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POLYUREA/POLYTHIOUREA COATINGS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application 1s a Continuation-In-Part
(CIP) of U.S. patent application having Ser. No. 11/744,259,
filed on May 4, 2007 and pending, which claims priority to
U.S. Provisional Patent Application 60/797,985 filed on May

S5, 2006, and which are hereby incorporated by reference 1n
their entirety.

FIELD OF THE INVENTION

[0002] The present invention 1s directed to a coating com-
position comprising polyurea and polythiourea.

BACKGROUND OF THE INVENTION

[0003] Coating compositions comprising polyureas are
used 1n a wide variety of industries such as automotive, water-
craft, aircraft, industrial, construction, military, recreational
equipment including sports equipment and the like. In these
industries, considerable efforts have been made to develop
coating compositions that will impart the desired properties
to the substrate or article being coated. For example, coatings
are used to protect against damage due to corrosion, abrasion,
impact, chemicals, ultraviolet light, flame, heat, and/or other
environmental exposure. In addition to any of these func-
tional properties, coatings can also be used for decorative
pUrposes.

[0004] Suliur-containing compounds are known to be well
suited for use 1n aerospace sealants due to their fuel resistant
nature upon crosslinking. For example, polysulfide sealants
can offer high tensile strength, high tear strength, thermal
resistance and resistance to high ultraviolet light. Such seal-
ants can also offer resistance to fuel and maintain their adhe-
s10n upon exposure to fuel.

[0005] Polyureas are generally formed by reacting amines
and 1socyanates. The use of amines such as polyamines as
crosslinkers or “curatives” 1s well known. For example,
amines are known to crosslink with 1socyanates to form urea
compounds. Similarly, sulfur-containing compounds are
known to crosslink with 1socyanates to form thiourea com-
pounds. The use of sulfur-containing compounds 1n a poly-
urca coating, however, has been difficult due to the high
viscosity and odor of the sulfur-contaiming compounds. Com-
binations, however, would be desirable to provide optimum
properties.

SUMMARY OF THE INVENTION

[0006] The present invention 1s directed to a coating com-
position comprising polyurea and polythiourea formed from
a reaction mixture comprising a first component comprising
an 1socyanate and an isocyanate functional polythioether-
polyurethane and/or polythiourethane, and a second compo-
nent comprising an amine.

[0007] The present invention 1s also directed to a coating
composition comprising polyurea and polythiourea formed
from a reaction mixture comprising a {irst component coms-
prising anisocyanate, and a second component comprising an
amine and an amine/hydroxy functional polythioether.
[0008] The present invention 1s also directed to a coating
composition comprising polyurea and polythiourea formed
from a reaction mixture comprising a first component coms-
prising an 1socyanate and an 1socyanate functional polythio-
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cther-polyurethane and/or polythiourethane, and a second
component comprising an amine and an amine/hydroxy func-
tional polythioether.

[0009] The present invention is Turther directed to methods
for coating a substrate using such coatings, and substrates
coated thereby.

DETAILED DESCRIPTION OF THE INVENTION

[0010] The present invention 1s directed to a coating com-
position comprising polyurea and polythiourea formed from
a reaction mixture comprising a {irst component comprising
1socyanate (“1socyanate component™), a second component
comprising an amine (“amine component”), and a sulfur-
containing compound 1n the first and/or second component.
The first component further comprises an 1socyanate func-
tional polythioether-polyurethane and/or polythiourethane,
and/or the second component further comprises an amine/
hydroxy functional polythioether. The amine component may
be referred to herein as a “curative” because 1t will react or
cure with the 1socyanate to form a polyurea and/or a polythio-
urea. In certain embodiments, the ratio of equivalents of 1so-
cyanate groups to equivalents of amine/mercaptan groups 1s
greater than 1 and the 1socyanate component and the amine
component can be applied to a substrate at a volume mixing
ratio of 1:1. The terms “mercaptan” and variants thereof and
“thio]l” and variants thereof are used interchangeably herein.
[0011] As used herein, the term *“1socyanate” includes
unblocked compounds capable of forming a covalent bond
with a reactive group such as a hydroxyl, mercaptan or amine
functional group. Thus, 1socyanate can refer to “free 1socy-
anate”, which will be understood to those skilled in the art. In
alternate non-limiting embodiments, the 1socyanate of the
present invention can be monofunctional containing one 1so-
cyanate functional group (NCO) or the 1socyanate used in the
present invention can be polyfunctional containing two or
more 1socyanate functional groups (NCOs).

[0012] Suitable isocyanates for use 1n the present invention
are numerous and can vary widely. Such 1socyanates can
include those that are known in the art. Non-limiting
examples of suitable 1socyanates can include monomeric and/
or polymeric isocyanates. The polyisocyanates can be
selected from monomers, prepolymers, oligomers, or blends
thereof. In an embodiment, the polyisocyanate can be C,-C,,
linear, branched, cyclic, aromatic, or blends thereof.

[0013] Suitable isocyanates for use 1n the present invention
may 1nclude but are not limited to 1sophorone diisocyanate
(IPDI), which 1s 3,3,5-trimethyl-5-1socyanato-methyl-cyclo-
hexyl 1socyanate; hydrogenated materials such as cyclohexy-
lene diisocyanate, 4,4'-methylenedicyclohexyl diisocyanate
(H,,MDI); mixed aralkyl diisocyanates such as tetrameth-
ylxylyl diusocyanates, OCN—C(CH,),—CH,C(CH,),—
NCO; polymethylene 1socyanates such as 1,4-tetramethylene
duisocyanate, 1,5-pentamethylene diisocyanate, 1,6-hexam-
cthylene duisocyanate (HMDI), 1,7-heptamethylene diisocy-
anate, 2,2,4- and 2,4,4-trimethylhexamethylene diisocyanate,
1,10-decamethylene ditsocyanate and 2-methyl-1,5-pentam-
cthylene diisocyanate; and mixtures thereof.

[0014] Non-limiting examples of aromatic 1socyanates for
use 1n the present invention may include but are not limited to
phenylene diisocyanate, toluene diisocyanate (TDI), xylene
diisocyanate, 1,5-naphthalene diisocyanate, chlorophenylene
2.4-duisocyanate, bitoluene diisocyanate, dianisidine diisocy-
anate, tolidine diisocyanate, alkylated benzene diisocyanates,
methylene-interrupted aromatic diisocyanates such as meth-
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ylenediphenyl diisocyanate, 4,4'-isomer (MDI) including
alkylated analogs such as 3,3'-dimethyl-4,4'-diphenyl-
methane diisocyanate, polymeric methylenediphenyl diiso-
cyanate and mixtures thereof.

[0015] In a non-limiting embodiment, polyisocyanate
monomer may be used. It 1s believed that the use of a poly-
1socyanate monomer (1.€., residual-free monomer from the
preparation of prepolymer) may decrease the viscosity of the
polyurea/polythiourea composition thereby improving its
flowability, and may provide improved adhesion of the poly-
urca/polythiourea coating to a previously applied coating
and/or to an uncoated substrate. For example, the coatings
that have been previously applied to a substrate can comprise
functional groups (e.g. hydroxy groups) that are reactive with
1socyanates, thereby enhancing adhesion of this coating to the
polyurea/polythiourea composition of the present invention
applied over this coating. A lower viscosity polyurea/poly-
thiourea composition may also remain 1n a “flowable” state
for a longer period of time as compared to a comparable
composition having a higher viscosity. In alternate embodi-
ments of the present invention, at least 1 percent by weight, or
at least 2 percent by weight, or at least 4 percent by weight of
the 1socyanate component comprises at least one polyisocy-
anate monometr.

[0016] In a further embodiment of the invention, the 1socy-
anate can include oligomeric polyisocyanates including but
not limited to dimers, such as the uretdione of 1,6-hexameth-
ylene diisocyanate, trimers, such as the biuret and 1socyanu-
rate of 1,6-hexanediisocyanate and the 1socyanurate of 1so-
phorone diisocyanate, allophonates and polymeric
oligomers. Modified polyisocyanates can also be used,
including but not limited to carbodiimides and uretdiones,
and mixtures thereof. Suitable materials include, without
limitation, those available under the designation DESMO-

DUR from Bayer Corporation of Pittsburgh, Pa. and include
DESMODUR N 3200, DESMODUR N 3300, DESMODUR

N 3400, DESMODUR XP 2410, and DESMODUR XP 2580.

[0017] As used herein, “1socyanate prepolymer” includes
polyisocyanate that 1s pre-reacted with a polyamine, sulfur-
containing compound having a reactive group and/or another
1socyanate reactive group such as polyol. Suitable polyisocy-
anates include those previously disclosed herein. Suitable
polyamines are numerous and may be selected from a wide
variety known 1n the art. Examples of suitable polyamines
include but are not limited to primary and secondary amines,
and mixtures thereof, such as any of those listed herein.
Amine terminated polyureas may also be used. Amines com-
prising tertiary amine functionality can be used provided that
the amine further comprises at least two primary and/or sec-
ondary amino groups. Suitable polyols are numerous and may
be selected from a wide variety known in the art. Examples of
suitable polyols include but are not limited to polyether poly-
ols, polyester polyols, polyurea polyols (e.g. the Michael
reaction product of an amino function polyurea with a
hydroxyl functional (meth)acrylate), polycaprolactone poly-
ols, polycarbonate polyols, polyurethane polyols, poly vinyl
alcohols, addition polymers of unsaturated monomers with
pendant hydroxyl groups such as those containing hydroxy
functional (meth)acrylates, allyl alcohols and mixtures
thereof.

[0018] In certain embodiments, the 1socyanate includes an
1socyanate prepolymer and in other embodiments the 1socy-
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anate includes an 1socyanate prepolymer and one or more
additional 1socyanates, such as one or more of the polyisocy-
anates described above.

[0019] As noted above, the polyurea/polythiourea of the
present compositions 1s formed from a reaction mixture com-
prising an isocyanate component and an amine component.

[0020] Suitable amines for use 1n the amine component of
the present mnvention can be selected from a wide variety of
known amines, such as primary and secondary amines, and
mixtures thereol including polyamines having at least two
functional groups, such as di-, tri-, or higher functional
polyamines and mixtures thereof. The amine or amines used
may be aromatic or aliphatic, such as cycloaliphatic, or mix-
tures thereof. Suitable monoamines include but are not lim-
ited to primary amines of the formula R.—NH,, where R, 1s
a hydrocarbon radical that may represent a straight chain or
branched alkyl group, an aryl-alkyl group, a hydroxyalkyl
group or an alkoxyalkyl group. Other examples of suitable
aliphatic mono and polyamines include but are not limited to
cthylamine, 1someric propylamines, butylamines (e.g. buty-
lamine, 1sobutylamine, sec-butylamine, and tert-butylamine),
pentylamines, hexylamines, cyclohexylamine, ethylene
diamine, 1,2-diaminopropane, 1,4-diaminobutane, 1,3-di-
aminopentane (DYTEK EP, Invista), 1,6-diaminochexane,
2-methyl-1,5-pentane diamine (DY TEK A, Invista), 2,5-di1-
amino-2,5-dimethylhexane, 2,2,4- and/or 2,4,4-trimethyl-1,
6-diamino-hexane, 1,11-diaminoundecane, 1,12-diamin-
ododecane, 1,3- and/or 1,4-cyclohexane diamine, 1-amino-3,
3,5-trimethyl-3-aminomethyl-cyclohexane, 2,4- and/or 2,6-
hexahydrotoluoylene diamine, 2,4'-diaminodicyclohexyl
methane, 4,4'-diaminodicyclohexyl methane (PACM-20, Air
Products) and 3,3'-dialkyl-4,4'-diaminodicyclohexyl meth-
anes (such as 3,3'-dimethyl-4,4'-diaminodicyclohexyl meth-
ane (DIMETHYL DICYKAN or LAROMIN C260, BASF;
ANCAMINE 2049, Air Products) and 3,3'-diethyl-4,4'-di-
aminodicyclohexyl methane), 2,4- and/or 2,6-diaminotolu-
ene and 2,4'- and/or 4,4'-diaminodiphenyl methane, or mix-
tures thereof. Additional suitable amines include but are not
limited to 2-ethylhexylamine, octylamine, tert-octylamine,
dodecylamine, octadecylamine, 3-(cyclohexylamine)propy-
lamine, 3,3'-[1,4-butanediylbis]-1-propanamine, and
diamino functional polyetheramines having aliphatically
bound primary amino groups, examples of which include
JEFFAMINE D-230, JEFFAMINE D-400, JEFFAMINE
D-2000, and JEFFAMINE D-4000 available from Huntsman
Corporation. It will be appreciated that when the amine 1s
hindered, the reaction time between the amine and the 1socy-
anate may be slower. This gives a longer pot-life or work-
processing time 1n those situations where a longer processing
time 1s desired.

[0021] Incertain embodiments the polyamine 1s a triamine.
Examples of suitable triamines include dipropylene triamine,
bis(thexamethylene)triamine and triamino functional poly-
ctherpolyamines having aliphatically bound primary amino
groups (JEFFAMINE T-403, JEFFAMINE T-3000, JEF-
FAMINE T-3000 from Huntsman Corporation.) In other
embodiments the amine can be a tetraamine or other higher
functional amine.

[0022] The amine component may comprise an amine/
(meth)acrylate oligomeric reaction product, and/or one or
more other amine curatives. As used herein, and as will be
appreciated by those skilled in the art, “(meth)acrylate” and
like terms refers to both the acrylate and the corresponding
methacrylate. For example, the second component may com-
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prise one or more amines that are the reaction product of a
polyamine, a poly(meth)acrylate, and a mono(meth)acrylate
or a monoamine, such as those described 1n U.S. patent appli-
cation Ser. No. 11/611,979, incorporated by reference herein;
one or more amines that are the reaction product of an amine,
a (meth)acrylate and a dialkyl maleate and/or dialkyl fuma-
rate, such as those described in U.S. patent application Ser.
No. 11/611,988, mncorporated by reference herein; one or
more amines that are the reaction product of a polyamine and
a mono{meth)acrylate, such as those described 1n U.S. patent
application Ser. No. 11/611,982, incorporated by reference
herein; one or more amines that are the reaction product of a
monoamine and a (meth)acrylate, such as those described 1n
U.S. patent application Ser. No. 11/611,984, incorporated by
reference herein; and/or one or more amines that are the
reaction product of a triamine and a dialkyl maleate and/or
dialkyl fumarate, such as those described in U.S. patent appli-
cation Ser. No. 11/611,986, incorporated by reference herein.

[0023] The present compositions, as noted above, can addi-
tionally include other amines, such as those known 1n the art
including but not limited to any polyamines or combinations
thereol listed herein. Other amines include secondary

cycloaliphatic diamines such as JEFFLINK 754 (Huntsman
Corporation, Houston, Tex.) and CLEARLINK 1000 (Dort-
Ketal Chemicals, LLC), aspartic ester functional amines,
such as those available under the name DESMOPHEN such
as DESMOPHEN NH1220, DESMOPHEN NH 1420, and
DESMOPHEN NH 1520 (Bayer Corporation), other aspartic
ester functional materials, such as the reaction products of
triamines that comprise at least one secondary amino group
prior to reaction with a dialkyl maleate and/or dialkyl fuma-
rate including but not limited to the reaction products of
diethylene triamine, dipropylene triamine, and bis-hexameth-
ylene triamine with a dialkyl maleate and/or dialkyl fumarate;
examples of such materials include the adduct of dipropylene
triamine and diethyl maleate, the adduct of dipropylene tri-
amine and dibutyl maleate, the adduct of bis-hexamethylene
triamine with diethyl maleate, and the adduct of bis-hexam-
cthylene triamine with dibutyl maleate. Polyoxyalkyleneam-
ines are also suitable. Polyoxyalkyleneamines comprise two
of more primary or secondary amino groups attached to a
backbone, derived, for example, from propylene oxide, eth-
ylene oxide, butylene oxide or amixture thereof. Examples of

such amines include those available under the designation
JEFFAMINE, such as, without limitation, JEFFAMINE

D-230, D-400, D-2000, HK-511, ED-600, ED-900,
ED-2003, T-403, T-3000, T—SOOO,, SD-231, SD-401,
SD-2001, and ST-404 (Huntsman Corporation). Such amines

have an approximate molecular weight ranging from 200 to
7500.

