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ABSTRACT

Some embodiments of the present disclosure relate to a roofing putty. In some embodiments, the
roofing putty is a formulation that comprises at least one polysiloxane, at least one silane, and at
least one filler. Some embodiments of the present disclosure relate to a system comprising the
roofing putty and at least one roof substrate. Some embodiments of the present disclosure relate to
a method of using the roofing putty, such as, but not limited to, by disposing the roofing putty on

at least one roof substrate.
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ROOFING PUTTY, METHODS AND SYSTEMS UTILIZING THE SAME

RELATED APPLICATIONS

[1] The present application claims priority to U.S. Provisional Application No. 63/066,670,
filed August 17, 2020, which is hereby incorporated by reference herein in its entirety for all

purposes.

FIELD

[2] The present disclosure relates to the field of roofing putties.

BACKGROUND

[3] In both commercial and residential roofing applications, a good portion of labor costs,
material costs, or combinations thereof are spent dealing with applying materials to a roof substrate
or multiple roof substrates. For instance, installation of step flashing between penetrations defined
by multiple roof substrates may be time consuming and require special knowledge about water
flows. Simplified, user friendly, easy, fast, straightforward and error forgiving solutions to various

roofing installation issues are therefore needed.

SUMMARY
[4] Some embodiments of the present disclosure relate to a roofing putty.
[5] In some embodiments, the roofing putty is a formulation that comprises at least one

polysiloxane, at least one silane, and at least one filler. In some embodiments, the at least one
polysiloxane is present in an amount ranging from 50 wt% to 70 wt% based on a total weight of
the roofing putty. In some embodiments, the at least one filler and the at least one silane are present
in the roofing putty in a weight ratio of the at least one filler to the at least one silane ranging from
1:1 to 3:1. In some embodiments, the roofing putty exhibits an elongation ranging from 90% to

500% when tested according to ASTM D2370.

[6] Some embodiments of the present disclosure relate to a system comprising the roofing

putty and at least one roof substrate.
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[7] Some embodiments of the present disclosure relate to a method of using the roofing

putty, such as, but not limited to, by disposing the roofing putty on at least one roof substrate.

[8] In some embodiments, a roofing system includes a roof substrate; and roofing putty. In
some embodiments, the roofing putty is present on the roof substrate. In some embodiments, the
roofing putty is a formulation that includes at least one polysiloxane in an amount ranging from
50 wt% to 70 wt% based on a total weight of the roofing putty; at least one filler; and at least one
silane. In some embodiments, the at least one filler and the at least one silane are present in the
roofing putty in a weight ratio of the at least one filler to the at least one silane ranging from 1:1
to 3:1. In some embodiments, the roofing putty exhibits an elongation ranging from 90% to 500%,

when tested according to ASTM D2370.

[9] In some embodiments, the roof substrate comprises at least a first roof substrate and a
second roof substrate, wherein the second roof substrate is parallel to the first roof substrate,

wherein the roofing putty is disposed between the second roof substrate and the first roof substrate.

[10] In some embodiments, the roof substrate comprises at least a first roof substrate and a
second roof substrate, wherein the second roof substrate is co-planar with or transverse to the first
roof substrate, wherein the roofing putty is present on an interface between the second roof

substrate and the first roof substrate.

[11] In some embodiments, the first roof substrate, the second roof substrate, or any
combination thereof, is a plywood roof substrate, a glass roof substrate, a cellulosic roof substrate,
aroofing shingle, a glass mat, a fiberglass mat, an underlayment, a roofing membrane, a roof deck,
a photovoltaic (PV) panel, a modified bitumen (MODBIT) substrate, a roll good, a chimney, a

polyisocyanurate (ISO) foam board, or any combination thereof.

[12] In some embodiments, the at least one polysiloxane of the roofing putty is a mono-
trimethoxy terminated polysiloxane, a silanol terminated polysiloxane, or any combination

thereof.

[13] In some embodiments, the at least one polysiloxane of the roofing putty is a hydroxy
terminated polysiloxane, a di-hydroxy terminated polysiloxane, a vinyl terminated polysiloxane, a
di-vinyl terminated polysiloxane, a tri-methyl-silyl terminated polysiloxane or any combination

thereof.
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[14] In some embodiments, the at least one polysiloxane has a viscosity of 70 cP to 300,000
cP tested according to 70 cP to 300,000 cP tested according to ASTM 2196 at a temperature
ranging from 20 °C to 25 °C.

[15] In some embodiments, the roofing putty comprises the at least one filler in an amount

ranging from 15% to 30 wt% based on a total weight of the roofing putty.

[16] In some embodiments, the at least one filler is a reinforcing filler, a space filler, or any

combination thereof.

[17] In some embodiments, the reinforcing filler is fumed silica, micro-cellulose fibers, or

any combination thereof.

[18] In some embodiments, the reinforcing filler is ground silica, polymer fibers, kaolin, or

any combination thereof.
[19] In some embodiments, the space filler comprises hollow glass microspheres.

[20] In some embodiments, the hollow glass microspheres have an average particle size

ranging from 1 micron to 200 microns.

[21] In some embodiments, the space filler comprises polymer microspheres, sand, granules,
extended perlite, expanded polystyrene, beads, saw dust, flyash, pulp, polymer grains, polymer

flakes, rice hulls, or any combination thereof.

[22] In some embodiments, the roofing putty comprises the at least one silane in an amount

ranging from 5 wt% to 20 wt% based on a total weight of the roofing putty.

[23] In some embodiments, the at least one silane is an associative silane, a non-associative

silane, or any combination thereof.

[24] In some embodiments, the non-associative silane is octyltrimethoxysilane.
[25] In some embodiments, the non-associative silane is vinyltrimethoxysilane.
[26] In some embodiments, the associative silane is glycidoxypropyltrimethoxysilane,

aminoethylaminopropyltrimethoxysilane, or any combination thereof.
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[27] In some embodiments, the associative silane is methacryloxypropyltrimethoxysilane,
mercaptopropyltrimethoxysilane, methacryloxypropylmethyldimethoxysilane,

diphenyldimethoxysilane, epoxy silane oligomer, or any combination thereof.

[28] In some embodiments, the roofing putty does not comprise a bipodal silane in an amount

exceeding 5 wt % based on a total weight of the roofing putty.
[29] In some embodiments, the roofing putty does not comprise a bipodal silane.

[30] In some embodiments, the roofing putty does not comprise bis-(triethoxysilyl)ethane,
bis(trimethoxysilylpropyl)amine, bis[3-(triethoxysilyl)propyl] tetrasulfide, or any combination
thereof.

[31] In some embodiments, a weight ratio of the at least one filler to the at least one

associative silane in the roofing putty is from 5:1 to 15:1.

[32] In some embodiments, a weight ratio of the at least one filler to the at least one non-

associative silane in the roofing putty is from 1:1 to 5:1.

[33] In some embodiments, the roofing putty comprises at least one crosslinker in an amount

of 0.1 wt% to 5 wt% based on a total weight of the roofing putty.

[34] In some embodiments, the roofing putty comprises at least one additive chosen from at
least one pigment, at least one reactive diluent, at least one catalyst, at least one adhesion promoter,

or any combination thereof.

[35] In some embodiments, a method comprises obtaining a roofing putty. In some
embodiments, the method comprises disposing the roofing putty on at least one roof substrate. In
some embodiments, wherein the roofing putty is a formulation that comprises at least one
polysiloxane in an amount ranging from 50 wt% to 70 wt% based on a total weight of the roofing
putty; at least one filler; and at least one silane. In some embodiments, the at least one filler and
the at least one silane are present in the roofing putty in a weight ratio of the at least one filler to
the at least one silane ranging from 1:1 to 3:1. In some embodiments, the roofing putty exhibits an

elongation ranging from 90% to 500%, when tested according to ASTM D2370.

