I*I Innovation, Sciences et Innovation, Science and CA 3003263 A1 2017/05/04
Développement economique Canada Economic Development Canada
en 3 003 263

Office de la Propriéte Intellectuelle du Canada Canadian Intellectual Property Office

122 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION

13) A1
(86) Date de depot PCT/PCT Filing Date: 2016/10/25 (51) Cl.Int./Int.Cl. CO8G 65/32(2006.01),
N N . CO8G r5/00(2006.01), CO8G r5/04(2016.01),

(87) Date publication PCT/PCT Publication Date: 201/7/05/04 C08J 7/00(2006.01), CO8L 81/00 (2006.01)
(85) Entree phase nationale/National Entry: 2018/04/25 . _

(71) Demandeur/Applicant:
(86) N° demande PCT/PCT Application No.: US 2016/058623 PRC-DESOTO INTERNATIONAL, INC.. US
(87) N° publication PCT/PCT Publication No.: 201/7/074919 (72) Inventeurs/Inventors:
(30) Priorité/Priority: 2015/10/26 (US14/922,316) VIRNELSON, BRUCE, US]

STOTT, ADAM, US;

MANION, SEAN, US;
BERTINO, BRIAN, US;
SRIVATSAN, NAGARAJAN, US

(74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : AGENTS D'ETANCHEITE A BASE DE POLYTHIOETHERS INHIBITEURS DE CORROSION SANS
CHROMATE
(54) Title: NON-CHROMATE CORROSION INHIBITING POLYTHIOETHER SEALANTS

(57) Abréegée/Abstract:

Compositions comprising thiol-terminated polythioether prepolymers, polyepoxides and non-chromate corrosion inhibitors suitable
for use In aerospace sealant applications are disclosed. Sealants prepared using the compositions adhere to a variety of aerospace
substrates following exposure to aerospace fluids.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



CA 03003263 2018-04-25

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

Organization
International Bureau

(10) International Publication Number

(43) International Publication Date nnﬂ/ WO 2017 /074919 Al
4 May 2017 (04.05.2017) WIRPO I PCT

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
CO08G 65/32 (2006.01) C08G 75/04 (2016.01) kind of national protection available). AE, AG, AL, AM,
C08J 7/00 (2006.01) COSL 81/00 (2006.01) AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
CO08G 75/00 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
1y 1 :nal Anolication Number: DO, DZ, EC, EE, EG, ES, FlI, GB, GD, GE, GH, GM, GT,
(4%) lmernatimal Appiication Number: TS0 605860 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
CL/US KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
25 QOctober 2016 (25.10.2016) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
- . SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
(25) Filing Language: English TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(26) Publication Language: English LW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
14/922.316 26 October 2015 (26.10.2015) US kind of regional protection available). ARIPO (BW, GH,
OM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant: PRC-DESOTO INTERNATIONAL, INC. TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
[US/US]; 12780 San Fernando Road, Sylmar, California TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
91342 (US). DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Inventors: VIRNELSON, Bruce; 26352 Ivrea Place, LV, MC, MK, M1, NL, NO, PLL, P1, RO, RS, SE, Sl, 5K,

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

Valencia, California 91355 (US). STOTT, Adam; 924 Es-
telle Avenue, Apartment E, Glendale, California 91202
(US). MANION, Sean; 489 Clifton Street, Los Angeles,
California 90031 (US). BERTINO, Brian; 924 Estelle Av-
enue, Apartment A, Glendale, Califormia 91202 (US).
SRIVATSAN, Nagarajan; 1578 Deerfoot Drive, Diamond
Bar, California 91765 (US). —

(74) Agents: MEYERS, Diane, R. ¢t al.; PPG Industries, Inc.,
One PPG Place, 39th Floor, Pittsburgh, Pennsylvania
15272 (US).

GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))

(534) Title: NON-CHROMATE CORROSION INHIBITING POLYTHIOETHER SEALANTS

(57) Abstract: Compositions comprising thiol-terminated polythioether prepolymers, polyepoxides and non-chromate corrosion in-
hibitors suitable for use in acrospace sealant applications are disclosed. Sealants prepared using the compositions adhere to a variety
of aerospace substrates following exposure to aerospace fluids.

WO 2017/074919 A1 [HJ 1! AP OO 00 R R



CA 03003263 2018-04-25

WO 2017/074919 PCT/US2016/058628

NON-CHROMATE CORROSION INHIBITING POLYTHIOETHER SEALANTS

FIELD
[001] The present disclosure relates to non-chromate corrosion imhibiting polythioether
scalants. The sealant compositions are based on a thiol-epoxy, amine-cured chemistry and
contain a non-chromate corrosion inhibitor. The compositions are useful 1n acrospace sealant

applications.

BACKGROUND
[002] Acrospace sealants must satisty demanding mechanical, chemical, and
environmental requirements. Acrospace scalants can be applied to a variety of surfaces
including metal surfaces, primer coatings, intermediate coatings, finished coatings, and aged
coatings. Sealants comprising sulfur-containing prepolymers that exhibit acceptable fuel
resistance, thermal resistance, and tlexibility for acrospace applications are described, for
example, in U.S. Patent No. 6,172,179. In sealants such as those described in U.S.
Application Publication Nos. 2006/0270796, 2007/0287810, and 2009/0326167, a sulfur-
containing prepolymer such as a thiol-terminated polythioether prepolymer can be reacted
with a polyepoxide curing agent 1n the presence of an amine catalyst to provide a cured
product. These systems are useful as sealants and can meet the demanding performance
requirements of the acrospace industry.
[003] To impart corrosion resistance, a chromate such as hexavalent chromium
(chromium (VI)) compounds or strontium chromate (SrCrQO,) can be added to a scalant
composition. Although chromates can provide excellent corrosion resistance to aluminum
surfaces, the heavy metals are toxic. It 1s therefore highly desirable to develop alternative
non-chromate corrosion imhibitors for use 1n acrospace sealant applications.
[004] Corrosion mhibiting sealants should provide the following functions: (1) rapid
polymer exit and short term metal passivation; (2) passivation by metal surface adsorption
and double layer space charge altering; (3) forming a water insoluble passivation layer which
persists or remains insoluble 1in neutral, alkaline, and acidic environments; (4) passivation by
control of pH or neutralization of acid at the metal/electrolyte interface; and (5) transport out
of the polymeric matrix onto adjacent exposed bare metal arcas 1n a moist but no liquid
immersed environment.
[005] Examples of non-chromate corrosion inhibitors are disclosed in U.S. Patent No.
5,951,747 and 1n U.S. Patent No. 6,059,867, cach of which 1s incorporated by reference 1n 1ts
entirety.
[006] U.S. Patent No. 5,917,747 discloses non-chromate corrosion imhibitors for

epoxy/polythioether-based sealant compositions comprising at least one inhibitor selected
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from a phosphate, a phosphosilicate, and a silicate, and at least one inhibitor selected from a
titanate and a zinc salt. More particularly, a non-chromate corrosion inhibitor can comprise a
borate such as boric acid, a sulfur-containing succinate such as (2-benzothiazolylthio)succinic
acid or an amine salt thercof, a phosphate such as calcium dihydrogen phosphate, a
phosphosilicate such as calcium, strontium zinc phosphosilicate, a titanate such as sodium
titanium oxide, and a zinc salt such as zinc phosphate and/or zinc cyanamide. U.S. Patent No.
5,917,747 does not disclose any properties of a cured sealant important to acrospace sealant
applications such as adhesion, tensile strength, elongation, and fuel resistance.

[007] U.S. Patent No. 6,059,867 discloses non-chromate corrosion ihibitors
comprising at least one compound selected from boric acid and boric acid salts, dipotassium
monohydrogen phosphate, calcium dihydrogen phosphate, ammonium dihydrogen phosphate,
sodium dihydrogen phosphate, potassium dihydrogen phosphate, sodium pyrophosphate,
calcium strontium phosphosilicate, calcium, strontium zinc phosphosilicate, and tetra sodium
orthosilicate; and (b) at least one compound selected from sodium titanium oxide, an
inorganic zinc compound such as zinc borate, and an organo-zinc compound. Specific
inhibitor combinations evaluated include one or more of boric acid, calcium dihydrogen
phosphate, dipotassium monohydrogen phosphate, sodium pyrophosphate, calcium, strontium
phosphosilicate or calcium strontium zinc phosphosilicate, tetrasodium orthosilicate, (2-
benzothiazolylthio)succinic acid, sodium titanium oxide, zinc phosphate, and zinc cyanamide.
The formulations were only evaluated for galvanic current, electrochemical impedance,
filiform testing, salt spray testing, and pH range immersion testing.

[008] However, non-chromate corrosion inhibitor packages for use with polyepoxide-
cured thiol-terminated polythioether sealants have not been developed or demonstrated to be

cttective as acrospace scalants.

SUMMARY
[009] It 1s desirable to provide non-chromate corrosion inhibiting, polyepoxide-cured
polythioether acrospace sealants.
[010] According to the present invention, compositions can comprise a thiol-terminated

polythioether prepolymer, a polyepoxide curing agent, and a non-chromate corrosion
inhibitor.

[011] According to the present invention, cured sealants prepared from the inventive
compositions can comprise a thiol-terminated polythioether prepolymer, a polyepoxide curing
agent, and a non-chromate corrosion inhibitor are provided.

[012] According to the present invention, methods of sealing a part can comprise
providing compositions comprising a thiol-terminated polythioether prepolymer, a

polyepoxide curing agent, and a non-chromate corrosion inhibitor; applying the composition
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to at least a portion of a surface of a part; and curing the applied composition to provide a
secaled part.
[013] According to the present invention, secalant systems can comprise a first part
comprising a thiol-terminated polythioether prepolymer; and a first portion of a non-chromate
corrosion mhibitor; and a second part comprising a polyepoxide; and a second portion of a
non-chromate corrosion inhibitor.
[014] According to the present invention, curable sealant compositions formed by
combining the first part and the second part of a sealant system of the present disclosure are
provided.
[015] According to the present invention, non-chromate corrosion ihibitors can
comprise from 2 wt% to 6 wt% of zinc borate; from 1 wt% to 5 wt% of 2-
benzothiazolylthiobutanedioic acid; from 35 wt% to 70 wt% of zinc orthophosphate; from 20
wt% to 50 wt% of sodium titanate; and from 3 wt% to 8 wt% of tricalcium phosphate,
wherein wt% 1s based on the total weight of the non-chromate corrosion ihibitor.
[016] Reference 1s now made to certain compositions, sealants, and methods of the
present invention. The disclosed compositions, sealants, and methods are not intended to be
limiting of the claims. To the contrary, the claims are intended to cover all alternatives,
modifications, and equivalents.

