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ADHESIVE COMPOSITIONS

Technical Field

The present disclosure generally relates to adhesive compositions and articles including at least
on¢ of polydiorganosiloxane polyoxamide copolymer and/or silicone polyurea block copolymer and a
silicate tackifymg resin.

Background

Siloxane polymers have unique properties derived mainly from the physical and chemical
characteristics of the silloxane bond. These properties include low glass transition temperature, thermal
and oxidative stability, resistance to ultraviolet radiation, low surface energy and hydrophobicity, high
permeability to many gases, and biocompatibility. The siloxane polymers, however, often lack tensile
strength.

The low tensile strength of the siloxane polymers can be improved by forming block copolymers.
Some block copolymers contain a ““soft” siloxane polymeric block or segment and any of a variety of
“hard” blocks or segments. Polydiorganosiloxane polyamides and polydiorganosiloxane polyureas are
exemplary block copolymers.

Polydiorganosiloxane polyamides have been prepared by condensation reactions of amino
terminated silicones with short-chained dicarboxylic acids. Alternatively, these copolymers have been
preparcd by condensation reactions of carboxy terminated silicones with short-chained diamines.
Because polydiorganosiloxanes (e. g., polydimethylsiloxanes) and polyamides often have significantly
different solubility parameters, 1t can be difficult to find reaction conditions for production of siloxane-
based polyamides that result in high degrees of polymerization, particularly with larger homologs of the
polyorganosiloxane segments. Many of the known siloxane-based polyamide copolymers contain
relatively short segments of the polydiorganosiloxane (e.g., polydimethylsiloxane) such as segments
having no greater than about 30 diorganosiloxy (e.g., dimethylsiloxy) units or the amount of the
polydiorganosiloxane segment 1n the copolymer 1s relatively low. That 1s, the fraction (i.e., amount
based on weight) of polydiorganosiloxane (e.g., polydimethylsiloxane) soft segments 1n the resulting
copolymers tends to be low.

Polydiorganosiloxane polyureas are another type of block copolymer. This type of block
copolymer has been included 1in adhesive compositions. Although these block copolymers have many

desirable characteristics, some of them tend to degrade when subjected to elevated temperatures such as

250 °C or higher.
Summary
The mventors of the present disclosure recognized that an adhesive composition or article
including at least one of (1) a polydiorganosiloxane polyoxamide copolymer and a silicate tackifying

resin 1 an amount of between about 0.1 wt% and about 20 wt%; or (2) a silicone polyurea block
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copolymer and a silicate tackifying resin 1in an amount of between about 0.1 wt% and about 30 wt% had
various advantage or benefits.

Adhesive compositions, adhesive articles, and methods of making the adhesive articles are
provided. The polydiorganosiloxane polyoxamide copolymers can contain a relatively large fraction of
polydiorganosiloxane compared to many known polydiorganosiloxane polyamide copolymers. The
adhesive compositions can be formulated as either a pressure sensitive adhesive or as a heat activated
adhesive.

In a first aspect, an adhesive composition 1s provided that includes at least one of (1) a
polydiorganosiloxane polyoxamide copolymer and a silicate tackifying resin in an amount of between
about 0.1 wt% and about 20 wt%; or (2) a silicone polyurca block copolymer and a silicate tackifying
resin 1 an amount of between about 0.1 wt% and about 30 wt%. In some embodiments, the

polydiorganosiloxane polyoxamide contains at least two repeat units of Formula 1.

TN S
++—N—Y-SI O—Si+O—Si—Y—N—C—C—N—G—N—C—C_*
H |1+ AN T, H
R R R p

|
In this formula, each R' is independently an alkyl, haloalkyl, aralkyl, alkenyl, aryl, or aryl substituted with
an alkyl, alkoxy, or halo, wherein at least 50 percent of the R' groups are methyl. Each Y is
independently an alkylene, aralkylene, or a combination thereof. Subscript n 1s independently an integer
of 40 to 1500 and subscript p 1s an integer of 1 to 10. Group G 1s a divalent group that 1s the residue unit
that is equal to a diamine of formula R*HN-G-NHR”’ minus the two -NHR’ groups (i.e., amino groups).
Group R’ is hydrogen or alkyl or R’ taken together with G and with the nitrogen to which they are both
attached forms a heterocyclic group. Each asterisk (*) indicates a site of attachment of the repeat unit to
another group 1n the copolymer such as, for example, another repeat unit of Formula 1.