[36] In some embodiments, the at least one roof substrate comprises a first roof substrate and

a second roof substrate, the method further comprising sandwiching the roofing putty between the
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first roof substrate and a second roof substrate, wherein the second roof substrate is parallel to the

first roof substrate.

[37] In some embodiments, the at least one roof substrate comprises a first roof substrate and
a second roof substrate, the method further comprising disposing the roofing putty at least on an
interface between the first roof substrate and a second roof substrate, wherein the second roof

substrate is coplanar with or transverse to the first roof substrate.

[38] In some embodiments, a roofing putty formulation consists essentially of at least one
polysiloxane in an amount ranging from 50 wt% to 70 wt% based on a total weight of the roofing
putty; at least one filler; and at least one silane. In some embodiments, the at least one filler and
the at least one silane are present in the roofing putty in a weight ratio of the at least one filler to
the at least one silane ranging from 1:1 to 3:1. In some embodiments, at least one crosslinker is
present in an amount ranging from 0.1 wt% to 2 wt%. In some embodiments, the roofing putty

exhibits an elongation ranging from 90% to 500%, when tested according to ASTM D2370.

[39] In some embodiments, a roofing putty formulation comprises at least one polysiloxane
in an amount ranging from 50 wt% to 70 wt% based on a total weight of the roofing putty; at least
one filler; and at least one silane. In some embodiments, at least one filler and the at least one
silane are present in the roofing putty in a weight ratio of the at least one filler to the at least one
silane ranging from 1:1 to 3:1. In some embodiments, the roofing putty exhibits an elongation

ranging from 90% to 500%, when tested according to ASTM D2370.

[40] In some embodiments, the roofing putty exhibits a tensile strength ranging from 100 psi
to 1000 psi, when tested according to ASTM D2370.

[41] In some embodiments, the roofing putty exhibits a tear ranging from 25 1bf/in to 100
Ibf/in, when tested according to ASTM D624.

[42] In some embodiments, a roofing putty formulation consists essentially of at least one
polysiloxane in an amount ranging from 60 wt% to 70 wt% based on a total weight of the roofing
putty; at least one filler; and at least one associative silane. In some embodiments, the at least one
filler and the at least one associative silane are present in the roofing putty in a weight ratio of the
at least one filler to the at least one associative silane ranging from 9:1 to 11:1. In some

embodiments, at least one non-associative silane is present. In some embodiments, the at least one
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filler and the at least one non-associative silane are present in the roofing putty in a weight ratio
of the at least one filler to the at least one non-associative silane ranging from 2:1 to 3:1. In some
embodiments, at least one crosslinker is present in an amount ranging from 0.1 wt% to 2 wt%. In
some embodiments, the roofing putty exhibits an elongation ranging from 200% to 500%, when

tested according to ASTM D2370.

[43] Covered embodiments are defined by the claims, not the above summary. The above
summary is a high-level overview of various aspects and introduces some of the concepts that are
further described in the Detailed Description section below. This summary is not intended to
identify key or essential features of the claimed subject matter, nor is it intended to be used in
isolation to determine the scope of the claimed subject matter. The subject matter should be
understood by reference to appropriate portions of the entire specification, any or all drawings,

and each claim.

DRAWINGS

[44] Figures 1 and 2 depict non-limiting embodiments of a roofing system including a roofing
putty.

[45] Some embodiments of the disclosure are herein described, by way of example only, with

reference to the accompanying drawings. With specific reference now to the drawings in detail, it
is stressed that the embodiments shown are by way of example and for purposes of illustrative
discussion of embodiments of the disclosure. In this regard, the description taken with the drawings

makes apparent to those skilled in the art how embodiments of the disclosure may be practiced.

DETAILED DESCRIPTION
[46] Some embodiments of the present disclosure relate to a roofing putty.
[47] As used herein, the term “putty” refers to a solid, moldable material that has a

consistency similar in texture to clay or dough. In some non-limiting embodiments, to determine
whether a given material is a “putty,” the consistency of the material may be evaluated after 12 to
24 hours of storage in a container filled with nitrogen.

[48] As used herein, a “roofing putty” is a putty that has at least one characteristic that makes

the putty configured for use on at least one roof substrate. An exemplary characteristic of a roofing
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putty includes, but is not limited to, a tensile strength characteristic of the roofing putty, an
elongation characteristic of the roofing putty, a tear characteristic of the roofing putty, or any
combination thereof. Exemplary ranges and ASTM test methods for determining exemplary
characteristics relating to tensile strength, elongation and tear are described herein.

[49] In some embodiments, a roofing putty as described herein may be a formulation
comprising, consisting of, or consist essentially of at least one polysiloxane, at least one silane and
at least one filler.

[50] As used herein, a “polysiloxane” is a polymer that includes at least two of the following
repeat units: —R2Si—O—SiR>—, where R is an organic group, or hydrogen. As used herein an
“organic group” may encompass any organosilicon group, such as but not limited to a silanol group
or an alkyl silyl group. In some embodiments, a polysiloxane may include ten or more of the
aforementioned repeat units. In some embodiments, a polysiloxane may include hundreds of the
aforementioned repeat units. In some embodiments, a polysiloxane may include thousands of the
aforementioned repeat units. In some embodiments, a polysiloxane may include tens-of-thousands
of the aforementioned repeat units. In some embodiments, a polysiloxane may include hundreds-
of-thousands of the aforementioned repeat units. In some embodiments, a polysiloxane may
include millions of the aforementioned repeat units. As used herein, a “polysiloxane” may also
include any version of the aforementioned formula where at least one of the R groups is substituted
with an organic group. In some embodiments, the polysiloxane is unsubstituted, such that all of
the R groups may be the same. In some embodiments, the polysiloxane is substituted such that
some of the R groups may be the same while others may differ from each other. In some
embodiments, the polysiloxane is substituted such that all of the R groups are different. In some
embodiments, the polysiloxane is substituted or “terminated” with an organic group at the end of
a polymer chain.

[51] As used herein, the term “flashing” refers to a waterproofing material used in a building
structure. In some non-limiting examples, flashings may be installed to prevent water damage from
forming between interfaces of surfaces, including but not limited to, an interface between a roof
substrate (e.g., a steep slope roof substrate) and a chimney. Non-limiting examples of flashings

include chimney flashings, step flashings, drip flashings, valley flashings, and vent pipe flashings.
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Flashings may take forms including, but not limited to, metal flashings, plastic flashings, fabric
flashings, polymer flashings, or any combination thereof.

[52] As used herein, “a flashing area” is a portion of a building structure where at least one
flashing is installed. In some embodiments, the portion of the building structure where at least one
flashing is installed may be at least one portion of a steep slope roof substrate.

[53] In some embodiments, the at least one polysiloxane is present in the roofing putty in an
amount ranging from 50 wt% to 70 wt% based on a total weight of the roofing putty. In some
embodiments, the at least one polysiloxane is present in the roofing putty in an amount ranging
from 55 wt% to 70 wt% based on a total weight of the roofing putty. In some embodiments, the at
least one polysiloxane is present in the roofing putty in an amount ranging from 60 wt% to 70 wt%
based on a total weight of the roofing putty. In some embodiments, the at least one polysiloxane
is present in the roofing putty in an amount ranging from 65 wt% to 70 wt% based on a total weight
of the roofing putty.

[54] In some embodiments, the at least one polysiloxane is present in the roofing putty in an
amount ranging from 50 wt% to 65 wt% based on a total weight of the roofing putty. In some
embodiments, the at least one polysiloxane is present in the roofing putty in an amount ranging
from 50 wt% to 60 wt% based on a total weight of the roofing putty. In some embodiments, the at
least one polysiloxane is present in the roofing putty in an amount ranging from 50 wt% to 55 wt%
based on a total weight of the roofing putty.