[0024] Other suitable secondary amines that can be
included in the present composition are reaction products of
materials comprising primary amine functionality with acry-
lonitrile. Suitable amines include any polyamine listed herein
comprising primary amino functionality. One example of
such a material 1s the adduct of 4.,4'-diaminodicyclohexyl-
methane and acrylonitrile. An example of a commercially

available material 1s the adduct of 1sophorone diamine and
acrylonitrile sold under the designation POLYCLEAR 136,

(Hansen Group LLC).

[0025] Other amines that can be used are adducts of pri-
mary polyamines with mono or polyepoxies; an example of
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such a material 1s the adduct of 1sophorone diamine with
CARDURA E10P (available from Hexion Speciality Chemi-
cals, Inc).

[0026] In certain embodiments, the second component of
the composition, and/or the composition itself, are substan-
tially free of primary amine functionality (unreacted primary
amino groups). “Substantially free of primary amine func-
tionality” and like terms means that theoretically there 1s no

primary amine functionality but there maybe some primary
amine functionality present that 1s purely incidental, 1.e.

impurities 1n amines that are otherwise secondary amine

functional and/or trace primary amine functionality that did
not react.

[0027]
of the present compositions further comprises a

As noted above, the first and/or second component
sulfur-con-
taining compound. As used herein, the term “sultfur-contain-
ing compound” refers to any compound having at least one
sulfur atom, including, but not limited to, a thiol, a polythiol,
a thioether, a polythioether and a polysulfide. A “thiol” as
used herein refers to a compound having a thiol or mercaptan
group, that 1s, an “SH” group. A “polythiol” refers to such a
compound having more than one SH group, such as a dithiol

or higher functionality thiol. Such groups are typically termi-
nal and/or pendent such that they have an active hydrogen that
1s reactive with other functional groups. A “thioether” or
“polythioether” refers to a compound that contains one or
more sulfur atoms, respectively, such as within the backbone

of the polymer, that do not contain an active hydrogen group;
that 1s, they are bonded on either side to another sulfur atom,
a carbon atom, and the like. A “polythiol” can comprise both
a terminal and/or pendant sulfur (—SH) and a non-reactive
sulfur atom (—S—). Thus, the term “polythiol” generally
encompassed “polythioether” as well. Suitable polythiols
include, for example, those disclosed 1n U.S. Pat. No. 7,009,
032, incorporated by reference herein. Any sulfur-containing
compound used according to the present invention can further
comprise additional functionality, including but not limited to
hydroxyl functionality and epoxy functionality.

[0028] In certain embodiments, the sulfur-containing com-
pound can comprise, but 1s not limited to, an amine/hydroxy-
functional polythioether. As used herein, the term “amine/
hydroxy-functional polythioether” refers to polythioethers
containing one or more amine functional groups and/or one or
more hydroxy functional groups. In certain embodiments of
the present mvention, the amme/hydroxy-functlonal poly-
thioether comprises at least one, 1n some cases two, primary
amine groups, at least one, 1n some cases two, secondary
amine groups, and at least one, 1n some cases two, hydroxy
groups.

[0029] The amine/hydroxy functional polythioethers uti-
lized 1n certain embodiments of the present invention can be
made by any of a variety of methods. In certain embodiments,
the amine/hydroxy functional polythioether 1s derived from
an epoxy functional polythioether. As used herein, the term
“epoxy Tunctional polythioether” refers to a compound com-
prising a polythioether and one or more epoxy functional
groups. In certain embodiments, the amine/hydroxy func-
tional polythioether i1s derived from an epoxy-functional
polythioether including the structure (I):
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R?l(—S—R*»—CH—TCH,),

wherein R*" denotes a C,,_, , n-alkylene group, suchas a C,,_
n-alkylene group; a C,_, branched alkylene group, such as a
C,_ branched alkylene group having one or more pendant
groups which can be, for example, alkyl groups, such as
methyl or ethyl groups; an alkylenecoxy group; a C,_q
cycloalkylene group; a C_, , alkylcycloalkylene group; a het-
erocyclic group; or —[(—CHR’—) —X—] q(—CHR3—)
—, wherein s 1s an integer having a value ranging from 2 to
6, q 1s an integer having a value ranging from 1 to 5, r 1s an
integer having a value ranging from 2 to 10, R” is hydrogen or
methyl, and X denotes O, S, or —NR,—, wherein R denotes
an alkyl group; and each R** is a divalent linking group, such
as alkylene or oxyalkylene containing from 3 to 20 carbon

atoms.

[0030] In certain embodiments, R*' in structure (I) is
derived from a compound, monomer, and/or polymer having
at least two thiol groups, such as, for example, a compound
having the structure (11):

HS—R'—SH (1)

wherein R' is as defined above for R*! in structure (I).

[0031] Suitable dithiols for use 1n preparing the epoxy
tfunctional polythiother used to produce the amine/hydroxy
functional polythioethers utilized 1n certain embodiments of
the present invention include the compounds of structure (1)
which are dithiol compounds. In certain embodiments, such
dithiols include those compounds in which R' is a C,_,
n-alkylene group, 1.e., 1,2-ethanedithiol, 1,3-propanedithiol,
1,4-butanedithiol, 1,5-pentanedithiol or 1,6-hexanedithiol.

[0032] Other suitable dithiols include those compounds 1n
which R' is a C,_. branched alkylene group, having one or
more pendent groups which can be, for example, methyl or
ethyl groups. Suitable compounds having branched alkylene
R' include 1,2-propanedithiol, 1,3-butanedithiol, 2,3-butane-
dithiol, 1,3-pentanedithiol and 1,3-dithio-3-methylbutane.
Other useful dithiols include those in which R' is a C,_,
cycloalkylene or C,_,, alkylcycloalkylene group, for

example, dipentenedimercaptan and ethylcyclohexyldithiol
(ECHDT).

[0033] Further suitable dithiols include one or more het-
eroatom substituents in the carbon backbone, that 1s, dithiols
in which X 1s a heteroatom such as O, S or another bivalent
heteroatom radical; a secondary or tertiary amine group, 1.€.,
— NR°—, where R° is hydrogen or methyl; or another sub-
stituted trivalent heteroatom. In certain embodiments, X 1s O
or S, and thus R" is —[(—CHR’—) —O—] X CHR’—)
—or —[(—CHR’—) —S—] —(—CHR”—),—. Incertain
embodiments, the indices s and r are equal, and, 1n some

cases, both have the value of 2. Exemplary dithiols of this type
include dimercaptodiethylsulfide (DMDS) (s, r=2, g=l1,

X=S); dimercaptodioxaoctane (DMDO) (s, q, r=2, X=0); and
1,5-dimercapto-3-oxapentane (s, =2, g=1, X=0). It 1s also
possible to employ dithiols that include both heteroatom sub-
stituents 1n the carbon backbone and pendent alkyl, such as
methyl, groups. Such compounds include methyl-substituted
DMDS, such as HS—CH,CH(CH;)—S—CH,CH,—SH,
HS—CH(CH,)CH,—S—CH,CH,—SH and dimethyl sub-
stituted DMDS, such as HS—CH,CH(CH,)—S—CH(CH,)
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CH,—SH and HS—CH(CH,)CH,—S—CH,CH(CH;)—
SH. Two or more different dithiols of structure (II) can also be
employed 11 desired.

[0034] In certain embodiments of epoxy-tunctional poly-
thioethers having the structure (1), R*' may be a C,_ n-alky-
lene group, for example, 1,2-ethylenedithiol, 1,3-propylene-
dithiol, 1,4-butylenedithiol, 1,5-pentylenedithiol, or 1,6-
hexylenedithiol. In other embodiments, R*' in structure (I)
may be a C,_. branched alkylene group having one or more
pendent groups, for example, 1,2-propylenedithiol, 1,3-buty-
lenedithiol, 2,3-butylenedithiol, 1,3-pentylenedithiol, and
1,3-dithio-3-methylbutylene. In certain embodiments, R*'
may be a C,_; cycloalkylene or C_,, alkylcycloalkylene
group, for example, dipentylenedimercaptan, and ethylcyclo-
hexylenedithiol (ECHDT).

[0035] In certain embodiments, the amine/hydroxy func-
tional polythioether included in the compositions of the
present imnvention 1s dertved from an epoxy functional poly-
thioether that 1s, 1n turn, prepared by reacting, for example, a
divinyl ether or mixture of divinyl ethers with an excess of a
dithiol or a mixture of dithiols. In certain embodiments, (n+1)
moles of a polythiol having the structure (1) or a mixture of at
least two polythiols having the structure (II) are reacted with
(n) moles of a polyvinyl ether having the structure (111):

CH,—CH—O—(—R20—) —CH—CH, (I11)

or a mixture of at least two different compounds having the
structure (111), 1n the presence of a catalyst. In structure (111),
R” denotesmethylene; aC,_, ,n-alkylene group, suchasaC,,_
n-alkylene group; a C,_, branched alkylene group, such as a
C,_¢ branched alkylene group; a C,_, cycloalkylene group; a
Ce_; 4 alkylcycloalkylene, such as a C_, , alkylcycloalkylene;
a heterocyclic group, or —[(—CHR’—) —X—] X
CHR’—),—, whereins, q, r, R® and X are as defined above in
structure (I); and m 1s a rational number having a value rang-
ing from O to 50, such as 0 to 10 or 1 to 10. This method
alfords a thiol-terminated difunctional polythioether.

[0036] The compounds of structure (I11) are divinyl ethers.
Divinyl ether 1tself (im=0) can be used. Other suitable divinyl
cthers include those compounds having at least one oxyalky-
lene group, such as from 1 to 4 oxyalkylene groups (1.¢., those
compounds 1n which m 1s an mteger from 1 to 4). In certain
embodiments, m1s an integer from 2 to 4. It 1s also possible to
employ commercially available divinyl ether mixtures 1n pro-
ducing suitable polythioethers. Such mixtures are character-
1zed by a non-integral average value for the number of alkoxy
units per molecule. Thus, m 1n structure (I1I) can also take on
non-integral, rational values between O and 10, such as
between 1 and 10, or, 1n some cases, between 1 and 4, such as
between 2 and 4.

[0037] Exemplary divinyl ethers include those compounds
in which R*is C,_ n-alkylene or C,_. branched alkylene, such
as ethylene glycol divinyl ether (EG-DVE) (R*=ethylene,
m=1); butanediol divinyl ether (BD-DVE) (R* butylene,
m=1); hexanediol divinyl ether (HD-DVE) (R*=hexylene,
m=1); diethylene glycol divinyl ether (DEG-DVE)
(R*=ethylene, m=2); triethylene glycol divinyl ether
(R°=ethylene, m=3); tetracthylene glycol divinyl ether
(R°=ethylene, m=4) and polytetrahydrofuryl divinyl ether. In
certain embodiments, the polyvinyl ether monomer can fur-
ther comprise one or more pendent groups selected from
alkylene groups, hydroxyl groups, alkeneoxy groups, and
amine groups. Useful divinyl ether blends include “PLU-
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RIOL®” type blends such as PLURIOL® E-200 divinyl ether
(commercially available from BASF), for which R*=ethyl
and m=3.8, as well as “DPE” polymeric blends such as DPE-2
and DPE-3 (commercially available from International Spe-
cialty Products, Wayne, N.JI.).

[0038] Useful divinyl ethers in which R* is C,_. branched
alkylene can be prepared by reacting a polyhydroxy com-
pound with acetylene. Exemplary compounds of this type
include compounds in which R* is an alkyl-substituted meth-

ylene group such as —CH(CH,)— or an alkyl-substituted
ethylene such as —CH,CH(CH,)—.

[0039] Other useful divinyl ethers include compounds 1n
which R” is polytetrahydrofuryl (poly-THF) or polyoxyalky-
lene, 1n some cases having an average of about 3 monomer
units.

[0040] In some cases, trivinyl ether monomers such as tri-
methylolpropane trivinyl ether; tetrafunctional vinyl ether
monomers such as pentaerythritol tetravinyl ether; and mix-
tures thereot, can be used.

[0041] Two or more compounds of the structure (I11I) can be
used. Thus, 1 certain embodiments, two compounds of struc-

0
/ '\
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o (IV)
/
Rﬂ—cH—\CH2

in which R** includes groups that are reactive with thiols such
as, for example, olefinic groups. The olefinic group may be an

alkylene group or an oxyalkylene group having from 3 to 20
carbon atoms, such as from 3 to 5 carbon atoms. In certain
embodiments, the monoepoxides having the structure (IV)
include allyl glycidyl ether, 1,2-epoxy-5-hexene, 1,2-epoxy-
7-octene, 1,2-epoxy-9-decene, 4-vinyl-1-cyclohexene 1,2-
epoxide, butadiene monoepoxide, isoprene monoepoxide,
and limonene monoepoxide.

[0046] In certain embodiments, therefore, the amine/hy-
droxy functional polythioether included in the compositions
of the present invention 1s dertved from an epoxy functional
polythioether that 1s the reaction product of a dithiol, a diole-
fin, and a monoepoxy olefin, having the following structure

(V):

(V)

/ O\

CHZ—CH—RE—X—RN+S—(CHz)p—o—PREZ—Oﬂ;(CHz)z—S—REHH—X—RH—CH—CHz

ture (II) and one compound of structure (I1I), one compound
of formula structure (I11) and two compounds of structure (111),
two compounds of structure (II) and of structure (I1II), and
more than two compounds of one or both structures, can be
used to produce a variety of polythioethers, and all such
combinations of compounds are contemplated as being suit-
able for use 1n the present invention.

[0042] Although, as indicated above, compounds of the
structures (11) and (I1I) which have pendent alkyl groups, for
example pendent methyl groups, are useful 1n the mvention,
compounds of the structures (II) and (III), which are free of
pendent methyl or other alkyl groups, also atford polythioet-
hers that are suitable for use 1n the present invention.

[0043] The reaction between the compounds of structures
(II) and (I1I) 1s sometimes catalyzed by a free radical catalyst.
Suitable free radical catalysts include azo compounds, for
example azobisnitrile compounds such as azo(bis)isobuty-
ronitrile (AIBN); organic peroxides such as benzoyl peroxide
and t-butyl peroxide; and similar free-radical generators. The
reaction can also be eflected by irradiation with ultraviolet
light either with or without the use of a photosensitizer, such
as benzophenone.

[0044] Thereaction between a dithiol and a polyvinyl ether

to prepare a polythiol having the structure (II) 1s also
described 1n U.S. Pat. No. 5,912,319.

[0045] In structure (I), R** is a divalent linking group. In
certain embodiments, R** may be derived from a monoep-
oxide having the structure (IV):

in which R*' and R** are as described above with respect to
structure (I); p 1s an integer from 2 to 6, m 1s a rational number
having a value ranging from 0 to 50, such as Oto 10 or 1 to 10,
n 1s an mteger from 1 to 60, such as 1 to 10, in some cases 2;
and each R is a divalent linking group.

[0047] Suitable epoxy-tunctional polythioethers are com-

mercially available under the tradename Permapol® [L.-5534
from PRC-DeSoto International, Inc., Burbank, Calif.

[0048]
tional polythioethers utilized 1n certain embodiments of the

In certain embodiments, the amine/hydroxy func-

present invention are prepared by reacting one or more epoxy
functional polythioethers of the type previously described
with an excess of one or more polyamines. Thus, in certain
embodiments, for example, (n) moles of one or more epoxy
functional polythioethers are reacted with (>n) moles of one
or more polyamines comprising two or more amine groups
per molecule.

[0049] Polyamines suitable for use in the production of the
amine/hydroxy functional polythioethers utilized 1n certain
embodiments of the present invention are numerous and can
vary widely. Such polyamines can include those that are
known 1n the art, and can 1nclude, but are not limited to, any
of the polyamines previously disclosed herein.

[0050] As will be appreciated from the foregoing descrip-
tion, 1n certain embodiments, the compositions of the present
invention comprise an amine/hydroxy functional polythioet-
her of the structure (VI):
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OH

Y—NH—CH,—CH—R»—X—R?*!—45§

in which R*', R**, R*°, p, m and n are as were defined above
with respect to structure (V) and Y 1s an amine group con-
taining moiety, 1n SOme cases a primary amine group contain-
Ing moiety comprising one or more aromatic rings.