In a second aspect, an article 1s provided that includes a substrate and an adhesive layer adjacent
to at least one surface of the substrate. The adhesive layer includes at least one of (1) a
polydiorganosiloxane polyoxamide copolymer and a silicate tackifying resin in an amount of between
about 0.1 wt% and about 20 wt%; or (2) a silicone polyurca block copolymer and a silicate tackifying
resin 1n an amount of between about 0.1 wt% and about 30 wt%

In a third aspect, a method of making an article 1s provided. The method includes providing a
substrate and applying an adhesive composition to at least one surface of the substrate. The adhesive
composition includes including at least one of (1) a polydiorganosiloxane polyoxamide copolymer and a
silicate tackifying resin in an amount of between about 0.1 wt% and about 20 wt%; or (2) a silicone
polyurea block copolymer and a silicate tackifying resin in an amount of between about 0.1 wt% and

about 30 wt%.
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The above summary of the present disclosure 1s not mntended to describe each disclosed
embodiment or every implementation of the present disclosure. The description that follows more
particularly exemplifies 1llustrative embodiments. In several places throughout the application, guidance
1s provided through lists of examples, which can be used 1n various combinations. In each mstance, the

recited list serves only as a representative group and should not be interpreted as an exclusive list.

Detailed Description of the Disclosure

Adhesive compositions and articles are provided that include at least one of (1) a
polydiorganosiloxane polyoxamide copolymer and a silicate tackifying resin in an amount of between
about 0.1 wt% and about 20 wt%; or (2) a silicone polyurca block copolymer and a silicate tackifying
resin 1 an amount of between about 0.1 wt% and about 30 wt%. The adhesive compositions can be

either pressure sensitive adhesives or heat activated adhesives.

Definitions

The terms “a”, "an”, and “the™ arc used interchangeably with “at least one™ to mean one or more
of the elements being described.

The term “alkenyl™ refers to a monovalent group that 1s a radical of an alkene, which 1s a
hydrocarbon with at least one carbon-carbon double bond. The alkenyl can be linear, branched, cyclic, or
combinations thereof and typically contains 2 to 20 carbon atoms. In some embodiments, the alkenyl
contains 2to 18, 2to 12, 2to 10,4 to 10,4 t0 8, 2t0 8, 2 to 6, or 2 to 4 carbon atoms. Exemplary alkenyl
groups include ethenyl, n-propenyl, and n-butenyl.

The term “alkyl™ refers to a monovalent group that 1s a radical of an alkane, which 1s a saturated
hydrocarbon. The alkyl can be linear, branched, cyclic, or combinations thercof and typically has 1 to 20
carbon atoms. In some embodiments, the alkyl group contains 1 to 18, 1to 12, 1 to 10, 1to 8, 1to 6, or 1
to 4 carbon atoms. Examples of alkyl groups include, but are not limited to, methyl, ethyl, n-propyl,
1sopropyl, n-butyl, 1sobutyl, tert-butyl, n-pentyl, n-hexyl, cyclohexyl, n-heptyl, n-octyl, and ethylhexyl.

The term “alkylene™ refers to a divalent group that 1s a radical of an alkane. The alkylene can be
straight-chained, branched, cyclic, or combmations thercof. The alkylene often has 1 to 20 carbon atoms.
In some embodiments, the alkylene contams 1 to 18, 1 to 12, 1to 10, 1to 8, 1 to 6, or 1 to 4 carbon
atoms. The radical centers of the alkylene can be on the same carbon atom (i.e., an alkylidene) or on
different carbon atoms.

The term “alkoxy™ refers to a monovalent group of formula -OR where R 1s an alkyl group.

The term “alkoxycarbonyl™ refers to a monovalent group of formula —(CO)OR where R 1s an
alkyl group and (CO) denotes a carbonyl group with the carbon attached to the oxygen with a double
bond.

The term “aralkyl™ refers to a monovalent group of formula —R®-Ar where R® 1s an alkylene and

Ar 1s an aryl group. That 1s, the aralkyl 1s an alkyl substituted with an aryl.
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The term “aralkylene” refers to a divalent group of formula —R*-Ar"- where R™ 1s an alkylene and
Ar"1s an arylene (i.e., an alkylene 1s bonded to an arylene).

The term “aryl™ refers to a monovalent group that 1s aromatic and carbocyclic. The aryl can have
on¢ to five rings that are connected to or fused to the aromatic ring. The other ring structures can be
aromatic, non-aromatic, or combinations therecot. Examples of aryl groups include, but are not limited to,
phenyl, biphenyl, terphenyl, anthryl, naphthyl, acenaphthyl, anthraquinonyl, phenanthryl, anthracenyl,
pyrenyl, perylenyl, and fluorenyl.

The term “arylene™ refers to a divalent group that 1s carbocyclic and aromatic. The group has one
to five rings that are connected, fused, or combinations thercof. The other rings can be aromatic, non-
aromatic, or combinations thercof. In some embodiments, the arylene group has up to S rings, up to 4
rings, up to 3 rings, up to 2 rings, or on¢ aromatic ring. For example, the arylene group can be phenylene.

The term “aryloxy™ refers to a monovalent group of formula —OAr where Ar 1s an aryl group.

The term “carbonyl™ refers to a divalent group of formula —(CO)- where the carbon atom 1s
attached to the oxygen atom with a double bond.