[55] In some embodiments, the at least one polysiloxane is present in the roofing putty in an
amount ranging from 55 wt% to 65 wt% based on a total weight of the roofing putty. In some
embodiments, the at least one polysiloxane is present in the roofing putty in an amount ranging
from 55 wt% to 60 wt% based on a total weight of the roofing putty. In some embodiments, the at
least one polysiloxane is present in the roofing putty in an amount ranging from 60 wt% to 65 wt%
based on a total weight of the roofing putty.

[56] In some embodiments, the at least one polysiloxane has a viscosity of 70 cP to 300,000
cP tested according to ASTM 2196 at a temperature ranging from 20 °C to 25 °C. In some
embodiments, the at least one polysiloxane has a viscosity of 100 cP to 300,000 cP tested according

to ASTM 2196 at a temperature ranging from 20 °C to 25 °C. In some embodiments, the at least
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one polysiloxane has a viscosity of 1000 cP to 300,000 cP tested according to ASTM 2196 at a
temperature ranging from 20 °C to 25 °C. In some embodiments, the at least one polysiloxane has
a viscosity of 10,000 cP to 300,000 cP tested according to ASTM 2196 a at a temperature ranging
from 20 °C to 25 °C. In some embodiments, the at least one polysiloxane has a viscosity of 100,000
cP to 300,000 cP tested according to ASTM 2196 at a temperature ranging from 20 °C to 25 °C.
[57] In some embodiments, the at least one polysiloxane has a viscosity of 70 cP to 100,000
cP tested according to ASTM 2196 at a temperature ranging from 20 °C to 25 °C. In some
embodiments, the at least one polysiloxane has a viscosity of 70 cP to 10,000 cP tested according
to ASTM 2196 at a temperature ranging from 20 °C to 25 °C. In some embodiments, the at least
one polysiloxane has a viscosity of 70 cP to 1000 cP tested according to ASTM 2196 at a
temperature ranging from 20 °C to 25 °C. In some embodiments, the at least one polysiloxane has
a viscosity of 70 cP to 100 cP tested according to ASTM 2196 at a temperature ranging from 20
°C to 25 °C.

[58] In some embodiments, the at least one polysiloxane has a viscosity of 100 cP to 100,000
cP tested according to ASTM 2196 at a temperature ranging from 20 °C to 25 °C. In some
embodiments, the at least one polysiloxane has a viscosity of 1000 cP to 10,000 cP tested according
to ASTM 2196 at a temperature ranging from 20 °C to 25 °C.

[59] In some embodiments, the at least one polysiloxane of the roofing putty comprises or is
selected from the group consisting of a hydroxy terminated polysiloxane, a di-hydroxy terminated
polysiloxane, a vinyl terminated polysiloxane, a di-vinyl terminated polysiloxane, a tri-methyl-
silyl terminated polysiloxane, a mono-trimethoxy terminated polysiloxane, a silanol terminated
polysiloxane, or any combination thereof.

[60] In some embodiments, the at least one polysiloxane of the roofing putty comprises, or is
selected from the group consisting of a hydroxy terminated polysiloxane, a di-hydroxy terminated
polysiloxane, a vinyl terminated polysiloxane, a di-vinyl terminated polysiloxane, a tri-methyl-
silyl terminated polysiloxane, or any combination thereof.

[61] In some embodiments, the at least one polysiloxane of the roofing putty comprises or is
selected from the group consisting of a mono-trimethoxy terminated polysiloxane, a silanol

terminated polysiloxane, or any combination thereof.
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[62] In some embodiments, the at least one polysiloxane of the roofing putty comprises,
consists, or consists essentially of a mono-trimethoxy terminated polysiloxane. In some
embodiments, the at least one polysiloxane of the roofing putty comprises, consists, or consists
essentially of a silanol terminated polysiloxane.

[63] Turning to the at least one silane, as used herein, a “silane” is any compound having
the general formula SinR2,+2, where R is hydrogen, an organic group, or any combination thereof.
As used herein, a “silane” may also include any version of the aforementioned formula where at
least one of the R groups is substituted with an organic group. In some embodiments, the silane is
unsubstituted, such that all of the R groups may be the same. In some embodiments, the silane is
substituted such that some of the R groups may be the same while others may differ from each
other. In some embodiments, the silane is substituted such that all of the R groups are different.
Examples of at least one substituent R group may include, but is not limited to at least one amino
group (in the non-limiting case of an aminosilane) and at least one methoxy group (in the non-
limiting case of a methoxysilane).

[64] In some embodiments, a silane may also encompass a bipodal silane. As used herein, a
“bipodal silane” is a silane having the general formula R3Si-R-SiRs.

[65] In some embodiments, the at least one silane is present in the roofing putty in an amount
ranging from 5 wt% to 20 wt% based on a total weight of the roofing putty. In some embodiments,
the at least one silane is present in the roofing putty in an amount ranging from 10 wt% to 20 wt%
based on a total weight of the roofing putty. In some embodiments, the at least one silane is present
in the roofing putty in an amount ranging from 15 wt% to 20 wt% based on a total weight of the
roofing putty.

[66] In some embodiments, the at least one silane is present in the roofing putty in an amount
ranging from 5 wt% to 15 wt% based on a total weight of the roofing putty. In some embodiments,
the at least one silane is present in the roofing putty in an amount ranging from 5 wt% to 10 wt%
based on a total weight of the roofing putty.

[67] In some embodiments, the at least one silane is present in the roofing putty in an amount
ranging from 10 wt% to 15 wt% based on a total weight of the roofing putty.

[68] In some embodiments, the at least one silane comprises or is selected from the group

consisting of an associative silane, a non-associative silane, or any combination thereof. In some
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embodiments, the at least one silane comprises, consists, or consists essentially of an associative
silane. In some embodiments, the at least one silane comprises, consists, or consists essentially of
a non-associative silane.

[69] As used herein, an “associative silane” is a silane having the general formula
Si(R1)a(R2)a+2; where each R1 group is a crosslinkable functional group, such as but not limited
to, an alkoxy group, acetoxy group, or an oxime group; and where at least one of the R2 groups is
a functional group that interacts with another R2 group, interacts with another component in a
given roofing putty formulation, or any combination thereof. In some embodiments, the interaction
occurs by an interaction mechanism, such as but not limited to, hydrogen bonding, electrostatic
attraction, m-  stacking, or any combination thereof.

[70] As used herein a “non-associative silane” is any silane that is not an “associative silane.”
[71] In some embodiments, the associative silane comprises or is selected from the group
consisting of an epoxysilane, an aminosilane, a diphenylsilane, or any combination thereof.

[72] In some embodiments, the associative silane comprises or is selected from the group
consisting of methacryloxypropyltrimethoxysilane, mercaptopropyltrimethoxysilane
methacryloxypropylmethyldimethoxysilane, diphenyldimethoxysilane, an epoxy silane oligomer,
glycidoxypropyltrimethoxysilane, aminoethylaminopropyltrimethoxysilane or any combination
thereof.

[73] In some embodiments, the associative silane comprises or is selected from the group
consisting of methacryloxypropyltrimethoxysilane, mercaptopropyltrimethoxysilane
methacryloxypropylmethyldimethoxysilane, diphenyldimethoxysilane, an epoxy silane oligomer,
or any combination thereof.

[74] In some embodiments, the associative silane comprises or is selected from the group
consisting of glycidoxypropyltrimethoxysilane, aminoethylaminopropyltrimethoxysilane, or any
combination thereof.

[75] In some embodiments, the associative silane comprises, consists, or consists essentially
of glycidoxypropyltrimethoxysilane.