DETAILED DESCRIPTION
[017] For purposes of the following description, 1t 1s to be understood that
embodiments provided by the present disclosure may assume various alternative variations
and step sequences, except where expressly specified to the contrary. Morcover, other than 1n
the examples, or where otherwise indicated, all numbers expressing, for example, quantities
of ingredients used 1n the specification and claims are to be understood as being modified 1n
all instances by the term “about.” Accordingly, unless indicated to the contrary, the numerical
parameters set forth 1n the following specification and attached claims are approximations
that may vary depending upon the desired properties to be obtained. At the very least, and not
as an attempt to limit the application of the doctrine of equivalents to the scope of the claims,
cach numerical parameter should at least be construed 1n light of the number of reported
significant digits and by applying ordinary rounding techniques.
[018] Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the invention are approximations, the numerical values set forth 1n the specific
examples are reported as precisely as possible. Any numerical value, however, inherently
contains certain errors necessarily resulting from the standard vanation found in their
respective testing measurements.
[019] Also, 1t should be understood that any numerical range recited herein 1s intended

to include all sub-ranges encompassed therein. For example, a range of 1 to 10” 1s intended
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to include all sub-ranges between (and including) the recited mimimum value of about 1 and
the recited maximum value of about 10, that 1s, having a minimum value equal to or greater
than about 1 and a maximum value of equal to or less than about 10. Also, in this application,
the use of “or” means “and/or” unless specifically stated otherwise, even though “and/or”
may be explicitly used in certain instances.

[020] A dash ("-") that 1s not between two letters or symbols 1s used to indicate a point
of bonding for a substituent or between two atoms. For example, —-CONH; 1s bonded to
another chemical moiety through the carbon atom.

[021] “Alkanediyl™ refers to a diradical of a saturated, branched or straight-chain,
acyclic hydrocarbon group, having, for example, from 1 to 18 carbon atoms (C;-15), from 1 to
14 carbon atoms (Ci-14), from 1 to 6 carbon atoms (Cis), from 1 to 4 carbon atoms (C;4), or
from 1 to 3 hydrocarbon atoms (C,-3). It will be appreciated that a branched alkanediyl has a
minimum of three carbon atoms. An alkanediyl can be C;-14 alkanediyl, C,.10 alkanediyl, C,g
alkanediyl, C, alkanediyl, C,4 alkanediyl, or C, alkanediyl. Examples of alkanediyl groups
include methane-diyl (-CH»-), ethane-1,2-diyl (-CH,CH,-), propane-1,3-diyl and 1so-
propane-1,2-diyl (e.g., -CH,CH,CH,— and —CH(CH3)CH»-), butane-1,4-d1yl (-
CH,CH,CH,CH;-), pentane-1,5-diyl (-CH,CH,CH,CH,CH;-), hexane-1,6-d1yl (—
CH,CH,CH,CH,CH,CH;-), heptane-1,7-d1yl, octane-1,8-d1yl, nonane-1,9-diyl, decane-1,10-
divl, dodecane-1,12-diyl, and the like.

[022] “Alkanecycloalkane™ refers to a saturated hydrocarbon group having one or more
cycloalkyl and/or cycloalkanediyl groups and one or more alkyl and/or alkanediyl groups,
where cycloalkyl, cycloalkanediyl, alkyl, and alkanediyl are defined herein. Each cycloalkyl
and/or cycloalkanediyl group(s) can be Css, Css, cyclohexyl or cyclohexanediyl. Each alkyl
and/or alkanediyl group(s) can be C,6, Ci-4, Ci-3, methyl, methanediyl, ethyl, or ethane-1,2-
diyl. An alkanecycloalkane group can be Cs-15 alkanecycloalkane, Cs.-16 alkanecycloalkane, Cas-
12 alkanecycloalkane, Csg alkanecycloalkane, Ce.12 alkanecycloalkane, Ce-10
alkanecycloalkane, or Ce.9 alkanecycloalkane. Examples of alkanecycloalkane groups include
1,1,3,3-tetramethylcyclohexane and cyclohexylmethane.

[023] “Alkanecycloalkanediyl™ refers to a diradical of an alkanecycloalkane group. An
alkanecycloalkanediyl group can be Ci.15 alkanecycloalkanediyl, Ci-16 alkanecycloalkanediyl,
Cs-12 alkanecycloalkanediyl, Ci5 alkanecycloalkanediyl, Cs.12 alkanecycloalkanediyl, Ce-10
alkanecycloalkanediyl, or Cs.9 alkanecycloalkanediyl. Examples of alkanecycloalkanediyl
oroups include 1,1,3,3-tetramethylcyclohexane-1,5-diyl and cyclohexylmethane-4,4"-diyl.
[024] “Alkanearene™ refers to a hydrocarbon group having one or more aryl and/or
arencdiyl groups and one or more alkyl and/or alkanediyl groups, where aryl, arenediyl, alkyl,
and alkanediyl are defined here. Each aryl and/or arenediyl group(s) can be Cs-12, Co-10, phenyl
or benzenediyl. Each alkyl and/or alkanediyl group(s) can be Ci6, Ci-1, Ci-3, methyl,
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methanediyl, ethyl, or ethane-1,2-diyl. An alkanearene group can be Ci.15 alkanearene, Cy-16
alkanearene, C4.1» alkanearene, C,g alkanearene, Cs.12 alkanearene, Cs.10 alkanearene, or Ce.o
alkancarenc. Examples of alkancarene groups include diphenyl methane.

[025] “Alkanearenediyl” refers to a diradical of an alkanearene group. An
alkanearenediyl group 1s Cs.1z alkanearenediyl, Ci.16 alkanearenediyl, Cs.12 alkanearenediyl,
(45 alkanearenediyl, Cs.12 alkanearenediyl, Cs.10 alkanearenediyl, or Cs9 alkanearenediyl.
Examples of alkanearenediyl groups include diphenyl methane-4,4°-diyl.

[026] “Alkenyl” group refers to a group (R),C=C(R),. An alkenyl group has the
structure —C(R)=C(R), where the alkenyl group 1s a terminal group and 1s bonded to a larger
molecule. In such embodiments, each R may be selected from, for example, hydrogen and C;-
3 alkyl. Each R can be hydrogen and an alkenyl group can have the structure —-CH=CH..
[027] “Alkoxy” refers to a —OR group where R 1s alkyl as defined herein. Examples of
alkoxy groups include methoxy, ethoxy, n-propoxy, 1sopropoxy, and n-butoxy. An alkoxy
ogroup can be C,5 alkoxy, Ci¢ alkoxy, C;.4 alkoxy, or C,.3 alkoxy.

[028] “Alkyl” refers to a monoradical of a saturated, branched or straight-chain, acyclic
hydrocarbon group having, for example, from 1 to 20 carbon atoms, from 1 to 10 carbon
atoms, from 1 to 6 carbon atoms, from 1 to 4 carbon atoms, or from 1 to 3 carbon atoms. It
will be appreciated that a branched alkyl has a minimum of three carbon atoms. An alkyl
ogroup can be C, alkyl, C,.4 alkyl, or C,3 alkyl. Examples of alkyl groups include methyl,
cthyl, n-propyvl, 1so-propyl, n-butyl, 1so-butyl, tert-butyl, n-hexyl, n-decyl, and tetradecyl. An
alkyl group can be C, alkyl, C,.4 alkyl, or C,3 alkyl. It will be appreciated that a branched
alkyl has at least three carbon atoms.

[029] “Arenediyl” refers to diradical monocyclic or polycyclic aromatic group.
Examples of arenediyl groups include benzene-diyl and naphthalene-diyl. An arenediyl group
can be Ce.12 arenediyl, Cs.10 arenediyl, Cs9 arenediyl, or benzene-diyl.

[030] A “‘curable composition™ refers to a composition that comprises at Ieast two
reactants capable of reacting to form a cured composition. For example, a curable
composition can comprise a thiol-terminated polythioether prepolymer and a polyepoxide
capable of reacting to form a cured polymer network. A curable composition may include a
catalyst for the curing reaction and other components such as, for example, fillers, pigments,
and adhesion promoters. A curable composition may be curable at ambient conditions such
as room temperature and humidity, or may require exposure to elevated temperature,
moisture, or other condition(s) to 1nitiate and/or accelerate the curing reaction. A curable
composition may 1nitially be provided as a two part composition including a base component
and an accelerator component. The base composition can contain one of the reactants
participating 1n the curing reaction such as a thiol-terminated polythioether prepolymer and

the accelerator composition can contain the other reactant such as a polyepoxide. The two
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compositions can be mixed shortly before use to provide a curable composition. A curable
composition can exhibit a viscosity suitable for a particular method of application. For
example, a Class A sealant composition, which 1s suitable for brush-on applications, can be
characterized by a viscosity from 1 poise to 500 poise. A Class B sealant composition, which
1s suitable for fillet seal applications, can be characterized by a viscosity from 4,500 poise to
20,000 poise. A Class C scalant composition, which 1s suitable for fay seal applications, can
be characterized by a viscosity from 500 poise to 4,500 poise. After the two components of a
sealant system are combined and mixed, the curing reaction can proceed and the viscosity of
the curable composition can increase and at some point will no longer be workable. The
period of time between when the two components are mixed to form the curable composition
and when the curable composition can no longer be reasonably or practically applied to a
surface for 1ts intended purpose can be referred to as the working time. As can be appreciated,
the working time can depend on a number of factors including, for example, the curing
chemistry, the application method, and the temperature. The working time can also be
referred to as the pot life. Once a curable composition 1s applied to a surface (and during
application), the curing reaction can procede to provide a cured composition. A cured
composition develops a tack-free surfaces and fully cures over a period of time. A curable
composition can be considered to be cured when the surface 1s tack-free, or can be considered
cured, for example, when the Shore A hardness of the surface 1s 25A for a Class C sealant and
30A for a Class B scalant.