[0051] In certain embodiments, the amine/hydroxy func-
tional polythioether described above 1s a liquid at room tem-
perature. Moreover, 1n certain embodiments, the previously
described amine/hydroxy functional polythioether has a vis-
cosity, at 100% solids, of no more than 50 poise, such as no
more than 10 poise, as measured at a temperature of about 25°
C. and a pressure of 760 mm Hg determined according to
ASTM D-2849 §79-90 using a Brookfield CAP 2000 viscom-

cter. Any end point within the foregoing ranges can be used.

[0052] In certain embodiments, the amine/hydroxy func-
tional polythioether described above has a number average
molecular weight of 500 to 2000 grams per mole, such as
1200 to 1300 grams per mole, the molecular weight being
determined by gel-permeation chromatography using a poly-
styrene standard. Any endpoints within the foregoing ranges
can be used.

[0053] The Examples herein further illustrate suitable
methods for making an amine/hydroxy functional polythio-
cther suitable for use 1n the present invention.

[0054] The sulfur-containing compound can also be the
form of a prepolymer. This 1s particularly relevant 1t the
sulfur-containing compound 1s 1n the 1socyanate component.
It will be appreciated that inclusion of a sulfur-containing
compound having an active hydrogen 1n the 1socyanate com-
ponent will result 1n a reaction between the active hydrogen
and the 1socyanate. Accordingly, when used 1n the 1socyanate
component, the sulfur-containing compound should have
substantially no residual active hydrogens that will react with
the 1socyanate. A prepolymer formed between the sulfur-
containing compound and the 1socyanate can be made, such
as one prepared by reacting a mercaptan terminated disulfide
with an 1socyanate.

[0055] In certain embodiments, the prepolymer can com-
prise, but 1s not limited to, an 1socyanate functional polythio-
cther-polyurethane and/or polythiourethane. As used herein,
the term “1socyanate functional polythioether-polyurethane
and/or polythiourethane” refers to a compound comprising a
polythioether, at least one of a urethane linkage (—NH—C
(O)—0O—) and/or a thiourethane linkage (—NH—C(O)—
S—), and one or more 1socyanate functional groups. In cer-
tain embodiments, the 1socyanate functional polythioether-
polyurethane and/or polythiourethane utilized 1n the present
invention comprises a plurality of isocyanate groups, 1n some
case two 1socyanate groups, per molecule.

[0056] The 1socyanate functional polythioether-polyure-
thanes and/or polythiourethanes included 1n certain embodi-
ments of the compositions of the present mvention can be
prepared, for example, by reacting one or more 1socyanate
reactive polythioethers, such as thiol-functional and/or
hydroxy-tunctional polythioethers, with an excess of one or
more 1socyanate functional compounds, as discussed 1n detail
below.

(CHy),—O—+R* =0~ (CH;),—S
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(VD)
OH

R 4+—X—R¥-CH—CH,—NH—Y

[0057] In certain embodiments, the 1socyanate functional
polythioether-polyurethane and/or polythiourethane
included in the compositions of the present mvention 1s
derived from a polythioether comprising at least two reactive
thiol groups, in some cases, such a polythioether has two
reactive thiol groups. FEach thiol group, that 1s, the —SH
group, 1s capable of forming a thiourethane linkage, 1.e., a
—NH—C(O)—S— linkage, with an 1socyanate group.
[0058] In certain embodiments, the polythioether compris-
ing at least two reactive thiol groups comprises a difunctional
thiol-terminated polythioether, such as, for example, those
having the following structure (VI):

HS—R'—[—S—(CH,),—O—[—R*—0—],,
(CH,),—S—R'—],—SH, (VD)

wherein

each R' independently denotes a C,,_, , n-alkylene group, such
as a C,_. n-alkylene group; a C,_. branched alkylene group,
such as a C,_ branched alkylene group having one or more
pendant groups which can be, for example, alkyl groups, such
as methyl or ethyl groups; an alkyleneoxy group; a C,_4
cycloalkylene group; a C,_,, alkylcycloalkylene group; a het-
erocyclic group; or [(—CHR’—)—X—] —(—CHR>—)
—, wherein s 1s an 1integer having a value ranging from 2 to
6, q 1s an integer having a value ranging from 1 to 5, r 1s an
integer having a value ranging from 2 to 10, R> is hydrogen or
methyl, and X denotes O, S, or —NR,—, wherein R denotes
an alkyl group; R* independently denotes methylene; a C,,_,
n-alkylene group, such as a C,_, n-alkylene group; a C,
branched alkylene group, such as a C,_, branched alkylene
group; a C,_5 cycloalkylene group; a C._,, alkylcycloalky-
lene, suchasa C,_,, alkylcycloalkylene; a heterocyclic group,
or—[(—CHR*—) —X—] —(—CHR*—),—; whereins,
r, R° and X are as defined above; m is a rational number
having a value ranging from O to 50, suchas Oto 10 or 1 to 10;
n 1s an integer having a value ranging from 1 to 60; and p 1s an

integer having a value ranging from 2 to 6.

[0059] Such thiol-terminated polythioethers suitable for
use 1n the present invention can be prepared by a number of
methods. In certain embodiments, (n+1) moles of a com-
pound of the earlier described structure (1) or a mixture of at
least two different compounds having the structure (II), are
reacted with (n) moles of a compound of the earlier described
structure (11I) or amixture of at least two different compounds
having the structure (III), in the presence of a catalyst. This
method atfords a thiol-terminated difunctional polythioether.
Suitable dithiols and divinyl ethers include, without limita-
tion, those described 1n detail earlier.

[0060] Incertain embodiments of the present invention, the
1socyanate functional polythioether-polyurethane and/or
polythiourethane included in the compositions of the present
invention 1s derived from a hydroxy-functional polythioether
comprising at least two reactive hydroxy groups, in some
cases, such a polythioether has two reactive hydroxy groups.
As used herein, the term “hydroxy group” refers to an —OH
group that 1s capable of forming a urethane linkage, 1.¢., a
—NH—C(O)—0O— linkage, with an 1socyanate group.
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[0061] Hydroxy functional polythioethers suitable for use
in the present mvention can be prepared by any suitable
technique that will be understood by those skilled in the art. In
certain embodiments of the present invention, the hydroxy
tfunctional polythiother that 1s utilized i1s derived from a thiol-
functional polythioether of the type previously described
herein. In these embodiments, the thiol-functional polythio-
cther can be converted to a hydroxy-functional polythioether
by reacting the thiol-functional polythiother with, for
example, a lower alkyl substituted epoxide. For example, 1n
the case of a difunctional thiol-terminated polythioether, one
mole of the polythioether can be reacted with two moles of the
lower alkyl substituted epoxide, such as propylene oxide
and/or ethylene oxide.

[0062] As previously indicated, the 1socyanate functional
polythioether-polyurethanes  and/or  polythiourethanes
included 1n certain embodiments of the compositions of the
present invention can be prepared, for example, by reacting
one or more thiol-functional polythioethers and/or one or
more hydroxy-functional polythioethers, such as any of those
described above, with an excess of one or more 1socyanate
functional compounds. Thus, i certain embodiments, for
example, (n) moles of one or more thiol-functional polythio-
cthers and/or hydroxy-functional polythioethers are reacted
with (>n) moles of one or more 1socyanate functional com-
pounds.

[0063] Suitable 1socyanate functional compounds useful 1n
preparing the 1socyanate functional polythioether-polyure-
thanes and/or polythiourethanes utilized 1n certain embodi-
ments of the present invention are numerous and can vary
widely. Such 1socyanates can include those that are known in
the art, and can include, but are not limited to, any of the
1socyanates previously disclosed herein.

[0064] As will be appreciated from the foregoing descrip-
tion, 1n certain embodiments, the compositions of the present
invention comprise an isocyanate functional polythioether-
polyurethane and/or polythiourethane of the structure (VII):
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mole, the molecular weight being determined by gel-perme-
ation chromatography using a polystyrene standard. Any end-
points within the foregoing ranges can also be used.

[0067] The Examples herein further illustrate suitable
methods for making 1socyanate functional polythioether-
polyurethanes and/or polythiourethanes that are suitable for
use 1n the present invention.

[0068] In certain embodiments, the 1socyanate functional
polythioether-polyurethane and/or polythiourethane can be
added to the 1socyanate component and/or the amine/hy-
droxy-functional polythioether can be added to the amine
component.

[0069] In certain embodiments, the polythiol comprises a
thioether-functional polythiol prepared by reacting together
compound (a) having at least two thiol functional groups, and
compound (b) having triple bond functionality. In certain
embodiments, the compound having triple bond functionality
will be a hydroxyl functional compound, and the thioether-
functional polythiol will have pendant hydroxyl functional
groups.

[0070] The compound (a) having at least two thiol func-
tional groups may comprise, for example, a polythiol or mix-
ture thereof. In certain embodiments, the polythiol comprises
dithiol, and 1n certain embodiments the polythiol comprises a
mixture of a dithiol and another compound having more than
two thiol functional groups (higher polythiol). Such mixtures
may 1nclude mixtures of dithiols and/or mixtures of higher
polythiols. The thiol functional groups (—SH groups) are
typically terminal groups, though a minor portion (such as
less than 50%, or less than 25%, of all thiol groups) may be
pendant along a chain. The compound (a) may additionally
contain a minor portion (such as less than 50%, or less than
25%, of all functional groups) of other active hydrogen func-
tionality (that 1s, different from thiol), for example, hydroxyl
functionality. The compound (a) may be linear or branched,
and may contain cyclic, alkyl, aryl, aralkyl, or alkaryl groups.

(VII)

Y—NH—C—X—R'+S—(CH,),—O—+R*—074—(CH,);—S—R'4:—-X—C—NH—Y

O

in which R', R?, p, m, and n are as were defined above with
respect to structure (I), each X 1s independently O or S, and
cachY 1s independently an 1socyanate group containing moi-
ety, 1n some cases an 1socyanate group moiety comprising one
Or more aromatic rings.

[0065] In certain embodiments, the 1socyanate functional
polythioether-polyurethane and/or polythiourethane
described above 1s a liquid at room temperature. Moreover, 1n
certain embodiments, the previously described isocyanate
functional polythioether-polyurethane and/or polythioure-
thane has a viscosity, at 100% solids, of no more than 400
poise, such as 30-200 poise, at a temperature of about 25° C.
and a pressure of about 760 mm Hg determined according to
ASTM D-2849 §79-90 using a Brookfield CAP 2000 viscom-
cter. Any endpoint within the foregoing ranges can also be
used.

[0066] In certain embodiments, the 1socyanate functional
polythioether-polyurethane and/or polythiourethane

described above has a number average molecular weight of

500 to 2000 grams per mole, such as 800 to 950 grams per

O

[0071] The compound (a) can be selected so as to produce
a substantially linear oligomeric polythiol. Therefore, when
compound (a) comprises a mixture of a dithiol and a com-
pound having more than two thiol functional groups, the
compound having more than two thiol functional groups can
be present 1n an amount that will maintain the linear nature of
the polymer, such as up to 10 percent by weight of the mix-
ture

[0072] Suitable dithiols can include linear or branched ali-
phatic, cycloaliphatic, aromatic, heterocyclic, polymeric, oli-
gomeric dithiols and mixtures thereof. The dithiol can com-
prise a variety of linkages including but not limited to ether
linkages (—O—), sulfide linkages (—S—), polysulfide link-
ages (—S,—, wherein x 1s at least 2, such as from 2 to 4) and
combinations of such linkages.

[0073] Non-limiting examples of suitable dithiols foruse in
the present invention can 1nclude but are not limited to 2,5-
dimercaptomethyl-1,4-dithiane,  dimercaptodiethylsulfide
(DMDS), ethanedithiol, 3,6-dioxa-1,8-octanedithiol, ethyl-
ene glycol di(2-mercaptoacetate), ethylene glycol di(3-mer-
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captopropionate), poly(ethylene glycol) di(2-mercaptoac-
ctate) and poly(ethylene glycol) di(3-mercaptopropionate),
benzenedithiol, 4-tert-butyl-1,2-benzenedithiol, 4,4'-thiod-
ibenzenethiol, and mixtures thereof.

[0074] The dithuol may include dithiol oligomers having

disulfide linkages such as materials represented by the fol-
lowing graphic formula VIII:

(VIIT)

S+—H
S/\/

wherein n can represent an integer from 1 to 21.

[0075] Dithiol oligomers represented by Formula I can be
prepared, for example, by the reaction of 2,5-dimercaptom-
cthyl-1,4-dithiane with sulfur 1n the presence of basic cata-
lyst, as known 1n the art.

[0076] Thenature of the SH group 1n polythiols 1s such that
oxidative coupling can occur readily, leading to formation of
disulfide linkages (that 1s, —S—S— linkages). Various oxi-
dizing agents can lead to such oxidative coupling. The oxygen
in the air can i some cases lead to such oxidative coupling
during storage of the polythiol. It 1s believed that a possible
mechanism for the oxidative coupling of thiol groups
involves the formation of thiyl radicals, followed by coupling
of said thiyl radicals, to form disulfide linkage. It 1s further
believed that formation of a disulfide linkage can occur under
conditions that can lead to the formation of a thiyl radical,
including but not limited to reaction conditions involving free
radical imitiation. The polythiols for use as compound (a) in
the preparation of the polythiols of the present invention can
include species containing disulfide linkages formed during
storage.

[0077] The polythiols for use as compound (a) in the prepa-
ration of the oligomeric polythiols used 1n certain embodi-
ments of the present invention also can include species con-
taining disulfide linkages formed during synthesis of the
polythiol.

[0078] In certain embodiments, the dithiol for use 1n the
present invention can include at least one dithiol represented
by the following graphic formulas:

(IX)

SH
HS I
S

\
AN

S

S\_/S
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-continued
(X)
SH
/
HN —\_ S/
s\ SI
\S
S S
(X1)

(XII)

[0079] The sulfide-containing dithiols comprising 1,3-
dithiolane (e.g., formulas I1X and X) or 1,3-dithiane (e.g.,
formulas XI and XII) can be prepared by reacting asym-
dichloroacetone with dimercaptan, and then reacting the

reaction product with dimercaptoalkylsulfide, dimercaptan or
mixtures thereot, as described 1n U.S. Pat. No. 7,009,032 B2.

[0080] Non-limiting examples of suitable dimercaptans for
use 1n the reaction with asym-dichloroacetone can include but
are not limited to materials represented by the following

formula XIII:

(XIIT)

HS/\[‘Y’L/,\SH

whereinY canrepresent CH, or (CH,—S—CH,,), and n' can
be an integer from 0 to 5. The dimercaptan for reaction with
asym-dichloroacetone 1n the present invention can be chosen

from, for example, ethanedithiol, propanedithiol, and mix-
tures thereof.

[0081] The amount of asym-dichloroacetone and dimer-
captan suitable for carrying out the above reaction can vary.
For example, asym-dichloroacetone and dimercaptan can be
present 1n the reaction mixture in an amount such that the
molar ratio of dichloroacetone to dimercaptan can be from

1:1 to 1:10.
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[0082] Suitable temperatures for reacting asym-dichloro-
acetone with dimercaptan can vary, often ranging from 0 to
100° C.

[0083] Non-limiting examples of suitable dimercaptans for
use 1n the reaction with the reaction product of the asym-
dichloroacetone and dimercaptan can include but are not
limited to materials represented by the above general formula
V1, aromatic dimercaptans, cycloalkyl dimercaptans, hetero-
cyclic dimercaptans, branched dimercaptans, and mixtures
thereof.

[0084] Non-limiting examples of suitable dimercap-
toalkylsulfides for use 1n the reaction with the reaction prod-
uct of the asym-dichloroacetone and dimercaptan include but
are not limited to matenals represented by the following
formula:

HS ; 9 SH
- o} I i1 p

wherein X can represent O, S or Se, n" can be an integer from
0 to 10, m can be an integer from O to 10, p can be an integer
from 1 to 10, g can be an integer from 0 to 3, and with the
proviso that (m+n") 1s an mteger from 1 to 20.

