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DOWNHOLE TOOLS COMPRISING SEALING ELEMENTS COMPOSED OF
ELASTOMER AND ANHYDROUS ACID PARTICLES

CROSS-REFERENCE TO RELATED APPLICATIONS

(0001} This application claims priority to PCT/US2014/045535, titled
"Downhole Tools Comprising Agueous-Degradable Sealing Elements,” filed July
7, 2014; PCT/USZ2015/035823, titled “Downhole Tools Comprising Agueocus-
Degradable Elastomer Sealing Elements with Carbodiimide,” filed June 15, 2015;
PCT/US2015/035812, titled “Downhole Tools Comprising Cast Degradable
Sealing Elements,” and filed June 15, 2015; and PCT/USZ0D15/067286, titled
“Downhole Tools Comprising  Aqueous-Degradable  Sealing Elemenits of
Thermoplastic Rubber,” and filed December 22, 2015,

BACKGROUND

(00027 The present disclosure generally relates to downhole tools
comprising sealing elements and, more specifically, to downhole tools comprising
a body and a sealing element composed of an elastomer and anhvydrous acid
particies, wherein at least a portion of the sealing element degrades in a
wellbore environment.,

(00031 A variety of downhole tools are within a wellbore in
connection with producing or reworking a hydrocarbon bearing subterranean
formation. The downhole tool may comprise a wellbore zonal isolation device
capable of fluidly sealing two sectiocns of the wellbore from one another and
maintaining differential pressure (i.e., to isclate one pressure zone from
another). The wellbore zonal isclation device may be used in direct contact with
the formation face of the wellbore, with casing string, with a screen or wire
mesh, and the like.

[0004] After the production or reworking operation is compiete, the
seal formed by the downhole ool must be broken and the tool itself removed
from the wellbore. The downhole tool must be removed to aliow for production
or further operations to proceed without being hindered by the presence of the
downhole tool. Removal of the downhole tool{s) is traditionally accomplished by
complex retrieval operations involving milling or drilling the downhole tool for
mechanical retrieval. In order to facilitate such operations, downhole tools have

traditionally been composed of drillable metal materials, such as cast iron, brass,
1
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or aluminum. These operations can be costly and time consuming, as they
involve introducing a tool string (e.g., @ mechanical connection to the surface)
into the wellbore, milling or drilling out the downhole tool {e.g., at least breaking
the seal}, and mechanically retrieving the downhole tool or pieces thereof from
the wellbore to bring to the surface.

(00051 To reduce the cost and time reguired to mill or drill a
downhole tool from a wellbore for its removal, degradable downhole tools have
been developed. Traditionally, however, such degradable downhole tools have
heen designed only such that the degradable portion includes the tool body itself
and not any sealing element of the downhole tool. This is particularly evident
because the degradable materials that have been proposed for use in forming a
downhole tool body are often highly brittle and are physically or chemically
incapabie of exhibiting expansive or elastic properties necessary for a sealing
element. Instead, the known degradable downhole tools may degrade such that
it no longer provides the structural integrity necessary for achieving an effective
seal with the non-degradable sealing element. Indeed, common additives o
sealing elements, such as carbon black and acids used for crosslinking or
vulcanization which are consumed during manufacture of the sealing element, do

not result in degradation of the sealing element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The following figures are included to llustrate certain aspecis
of the embodiments, and should not be viewed as exclusive embodiments. The
subject matter disciosed is capable of considerable modifications, alterations,
combinations, and equivalents in form and function, as will occur to those skilled
in the art and having the benefit of this disclosure.

fO0071 FIG. 1 illustrates a cross-sectional view of a well system
comprising a downhole tool, according to one or more embodiments described
herein.

(00081 FIG. 2 depicts an enlarged cross-sectional view of a downhole
tool, according to one or more embodiments described herein.

(00097 FI1G. 3 shows an enlarged cross-sactional view of a downhole

tool in operation, according to one or more embodiments described herein,
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(G010} FIG. 4 shows the degradation of an elastomer comprising
various amounis of anhydrous citric acid particles after three (3) days of
incubation in tap water at 150°F.

(0011} FIG. 5 shows the degradation of an elastomer comprising
various amounts of anhydrous citric acid particles after four (4) days of

incubation in tap water at 116°F,

DETAILED DESCRIPTION

00127 The present disclosure generally relates to downhole tools
comprising sealing elements and, more specifically, to downhole tools comprising
a body and a sealing element composed of an elastomer and anhvdrous acid
particles, wherein at least a portion of the sealing element degrades in a
weallbore environment. The anhydrous acid particles are hydrolyzed (which may
also involve a size increase of the anhvdrous acid particles) in the wellbore
envirenment io accelerate degradation of the sealing element. In some
embodiments, all or a portion of the body is also degradable in the weallbore
environment. In such instances, the anhydrous acid particles, once hydrolyzed,
may additionally accelerate degradation of the degradable portion of the body.

(00131 As used herein, the term “degradable,” and all of its
grammatical variants {(e.g., “degrade,” “degradation,” “degrading,” and the like),
refers to the disscolution or chemical conversion of materials into smalier
components, intermediates, or end products by at least one of solubilization,
hvdrolytic degradation, biologically formed entities {e.g., bacteria or enzymes),
chemical reactions, thermal reactions, or reactions induced by radiation. In
preferred embodiments, the sealing elements of the present disclosure degrade
by hvydrolytic degradation. The term “at least a portion” with reference to
degradation (e.g., “at least a portion of the sealing element is degradable” or "at
least a portion of the body is degradable,” or “at least a portion of the sealing
element is hydrolvtically degradable,” and grammatical variants thereof) refers
to degradation of at least about 80% of the volume of that part. In some
instances, the degradation of the material may be sufficient for the mechanical
properties of the material to reduce to a point that the material no longer
maintains its integrity and, in essence, falls apart. The conditions for

degradation are generally wellbore conditions where an external stimulus may
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be used to initiate or affect the rate of degradation. For example, the
embodiments of the present disclosure employ sealing elements comprising
anhydrous acid particles that accelerate degradation of at least the sealing
glement and, in some instances, other portions of the downhole ool composed
of a degradable material. The term “wellbore environment” includes both
naturally occurring wellbore environments and introduced materials into the
weallbore.

(00141 Disclosed are various embodiments of a downheole tool
including a sealing element composed of an elastomer (including one ¢or more
elastomers) and anhydrous acid particles. The sealing element is capable of
fluidly sealing two sections of a welibore {(which may be also referred to as
“setting” the downhole tocl). The downhole tool may have various setting
mechanisms for fluidly sealing the two sections of the welibore with the sealing
element including, but not limited to, hydraulic setting, mechanical setting,
setting by swelling, setting by inflation, and the like. The downhole tool may be
a wellbore isolation device, such as a frac plug, a bridge plug, a packer, a wiper
plug, a cement plug, or any other tool requiring a sealing element for use in a
downhole operation. Such downhole operations may include, but are not limited
to, any type of fluid injection operation {e.g., a stimulation/fracturing operation,
a pinpeoint acid stimulation, casing repair, and the like), and the like. In some
embodiments, the downhole tool may comprise a body and at least one sealing
slement composed of an elastomer and anhvdrous acid particles. The sealing
element degrades in a wellbore environment, such as upon contact with an
aquecus fluid therein. As discussed in detail below, degradation of the sealing
elermnent may be accelerated, rapid, or normal, degrading anywhere from about 2
hours to about 120 days from first contact with a stimulus in the wellbore
environment {e.g., an aqueous fluid), wherein degradation is further accelerated
due to the presence of the anhydrous acid particles.

(00151 In some embodimeants, the elastomer forming the sealing
element is agqueocus-degradable and degradation is in an aqueocus fluid wellbore
environment. The anhydrous acid particles are hydrolvzed upon contact with the
agueocus fluid wellbore environment and form an acid (e.g., hydrolysis of
anhydrous citric acid, or hydrolysis of maleic anhydride to generate maleic acid).

The acid further accelerates hydrolvtic degradation of the agqueous-degradable
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elastomer forming a portion of the sealing element. While the present disclosure
focuses on hydrolytic degradation of the sealing elements described herein in an
agquecus fluid wellbore environment, it will be appreciated that the elastomer
forming the sealing element may be oil-degradable {&.g., in the presence of a
hyvdrocarbon wellbore environment) and the presence of the anhydrous acid
particles will also accelerate degradation of the oil-degradable elastomer. For
example, the slastomer (e.g., a urethane elastomer) can break down into its
monomeric units that are soluble in a hydrocarbon (i e, oil). This solubility can
drive the equilibrium of the degradation of the elastomer. In essence, the
degraded elastomer products are favored in the Ko (equilibrium constant) of the
degradation mechanism and, thus, helps push the degradation process in the
forward direction. Degradation of the elastomer forming the sealing element
rmay additionally be achieved or otherwise affected (e.g., in addition to hydrolytic
degradation or degradation by an acid) by elevated temperature, salinity {or pH)
of a fluid contacting the elastomer, and any combination thereof.