[76] In some embodiments, the associative silane comprises, consists, or consists essentially
of aminoethylaminopropyltrimethoxysilane.

[77] In some embodiments, the non-associative silane is octylsilane.
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[78] In some embodiments, the non-associative silane comprises or is selected from the group

consisting of octyltrimethoxysilane, vinyltrimethoxysilane, or any combination thereof.

[79] In some embodiments, the non-associative silane is vinyltrimethoxysilane.
[80] In some embodiments, the non-associative silane is octyltrimethoxysilane.
[81] In some embodiments, the roofing putty comprises at least one bipodal silane. Non-

limiting examples of a bipodal silane include bis(trimethoxysilylpropyl)amine (commercially
available as Andisil® 1170) and bis[3-(triethoxysilyl)propyl] tetrasulfide (commercially available
as Andisil® 1289).

[82] In some embodiments, the roofing putty does not comprise a bipodal silane.

[83] In some embodiments, the roofing putty may exclude certain specific bipodal silanes.
For instance, in some embodiments, the roofing putty does not comprise bis-(triethoxysilyl)ethane,
bis(trimethoxysilylpropyl)amine, bis[3-(triethoxysilyl)propyl] tetrasulfide, or any combination
thereof.

[84] In some embodiments, the roofing putty does not comprise more than a specified amount
of a bipodal silane. In some embodiments, the roofing putty does not comprise a bipodal silane in
an amount exceeding 5 wt % based on a total weight of the roofing putty. In some embodiments,
the roofing putty does not comprise a bipodal silane in an amount exceeding 4 wt % based on a
total weight of the roofing putty. In some embodiments, the roofing putty does not comprise a
bipodal silane in an amount exceeding 3 wt % based on a total weight of the roofing putty. In some
embodiments, the roofing putty does not comprise a bipodal silane in an amount exceeding 2 wt
% based on a total weight of the roofing putty. In some embodiments, the roofing putty does not
comprise a bipodal silane in an amount exceeding 1 wt % based on a total weight of the roofing
putty. In some embodiments, the roofing putty does not comprise a bipodal silane in an amount
exceeding 0.5 wt % based on a total weight of the roofing putty. In some embodiments, the roofing
putty does not comprise a bipodal silane in an amount exceeding 0.25 wt % based on a total weight
of the roofing putty. In some embodiments, the roofing putty does not comprise a bipodal silane
in an amount exceeding 0.1 wt % based on a total weight of the roofing putty.

[85] Turning to the at least one filler, in some embodiments, the at least one filler in is present
in the roofing putty in an amount ranging from 10% to 50 wt% based on a total weight of the

roofing putty. In some embodiments, the at least one filler in is present in the roofing putty in an
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amount ranging from 20% to 50 wt% based on a total weight of the roofing putty. In some
embodiments, the at least one filler in is present in the roofing putty in an amount ranging from
30% to 50 wt% based on a total weight of the roofing putty. In some embodiments, the at least one
filler in is present in the roofing putty in an amount ranging from 40% to 50 wt% based on a total
weight of the roofing putty.

[86] In some embodiments, the at least one filler in is present in the roofing putty in an amount
ranging from 10% to 40 wt% based on a total weight of the roofing putty. In some embodiments,
the at least one filler in is present in the roofing putty in an amount ranging from 10% to 30 wt%
based on a total weight of the roofing putty. In some embodiments, the at least one filler in is
present in the roofing putty in an amount ranging from 10% to 20 wt% based on a total weight of
the roofing putty.

[87] In some embodiments, the at least one filler in is present in the roofing putty in an amount
ranging from 20% to 40 wt% based on a total weight of the roofing putty. In some embodiments,
the at least one filler in is present in the roofing putty in an amount ranging from 20% to 30 wt%
based on a total weight of the roofing putty. In some embodiments, the at least one filler in is
present in the roofing putty in an amount ranging from 30% to 40 wt% based on a total weight of
the roofing putty.

[88] In some embodiments, the at least one filler comprises or is selected from the group
consisting of a reinforcing filler, a space filler, or any combination thereof.

[89] As used herein a “reinforcing filler” is a filler that affects at least one mechanical
property of the roofing putty. Non-limiting examples of the at least one mechanical property

include tensile strength and tear, as described herein.

[90] As used herein, a “space filler” is any filler that is used to increase volume of the roofing
putty. In some embodiments, a space filler may be used to lower costs of manufacturing a roofing

putty described herein.

[91] In some embodiments, the reinforcing filler comprises or is selected from the group
consisting of fumed silica, micro-cellulose fibers, or any combination thereof. In some
embodiments, the reinforcing filler comprises or is selected from the group consisting of ground

silica, polymer fibers, kaolin, or any combination thereof. In some embodiments, the reinforcing
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filler comprises or is selected from the group consisting of fumed silica, micro-cellulose fibers,
silica, polymer fibers, kaolin, or any combination thereof.

[92] In some embodiments, the space filler comprises or is selected from the group consisting
of polymer microspheres, sand, granules, extended perlite, expanded polystyrene, beads, saw dust,
flyash, pulp, polymer grains, polymer flakes, rice hulls, hollow glass microspheres, or any
combination thereof. In some embodiments, the space filler comprises or is selected from the group
consisting of polymer microspheres, sand, granules, extended perlite, expanded polystyrene,
beads, saw dust, flyash, pulp, polymer grains, polymer flakes, rice hulls, or any combination
thereof.

[93] In some embodiments, the space filler comprises, consists of, or consists essentially of

hollow glass microspheres.

[94] In some embodiments, the hollow glass microspheres have an average particle size
ranging from 1 micron to 200 microns. In some embodiments, the hollow glass microspheres have
an average particle size ranging from 25 microns to 200 microns. In some embodiments, the hollow
glass microspheres have an average particle size ranging from 50 microns to 200 microns. In some
embodiments, the hollow glass microspheres have an average particle size ranging from 75
microns to 200 microns. In some embodiments, the hollow glass microspheres have an average
particle size ranging from 100 microns to 200 microns. In some embodiments, the hollow glass
microspheres have an average particle size ranging from 125 microns to 200 microns. In some
embodiments, the hollow glass microspheres have an average particle size ranging from 150
microns to 200 microns. In some embodiments, the hollow glass microspheres have an average
particle size ranging from 175 microns to 200 microns.

[95] In some embodiments, the hollow glass microspheres have an average particle size
ranging from 1 micron to 175 microns. In some embodiments, the hollow glass microspheres have
an average particle size ranging from 1 micron to 150 microns. In some embodiments, the hollow
glass microspheres have an average particle size ranging from 1 micron to 125 microns. In some
embodiments, the hollow glass microspheres have an average particle size ranging from 1 micron
to 100 microns. In some embodiments, the hollow glass microspheres have an average particle

size ranging from 1 micron to 75 microns. In some embodiments, the hollow glass microspheres
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have an average particle size ranging from 1 micron to 50 microns. In some embodiments, the
hollow glass microspheres have an average particle size ranging from 1 micron to 25 microns.
[96] In some embodiments, the hollow glass microspheres have an average particle size
ranging from 25 microns to 175 microns. In some embodiments, the hollow glass microspheres
have an average particle size ranging from 50 microns to 150 microns.

[97] In some embodiments, the at least one filler and the at least one silane are present in the
roofing putty in a weight ratio of the at least one filler to the at least one silane ranging from 1:1
to 3:1. In some embodiments, the at least one filler and the at least one silane are present in the
roofing putty in a weight ratio of the at least one filler to the at least one silane ranging from 3:2
to 3:1. In some embodiments, the at least one filler and the at least one silane are present in the
roofing putty in a weight ratio of the at least one filler to the at least one silane ranging from 2:1
to 3:1. In some embodiments, the at least one filler and the at least one silane are present in the
roofing putty in a weight ratio of the at least one filler to the at least one silane ranging from 5:2
to 3:1.