[031] “Cycloalkanediyl™ refers to a diradical saturated monocyclic or polycyclic
hydrocarbon group. A cycloalkanediyl group can be Cs.12 cycloalkanediyl, Csg
cycloalkanediyl, Cs cycloalkanediyl, or Css cycloalkanediyl. Examples of cycloalkanediyl
groups Include cyclohexane-1,4-diyl, cyclohexane-1,3-diyl and cyclohexane-1,2-diyl.

[032] “Cycloalkyl™ refers to a saturated monocyclic or polycyclic hydrocarbon
monoradical group. A cycloalkyl group can be Cs.12 cycloalkyl, Css cycloalkyl, Cs.
cycloalkyl, or Cs.s cycloalkyl.

[033] “Heteroalkanediyl™ refers to an alkanediyl group 1in which one or more of the
carbon atoms are replaced with a heteroatom, such as N, O, S, or P. In a heteroalkanediyl, the
on¢ or more heteroatoms can be selected from N and O.

[034] “Heterocycloalkanediyl™ refers to a cycloalkanediyl group 1in which one or more
of the carbon atoms are replaced with a heteroatom, suchas N, O, S, or P. In a
heterocycloalkanediyl, the one or more heteroatoms can be selected from N and O.

[035] “Heteroarenediyl™ refers to an arenediyl group in which one or more of the
carbon atoms are replaced with a heteroatom, such as N, O, S, or P. In a heteroarenediyl, the

one or more heteroatoms can be selected from N and O.
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[036] “Heterocycloalkanediyl™ refers to a cycloalkanediyl group in which one or more
of the carbon atoms are replaced with a heteroatom, suchas N, O, S, or P. In a
heterocycloalkanediyl, the one or more heteroatoms can be selected from N and O.
[037] As used herein, “polymer” refers to oligomers, homopolymers, and copolymers.
Unless stated otherwise, molecular weights are number average molecular weights for
polymeric materials indicated as “Mn™ as determined, for example, by gel permeation
chromatography using a polystyrene standard in an art-recognized manner. A polymer also
includes a prepolymer. A prepolymer such as a thiol-terminated polythiocther prepolymer
provided by the present disclosure can be combined with a curing agent to provide a curable
composition, which can cure to provide a cured polymer network.
[038] “Substituted” refers to a group 1n which one or more hydrogen atoms are each
independently replaced with the same or different substituent(s). A substituent can be selected
from halogen, —S(0),OH, —S(0O)., —SH, —SR where R 1s C, alkyl, -COOH, —NO,, —NR;
where each R 1s independently selected from hydrogen and C, 3 alkyl, —CN, =0, C,salkyl, —
CFs, —OH, phenyl, C,5 heteroalkyl, Cs.6 heteroaryl, C,6 alkoxy, and —-COR where R 1s Ci6
alkyl. A substituent can be chosen from —OH, —-NH;, and C,.; alkyl.

Compositions
[039] Compositions provided by the present disclosure can comprise a non-chromate
corrosion inhibitor, a thiol-terminated polythioether prepolymer, and a polyepoxide curing
agent.
[040] For acrospace scalant applications 1t 1s desirable that a non-chromate corrosion
inhibiting sealant prevent or reduce corrosion of an underlying substrate surface following
exposure to the ambient environment and acrospace solvents and fluids. For example,
acrospace scalant applications can require a sealant provide good adhesion to wide variety of
substrates following exposure to acrospace solvents at high temperature. For example,
acrospace substrates include Alodine® aluminum (MIL-C-5541), anodized aluminum (AMS
2471), cadmium-plated steel (QQ-P-416 (AMS 4130)), titantum (AMS 4911), magnesium
(AMS 4376), epoxy primer (MIL-PRF-23377), and graphite-cpoxy (AS4/3501-6). The
specifications 1dentifying the substrate surtaces refer to Military Specifications (MIL-C),
Military Performance Specification (MIL-PRF), or Society of Automotive Engineers (SAE)
Acrospace Material Standard (AMS). Examples of relevant acrospace solvents include Jet
Reterence Fluid (JRF) Type I (AMS 2629), salt (3% NaCl) water, aircraft hydraulic fluid
(MIL-PRF-83282), and aircraft lubricating o1l (MIL-PRF-7808 and MIL-PRF-23699). The
test specifications generally require that a sealant exhibit a peel strength of at least 20 pli and
100% cohesive failure following immersion of the substrate with applied cured sealant 1n the

solvent for 2 days (48 hours) at a temperature of 140°F (60°C).
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[041] The ability of a sealant to provide corrosion resistance can be determined by
measuring, for example, the adhesion between the cured sealant and the substrate following
exposure to various accelerated test conditions involving solvent immersion at high
temperature. Adhesion can be determined by measuring peel strength and percent (%)
cohesion using a suitable test specimen. A sealant applied onto an acrospace substrate that
exhibits a peel strength of at least 20 ps1 and 100% cohesive failure following exposure to
accelerated test conditions can be considered to be appropriate for acrospace applications.
Non-Chromate Corrosion Inhibitor
[042] Compositions provided by the present disclosure can contain a non-chromate
corrosion inhibitor.
[043] Non-chromate corrosion ihibitors provided by the present disclosure can
comprise zinc borate, 2-benzothiazolylthiobutanedioic acid, zinc orthophosphate, sodium
titanate, and tricalcium phosphate.
[044] A non-chromate corrosion inhibitor provided by the present disclosure can
comprise from 2 wt% to 6 wt% of zinc borate; from 1 wt% to 5 wt% of 2-
benzothiazolylthiobutanedioic acid; from 35 wt% to 70 wt% of zinc orthophosphate; from 20
wt% to 50 wt% of sodium titanate; and from 3 wt% to 8 wt% of tricalcium phosphate, where
wt% 1s based on the total weight of the non-chromate corrosion inhibaitor.
[045] A non-chromate corrosion inhibitor provided by the present disclosure can
comprise from 3 wt% to 5 wt% of zinc borate; from 2 wt% to 4 wt% of 2-
benzothiazolylthiobutanedioic acid; from 40 wt% to 60 wt% of zinc orthophosphate; from 25
wt% to 45 wt% of sodium titanate; and from 4 wt% to 7 wt% of tricalcium phosphate, where
wt% 1s based on the total weight of the non-chromate corrosion ihibaitor.
[046] A curable composition provided by the present disclosure can comprise from 1
wt% to 12 wt% of a non-chromate corrosion inhibitor, from 3 wt% to 9 wt%. or from 5 wt%
to 7 wt% of a non-chromate corrosion inhibitor, where wt% 1s based on the total weight of the
curable composition.
[047] A curable composition provided by the present disclosure can comprise from 0.05
wt% to 0.5 wt% of zinc borate; from 0.05 wt% to 0.4 wt% of 2-benzothiazolylthiobutanedioic
acid; from 1 wt% to 6 wt% of zinc orthophosphate; from 0.5 wt% to 5 wt% of sodium
titanate; and from 0.05 wt% to 0.7 wt% of tricalcium phosphate, where wt% 1s based on the
total weight of the curable composition.
[048] A curable composition provided by the present disclosure can comprise from 0.15
wt% to 0.35 wt% of zinc borate; from 0.1 wt% to 0.3 wt% of (2-
benzothiazolylthiobutanedioic acid; from 2.5 wt% to 4.5 wt% of zinc orthophosphate; from 1
wt% to 3 wt% of sodium titanate; and from 0.25 wt% to 0.45 wt% of tricalcium phosphate,

where wt% 1s based on the total weight of the curable composition.
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[049] The same or similar wt% content of the zinc borate, 2-
benzothiazolylthiobutanedioic acid, zinc orthophosphate, sodium titanate, and tricalcium
phosphate, can be present 1n a cured sealant prepared using a curable composition provided
by the present disclosure.
[050] Compositions provided by the present disclosure can be provided as two-part
compositions comprising a base composition and an accelerator composition. A base
composition can comprise a thiol-terminated polythioether prepolymer, an amine catalyst,
fillers, adhesion promoters, and a portion of a non-chromate corrosion inhibitor such as, for
example, zinc orthophosphate, sodium titanate, and tricalcium phosphate. An accelerator
composition can comprise a polyepoxide curing agent, fillers, adhesion promotors and a
portion of the non-chromate corrosion inhibitor such as, for example, zinc borate and 2-
benzothiazolylthiobutanedioic acid.
[051] A base composition can comprise from 40 wt% to 80 wt% of a thiol-terminated
polythioether prepolymer; from 1 wt% to 7 wt% of zinc orthophosphate; from 0.5 wt% to 3
wt% of sodium titanate; and from 0.1 wt% to 0.7 wt% of tricalcium phosphate, where wt% 1s
based on the total weight of the base composition.
[052] A base composition can comprise from 50 wt% to 70 wt% of a thiol-terminated
polythioether prepolymer; from 2 wt% to 6 wt% ot zinc orthophosphate; from 2 wt% to 3
wt% of sodium titanate; and from 0.3 w9% to 0.5 wt% of tricalctum phosphate, where wt% 1s
based on the total weight of the base composition.
[053] An accelerator composition can comprise from 30 wt% to 60 wt% of a
polyepoxide; from 0.5 wt% to 3.5 wt% of zinc borate; and from 0.5 wt% to 3 wt% of 2-
benzothiazolylthiobutanedioic acid, where wt% 1s based on the total weight of the base
composition.
[054] An accelerator composition can comprise from 40 wt% to S0 wt% of a
polyepoxide; from 1 wt% to 2 wt% of zinc borate; and from 1 wt% to 2 wt% of 2-
benzothiazolylthiobutanedioic acid, where wt% 1s based on the total weight of the base
composition.
[055] A base composition and an accelerator composition can be combined and mixed
to provide a curable composition. For example, from 10 parts to 30 parts of an accelerator
composition can be combined with from 80 parts to 120 parts of a base composition; or from
15 parts to 25 parts of an accelerator composition can be combined with from 90 parts to 110
parts of a base composition to provide a curable composition of the present disclosure, where
parts 1s based on wt%.