00161 In some embodiments, at least a portion of the body itself
may also be degradable upon exposure to the wellbore environment. The
embodiments herein permit fluid sealing of two wellbore sections with a
downhole tool having a sealing element that later degrades /n sity, where such
degradation is accelerated by the presence of anhydrous acid particles,
preferably without the need to mill or drill and retrieve the downhole tool from
the wellbore. In particular, the degradation of the sealing element results in
failure of the sealing element to maintain differential pressure and form an
effective seal. In such cases, the downhole tool may drop into a rathole in the
weallbore without the need for retrieval or may be sufficiently degraded in the
wellbore so as to be generally indiscernible. It will be appreciated by one of skill
in the art that while the embodiments herein are described with reference to a
downhole tool, the sealing slements composed of an elastomer and anhydrous
acid particles disclosed herein may be used with any wellbore operation
equipment that may preferentially degrade upon exposure to a stimuli, such as
agueous fluids, and where accelerated degradation is desirable {(i.e., by the
anhvydrous acid particles).

00171 One or more illustrative embodiments disclosed hersin are

presented below. Not all features of an actual implementation are described or
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shown in this application for the sake of clarity. It is understood that in the
development of an actual embodiment incorporating the embodiments disclosed
herein, numercus implementation-specific decisions must be made to achieve
the developer's goals, such as compliance with system-related, lithology-related,
business-related, government-related, and other constraints, which vary by
implementation and from time to time. While a developer's afforts might be
complex and time-consuming, such efforts would be, nevertheless, a routine
undertaking for those of ordinary skill in the art having benefit of this disclosure.

(00187 It should bea noted that when “about” is provided herein at
the beginning of a numerical list, the term modifies each number of the
numerical list. In some numerical listings of ranges, some lower limits listed
may be greater than some upper limits listed. One skilled in the art will
recognize that the selected subset will require the selection of an upper Hmit in
excess of the selected lower limit. Uniess otherwise indicated, all numbers
expressed in the present specification and associated claims are to be
understood as being modified in all instances by the term “aboul.” As used
herein, the term “about” encompasses +/- 5% of a numerical value. For
example, if the numerical value is “about B8(0%,” then it can be B0% +/- 5%,
equivalent to 76% to 84%. Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the following specification and attached claims
are approximations that may vary depending upon the desired properties sought
to be obtained by the exemplary embodiments described herein., At the very
least, and not as an attempt to limit the application of the doctrine of
equivalents to the scope of the daim, sach numerical parameter should at least
be construed in light of the number of reported significant digits and by applying
ordinary rounding technigues.

(00197 While compositions and methods are described herein in
terms of “comprising” various components or steps, the compositions and
methods can also “consist essentially of” or “consist of” the various components
and steps. When “comprising” is used in a claim, it is open-ended.

(00201 As used herein, the term Tsubstantially” means largely, but
not necessarily wholly.

00211 The use of directional terms such as above, below, upper,

lower, upward, downward, left, right, uphole, downhole and the like are used in
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relation to the illustrative embodiments as they are depicted in the figures, the
upward direction being toward the top of the corresponding figure and the
downward direction being toward the bottom of the corresponding figure, the
uphole direction being toward the surface of the well and the downhole direction
being toward the toe of the well.

(00221 Referring now to FIG. 1, illustrated is an exemplary well
systern 110 for a downhole tool 100. As depicted, a derrick 112 with a rig floor
114 is positioned on the earth’s surface 108, A wellbore 120 is positioned
below the derrick 112 and the rig flcor 114 and extends into subterranean
formation 115%. As shown, the wellbore may be lined with casing 1285 that is
camented into place with cement 1237, It will be appreciated that although FIG.
1 depicts the wellbore 120 having a casing 125 being cemented into piace with
cement 127, the wellbore 120 may be wholly or partially cased and wholly or
partially cemented {(i.e., the casing wholly or partially spans the welibore and
may or may not be wholly or partially cemented in place), without departing
from the scope of the present disclosure. Moreover, the welibore 120 may be
an open-hole wellbore. A tool string 118 extends from the derrick 212 and the
rig floor 114 downwardly into the wellbore 128. The tool string 118 may be
any mechanical connection to the surface, such as, for example, wireline,
slickline, iointed pipe, or coiled tubing. As depicted, the tool string 118
suspends the downhole tool 100 for placement into the wellbore 120 at a
desired location to perform a specific downhole operation. In some
embodiments, the downhole tool 108 is connected {0 the tool string 118 via a
means such as physical connection, or a conneaction using one or more portions
of the downhole tool 200 (e.g., components of the body, such as slips, wedges,
and the like, or the sealing element). That is, the tool string 118 may be tubing
inside of the casing string 125 (or the welibore 120 if casing string is not used)
and the downhole tool 108 may be hydraulically pumped or gravitationally
placed therein where the connection between the ool string 118 and the
downhole tool 108 is due io pressure contact {e.g., slips, wedges, sealing
element, and the like) between the downhole tool 180 and the interior of the
tool string 118, In some instances, the tool string 118 and the casing string
125 are one and the same (i.e., the casing string is a type of tool string), and

the downhole tool 100 is connected to the inner diameter (e.g., the pressure
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contact described below) thereto. As previcusly mentioned, the downhole tool
100 may be any type of wellbore zonai isolation device inciuding, but not limited
to, a frac plug, a bridge plug, a packer, a wiper plug, or a cement plug.

00237 It will be appreciated by one of skill in the art that the well
system 110 of FIG. 1 is merely one example of a wide variety of well systems in
which the principles of the present disclosure may be utilized. Accordingly, it will
be appreciated that the principles of this disclosure are not necessarily limited to
any of the details of the depicted well system 118, or the various components
thereof, depicted in the drawings or otherwise described herein. For example, it
is not necessary in keeping with the principles of this disclosure for the wellbore
120 to include a generally vertical cased section. The well system 110 may
equally be employed in vertical, horizontal, and/or deviated (i.e., slanted from
true vertical or true horizontal) wellbores, without departing from the scope of
the present disclosure. Furthermore, if is not necessary for a single downhole
tool 180 to be suspended from or otherwise connected to the tool string 118.

002417 In addition, it is not necessary for the downhole tool 100 o
be lowered into the welibore 120 using the derrick 112, Rather, any other type
of device suitable for lowering the downhole tool 480 into the wellbore 120 for
placement at a desired location may be utilized without departing from the scope
of the present disclosure such as, for example, mobile workover rigs, well
servicing units, and the like. Although not depicted, the downhole tool 180 may
alternatively be hydraulically pumped into the wellbore and, thus, not need the
tool string 118 for delivery inte the wellbore 128, although the downhgle ool
100 may be otherwise connected to (ie., in contact with) a tool string 118
located within the wellbore 120,

(00257 Although not depicted, the structure of the downhole tool
100 may take on a variety of forms to provide fluid sealing between two
wellbore sections. The downhole tool 100, regardless of its specific structure as
a specific type of wellbore zonal isplation device, comprises a body and a sealing
element. Both the body and the sealing element may each be composed of the
same material {(i.e., all or a portion of the body may be composed of the
elastomer and anhydrous acid particles described herein, and any other
additives). Generally, however, the body provides structural rigidity and other

mechanical features to the downhole tool 100 and the sealing siement is a
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resilient {(i.e., elastic) material capable of providing a fluid seal between two
sections of the wellbore 120.

(00267 Referring now to FIG. 2, with continued reference to FIG. 1,
one specific type of downhole tool described herein is a frac plug welibore zonal
isolation device for use during a well stimulation/fracturing operation. FIG. 2
iflustrates a cross-sectional view of an exemplary frac plug 200 being lowerad
into a wellbore 120 on a3 tool string 118. As previously mentioned, the frac plug
200 generally comprises a body 288 and a sealing element 285%. The body 210
comprises a plurality of components, as described below. As used herein, the
term “components,” and grammatical variants thereof, with reference to the
body 2410 refers to any structure (e.g., functional structure) in contact with the
body 238 that is not the sealing element 285%. In some embodiments, the
sealing element 285 may be rasilient and have a Shore A durometer hardness in
an amount of from about &0 to about 100, encompassing any vaiue and subset
therebetween. For example, the sealing element 28% may have a Shore A
durometer hardness in an amount of from about 70 to about 90, or of from
about 70 to about 80, or from about 75 to about 85, encompassing any value
and subset therebetween., For example, in some embodiments, the sealing
element 285 may be resilient and have a Shore A durometer hardness of from
about 75 to about 85. Each of these values is critical to the embodiments of the
present disciosure and may depend on a number of factors including, but not
limited to, the material selected to form the sealing element 285, the operation
to be performed by the downhole ool 100 (FIG. 1), the type of downhole tool
100, and the like.