[98] In some embodiments, the at least one filler and the at least one silane are present in the
roofing putty in a weight ratio of the at least one filler to the at least one silane ranging from 1:1
to 5:2. In some embodiments, the at least one filler and the at least one silane are present in the
roofing putty in a weight ratio of the at least one filler to the at least one silane ranging from 1:1
to 2:1. In some embodiments, the at least one filler and the at least one silane are present in the
roofing putty in a weight ratio of the at least one filler to the at least one silane ranging from 1:1
to 3:2.

[99] In some embodiments, the at least one filler and the at least one silane are present in the
roofing putty in a weight ratio of the at least one filler to the at least one silane ranging from 3:2
to 5:2. In some embodiments, the at least one filler and the at least one silane are present in the
roofing putty in a weight ratio of the at least one filler to the at least one silane ranging from 2:1
to 5:2.

[100] In some embodiments, the at least one filler and the at least one associative silane are
present in the roofing putty in a weight ratio of the at least one filler to the at least one associative
silane ranging from 5:1 to 15:1. In some embodiments, the at least one filler and the at least one

associative silane are present in the roofing putty in a weight ratio of the at least one filler to the at
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least one associative silane ranging from 7:1 to 15:1. In some embodiments, the at least one filler
and the at least one associative silane are present in the roofing putty in a weight ratio of the at
least one filler to the at least one associative silane ranging from 9:1 to 15:1. In some embodiments,
the at least one filler and the at least one associative silane are present in the roofing putty in a
weight ratio of the at least one filler to the at least one associative silane ranging from 11:1 to 15:1.
In some embodiments, the at least one filler and the at least one associative silane are present in
the roofing putty in a weight ratio of the at least one filler to the at least one associative silane
ranging from 13:1 to 15:1.

[101] In some embodiments, the at least one filler and the at least one associative silane are
present in the roofing putty in a weight ratio of the at least one filler to the at least one associative
silane ranging from 5:1 to 13:1. In some embodiments, the at least one filler and the at least one
associative silane are present in the roofing putty in a weight ratio of the at least one filler to the at
least one associative silane ranging from 5:1 to 11:1. In some embodiments, the at least one filler
and the at least one associative silane are present in the roofing putty in a weight ratio of the at
least one filler to the at least one associative silane ranging from 5:1 to 9:1. In some embodiments,
the at least one filler and the at least one associative silane are present in the roofing putty in a
weight ratio of the at least one filler to the at least one associative silane ranging from 5:1 to 7:1.
[102] In some embodiments, the at least one filler and the at least one associative silane are
present in the roofing putty in a weight ratio of the at least one filler to the at least one associative
silane ranging from 7:1 to 13:1. In some embodiments, the at least one filler and the at least one
associative silane are present in the roofing putty in a weight ratio of the at least one filler to the at
least one associative silane ranging from 9:1 to 11:1.

[103] In some embodiments, a weight ratio of the at least one filler to the at least one non-
associative silane in the roofing putty is from 1:1 to 5:1. In some embodiments, a weight ratio of
the at least one filler to the at least one non-associative silane in the roofing putty is from 2:1 to
5:1. In some embodiments, a weight ratio of the at least one filler to the at least one non-associative
silane in the roofing putty is from 3:1 to 5:1. In some embodiments, a weight ratio of the at least
one filler to the at least one non-associative silane in the roofing putty is from 4:1 to 5:1.

[104] In some embodiments, a weight ratio of the at least one filler to the at least one non-

associative silane in the roofing putty is from 1:1 to 4:1. In some embodiments, a weight ratio of
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the at least one filler to the at least one non-associative silane in the roofing putty is from 1:1 to
3:1. In some embodiments, a weight ratio of the at least one filler to the at least one non-associative
silane in the roofing putty is from 1:1 to 2:1.

[105] In some embodiments, a weight ratio of the at least one filler to the at least one non-
associative silane in the roofing putty is from 2:1 to 4:1. In some embodiments, a weight ratio of
the at least one filler to the at least one non-associative silane in the roofing putty is from 2:1 to
3:1. In some embodiments, a weight ratio of the at least one filler to the at least one non-associative
silane in the roofing putty is from 3:1 to 4:1.

[106] In some embodiments, the roofing putty further comprises at least one crosslinker.

[107] In some embodiments, the at least one crosslinker is present in an amount of 0.1 wt% to
5 wt% based on a total weight of the roofing putty. In some embodiments, the at least one
crosslinker is present in an amount of 0.5 wt% to 5 wt% based on a total weight of the roofing
putty. In some embodiments, the at least one crosslinker is present in an amount of 1 wt% to 5
wt% based on a total weight of the roofing putty. In some embodiments, the at least one crosslinker
is present in an amount of 2 wt% to 5 wt% based on a total weight of the roofing putty. In some
embodiments, the at least one crosslinker is present in an amount of 3 wt% to 5 wt% based on a
total weight of the roofing putty. In some embodiments, the at least one crosslinker is present in
an amount of 4 wt% to 5 wt% based on a total weight of the roofing putty.

[108] In some embodiments, the at least one crosslinker is present in an amount of 0.1 wt% to
4 wt% based on a total weight of the roofing putty. In some embodiments, the at least one
crosslinker is present in an amount of 0.1 wt% to 5 wt% based on a total weight of the roofing
putty. In some embodiments, the at least one crosslinker is present in an amount of 0.1 wt% to 3
wt% based on a total weight of the roofing putty. In some embodiments, the at least one crosslinker
is present in an amount of 0.1 wt% to 2 wt% based on a total weight of the roofing putty. In some
embodiments, the at least one crosslinker is present in an amount of 0.1 wt% to 1 wt% based on a
total weight of the roofing putty. In some embodiments, the at least one crosslinker is present in
an amount of 0.1 wt% to 0.5 wt% based on a total weight of the roofing putty.

[109] In some embodiments, the at least one crosslinker is present in an amount of 0.5 wt% to
4 wt% based on a total weight of the roofing putty. In some embodiments, the at least one

crosslinker is present in an amount of 1 wt% to 2 wt% based on a total weight of the roofing putty.
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[110] In some embodiments, the roofing putty may further comprise at least one additive. In
some embodiments, the at least one additive comprises or is selected from the group consisting of
at least one pigment, at least one reactive diluent, at least one catalyst, at least one adhesion
promoter, or any combination thereof.

[111] In some embodiments, the roofing putty exhibits an elongation ranging from 90% to
500%, when tested according to ASTM D2370. In some embodiments, the roofing putty exhibits
an elongation ranging from 100% to 500%, when tested according to ASTM D2370. In some
embodiments, the roofing putty exhibits an elongation ranging from 200% to 500%, when tested
according to ASTM D2370. In some embodiments, the roofing putty exhibits an elongation
ranging from 300% to 500%, when tested according to ASTM D2370. In some embodiments, the
roofing putty exhibits an elongation ranging from 400% to 500%, when tested according to ASTM
D2370. In some embodiments, the roofing putty exhibits an elongation ranging from 490% to
500%, when tested according to ASTM D2370.

[112] In some embodiments, the roofing putty exhibits an elongation ranging from 90% to
490%, when tested according to ASTM D2370. In some embodiments, the roofing putty exhibits
an elongation ranging from 90% to 300%, when tested according to ASTM D2370. In some
embodiments, the roofing putty exhibits an elongation ranging from 90% to 200%, when tested
according to ASTM D2370. In some embodiments, the roofing putty exhibits an elongation
ranging from 90% to 100%, when tested according to ASTM D2370.