The term “halo™ refers to fluoro, chloro, bromo, or 10do.

The term “haloalkyl™ refers to an alkyl having at least one hydrogen atom replaced with a halo.
Some haloalkyl groups are fluoroalkyl groups, chloroalkyl groups, or bromoalkyl groups.

The term “heteroalkylene™ refers to a divalent group that includes at least two alkylene groups
connected by a thio, oxy, or -NR- where R 1s alkyl. The heteroalkylene can be linear, branched, cyclic, or
combinations thercof and can include up to 60 carbon atoms and up to 15 heteroatoms. In some
embodiments, the heteroalkylene includes up to 50 carbon atoms, up to 40 carbon atoms, up to 30 carbon
atoms, up to 20 carbon atoms, or up to 10 carbon atoms. Some heteroalkylenes are polyalkylene oxides
where the heteroatom 1s oxygen.

The term “oxalyl™ refers to a divalent group of formula —(CO)-(CO)- where each (CO) denotes a
carbonyl group.

The terms “oxalylamino™ and “aminoxalyl™ are used interchangeably to refer to a divalent group
of formula —(CO)-(CO)-NH- where each (CO) denotes a carbonyl.

The term “aminoxalylamino™ refers to a divalent group of formula
~NH-(CO)-(CO)-NR*- where each (CO) denotes a carbonyl group and R? is hydrogen, alkyl, or part of a
heterocyclic group along with the nitrogen to which it is attached. In most embodiments, R? is hydrogen
or alkyl. In many embodiments, R® is hydrogen.

The terms “polymer” and “polymeric material” refer to both materials prepared from one
monomer such as a homopolymer or to matenals prepared from two or more monomers such as a
copolymer, terpolymer, or the like. Likewise, the term “polymerize™ refers to the process of making a
polymeric material that can be a homopolymer, copolymer, terpolymer, or the like. The terms
“copolymer” and “copolymeric material™ refer to a polymeric material prepared from at least two

monomers.
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The term “polydiorganosiloxane™ refers to a divalent segment of formula
¥ R,OR
Y F?:Po zﬁ;o z: Y
where each R' is independently an alkyl, haloalkyl, aralkyl, alkenyl, aryl, or aryl substituted with an alkyl,
alkoxy, or halo; each Y 1s independently an alkylene, aralkylene, or a combination thereof; and subscript
n 1s independently an integer of 40 to 1500.

The term “adjacent” means that a first layer 1s positioned near a second layer. The first layer can
contact the second layer or can be separated from the second layer by one or more additional layers.

The terms “room temperature” and “ambient temperature™ are used interchangeably to mean a
temperature 1n the range of 20 °C to 25 °C.

Unless otherwise indicated, all numbers expressing feature sizes, amounts, and physical
properties 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 numbers set forth are approximations
that can vary depending upon the desired properties using the teachings disclosed herein.

Adhesive compositions

In some embodiments, the adhesive composition including at least one of (1) a
polydiorganosiloxane polyoxamide copolymer and a silicate tackifying resin in an amount of between
about 0.1 wt% and about 20 wt%; or (2) a silicone polyurca block copolymer and a silicate tackifying
resin 1n an amount of between about 0.1 wt% and about 30 wt%.

In some embodiments, the block polydiorganosiloxane polyoxamide copolymer contains at least

two repeat units of Formula 1.

3 3

NI 2RIF FeQ
- N—Y-Si+0—8i~=0—Si-Y—N—C~C+N—G—N—C—C—+
N—Y~9 IRO§i-Y=N—C=C C—C
R R R 1o

In this formula, each R' is independently an alkyl, haloalkyl, aralkyl, alkenyl, aryl, or aryl substituted with
an alkyl, alkoxy. or halo, wherein at least 50 percent of the R" groups are methyl. Each Y is
independently an alkylene, aralkylene, or a combination thercof. Subscript n 1s independently an integer
of 40 to 1500 and the subscript p 1s an integer of 1 to 10. Group G 1s a divalent group that 1s the residuc
unit that is equal to a diamine of formula R’HN-G-NHR’ minus the two -NHR’ groups. Group R’ is
hydrogen or alkyl (e.g., an alkyl having 1 to 10, 1 to 6, or 1 to 4 carbon atoms) or R’ taken together with
G and with the nitrogen to which they are both attached forms a heterocyclic group (e.g., R°HN-G-NHR’
1s piperazine or the like). Each asterisk (*) indicates a site of attachment of the repeat unit to another

oroup 1n the copolymer such as, for example, another repeat unit of Formula 1.
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Suitable alkyl groups for R' in Formula I typically have 1 to 10, 1 to 6, or 1 to 4 carbon atoms.