(00271 The sealing element 285, as depicted, comprises an upper
sealing element 232, a center sealing element 234, and a lower sealing element
236. It will be appreciated that although the sealing element 285 is shown as
having three portions {i.e., the upper sealing element 232, the center sealing
glement 234, and the lower sealing element 236), any other number of
portions, or a single portion, may alsc be employed without departing from the
scope of the present disciosure.

(00287 As depicted, the sealing element 28% is extending arcund
the body 210; however, it may be of any other configuration suitable for

allowing the sealing element 285 to form a fluid seal in the wellbore 124,
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without departing from the scope of the present disciosure. For example, in
some embodiments, the body may comprise two sections joined together by the
saaling element, such that the two sections of the body compress to permit the
sealing element to make a fluid seal in the wellbore 128, Other such
configurations are aiso suitable for use in the embodimenis described hersin.
Moregver, although the sealing element 28% is depicted as located in a center
section of the body 214, it will be appreciated that it may be located at any
focation along the length of the body 210, without departing from the scope of
the present disclosure.

[0029] The body 210 of the frac plug 200 comprises an axial
flowbore 20% extending therethrough. A cage 220 is formed at the upper end
of the body 210 for retaining a ball 2258 that acts as a one-way check valve. In
particular, the ball 225 seals off the flowbore 2085 to prevent flow downwardly
therethrough, but permits flow upwardly through the flowbore 205. One or
more slips 240 are mounted around the body 210 below the sealing element
285. The slips 240 are guided by a mechanical slip body 248, A tapered shoe
2580 is provided at the lower end of the body 210 for quiding and protecting the
frac plug 200 as it is lowerad into the wellbore 128. An optional enclosure 275
for storing a chemical solution may also be mounted on the body 210 or may be
formed integrally therein. In one embodiment, the enclosure 275 is formed of a
frangible material.

fO030] The sealing element 285 of the downhole tool 100 is
composad of an elastomer and anhvdrous acid particles. AL least g portion of
the sealing element 285 is hydrolytically degradable in 3 wellbore environment,
and in some embodiments at least a portion of the body 218 (e.g., one or more
components of the body 230) is also hydrolvtically degradable in a wellbore
enviregnment., As used herein, the term “hydrolytic degradation” refers {0 the
degradation of a material by cleavage of chemical bonds in the presence (e.g.,
by the addition of, or upcen contact with) an agueous fluid. The portion of the
sealing element 285 (or the portion of the body 218) that is hvdrolytically
degradable at least partiaily degrades in the presence of an agueous fluid in a
wellbore environment, such as preexisting aqueous fluids therein or introduced
agqueous fluid (e.g., by a wellbore operator or wellbore equipment). Thus, the

elastomer described herein may wholly degrade or partially degrade; however,
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as applicable to the sealing element 285, the amount of degradation is capable
of causing the sealing element 285 to no longer maintain a fluid seal in the
wellbore capable of maintaining differential pressure. The agueous fluid that
may degrade the elastomer includes, but is not limited to, fresh water, saltwater
{e.g., water containing one or more salts dissolved therein), brine (e.g.,
saturated salt water), seawater, produced water, wastewater (either {reated or
untreated), mud {water-based mud or ¢il-based mud), or combinations thereof.
(00311 The hydroiytic degradation of the elastomer forming at least
a portion of the sealing element 28% and/or the degradation of any degradable
portion of the body 218 (including where the portion of the body 210 is formed
from an elastomer as described herein) may be by a number of mechanisms.
For example, the degradation may be by swelling, dissolving, undergeoing a
chemical change, undergoing thermal degradation in combination with any of the
foregoing, and any combination thereof. Degradation by swell involves the
absorption by the elastomer or other degradable material of a fluid {e.g., an
agueous fluid) in the wellibore environment such that the mechanical properties
of the elastomer or material degrade. That is, the eiastomer or degradable
material continues to absorb the fluid untidl its mechanical properties are no
fonger capable of mainiaining the integrity of the elastomer or degradable
material at least partially falls apart. In some embodiments, the elastomer or
other degradable material may be designed to only partially degrade by swelling
in order to ensure that the mechanical properties ¢of the sealing element 285
and/or body 218 formed from the elastomer or other degradable material is
sufficiently capable of lasting for the duration of the specific operation in which it
is utilized (e.g., of maintaining a seal). Degradation by dissolving involves use
of an elastomer o¢or other degradable material that is soluble or otherwise
susceptible to fluids {(e.g., agueous fluids), such that the fluid is not necessarily
incorporated into the elastomer or degradable material (as is the case with
degradation by swelling), but becomes scluble upon contact with the fluid.
Degradation by undergoing a chemical change may involve breaking the bonds
of the backbone of the elastomer polymer (e.g., polymer backboneg) or
degradable material, or causing the bonds of the elastomer or degradable
material to crosslink, such that it becomes brittle and breaks into small pieces

upon contact with even small forces expected in the wellbore environment.
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Thermal degradation involves a chemical decomposition due to heat, such as the
heat present in a wellbore environment. Thermal degradation of some
elastomers and/or degradable materials described herein may occur at wellbore
envirenment temperatures of greater than about 50°C {(or about 120°F).
Thermal degradation may work in concert with one or more of the other
degradation methods described herein. Accordingly, the use of the anhydrous
acid particles to accelerate degradation of the elastormer can be used to affect
degradation even at wellbore environment temperatures less than what would
initiate thermal degradation. Combinations of any of the aforementioned
degradation methods may occur for any given elastomer and/or degradable
material for use in forming all or a portion of the downhole tools described
herein.

00323 The degradation rate of the elastomer forming the sealing
element 288 may be accelerated, rapid, or normal, as defined herein. Rapid
degradation may be in the range of from about 2 hours to about 36 hours,
encompassing any value or subset therebetween. Normal degradation may be in
the range of from about 36 hours to about 14 davys, encompassing any vaiue or
subset therebetween. Extended degradation may be in the range of from about
14 days to about 120 days, encompassing any value or subset therebetween.
Accordingly, the degradation may be of from about 120 minutes to about 120
days, or about 2 hours to about 356 hours, or about 26 hours to about 14 days,
or about 14 days to about 120 days, encompassing any value and subset
therebetween. Each of these values is critical and depends on a number of
factors including, but not limited to, the type of elastomer selected, the
conditions of the wellbore environment, the amount of contact with an agueous
fluid, the type and amount of anhydrous acid particles included in the sealing
element 285, and the like. 1T is to be appreciated that these degradation rates
are accelerated by inclusion of the anhydrous acid particies described hersin
upon their hydrolysis, as described herein.

(00331 The elastomer forming a portion of the sealing element 285
{and/or one or more portions of the body 218, if applicable) described herein
may be a material that is resilient (je., elastic} and is at least partially
hydrolyvtically degradable in a wellbore environment, and whose degradation is

accelerated upon exposure {0 an acid {e.g., upon hydrolyzing the anhydrous acid
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particles forming a portion of the sealing element 285). Accordingly, as stated
above, any of the elastomers, elastomer combinations, elastomer additives
(including the anhvydrous acid particles), and combinations thereof described
herein with reference to the sealing element 28% may be used to form one or
more portions of the body 210, without departing from the scope of the present
disclosure, and without limitation.

[00347 In some embodiments, the elastomer is a material that
comprises aester linkages and wherein hydrolytic degradation of the elastomer
occurs by degradation of the ester linkages., Suitable examples of elastomers for
forming a portion of the sealing element 285 include, but are not limited to, a
polyurethane rubber {e.g., cast polyurethanes, thermopiastic polyurethanes,
polvethane polyurethanes), a polyester-based polyurethane rubber {(e.g., [actone
polyaster-based thermoplastic polyurethanes), a polyether-based polyurethane
rubber, a thiol-based rubber, a hyaluronic acid rubber, a hydroxyvbutyrate
rubber, a polvester elastomer {e.¢., polyether/ester copclymers, polyester/ester
copolymers, and the like), a polyester amide elastomer, a polyamide elastomer,
a starch-based resin {e.g., starch-poly{ethylene-co-vinyl alcohol), starch-
polyvinyl  alcohel, starch-polylactic  acid, starch-polycaprelactone, starch-
poly{butylene succinate), and the like), a polyethyvlene tersphthalate polymer, a
polvbutylene terephthalate polymer, a polviactic acid polymer, a polybutviene
succinate polymer, a polybutyiene succinate polvymer, a polyhydroxy alkangic
acid polymer, an acrylate-based polymer, a blend of chiorobutadiens
rubber/reactive clay/crosslinked sodium polvacrylate, a polystyrene polymer, a
cellulose-based rubber {e.g., carboxy methyl cellulose), a polyethylene glycol-
based hydrogel, a silicone-based hydrogel, a polyacrylamide-based hydrogel, a
polymacon-based hydrogel, copolymers therecf, terpolymers thereof, and any
combination thereaof.