[113] In some embodiments, the roofing putty exhibits an elongation ranging from 100% to
490%, when tested according to ASTM D2370. In some embodiments, the roofing putty exhibits
an elongation ranging from 200% to 400%, when tested according to ASTM D2370. In some
embodiments, the roofing putty exhibits an elongation ranging from 200% to 300%, when tested
according to ASTM D2370. In some embodiments, the roofing putty exhibits an elongation
ranging from 300% to 400%, when tested according to ASTM D2370.

[114] In some embodiments, the roofing putty exhibits a tensile strength ranging from 100 psi
to 1000 psi, when tested according to ASTM D2370. In some embodiments, the roofing putty
exhibits a tensile strength ranging from 100 psi to 1000 psi, when tested according to ASTM
D2370. In some embodiments, the roofing putty exhibits a tensile strength ranging from 300 psi
to 1000 psi, when tested according to ASTM D2370. In some embodiments, the roofing putty
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exhibits a tensile strength ranging from 500 psi to 1000 psi, when tested according to ASTM
D2370. In some embodiments, the roofing putty exhibits a tensile strength ranging from 700 psi
to 1000 psi, when tested according to ASTM D2370. In some embodiments, the roofing putty
exhibits a tensile strength ranging from 900 psi to 1000 psi, when tested according to ASTM
D2370.

[115] In some embodiments, the roofing putty exhibits a tensile strength ranging from 100 psi
to 900 psi, when tested according to ASTM D2370. In some embodiments, the roofing putty
exhibits a tensile strength ranging from 100 psi to 700 psi, when tested according to ASTM D2370.
In some embodiments, the roofing putty exhibits a tensile strength ranging from 100 psi to 500
psi, when tested according to ASTM D2370. In some embodiments, the roofing putty exhibits a
tensile strength ranging from 100 psi to 300 psi, when tested according to ASTM D2370.

[116] In some embodiments, the roofing putty exhibits a tensile strength ranging from 300 psi
to 900 psi, when tested according to ASTM D2370. In some embodiments, the roofing putty
exhibits a tensile strength ranging from 500 psi to 700 psi, when tested according to ASTM D2370.
[117] In some embodiments, the roofing putty exhibits a tear ranging from 25 Ibf/in to 100
Ibf/in, when tested according to ASTM D624. In some embodiments, the roofing putty exhibits a
tear ranging from 50 Ibf/in to 100 Ibf/in, when tested according to ASTM D624. In some
embodiments, the roofing putty exhibits a tear ranging from 75 1bf/in to 100 Ibf/in, when tested
according to ASTM D624.

[118] In some embodiments, the roofing putty exhibits a tear ranging from 25 1bf/in to 75 1bf/in,
when tested according to ASTM D624. In some embodiments, the roofing putty exhibits a tear
ranging from 25 1bf/in to 50 Ibf/in, when tested according to ASTM D624.

[119] In some embodiments, the roofing putty exhibits a tear ranging from 50 1bf/in to 75 1bf/in,
when tested according to ASTM D624.

[120] Some embodiments of the present disclosure relate to a system comprising the roofing
putty and at least one roof substrate. In some embodiments, the roofing putty is disposed on the at
least one roof substrate.

[121] In some embodiments the at least one roof substrate comprises at least a first roof

substrate and a second roof substrate.
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[122] In some embodiments, the second roof substrate is parallel to the first roof substrate. In
some embodiments, the roofing putty is disposed between the second roof substrate and the first
roof substrate. In some embodiments, the roofing putty forms a bond between the second roof
substrate and the first roof substrate.

[123] In some embodiments, the second roof substrate is co-planar with or transverse to the
first roof substrate, wherein the roofing putty is present on an interface between the second roof
substrate and the first roof substrate. In some embodiments, the second roof substrate is co-planar
with or transverse to the first roof substrate. In some embodiments, the roofing putty is present on
an interface between the second roof substrate and the first roof substrate. In some embodiments,
the roofing putty seals the interface between the second roof substrate and the first roof substrate.
[124] In some embodiments, the first roof substrate, the second roof substrate, or any
combination thereof, comprises, consists of, or consists essentially of a plywood roof substrate, a
glass roof substrate, a cellulosic roof substrate, a roofing shingle, a glass mat, a fiberglass mat, an
underlayment, a roofing membrane, a roof deck, a photovoltaic (PV) panel, a modified bitumen
(MODBIT) substrate, a roll good, a chimney, a polyisocyanurate (ISO) foam board, or any

combination thereof.

[125] Some embodiments of the present disclosure relate to a method of using the roofing
putty. In some embodiments the method of using the roofing putty comprises installing the roofing
putty on at least one roof substrate. Some embodiments of the present disclosure relate to a method
of using the roofing putty. In some embodiments the method of using the roofing putty comprises

installing the roofing putty on at least two roof substrates.

[126] In some embodiments, the method may comprise may comprise installing the roofing
putty on any number of roof substrates, such as but not limited to, a third roof substrate, a fourth
roof substrate, a fifth roof substrate, and so on. In some embodiments, the method may comprise
installing the roofing putty may be disposed on any of the roof substrates or any combination

thereof.

[127] In some embodiments the at least one roof substrate comprises a first roof substrate and
a second roof substrate. In some embodiments, the second roof substrate is parallel to the first roof
substrate. In some embodiments, the method further comprises sandwiching the roofing putty

between the first roof substrate and a second roof substrate. In some embodiments, sandwiching
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the roofing putty between the first roof substrate and the second roof substrate bonds the first roof

substrate to the second roof substrate.

[128] In some embodiments, the second roof substrate is coplanar with or transverse to the first
roof substrate. In some embodiments, the method further comprises disposing the roofing putty at
least on an interface between the first roof substrate and a second roof substrate. In some
embodiments, disposing the roofing putty on the interface forms a seal at the interface between the

first roof substrate and the second roof substrate.

[129] In some embodiments, the roofing system comprises a plurality of roof substrates, each
of which may be disposed relative to each other at any angle. For instance, in some embodiments,
the plurality of roof substrates may be transverse to each other, perpendicular to each other, co-

planar to each other, parallel to each other, or any combination thereof.

[130] In some embodiments, the roofing system may comprise any number of additional roof
substrates, such as but not limited to, a third roof substrate, a fourth roof substrate, a fifth roof
substrate, and so on. The additional roof substrates may be disposed relative to each other at any
angle or combination of angles as described herein. In some embodiments, the roofing putty may

be disposed on any of the roof substrates or any combination thereof.
[131] In some embodiments, the roofing system may comprise flashing.

[132] In some embodiments, the first roof substrate, the second roof substrate, or any
combination thereof, can be a plywood roof substrate, a glass roof substrate, a cellulosic roof
substrate, a roofing shingle, a glass mat, a fiberglass mat, an underlayment, a roofing membrane,
a roof deck, a photovoltaic (PV) panel, a modified bitumen (MODBIT) substrate, a roll good, a

chimney, a polyisocyanurate (ISO) foam board, or any combination thereof

[133] A non-limiting exemplary embodiment of a roofing system is shown in Figure 1. As
shown, the non-limiting example roof system 100 of Figure 1 may include a first roof substrate
101, a second roof substrate 102, and a third roof substrate 103. As shown, first roof substrate 101
may be coplanar with second roof substrate 102. In some non-limiting embodiments, third roof
substrate 103 may be perpendicular to first and second roof substrates 101 and 102 respectively.
While roof substrates 101, 102, and 103 shown in Figure 1 are plywood roof substrates, any or all

of roof substrates 101, 102, or 103 can be any material described herein. Additionally, some non-
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limiting examples of roof system 100 may also include at least one interface 104 between the first
roof substrate 101 and the second roof substrate 102. As shown, in some embodiments, a roofing
putty 105 may be disposed on the interface between the first roof substrate 101 and the second
roof substrate 102. In some embodiments, a roofing putty 105 may define a seal on the interface
between the first roof substrate 101 and the second roof substrate 102. In some embodiments, the

roofing putty 105 may also be disposed on third roof substrate 103.