[0085] Non-limiting examples of suitable dimercap-
toalkylsulfides for use 1n the present invention can include
branched dimercaptoalkylsulfides.

[0086] The amount of dimercaptan, dimercaptoalkylsul-
fide, or mixtures thereot, suitable for reacting with the reac-
tion product of asym-dichloroacetone and dimercaptan, can
vary. Typically, dimercaptan, dimercaptoalkylsulfide, or a
mixture thereot, can be present 1n the reaction mixture in an
amount such that the equivalent ratio of reaction product to
dimercaptan, dimercaptoalkylsulfide, or a mixture thereof,
can be from 1:1.01 to 1:2. Moreover, suitable temperatures
for carrying out this reaction can vary within the range of from

0 to 100° C.

[0087] The reaction of asym-dichloroacetone with dimer-
captan can be carried out in the presence of an acid catalyst.
The acid catalyst can be selected from a wide variety known
in the art, such as but not limited to Lewis acids and Bronsted
acids. Non-limiting examples of suitable acid catalysts can
include those described 1n Ullmann’s Encyclopedia of Indus-
trial Chemistry, 5 Edition, 1992, Volume A21, pp. 673 to
6'74. The acid catalyst 1s often chosen from boron trifluoride
ctherate, hydrogen chlornide, toluenesulionic acid, and mix-
tures thereof. The amount of acid catalyst can vary from 0.01
to 10 percent by weight of the reaction mixture.

[0088] The reaction product of asym-dichloroacetone and
dimercaptan can alternatively be reacted with dimercap-
toalkylsulfide, dimercaptan or mixtures thereotf, in the pres-
ence of a base. The base can be selected from a wide variety
known 1n the art, such as but not limited to Lewis bases and
Bronsted bases. Non-limiting examples of suitable bases can
include those described 1n Ullmann’s Encyclopedia of Indus-
trial Chemistry, 57 Edition, 1992, Volume A21, pp. 673 to
6'74. The base 1s often sodium hydroxide. The amount of base
can vary. Typically, a suitable equivalent ratio of base to
reaction product of the first reaction, can be from 1:1 to 10:1.

[0089] The reaction of asym-dichloroacetone with dimer-
captan can be carried out 1n the presence of a solvent. The
solvent can be selected from but 1s not limited to organic

(XIV)
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solvents. Non-limiting examples of suitable solvents can
include but are not limited to chloroform, dichloromethane,
1,2-dichloroethane, diethyl ether, benzene, toluene, acetic
acid and mixtures thereof.

[0090] In another embodiment, the reaction product of
asym-dichloroacetone and dimercaptan can be reacted with
dimercaptoalkylsulfide, dimercaptan or mixtures thereof, 1n
the presence of a solvent, wherein the solvent can be selected
from but 1s not limited to organic solvents. Non-limiting
examples of suitable organic solvents can include alcohols
such as but not limited to methanol, ethanol and propanol;
aromatic hydrocarbon solvents such as but not limited to
benzene, toluene, xylene; ketones such as but not limited to
methyl ethyl ketone; water; and mixtures thereof.

[0091] The amount of solvent can widely vary, from 0 to 99
percent by weight of the reaction mixtures. Alternatively, the
reactions can be carried out neat, 1.e., without solvent.

[0092] The reaction of asym-dichloroacetone with dimer-
captan can also be carried out in the presence of a dehydrating
reagent. The dehydrating reagent can be selected from a wide
variety known in the art. Suitable dehydrating reagents for use
in this reaction can include but are not limited to magnesium
sulfate. The amount of dehydrating reagent can vary widely
according to the stoichiometry of the dehydrating reaction.

[0093] The compound (a) having at least two thiol func-
tional groups used to prepare the oligomeric polythiol used in
certain embodiments of the present invention can be prepared
in certain non-limiting embodiments by reacting 2-methyl-2-
dichloromethyl-1.,3-dithiolane with dimercaptodiethylsul-
fide to produce dimercapto-1,3-dithiolane derivative of for-
mula III. Altematively, 2-methyl-2-dichloromethyl-1.3-
dithiolane can be reacted with 1,2-ethanedithiol to produce
dimercapto-1,3-dithiolane derivative of formula II. 2-methyl-
2-dichloromethyl-1,3-dithiane can be reacted with dimercap-
todiethylsulfide to produce dimercapto-1,3-dithiane deriva-
tive of formula V. Also, 2-methyl-2-dichloromethyl-1,3-
dithiane can be reacted with 1,2-ethanedithiol to produce
dimercapto-1,3-dithiane derivative of formula IV.

[0094] Another non-limiting example of a dithiol suitable
for use as compound (a) in the preparation of the oligomeric
polythiol used 1n certain embodiments of the present mnven-
tion can include at least one dithiol oligomer prepared by
reacting dichloro derivative with dimercaptoalkylsulfide as
follows 1n Reaction Scheme A:

Reaction Scheme A

R

NG TN base
n'" )\ n''+1) HS Y’ SH -
(7 ol cl ( ) TCl

R
HS/\h\Y;']j\SH\S/\rY;—I/\SH
' A

wherein R can represent CH,, CH,CO, C, to C,, alkyl,
cycloalkyl, aryl alkyl, or alkyl-CO; Y canrepresent C, to C, ,
alkyl, cycloalkyl, C4 to C,, aryl, (CH,) (S),,{CH.,)_, (CH,)
siseymACH,) {CH,) {Te), {CH,) ., wherein m' can be an
integer from 1 to 5 and, p' and q' can each be an integer from
1 to 10; n'"' can be an integer from 1 to 20; and x can be an
integer from O to 10.
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[0095] The reaction of dichloro derivative with dimercap-
toalkylsulfide can be carried out in the presence of a base.
Suitable bases include any known to those skilled in the art in
addition to those disclosed above.

[0096] The reaction of dichloro derivative with dimercap-
toalkylsulfide may be carried out 1n the presence of a phase
transier catalyst. Suitable phase transfer catalysts for use in
the present ivention are known and varied. Non-limiting,
examples can include but are not limited to tetraalkylammo-
nium salts and tetraalkylphosphonium salts. This reaction 1s
often carried out 1n the presence of tetrabutylphosphonium
bromide as phase transfer catalyst. The amount of phase
transier catalyst can vary widely, from O to 50 equivalent
percent, or from 0 to 10 equivalent percent, or from 0 to 3
equivalent percent, relative to the dimercaptosulfide reac-
tants.

[0097] The compound (a) having at least two thiol func-
tional groups may further contain hydroxyl functionality.
Non-limiting examples of suitable polythiol materials having,
hydroxyl groups can include but are not limited to glycerin
bis(2-mercaptoacetate), glycerin bis(3-mercaptopropionate),
1,3-dimercapto-2-propanol, 2,3-dimercapto-1-propanol, tri-
methylolpropane bis(2-mercaptoacetate), trimethylolpro-
pane bis(3-mercaptopropionate), pentaerythritol bis(2-mer-
captoacetate),  pentaerythritol  tris(2-mercaptoacetate),
pentaerythritol bis(3-mercaptopropionate), pentaerythritol
tris(3-mercaptopropionate), and mixtures thereof.

[0098] In addition to dithiols disclosed above, particular
examples of suitable dithiols for use as or 1in preparing the
compound (a) can include 1,2-ethanedithiol, 1,2-pro-
panedithiol, 1,3-propanedithiol, 1,3-butanedithiol, 1,4-bu-
tanedithiol, 2,3-butanedithiol, 1,3-pentanedithiol, 1,5-pen-
tanedithiol, 1,6-hexanedithiol, 1,3-dimercapto-3-
methylbutane, dipentenedimercaptan,
cthylcyclohexyldithiol (ECHDT), dimercaptodiethylsulfide
(DMDS), methyl-substituted dimercaptodiethylsulfide, dim-
cthyl-substituted dimercaptodiethylsulfide, 3,6-dioxa-1,8-
octanedithiol, 1,5-dimercapto-3-oxapentane, 2,5-dimercap-
tomethyl-1,4-dithiane (DMMD), ethylene glycol di(2-
mercaptoacetate), ethylene glycol di(3-mercaptopropionate),
and mixtures thereof.

[0099] Suitable trifunctional or higher-functional polythi-
ols for use 1 compound (a) can be selected from a wide
variety known 1n the art. Non-limiting examples can include
pentaerythritol tetrakis(2-mercaptoacetate), pentaerythritol
tetrakis(3-mercaptopropionate), trimethylolpropane tris(2-
mercaptoacetate), trimethylolpropane tris(3-mercaptopropi-
onate), and/or thioglycerol bis(2-mercaptoacetate).

[0100] For example, the polythiol can be chosen from
maternals represented by the following formula XV,

(XV)
SH

0O CH, 0

HS—R,—C—O0—CH—CH,—O0—C

R, —SH

wherein R, and R, can each be independently chosen from
straight or branched chain alkylene, cyclic alkylene, phe-
nylene and C,-C, alkyl substituted phenylene. Non-limiting,
examples of straight or branched chain alkylene can include
but are not limited to methylene, ethylene, 1,3-propylene,
1,2-propylene, 1,4-butylene, 1,2-butylene, pentylene, hexy-
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lene, heptylene, octylene, nonylene, decylene, undecylene,
octadecylene and 1cosylene. Non-limiting examples of cyclic
alkylenes can include but are not limited to cyclopentylene,
cyclohexylene, cycloheptylene, cyclooctylene, and alkyl-
substituted derivatives thereof. The divalent linking groups
R, and R, can be chosen from methylene, ethylene, phe-
nylene, and alkyl-substituted phenylene, such as methyl,
cthyl, propyl, 1sopropyl and nonyl substituted phenylene.
[0101] In particular embodiments, the compound (a) hav-
ing at least two thiol functional groups may be prepared by
reacting together (1) any of the dithiols mentioned above, and
(2) a compound having at least two double bonds (for
example, a diene). Such compounds having at least two
double bonds are described 1in more detail below, as are reac-
tion methods.

[0102] The compound (b) having triple bond functionality
used to prepare the oligomeric polythiol used 1n the present
invention may comprise any alkyne known to those skilled 1n
the art. In certain embodiments, the alkyne comprises a
hydroxyl functional alkyne, such as any of those known 1n the
art. Because a triple bond can react twice with a thiol func-
tional group, for the purposes of the present invention, a triple
bond 1s understood to be equal to two equivalents of a double
bond when determining reaction stoichiometry.

[0103] Suitable non-limiting examples of hydroxyl func-
tional compounds having triple bond functionality include
propargyl alcohol, 2-butyne-1,4-diol, 3-butyne-2-0l, 3-hex-
yne-2,5-diol, and/or mixtures thereof. A portion of the
hydroxyl functional groups on the compound (b) may be
esterified. For example, a portion of the compound (b) may
comprise an alkyne-functional ester of a C,-C,, carboxylic
acid such as propargyl acetate, propargyl propionate, propar-
gyl benzoate, and the like.

[0104] In the preparation of the oligomeric polythiol used
in certain embodiments of the present invention, the ratio of
thiol functional groups in compound (a) to triple bonds in

compound (b) typically ranges from 1.01:1 to 2.0:1, such as
1.5:1 to 2.0:1.

[0105] o prepare the oligomeric polythiols used in certain
embodiments of the present ivention, the reaction of the
compound (a) with triple bond-containing compounds (b) can
be carried out 1n the presence of radical mitiator. Suitable
radical 1mitiators for use in the present invention can vary
widely and can include those known to one of ordinary skill in
the art. Non-limiting examples ol radical initiators can
include but are not limited to azo or peroxide type free-radical
initiators such as azobisalkalenenitriles. The free-radical 1ni-
tiator can be azobisalkalenenitrile, which 1s commercially

available from DuPont in their VAZO line. VAZO, VAZO-52,
VAZO-64, VAZO-67, VAZO-88 and mixtures thereol can

also be used as radical mnitiators, for example.

[0106] Selection of the free-radical initiator can depend on
reaction temperature. The reaction temperature can vary, for

example, from room temperature to 100° C. VAZO 32 can be
used at a temperature of from 50-60° C. VAZO 64 and VAZO

6’7 can be used at a temperature of 60-70° C., and VAZO 88
can be used at a temperature of 70-100° C.

[0107] The amount of free radical initiator used 1n the reac-
tion of the present imnvention can vary widely and can depend
on the free radical imtiator selected. Typically, the freeradical
initiator 1s present 1n an amount of from 0.01% by weight to
5% by weight of the reaction mixture.

[0108] The reaction of the compound (a) with the triple
bond-containing compound (b) can be carried out under a




US 2013/0344340 Al
11

variety of reaction conditions. Such conditions can depend on
the degree of reactivity of the triple bond containing com-
pound and the desired structure of the resulting polythiol
oligomer. In one reaction scheme, the reactants and a radical
initiator can be combined together while heating the mixture.
Alternatively, the triple bond containing-compound can be
added 1n relatively small amounts over a period of time to a
mixture of polythiol and radical initiator at a certain tempera-
ture. Also, the triple bond containing-compound can be com-
bined with the compound (a) having at least two thiol func-
tional groups 1n a stepwise manner under radical initiation.
[0109] Certain embodiments of the present invention are
turther directed to use of a thioether-functional polythiol
prepared by reacting together:

[0110] (a) a compound having at least two thiol functional
groups as described above;

[0111] (b) a compound having triple bond functionality as
described above; and

[0112] (c¢) a compound having at least two double bonds.
In certain embodiments, the compound having triple bond
tfunctionality will be a hydroxyl functional compound, so the
polythiol will have pendant hydroxyl functional groups.
[0113] The compound (a) having at least two thiol func-
tional groups may be any thioether-functional, oligomeric
polythiol, including those described above. In certain
embodiments, the compound (a) comprises a reaction prod-
uct of (1) any of the dithiols mentioned above, and (2) a
compound having at least two double bonds, which may be
the same as or different from the compound (¢). The com-
pound (b) having triple bond functionality can be any such
compound, including those described above.

[0114] The compound (¢) having at least two double bonds
can be chosen from non-cyclic dienes, including but not lim-
ited to straight chain and/or branched aliphatic non-cyclic
dienes, non-aromatic ring-containing dienes, including non-
aromatic ring-containing dienes wherein the double bonds
can be contained within the ring or not contained within the
ring or any combination thereof, and wherein the non-aro-
matic rng-containing dienes can contain non-aromatic
monocyclic groups or non-aromatic polycyclic groups or
combinations thereof; aromatic ring-containing dienes; or
heterocyclic ring-containing dienes; or dienes containing any
combination of such non-cyclic and/or cyclic groups. The
dienes can optionally contain thioether, disulfide, polysulfide,
sulfone, ester, thioester, carbonate, thiocarbonate, urethane,
or thiourethane linkages, or halogen substituents, or combi-
nations thereof; with the proviso that the dienes contain at
least some double bonds capable of undergoing reaction with
SH groups of a polythiol, and forming covalent C—S bonds.
In certain embodiments the compound (¢) having at least two
double bonds comprises a mixture of dienes that are different
from one another.

[0115] The compound (¢) having at least two double bonds
may comprise acyclic non-conjugated dienes, acyclic poly-
vinyl ethers, allyl-(meth)acrylates vinyl-(meth)acrylates,
di(meth)acrylate esters of diols, di(imeth)acrylate esters of
dithiols, di(meth)acrylate esters of poly(alkyleneglycol)di-
ols, monocyclic non-aromatic dienes, polycyclic non-aro-
matic dienes, aromatic ring-containing dienes, diallyl esters
of aromatic ring dicarboxylic acids, divinyl esters of aromatic
ring dicarboxylic acids, and/or mixtures thereof.

[0116] Non-limiting examples of acyclic non-conjugated
dienes can include those represented by the following for-

mula XVTI:
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(XV])
\/ R; \/

wherein R, canrepresent C, to C;, linear or branched divalent
saturated alkylene radical, or C, to C,, divalent organic radi-
cal including groups such as but not limited to those contain-
ing ether, thioether, ester, thioester, ketone, polysulfide, sul-
fone and combinations thereof. The acyclic non-conjugated
dienes can be selected from 1,5-hexadiene, 1,6-heptadiene,
1,7-octadiene and mixtures thereof.