[0035] In some preferred embodiments, the elastomer(s) selected
for use in forming the portion of the sealing element 285 described herein is a
polyurethane rubber, a polyester-based polyurethane rubber, a polysther-based
polyurethane rubber, and any combination thereof (collectively simply
"nolvurethane-based rubbers). These polyurethane-based rubbers degrade in
water through a hydrolytic reaction, although other degradation methods may

also affect the degradability of the polvurethane-based rubbers, including
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exposure o the hydrolyzed anhydrous acid particles described herein.
Polvurethane-based rubbers traditionally are formed by reacting a
polvisocvanate with a polyol. In the embodiments described herein, although
non-limiting, the polyo!l for forming a polyurethane-based rubber may be a3
natural oil polyol, a polvester polvol (e.g., polvbutadienes (e.g., polybutanedicl
adipate), polycaprolactones, polycarbonates, and the like), or a polyether polyol
{e.g., polytetramethylene ether glycol, polyoxypropylene-glycol, polyoxyethylene
glycol, and the like). In some embodiments, polyester polvols are preferred, as
they are more readily degradable upon contact with an agqueous fluid. However,
any polvel may be used to form the polyurethane-based rubber for use as the
elastomer described herein, and each is critical to the disclosed embodimentis, as
the amount of desired degradation over time may depend on a number of
factors including the conditions of the subterranean formation, the subterranean
formation operation being performed, and the like. Indeed, because the sealing
glement 285 additionally includes anhydrous acid particles, the resultant acid
upon hydrolyzing the anhydrous acid particies assists with degradation.
Combinations of these polyols may aiso be used, without departing from the
scope of the present disclosure.

(00361 Accordingly, the rate of hydrolytic degradation of a
polyurethane-based rubber for use as the elastomers described herein may be
adjusted and controlled based on the order of the polyol addition, as well as the
polyol properties and quantities. As an example, in some embodiments, the
amount of polvol is included in an amount of from about 0.25 to about 2 of the
polyisocyanate in the polyurethane-based rubber, encompassing any value and
subsel therebetween. For example, the amount of polyol included may be in an
amount in the range of from about 0.25 to about 1.75, or about 0.5 to about
1.5, or about 0.75 to about 1 sitoichiometric ratio of the polyisocyanate in the
polvurethane-based rubber, encompassing any value and subset therebetween.
The amount of polvol included is bound by stoichiometry of the polymerization
per chemical reaction. Each of these values is c¢ritical to the embodiments
described herein and may depend on a number of factors including, but not
limited to, the desired hydrolytic degradation rate, the type of polyol(s) selected,
the type of subterranean operation being performed, and the like.
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(00371 In some embodiments, where the elastomer selected is a
polvurethane-based rubber for use in the sealing element 285, the inclusion of a
fow functionality initiator may be included to impart flexibility to the sealing
element 285. Such low functionality initiators may include, but are not limited
to dipropylene glycol, giycerine, sorbitol/water solution, and any combination
thareof. As used herein, the term “low functionality initiator,” and grammatical
varianits thereof, refers to the average number of isocyanate reactive sites per
molecule in the range of from about 1 to about 5, encompassing any value and
subset therebetween, For example, the average number of isocyanate reactive
sites per molecule may be of from about 1 to about 3, or about 3 to about 5,
encompassing any value and subset therebetween, These low functionality
initiators impart flexibility to the sealing element 28% and may be included in
the polyurethane-based rubbers described herein in an amount in the range of
from about 1% to about 50% by weight of the polyol in the polyurethane-based
rubber, encompassing any value and subset therebetween. For example, the
polyurethane-based rubbers described herein in an amount in the range of from
about 1% to about 10%, or about 10% to about 25%, or about 25% to about
35%, or about 35% to about 50% by weight of the polyol in the polyurethane-
based rubber, encompassing any value and subset therebetween., Additionally,
in some ambodiments, higher molecular weight polyols for use in forming the
polyurethane-based rubbers described herein may impart flaxibility to the
sealing element 285 described herein. For example, in some embodiments, the
molecular weight of the selected polyols may be in the range of from about 200
Daltens (Da) to sbout 20000 Da, encompassing any value and subset
therebetween. For example, the molecular weight of the selected polyols may
be in the range of from about 200 Da to about 5000 Da, or about 5000 Da to
about 10000 Da, or about 10000 Da to about 15000 Da, or about 15000 Da to
about 20000 Da, encompassing any value and subset therebetween. Each of
thase values is critical to the embodiments described herain and may depend on
a number of factors including, but not limited to, the desired flaxibility of the
elastomer (and thus, e.g., the sealing element 28%), the type of subterranean
formation operation being performed, the conditions of the waellbore

environment, and the like, and any combination thereof.
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(00381 In some embodiments, the selected elastomer is a
polyurethane-based rubber that further includes a curative such as toluene
diispcyanate, 4,4'-diphenyimethane diisocyanate, an amine curative, a
polysulfide curative, and any combination thereof. Typically, the curative used
as part of a vulcanization process for crosslinking the elastomer, and is typically
present in an amount of about 0.1% to about 20% by weight of the
polyurethane-based rubber, encompassing any value and subset therebstween.
For example, the amount of curative may be about 0.1% to about 1%, or about
1% to about 4%, or about 4% to about 8%, or about 8% to about 12%, or
about 12% to about 16%, or about 16% to about 20%, or about 2% to about
18%, or about 4% to about 16%, or about 6% to about 14%, or about 8% to
about 12% by weight of the polvurethane-based rubber, encompassing any
value and subset therebetween. Each of these values is critical to the
embodiments described herein and depend on a number of factors including, but
not limited to, the selected polyurethane-based rubber {(e.g., the preferred
polyester-based polyursthane rubber), the selected curative, other additives
included in the elastomer, the process for forming the elastomer, and the like,
and any combination thereof.

[0039] In other preferred embodiments, the elastomer described
herein may be formed from a thiol-based polymer. As used herein, the term
“thiol” is equivalent to the term “sulfhydryl” The thiol-based pelymer comprises
at least one thiol functional group. In some embodiments, the thiol-based
polymer may comprise thiol functional groups in the range of from about 1 to
about 22, encompassing every value and subset therebetween. For example, of
from about 1 to about 5, or about 5 to about 10, or about 10 to about 15, or
about 15 to about 22, encompassing any value and subset therebetween. In
other embodiments, the thiol-based polymer may comprise even a greater
number of thiol functional groups. Each of these values is critical to the
embodiments of the present disclosure and may depend on a number of factors
including, but not limited to, the desired degradation rate, the desired
degradation process, and the like.