Thiol-terminated Polythioether Prepolymers
[056] Compositions including curable compositions provided by the present disclosure

can include a thiol-terminated polythioether prepolymer.
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[057] A thiol-terminated polythioether prepolymer may comprise a mixture of different
thiol-terminated polythioether prepolymers where the different thiol-terminated polythioether
prepolymers may have the same or different functionality. A thiol-terminated polythiocther
prepolymer can have an average functionality from 2 to 6, from 2 to 4, from 2 to 3, or from
2.05 to 2.8. For example, a thiol-terminated polythioether prepolymer can comprise a
difunctional thiol-terminated polythioether prepolymer, a trifunctional thiol-terminated
polythioether prepolymer, and a combination thereof.

[058] Examples of suitable thiol-terminated polythioether prepolymers are disclosed,
for example, m U.S. Patent No. 6,172,179, which 1s incorporated by reference 1n 1ts entirety.
A thiol-terminated polythioether prepolymer comprises Permapol® P3.1E, available from
PRC-De¢Soto International Inc., Sylmar, CA. Thiol-terminated polythioether prepolymers can
be liquid at room temperature and exhibit a glass transition temperature Tg 1s less than -50°C,
less than -55°C, or less than -60°C as determined, for example, using AMS 3267 (4.5.4.7)
(Aerospace Matenal Specification), MIL-S-8802E (3.3.12) (Military Specification), MIL-S-
29574, or ASTM D522-88 (American Society for Testing and Materials). Thiol-terminated
polythioether prepolymer exhibit a number average molecular weight ranging from 500
Daltons to 20,000 Daltons, from 2,000 Daltons to 5,000 Daltons, or from 3,000 Daltons to
4.000 Daltons.

[059] A thiol-termmated polythioether prepolymer can comprise a polythiocther

prepolymer having a backbone comprising the structure of Formula (1):

—R'-[-S—(CH3),—O0—-[-R>-0-]m—(CH>),-S—R!],— (1)

wherein,

cach R' is independently selected from a C»-10 n-alkanediyl group, a Cs.
branched alkanediyl group, a Css cycloalkanediyl group, a Cs-10
alkanecycloalkanediyl group, a heterocyclic group, a —[(-CHR?-),—X~]—~(CHR?)—

group, wherein each R’ is selected from hydrogen and methyl;

cach R” 1s independently selected from a C,-10 n-alkanediyl group, a Cs
branched alkanediyl group, a Ce-s cycloalkanediyl group, a Ces.14
alkanecycloalkanediyl group, a heterocyclic group, and a —[(—CHz—)p—X—]q—(CH:)—

group:
cach X 1s independently selected from O, S, -NH-, and -N(—CH3)—;
m 1s an integer from O to 50;
n 1s an mteger from 1 to 60;
p 1s an mteger from 2 to 6;
q 1s an integer from 1 to 5; and

r 1s an iteger from 2 to 10.
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[060] A thiol-terminated polythiocther prepolymer can comprise a thiol-terminated
polythioether prepolymer selected from a thiol-terminated polythiocther prepolymer of

Formula (2a), a thiol-terminated polythiocther prepolymer of Formula (2b), or a combination

thereoft:

HS-R'-[-S—(CH;),-O—(R*-0)u—(CH3),-S-R'-],—SH (2a)
{HS-R'-[-S—(CH32),—O—(R*-O)mn—(CH3),-S-R'-],~S-V°-}.B (2b)
where,

cach R' independently is selected from C».10 alkanediyl, Css cycloalkanediyl,

Cs.14 alkanecycloalkanediyl, Cs heterocycloalkanediyl, and —[(-CHR?-),—X—]q—(
CHR’-)—, wherein:

p 1s an integer from 2 to 6;

q 1s an mteger from 1 to 3;

r 1s an mteger from 2 to 10;

cach R’ is independently selected from hydrogen and methyl; and
cach X 1s independently selected from —O—, —S—, and —-NR—, wherein

R 1s selected from hydrogen and methyl;
each R” is independently selected from Ci.10 alkanedivyl, Css cycloalkanediyl,
Cs.14 alkanecycloalkanediyl, and —[(-CHR’-),—X~]—~(-CHR’-)—, wherein p, g, r, R°,

and X are as defined as for R!:
m 1s an integer from 0 to 50;
n 1s an mteger from 1 to 60;
B represents a core of a z-valent polyfunctionalizing agent B(—V), wherein:
z 1S an integer from 3 to 6; and
cach V 1s a group comprising a terminal group reactive with a thiol
group; and
cach —V'—1s dertved from the reaction of —V with a thiol.
[061] In prepolymers of Formula (1), Formula (2a), and Formula (2b), R! can be —[(
CH>-)p—X—](CHz)—, where p can be 2, X can be —O—, q can be 2, r can be 2, R* can be

cthanediyl, m can be 2, and n can be 9.
[062] In prepolymers of Formula (1), Formula (2a), and Formula (2b), R' can be
selected from C, alkanediyl and —[-(CHR?)y—X~]—~(CHR?)~.

[063] In prepolymers of Formula (1), Formula (2a), and Formula (2b), R' can be —[-
(CHR?),—X~]—(CHR?); where X can be —O- or, X can be —S—.
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[064] In prepolymers of Formula (1), Formula (2a), and Formula (2b), R' can be —[-
(CHR?)sp—X~]—(CHR?)~, p can be 2, r can be 2, g can be 1, and X can be —S—; or p can be 2,

qcan be 2, rcan be 2, and X can be —O—; or p can be 2, r can be 2, g can be 1, and X can be —
O-.

[065] In prepolymers of Formula (1), Formula (2a), and Formula (2b), where R' can be
—[-(CHR"),—X~]~(CHR")~, each R’ can be hydrogen or at least one R’ can be methyl.

[066] In prepolymers of Formula (1), Formula (2a), and Formula (2b), each R' can be
the same or at least one R' can be different.

[067] Various methods can be used to prepare such polythioether prepolymers.
Examples of suitable thiol-terminated polythioether prepolymers, and methods for their
production, are¢ described, for example, in U.S. Patent No. 6,172,179. Such thiol-terminated
polythiocther prepolymers may be difunctional, that 1s, lincar prepolymers having two thiol
terminal groups, or polyfunctional, that 1s, branched prepolymers have three or more thiol
terminal groups. Thiol-terminated polythiocther prepolymers may also comprise a
combination of difunctional and polyfunctional thiol-terminated polythiocther prepolymers.
Suitable thiol-terminated polythioether prepolymers are commercially available, for example,
as Permapol® P3.1E, from PRC-DeSoto International Inc., Sylmar, CA.

[068] Suitable thiol-terminated polythioether prepolymers may be produced by reacting
a divinyl ether or mixtures of divinyl ethers with an excess of dithiol or a mixtures of dithiols.
For example, dithiols suitable for use 1n preparing thiol-terminated polythiocther prepolymers
include those of Formula (3), other dithiols disclosed herein, or combinations of any of the
dithiols disclosed herein.

[069] A dithiol can have the structure of Formula (3):

HS-R'-SH (3)
wherein:

R! is selected from C, alkanedivl, Ces cycloalkanediyl, Ce-10
alkanecycloalkanediyl, Cs.s heterocycloalkanediyl, and —[-(CHR?),—X~|—~(CHR?);

wherein:
each R’ 1s independently selected from hydrogen and methyl;
cach X 1s independently selected from —O—, —S—, —-NH-, and —N(—

CH;)-
p 1s an 1nteger from 2 to 6;
q 1s an integer from 1 to 5; and
r 1s an integer from 2 to 10.
[070)] In dithiols of Formula (3), R' can be -[-(CHR?),—X~]~(CHR?)~.
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[071] In dithiols of Formula (3), X can be selected from —O— and —S—, and thus —[-
(CHR?),—X~]q~(CHR?)~ in Formula (3) is —-[(-CHR’-),~O-],~(CHR?)~ or —[(-CHR*-),~S

l—(CHR?),—. P and r can be equal, such as where p and r are both two.

[072] In dithiols of Formula (3), R' can be selected from C,. alkanediyl and —[-
(CHR®),—X—](CHR?),~.

[073] In dithiols of Formula (3), R' can be -[-(CHR?),—X~],~(CHR’)—, and X can be —
O- . X can be —-S—.

[074] In dithiols of Formula (3), R' can be —-[-(CHR?),—X-]—(CHR’),—, pcanbe 2, r

can be 2, g can be 1, and X can be —S—; or p can be 2, g can be 2, r can be 2, and X can be —

O—; orpcanbe 2, rcan be 2, g can be 1, and X can be —O-.
[075] In dithiols of Formula (3), R! can be —-[-(CHR?),—X-]q—~(CHR?),—, and each R’

can be hydrogen or at least one R? can be methyl.

[076] Examples of suitable dithiols include, 1,2-c¢thanedithiol, 1,2-propanedithiol, 1,3-
propancdithiol, 1,3-butancdithiol, 1,4-butanedithiol, 2,3-butanedithiol, 1,3-pentancdithiol,
1,5-pentanedithiol, 1,6-hexanedithiol, 1,3-dimercapto-3-methylbutane, dipentenedimercaptan,
ethylcyclohexyldithiol (ECHDT), dimercaptodiethylsulfide, methyl-substituted
dimercaptodicthylsulfide, dimethyl-substituted dimercaptodiethylsulfide,
dimercaptodioxaoctane, 1,5-dimercapto-3-oxapentane, and a combination of any of the
foregoing. A dithiol may have one or more pendant groups selected from a lower (¢.g., Ci)
alkyl group, a lower alkoxy group, and a hydroxyl group. Suitable alkyl pendant groups
include, for example, Ci linear alkyl, Cs branched alkyl, cyclopentyl, and cyclohexyl.