[0117] Non-limiting examples of suitable acyclic polyvinyl
ethers can include those represented by the following formula
XVII:

CH,—CH-— O (R, O—) .~ CH=CH, (XVID)

wherein R, can be C, to C, n-alkylene, C, to C, branched
alkylene group, or —[(CH,—),—O—]_,—(—CH,—),—,
m" can be a rational number from O to 10, often 2; p" can be
an integer from 2 to 6, q" can be an integer from 1 to S and r'
can be an integer from 2 to 10.

[0118] Non-limiting examples of polyvinyl ether mono-
mers suitable for use can include but are not limited to divinyl
cther monomers, such as ethylene glycol divinyl ether, dieth-
ylene glycol divinyl ether, triethyleneglycol divinyl ether, and
mixtures thereof.

[0119] Di(meth)acrylate esters of linear diols can include
but are not limited to ethanediol di(meth)acrylate, 1,3-pro-
panediol dimethacrylate, 1,2-propanediol di(meth)acrylate,
1.,4-butanediol di(meth)acrylate, 1,3-butanediol di(meth)
acrylate, 1,2-butanediol di(meth)acrylate, and mixtures
thereof.

[0120] Di(meth)acrylate esters of dithiols can include but
are not lmmited to di(meth)acrylate of 1,2-ethanedithiol
including oligomers thereof, di(meth)acrylate of dimercap-
todiethyl sulfide (2,2'-thioethanedithiol di(meth)acrylate)
including oligomers thereot, di(meth)acrylate of 3,6-dioxa-
1,8-octanedithiol including oligomers thereof, di(meth)acry-
late of 2-mercaptoethyl ether including oligomers thereot,

di(meth)acrylate of 4.,4'-thiodibenzenethiol, and maixtures
thereof.

[0121] Further non-limiting examples of suitable dienes
can 1include but are not limited to monocyclic aliphatic dienes

such as those represented by following graphic formula
XVIII:

(XVII)
X

Q

X

~
Rs

wherein X' and Y" each independently can represent C, _,,
divalent saturated alkylene radical; or C,_. divalent saturated
alkylene radical, containing at least one element selected
from the group of sulfur, oxygen and silicon 1n addition to the
carbon and hydrogen atoms; and R. can represent H, or
C,-C,, alkyl; and those represented by the following graphic
formula XIX:
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(XIX)

™~
@\J :

wherein X' and R can be as defined above and R can repre-
sent C,-C,, alkenyl. The monocyclic aliphatic dienes can
include 1,4-cyclohexadiene, 4-vinyl-1-cyclohexene, dipen-
tene and terpinene.

[0122] Non-limiting examples of polycyclic aliphatic
dienes can include 5-vinyl-2-norbornene; 2,5-norbornadiene;
dicyclopentadiene and mixtures thereof.

[0123] Non-limiting examples of aromatic ring-containing
dienes can include but are not limited to those represented by
the following graphic formula XX:

[
) _</ .

wherein R, can represent hydrogen or methyl. Aromatic ring-
containing dienes can include monomers such as diisoprope-
nyl benzene, divinyl benzene and mixtures thereof.

[0124] Examples of diallyl esters of aromatic ring dicar-
boxylic acids can include but are not limited to those repre-
sented by the following graphic formula XXI:

(XX)

(XX
O
o— Q.
/:.} A
‘\?df IS N
(CHy N
O

wherein each m' independently can be an integer from O to 5.
The diallyl esters of aromatic ring dicarboxylic acids can
include o-diallyl phthalate, m-diallyl phthalate, p-diallyl
phthalate and mixtures thereof.

[0125] Incertain embodiments, the compound (¢) having at
least two double bonds comprises 5-vinyl-2-norbornene, eth-
ylene glycol divinyl ether, diethylene glycol divinyl ether,
triethylene glycol divinyl ether, butane diol divinyl ether,
vinylcyclohexene, 4-vinyl-1-cyclohexene, dipentene, ter-
pinene, dicyclopentadiene, cyclododecadiene, cyclooctadi-
ene, 2-cyclopenten-1-yl-ether, 2,5-norbornadiene, divinyl-
benzene including but not limited to 1,3-divinylbenzene, 1,2-
divinylbenzene, and/or 1,4-divinylbenzene,
duisopropenylbenzene including but not limited to 1,3-d11so-
propenylbenzene, 1,2-diisopropenylbenzene, and/or 1,4-di-
1sopropenylbenzene, allyl(meth)acrylate, cthanediol
di(meth)acrylate, 1,3-propanediol di(meth)acrylate, 1,2-pro-
panediol di(meth)acrylate, 1,3-butanediol di(meth)acrylate,
1,2-butanediol di(meth)acrylate, ethylene glycol di(meth)
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acrylate, diethylene glycol di(meth)acrylate, dimercaptodi-
cthylsulfide di(meth)acrylate, 1,2-ethanedithiol di(meth)
acrylate, and/or mixtures thereof.

[0126] Other non-limiting examples of suitable di(meth)
acrylate monomers can include ethylene glycol di{meth)acry-
late, 1,3-butylene glycol di(meth)acrylate, 1,4-butanediol
di(meth)acrylate, 2,3-dimethyl-1,3-propanediol di(meth)
acrylate, 1,6-hexanediol di(meth)acrylate, propylene glycol
di(meth)acrylate, dipropylene glycol di(meth)acrylate,
tripropylene glycol di(meth)acrylate, tetrapropylene glycol
di(meth)acrylate, ethoxylated hexanediol di(meth)acrylate,
propoxylated hexanediol di{meth)acrylate, neopentyl glycol
di(meth)acrylate, alkoxylated neopentyl glycol di(meth)
acrylate, hexylene glycol di(meth)acrylate, diethylene glycol
di(meth)acrylate, polyethylene glycol di(meth)acrylate,
thiodiethyleneglycol di(meth)acrylate, trimethylene glycol
di(meth)acrylate, triethylene glycol di(meth)acrylate,
alkoxylated hexanediol di(meth)acrylate, alkoxylated neo-
pentyl glycol diimeth)acrylate, pentanediol di{meth)acrylate,
cyclohexane dimethanol di(meth)acrylate, and ethoxylated
bis-phenol A di(meth)acrylate and/or mixtures thereof.

[0127] In the preparation of the oligomeric polythiol used
in certain embodiments of the present invention, the reactants
(a), (b), and (c) may all be reacted together simultaneously (as
in a “one pot” process) or mixed together incrementally 1n
various combinations. For example, compound (a) may be
reacted first with the compound (b) having triple bond func-
tionality as discussed above 1n a first reaction vessel to pro-
duce a first reaction product, followed by addition of the
compound (¢) having at least two double bonds to the reaction
mixture to react with the first reaction product and yield the
oligomeric polythiol of the present invention (or addition of
the first reaction product to a second reaction vessel contain-
ing the compound (c)). As an alternative, the compound (a)
may be reacted first with the compound (¢) having at least two
double bonds to produce a first reaction product, followed by
addition of the compound (b) to yield the oligomeric poly-
thiol. In this embodiment, one may optionally add, stmulta-
neously with or after compound (b), an additional compound
(¢) having at least two double bonds, which may be the same
as or different from that reacted earlier with compound (a) to
form the first reaction product.

[0128] When the compound (a) 1s combined first with the
compound (c¢), 1t 1s believed that they react via a thiol-ene type
reaction of the SH groups of (a) with double bond groups of
(c) although the inventors do not wish to be bound by this
mechanism. Such reactions may typically take place 1n the
presence ol a radical mitiator as mentioned above, or 1n the
presence of a base catalyst, particularly when the compound
(c) comprises a compound having at least one (meth)acrylate
type double bonds. Suitable base catalysts for use in this
reaction can vary widely and can be selected from those
known 1n the art. Non-limiting examples can include tertiary
amine bases such as 1,8-diazabicyclo[5.4.0Jundec-7-ene
(DBU) and N,N-dimethylbenzylamine. The amount of base
catalyst used can vary widely, but typically 1t 1s present in an
amount of from 0.001 to 5.0% by weight of the mixture of (a)
and (c).

[0129] In certain embodiments, the thioether functional
polythiol 1s oligomeric. As used herein, the terms “oligomer”™
and “oligomeric” and the like are intended to refer to com-
pounds prepared by addition polymerization to yield a mate-
rial having repeating units and having a number average

molecular weight (Mn) up to 5000, such as up to 2000, such
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as 200to 1200. The number average molecular weight may be
determined by gel permeation chromatography using a poly-
styrene standard.

[0130] The stoichiometric ratio of the sum of the number of
thiol equivalents of all polythiols present (compound (a)) to
the sum of the number of equivalents of all double bonds
present (including alkyne functionality effective as two
double bond equivalents as discussed above) 1s greater than
1:1. In non-limiting embodiments, this ratio can be within the
range of from greater than 1:1 to 3:1, or from 1.01:1 to 3:1, or
from 1.01:1 to 2:1, or from 1.05:1 to 2:1, or from 1.1:1 to
1.5:1, or from 1.25:1 to 1.5:1. Any endpoints within these
ranges can also be combined.

[0131] Various methods of reacting polyvinyl ether mono-
mers and one or more dithiol materials are described in detail
in U.S. Pat. No. 6,509,418B1, column 4, line 52 through
column 8, line 25, which disclosure 1s herein incorporated by
reference. Various methods of reacting allyl sulfide and
dimercaptodiethylsulfide are described in detall n WO
03/0422770, page 2, line 16 topage 10, line 7, which disclosure
1s 1ncorporated herein by reference. Various methods for
reacting a dithiol and an aliphatic, rning-containing non-con-
jugated diene in the presence of free radical mmitiator are
described 1n detail in WO/01/66623A1, from page 3, line 19
to page 6, line 11, the disclosure of which is mcorporated
herein by reference.

[0132] In reacting the compounds (a) and (c), 1t may be
advantageous to use one or more iree radical mitiators. Non-
limiting examples of suitable free radical initiators can
include azo compounds, such as azobis-nitrile compounds
such as but not limited to azo(bis)isobutyronitrile (AIBN);
organic peroxides such as but not limited to benzoyl peroxide
and t-butyl peroxide; morganic peroxides and similar free-
radical generators.

[0133] Alternately, the reaction of compounds (a) and (c)
can be effected by 1rradiation with ultraviolet light either with
or without a photoinitiating moiety.

[0134] The mixture of (a) and (¢) can be reacted for a time
period of from 1 hour to 5 days and at a temperature of from

20° C. to 100° C. Often, the mixture 1s heated until a prede-
termined theoretical value tor SH content 1s achieved.

[0135] The stoichiometric ratio of the sum of the number of
equivalents of triple bond functional groups in compound (b)
to the sum of the number of equivalents of double bonds in
compound (c) 1s often within the range of from 0.01:0.99 to
1.00:0, or from 0.10:0.90 to 1.00:0, or from 0.20:0.80 to

1.00:0. Any endpoints within these ranges can also be com-

bined.

[0136] As noted above the present sulfur-containing coms-
pounds can comprise a polythioether or a polymer compris-
ing at least one polythioether linkage; that 1s, —[—CH,—
S—CH,—]—. Typical polythioethers have from 8 to 200 of
these linkages. Polythioethers suitable for use 1n the present
invention include but are not limited to those described 1n
U.S. Pat. Nos. 6,372,849, 6,172,179, and 5,912,319, incorpo-
rated by reference herein. Suitable polythioethers typically
have a number average molecular weight of 150 to 10,000,
such as 1,000 to 10,000, 2,000 to 5,000 or 3,000 to 4,000. Any
endpoints within these ranges can also be combined. In some
embodiments, the polythioether component will be termi-
nated with non-reactive groups, such as alkyl, and in other
embodiments will contain reactive groups 1n terminal or pen-
dant positions. Typical reactive groups are thiol, hydroxyl,
amino, vinyl, and epoxy. For a polythioether component that
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contains reactive functional groups, the average functionality
typically ranges from 2.05 to 3.0, such as from 2.1 to 2.6. A
specific average functionality can be achieved by suitable
selection of reactive ingredients. Examples of suitable poly-

thioethers are available from PRC-DeSoto International, Inc.,
in their PERMAPOL line, such as PERMAPOL P-3.1e and

PERMAPOL P-3.

[0137] Incertain embodiments, the sulfur-containing com-
pound 1s dimercaptodioxaoctane (“DMDQO”), and 1n certain
specific embodiments the sulfur-containing compound 1s a
trimer of DMDO. The trimer can be prepared as described in
the examples below. In yet other embodiments, the sulfur-
containing compound 1s a dimercaptan terminated polythio-
cther, such as those described 1n U.S. patent application Ser.
No. 11/260,533, incorporated by reference herein.

[0138] The sulfur-contaiming compound in the present
invention can also comprise a polysulfide. A polysulfide 1s a
polymer that contains multiple sulfur-sulfur linkages; that 1s,
—|S—S]—, 1n the polymer backbone and/or in terminal or
pendant positions on the polymer chain. In certain embodi-
ments, the polysulfide polymers used according to the present
invention have two or more sulfur-sulfur linkages. Suitable
polysulfides are commercially available from AKZO Nobel
under the name THIOPLAST and from Toray Chemicals
under the name THIOKEL. These products are available 1n a
wide range of molecular weights ranging, for example, from
less than 1100 to over 8000, with molecular weight being the
average molecular weight 1n grams per mole. Particularly
suitable 1s a number average molecular weight of 1000 to
4000. The crosslink density of these products also varies,
depending on the amount of crosslinking agent used. The
mercaptan content, that 1s the “SH” content, of these products
can also vary. In some embodiments, it may be desired to use
a combination of polysulfides to achieve the desired molecu-
lar weight and/or crosslink density in the present composi-
tions. Different molecular weights and/or crosslink densities
can contribute different characteristics to the composition.
For example, compositions wherein the sulfur-containing
compound comprises more than one polysulfide polymer, and
one of the polysulfide polymers has a molecular weight of
approximately 1000, may have desirable non-crystallization
properties.

[0139] In certain embodiments, the sulfur-containing com-
pound 1s 1n the form of a prepolymer. Such prepolymers can
be prepared, for example, by reacting a thiol with a compound
comprising 1socyanate functionality; the thiol can have one or
more thiol groups and can further comprise one or more
disulfide linkages. Such prepolymers can be added to the
1socyanate component and/or the amine component.

[0140] When the second or amine component used 1n the
formation of the present compositions comprises a suliur-
containing compound, the relative amount of the amine por-
tion and the sulfur-containing compound portion can vary
depending on the needs of the user. For example, the ratio of
amine to sulfur-containing compound can vary from 1:99 to
99:1, and the amine component can comprise 20 weight per-
cent, 30 weight percent, or 35 weight percent sulfur-contain-
ing compound, with weight percent based on the total weight
of the amine component.

[0141] In an embodiment, the coating compositions of the
present invention may further include polyurethane and/or
poly(thio)urethane. It will be appreciated by those skilled in
the art that polyurethane and/or poly(thio)urethane can be
formed as a by-product 1n the reactions of the present inven-
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tion. In alternate embodiments, the polyurethane and/or poly
(thio)urethane can be formed 1n-situ and/or it can be added to
the reaction mixture; a non-limiting example 1s an NCO func-
tional prepolymer formed by reaction of a polyol and a poly-
isocyanate as disclosed herein. A non-limiting example of
polyurethane formed 1n-situ may include the reaction product
of polyisocyanate and hydroxyl-functional material, and a
non-limiting example of poly(thio)jurethane formed in-situ
may include the reaction product of polyisocyanate and poly-
thioether or other sulfur-containing compound. Non-limiting,
examples of suitable polyisocyanates may include those
described herein. Non-limiting examples of suitable
hydroxyl-functional material may include polyols such as
those described herein. Non-limiting examples of sulfur-con-
taining compounds may include those described herein.
Another example of polyurethane/poly(thio Jurethane formed
in-situ may include the reaction product of hydroxyl func-
tional prepolymer/thiol functional prepolymer and 1socyan-
ate-functional material. Suitable examples of these reactants
may include those described herein.