(00407 The thiol-based polymer may be, but is not limited to, a
thiol-ene reaction product, a thiol-yne reaction product, a thiol-epoxy reaction

product, and any combination thereof. The thicl-based polymers, whether the
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reaction product of thiol-ene, thicl-yne, or thiol-epoxy, may be referred to herein
as generally being the reaction product of a thiol functional group and an
unsaturated functional group, and may be formed by click chemistry., The thiol
functional group is an organosuifur compound that contains a carbon-bonded
sulfhydryl, represented by the formula -C-SH or R-SH, where R represents an
atkaneg, alkene, or other carbon-containing group of atoms,

(00411 Thiol-ene reactions may be characterized as the sulfur
version of a hydrosilylation reaction. The thiol-ene reaction product may be
formed by the reaction of at least one thicl functional group with a variety of
unsaturated functional groups including, but not limited to, a maleimide, an
acrylate, a norborene, a carbon-carbon double bond, a silane, a Michael-type
nucieophilic addition, and any combination thereof. As used herein, the term
"Michael-type nucleophilic addition,” and grammatical variants thereof, refers to
the nucleophilic addition of a carbanion or another nucieophile to an g,B-
unsaturated carbonyl compound, having the general structure (O=C)-C%=C"-,
An example of a suitable thiol-ene reaction product may include, but is not
limited o, 1,3,5,-triacrylovihexahydro-1,3,5-triazine. Examples of suitable thiol-
ene/silane reaction products that may be used in forming at least a portion of
the downhole tool 100 (FIG. 1) or component thereof include, but are not

fimited to, the following Formulas 1-6:

CIH3N—\_S S_/—NHgCI
\ /
\/

/\
S/ \S

Formula 1

[0042] CIH;N

In Formula 1, it is to be appreciated that the nitrogen atoms are positively

charged and chlorine atoms are negatively charged.
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HO OH HO OH
\ /
\/
/' \
/ \
T
(00431 HO OH HO oH
Formula 2
0 o)
Me04<; 4>—0Me
S S
\
\/
/' \
/ \
S S
Me0‘<7 ‘>70Me
[0044] o] 5
Formula 3
(MeO);Si Si(OMe);
., .
Si
/_/7 S S‘\_\
100451 (MeQ)sSi Si(OMe)s

Formula 4
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HOOC COOH

HOOC \ / COOH
HOOC / / \ COOH

(00461 HOOC COOH
Formula 5
Na(,S SCsNa

\_\;S 34/_/
S /_/ \_\‘S
/_/7 ‘\_\

100471 NaQ;S 30,Na
Formula &ln
5  Formula 6, it is {0 be appreciated the sodium atoms are positively charged and
one oxygen atom on each sulfate group is the negatively charged counteranion.
(004817 The thiol-yne reaction products may be characterized by an
organic addition reaction between a thiol functional group and an alkyne, the
alkyne being an unsaturated hydrocarbon having at least one carbon-carbon
1¢  triple bond. The addition reaction may be facilitated by a radical initiator or UV
irradiation and proceeds through a sulfanyl radical species. The reaction may

ziso be amine-mediated, or transition-metal catalyzed.
(004917 The thiol-epoxy reaction products may be prepared by a
thiol-ene reaction with at least one epoxide functional group. Suitable epoxide
15 functional groups may include, but are not limited to, a glycidyl ether, a glycidvi
aming, or as part of an aliphatic ring system. Specific exampies of epoxide
functional groups may include, but are not limited o, bisphenol-A diglycidyl
ether, triglycidylisocyanurate, trimethylolpropane triglycidyl ether, and any
combination thereof. The thiol-epoxy reaction products may procesed by one or
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more of the mechanisms presented below; however, other mechanisms may also

be used without departing from the scope of the present disclosure:

Rz RE
R1_SH + E\I\E * RA;_S- + Flj*'H
/N /N
{QQSG} R:‘B Rl@ Rg R4
Mechanism 1
0 R5w/\S/R1
Ri—S { 5
1 i Rs > )
(00513 o
Mechanism 2
e s Tz Rs N Tz
/N+\H — LN
[0052] o R Ry OH R{ 'R,
Mechanism 3
(00531 As mentioned above, the thicl-based polymer may comprise

at least one thiol functional group and at least one degradable functional group.
Such degradable functional groups may include, but are not limited to, one or
more of a degradable monomer, a degradable cligomer, or a degradable
polymer. Specific examples of degradable functional groups may include, but
are not limited to, an acrvlate, a lactide, a lactone, a glycolide, an anhydride, a
factam, an allyl, a polysthylene glycol, a polysethylene glycol-based hydrogel, an
aerogel, a poly{lactide), a poly{glycolic acid), a poly{vinyl alcchol), a poly{N-
isopropylacrylamide), & poly{e-caprolactone, a poly(hydroxybutyrate}, a
polvanhydride, an aliphatic polycarbonate, an aromatic polycarbonate, z
poly{orthoester), a poly(hydroxyl ester ether), a poly{orthoester), a poly{amino
acid), a poly(ethviene oxide), a polyphosphazene, a poly(phenvlactide), a
poly(hydroxybutyrate), a dexiran, a chitin, a cellulose, a protein, an aliphatic
polyester, and any combination thereof.

(00541 In some embodiments, the thiol-based polymer comprises at
least one polyethylene glycol-based hydrogel, such as one formed by a four-arm
polvathviene givcol norborneng that is crosslinked with dithiol containing
crosslinkers to form a chemically crosslinked hydrogel to impart swelling
properties. The swelling properties of such a hydrogel may vary depending on a

number of factors including, but not limited to, network density, the degree of
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crosslinking, and any combination thereof. In some embodiments, the degree of
crosslinking may be dssirably increased in order {0 achieve a higher tensile
modulus and reduced swelling percentage.

[O055] In some embodiments, the elastomer forming a portion of
the sealing element 285 {or one or more portions or components of the body
218 or the saaling element 28% as a whole is formed by a molding process, or
preferably by a casting process. During either one of these processes, the
anhydrous acid particles described herein may be added to the elastomer, for
example, without departing from the scope of the present disclosure {e.g., when
the anhydrous acid particles are integral to the elastomer). As described herein,
the term “molding,” and grammatical variants thereof {e.g., “molding process,”
and the like), refers to a manufacturing process in which solid elastomer(s) {(and
any additional additives, if applicable, including the anhydrous acid particles
described herein) is heated into a pliable solid and shaped with a die. The term
encompasses dies that produce particular shaped materials, and those that
produce long-continuous shapes (e.qg., tubes or cylinders, and the like). Where
the sealing element 28% as a whole is formed using the molding process, the
anhydrous acid particles described herein, and any additional additives, are
formed using the molding process. Molding typically requires a molding machine
including various parts, such as a hopper, a heater, a reciprocaling screw, a
mold cavity, a removable platen, among others. Single molds are made for each
desired shape, and are made by technical toolmakers out of a metal (e.g., steel
or aluminum) and thereafter precision-machined to form desired features.
Moiding generally requires high pressure and high velocity injection of the
heated (or moiten) elastomer {and any additional additives, if applicable) into
the die cavity. Generally, the molding process used for forming a molded
elastomer(s) and/or a molded sealing slemeni(s) 285 described herein is either
an injection molding process, a compression molding process, or an extrusion
mglding process.

(00567 As stated above, in a preferred embodiment, the elastomer
forming a portion of the sealing element 285 or the sealing element 285 as a
whole is formed by a casting process, which uses lower curing temperatures thus
simplifying addition of the anhydrous acid particles described herein. As used

herein, the term “cast,” and grammatical variants thereof {(e.g., “casting,”
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“casting process,” and the like) refers to a manufacturing process in which a
mold is filled with a liquid elastomer (and any additional additives, if applicable),
followed by hardening. Where the sealing slement 285 as a whole is formed
using the casting process, the anhydrous acid particles described herein, and
any additional additives, are added during the casting process. Hardening is a
polymerization process meaning that the elastomer(s) are polymerized, typically
through heat, a chemical reaction, and/or irradiation. In many cases, & cast
elastomer(s) and/or a cast sealing element 285 formed by the casting process
described herein are considered “thermoset,” meaning that once hardened, the
elastomer or sealing element 285 cannot be heated and melted to be shaped
differently. In other cases, a cast elastomer(s) or a cast sealing siement(s) 28%
are considered Tthermoplastic,” meaning that once hardened, the cast
eglastomer(s) or the sealing element{s) 28% can be heated and melted to be
shaped differently. In some embodiments, a thermoset cast elastomer(s) or a
thermoset cast sealing element(s) 28% may be preferred for uses in downhole
environments, particularly those having high temperatures to prevent the cast
elastomer{s) or the cast sealing element{(s) 285 from softening, melting, or
become misshapen.

(00571 The casting process for forming the cast elastomer(s) and/or
cast sealing element(s) 285 described herein is performed by utilizing the liquid
phase of the degradable elastomer and a low-cost mold at reduced temperatures
and low pressures, typically atmospheric pressure. The casting molds may be
flexible and made of low cost materials, such as latex rubber, room temperature
vuicanized silicone rubber, or other rubbers. Cast mpolds may also be
constructed from metals such as aluminum or steel, or from plastics such as
polvtetrafivcroethylene (Teflon). The cast elastomer(s) and/or cast sealing
element(s) 285 described herein may be formed using gravity casting {(i.e.,
mere use of gravity to fill the mold), vacuum casting {(i.e., pulling & vacuum to
fili the mold), pressure casting (/.e., applying a2 small pressure to compress any
bubbles within the resin), and any combination thereof. Vacuum casting may
further be used simply to remove any bubbles or other imperfections, as well as
vibration, pressure, or centrifugation.