Exemplary alkyl groups include, but are not limited to, methyl, ethyl, 1sopropyl, n-propyl, n-butyl, and
iso-butyl. Suitable haloalkyl groups for R' often have only a portion of the hydrogen atoms of the
corresponding alkyl group replaced with a halogen. Exemplary haloalkyl groups include chloroalkyl and
fluoroalkyl groups with 1 to 3 halo atoms and 3 to 10 carbon atoms. Suitable alkenyl groups for R' often
have 2 to 10 carbon atoms. Exemplary alkenyl groups often have 2 to 8, 2 to 6, or 2 to 4 carbon atoms
such as ethenyl, n-propenyl, and n-butenyl. Suitable aryl groups for R' often have 6 to 12 carbon atoms.
Phenyl 1s an exemplary aryl group. The aryl group can be unsubstituted or substituted with an alkyl (e.g.,
an alkyl having 1 to 10 carbon atoms, 1 to 6 carbon atoms, or 1 to 4 carbon atoms), an alkoxy (e.g., an
alkoxy having 1 to 10 carbon atoms, 1 to 6 carbon atoms, or 1 to 4 carbon atoms), or halo (e.g., chloro,
bromo, or fluoro). Suitable aralkyl groups for R' usually have an alkylene group having 1 to 10 carbon
atoms and an aryl group having 6 to 12 carbon atoms. In some exemplary aralkyl groups, the aryl group
1s phenyl and the alkylene group has 1 to 10 carbon atoms, 1 to 6 carbon atoms, or 1 to 4 carbon atoms
(i.e., the structure of the aralkyl 1s alkylene-phenyl where an alkylene 1s bonded to a phenyl group).

In some embodiments, at least 50 percent of the R" groups are methyl. For example, at least 60
percent, at least 70 percent, at least 80 percent, at least 90 percent, at least 95 percent, at least 98 percent,
or at least 99 percent of the R' groups can be methyl. The remaining R' groups can be selected from an
alkyl having at least two carbon atoms, haloalkyl, aralkyl, alkenyl, aryl, or aryl substituted with an alkyl,
alkoxy, or halo.

Each Y 1n Formula I 1s independently an alkylene, aralkylene, or a combination thercof. Suitable
alkylene groups typically have up to 10 carbon atoms, up to 8 carbon atoms, up to 6 carbon atoms, or up
to 4 carbon atoms. Exemplary alkylene groups include methylene, ethylene, propylene, butylene, and the
like. Suitable aralkylene groups usually have an arylene group having 6 to 12 carbon atoms bonded to an
alkylene group having 1 to 10 carbon atoms. In some exemplary aralkylene groups, the arylene portion 1s
phenylene. That 1s, the divalent aralkylene group 1s phenylene-alkylene where the phenylene 1s bonded to
an alkylene having 1 to 10, 1 to 8, 1 to 6, or 1 to 4 carbon atoms. As used herein with reference to group
Y, “a combination thercof™ refers to a combination of two or more groups selected from an alkylene and
aralkylene group. A combination can be, for example, a simngle aralkylene bonded to a simngle alkylene
(e.g., alkylene-arylene-alkylene). In one exemplary alkylene-arylene-alkylene combination, the arylene 1s
phenylene and each alkylene has 1 to 10, 1 to 6, or 1 to 4 carbon atoms.

Each subscript n in Formula I 1s independently an integer of 40 to 1500. For example, subscript
n can be an iteger up to 1000, up to 500, up to 400, up to 300, up to 200, up to 100, up to 80, or up to 60.
The value of n 1s often at least 40, at least 45, at least 50, or at least 55. For example, subscript n can be
in the range of 40 to 1000, 40 to 500, 50 to 500, 50 to 400, 50 to 300, 50 to 200, 50 to100, 50 to 80, or 50
to 60.
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The subscript p 1s an integer of 1 to 10. For example, the value of p 1s often an integer up to 9, up
to8, upto7,upto 6, upto S, upto4, upto 3, orupto2. The value of p can be in the range of 1 to 8, 1 to
6,or 1to4.

Group G in Formula I is a residual unit that is equal to a diamine compound of formula R’HN-G-
NHR’ minus the two amino groups (i.e., -NHR”’ groups). Group R’ is hydrogen or alkyl (e.g., an alkyl
having 1 to 10, 1 to 6, or 1 to 4 carbon atoms) or R’ taken together with G and with the nitrogen to which
they are both attached forms a heterocyclic group (e.g., R*”HN-G-NHR’ is piperazine). The diamine can
have primary or secondary amino groups. In most embodiments, R’ is hydrogen or an alkyl. In many
embodiments, both of the amino groups of the diamine are primary amino groups (i.e., both R’ groups are
hydrogen) and the diamine 1s of formula HoN-G-NH>.