[077] Other examples of suitable dithiols include dimercaptodicthylsulfide (DMDS) (1n
Formula (3), R! is —[(-CH2-)py—X~]q—(CHz)—, wherein pis 2, ris 2, g is 1, and X is —S-);
dimercaptodioxaoctane (DMDO) (in Formula (3), R' is —[(-CH>-),—X~]—(CH,)—, wherein p

1s 2, q1s 2, ris 2, and X 1s —O-); and 1,5-dimercapto-3-oxapentane (in Formula (3), R' is —[(-
CH>-)y—X-](CHy)—, wheremn p1s 2, ris 2, g 1s 1, and X 1s —O-). It 1s also possible to use

dithiols that include both heteroatoms 1n the carbon backbone and pendant alkyl groups, such
as methyl groups. Such compounds include, for example, methyl-substituted DMDS, such as
HS-CH,CH(CHj3)-S-CH,CH,-SH, HS—CH(CH3)CH,>-S-CH,;CH,-SH and dimethyl
substituted DMDS, such as HS—-CH,CH(CH;)-S-CHCH;CH,-SH and HS—CH(CH;)CH,—S—
CH;CH(CH3)—-SH.

[078] Suitable divinyl ethers for preparing thiol-terminated polythioethers prepolymers

include divinyl ethers of Formula (4):

CH,=CH-0-(-R>-0-),—CH=CH (4)
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where R* in Formula (4) is selected from a C, n-alkanediyl group, a Cs branched alkanediyl

oroup, a Ce-g cycloalkanediyl group, a Cs.10 alkanecycloalkanediyl group, and —[(-CH»—),—0O—
|—(—CHa2—)—, where p 1s an integer ranging from 2 to 6, g 1s an integer from 1 to 5, and r1s an
integer from 2 to 10. A divinyl ether of Formula (4), R* is a C, n-alkanediyl group, a Cs

branched alkanediyl group, a Cs5 cycloalkanediyl group, a Ce-10 alkanecycloalkanediyl group,
or —[(—CH2—)p—O—]¢—(—CHz-)—.

[079] Suitable divinyl ethers include, for example, compounds having at least one
oxvyalkanediyl group, such as from 1 to 4 oxyalkanediyl groups, 1.¢., compounds mn which m
in Formula (4) 1s an integer from 1 to 4. M 1n Formula (4) can be an integer ranging from 2 to
4. It 1s also possible to employ commercially available divinyl ether mixtures that are
characterized by a non-integral average value for the number of oxyalkanediyl units per
molecule. Thus, m 1n Formula (4) can also take on rational number values ranging from 0 to
10.0, such as from 1.0 to 10.0, from 1.0 to 4.0, or from 2.0 to 4.0.

[080] Examples of suitable divinyl ethers include, divinyl ether, ethylene glycol divinyl
ether (EG-DVE) (R” in Formula (4) is ethanediyl and m is 1), butanediol divinyl ether (BD-
DVE) (R” in Formula (4) is butanediyl and m is 1), hexanediol divinyl ether (HD-DVE) (R* in
Formula (4) is hexanediyl and m is 1), diethylene glycol divinyl ether (DEG-DVE) (R* in
Formula (4) is ethanediyl and m is 2), triethylene glycol divinyl ether (R* in Formula (4) is
ethanediyl and m is 3), tetracthylene glycol divinyl ether (TEG-DVE) (R? in Formula (4) is
cthanediyl and m 1s 4), cyclohexanedimethanol divinyl ether, polytetrahydrofuryl divinyl
cther; trivinyl ether monomers, such as trimethylolpropane trivinyl ether; tetratunctional ether
monomers, such as pentacrythritol tetravinyl ether; and combinations of two or more such
divinyl ether monomers. A divinyl ether may have one or more pendant groups sclected from
alkyl groups, hydroxyl groups, alkoxy groups, and amine groups.

[081] Divinyl ethers in which R? in Formula (4) 1s Cs branched alkanediyl may be
prepared by reacting a polyhydroxy compound with acetylene. Examples of divinyl ethers of
this type include compounds in which R? in Formula (4) 1s an alkyl-substituted methanediyl
group such as -CH(CHs;)- (for example Pluriol®blends such as Pluriol®E-200 divinyl ether
(BASF Corp., Parsippany, NJ), for which R* in Formula (4) is ethanediyl and m is 3.8) or an
alkyl-substituted ethanediyl (for example —CH,CH(CH3)- such as DPE polymeric blends
including DPE-2 and DPE-3, International Specialty Products, Wayne, NJ).

[082] Other useful divinyl ethers include compounds in which R? in Formula (4) is
polytetrahydrofuryl (poly-THF) or polyoxyalkanediyl, such as those having an average of
about 3 monomer units.

[083] Two or more types of divinyl ether monomers of Formula (4) may be used. Thus,
two dithiols of Formula (3) and one divinyl ether monomer of Formula (4), one dithiol of

Formula (3) and two divinyl ether monomers of Formula (4), two dithiols of Formula (3) and
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two divinyl ether monomers of Formula (4), and more than two dithiols or divinyl ethers of
on¢ or both Formula (3) and Formula (4), may be used to produce a variety of thiol-
terminated polythioether prepolymers.

[084] A divinyl ether monomer can comprise 20 mole percent to less than 50 mole
percent of the reactants used to prepare a thiol-terminated polythioether prepolymer, or 30
mole percent to less than 50 mole percent.

[085] Relative amounts of dithiols and divinyl ethers can be selected to vield
polythioether prepolymers having terminal thiol groups. Thus, a dithiol of Formula (3) or a
mixture of at least two different dithiols of Formula (3), can be reacted with of a divinyl ether
of Formula (4) or a mixture of at least two different divinyl ethers of Formula (4) in relative
amounts such that the molar ratio of thiol groups to vinyl groups 1s greater than 1:1, such as
from 1.1:1.0t0 2.0:1.0.

[086] The reaction between compounds of dithiols and divinyl ethers may be catalyzed
by a free radical catalyst. Suitable free radical catalysts include, for example, azo compounds,
for example azobisnitriles such as azo(bis)isobutyronitrile (AIBN); organic peroxides such as
benzoyl peroxide and 7-butyl peroxide; and mnorganic peroxides such as hydrogen peroxide.
The catalyst may be, for example, a free-radical catalyst, an 1onic catalyst, or ultraviolet
radiation. A catalyst may not comprise an acidic or basic compound, and may not produce
acidic or basic compounds upon decomposition. Examples of free-radical catalysts include
azo-type catalyst, such as Vazo®-57 (Du Pont), Vazo®-64 (Du Pont), Vazo®-67 (Du Pont), V-
70% (Wako Specialty Chemicals), and V-65B® (Wako Specialty Chemicals). Examples of
other free-radical catalysts include alkyl peroxides, such as t-butyl peroxide. The reaction
may also be eftected by irradiation with ultraviolet light either with or without a cationic
photoinitiating moiety.

[087] Thiol-terminated polythioether prepolymers provided by the present disclosure
may be prepared by combining at least one dithiol of Formula (3) and at least one divinyl
cther of Formula (4) followed by addition of an appropriate catalyst, and carrying out the
reaction at a temperature from 30°C to 120°C, such as 70°C to 90°C, for a time from 2 hours
to 24 hours, such as from 2 hours to 6 hours.

[088] Thiol-terminated polythioether prepolymers may comprise a polyfunctional
polythioether prepolymer having an average functionality of greater than 2.0. Suitable
polyfunctional thiol-terminated polythiocther prepolymers include, for example, those having
the structure ot Formula (5):

B(-A-SH), (5)
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wherein: (1) —A— comprises, for example, a structure of Formula (1), (11) B denotes a z-valent
residue of a polyfunctionalizing agent; and (111) z has an average value of greater than 2.0,
and, a value between 2 and 3, a value between 2 and 4, a value between 3 and 6, or can be an
integer from 3 to 6.

[089] A polytunctionalizing agent can have the structure B(-—V), where B represents a
core of the z-valent polyfunctionalizing agent, z 1s an integer from 3 to 6; and cach V 1s a
group comprising a terminal group reactive with a thiol group. A group reactive with a thiol
group can be an alkenyl group or an epoxy group.

[090] Polytunctionalizing agents suitable for preparing polytunctional thiol-terminated
polythioether prepolymers can include trifunctionalizing agents, that 1s compounds where z 1s
3. Suitable trifunctionalizing agents include, for example, tniallyl cyanurate (TAC), 1,2,3-
propanetrithiol, 1socyanurate-containing trithiols, and combinations thereof, as disclosed n
U.S. Publication No. 2010/0010133. Other useful polyfunctionalizing agents include
trimethylolpropane trivinyl ether, and the polythiols described 1n U.S. Patent Nos. 4,366,307
4.609,762; and 5,225.472. Mixtures of polyfunctionalizing agents may also be used.

[091] As a result, thiol-terminated polythioether prepolymers suitable for use in
compositions provided by the present disclosure may have a wide range of average
functionality. For example, trifunctionalizing agents may attford average functionalities from
2.05to 3.0, such as from 2.1 to 2.6. Wider ranges of average functionality may be achieved
by using tetratunctional or higher functionality polyfunctionalizing agents. Functionality may
also be atfected by factors such as stoichiometry, as will be understood by those skilled 1n the
art.

[092] Thiol-terminated polythiocther prepolymers having a functionality greater than
2.0 may be prepared in a manner similar to the difunctional thiol-terminated polythioether
prepolymers described in U.S. Application Publication No. 2010/0010133. Polythioether
prepolymers may be prepared, for example, by combining (1) one or more dithiols described
herein, with (11) one or more divinyl ethers described herein, and (111) one or more
polyfunctionalizing agents. The mixture may then be reacted, optionally 1n the presence of a
suitable catalyst, to atford a thiol-terminated polythioether prepolymer having a functionality
greater than 2.0, such as from 2.1 to 2.9.