[0142] The polyurea/polythiourea coating composition of
the present invention may be formulated and applied using
various techniques known in the art. Accordingly, the present
invention 1s further directed to methods for coating a substrate
comprising applying to at least a portion of the substrate any
of the coating compositions described herein. In an embodi-
ment, conventional spraying techniques may be used. In this
embodiment, the 1socyanate component and amine compo-
nent may be combined such that the ratio of equivalents of
1socyanate groups to equivalents of amine/thiol groups is
greater than 1 and the 1socyanate component and the amine
component can be applied to a substrate at a volume mixing
ratio of 1:1; the reaction mixture may be applied to an
uncoated or coated substrate to form a first coating on the
uncoated substrate or a subsequent coating on the coated
substrate. When determining the ratio of equivalents of 1s0-
cyanate groups to equivalents of reactive amine/thiol groups,
the total amine/thiol groups are taken into consideration; that
1s the amine groups from any amine or amines used in the
coating, and the thiol groups from any sulfur-containing com-
pound used 1n the coating.

[0143] It will be appreciated that the present compositions
are two component or “2K” compositions, wherein the 1so-
cyanate component and the amine component are kept sepa-
rate until just prior to application. Such compositions will be
understood as curing under ambient conditions, although a
heated forced air or a heat cure can be applied to accelerate
final cure or to enhance coating properties such as adhesion.
In an embodiment, the sprayable coating composition may be
prepared using a two-component mixing device. In this
embodiment, 1socyanate component and amine component
are added to a high pressure impingement mixing device. The
1socyanate component 1s added to the “A-side” and amine
component 1s added to the “B-side”. The A- and B-side
streams are impinged upon each other and immediately
sprayed onto at least a portion of an uncoated or coated
substrate. The 1socyanate and the amine or the amine and
sulfur-containing compound react to produce a coating com-
position that 1s cured upon application to the uncoated or
coated substrate. The A- and/or B-side can also be heated
prior to application, such as to a temperature of 140° F.
Heating may promote a better viscosity match between the
two components and thus better mixing, but 1s not necessary
tor the curing reaction to occur.

Dec. 26, 2013

[0144] It 1s believed that the ratio of equivalents of 1socy-
anate groups to amine/thiol groups may be selected to control
the rate of cure of the coating composition of the present
invention. It has been found that cure and adhesion advan-
tages may result when applying the coating 1n a 1:1 volume
ratio wherein the ratio of the equivalents of 1socyanate groups
to amine/thiol groups (also known as the reaction 1ndex) 1s
greater than one, such as from 1.01 to 1.10:1, or from 1.03 to
1.10:1, or from 1.05to 1.08:1 or from 1.01 to 1.4 to 1 or from
1.01 to 1.5, or greater than 1.3 to 1. For example, good
adhesion can be obtained using these ratios over clearcoats
that have low surface functionality after cure, such as carbam-
ate melamine, hydroxyl melamine, 2K urethane, and silane-
containing clearcoats. The term “1:1 volume ratio” means
that the volume ratio varies by up to 20% for each component,
or up to 10% or up to 3%.

[0145] The rate of reaction of the thiol groups with the
1socyanate can be altered depending on the type of amine or
amines used. The amine co-reactant can function as a catalyst
in the thiol/isocyanate reaction. While the iventors do not
wish to be bound by any mechanism, 1t 1s believed that the
greater the basicity of the amine, the faster the cure rate
between the thiol and the 1socyanate. Accordingly, the par-
ticular amine used and the amount of the amine used can be
altered to adjust the cure rate of the overall composition.
Alternatively, a catalyst can be used to 1ncrease the reaction
rate. Suitable catalysts include, for example, DBU and other
tertiary amines.

[0146] In a non-limiting embodiment, a commercially

available mixing device available commercially under the
designation GUSMER VR-H-3000 proportioner fitted with a

GUSMER Model GX-7 spray gun may be used. In this
device, pressurized streams of the A- and B-side components
are delivered from two separate chambers and are impacted or
impinged upon each other at high velocity to mix the two
components and form a coating composition, which may be
applied to an uncoated or coated substrate using the spray
oun. The mixing forces experienced by the component
streams may depend upon the volume of each stream entering
the mixing chamber per unit time and the pressure at which
the component streams are delivered. A 1:1 volume ratio of
the 1socyanate and amine/thiol per unit time may equalize
these forces.

[0147] Another suitable application device known 1n the
industry includes a “static mix tube” applicator. In this device,
the 1socyanate component and amine component are each
stored 1n a separate chamber. As pressure 1s applied, each of
the components 1s brought into a mixing tube mn a 1:1 ratio by
volume. Mixing of the components 1s effected by way of a
torturous or cork screw pathway within the tube. The exit end
of the tube may have atomization capability useful 1n spray
application of the reaction mixture. Alternatively, the fluid
reaction mixture may be applied to a substrate as a bead. A
static mix tube applicator 1s commercially available from
Cammda Corporation.

[0148] The polyurea/polythiourea coating compositions of
the present invention may be applied to a wide variety of
substrates. Accordingly, the present invention 1s further
directed to a substrate coated with any of the composition
described herein. Non-limiting examples of suitable sub-
strates can include but are not limited to metal, natural and/or
synthetic stone, ceramic, glass, brick, cement, concrete, cin-
derblock, wood and composites and laminates thereof; wall-
board, drywall, sheetrock, cement board, plastic, paper, PVC,




US 2013/0344340 Al

roofing materials such as shingles, roofing composites and
laminates, and roofing drywall, styrofoam, plastic compos-
ites, acrylic composites, ballistic composites, asphalt, fiber-
glass, soil, gravel and the like. Metals can 1include but are not
limited to aluminum, cold rolled steel, electrogalvanized
steel, hot dipped galvanized steel, titanium and alloys; plas-
tics can include but are not limited to TPO, SMC, TPU,
polypropylene, polycarbonate, polyethylene, polyamides
(Nvlon). The substrates can be primed metal and/or plastic;
that 1s, an organic or mnorganic layer 1s applied thereto. Fur-
ther, the coating compositions of the present invention can be
applied to said substrates to impart one or more of a wide
variety of properties such as but not limited to corrosion
resistance, abrasion resistance, impact damage, tlame and/or
heat resistance, chemical resistance, UV light resistance,
structural integrity, ballistic mitigation, blast mitigation,
sound dampening, decoration and the like. In non-limiting
examples, the coating compositions of the present invention
can be applied to at least a portion of a building structure or an
article of manufacture such as but not limited to a vehicle.
“Vehicle” includes but 1s not limited to civilian, commercial,
and military land-, water-, and air-vehicles, for example, cars,
trucks, boats, ships, submarines, airplanes, helicopters, hum-
vees and tanks. The article of manufacture can be a building
structure. “Building structure” includes but 1s not limited to at
least a portion of a structure including residential, commer-
cial and military structures, for example, roofs, floors, sup-
port beams, walls and the like. As used herein, the term
“substrate” may refer to a surface, either external or internal,
on at least a portion of an article of manufacture or the article
of manufacture itself. In an embodiment, the substrate 1s a

truck bed.

[0149] In an embodiment, the polyurea/polythiourea coat-
ing composition of the present invention may be applied to a
carrier film. The carrier film can be selected from a wide
variety of such materials known in the art. Non-limiting
examples of suitable carrier films may include, but are not
limited to thermoplastic materials, thermosetting materials,
metal foils, cellulosic paper, synthetic papers, and mixtures
thereol. As used herein, the term “thermoplastic material™
refers to any material that 1s capable of softening or fusing
when heated and of solidifying (hardeming) again when
cooled. Non-limiting examples of suitable thermoplastic
materials may include polyolefins, polyurethanes, polyesters,
polyamides, polyureas, acrylics, and mixtures thereof. As
used herein, the term “thermosetting material” refers to any
material that becomes permanently rigid after being heated
and/or cured. Non-limiting examples may include polyure-
thane polymers, polyester polymers, polyamide polymers,
polyurea polymers, polycarbonate polymers, acrylic poly-
mers, aminoplasts, 1socyanates, epoxies, copolymers thereot,
and mixtures thereof.

[0150] As noted above, 1n certain embodiments, the poly-
urea/polythiourea coating compositions of the present inven-
tion may be applied to a bare (e.g., untreated, uncoated)
substrate, a pretreated substrate and/or coated substrate hav-
ing at least one other coating. In a non-limiting embodiment,
the coating compositions of the present mvention may be
applied as part of a multi-layer coating composite. The first
coating applied to a substrate may be selected from a variety
of coating compositions known 1n the art for surface coating
substrates. Non-limiting examples may include but are not
limited to electrodepositable film-forming compositions,
primer compositions, pigmented or non-pigmented mono-
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coat compositions, pigmented or non-pigmented base coat
compositions, transparent topcoat compositions, industrial
coating compositions, and the like. In another non-limiting
embodiment, the coating compositions of the present inven-
tion may be applied as part of a multi-layer coating composite
comprising a pretreated substrate and coating layers such as
but not limited to electrocoat, primer, base coat, clear coat,
and combinations thereof. In an embodiment, the clear coat
comprises silane functional groups either before or after
crosslinking and cure.

[0151] In afurther embodiment, the polyurea/polythiourea
coating compositions of the present imnvention can be used 1n
a two-coat application resulting in a textured surface. A first
coat 1s applied to an uncoated or coated substrate to produce
a smooth, substantially tack-free layer. The “Tack-Free
Method™ 1s used to determine if the layer 1s substantially
tack-free. The Tack-Free Method includes spraying the coat-
ing composition 1 one coat onto a non-adhering plastic sheet
to a thickness of from 10 to 15 muil (254-381 microns). When
spraying 1s complete, an operator, using a loose fitting, dis-
posable vinyl glove, such as one commercially available as
AMBIDEX Disposable Vinyl Glove by Marigold Industrial,
Norcross Ga., gently touches the surface of the coating. The
coating may be touched more than one time by using a dii-
terent fingertip. When the glove tip no longer sticks to, or
must be pulled from, the surface of the layer, the layer 1s said
to be substantially tack-free. The time beginming from the
completion of spraying until when the coating 1s substantially
tack-Iree 1s said to be the tack time or tack-free time. In a
non-limiting embodiment, the tack-free time and the cure
time may be controlled by balancing levels of various com-
position components such as the amount and/or type of
amine.

[0152] A second coat may then be applied to the first coat-
ing layer as a texturizing layer or “dust coating”. The second
coating layer can be applied by increasing the distance
between the application/mixing device and the coated sub-
strate to form discrete droplets of the coating composition
prior to contacting the coated substrate thereby forming con-
trolled non-umiformity in the surface of the second layer. The
substantially tack-free first layer of the coating i1s at least
partially resistant to the second layer; 1.e., at least partially
resistant to coalescence of the droplets of coating composi-
tion sprayed thereon as the second layer or dust coating such
that the droplets adhere to but do not coalesce with the pre-
vious layer(s) to create surface texture. The final coating layer
typically exhibits more surface texture than the first or previ-
ous coating layers. Alternatively, a textured surface may be
achieved by injection during in-mold coating, or by spray
coating the present composition and then rolling a texture
onto 1ts surface. An overall thickness of the coating layers
may range from 20 to 1000 mils, or from 40 to 130 mils, or
from 60 to 100 mils (1524-2540 microns), or from 500 to 750
mils. Any of the endpoints within these ranges can also be
combined. In a non-limiting embodiment, the first layer may

be the majority of the total thickness and the dust coating may
be from 15-50 mils (381-1270 microns).

[0153] Invariousembodiments ofthe present invention, the
“first” coating layer may comprise one, two, three or more
layers; and the “second” coating layer may be one or more
subsequent layers applied thereover. For example, four poly-
urea (or polyurea/polythiourea) layers may be applied, with
the fourth layer being the dust coating and each layer having
a thickness of from 15 to 25 mil (381-635 microns). It will be
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appreciated that these coating layers are relatively “thick”.
The coating compositions of the present invention can also be
applied as much thinner layers as well, such as 0.1 to less the
15 mils, such as 0.1 to 10, 0.5 to 3 or 1 to 2 mils. Any of the
endpoints within these ranges can also be combined. Such
layers can be used alone or in conjunction with other coating
layers, such as any of those known in the art or otherwise
described herein. When applied at a sufficient thickness (e.g.
10 to 1000 muls, such as 100 to 200 mils, or 125 mils+/-10
mils), the present polyurea/polythiourea layer(s) can provide
blast and/or ballistic mitigation. “Blast and/or ballistic maiti-
gation” means, for example, protection 1n the event of a close
proximity blast, projectile, or explosion. This protection can
include, for example, protection of a structure or portion of a
structure, such as a building structure, vehicle, aircraft, ship/
boat, shipping container and the like, from collapse and/or
destruction, protection against flying debris and blast frag-
ments, gunshots and the like.

[0154] In alternate embodiments, the coating layers may
comprise the same or different polyurea/polythiourea coating
compositions. For example, the first layer may be a compo-
sition comprising aliphatic and/or aromatic amine compo-
nents and/or aliphatic and/or aromatic polyisocyanate and the
second layer may comprise the same or different combination
of aliphatic and/or aromatic amine components and/or ali-
phatic and/or aromatic polyisocyanate. Either or both layers
may further comprise any of the sulfur-containing com-
pounds described herein. “Amine component” 1n this context
means any amine used 1n the present coatings. In a further
embodiment, the outermost coating layer may comprise a
coating composition that provides a desired durability. The
desired durability may depend upon the use of the coating
composition of the present invention and/or the substrate to
which it may be applied. In an embodiment, a combination of
aliphatic and/or aromatic amine and/or polyisocyanate may
be selected such that the composition of the outermost layer
has substantial durability. For example, the outermost coating,
layer may have a durability of 1000 kJ to 6000 kl, or from 800
hours to 4000 hours, when tested using a Weatherometer
(Atlas Material Testing Solutions) in accordance with method
SAE J1960. In this embodiment, the first layer may be a
polyurea composition comprising polyisocyanate and amine,
wherein at least one of the amine and/or polyisocyanate may
comprise an aromatic moiety, and the second layer may be a
polyurea composition comprising predominantly aliphatic
amine and aliphatic polyisocyanate, with little or no aroma-
ticity; again, either or both of the layers can further comprise
any of the sulfur-containing compounds described herein.

[0155] The polyurea/polythiourea coating compositions of
the present mvention may optionally include materials stan-
dard 1n the art such as but not limited to fillers, fiberglass,
stabilizers, thickeners, fillers, adhesion promoters, catalysts,
colorants, antioxidants, UV absorbers, hindered amine light
stabilizers, rheology modifiers, flow additives, anti-static
agents and other performance or property modifiers that are
well known 1n the art of surface coatings, and mixtures
thereol. For example, the present coatings can further com-
prise flame and/or heat resistant material, such as any one or
more of those disclosed 1n U.S. application Ser. No. 11/460,
439, hereby 1incorporated by reference 1n 1ts entirety. Fillers
can include clay and/or silica, and adhesion promoters can
include amine functional materials, aminosilanes and the
like; examples of fillers and adhesion promoters are further

described in U.S. Publication No. 2006/0046068 and U.S.
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application Ser. No. 11/591,312, hereby incorporated by ret-
erence 1n their entirety. These additives can be combined with
the 1socyanate component, the amine component, or both. In
certain embodiments, the coating may further comprise small
amounts of solvent and 1n certain embodiments the coating
may be substantially solvent-free. “Substantially solvent-
free” means that the coating may contain a small amount of
solvent, such as 5%, 2%, 1% or less.

[0156] The coatings of the present invention can also
include a colorant. As used herein, the term “‘colorant” means
any substance that imparts color and/or other opacity and/or
other visual effect to the composition. The colorant can be
added to the coating 1n any suitable form, such as discrete
particles, dispersions, solutions and/or tlakes. A single colo-
rant or a mixture of two or more colorants can be used in the
coatings of the present invention.

[0157] Example colorants include pigments, dyes and tints,
such as those used 1n the paint industry and/or listed 1n the Dry
Color Manufacturers Association (DCMA), as well as special
elfect compositions. A colorant may include, for example, a
finely divided solid powder that 1s insoluble but wettable
under the conditions of use. A colorant can be organic or
iorganic and can be agglomerated or non-agglomerated.
Colorants can be incorporated into the coatings by grinding or
simple mixing. Colorants can be incorporated by grinding
into the coating by use of a grind vehicle, such as an acrylic
orind vehicle, the use of which will be familiar to one skilled
in the art.