[134] Additional non-limiting exemplary embodiments of the roofing putty and roofing system
described herein are shown in Figure 2. As shown, in some embodiments, the roofing putty may
be modified in at least one respect by varying the type of the at least one filler. For instance, in
some embodiments as shown in Figure 2, the aesthetic appearance of the roofing putty, such as
but not limited to the color of the roofing putty, may be modified by varying the type of the at least
one filler.

[135] Among those benefits and improvements that have been disclosed, other objects and
advantages of this disclosure will become apparent from the following description taken in
conjunction with the accompanying figures. Detailed embodiments of the present disclosure are
disclosed herein; however, it is to be understood that the disclosed embodiments are merely
illustrative of the disclosure that may be embodied in various forms. In addition, each of the
examples given regarding the various embodiments of the disclosure which are intended to be
illustrative, and not restrictive.

[136] Throughout the specification and claims, the following terms take the meanings
explicitly associated herein, unless the context clearly dictates otherwise. The phrases “in one
embodiment,” “in an embodiment,” and “in some embodiments” as used herein do not necessarily
refer to the same embodiment(s), though it may. Furthermore, the phrases “in another
embodiment” and “in some other embodiments” as used herein do not necessarily refer to a
different embodiment, although it may. All embodiments of the disclosure are intended to be
combinable without departing from the scope or spirit of the disclosure.

[137] As used herein, the term “based on” is not exclusive and allows for being based on
additional factors not described, unless the context clearly dictates otherwise. In addition,

(19 22 <«
a

throughout the specification, the meaning of an,” and “the” include plural references. The

meaning of “in” includes “in” and “on.”
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[138] As used herein, terms such as “comprising” “including,” and “having” do not limit the
scope of a specific claim to the materials or steps recited by the claim.

[139] As used herein, the term “consisting essentially of”” limits the scope of a specific claim
to the specified materials or steps and those that do not materially affect the basic and novel
characteristic or characteristics of the specific claim. For instance, in some non-limiting
embodiments, a claim reciting “consisting essentially of” may allow for addition of any non-
recited components that do not alter values of at least one mechanical property (e.g., tensile
strength, elongation, or tear) of the roofing putty recited by a specific claim.

[140] As used herein, terms such as “consisting of” and “composed of” limit the scope of a

specific claim to the materials and steps recited by the claim.

EXAMPLES

[141] Non-limiting examples of the roofing putty formulations were prepared. With the
exception of the at least one crosslinker, which in exemplary roofing putty formulations 1 to 9 was
dimethyltin dineodecanoate, diisopropoxy-bisethylacetoacetatotitanate, or a combination thereof,
the components of exemplary roofing putty formulations 1 to 9 were combined and mixed for 1
hour.

[142] The at least one crosslinker was then added and thoroughly mixed with the other
components to form the final roofing putty formulations, which are shown in Tables 1A to 3A

below.

[143] Table 1A

Component Formulation | Formulation | Formulation 3
1 (wt %) 2 (wt%) (wt%)
Aminoethylaminopropyltrimethoxysilane 1% 1% 1%
Glycidoxypropyltrimethoxysilane 1% 1% 1%
Octyltrimethoxysilane 6% 6% 6%
Microcellulose fiber 200 pm 4% 4% 4%
Fumed silica 6% 2% 6%
Hollow glass sphere 8% 16% 8%
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Mono trimethoxy terminated polysiloxane, 10% 10%
100 cps
Silanol terminated polysiloxane,70 cps 10% 0% 0%
Silanol terminated polysiloxane, 80000 cps | 60% 56% 60%
TiO2 or other pigments 2% 2% 0%
Dimethyltin dineodecanoate 0.1% 0% 0.1%
Diisopropoxy-bisethylacetoacetatotitanate 2% 2% 2%
[144] Table 2A
Component Formulation | Formulation | Formulation 6
4 (wt %) 5 (wt%) (wt%)
Aminoethylaminopropyltrimethoxysilane | 1% 1% 1%
Glycidoxypropyltrimethoxysilane 1% 1% 1%
Octyltrimethoxysilane 6% 8% 8%
Microcellulose fiber 200 pm 4% 4% 4%
Fumed silica 6% 2% 5%
Hollow glass sphere 8% 12% 12%
Ground silica 4% 0% 0%
Mono trimethoxy terminated 10% 10% 10%
polysiloxane, 100 cps
Silanol terminated polysiloxane, 80000 | 56% 58% 55%
cps
TiO: or other pigments 2% 2% 2%
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Dimethyltin dineodecanoate 0.1% 0.1% 0.1%
Diisopropoxy- 1.9% 1.9% 1.9%
bisethylacetoacetatotitanate

[145] Table 3A
Component Formulation | Formulation | Formulation 9

7 (wt %) 8 (wt %) (wt %)

Aminoethylaminopropyltrimethoxysilane 1% 1% 1%
Glycidoxypropyltrimethoxysilane 1% 1% 1%
Octyltrimethoxysilane 8% 8% 8%
Microcellulose fiber 200 pm 4% 4% 8%
Fumed silica 5% 5% 5%
Hollow glass sphere 8% 16% 12%
Mono trimethoxy terminated polysiloxane, | 10% 10% 10%
100 cps
Silanol terminated polysiloxane, 80000 cps | 59% 51% 51%
TiO: or other pigments 2% 2% 2%
Dimethyltin dineodecanoate 0.1% 0.1% 0.1%
Diisopropoxy-bisethylacetoacetatotitanate 1.9% 1.9% 1.9%

[146]

Comparative formulations 1 and 2 were also prepared using the same procedure as

outlined above. Comparative formulations 1 and 2 are shown below in Table 4A.
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[147] Table 4A

Component Comparative | Comparative formulation
formulation1 | 2
(wt%) (wt%)
Aminoethylaminopropyltrimethoxysilane 4% 1%
Bis(trimethoxysilylpropyl)amine 0% 3%
Hollow glass spheres 16% 16%
Methyl tris(MEK O)silane 2% 2%
Silanol terminated polysiloxane, 20000 cps 30% 30%
Silanol terminated polysiloxane,70 cps 10% 10%
Silanol terminated polysiloxane, 80000 cps 36% 36%
TiO: or other pigments 2% 2%
Dimethyltin dineodecanoate 0.2% 0.2%

[148] Exemplary roofing putty formulations 1 to 9 and comparative formulations 1 to 2 were

tested and evaluated for specific properties. Specifically, roofing putty formulations 1 to 9 and

comparative formulations 1 to 2 were tested under ASTM D2370 for tensile strength and

elongation and also under ASTM D624 for tear. Consistency and stability were evaluated after 12

to 24 hours storage in a container filled with nitrogen. Consistency, i.e., whether or not a given

formulation is or is not a “putty,” was further determined based on whether the formulation met

the definition described herein, infra. Curability was evaluated by observing whether a film was

due to the roofing putty being left in ambient air. Results are shown in Tables 1B to 4B below.