[093] Thus, a thiol-terminated polythioether prepolymer can comprise the reaction

product of reactants comprising:

(a) a dithiol of Formula (3):

HS-R'-SH (3)

wherein:
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R' is selected from C, alkanediyl, Cess cycloalkanedivyl, Cs.10
alkanecycloalkanediyl, Css heterocycloalkanedivyl, and —[-(CHR?),—X—]
(CHR?)~; wherein:

cach R’ is independently selected from hydrogen and methyl;

cach X 1s independently selected from —O—, —S—, -NH-, and
—N(—CH;3)—;

p 1s an 1nteger from 2 to 6;

q 1s an integer from 1 to 5; and

r 1s an integer from 2 to 10; and

(b) a divinyl ether of Formula (4):

CH,=CH-0-[-R>-0-].,—CH=CH (4)
wherein:

cach R* is independently selected from Cj-j9 alkanediyl, Ces
cycloalkanediyl, Ce.14 alkanecycloalkanediyl, and —[(-CHR’-)y—X—]q—(

CHR’-)—, wherein p, g, r, R?, and X are as defined above;

p 1s an 1nteger from O to 50;

n 1s an integer from 1 to 60; and

p 1s an integer from 2 to 6.
And, the reactants can further comprise (¢) a polyfunctional compound such as a
polytunctional compound B(-V),, where B, —V, and z arc as defied herein.
[094] Thiol-terminated polythioether prepolymers provided by the present disclosure
represent thiol-terminated polythioether prepolymers having a molecular weight distribution.
Suitable thiol-terminated polythioether prepolymers can exhibit a number average molecular
weight ranging from 500 Daltons to 20,000 Daltons, from 2,000 Daltons to 5,000 Daltons, or
from 3,000 Daltons to 4,000 Daltons. Suitable thiol-terminated polythiocther prepolymers
can exhibit a polydispersity (Mw/Mn; weight average molecular weight/number average
molecular weight) ranging from 1 to 20, or from 1 to 5. The molecular weight distribution of
thiol-terminated polythioether prepolymers may be characterized by gel permeation
chromatography. Thiol-terminated polythioethers provided by the present disclosure can be
liquid at room temperature and can be combined and mixed with additives such as fillers,
adhesion promoters, pigments, curing agents and/or a non-chromate corrosion inhibitor to
provide a composition, curable composition, or sealant provided by the present disclosure.
[095] Compositions provided by the present disclosure can comprise from 30 wt% to
65 wt%, from 35 wt% to 60 wt%, from 40 wt% to 55 wt%, or from 45 wt% to 55 wt% of a
thiol-terminated polythiocther prepolymer or a combination of thiol-terminated polythiocther

prepolymers, where wt% 1s based on the total weight of the composition.
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Polyepoxide
[096] Compositions including curable compositions provided by the present disclosure
can comprise a polyepoxide curing agent.
[097] Curing agents usetul in compositions provided by the present disclosure mclude
those that are reactive with the thiol terminal groups of the thiol-terminated polythioether
prepolymer.
[098] A curing agent comprises a polyepoxide curing agent, ¢.g., an epoxide having
two or more reactive epoxy groups. Examples of suitable polyepoxides include polyepoxide
resins such as hydantoin diepoxide, diglycidyl ether of bisphenol-A, diglycidyl ether of
bisphenol-F, Novolac® type epoxides such as DEN® 438 or DEN® 431 (Dow Chemical),
certain epoxidized unsaturated resins, and combinations of any of the foregoing.
[099] A polyepoxide can comprise a diepoxide such as, for example, EPON® 828,
DEN® 431, or a combination therecof. EPON® Resin 828 (Momentive) 1s described as a
difunctional bisphenol A/epichlorohydrin derived liquid epoxy resin. DEN® 431 1s described
as an epoxy novolac resin comprising the reaction product of epichlorohydrin and phenol-
formaldechyde novolac having an average epoxy functionality of 2.8. Other examples of
suitable polyepoxide resins include Bisphenol A epoxide resins, Bisphenol F epoxide resins,
Bisphenol S epoxide resins, novolac epoxide resins, aliphatic epoxide resins including
glycidyl epoxide resins and
[0100] A polyepoxide can comprise a polytunctional sulfur-containing epoxide such as
disclosed 1n U.S. Patent No. 8,710,159, which 1s incorporated by reference.
[0101] Curable compositions provided by the present disclosure can comprise from 3
wt% to 10 wt%, from 4 wt% to 9 wt%, from 35 wt% to 8 wt%, or from 6 wt% to 7 wt% of a
polyepoxide or a combination of polyepoxides, where wt% 1s based on the total weight of the
curable composition.
[0102] A polyepoxide curing agent can comprise an epoxy-functional prepolymer.
Examples of suitable epoxy-terminated prepolymers include the epoxy-terminated
polythioether prepolymers disclosed in U.S. Patent No. 7,671,145 and U.S. Patent No.
8,541,513, each of which 1s incorporated by reference 1n 1ts entirety. In general, when used as
a curing agent, an epoxy-terminated prepolymer has a number average molecular weight less
than about 2,000 Daltons, less than about 1,500, Daltons, less than about 1,000 Daltons, or
less than about 500 Daltons. For example, an epoxy-terminated polythioether prepolymer can
have a number average molecular weight from 500 Daltons to 2,000 Daltons or from 500
Daltons to 1,000 Daltons. An epoxy-terminated prepolymer may be prepared by reacting a
thiol-terminated polythiocther prepolymer provided by the present disclosure with a
compound having an epoxy group (—-CH(—O-CH,-)) and a group reactive with thiol groups

such as a monoepoxy of Formula (6):
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R*-R°-CH(-O-CHy-) (6)

where R* comprises a group, other than an epoxy group that is reactive with a thiol group. R*
can be derived from an alkenyl group or an olefin conjugated with an electron attracting
group such as acrylates methacrylates, acrylonitrile and methacrylonitrile. R> can be selected
from a C,.10 alkanediyl group, and a C,-10 alkylencoxy group.

[0103] A polyepoxide can also comprise a polybasic acid-based polyepoxide resin.
Polybasic acid-based polyepoxide resins comprise a hydrophobic backbone. Hydrophobicity
of the backbone can impart enhanced adhesion and corrosion resistance to cured compositions
comprising polybasic acid-based epoxies. The increased hydrophobicity can reduce the
permeation of gases and/or moisture through the cured sealant and can reduce the mobility of
1ons at the interface between the sealant and the surface to which the sealant 1s applied. Both
attributes can result in enhanced corrosion resistance. Therefore, suitable polybasic acid-
based epoxies can comprise a hydrophobic backbone. Examples of oligomers characterized
by hydrophobic backbones include, for example, fatty acids, lipids, polyacrylates, alkylenes,
alkyl-substituted ethyleneimine, alkyl acrylamides, styrenes, vinyl ethers, vinyl esters, and/or
vinyl halides. Compositions of the present disclosure can comprise a polybasic acid-based
epoxy. Polybasic acids are generally viscous liquids produced by the oligomerization of
saturated and/or unsaturated fatty acids. The carbon atoms of the constituent fatty acid chains
can be linked together 1in a variety of ways to produce different structural types such as cyclic,
monocyclic, bicyclic, and aromatic polybasic acids. Furthermore, within each type there can
be many structural 1somers. The distribution of the structural types and 1somers can depend,
for example, on the degree of the saturation of the starting fatty acid monomers and the
process conditions employed for oligomerization. Examples of saturated fatty acids include
hexadecanoic acid, octadecanoic acid, tetracosanoic acid, and the like. Examples of mono-
unsaturated fatty acids include hexandecenoic acid, octadecenoic acid, and cis-tetracosenoic
acid, and the like. Examples of polyunsaturated fatty acids include hexandecadienoic acid,
octadecadienoic acid, and the like. A fatty acid monomer can be for example, a Cs0 fatty
acid, which can have any degree of saturation. Polybasic acid-based epoxies of the present
disclosure can be derived from a C,3 fatty acid.

[0104] Polybasic acid-based polyepoxide resins are disclosed in U.S. Application
Publication No. 2009/03261676, which 1s incorporated by reference 1n 1ts entirety. Polybasic
acid-based epoxies can be prepared by reacting a polybasic acid with a polyepoxide. A
polyepoxide mcorporates two or more epoxy groups. Any appropriate polyepoxide can be
used. A polybasic acid-based polyepoxide can have two epoxy groups, three epoxy groups, or

mor¢ than three epoxy groups. The polybasic acid-based polyepoxide can comprise a single
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type of polyepoxide or a mixture of polyepoxides. A polyepoxide can comprise a
polyepoxide, such as a diepoxide where an epoxide refers to a subgenus of epoxies containing

a saturated, three-membered cyclic ether having the structure of Formula (7):

—CH,-CH(—O-CH>-) (7)

[0105] Examples of useful diepoxides for preparing Polybasic acid-based polyepoxides
include hydantoin diepoxide, diglycidyl ethers of bisphenol-A such as EPON® 828
(commercially available from Resolution Performance Products, LLC), diglycidyl ethers of
bisphenol-F, novolac type epoxides such as DEN® 431 (commercially available from Dow
Plastics), and epoxidized unsaturated phenolic resins, acrylic polyol esters, methacrylic polyol
esters, and tnallylcyanurate. The stoichiometry of the acid groups of a polybasic acid and the
epoxy groups of the epoxy can be selected to produce a polybasic acid-based epoxy having
terminal epoxy groups capable of reacting with the terminal thiol groups of a polythioether
prepolymer. For example, one mole of a polythiocther prepolymer of Formula (2a) can be
reacted with 2 moles of a diepoxide, and one mole of a trifunctional polythioether prepolymer
of Formula (2b) can be reacted with 6 moles of a diepoxide. Any appropriate reaction method
can be used to form a polybasic acid-based epoxide, for example, a polybasic acid-based
epoxy can be produced by reacting a polybasic acid and a polyepoxide in the presence of a
phenyl phosphine catalyst at a temperature from 110°C to 120°C. Examples of commercially
available polybasic acid-based polyepoxides include Hypox® DA323 (Specialty Chemicals,
Inc.), Epotut® (Reichhold), and Heloxy® (Resolution Performance Products).