In some embodiments, G 1s an alkylene, heteroalkylene, polydiorganosiloxane, arylene,
aralkylene, or a combination thereot. Suitable alkylenes often have 2 to 10, 2 to 6, or 2 to 4 carbon atoms.
Exemplary alkylene groups include ethylene, propylene, butylene, and the like. Suitable heteroalkylenes
are often polyoxyalkylenes such as polyoxyethylene having at least 2 ethylene units, polyoxypropylene
having at least 2 propylene units, or copolymers thercof. Suitable polydiorganosiloxanes include the
polydiorganosiloxane diamines of Formula 111, which are described below, minus the two amino groups.
Exemplary polydiorganosiloxanes include, but are not limited to, polydimethylsiloxanes with alkylene Y
ogroups. Suitable aralkylene groups usually contain an arylene group having 6 to 12 carbon atoms bonded
to an alkylene group having 1 to 10 carbon atoms. Some exemplary aralkylene groups are phenylene-
alkylenc where the phenylene 1s bonded to an alkylene having 1 to 10 carbon atoms, 1 to 8 carbon atoms,
1 to 6 carbon atoms, or 1 to 4 carbon atoms. As used heremn with reference to group G, “a combination
thereof™ refers to a combination of two or more groups selected from an alkylene, heteroalkylene,
polydiorganosiloxane, arylene, and aralkylene. A combination can be, for example, an aralkylene bonded
to an alkylene (e.g., alkylene-arylene-alkylene). In one exemplary alkylene-arylene-alkylene
combination, the arylene 1s phenylene and each alkylene has 1 to 10, 1 to 6, or 1 to 4 carbon atoms.

In some embodiments, the polydiorganosiloxane polyoxamide tends to be free of groups having a
formula —R*-(CO)-NH- where R" 1s an alkylene. All of the carbonylamino groups along the backbone of
the copolymeric matenal are part of an oxalylamino group (i.e., the
-(CO)-(CO)-NH- group). That 1s, any carbonyl group along the backbone of the copolymeric matenal 1s
bonded to another carbonyl group and 1s part of an oxalyl group. More specifically, the
polydiorganosiloxane polyoxamide has a plurality of aminoxalylamino groups.

In some embodiments, the polydiorganosiloxane polyoxamide 1s a linear, block copolymer and
can be an elastomeric material. Unlike many of the known polydiorganosiloxane polyamides that are
ogenerally formulated as brittle solids or hard plastics, the polydiorganosiloxane polyoxamides can be
formulated to include greater than 50 weight percent polydiorganosiloxane segments based on the weight
of the copolymer. The weight percent of the diorganosiloxane 1n the polydiorganosiloxane polyoxamides

can be increased by using higher molecular weight polydiorganosiloxanes segments to provide greater
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than 60 weight percent, greater than 70 weight percent, greater than 80 weight percent, greater than 90

weight percent, greater than 95 weight percent, or greater than 98 weight percent of the
polydiorganosiloxane segments 1n the polydiorganosiloxane polyoxamides. Higher amounts of the
polydiorganosiloxane can be used to prepare elastomeric materials with lower modulus while maintaining
rcasonable strength.

Some of the polydiorganosiloxane polyoxamides can be heated to a temperature up to 200 °C, up
to 225 °C, up to 250 °C, up to 275 °C, or up to 300 °C without noticeable degradation of the material. For
example, when heated m a thermogravimetric analyzer in the presence of air, the copolymers often have
less than a 10 percent weight loss when scanned at a rate 50 °C per minute in the range of 20 °C to about
350 °C. Additionally, the copolymers can often be heated at a temperature such as 250 °C for 1 hour in
air without apparent degradation as determined by no detectable loss of mechanical strength upon
cooling.

The polydiorganosiloxane polyoxamide copolymers have many of the desirable features of
polysiloxanes such as low glass transition temperatures, thermal and oxidative stability, resistance to
ultraviolet radiation, low surface energy and hydrophobicity, and high permeability to many gases.
Additionally, the copolymers exhibit good to excellent mechanical strength.

The copolymeric material of Formula I can be optically clear. As used herein, the term “optically
clear” refers to a matenal that 1s clear to the human eye. An optically clear copolymeric matenal often
has a luminous transmission of at least about 90 percent, a haze of less than about 2 percent, and opacity
of less than about 1 percent in the 400 to 700 nm wavelength range. Both the luminous transmission and
the haze can be determined using, for example, the method of ASTM-D 1003-95.

Additionally, the copolymeric material of Formula I can have a low refractive index. As used
herein, the term “refractive index™ refers to the absolute refractive index of a matenal (e.g., copolymeric
material or adhesive composition) and 1s the ratio of the speed of electromagnetic radiation 1n free space
to the speed of the electromagnetic radiation 1in the material of mterest. The electromagnetic radiation 1s
white light. The index of refraction 1s measured using an Abbe refractometer, available commercially, for
example, from Fisher Instruments of Pittsburgh, PA. The measurement of the refractive index can
depend, to some extent, on the particular refractometer used. The copolymeric material usually has a
refractive index 1n the range of about 1.41 to about 1.50.