[0058] Typically, the pressure used for forming the cast

elastomer{s) and/or the cast sealing element(s) 285 of the present disciosure
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may be from about 0.1 pounds per square inch {psi) to about 250 psi,
encompassing every value and subset therebetween. One {1} psi is equal o
6894.757 pascals. The temperature used for forming the cast materials of the
present disclosure may be from about 20°C to about 1530°C, encompassing
every value and subsel therebetween. Each of these values is critical to the
embodiments of the present disclosure and may depend on a number of factors
including, but not limited to, the type of elastomer selected, any additives
included in the elastomer {e.qg., anhydrous acid particles, thermoplastics, and
the like), the downhole tool component created {e.g., the sealing element 285
or a compoeneant of the body 218), and the like, and combinations thereof.
[0059] In some preferred embodiments, the elastomer alone or as
part of the sealing slement 285 as a whole is formed using the casting process
and the selected slastomer is one or more of a polyurethane rubber, a polyester-
based polyurethane rubber, a polyether-based polyurethane rubber, a thiol-
based polymer, a hyaluronic acid rubber, a polvhydroxybutyrate rubber, a
polyester elastomer, a polyester amide elastomer, a polyamide ealastomer, a
starch-based resin, a polyethyiene terephthalate polymer, a polyester elastomer,
an acrylate-based peolymer, a polystyrene polymer, a celluiose-based rubber,
copolymers thereof, terpolymers thereof, and any combination thersof. In some
preferred embodimeants, the elastomer alone or as part of the sealing element
285 as a whole is formed using the casting process and the elastomer is one or
more of a polyurethane rubber, a polvester-based polyurethane rubber, a
polyether-based polyurethane rubber, a  hyaluronic acid rubber, a
polyhydroxybutyrate rubber, a polvester elastomer, a polystyrene polymer, a
cellulose-based rubber, and any combination thereof. In other preferred
embodiments, the elastomer alone or as part of the sealing slement 2885 as a
whole using the casting process is a polvester-based polyurethane rubber.
[0060] The elastomers forming a portion of the sealing element 28%
include anhydrous acid particles. That is, the anhydrous acid particles may be
integral (e.g., using the molding or cast process), or otherwise associated with
the sealing element 285, such as by use of an adhesive, mechanical means, an
encapsulating material, and the like. In preferred embodiments, the anhydrous
acid particles are integral with the elastomer; such that the elastomer and the

anhydrous acid particles alone form a complete structure without the use of
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additional elements, although additional elements may be included and may
affect the structure of the elastomer and anhydrous acid particles. The
anhvydrous acid particles may be integral to the elastomer and spatially present
anywhere within or along the perimeter of the elastomer. In some
embodiments, the anhydrous acid particies are at least partially along the
perimeter of the elastomer (e.g., along the perimeter of the sealing element
28%), such that the anhydrous acid particles are only covered by a thin layer the
elastomer and are hvydrolyzed gquickly {e.g., as socon as the then layer of
elastomer is degraded) upon contact with an aquecus fluid in a wellbore
environment, such as to maximize acceleration of the elastomer. In other
embodiments, the anhydrous acid particles are embedded deeper in the
structure of the elastomer (e.g., in @ middle portion ¢or toward the inner
diameter of the sealing element 2835, such that degradation of the elastomer
takes place to some degree prior to hydrolyzing the anhvydrous acid particles
with an agueosus fluid in the wellbore environment. In yet other embodiments,
the outer surface of the sealing element 285 is dusted with the anhvdrous acid
particles, such that they reside on the outer surface of the sealing slement 285
without a layer {thin or otherwise) of elastomer covering the anhydrous acid
particles. This configuration is possible if the sealing element 285 is placed
within the wellbore in the absence of an aqueous fluid, such that the anhvdrous
acid particles will hydrolyze immediately upon contact with an agueous fluid in
the wellbore environment after it is set.

00611 The anhvydrous acid particles forming a portion of the sealing
element 285 (or a portion of the body 218) react with an agquecus fluid in the
wellbore environment, where the agueous fluid hydrolyzes the anhydrous acid
particies. Once hydrolyzed, the anhydrous acid particles form an acid that
accelerates degradation of the elastomer and, in some cases, other degradable
materials included in the sealing element 2885 and/or the body 218. The
amount of acceleration of the elastomer upon hydrolyzing the anhvdrous acid
particles depends on a number of factors including, but not limited o, the type
and amount of anhydrous acid particies, the type and amount of elastomer, the
type and amount of agueous fluid contacting the slastomer and/or anhydrous
acid particles, the conditions of the wellbore environment {e.g., temperature),

and the like, and any combination thereof.
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(00621 The anhydrous acid particles are solid particles, aithough
they may be porous; that is, the anhydrous acid particles are not liguid or
gaseous. The anhvdrous acid particles hydrolyze in an agueocus fluid {e.g., in a
wellbore environment) to form an acid, and are themselves anhydrous pro-acids.
As used herein, the term “pro-acid,” and grammatical variants thereof, refers {0
a material that hvdrolyzes upon contact with an aqueous fluid to form an acid.
Examples of suitable pro-acids for use in forming the anhydrous acid particles
described herein include, but are not limited to, an anhydrous ester {e.g., an
anhydrous carbonate, an anhydrous phosphate, and the like), an anhvdrous
lactone, an anhydrous formate, an anhydrous formate ester, an anhydrous
acetate, an anhydrous propionate, an anhydrous butyrate, an anhydrous
acrylate, an anhvydrous acrylate ester, an anhydrous ethylsuccinate, and any
combination thereof. Specific examples of anhydrous pro-acids for use as the
anhydrous acid particles describad herein include, but are not limited to,
anhydrous citric acid, anhydrous urea hydrochloride, anhydrous phosphorous
pentoxide, anhydrous maleic acid, anhydrous formic acid, anhydrous acetic
formic acid, a metal sali {e.g., one that generates hydrochioric acid in the
presence of an agueous fluid, or one that lowers the pH of an aguecus fluid o
initiate degradation), and any combination theraof.

00631 The anhydrous acid particles, in some embodiments,
hydrolvze in the presence of an aquecus fluid to form an acid including, but not
limited to, a carboxvlic acid, a polycarboxylic acid, an amino carboxylic acid, an
amingo polycarboxylic acid, a mineral acid, an organic acid, and any combination
thereof. Specific acids formed by hydrolyzing the anhydrous acid particles of the
praesent disclosure include, but are not mited to, citric acid, hydrochloric acid,
trichligroacetic acid, perchloric acid, acetic acid, nitric acid, oxalic acid, steric
acid, boric acid, maleic acid, phosphoric acid, formic acid, and any combination
thereof. In preferred embodiments, the acid formed by hydrolyzing the
anhydrous acid particles of the present disciosure is citric acid.

(00647 For example, the anhydrous acid particles can be anhydrous
citric acid which hydrolyzes to form citric acid monohydrate, or anhydrous urea
hydrochloride which hydrolyzes to form hydrochloric acid, or anhydrous
phosphoric pentoxide which hydrolyzes to form phosphoric acid, or anhydrous

maleic acid which hydrolyzes to form maleic acid, or anhydrous formic acid
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which hydrolyzes to form formic acid, or anhydrous acetic formic acid which
hydrolyzes to form acetic acid and formic acid, and the like, and any
combination thereof,

00657 The anhydrous acid particles of the present disclosure are
present in an amount of less than or egual to maximum packing volume in the
sealing element 28%. As used herein, the term “maximum packing volume,”
and grammatical variants thereof, means the maximum amount of anhydrous
acid particies included in a sealing element such that the sealing selement retains
its functional integrity (prior to hydrolyzing the anhydrous acid particles), which
is equivalent to about 74% by volume. In some embodiments, the anhydrous
acid particles are present in an amount of about 0.5% to about 60% by volume
of the sealing element 285, encompassing any value and subset therebetwesan,
For example, the anhydrous acid particlies may be present in an amount of about
0.5% to about 10%, or about 10% to about 20%, or about 20% to about 30%,
or about 30% to about 40%, or about 40% to about 50%, or about 50% to
about 60%, or about 10% to about 50%, or about 20% to about 40%, each by
volume of the sealing element 2885, encompassing any value and subset
therebetween. In some preferred embodiments, the anhydrous acid particles
are present in an amount of about 2% to about 30% by volume of the sealing
element 285, encompassing any value and subset therebetween. Each of these
values is critical to the embodiments described herein and depend on a number
of factors including, but not limited to, the selected elastomer(s), the selected
anhydrous acid particles, the desired rate of degradation of the sealing element
28%, the conditions of the wellbore environment, and the like, and any
cornbination thereof.