Amine Catalyst
[0106] Compositions including curable compositions provided by the present disclosure
can include an amine catalyst. For example, compositions provided by the present disclosure
can include a tertiary amine catalyst. Examples of suitable tertiary-amine catalysts include
N, N-dimethylethanolamine (DMEA), tricthylene diamine (TEDA), bis(2-
dimethylaminoethyl)ether (BDMEE), N-ethylmorpholine, N',N’-dimethylpiperazine,
N.N,N’,N’,N -pentamethyl-dicthylene-triamine (PMDETA), N, N-dimethylcyclohexylamine
(DMCHA), N,N-dimethylbenzylamine (DMBA), N,N-dimethylcethylamine, NN N’ N" N -
pentamethyl-dipropylene-triamine (PMDPTA), tritethylamine, 1-(2-
hydroxypropl)imidazole,1,8-diazabicyclo|5.4.0Jundec-7-ene bicarbonate (DBU), 1.4-
diazabicyclo|2.2.2]octane (DABCO®) such as DABCO® 33-LV (Air Products and
Chemicals).
[0107] Suitable tertiary-amine catalysts for use in compositions provided by the present

disclosure include those particularly suited for epoxide systems including, for example,
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dimethylaminomethylphenol, 2.4.6-tri(diemethylaminomethyl)phenol, 2-ethylhexanoic acid
salt, imidazole, imidazole-based catalysts, and combinations of any of the foregoing.
[0108] Compositions provided by the present disclosure can comprise 1,4-
diazabicyclo|2.2.2]octane, 2.4,6-tri(diemethylamimomethyl)phenol, imidazole, or a
combination of any of the foregoing.
[0109] Compositions provided by the present disclosure can comprise from 0.01 wt% to
0.2 wt% such as from 0.03 wt% to 0.13 wt% of a tertiary amine catalyst or a combination of
tertiary amine catalysts, where wt% 1s based on the total weight of the curable composition.
Compositions provided by the present disclosure can comprise from 0.05 wt% to 1.5 wt%
such as from 0.05 wt% to 1 wt% or from 0.05 wt% to 0.5 wt%, of a tertiary amine catalyst or
a combination of tertiary amine catalysts such as 1,4-diazabicyclo[2.2.2]octane (DABCO®),
2.4 .6-tris(dimethylaminomethyl)phenol (DMP-30) or imidazole, where wt% 1s based on the
total weight of the curable composition.

Sealant Formulations
[0110] Uncured sealants provided by the present disclosure can be provided as a two part
system comprising a base component and an accelerator component which can be prepared
and stored separately, combined, and mixed at the time of use.
[0111] The base component or composition can comprise the thiol-terminated
polythioether prepolymer, a catalyst and a first portion of the non-chromate corrosion
inhibitor. The accelerator component or composition can comprise the polyepoxide curing
agent and a second portion of the non-chromate corrosion imhibitor. The first and second
portions can comprise different components of the non-chromate corrosion inhibitor.
[0112] The base component and the accelerator component can be formulated to be
rendered compatible when combined such that the constituents of the base and accelerator
components can mtermix and be homogencously dispersed to provide a scalant composition
for application to a substrate. Factors affecting the compatibility of the base and accelerator
components include, for example, viscosity, pH, density, and temperature.
[0113] Curable compositions provided by the present disclosure can be advantageously
used as sealants, and 1n particular, as sealants where low temperature flexibility and resistance
to fuel are desirable attributes. For example, curable compositions can be used as aviation and
acrospace scalants. A sealant refers to a curable composition that has the ability when cured
to resist atmospheric conditions such as moisture and temperature and at least partially block
the transmission of materials such as water, water vapor, fuel, solvents, and/or iquids and
oases.
[0114] Uncured sealant compositions provided by the present disclosure can be

formulated as suitable for a particular acrospace sealant application. For example, secalant

21



CA 03003263 2018-04-25

WO 2017/074919 PCT/US2016/058628

compositions can be formulated as Class A, Class s B, or as Class C fuel resistant acrospace
scalants.
[0115] A Class A sealant can be formulated for use at service temperatures from -65°F (-
54°C) to 250°F (121°C) with intermittent excursions to 275°F (135°F). A Class A sealant 1s
intended to be applied by brushing and can be used, for example, for as brush secaling
fasteners 1n fuel tanks and other aircraft fuselage sealing applications. A Class A sealant can
have an mitial viscosity from 1 poise to 500 poise.
[0116] A Class B sealant can be formulated for use at service temperatures from -65°F to
250°F (-34°C to 121°C) and 1s intended for fillet sealing and other aircraft fuselage sealing
applications. A Class B sealant can have an mitial viscosity from 4,500 poise to 20,000 poise.
A Class B sealant can be applied by extrusion, injection gun, or spatula.
[0117] A Class C sealant can be formulated for use at service temperatures from -65°F to
250°F (-54°C to 121°C) and 1s intended for brush and fay sealing of fuel tanks and other
aircraft fuselage sealing applications. A Class C sealant can have an 1nitial viscosity from
500 poise to 4,500 poise. A Class C sealant can be applied by brush, roller, spatula, or
extrusion.

Formulations
[0118] Compositions provided by the present disclosure may be formulated as sealants.
By formulated 1s meant that in addition to the reactive species forming the cured polymer
network, additional material can be added to a composition to impart desired properties to the
uncured sealant and/or to the cured sealant. For the uncured sealant these properties can
include viscosity, pH, and/or rheology. For cured sealants, these properties can include
weight, adhesion, corrosion resistance, color, glass transition temperature, electrical
conductivity, cohesion, and/or physical properties such as tensile strength, elongation, and
hardness. Compositions provided by the present disclosure may comprise one or more
additional components suitable for use 1n acrospace sealants and depend at least in part on the
desired performance characteristics of the cured sealant under conditions of use.
[0119] Compositions provided by the present disclosure can comprise one or more
adhesion promoters. The composition may contain from 0.1 wt% to 15 wt% of an adhesion
promoter, less than 5 wt%, less than 2 wt%, or less than 1 wt% of an adhesion promoter,
based on the total dry weight of the composition. Examples of adhesion promoters include
phenolics, such as Methylon® phenolic resin, and organosilanes, such as epoxy-, mercapto- or
amino-functional silanes, including, for example, Silquest® A-187 and Silquest® A-1100.
Other useful adhesion promoters are known 1n the art.
[0120] Suitable adhesion promoters include sulfur-containing adhesion promoters such
as those disclosed in U.S. Patent Nos. 8,513,339, 8,952,124, and 9,056,949 and U.S.
Application Publication No. 2014/0051789, each of which 1s incorporated by reference.
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[0121] Compositions provided by the present disclosure may comprise one or more
different types of filler. Suitable fillers include those commonly known 1n the art, including
inorganic fillers, such as carbon black and calcium carbonate (CaCOs), silica, polymer
powders, and lightweight fillers. Examples of electrically non-conductive fillers include
materials such as, but not limited to, calcium carbonate, mica, polyamide, fumed silica,
molecular sieve powder, microspheres, titanmum dioxide, chalks, alkaline blacks, cellulose,
zinc sulfide, heavy spar, alkaline earth oxides, and alkaline earth hydroxides. A composition
can include 5 wt% to 60 wt% of a filler or combination of fillers, 10 wt% to 50 wt%, or from
20 wt% to 40 wt%, based on the total dry weight of the composition. Compositions provided
by the present disclosure may further include one or more colorants, thixotropic agents,
accelerators, fire retardants, adhesion promoters, solvents, masking agents, or a combination
of any of the foregoing. As can be appreciated, fillers and additives employed 1n a
composition may be selected so as to be compatible with each other as well as the polymeric
component, curing agent, and or catalyst.

[0122] Compositions provided by the present disclosure can include low density filler
particles. Low density particles refers to particles that have a specific gravity of no more than
0.7, no more than 0.25, or no more than 0.1. Suitable lightweight filler particles often fall
within two categories — microspheres and amorphous particles. The specific gravity of
microspheres may range from 0.1 to 0.7 and include, for example, polystyrene foam,
microspheres of polyacrylates and polyoletfins, and silica microspheres having particle sizes
ranging from 5 microns to 100 microns and a specific gravity of 0.25 (Eccospheres®). Other
examples include alumina/silica microspheres having particle sizes i the range of 5 to 300
microns and a specific gravity of 0.7 (Fillite®), aluminum silicate microspheres having a
specific gravity of from about 0.45 to about 0.7 (Z-Light®), calcium carbonate-coated
polyvinylidene copolymer microspheres having a specific gravity of 0.13 (Dualite® 6001 AE),
and calcium carbonate coated acrylonitrile copolymer microspheres such as Dualite® E135,
having an average particle size of about 40 um and a density of 0.135 g/cc (Henkel). Suitable
fillers for decreasing the specific gravity of the composition include, for example, hollow
microspheres such as Expancel® microspheres (available from AkzoNobel) or Dualite® low
density polymer microspheres (available from Henkel). Compositions provided by the present
disclosure can include lightweight filler particles comprising an exterior surface coated with a
thin coating, such as those described 1n U.S. Application Publication No. 2010/0041839,
which 1s incorporated by reference 1n its entirety. Suitable lightweight fillers are also
disclosed in U.S. Patent No. 6,525,168.

[0123] A composition can comprise less than 2 wt% of lightweight particles, less than
1.5 wt%, less than 1.0 wt%, less than 0.8 wt%, less than 0.75 wt%, less than 0.7 wt% . or less
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than 0.5 wt% of a composition, where wt% 1s based on the total dry solids weight of the
composition.

[0124] A composition provided by the present disclosure can comprise light weight
fillers that reduce the specific gravity of the composition. For example, a composition can
have a specific gravity from 0.8 to 1, 0.7 to 0.9, from 0.75 to 0.85, from 0.9 to 1.2, from 1.0 to
1.2, or about 0.8 or about 1.1. A composition can have a specific gravity from 1.02 to 1.22,
from 1.04 to 1.20, from 1.06 to 1.18, from 1.08 to 1.16, from 1.10to 1.14, or from 1.11 to
1.13. The specific gravity of a composition can be less than about 1.2, less than about 1.1,
less than about 1.0, less than 0.9, less than about 0.8, less than about 0.75, less than about 0.7,
less than about 0.63, less than about 0.6, or less than about 0.55.