The polydiorganosiloxane polyoxamides are soluble in many common organic solvents such as,
for example, toluene, tetrahydrofuran, dichloromethane, aliphatic hydrocarbons (e.g., alkanes such as
hexane), or mixtures thereof.

The linear block copolymers having repeat units of Formula I can be prepared, for example, as

represented 1n Reaction Scheme A.
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Reaction Scheme A
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In this reaction scheme, a precursor of Formula 1I 1s combined under reaction conditions with a diamine
having two primary amino groups, two secondary amino groups, or on¢ primary amino group and one
secondary amino group. The diamine is usually of formula R°THN-G-NHR”®. The R*OH by-product is
typically removed from the resulting polydiorganosiloxane polyoxamide.

The diamine R*HN-G-NHR’ in Reaction Scheme A has two amino groups (i.e.,

-NHR"’). Group R’ is hydrogen or alkyl (e.g., an alkyl having 1 to 10, 1 to 6, or 1 to 4 carbon atoms) or R’
taken together with G and with the nitrogen to which they are both attached forms a heterocyclic group
(e.g., the diamine is piperazine or the like). In most embodiments, R’ is hydrogen or alkyl. In many
embodiments, the diamine has two primary amino groups (i.e., each R’ group is hydrogen) and the
diamine 1s of formula HoN-G-NH,. The portion of the diamine exclusive of the two amino groups 1s
referred to as group G 1in Formula I.

The diamines are sometimes classified as organic diamines or polydiorganosiloxane diamines
with the organic diamines including, for example, those selected from alkylene diamines, heteroalkylene
diamines, arylene diamines, aralkylene diamines, or alkylene-aralkylene diamines. The diamine has only
two amino groups so that the resulting polydiorganosiloxane polyoxamides are linear block copolymers
that are often elastomeric, hot melt processible (e.g., the copolymers can be processed at elevated
temperatures such as up to 250 °C or higher without apparent degradation of the composition), and
soluble 1n some common organic solvents. The diamine 1s free of a polyamine having more than two
primary or sccondary amino groups. Tertiary amines that do not react with the precursor of Formula 11
can be present. Additionally, the diamine 1s free of any carbonylamino group. That 1s, the diamine 1s not
an amide.

Exemplary polyoxyalkylene diamines (i.e., G 1s a heteroalkylene with the heteroatom being
oxygen) include, but are not limited to, those commercially available from Huntsman, The Woodlands,
TX under the trade designation JEFFAMINE D-230 (i.e., polyoxypropylene diamine having an average
molecular weight of about 230 g/mole), JEFFAMINE D-400 (i.e., polyoxypropylene diamine having an
average molecular weight of about 400 g/mole), JEFFAMINE D-2000 (i.e., polyoxypropylene diamine
having an average molecular weight of about 2,000 g/mole), JEFFAMINE HK-511 (i.e.,

polyetherdiamine with both oxyethylene and oxypropylene groups and having an average molecular
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weight of about 220 g/mole), JEFFAMINE ED-2003 (i.e., polypropylene oxide capped polyethylene

glycol with an average molecular weight of about 2,000 g/mole), and JEFFAMINE EDR-1438 (i.e.,
tricthyleneglycol diamine).

Exemplary alkylene diamines (i.e., G 1s a alkylene) include, but are not limited to, ethylenc
diamine, propylene diamine, butylene diamine, hexamethylene diamine, 2-methylpentamethylene 1,5-
diamine (7.e., commercially available from DuPont, Wilmington, DE under the trade designation DY TEK
A), 1,3-pentanc diamine (commercially available from DuPont under the trade designation DY TEK EP),
1. 4-cyclohexane diamine, 1,2-cyclohexane diamine (commercially available from DuPont under the trade
designation DHC-99), 4.4°-bis(aminocyclohexyl)methane, and 3-ammomethyl-3.5,5-
trimethylcyclohexylamine.

Exemplary arylene diamines (i.e., G 1s an arylene such as phenylene) include, but are not limited
to, m-phenylene diamine, o-phenylene diamine, and p-phenylene diamine. Exemplary aralkylene
diamines (i.e., G 1s an aralkylene such as alkylene-phenyl) include, but are not limited to 4-ammomethyl-
phenylamine, 3-aminomethyl-phenylamine, and 2-ammomethyl-phenylamine. Exemplary alkylene-
aralkylene diamines (i.e., G 1s an alkylene-aralkylene such as alkylene-phenylene-alkylene) include, but
are not limited to, 4-aminomethyl-benzylamine, 3-aminomethyl-benzylamine, and 2-aminomethyl-
benzylamine.

The precursor of Formula II in Reaction Scheme A has at least one polydiorganosiloxane segment
and at least two oxalylamino groups. Group R', group Y, subscript n, and subscript p are the same as
described for Formula I. Each group R*is independently an alkyl, haloalkyl, aryl, or aryl substituted with
an alkyl, alkoxy, halo, or alkoxycarbonyl.