00667 As previously stated, the anhydrous acid particles are solid in
form and have a unit mesh size in the range of about 1 micrometers {um) o
about 6500 um, encompassing any value and subset therebetween. As used
herein, the term “unit mesh size,” and grammatical variants thereof, refers {0 a
size of an object {e.q., a particuiate) that is able to pass through a sguare area
having each side thereof egual to a specified numerical value. For example, the
anhydrous acid particles may have a unit mesh size of about 1 pm to about 500
prm, or about 500 ym to about 1000 um, or about 1000 um to about 2000 pm,
or about 2000 um to about 3000 um, or about 3000 um to about 4000 um, or
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about 4000 um to about 5000 um, or about 5000 um to about 6000 um, or
about 500 um to about 5500 um, or about 1000 um to about 5000 um, or about
1500 um to about 4500 pm, or about 2000 um o about 4000 um, or about 2500
um to about 3500 um, encompassing any value and subset therebetween. In
some preferred embodiments, the anhydrous acid particles have a unit mesh
size in the range of about 50 pm to about 1270 pm, encompassing any value
and subset therebetween. Each of these values is critical to the embodiments of
the present disciosure and depend on a number of factors including, but not
limited to, the selected anhydrous acid particles, the size and shape of the
sealing element 28% (or any applicable component of the body 210), the
desired degradation rate of the sealing element 285, the formation process of
the elastomer and/or the sealing element 285, the conditions of the wellbore
environment, and the like, and any combination thereof. Accordingly, the
anhydrous acid particles may be in powdered form {j.e., fine particles having a
unit mesh size of less than about 150 pym, or about 1 pym to about 150 umj,
particulate form {i.e., medium particles having a unit mesh size of greater than
about 150 pm to about 2 millimeters (mm)), or granular form {i.e., large
particles having a unit mesh size of greater than about 2 mm to about 6.5 mm).
Cther forms may additionally be suitable, without departing from the scope of
the present disclosure.

00677 The anhydrous acid particles may increase in unit mesh size
upon hydrolyzing compared to their unit mesh size in anhydrous form. This
increase in size may occur prior to complete hydrolyzation, which may render
the anhydrous acid particles inte a liquid phase. For example, In some
instances, the anhydrous acid particies increase in unit mesh size by no more
than about 1000% of the unit mesh size of the anhydrous acid particles prior o
hydrolyzing in the presence of an aqueous fluid. As an example, an acrylate
elastomer may increase in unit mesh size by about 1000% ifs original size upon
hydrolyzing. As ancther specific example, the selected anhydrous acid particle
may be anhydrous citric acid and once hydrated, the size of the anhydrous acid
particle increases by about 7% by volume as the anhydrous citric acid forms
citric acid monohydrate. The amount and extent, if any, of size increase will
depend upon the type of anhydrous acid particles, the type of aqueous fluid

contacted therewith, and the iike, and any combination thergof.
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(00681 The shape of the anhydrous acid particles may be any shape
that meets the unit mesh size described herein. The shape may additionally be
selected based on the particular anhydrous acid particle(s) selected, the
particular elastomer(s) selected, the formation process of the elastomer and/or
the sealing element 285, the desired degradation rate, and the like, and any
combination thereof. Examples of suitable shapes for the anhydrous acid
particles include, but are not limited to, spherical, spheroid, oblate, ovoid,
ellipsoid, capsule-shaped, platelet-shaped, cubic-shaped, rectangqular-shaped,
rod-shaped, ellipse-shaped, cone-shaped, pyramid-shaped, planar-shaped,
oblate-shaped, or cylinder-shaped, and any combination therecof. Accordingly,
where the anhydrous acid particles are substantially non-spherical, the aspect
ratio of the material may range such that the material is planar to such that it is
cubic, octagonal, or any other configuration.

(00691 In some embodiments, some or ail of the anhydrous acid
particles forming the sealing element 285 (or the body 218) are at ieast
partially encapsulated in a second material {(e.g., a “sheath”) formed from an
encapsulating material capable of protecting or prolonging hydrolyzing the
anhydrous acid particles and, thus, acceleration of the degradation of the sealing
glement 285. This second material encapsulation additionally prevents the
anhydrous acid particles from interfering with the curing process of the
glastomer and/or the sealing element 28% as a whole. Additionally, the
anhydrous acid particles may be singly encapsulated in an encapsulating
material or a plurality (/.e., two or more) of anhydrous acid particiles may be
together encapsulated in an encapsulating material. In other embodiments, the
sealing element 28% (or the body 210 formed from a degradable material) is at
least partially encapsulated in an encapsulating material 10 delay degradation,
regardiess of whether all or some of the anhydrous acid particles are also
encapsulated in an encapsuiating material. That is, a sealing element 285, for
example, may be composed of anhydrous acid particles where one or more are
encapsulated in an encapsulating material, and the sealing element 285 as a
whole may additionally be optionally at least partially encapsulated in an
encapsulating material. As used herein, the term “at least partially
encapsulated” with reference to an encapsulating material, means that at least

50% of an outer surface of a material (e.g., one or more anhydrous acid
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particles or a component of a downhole tool (.., the sealing element 285 or a
component of the body 218 is covered with the encapsulating material.

(00701 The sheath may alse serve to protect the sealing element
285% and/or portion of the body 218 from abrasion within the wellbore 128, or
protect the anhydrous acid particulates during formation of the sealing element
28% (e.g., by a casting process). The structure of the sheath may be
permeable, frangible, or of a material that is at least partially removable at a
desired rate within the wellbore environment. Whatever the structure, the
sheath is designed such that it does not interfere with the ability of the sealing
glement 285 to form a fluid seal in the wellbore 120, or the body 2410 to
perform its necessary function. The encapsulating material forming the sheath
mayv be any material capable of use in a downhole environment and, depending
on the structure of the sheath may, or may not, be elastic such that it expands,
such as when used to encapsulate the sealing element 28%. For example, &
frangible sheath may break as the sealing element 285 expands o form a fluid
seal, whereas a permeable sheath may remain in place on the sealing element
288 as it forms the fiuid seal. As used hersin, the term “permeable” refers {0 a
structure that permits fluids {including lqguids and gases) therethrough and is
not limited to any particular configuration.

00711 The encapsulating material forming the sheath may be of any
material that the sealing element 285 or body 210 itself may be made of, as
described above and below herein, including the elastomers of the present
disclosure, whether including one or more additives, including the anhydrous
acid particles. For example, the sheath may be made of a degradable material
that degrades faster than the elastomer forming a portion of the sealing element
285%. Other suitable encapsulating materials include, but are not limited o, a
wax, a drying oil, a polyurethane, a crosslinked partially hydrolyzed polyacrylic,
a silicate material, a glass material, an inorganic durable material, a polymer, a
plastic, a polviactic acid, a polyvinyl alcohol, a polyvinvlidena chioride, latex, and
any combination therecf.

[0o721 In some embodiments, the elastomer forming a portion of
the sealing element 285 and/or the body 210 further includes an additive singly
or in addition to the anhydrous acid particles {e.g., depending on the particular

component of the downhole tool}). In some embodiments, the additive is a solid
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oxidizing agent, which facilitates degradation of the elastomer. The solid
oxidizing agent hydrolyzes in the presence of an agueous fluid {(e.g., in the
wellbore environment) o form an oxidizing liguid. Examples of suitable
oxidizing agents include, but are not limited to, a chlorate, a perchlorate {e.g.,
ammonium perchlorate), a chiorite, a peroxide, a nitrate (e.g., potassium
nitrate), a nitrite, a persulfate (e.g., ammonium persulfate, sodium persulfate,
and the like), and any combination thereof. The oxidizing agenis are solid in
form and may be any of the unit mesh sizes described above with reference to
the anhvdrous acid particles. An oxidizing agent may additionally be included in
other degradable materials described herein, where appropriate, without
departing from the scope of the present disclosure.

(00731 In some embodimeants, the elastomer forming a portion of
the sealing element 28% and/or body 210 may have a thermoplastic polymer
embedded additive therein. The thermoplastic polymer additive may modify the
strength, resiliency, or moduius of the elastomer. It may alsc aid in controlling
the degradation rate of the sealing element 285 and/or body 210, alone or in
addition to the anhydrous acid particies, where included. Suitable thermoplastic
polyimers may include, but are not limited to, polypropylene, an aliphatic
polyaester {e.g., polygiycolic acid, polviactic acid, polycaprolactoneg,
polyhydroxyalkanocate, polyhydroxyalkanoiate, polyhydroxybutyrate,
polyethylene adipate, polybutylene succinate, poly{lactic-co-glycolic) acid,
poly{3-hydroxybutyrate-co-3-hydroxyvalerate), and any combination thereof.
The amount of thermoplastic polymer that may be embedded in the elastomer
forming the sealing element 285 and/or body 210 may be any amount that
confers a desirable elasticity without compromising the desired amount of
degradation. In some embodiments, the thermoplastic polymer may be included
in an amount of from about 1% to about 91% by weight of the elastomer,
encompassing any wvalue or subset therebetween, For example, the
tharmoplastic polymer may be included in an amount of from about 1% to about
30%, or about 30% to about 60%, or about 60% to about 21% by weight of the
elastomer, encompassing any value and subset therebetween. Each value is
critical to the embodiments of the present disclosure and depends on a number
of factors including, but not limited to, the desired elasticity, the desired

degradability, the portion of the downhole tool 100 (FIG. 1) comprising the
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elastomer, the presence of other additives {including the anhydrous acid
particles), and the like, and any combination thereof.

