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relates to the use of aliphatic diamnes to form

pol yur et hanes, pol yureas, and pol yur ea- ur et hanes.
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(b) an aliphatic secondary diamne; (c) an aliphatic
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[0011] Aliphatic secondary diam nes that can be used

in this invention include, but are not Iimted to,
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rel ative proportions of aliphatic secondary diam ne to




[0021] Exanpl es of noncyclic aliphatic primry

di am nes that can be used as part of subconponent (c),
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commerci ally avail abl e pol yet heram nes known as

Jef fanmes avail abl e from Hunt sman Chem cal Conpany and
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was m xed together with a portion of the Jeffame
D- 2000 to form a quasi prepol yner. The remai nder of the
Jeffam ne(r) D-2000 was bl ended with the chain
extender(s) to forma mxture. This m xture was then
added to one conpartrrent of the pneumatic m xi ng gun;
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Examples of sultable imino hydrocarbylidene groups include ethylidene, propylidene,

isopropylidene, 1-cyclopropylethylidene, n-butylidene, sec-butylidene, cyclobutylidene, 2-
ethylbutylidene, 3,3-dimethyl-2-butylidene, 3-pentylidene, 3-penten-2-ylidene,
cyclopentylidene, 2,5-dimethylcyclopentylidene, 2-cyclopentenylidene, hexylidene,
methylcyclohexylidene, menthylidene, ionylidene, phorylidene, isophorylidene,
heptylidene, 2,6,-dimethyl-3-heptylidene, cyclooctylidene, 5-nonylidene, decylidene, and
10-undecenylidene, and the like.

[0025] 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,
N,N'-di-sec-butylidene-1,6-diaminohexane, N,N'-di(3-pentylidene)-2,5-dimethyl-2,5-
hexanediamine, N,N'-di(4-hexylidene)-1,2-diaminocyclohexane, N,N'-dicyclohexylidene-
1,3-diaminocyclohexane, N,N'-di(1-cyclobutylethylidene)-1,4-diaminocyclohexane, 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-diaminodecane,
N,N'-di(3-hexylidene)-1,12-diaminododecane, N,N'-di(3-methyl-2-cyclohexenylidene)-
1,2-diaminopropane, N,N'-di(2,5-dimethylcyclopentylidene)-1,4-diaminobutane, N,N'-
di(isophorylidene)-1,5-diaminopentane, N,N'-di(menthylidene)-2,5-dimethyl-2,5-
hexanediamine, N,N'-di(undecylidene)-1,2-diaminocyclohexane, N,N'-di-2-(4-
methylpentylidene)-isophoronediamine, and N,N'-di(5-nonylidene)-isophoronediamine.

Processes of the Invention

[0026] In the processes of the invention, a polymer which is a polyurethane, polyurea, or
polyurea-urethane is made by mixing together at least one aliphatic polyisocyanate, at
least one polyol and/or at least one polyetheramine, and a chain extender composition of
the invention. As is well known in the art, other components may also be included when
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making the polyurethane, polyurea, or polyurethane-urea, such as one 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, are blended together to form a first mixture, followed by blending this first
mixture with the isocyanate to form a second mixture; this second mixture is allowed to
cure. In other processes of this invention, the isocyanate and the polyol or polyetheramine
are blended together to form a prepolymer, which prepolymer is then mixed together with
the chain extender composition to form the desired polymer. In still other processes of the
invention, the isocyanate is mixed with polyol or polyetheramine to form a
quasiprepolymer; polyol or polyetheramine is mixed with the chain extender composition
to form a mixture; and then the mixture is mixed with the quasiprepolymer to form the
desired polymer. Thus, the chain extender composition is reacted with an aliphatic
polyisocyanate and at least one polyol and/or at least one polyetheramine or with a
prepolymer or a quasiprepolymer of the isocyanate and the polyol or polyetheramine. In
the practice of this invention, use of quasiprepolymers is preferred way of producing
polyureas.

[0027] The aliphatic polyisocyanates are organic polyisocyanates having at least two
isocyanate groups. Generally, the isocyanates have a free -NCO content of at least about
0.1% by weight. Aliphatic polyisocyanates that can be used in the practice of this
invention include isophorone diisocyanate (IPDI), cyclohexylene diisocyanate,
4,4'-methylenedicyclohexyl diisocyanate (H12MDI); mixed aralkyl diisocyanates
including tetramethylxylyl diisocyanates; and polymethylene isocyanates including
1,4-tetramethylene diisocyanate, 1,5-pentamethylene diisocyanate, 1,6-hexamethylene
diisocyanate (HMDI), 1,7-heptamethylene diisocyanate, 2,2,4-and
2,4,4-trimethylhexamethylene diisocyanate, 1,10-decamethylene diisocyanate, and
2-methyl-1,5-pentamethylene diisocyanate. A preferred aliphatic polyisocyanate is
isophorone diisocyanate (IPDI). Examples of isocyanates that can be used are also taught
in, for example, U.S. 4,595,742.