Suitable alkyl and haloalkyl groups for R? often have 1 to 10, 1 to 6, or 1 to 4 carbon atoms.
Although tertiary alkyl (e.g., tert-butyl) and haloalkyl groups can be used, there 1s often a primary or
secondary carbon atom attached directly (i.e., bonded) to the adjacent oxy group. Exemplary alkyl groups
include methyl, ethyl, n-propyl, 1so-propyl, n-butyl, and 1so-butyl. Exemplary haloalkyl groups include
chloroalkyl groups and fluoroalkyl groups in which some, but not all, of the hydrogen atoms on the
corresponding alkyl group are replaced with halo atoms. For example, the chloroalkyl or a fluoroalkyl
ogroups can be chloromethyl, 2-chlorocthyl, 2,2,2-trichloroethyl, 3-chloropropyl, 4-chlorobutyl,
fluoromethyl, 2-fluoroethyl, 2,2, 2-tnifluoroethyl, 3-fluoropropyl, 4-fluorobutyl, and the like. Suitable aryl
groups for R* include those having 6 to 12 carbon atoms such as, for example, phenyl. An aryl group can
be unsubstituted or substituted with an alkyl (e.g., an alkyl having 1 to 4 carbon atoms such as methyl,
cthyl, or n-propyl), an alkoxy (e.g., an alkoxy having 1 to 4 carbon atoms such as methoxy, ethoxy, or
propoxy), halo (e.g., chloro, bromo, or fluoro), or alkoxycarbonyl (e.g., an alkoxycarbonyl having 2 to 5
carbon atoms such as methoxycarbonyl, ethoxycarbonyl, or propoxycarbonyl).

The precursor of Formula II can include a single compound (i.e., all the compounds have the
same value of p and n) or can include a plurality of compounds (i.e., the compounds have different values

for p, different values for n, or different values for both p and n). Precursors with different n values have
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stloxane chains of different length. Precursors having a p value of at least 2 are chain extended. Different
amounts of the chain-extended precursor of Formula Il in the mixture can affect the final properties of the
clastomeric material of Formula I. That 1s, the amount of the second compound of Formula Il (i.e., p
equal to at least 2) can be varied advantageously to provide clastomeric materials with a range of
properties. For example, a higher amount of the second compound of Formula Il can alter the melt
rheology (e.g., the elastomeric maternial can flow easier when molten), alter the softness of the elastomeric
material, lower the modulus of the elastomeric material, or a combination thereof.

In some embodiments, the precursor 1s a mixture of a first compound of Formula II with subscript
p equal to 1 and a second compound of Formula II with subscript p equal to at least 2. The first
compound can include a plurality of different compounds with difterent values of n. The second
compound can include a plurality of compounds with different values of p, different values of n, or
different values of both p and n. Mixtures can include at least 50 weight percent of the first compound of
Formula Il (i.e., p 1s equal to 1) and no greater than 50 weight percent of the second compound of
Formula Il (7.e., p 1s equal to at least 2) based on the sum of the weight of the first and second compounds
in the mixture. In some mixtures, the first compound 1s present in an amount of at least 55 weight
percent, at least 60 weight percent, at least 65 weight percent, at least 70 weight percent, at least 75
weight percent, at least 80 weight percent, at least 85 weight percent, at least 90 weight percent, at least
95 weight percent, or at least 98 weight percent based on the total amount of the compounds of Formula
II. The mixtures often contain no greater than 50 weight percent, no greater than 45 weight percent, no
orcater than 40 weight percent, no greater than 35 weight percent, no greater than 30 weight percent, no
orcater than 25 weight percent, no greater than 20 weight percent, no greater than 15 weight percent, no
ogreater than 10 weight percent, no greater than 5 weight percent, or no greater than 2 weight percent of
the second compound.

Reaction Scheme A can be conducted using a plurality of precursors of Formula II, a plurality of
diamines, or a combination thercotf. A plurality of precursors having different average molecular weights
can be combined under reaction conditions with a single diamine or with multiple diamines. For
example, the precursor of Formula II may include a mixture of materials with difterent values of n,
different values of p, or different values of both n and p. The multiple diamines can include, for example,
a first diamine that 1s an organic diamine and a second diamine that 1s a polydiorganosiloxane diamine.
Likewise, a single precursor can be combined under reaction conditions with multiple diamines.

The molar ratio of the precursor of Formula II to the diamine 1s often about 1:1. For example the
molar ratio 1s often less than or equal to 1: 0.90, less than or equal to 1: 0.92, less than or equal to 1: 0.95,
less than or equal to 1: 0.98, or less than or equal to 1: 1. The molar ratio 1s often greater than or equal to
1: 1.02, greater than or equal to 1: 1.05, greater than or equal to 1: 1.08, or greater than or equal to 1: 1.10.
For example, the molar ratio can be 1n the range of 1: 0.90 to 1: 1.10, 1n the range of 1: 0.92 to 1: 1.08, 1n
the range of 1: 0.95 to 1: 1.05, or in the range of 1: 0.98 to 1: 1.02. Varying the molar ratio can be used,

for example, to alter the overall molecular weight, which can affect the rheology of the resulting
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copolymers. Additionally, varying the molar ratio can be used to provide oxalylamino-containing end
groups or amino end groups, depending upon which reactant 1s present in molar excess.