[0158] Example pigments and/or pigment compositions
include, but are not limited to, carbazole dioxazine crude
pigment, azo, monoazo, disazo, naphthol AS, salt type
(lakes), benzimidazolone, condensation, metal complex,
isoindolinone, i1soindoline and polycyclic phthalocyanine,
quinacridone, perylene, perinone, diketopyrrolo pyrrole,
thioindigo, anthraquinone, indanthrone, anthrapyrimidine,
flavanthrone, pyranthrone, anthanthrone, dioxazine, triaryl-
carbonium, quinophthalone pigments, diketo pyrrolo pyrrole
red (“DPPBO red”), titanium dioxade, carbon black, carbon
fiber, graphite, other conductive pigments and/or fillers and
hereof. The terms “pigment” and *““colored filler”

mixtures t
can be used interchangeably.

[0159] Example dyes include, but are not limited to, those
that are solvent and/or aqueous based such as acid dyes, azoic
dyes, basic dyes, direct dyes, disperse dyes, reactive dyes,
solvent dyes, sulfur dyes, mordant dyes, for example, bismuth
vanadate, anthraquinone, perylene, aluminum, quinacridone,
thiazole, thiazine, azo, indigoid, nitro, nitroso, oxazine,
phthalocyanine, quinoline, stilbene, and triphenyl methane.

[0160] Example tints include, but are not limited to, pig-

ments dispersed in water-based or water miscible carriers
such as AQUA-CHEM 896 commercially available from

Degussa, Inc., CHARISMA COLORANTS and MAX-
ITONER INDUSTRIAL COLORANTS commercially avail-
able from Accurate Dispersions division of Eastman Chemi-
cal, Inc.

[0161] As noted above, the colorant can be 1n the form of a
dispersion including, but not limited to, a nanoparticle dis-
persion. Nanoparticle dispersions can include one or more
highly dispersed nanoparticle colorants and/or colorant par-
ticles that produce a desired visible color and/or opacity and/
or visual effect. Nanoparticle dispersions can include colo-
rants such as pigments or dyes having a particle size of less
than 150 nm, such as less than 70 nm, or less than 30 nm.
Nanoparticles can be produced by milling stock organic or
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inorganic pigments with grinding media having a particle size
of less than 0.5 mm. Example nanoparticle dispersions and
methods for making them are identified 1n U.S. Pat. No.
6,875,800 B2, which 1s incorporated herein by reference.
Nanoparticle dispersions can also be produced by crystalli-
zation, precipitation, gas phase condensation, and chemical
attrition (1.e., partial dissolution). In order to minimize re-
agglomeration of nanoparticles within the coating, a disper-
sion of resin-coated nanoparticles can be used. As used
herein, a “dispersion of resin-coated nanoparticles” refers to
a continuous phase in which 1s dispersed discreet “composite
microparticles’” that comprise a nanoparticle and a resin coat-
ing on the nanoparticle. Example dispersions of resin-coated
nanoparticles and methods for making them are identified in
U.S. application Ser. No. 10/876,031 filed Jun. 24, 2004,
which 1s incorporated herein by reference, and U.S. Provi-

sional Application No. 60/482,167 filed Jun. 24, 2003, which
1s also incorporated herein by reference.

[0162] Example special effect compositions that may be
used 1n the coating of the present invention include pigments
and/or compositions that produce one or more appearance
cifects such as reflectance, pearlescence, metallic sheen,
phosphorescence, fluorescence, photochromism, photosensi-
tivity, thermochromism, goniochromism and/or color-
change. Additional special effect compositions can provide
other perceptible properties, such as reflectivity, opacity or
texture. In a non-limiting embodiment, special effect compo-
sitions can produce a color shift, such that the color of the
coating changes when the coating 1s viewed at different
angles. Example color effect compositions are identified 1n
U.S. Pat. No. 6,894,086, incorporated herein by reference.
Additional color effect compositions can include transparent
coated mica and/or synthetic mica, coated silica, coated alu-
mina, a transparent liquid crystal pigment, a liquid crystal
coating, and/or any composition wherein interference results
from a refractive index differential within the material and not
because of the refractive index differential between the sur-
face of the material and the air.

[0163] In certain non-limiting embodiments, a photosensi-
tive composition and/or photochromic composition, which
reversibly alters its color when exposed to one or more light
sources, can be used 1n the coating of the present invention.
Photochromic and/or photosensitive compositions can be
activated by exposure to radiation of a specified wavelength.
When the composition becomes excited, the molecular struc-
ture 1s changed and the altered structure exhibits a new color
that 1s different from the original color of the composition.
When the exposure to radiation 1s removed, the photochromic
and/or photosensitive composition can return to a state of rest,
in which the original color of the composition returns. In one
non-limiting embodiment, the photochromic and/or photo-
sensitive composition can be colorless 1n a non-excited state
and exhibit a color 1n an excited state. Full color-change can
appear within milliseconds to several minutes, such as from
20 seconds to 60 seconds. Example photochromic and/or
photosensitive compositions include photochromic dyes.

[0164] In a non-limiting embodiment, the photosensitive
composition and/or photochromic composition can be asso-
ciated with and/or at least partially bound to, such as by
covalent bonding, a polymer and/or polymeric materials of a
polymerizable component. In contrast to some coatings in
which the photosensitive composition may migrate out of the
coating and crystallize into the substrate, the photosensitive
composition and/or photochromic composition associated
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with and/or at least partially bound to a polymer and/or poly-
merizable component in accordance with a non-limiting
embodiment of the present invention, have minimal migra-
tion out of the coating. Example photosensitive compositions
and/or photochromic compositions and methods for making
them are 1dentified in U.S. application Ser. No. 10/892,919

filed Jul. 16, 2004 and incorporated herein by reference.

[0165] Ingeneral, the colorant can be present in the coating
composition 1 any amount suflicient to impart the desired
property, visual and/or color effect. The colorant may com-
prise from 1 to 65 weight percent of the present compositions,
such as from 3 to 40 weight percent or 5 to 35 weight percent,
with weight percent based on the total weight of the compo-
sitions.

[0166] In another embodiment, the polyurea/polythiourea
coating compositions of the present invention when applied
to a substrate possesses color that matches the color of an
associated substrate. As used herein, the term “matches” or
like terms when referring to color matching means that the
color of the coating composition of the present ivention
substantially corresponds to a desired color or the color of an
assoclated substrate. For instance, when the substrate for the
polyurea coating composition is a portion of a vehicle, such as
a truck bed, the color of the coating substantially matches that
ol the associated vehicle body. This can be visually observed,
or confirmed using spectroscopy equipment.

[0167] The coatings of the present invention may be part of
a multi-layer coating composite comprising a substrate with
various coating layers such as a pretreatment layer, electro-
coat, primer, base coat and clear coat. At least one of the base
coat and clear coat may contain pigment and/or the clear coat
may contain an adhesion promoter and any of these coatings
can be one or more of the coatings described herein. It 1s
believed that the addition of adhesion promoter to the clear
coat, or to 1ts surface, may improve the adhesion between the
clear coat and the coating composition applied thereover,
although the inventors do not wish to be bound by any mecha-
nism. In this embodiment, the coating composition of the
present invention may be the reaction product of the 1socyan-
ate component and the amine component with a colorant
additive. The coating composition of the present mvention
containing colorant may be applied to at least a portion of the
article or structure. The color of the coated article or structure
may match the color of an associated substrate. An “associ-
ated substrate” may refer to a substrate that comprises the
article or structure but 1s not coated with the coating compo-
sition of the present mvention or a substrate that 1s attached,
connected or 1n close proximity to the article or structure, but
1s not coated with the coating composition of the present
invention.

[0168] As used herein, unless otherwise expressly speci-
fied, all numbers such as those expressing values, ranges,
amounts or percentages may be read as 1f prefaced by the
word “about”, even 11 the term does not expressly appear. Any
numerical range recited herein 1s intended to 1include all sub-
ranges subsumed therein. Plural encompasses singular and
vice versa. “Including” and like terms are open ended; that 1s,
they mean “including but not limited to”. For example, while
the ivention has been described herein including the claims
in terms of “a” polyurea/polythiourea, “an” 1socyanate, “an”
amine, “a” sulfur-containing compound, “a” polythiol, “a”
polythioether, “a” polysulfide, “a” catalyst, and the like, mix-
tures of all of such things can be used. Also, as used herein, the
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term “polymer” 1s meant to refer to prepolymers, oligomers
and both homopolymers and copolymers; the prefix “poly”
refers to two or more.

EXAMPLES

[0169] The following examples are intended to illustrate
the mvention and should not be construed as limiting the

invention 1n any way.

[0170] In the following examples, unless otherwise stated,
the refractive index and Abbe number were measured on a
multiple wavelength Abbe Refractometer Model DR-M2
manufactured by ATAGO Co., Ltd.; the refractive index and
Abbe number of liquids were measured 1n accordance with

ASTM-D1218; the refractive index and Abbe number of sol-
1ds was measured 1n accordance with ASTM-D-542.

[0171] The wviscosity was measured using a Brookfield
CAP 2000+ Viscometer.

[0172] The SH equivalents were determined using the fol-
lowing procedure. A sample size (0.1 mg) of the product was
combined with 50 mL of tetrahydroturan (THF)/propylene
glycol (80/20) and stirred at room temperature until the
sample was substantially dissolved. While stirring, 25.0 mL
of 0.1 N 10dine solution (which was commercially obtained
from Aldrich 31, 8898-1) was added to the mixture and then
allowed to react for a time period of from 5 to 10 minutes. To
this mixture was added 2.0 mL concentrated HCI. The mix-
ture was then titrated potentiometrically with 0.1 N sodium
thiosulfate 1n the millivolt (mV) mode. A blank value was
initially obtained by titrating 25.0 mL 10dine (including 1 mL
of concentrated hydrochloric acid) with sodium thiosulfate 1n
the same manner as conducted with the product sample.

(mls Blank — mls Sample) X
(Normality NA,S,03) X (3.307)

% SH =
’ Sample weight, g

Example 1

Synthesis of 2/1 (Mol/Mol) Adduct of
Dimercaptodiethylsulfide (DMDS) and
Propargylalcohol (PA) (Polythiol H)

[0173] In a glass jar with magnetic stirrer were mixed
DMDS from Nisso Maruzen, Japan, 154.0 g. (1.0 mol) and
PA from Aldrich, 28.0 g. (0.5 mol) at room temperature. Then
this mixture was heated up to 60° C. using an o1l bath. The
mixture was kept at this temperature while stirring for 30 min.
An exothermic reaction started to take place, leading to an
increase in the temperature of the reaction mixture to 80° C.
for a short period of time. This exothermic reaction was over
after 30 minutes and the reaction temperature went down to
60° C., the temperature of the heating bath. Radical initiator
VAZO" 64, 50 mg., 275 ppm was added three times at inter-
vals of 5 hours while the mixture was stirred at 60° C. The
equivalent weight of the product was 181.5 g/equiv (theoret-
cal 182 g/equiv), based on an Mn=363. VAZO 64, 50 mg., 275
ppm was added again and the mixture was heated at 60° C.
upon stirring for another 5 hours. The equivalent weight mea-
surement showed no changes and the reaction was considered
completed. The viscosity of the materials was 258 ¢Ps (25°
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C.),nD=1.627, Abbe 36, nE=1.631, Abbe 36. The yield was
quantitative.

I Available from DuPont.

Example 2

Synthesis of 2/1 (Mol/Mol) Adduct of (DMDS) and
1,3-Dusopropenyl benzene (DIPEB) (POLY THIOL
B)

[0174] 3524.6 g DMDS (3.4 mol) were charged to a glass jar,
and the contents were heated to 60° C. To the jar was slowly
added 269.0 g DIPEB (1.7 mol) with mixing. Once the addi-
tion of DIPEB was completed, the jar was placed in an oven
heated to 60° C. for 2 hours. Afterwards, 0.1 g VAZO 52 was
dissolved 1nto the contents of the jar, and the jar was returned
to the oven. After 20 hours, the resulting sample was titrated
for —SH equivalents and was found to have an equivalent
weight of 145 g/mol. 0.1 g VAZO 52 was dissolved 1nto the
reaction mixture, which was then returned to the oven. Over
the course of 8 hours, two additions o1 0.2 g VAZO 32 were
made, and the reaction mixture kept 1n the 60° C. oven over
that time frame. 17 hours aiter the final addition of VAZO 52
was made, the resulting sample was titrated to an equivalent
weight of 238 g/equiv (theoretical 233 g/equivalent). The
viscosity of the material at 25° C. was measured and found to
be 490 cPs. The yield was quantitative.

Example 3

Synthesis of 2/1 (Mol/Mol) Adduct of POLYTHIOL
B and PA (POLYTHIOL E)

[0175] Polythiol B (prepared according to Example 2)
200.0 g. (0.42 mol) and PA, 11.6 g. (0.21 mol) were mixed at
room temperature. Then this mixture was heated up to 65° C.
Radical initiator VAZO 52, 42 mg, 200 ppm was added three
times at intervals of 5 hours while the mixture was stirred at
65° C. The SH equivalent weight was determined to be 499
g/equiv. The mixture was heated at 65° C. for another 5 hours
and the SH equivalent weight was measured again, and deter-
mined to be 499 g/equiv, based on an Mn=998. The viscosity
of the mixture was 463 cPs (73° C.), nD=1.620, Abbe 36,
nE=1.624, Abbe 35. The yield was quantitative.

Example 4

Synthesis of 2/1 (Mol/Mol) Adduct of DMDS and
5-Vinyl-2-norbornene (VNB) (POLYTHIOL V)

[0176] 777 g DMDS (0.5 mol) was charged to a glass jar, and
the contents were heated to 60° C. To this jar was slowly
added 30 ¢ VNB (0.25 mol) with mixing, while keeping the
temperature of the mixture ~60° C. After completion of the
addition the mixture was heated at 60° C. for another 30 min,
then 0.2 g VAZO 67 was dissolved into the contents of the jar,
and the jar was heated at 65° C. for 20 hours. The resulting
product was analyzed for SH content by titration with 1odine.
An SH equvalent weight of 216 g/equiv (theoretical 214
g/equivalent) was calculated. The viscosity of the material at
25° C. was measured and found to be 460 cPs. The product
obtained was a transparent colorless liquid, n,,=1.607, Abbe
39, n.=1.610, Abbe 39. The yield was quantitative.
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Example 5

Polythiol Blend

[0177] A polythiol blend was prepared by blending Poly-
thiol B (prepared as described 1n Example 2) and Polythiol E
(prepared as described in Example 3) in a ratio of 3/2 (w/w)
by weight.

Example 6

Dimercaptodioxaoctane (DMDO) Trimer

[0178] A thiol functional resin was prepared as described
below: Trnallylcyanurate acid (167.8 g) and DMDO (371.81
g) were combined and warmed to 65° C. and 0.1416 g of
VAZO 677 added. The reaction was monitored hourly by mea-
suring the thiol equivalent weight. VAZO 677 (approx 0.15 g)
was added after each measurement until the thiol equivalent
weight was greater than 250 meqg/g. After the imitial 2 hours
the temperature was increased to 85° C., and after an addi-
tional 2 hours the reaction temperature was increased to 95°
C. The reaction was monitored for a total of 8 hours. The final
material had a measured solids content o 95% (1 hr, 110° C.),
thiol equivalent weight of 257 meg/g and Mw of 3858 as
measured by gel permeation chromatography. The DMDO
trimer thus prepared can be incorporated into a coating
according to the present invention by using the trimer 1n the
amine component as generally taught herein. Alternatively
the DMDO trimer can be formulated into a prepolymer and
used 1n the 1socyanate component.