[0028] 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 about 60 to over 6,000. The polyols
can be dihydric, trihydridic, or polyhydric polyols, but are usually dihydric. Examples of
suitable polyols include poly(ethyleneoxy) glycols, dipropylene glycol,
poly(propyleneoxy) glycols, dibutylene glycol, poly(butyleneoxy) glycols, and the
polymeric glycol from caprolactone, commonly known as polycaprolactone. The
polyetheramines used to make polyurethanes, polyureas, and polyurea-urethanes are
amine-capped polyols which are the reaction product of a polyol and then an amine with
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Polyetheramines typically have a molecular weight of about 200 to about 6000. Several
commercially available polyetheramines known as J effamines® available from Huntsman
Chemical Company and include J effamine® T-5000, a polypropylene oxide triamine of
about 5000 molecular weight, XTJ-509, a polypropylene oxide triamine of about 3000
molecular weight, XTJ-510, a polypropylene oxide diamine of about 4000 molecular
weight, and Jeffamine® D-2000, a polypropylene oxide diamine of about 2000 molecular
weight. Jeffamine® T-5000 and Jeffamine® D-2000 are preferred polyetheramines in the
practice of this invention.

[0029] In a preferred process of the invention, component (i) of the chain extender
composition is N,N'-di-(3,3-dimethyl-2-butyl)-1,6-diaminohexane. In another preferred
process of the invention, component (i) of the chain extender composition is isophorone

diamine.

Polymers formed by the Invention

[0030] The polymers formed by the invention are polyurethanes, polyureas, and
polyurea-urethanes (sometimes called polyurea-polyurethanes). Because of their differing
gel times (cure rates), these polmers can be used in different applications. Polyurethanes,
polyureas, and polyurea-urethanes made with the chain extender compositions of the
invention have more desirable gel times, and, at a minimum, the physical properties of the
polymers are not adversely affected by the use of the chain extender compositions of the
invention. In fact, a stiffer polymer is obtained when made from chain extender
compositions of the invention in comparison to polymers made with the individual chain
extenders.

[0031] A preferred polymer formed by this invention is formed from a chain extender
composition of the invention in which component (i) is an aliphatic secondary diamine is
N,N'-di-(3,3-dimethyl-2-butyl)-1,6-diaminohexane, or is formed from a chain extender
composition in which component (ii) is isophorone diamine.

[0032] Another preferred polymer formed by this invention is formed from isophorone
diisocyanate, at least one polyetheramine, and a chain extender composition in which
component (i) is an aliphatic secondary diamine in which the hydrocarbyl portion of the
diamine is a straight chain, and/or has amino hydrocarbyl groups which are straight chain
or branched chain alkyl groups, and/or is an aliphatic secondary diamine having about 10
to about 30 carbon atoms, and in which component (ii) is a cycloaliphatic primary diamine
in which the cycloaliphatic group has a single ring and/or one of the amino groups is
bound directly to a ring.

[0033] The following example is presented for purposes of illustration, and is not



550 phi [96 KNVMm [0036] It is to be understood that

the reactants and conponents referred to by chem cal

nane or fornula anywhere in this docunent, whether

referred to in the singular or plural, are identified
intersdetilie ymposie $imigations o thesoopaef thistioventiohact wi t h

anot her substance referred to by chem cal nane or

chem cal p .g., another reactant, a solvent, or
[0034¢ . Yn thetfc)ﬁaw@r@anmle wheaisogaakteryasdsaphereaaidiisgcyanate (IPDI).
Jeftfenﬁlﬁs@mw@{asgo@ymraﬁﬁé PIlsan CHRHGR s skd Whake the

ake pl ac the resulfing m xture or. sal ut
PO&Y@&?@@. she ﬂlﬁﬁ}a&ﬁﬁ%?émé%’ﬁh%@ﬁd@NNréh@ﬁ%ﬁ%Rd‘ s butyl)-1,6-
diantiflolexanie a&bhﬁﬁﬁatafﬁsﬂéﬁﬁngghﬂ (BP- 40@585—1 fopbds Sygemg AG,