The condensation reaction of the precursor of Formula II with the diamine (i.e., Reaction Scheme
A) are often conducted at room temperature or at elevated temperatures such as at temperatures up to
about 250 °C. For example, the reaction often can be conducted at room temperature or at temperatures
up to about 100 °C. In other examples, the reaction can be conducted at a temperature of at least 100 °C,
at least 120 °C, or at least 150 °C. For example, the reaction temperature 1s often in the range of 100 °C to
220 °C, 1n the range of 120 °C to 220 °C, or 1n the range of 150 °C to 200 °C. The condensation reaction
1s often complete 1n less than 1 hour, 1n less than 2 hours, 1n less than 4 hours, in less than 8 hours, or 1n
less than 12 hours.

Reaction Scheme A can occur 1n the presence or absence of a solvent. Suitable solvents usually
do not react with any of the reactants or products of the reactions. Additionally, suitable solvents are
usually capable of maintaining all the reactants and all of the products in solution throughout the
polymerization process. Exemplary solvents include, but are not limited to, toluene, tetrahydrofuran,
dichloromethane, aliphatic hydrocarbons (e.g., alkanes such as hexane), or mixtures thereof.

Any solvent that 1s present can be stripped from the resulting polydiorganosiloxane polyoxamide
at the completion of the reaction. Solvents that can be removed under the same conditions used to
remove the alcohol by-product are often preferred. The stripping process 1s often conducted at a
temperature of at least 100 °C, at least 125 °C, or at least 150 °C. The stripping process is typically at a
temperature less than 300 °C, less than 250 °C, or less than 225 °C.

Conducting Reaction Scheme A 1n the absence of a solvent can be desirable because only the
volatile by-product, R?OH, needs to be removed at the conclusion of the reaction. Additionally, a solvent
that 1s not compatible with both reactants and the product can result in incomplete reaction and a low
degree of polymerization.

Any suitable reactor or process can be used to prepare the copolymeric maternial according to
Reaction Scheme A. The reaction can be conducted using a batch process, semi-batch process, or a
continuous process. Exemplary batch processes can be conducted 1n a reaction vessel equipped with a
mechanical stirrer such as a Brabender mixer, provided the product of the reaction 1s 1n a molten state has
a sufticiently low viscosity to be drained from the reactor. Exemplary semi-batch process can be
conducted 1n a contmuously stirred tube, tank, or fluidized bed. Exemplary continuous processes can be
conducted m a single screw or twin screw extruder such as a wiped surface counter-rotating or co-rotating
twin screw extruder.

In many processes, the components are metered and then mixed together to form a reaction
mixture. The components can be metered volumetrically or gravimetrically using, for example, a gear,
piston or progressing cavity pump. The components can be mixed using any known static or dynamic
method such as, for example, static mixers, or compounding mixers such as simgle or multiple screw

extruders. The reaction mixture can then be formed, poured, pumped, coated, injection molded, sprayed,
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sputtered, atomized, stranded or sheeted, and partially or completely polymernized. The partially or

completely polymernized material can then optionally be converted to a particle, droplet, pellet, sphere,
strand, ribbon, rod, tube, film, sheet, coextruded film, web, non-woven, microreplicated structure, or other
continuous or discrete shape, prior to the transformation to solid polymer. Any of these steps can be
conducted 1n the presence or absence of applied heat. In one exemplary process, the components can be
metered using a gear pump, mixed using a static mixer, and injected into a mold prior to solidification of
the polymerizing matenal.

The polydiorganosiloxane-containing precursor of Formula II in Reaction Scheme A can be

prepared by any known method. In some embodiments, this precursor 1s prepared according to Reaction

Scheme B.

Reaction Scheme B

1

1 1
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1
A polydiorganosiloxane diamine of Formula I1I (p moles) 1s reacted with a molar excess of an oxalate of
Formula IV (greater than p + 1 moles) under an mert atmosphere to produce the polydiorganosiloxane-
containing precursor of Formula II and R*-OH
by-product. In this reaction, R', Y, n, and p are the same as previously described for Formula I. Each R*
in Formula IV 1s independently an alkyl, haloalkyl, aryl, or aryl substituted with an alkyl, alkoxy, halo, or
alkoxycarbonyl. The preparation of the precursor of Formula II according to Reaction Scheme B 1s
further described 1in U.S. Publication No. 2007/0149745 (Leir et al.)

The polydiorganosiloxane diamine of Formula III in Reaction Scheme B can be prepared by any
known method and can have an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>