Examples 7-12

[0179] An isocyanate-functional polythiourethane for use
as the “A” side 1n Example 12 was prepared as described
below

[0180] A total of 193.6 grams of 1sophorone diisocyanate,
180 grams of THIOPLAST G4°, and 136.8 grams of TER-
ATHANE 650°, were added to a suitable reaction vessel
equipped with a stirrer, temperature probe, condenser and a
nitrogen cap. The contents of the flask were mixed well. Then
0.3 grams of dibutyltin dilaurate were added to the mixture.
The contents were slowly heated to 80° C. The contents
underwent an exotherm to 112° C. The reaction was held at
100° C. for 2.5 hours. The 1socyanate equivalent weight of the
contents was then measured and found to be 537. The tem-
perature of the reaction mixture was lowered to 80° C.
Finally, 224 grams of DESMODUR®* XP2580 and 225 grams
of DESMODUR” XP2410 were added to the reaction mix-
ture. The contents of the reactor were cooled and poured out.
The final material had a measured solids of 96%, a viscosity
of Z3, and an 1socyanate equivalent weight of 266.

2 Mercaptan-terminated poly-disulfide mixture, available from AKZO Nobel.

* Polytetramethylene ether glycol, available from Invista.

4 An allophonate of hexamethylene diisocyanate, available from Bayer Mate-
rial Science.

> An asymmetric trimer of hexamethylene diisocyanate, available from Bayer
Material Science.

percent by
Component welght
A-side For Example 12
IPDI 16.05
DBTDL 0.003
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-continued
percent by
Component weight
TERATHANE 650 11.35
AKZO NOBEL G4 14.92
DESMODUR XP2410 28.84
DESMODUR XP2580 28.84

[0181] An isocyanate-functional polyurethane for use as
the A side in Examples 7-11, was prepared as described below

[0182] A total of 1348.9 grams of 1sophorone diisocyanate
(IPDI) and 1901.5 grams of TERATHANE 650, were added
to a suitable reaction vessel equipped with a stirrer, tempera-
ture probe, condenser and a nitrogen cap. The contents of the
flask were mixed well. Then 0.2 grams of dibutyltin dilaurate
(DBTDL) were added to the mixture. The contents were
slowly heated to 80° C. The contents underwent an exotherm
to 112° C. The reaction was held at 100° C. for 2.5 hours. The
1socyanate equivalent weight of the contents was then mea-
sured and found to be 531. The temperature of the reaction
mixture was lowered to 80° C. Finally, 2490.6 grams of
DESMODUR XP2380 and 2490.6 grams of DESMODUR
XP2410 were added to the reaction mixture. The contents of
the reactor were cooled and poured out. The final material had
a measured solids of 98%, a viscosity ol Y, and an 1socyanate
equivalent weight of 255.8.

percent by
Component welght
A-side For Examples 7-11
IPDI 16.4
DBTDL 0.003
TERATHANE 650 23.1
DESMODUR XP2410 30.3
DESMODUR XP2580 30.3

[0183] Pigment grinds were prepared according to the fol-
lowing table:

Grind 1
Ingredient Percent by Weight
JEFFAMINE T3000¢ 24.0
DESMOPHEN 1220 NH’ 22
BYK-9077°% 0.6
VULCAN XC72° 1.2
BENTONE 341° 3

GPDl}fDx}fa]lc}flene primary amine of approximately 3000 MW, available from Huntsman
Cc-rpcrratmn
’ Amine-functional asparatic acid ester, available from Bayer Corporation.

Addltwe available from Byk-Chemie.
Carbon black pigment, available from Cabot Corporation.
mOrganDcla}f rheology additive, available from Elementis Specialities, Inc.

For Grind 1, the ingredients were combined and charged to a

Model HM1.5VSD bead mill (Premier Mill Inc.) using with
Mill Mates TZP Plus grind media (supplied by Zircoa Inc) at
85% mill loading and ground at a mill speed of 2400 rpm. The
orinds were judged to be complete when the particle size was
found to be 7.5 Hegman upon drawdown on a fineness of
grind gauge.
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[0184] The “B” side formulations were prepared as shown
in the following table:
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Component percent by weight
B-side

Ex 7 Ex & Ex 9 Ex 10 Ex 11 Ex 12
GRIND 1 50.8 50.8 50.8 50.8 50.8 50.8
JEFFAMINE T-3000 10 — — — — —
JEFFLINK 754! — 297 17.5 23.1 29.2
DESMOPHEN 1220 NH 11 8 9 9 10
DMDO (95%)" — — — — —
POLYTHIOL H (from Example 1) 17 — — — — —
POLYTHIOL V (from Example 4) — 9 — — — —
POLYTHIOL B (from Example 2) — — 20.2 — — —
POLYTHIOL BLEND (from — — — 14.60 — —
Example 5)
P3.1e!’ — — — — —
CLEARLINK 1000 3.7 — — — — —
CHISORB 353" 2 2 2 2 2
DABCO T-12 (dibutyl tin 0.5 0.5 0.5 0.5 0.5
dilaurate)
ratio of equivalents (Index) 1.100 1.107 1.098 1.101 1.094 1.089
ol 1socyanate to amine/thiol
”Alic}mlic secondary amine, available from Huntsman Corporation.
12 Available from S1gma-Aldrich, Inc.
BPDlyﬂ]iDEthEI', available from PRC-DeSoto International, Inc.
14.gfﬂhLlilfahatin: secondary amine, available from Dorf-Ketal Chemucals, LLC.
DHindered amine light stabilizer, available from Chitec Chemacal Corporation,
[0185] The B side formulations of the table above were _continued
made by taking Grind 1 and then blending 1n the balance of
the other materials until well mixed. The B side formulations Ex7  bxg EBEx9 Ex10 BExl1l Ex12
were charged 1nto separate canisters and to be paired up with Hardness (Shore D) @ 611 651

the A side formulation (in separate canisters) and heated to
140° F. 1n an oven for 2-6 hrs prior to spraying to ensure
samples were equilibrated. Polyurea coating compositions
were produced by mixing a 1:1 volume ratio of the A-side
components to the B-side components 1n a static mix tube
applicator device available from Cammda Corporation and
sprayed onto panels.

[0186] Hardness values were determined by charging the A
and B side components into a double-barreled syringe
equipped with a static mix tube and a “Pneumatic applicator”
(PC Cox Limited) and 1njecting the components ata 1:1 ratio
into a mold to form a round “puck” of approximately 6 cm 1n
diameter and 0.2 cm 1n thickness. The hardness of the poly-
urea coating puck at ambient temperature was measured on
the Shore D scale with a Model 212 Pencil Style Digital
Durometer (Pacific Transducer Corp.) The pucks were then
placedina 140° F. oven for 1 day and the Shore D hardness of
the coating measured with the puck still inside the oven to
prevent cooling. The pucks were removed from the oven and
cooled to ambient temperature. The hardness was measured
again on those pucks at ambient temperature after being out of
the oven for 1 day.

[0187] The following table shows results of characteriza-
tion of the resulting coatings:

Ex7 Ex® Ex9 Ex10 Ex11 Ex12

Tack free time (sec) 75 32 50 70 60 38
Hardness (Shore D) @ 55.2 683 538 64.2 592 64.2
ambient temperature, 1

day ambient cure

ambient temperature

after 3 days ambient cure

Hardness (Shore D) @ 51.5 67.6 43.6 61.2 — —
ambient temperature

after 4 days ambient cure

Hardness (Shore D) @ 528  62.2 443 605 0605 67.1
ambient temperature

after 7 days ambient cure

Hardness (Shore D) after 264 244 181 23.1 281 25.6
7 days at ambient

temperature plus 1 day

at 140° . measure @

140° L.

Hardness (Shore D), 7 36.2 556 358 474 554 654
days at ambient plus 1

day at 140° ., after 1 day

ambient (recovery)
measured (@ ambient

Example 13

Synthesis of Mercaptan-Capped Polythioether

[0188] A 5 liter 4-neck flask was charged with 2254.49 ¢
(12.37 moles) of dimercaptodioxaoctane (DMDQ). The flask
was flushed with nitrogen, the contents were heated to 60° C.
and, under stirring, a solution o1 1.61 g (0.008 mole) of radical
initiator Vazo-67 [2,2'-azobis(2-methylbutyronitrile) n 1771.
35 g (11.20 moles) of diethylene glycol divinyl ether (DEG-
DVE) was added over a period of 3.5 hr while maintaining the
temperature at 60-65° C. The mixture was then stirred at 70°
C. for an additional 1.5 hr. To complete the reaction, nine
portions of Vazo-67 (each 0.901 g, 0.0046 mole) were added

at one-hour intervals while the temperature of the reaction
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mixture was maintained at 70° C. The contents were heated at
90° C. for 2 hr, cooled to 70° C. and evacuated at 10 mmHg for
1 hr to give a faint yellow, liquid polythioether (4025.84 g;
Yield: 100%); having an equivalent weight of 1702 and a
viscosity of 54 poise (measured at a temperature of about 25°
C. and a pressure of about 760 mm Hg according to ASTM
D-2849 §79-90 using a Brookfield CAP 2000 viscometer).

Example 14

Synthesis of Isocyanate-Capped Polythioether

[0189] A 5 liter 4-neck flask was charged with 1932.62 ¢
(0.59 mole) of the mercaptan-capped polythioether of
Example 13, the reaction tlask was evacuated at 1 mmHg for
0.5 hr and vacuum was released under nitrogen. Rubinate
0433, (1210.44 g, 4.54 moles, modified diphenylmethane
diisocyanate, a Huntsman International product) was added
and mixed for 15 min. Polycat 8 (0.94 g, 0.008 mole, N,N-
dimethylcyclohexylamine, a product of Air Products) was
added as a base catalyst. A mild exotherm developed and
raised the reaction temperature to 37° C. Without external
heating, stirring was continued at 37-39° C. for 0.75 hr. Reac-
tion mixture was heated at 39-50° C. for 2 hr. The mercaptan
equivalent weight of the reaction mixture was 117,660 at this
stage. The reaction mixture was evacuated at 46° C./10
mmHg for 1 hr. After releasing the vacuum under nitrogen,
benzoyl chloride (1.26 g, 0.009 mole), a stabilizer, was added
and stirred for 10 min. The reaction product was yellow 1n
color; has an NCO equivalent weight o1 4135 and a viscosity of

148 poise (measured at a temperature of about 25° C. and a
pressure ol about 760 mm Hg according to ASTM D-2849

§79-90 using a Brookfield CAP 2000 viscometer).

Example 15

Synthesis of Amine-Capped Polythioether

[0190] A 3 liter 4-neck flask was charged with 1703.46

(1.47 moles) of Permapol® 1.-5534, an epoxy-capped poly-
thioether commercially available from PRC-DeSoto Interna-
tional, Inc., and 628.52 (2.94 moles) of Ethacure 300, a
diamine from Huntsman Inc. The contents were mixed under
vacuum (10 mmHg) for 0.25 hr. Polycat 8 (0.47 g, 0.0037
mole) was added and the mixture was heated at 84-92° C. for
10 hr. The product was light brown 1n color and had a viscos-

ity of 6 poise (measured at a temperature of about 25° C. and
a pressure of about 760 mm Hg according to ASTM D-2849

§79-90 using a Brookfield CAP 2000 viscometer).

[0191] Whereas particular embodiments of this invention
have been described above for purposes of illustration, 1t will
be evident to those skilled 1n the art that numerous variations
of the details of the present invention may be made without
departing from the invention as defined in the appended
claims.

1. A coating composition comprising polyurea and poly-

thiourea formed from a reaction mixture comprising:

a first component comprising (1) an 1socyanate selected
from one or more of isophorone duisocyanate (IPDI),
cyclohexylene dusocyanate, 4,4'-methylenedicyclo-
hexyl ditsocyanate (H, ,MDI), tetramethylxylyl diisocy-
anate, OCN—C(CH,),—CH,C(CH,),—NCO, 1,4-
tetramethylene diisocyanate 1,5-pentamethylene
diisocyanate, 1,6-hexamethylene diisocyanate (HMDI),
1,7-heptamethylene diisocyanate, 2,2.4-trimethylhex-
amethylene diisocyanate, 2,4,4-trimethylhexamethyl-
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ene diisocyanate, 1,10-decamethylene diuisocyanate,
2-methyl-1,5-pentamethylene diisocyanate, phenylene
diisocyanate, toluene diisocyanate (TDI), xylene diiso-
cyanate, 1,5-naphthalene diisocyanate, chlorophe-
nylene 2,4-duisocyanate, bitoluene diisocyanate, diani-
sidine diisocyanate, tolidine diisocyanate, alkylated
benzene diisocyanates, methylenediphenyl diisocyan-
ate, 3,3'-dimethyl-4,4'-diphenylmethane diisocyanate,
the uretdione of 1,6-hexamethylene diisocyanate, the
biuret of 1,6-hexanediisocyanate, the 1socyanurate of
1,6-hexanediisocyanate, and the 1socyanurate of 1so0-
phorone diisocyanate; and (11) an 1socyanate functional
compound comprising a polythioether-polyurethane
and/or polythiourethane; wherein at least 1 percent by
weight of the first component comprises at least one
polyisocyanate monomer; and

a second component comprising an amine and an amine/
hydroxy functional polythioether that 1s diil

erent from
the amine, wherein the amine/hydroxy functional poly-
thioether comprises an amine-functional reaction prod-
uct of an epoxy functional polythioether and a
polyamine.

2-5. (canceled)

6. The coating composition of claim 1, wherein the 1socy-

anate functional compound comprises a polythiourethane
reaction product of a thiol-functional polythioether and an
1socyanate functional compound.

7. The coating composition of claim 1, wherein the 1socy-
anate functional compound comprises a polythioether-poly-
urethane reaction product of a hydroxy-tunctional polythio-
cther and an 1socyanate functional compound.

8. (canceled)

9. A method for coating a substrate comprising:

applying to at least a portion of the substrate the coating
composition of claim 1.

10. A substrate coated at least 1n part with the coating of

claim 1.

11. The substrate of claim 10, wherein the substrate com-

prises at least a portion of a vehicle.

12. The substrate of claim 11, wherein the substrate com-

prises a truck bed.

13. The substrate of claim 10, wherein the substrate com-

prises at least a portion of a building structure.

14. A coating composition comprising polyurea and poly-

thiourea formed from a reaction mixture comprising:

a first component comprising an isocyanate selected from
one or more of 1sophorone diisocyanate (IPDI), cyclo-
hexylene diisocyanate, 4,4'-methylenedicyclohexyl
diisocyanate (H, ,MDI), tetramethylxylyl diisocyanate,
OCN—C(CH;),—CH,C(CH;),—NCO, 1,4-tetram-
cthylene diisocyanate 1,5-pentamethylene diisocyan-

ate, 1,6-hexamethylene diisocyanate (HMDI), 1,7-hep-

tamethylene diisocyanate, 2,2.,4-
trimethylhexamethylene diisocyanate, 2.,4.,4-
trimethylhexamethylene diisocyanate, 1,10-
decamethylene diisocyanate, 2-methyl-1,5-

pentamethylene diisocyanate, phenylene diisocyanate,
toluene dusocyanate (1DI), xylene diisocyanate, 1,5-
naphthalene diisocyanate, chlorophenylene 2,4-diisocy-
anate, bitoluene diisocyanate, dianisidine diisocyanate,
tolidine duisocyanate, alkylated benzene diisocyanates,
methylenediphenyl diisocyanate, 3,3'-dimethyl-4,4'-
diphenylmethane diisocyanate, the uretdione of 1,6-
hexamethylene diisocyanate, the biuret of 1,6-hexane-
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diisocyanate, the 1socyanurate of 1,6-
hexanediisocyanate, and the 1socyanurate of 1sophorone
diisocyanate; wherein at least 1 percent by weight of the
first component comprises at least one polyisocyanate
monomer; and

a second component comprising an amine and an amine/

hydroxy functional polythioether different from the
amine, wherein the amine/hydroxy functional polythio-
cther comprises an amine-functional reaction product of
an epoxy functional polythioether and a polyamine.

15-16. (canceled)

17. The coating composition of claim 14, wherein the first
component and the second component can be applied to a
substrate at a volume mixing ratio of 1:1.

18-21. (canceled)

22. A method for coating a substrate comprising;:

applying to at least a portion of the substrate the coating

composition of claim 14.

23. A substrate coated at least 1n part with the coating of
claim 14.

24. The substrate of claim 23, wherein the substrate com-
prises at least a portion of a vehicle.

25. The substrate of claim 24, wherein the substrate com-
prises a truck bed.

26. The substrate of claim 23, wherein the substrate com-
prises at least a portion of a building structure.

27-37. (canceled)
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