmbylgmupswhmhmmndmymtmharyhydrombyl

- groups, wherein the hydrocabyl portion ofthaahthwsawnddemneua

25 straight chain.

23. AmmasmCImmIBwhﬂan(u)mmwmnduydswm
an aliphatic primary dlamine, and wherein eaid aliphatic secondary diatnine 18 NJIN'-di-
(3,3-dipaethyl-2-butyl)- 1,6-Gismminohexane, | NN'-di=2-(4d-methylpentyl)-
isophoronediamine, or NNdi«(3,3 -dametbyirz-butyl)-av@), 8(9)-bis~(aminomethyl)-

30 teyelo[s.2.1 0(2,6)]dacme.

24, ApmmasmChnanhemnaqumepolymarmfmeddmngthe

PrOCess
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,mwhelmnapmpolymumﬁ:mmddunngthnpmmﬁ- .
26. ApolymBrwhmhmfmmedﬁommgmdnmthmsmg(A)aﬂcastone

10 (e) acombination of any two or more of (3) through (d),

mththepmwsoﬁmtwhsn(ﬁ) is (a), (a) hus amino bydrocerbyl groups which are

secondary or tertiary hydrocarbyl groups, and with the provieo that when (i) i8 (d), and (d)
is an aromatic diimine, each mmino hydrocarbylidens group has at least two catbon atoms.

27. A polymer 2 in Claim 26 wherein smid polyisoeyanate 15 4,4-

15 methylenediphenyl diisocyanate, and wherein (B) is at least oneipolyetheramine.

28. Apolymarasmmamzﬁwhmeh(l)lsanmmammmmdmmﬂm
which cach position crtho fo an amino group besrs s hydrocarbyl group, and which
aromatic primary diamine either is in1thefbmofonephmylﬁnghﬂviﬂgtwom
-mupsmthemg,whichammomnpsmmetam'mrelﬂn‘veto each othar, or 12 in the

20 ﬁ)moftwophmylrin@cmnemcdbymdkyﬂmbndgcandhavmgmmmm
| echring
| 30. A polymer as m Claim 26 wherein (i)mannxtrcofzﬁ-dxdhyl-&methyl-
1,3-benzenediamine and 4,6~-diethry}-2-methyl-1,3-benzenediamine,

31. A polymer ag in Claim 28 wherein (i) is an aliphatis econdsry diamine

25  which haa amino hydrocarbyl groups which are sscondsry or teriary hydrocarbyl groops,
whﬁramthehydmcmbylpomonofthe aliphatic secondary dizmme has a single ring, In
which at least one of the amino groups is bound directly to a ring, or wherein the
hy&oombylpmﬁmof&eaﬁph;ﬁcmndmydimmisamﬂghtm

33. A polymer as in Claim 26 wherein () iz N,N'-di~(3,3-dimethyl-2-butyl)-

30 1,6 diaminohavane  NN'-4i-2-(4-methylpentyl)-isophoronediamine, or NN-di<3,3-
Frmiethy}-2-butyD=TCD dismipe.
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35. A polymer as in Claim 26 whersin (ii) & an aliphatic secondary diamine

andian aliphatc primary dimmine, and wherein the aliphatic secondary diamine either
| - has amino hydrocarbyl groups which are secondsry or tertiary hydrocarbyl
5 - groups, wherein the hydrocarbyl portion of the aliphatic secondary diamine has
a ginpie ring, and at least one of the amine groups is bound directly to a zing; or
has amino hydrogarbyl groups which are szcondary of tertiary hydrocarbyl
groups, mmwmdmmmmma

straight cheig,

10 36. Apolymcrasmaann%whm(n‘):sanahphaﬁomondmdimim
apdian aliphatic primery diamine, aud whetein said aliphatic secondary dizmine is N,N'-
di-(3,3-dimethyl-2-butyl)-1,6-disminohexane, NN'--2-(4-methylpentyl)-
isophoronedisgtine,  or N.N*-ﬂi{s,smwa-myl}s (4),8(9)-bis-(amzinomethyl)-
mmb[iz 1.0(2,6)])dlecane. '

15 o
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