[149] Table 1B

Properties Formulation 1

Formulation 2

Formulation 3
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Tensile Strength (ASTM D2370)

220.7 psi 149 4 psi 167.6 psi
Elongation (ASTM D2370)
159.6% 127.8% 215.6%
Tear (ASTM D624)
29.7 Ibf/in 27.6 Ibf/in 29.9 Ibf/in
Consistency
Putty Putty Putty
Stability
Stable Stable Stable
Curability Cure Cure Cure

[150] Table 2B

Properties

Formulation 4

Formulation 5

Formulation 6

Tensile Strength (ASTM D2370)

196.8 psi 128.8 psi 168.3 psi
Elongation (ASTM D2370)
220.7% 147.5% 156.3%
Tear (ASTM D624)
32.5 Ibf/in 24.1 Ibf/in 30.9 Ibf/in
Consistency
Putty Putty Putty
Stability
Stable Stable Stable
Curability Cure Cure Cure
Page 27
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[151] Table 3B

Properties Formulation 7 | Formulation 8 | Formulation 9
Tensile Strength (ASTM D2370)
149.6 psi 206.6 psi 217.0 psi
Elongation (ASTM D2370)
175.7% 143.9% 152.3%
Tear (ASTM D624)
31.0 1bf/in 34.6 1bf/in 34.8 Ibf/in
Consistency
Putty Putty Putty
Stability
Stable Stable Stable
Curability
Cure Cure Cure
[152] Table 4B
Properties Comparative formulation 1 Comparative
formulation
2
Tensile Strength (ASTM D2370) 146.9 psi 234.0 psi
Elongation (ASTM D2370) 80.9% 97.0%
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Tear (ASTM D624) 24.9 Ibf/in 29.0 Ibf/in

Consistency Not Putty Not Putty

Stability Stable Not Stable
Curability Cure Cure

[153] All prior patents, publications, and test methods referenced herein are incorporated by
reference in their entireties. Variations, modifications and alterations to embodiments of the
present disclosure described above will make themselves apparent to those skilled in the art. All
such variations, modifications, alterations and the like are intended to fall within the spirit and
scope of the present disclosure, limited solely by the appended claims.

[154] While several embodiments of the present disclosure have been described, it is
understood that these embodiments are illustrative only, and not restrictive, and that many
modifications may become apparent to those of ordinary skill in the art. For example, all
dimensions discussed herein are provided as examples only, and are intended to be illustrative and
not restrictive.

[155] Any feature or element that is positively identified in this description may also be
specifically excluded as a feature or element of an embodiment of the present as defined in the
claims.

[156] The disclosure described herein may be practiced in the absence of any element or
elements, limitation or limitations, which is not specifically disclosed herein. Thus, for example,

22 <«

in each instance herein, any of the terms “comprising,” “consisting essentially” of and “consisting
of” may be replaced with either of the other two terms, without altering their respective meanings
as defined herein. The terms and expressions which have been employed are used as terms of
description and not of limitation, and there is no intention in the use of such terms and expressions
of excluding any equivalents of the features shown and described or portions thereof, but it is

recognized that various modifications are possible within the scope of the disclosure.
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CLAIMS
What is claimed is:
1. A roofing system, comprising:
a roof substrate; and
roofing putty,
wherein the roofing putty is present on the roof substrate,
wherein the roofing putty is a formulation that comprises:
at least one polysiloxane in an amount ranging from 50 wt% to 70 wt%
based on a total weight of the roofing putty;
at least one filler; and
at least one silane,
wherein the at least one filler and the at least one silane are present in
the roofing putty in a weight ratio of the at least one filler to the at least
one silane ranging from 1:1 to 3:1;
wherein the roofing putty exhibits an elongation ranging from 90% to 500%,

when tested according to ASTM D2370.

2. The roofing system of claim 1, wherein the roof substrate comprises at least a first roof
substrate and a second roof substrate, wherein the second roof substrate is parallel to
the first roof substrate, wherein the roofing putty is disposed between the second roof

substrate and the first roof substrate.

3. The roofing system of claim 1, wherein the roof substrate comprises at least a first roof
substrate and a second roof substrate, wherein the second roof substrate is co-planar
with or transverse to the first roof substrate, wherein the roofing putty is present on an

interface between the second roof substrate and the first roof substrate.

4. The roofing system of claim 1, wherein the roof substrate is a plywood roof substrate,

a glass roof substrate, a cellulosic roof substrate, a roofing shingle, a glass mat, a
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fiberglass mat, an underlayment, a roofing membrane, a roof deck, a photovoltaic (PV)
panel, a modified bitumen (MODBIT) substrate, a roll good, a chimney, a

polyisocyanurate (ISO) foam board, or any combination thereof.

5. The roofing system of claim 1, wherein the at least one polysiloxane of the roofing
putty is a mono-trimethoxy terminated polysiloxane, a silanol terminated polysiloxane,

or any combination thereof.

6. The roofing system of claim 1, wherein the at least one polysiloxane of the roofing
putty is a hydroxy terminated polysiloxane, a di-hydroxy terminated polysiloxane, a
vinyl terminated polysiloxane, a di-vinyl terminated polysiloxane, a tri-methyl-silyl

terminated polysiloxane or any combination thereof.
7. The roofing system of claim 1, wherein the at least one polysiloxane has a viscosity of
70 cP to 300,000 cP tested according to 70 cP to 300,000 cP tested according to ASTM

2196 at a temperature ranging from 20 °C to 25 °C.

8. The roofing system of claim 1, wherein the roofing putty comprises the at least one

filler in an amount ranging from 15% to 30 wt% based on a total weight of the roofing

putty.

9. The roofing system of claim 1, wherein the at least one filler is a reinforcing filler, a

space filler, or any combination thereof.

10. The roofing system of claim 9, wherein the reinforcing filler is fumed silica, micro-

cellulose fibers, or any combination thereof.

11. The roofing system of claim 9, wherein the reinforcing filler is ground silica, polymer

fibers, kaolin, or any combination thereof.
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12.

13.

14.

15

16.

17.

The roofing system of claim 9, wherein the space filler comprises hollow glass
microspheres.
The roofing system of claim 12, wherein the hollow glass microspheres have an

average particle size ranging from 1 micron to 200 microns.

The roofing system of claim 9, wherein the space filler comprises polymer
microspheres, sand, granules, extended perlite, expanded polystyrene, beads, saw dust,

flyash, pulp, polymer grains, polymer flakes, rice hulls, or any combination thereof.

. The roofing system of claim 1, wherein the roofing putty comprises the at least one

silane in an amount ranging from 5 wt% to 20 wt% based on a total weight of the

roofing putty.

The roofing system of claim 1, wherein the at least one silane is an associative silane,

a non-associative silane, or any combination thereof.

A method comprising:
obtaining a roofing putty; and
disposing the roofing putty on at least one roof substrate;
wherein the roofing putty is a formulation that comprises:

at least one polysiloxane in an amount ranging from 50 wt% to 70 wt% based
on a total weight of the roofing putty;

at least one filler; and

at least one silane, wherein the at least one filler and the at least one silane are
present in the roofing putty in a weight ratio of the at least one filler to the at least one
silane ranging from 1:1 to 3:1;
wherein the roofing putty exhibits an elongation ranging from 90% to 500%, when

tested according to ASTM D2370.
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18.

19.

20.

The method of claim 17, wherein the at least one roof substrate comprises a first roof
substrate and a second roof substrate, the method further comprising sandwiching the
roofing putty between the first roof substrate and a second roof substrate, wherein the

second roof substrate is parallel to the first roof substrate.

The method of claim 17, wherein the at least one roof substrate comprises a first roof
substrate and a second roof substrate, the method further comprising disposing the
roofing putty at least on an interface between the first roof substrate and a second roof
substrate, wherein the second roof substrate is coplanar with or transverse to the first

roof substrate.

A roofing putty formulation comprising:

at least one polysiloxane in an amount ranging from 50 wt% to 70 wt% based on a total

weight of the roofing putty;

at least one filler; and

at least one silane,

wherein the at least one filler and the at least one silane are present in the roofing putty
in a weight ratio of the at least one filler to the at least one silane ranging from 1:1 to
3:1;

wherein the roofing putty exhibits an elongation ranging from 90% to 500%, when

tested according to ASTM D2370.
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Fig. 1
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Reclaimed pranules EPS beads
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