SREAPRT bS8 8% PR SRR S R P iter
plasiis spins bele mlﬂ'drlmtlt Heclemantsand an amatr dmnmmeuﬁ 0S8 7dnehes (EA 370-
30! Ejlerfh &&’he@ﬁre és%fetb%lltn‘?ixglesgﬁlﬁ gg %[E e‘h%ga%]h%r nhé} diameter of

connection W g ormng a
0.25aehes (Satoprix é\égtoﬁdﬁ;)or in forming a mxture to be
used in conducting a desired operation or reaction.
Al so, even though an enb mby refer to
subst ances, conponents a edients in the
[0035¢ s @olyut@amlatiSnCampiniag ool anate, Gefifgaming € 9-2000 ati ahphatlc

secOhink ik B SRERUP Bty SRR NG pERTER e T sBbyanate
wapasxdd mg¢thwmﬁlaaped1onmfehm&dfauﬁn¢n Be2004) to Homwm e quasipiepelymer.
Thé ?é?ﬁeﬁ Gt R$ h%%ﬁﬁ t@a&ﬁgaf(f%ﬁ \&'1'1%? gfa%@ %ﬁt&h@er(s) to form

accor ance wt e present osure
a ngyiEe. t Hys ghxﬂufféwma e addad to one gpmpaniaent af ihe preupatic apring

guih; 8RS QudsfrépolymEORRY ARIR8 to the'0$her cBhnpadtmeht) el‘lfe@ﬁ&ﬁﬁ@ @fd
i's t0.the substan eX| the tinme

QuiSTBROLYET WereqTey ?resﬁ?é)étyews eafcrm diBvetd Xetic fixsr onto a stee
platshdadurdddt@osrh hefipautasd. anﬁepolyﬁreawxs pekepacsl withdut tatvgcloaliphatic

.noresent .disclosure.. [0038 a he ex I V..
prifp R RAGE DF RN Eive PREotes: Ao ineEt (B Yhalf oERGE Ridkive to
eaqlnsﬁhbrr(by wierghit)sare bisted m Ealgled . tlhel qumdt polymers s¥eoe bubjensed to

C i nor ato a
tesgﬁ% gﬁgﬁélﬁlgrgrgfr}?étd Ol};\g\%ﬁ%a{g %Q% %ﬂgﬁ%&?ﬁé T'%é# glr s. Rat her,
the article "a" "an" i fTABEEds used herein is
Tt ended—t o Tover—one oI ||Ule SUCIT e enEnts=—urtTes

the text expressly indicat ekCoPRaRHVSe. [ Row3a) Th g‘mz
NIVE! §B°(ﬁm!e ﬂéwz‘ét& e to] gppsi derabl eyygriationsgh

its pr actice A chai n extender conposition

ARinaRexBepri ses (i)
Is ﬂ}!‘rorgé dibmigs d methyl-2-butyl ) -1, 6-di anj pghexane, [ gnd
a cofpanent selected fromthe group Consisting

of: (a) a cycl oal i phatic prjmary di am ne; (b) a

Loves. L 1
al Ul d.IIIIIC III VWITT CT1 11

Gé’hyrgfﬁ%(@f%{ﬁﬁ@ are am no hydrMWl gr oup62 §%€) an 6 sec
S@r&ﬁﬁ%{i&eﬁ%@e@dary diam nsll And an-ali pnggl C primapy

an allnhmlr imne: and

SieDi adness 0fseany two or npa of (a) thadugh (d)]43

Tensile strength 2480 psi 2270 psi 2340 psi
[17099 kPa] [15652 kPa] | [16134 kPa]

Elongation 510% 380% 390%




2. A conposition as in Caiml wherein (ii) is a
cycloaliphatic primary di am ne which has at | east one
of the followi ng features: the cycloaliphatic group
has a single ring;, at |east one of the amino groups is
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ranc al n
not what prehmmary chemical changes transformatlons and/or reactions, if any, take

place in the resulting mixture or solution or reaction 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 in 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 tense
("is comprised of", "comprises”, "is", etc.), 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.
[0037] Also, even though the may refer to substances in the present tense (e.g.,
"comprises", "is", etc.), 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.
[0038] Except as may be expressly otherwise indicated, the article "a" or "an" if and as
used herein is not intended to limit, and should not be construed as limiting, the
description or a to a single element to which the article refers. Rather, the article "a" or
an" if and as used herein is intended to cover one or more such elements, unless the text
expressly indicates otherwise.
[0039] This invention is susceptible to considerable variation in its practice.

10



the aliphatic secondary diam ne has 10 to 30 carbon
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3. A composition as in Claim 2 wherein said cycloaliphatic primary diamine is
isophorone diamine.

4. A composition as in Claim 1 wherein (ii) is an aliphatic secondary diamine,
and wherein said ahphatlc secondary diamines has at least one of the
following features:
the hydrocarbyl portion of the diamine is a straight chain;
the amino hydrocarbyl groups are straight chain or branched chain alkyl
groups;
the aliphatic secondary diamine has 10 to 30 carbon atoms.