[0125] A composition provided by the present disclosure can comprise an electrically
conductive filler. Electrical conductivity and EMI/RFI shiclding effectiveness can be
imparted to a composition by incorporating conductive materials. The conductive elements
can mclude, for example, metal or metal-plated particles, fabrics, meshes, fibers, and
combinations thereof. The metal can be 1n the form of, for example, filaments, particles,
flakes, or spheres. Examples of suitable metals include copper, nickel, silver, aluminum, tin,
and steel. Other conductive matenals that can be used to impart EMI/RFI shielding
cttectiveness to polymer compositions include conductive particles or fibers comprising
carbon or graphite. Conductive polymers such as polythiophenes, polypyrroles, polyaniline,
poly(p-phenylene) vinylene, polyphenylene sulfide, polyphenylene, and polyacetylene can
also be used.

[0126] Electrically conductive fillers also include high band gap materials such as zinc
sulfide and 1norganic bartum compounds.

[0127] Fillers used to impart electrical conductivity and EMI/RFI shiclding effectiveness
to polymer compositions are well known 1n the art. Examples of electrically conductive fillers
further include clectrically conductive noble metal-based fillers such as pure silver; noble
metal-plated noble metals such as silver-plated gold; noble metal-plated non-noble metals
such as silver plated cooper, nickel or aluminum, for example, silver-plated aluminum core
particles or platinum-plated copper particles; noble-metal plated glass, plastic or ceramics
such as silver-plated glass microspheres, noble-metal plated aluminum or noble-metal plated
plastic microspheres; noble-metal plated mica; and other such noble-metal conductive fillers.
Non-noble metal-based materials can also be used and include, for example, non-noble metal-
plated non-noble metals such as copper-coated 1ron particles or nickel plated copper; non-
noble metals, €.g., copper, aluminum, nickel, cobalt; non-noble-metal-plated-non-metals, ¢€.g.,
nickel-plated graphite and non-metal materials such as carbon black and graphite.

Combinations of ¢lectrically conductive fillers can also be used to meet the desired
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conductivity, EMI/RFI shielding effectiveness, hardness, and other properties suitable for a
particular application.

[0128] The shape and size of the electrically conductive fillers used in compositions of
the present disclosure can be any appropriate shape and size to impart EMI/RFI shielding
cttectiveness to the cured composition. For example, fillers can be of any shape that 1s
oenerally used 1n the manufacture of electrically conductive fillers, including spherical, flake,
platelet, particle, powder, 1rregular, fiber, and the like. In certain sealant compositions of the
disclosure, a base composition can comprise Ni-coated graphite as a particle, powder or flake.
The amount of Ni-coated graphite 1n a base composition can range from 40 wt% to 80 wt%o,
or can range from 50 wt% to 70 wt%, based on the total weight of the base composition. An
electrically conductive filler can comprise N1 fiber. N1 fiber can have a diameter ranging from
10 um to 50 um and have a length ranging from 250 um to 750 um. A base composition can
comprise, for example, an amount of N1 fiber ranging from 2 wt% to 10 wt%, or from 4 wt%
to 8 wt%, based on the total weight of the base composition.

[0129] Carbon fibers, particularly graphitized carbon fibers, can also be used to impart
clectrical conductivity to sealant compositions. Carbon fibers formed by vapor phase
pyrolysis methods and graphitized by heat treatment and which are hollow or solid with a
fiber diameter ranging from 0.1 micron to several microns, have high ¢lectrical conductivity.
As disclosed in U.S. Patent No. 6,184,280, carbon microfibers, nanotubes or carbon fibrnls
having an outer diameter of less than 0.1 um to tens of nanometers can be used as electrically
conductive fillers. An example of graphitized carbon fiber suitable for conductive
compositions of the present disclosure include Panex® 30MF (Zoltck Companies, Inc., St.
Louis, MO), a 0.921 um diameter round fiber having an electrical resistivity of 0.00055 Q-
cm.

[0130] The average particle size of an electrically conductive filler can be within a range
uscful for imparting electrical conductivity to a polymer-based composition. For example, the
particle size of the one or more fillers can range from 0.25 um to 250 um, from 0.25 pm to 75
um, or from 0.25 um to 60 um. Compositions of the present disclosure can comprise
Ketjenblack® EC-600 JD (Akzo Nobel, Inc., Chicago, IL), an electrically conductive carbon
black characterized by an 10dine absorption of 1000 mg/g to 11500 mg/g (J0/84-5 test
method), and a pore volume of 480 ¢cm>/100 gm to 510 cm?/100 gm (DBP absorption, KTM
81-3504). An electrically conductive carbon black filler can comprise Black Pearls 2000
(Cabot Corporation, Boston, MA).

[0131] Electrically conductive polymers can be used to impart or modity the electrical
conductivity of sealant compositions of the present disclosure. Polymers having sulfur atoms
incorporated into aromatic groups or adjacent double bonds, such as 1n polyphenylene sulfide,

and polythiophene, are known to be electrically conductive. Other electrically conductive

25



CA 03003263 2018-04-25

WO 2017/074919 PCT/US2016/058628

polymers include, for example, polypyrroles, polyaniline, poly(p-phenylene) vinylene, and
polyacetylene. Furthermore, thiol-terminated prepolymers can comprise aromatic sulfur
groups and sulfur atoms adjacent conjugated double bonds such as vinylcyclohexene-
dimercaptodioxaoctane groups incorporated into the backbone of the thiol-terminated
prepolymer, to enhance the electrical conductivity.

[0132] Compositions of the present disclosure can comprise more than one electrically
conductive filler and the more than one electrically conductive filler can be of the same or
different materials and/or shapes. For example, a sealant composition can comprise
clectrically conductive N1 fibers, and electrically conductive Ni-coated graphite in the form of
powder, particles and/or flakes. The amount and type of electrically conductive filler can be
selected to produce a sealant composition which, when cured, exhibits a sheet resistance
(four-point resistance) of less than 0.50 Q./cm?, or a sheet resistance less than 0.15 Q /cm?.
The amount and type of filler can also be selected to provide effective EMI/RFI shielding
over a frequency range from 1 MHz to 18 GHz.

[0133] Galvanic corrosion of dissimilar metal surfaces and the conductive compositions
of the present disclosure can be minimized or prevented by adding corrosion inhibitors to the
composition, and/or by selecting appropriate conductive fillers. The non-chromate corrosion
inhibitors provided by the present disclosure can increase the corrosion resistance of sealants
comprising an ¢lectrically conductive filler U.S. Patent No. 5,284,888 and U.S. Patent No.
5.270.364 disclose the use of aromatic triazoles to inhibit corrosion of aluminum and steel
surfaces that can also be included 1n a sealant composition provided by the present disclosure.
A sacrificial oxygen scavenger such as Zn can be used as a corrosion mhibitor. A corrosion
inhibitor can comprise less than 10% by weight of the total weight of the electrically
conductive composition. A corrosion inhibitor can comprise an amount ranging from 2 wt%
to 8 wt% of the total weight of the electrically conductive composition. Corrosion between
dissimilar metal surfaces can also be minimized or prevented by the selection of the type,
amount, and propertics of the conductive fillers comprising the composition.

[0134] An electrically conductive filler can be added to the base component or the
accelerator component of a two-part sealant composition. An electrically conductive base
composition can comprise an amount of electrically nonconductive filler from 2 wt% to 10
wt% based on the total weight of the base composition, or can range from 3 wt% to 7 wt%.
An accelerator composition can comprise an amount of electrically non-conductive filler
from less than 6 wt% or from 0.5% to 4% by weight, based on the total weight of the
accelerator composition.

[0135] A sealant composition can comprise from about 50 wt% to about 90 wt% of a
thiol-terminated polythiocther prepolymer, from about 60 wt% to about 90 wt%, from about
70 wt% to about 90 wt%. or from about 80 wt% to about 90 wt% of a thiol-terminated
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polythioether prepolymer, where wt% 1s based on the total dry solids weight of the scalant
composition.
[0136] A secalant composition may also include additives such as plasticizers, pigments,
surfactants, adhesion promoters, thixotropic agents, fire retardants, masking agents,
accelerators (such as amines, including 1,4-diaza-bicyclo[2.2.2] octane, DABCO®), and
combinations of any of the forecgoing. When used, the additives may be present in a
composition mn an amount ranging, for example, from about 0 wt% to about 60 wt%.
Additives may be present in a composition 1n an amount ranging from about 25 wt% to 60
wt%o.

Uses
[0137] Compositions provided by the present disclosure may be used, for example, 1n
secalants, coatings, encapsulants, and potting compositions. A sealant includes a composition
capable of producing a film that has the ability to resist operational conditions, such as
moisture and temperature, and at least partially block the transmission of materials, such as
water, fuel, and other liquid and gases. A coating composition includes a covering that 1s
applied to the surface of a substrate to, for example, improve the properties of the substrate
such as the appearance, adhesion, wettability, corrosion resistance, wear resistance, fuel
resistance, and/or abrasion resistance. A potting composition includes a material useful 1n an
clectronic assembly to provide resistance to shock and vibration and to exclude moisture and
corrosive agents. In particular, sealant compositions provided by the present disclosure are
useful as acrospace sealants and can be used, for example, in linings for fuel tanks.
[0138] Compositions, such as sealants, may be provided as multi-part compositions,
such as two-part compositions, where one part comprises one or more thiol-terminated
polythioether prepolymers and a second part comprises one or more polyepoxides. Additives
and/or other materials may be added to either part as desired or necessary. The two parts may
be combined and mixed prior to use. The working time of the mixed sealant composition can
be at least 12 hours, at least 24 hours, at least 48 hours, or more than 48 hours, where working
time refers to the period of time the mixed composition remains malleable, ¢.g., has a
suftficiently low viscosity, for application to a surface after mixing.
[0139] A composition cures to a tack-free cure within about 24 hours to about 72 hours
at a temperature of about 25°C or higher after the composition 1s no longer workable. The
time to form a viable seal using moisture-curable compositions provide by the present
disclosure can depend on several factors as can be appreciated by those skilled 1n the art, and
as defined by the requirements of applicable standards and specification. In general, curable
compositions provided by the present disclosure can develop adhesion strength within about 3
days to about 7 days following application to a surface. In general, full adhesion strength as
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