5. A composition as in Claim 1 wherein (ii) is an aliphatic secondary diamine
and an aliphatic primary diamine.

6. A composition as in Claim 5 wherein said aliphatic secondary diamines has
at least one of the following features:
the hydrocarbyl portion of the diamine is a straight chain;
the amino hydrocarbyl groups are straight chain or branched chain alkyl
groups;
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7.

10.

11.

12.

(c) an aliphatic secondary diam ne and an aliphatic
primary diamne; (d) an aliphatic diimne; and (e) a
conmbi nation of any two or nore of (a) through (d).
11. A process as in Caim210 wherein said

pol yi socyanate i s i sophorone diisocyanate, and/or
wherein (B) is at |east one polyetheramne. 12. A
process as in Claim1l0 wherein (ii) is isophorone
diamne. 13.A process as in Claim10 wherein (ii) is
a cycloaiiphatic primary di am ne which has at | east
one of the followng features: the cycloaliphatic

gr oWl dliphatic Secbitlagy diamgie HABE0 &f 30 b@beALeAs.gr OUPS i S
bound directly to a ring. 14. A process as in Caim1l3
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d' ' %Bﬁ ﬂ@taﬁﬁhﬁﬂd@\ﬁﬁg%@m ) whith Has ! a?@éatst BRE of the following
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we durLr%% cess

qua tr@% &3
4 ik
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I east one aI [ phat ic.palyisocyanate, (B). at | east .one

8. hol y“o?or%mﬁw agin Clairad Wieeelp saig aliphatisprimary damineds a

chaickc g%g@ﬁ@@pn@g@@@@g whiich has at least one of the following features
the cycloaliphatic group has a single ring;

one of the amino groups is bound directly to a ring.

A composition as in Claim 1 wherein (ii) is an aliphatic diimine, and wherein

the imino hydrocarbylidene groups of said aliphatic diimine have at least one of
the following features:

they are branched chain alkylidene groups;

they have from 3 to 6 carbon atoms.

A process for producing a polymer, which process comprises mixing together
(A) at least one aliphatic polyisocyanate, (B) at least one polyol and/or at least
one polyetheramine, and (C) a chain extender comprised of
S (1) N,N'-di-(3,3-dimethyl-2-butyl)-1,6-diaminohexane, and
(i)  acomponent selected from the group consisting of:
(@)  acycloaliphatic primary diamine;
(b) a hydrocarbyl aliphatic secondary diamine in which the amino
groups are amino hydrocarbyl groups;
(c) an aliphatic secondary diamine and an aliphatic primary diamine;
(d) an aliphatic diimine; and
(e) a combination of any two or more of (a) through (d).

A process as in Claim 10 wherein said polyisocyanate is isophorone
diisocyanate, and/or wherein (B) is at least one polyetheramine.

A process as in Claim 10 wherein (ii) is isophorone diamine.
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(i) NN -di-(3,3-dinmethyl-2-butyl)-1, 6-di am nohexane,
and (ii) a conponent selected fromthe group
consisting of: (a) a cycloaliphatic primary di am ne;
(b) a hydrocarbyl aliphatic secondary diam ne in which
the am no groups are am no hydrocarbyl groups; (c) an
al i phati c secondary diam ne and an aliphatic primary
di atnine; (d) an aliphatic diimne; and (e) a

conmbi nation of any two or nore of (a) through (d).
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di
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Of the following features: the cycloaliphatic group
R)%s% Exé "iﬂ CRIE & viteesimmaido pojytsagyenits B oigpifiorone

I r ecdu cyanate QNherem (B) is at least one polyetheramine.

15. A process as in C1a1m 10 wherein a quasiprepolymer is formed during the
process, or wherein a pfepolymer is formed during the process.

16. A polymer formed from ingredients comprising (A) at least one aliphatic
polyisocyanate, (B) at least one polyol and/or at least one polyetheramine,
and (C) a chain extender comprised of
@ N,N'-di-(3, 3-d1methy1—2~butyl) -1,6-diaminohexane, and
(ii) acomponent selected from the group consisting of:

(a) a cycloaliphatic primary diamine;
(b) a hydrocarbyl aliphatic secondary diamine in which the amino

groups are amino hydrocarbyl groups;
(c) an. aliphatic secondary diamine and an aliphatic primary

diamine;
)] an. ahphat1c dumme and
(®) a combmatxon of any two or more of (a) through (d).

17. A polymer as- in Cla1m 16 wherein said polyisocyanate is isophorone
diisocyanate, and/or wherem (B) is at least one polyetheramine.

18. A polymer as in.’Claim 16 wherein (ii) is isophorone diamine.

19. A polymer as in Claim 16 wherein (ii) is a cycloaliphatic primary diamine
which has at least one of the following features:
the cycloaliphatic group has a single ring;
one of the amino groups is bound directly to a ring.
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