(00741 A reinforcing agent additive may additionally be included in
the elastomer, which may increase the strength, stiffness, or salt creep
resistance of the sealing element 285 and/or portion of the body 210
comprising the elastomer. Such reinforcing agent additives include, but are not
limited to, a particulate, a fiber, a fiber weaver, and any combination thereof.

(00751 The particulate may be of any size suitable for embedding in
the elastomer, such as a unit mesh size from about 37 um to about 400 um,
ancompassing any value or subset therebetween. For example, the particulate
may have a unit mesh size from about 37 um to 150 um, or about 150 um to
about 300 um, or about 300 um to about 400 ym, encompassing any value and
subset therebetween. Moreover, there is no need for the particulates to be
sieaved or screened to a particular or specific particle mesh size or particular
particie size distribution, bul rather a wide or broad particie size distribution can
be used, although a narrow particle size distribution is also suitable. The
particulate reinforcing agent additives may be any shape provided that they
meet the desired unit mesh size, inciuding those shapes discussed herein with
reference to the anhydrous acid additives.

(00767 Particulates suitable for use as reinforcing agent additives in
the embodiments described herein may comprise any material suitable for use in
the elastomer that provides one or more of stiffness, strength, or creep
resistance, or any other added benefit, Suitable materials for these particulates
include, but are not limited to, organophilic clay, silica flour, metal oxide, sand,
bauxite, ceramic materials, glass materials, polymer materials {e.g., ethylene
vinyl acetate or composite materials), polytetrafluorgethylene materials, nut
shell pieces, cured resincus particulates comprising nut shell pieces, seed shell
pieces, cured rasinous particulates comprising seed shell pieces, fruit pit piecss,
curad resinous particuiates comprising fruit pit pleces, wood, composite
particulates, and combinations thereof. Suitable composite particulates may
comprise a binder and a filler material wherein suitable filler materials include
silica, alumina, fumed carbon, carbon black, graphite, mica, titanium dioxide,
barite, meta-silicate, calcium silicate, kaolin, talc, zirconia, boron, fly ash, hollow

glass microspheres, solid glass, and combinations thereof.
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(00771 The fibers for use as reinforcing agent additives in the
elastomer described herein may be of any size and material capabie of being
included therein, In some embodiments, the fibers may have a length of less
than about 3.175 centimeters {(cm) (eguivalent to 1.25 inches) and a width of
less than about 0.0254 cm {equivalent to 0.01 inches). In some embodiments,
a mixture of different sizes of fibers may be used. Suitable fibers may be
formed from any material suitable for use as a particulate, as described
previously, as well as materials including, but not limited to, carbon fibers,
carbon nanotubes, graphene, fullerene, a ceramic fiber, a plastic fiber, a glass
fiber, a metal fiber, and any combination thereof. In some embodiments, the
fibers may be woven together to form a fiber weave for use in the elastomer.

00781 In some embodiments, the reinforcing agent additive may be
included in the elastomer in an amount of from about 1% to about 91% by
weight of the elastomer, encompassing any value or subset therebetween. For
example, reinforcing agent may be included in an amount of from about 1% to
about 30%, or about 30% to about 60%, or about 60% to about 91% by weight
of the elastomer, encompassing any value and subset therebetween. Each of
these values is critical to the embodiments of the present disclosure and
depends on a number of factors including, but not limited to, the desired
stiffness of the elastomer, the desired strength of the elastomer, the desired salt
creep resistance of the elastomer, the type of elastomer selected, the type of
downhole tool having the elastomer included therein, the type and amount of
gther additives (including the anhvdrous acid particles), and the like, and any
combination thereof.

[o079] In some embodiments, the body 210, or a component
thereof or a portion of a component thereof, may also be composed of the
elastomers described herein, which may or may not include the anhydrous acid
particles, or another degradable material type. However, unlike the sealing
glement 288, the body 210 (and most compenents thereof, e.g., slips, wedges,
ball{s), and the like as previously described) is sufficiently rigid to provide
structural integrity to the downhole tool, or frac plug 200. The body 210 may
degrade in the wellbore environment such as when exposed {0 one or more of
the stimuli capable of degrading the elastomers described above, including an

aqueous fluid, an acid {(e.g.,, formed from hydrolyzing the anhydrous acid
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particles), an elevated wellbore temperature, and the like. The agueocus fluid
may be any aqueous fluid present in the wellbore environment including, but not
fimited to, those listed above. The body 210 may thermally degrade in a
wellbore environment having temperatures greater than about 75°C (or about
165°F). The body 2410 mavy also degrade upon contact with a hydrocarbon fluid
in the wellbore environment. In such cases, the hydrocarbon fluid may include,
but is not limited to, alkanes, olefins, aromatic organic compounds, cyclic
atkanes, paraffins, diesel fluids, mineral oils, desulfurized hydrogenated
kergsenes, and any combination thereof,

fOOB0] Accordingly, in some embodiments, the sealing element 285
is composed of the elastomer and anhydrous acid particles, and one or more
components of the body 210 in contact with the sealing element 285 (e.g., 2
slip, a wedge, and the like) is also composed of a degradable material. Such
contact may include a physical connection or attachment., In addition to the
elastomers described herain, with or without the anhydrous acid particles, other
suitable materials for forming the one or more components of the body 210 may
include, but are not limited to, a polysaccharide, chitin, chitosan, a protein, an
aliphatic polyester, poly{e-caprolactone), F poly(hydroxybutyrate),
poly{athyleneoxide), poly(phenyllactide), a poly(amino acid), a poly{orthoester),
polvphosphazene, a polviactide, a polyglycolide, a poly(anhydride) {(e.g.,
poly{adipic anhvydride)}, poly(suberic anhvdride), poly{sebacic anhydride},
poly{dodecanedioic anhydride), poly(maleic anhydride), and poly{benzoic
anhydride), and the like), a polyepichlorohvdrin, a copolymer of ethylene
oxide/polyepichlorchydrin, a terpolymer of epichlorohydrin/ethylene oxide/allyl
glycidyl ether, and any combination thereof. Suitable materials for forming one
or more components of the body 210 may also include, but are not limited o,
metals or metal alloys that include magnesium, aluminum, iron, nickel, copper,
gatlium, zing, zirconium, and the like, and any combination thereof
Combinations of the foregoing polymers and metals/metal alloys mav be used in
forming the body 210.

(00811 In some embodiments, hydrolyzing the anhydrous acid
particles forming a portion of the sealing element 285 {(and where applicable
included in one or more components of the body 210) aid in accelerating

degradation of both the sealing element 285 and any degradable component of
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the body 210. That is, the anhydrous acid particles hydrolyze to generate acids
that not only accelerate degradation of the elastomers described herein, but also
are capable of accelerative degradable metals and metal alloys (e.g., magneasium
or aluminum metal and metal alloys, and the like). In some embodiments,
independent of the anhydrous acid particles, the body 218 and/or the sealing
glement 285 releases a degradation accelerant that is not formed from
hydrolyzing an anhydrous acid particle{s) to accelerate degradation of one or
both of the body 210 and/or the sealing element 28%. For example, the
accelerant may be a natural component that is released upon degradation of
gither the body 210 or the sealing element 285, such as an acid {e.g., release
of an acid upon degradation of the body 210 formed from a polvlactide).
Similarly, the body 210 may release a base that would aid in degrading the
sealing element 285, such as, for example, if the body 210 were composed of a
galvanically reacting material. In other cases, the accelerant may be embedded
in the material forming either or both of the body 210 and the sealing element
285 (e.g., the elastomer). The accelerant may be in any form, including a solid
or a liquid. In other embodiments, the accelerant can be a natural byproduct of
the degradation of the material and is not specifically added to act as an
accelerant,

(00821 Suitable accelerants may include, but are not limited to, a
crosslinker, sulfur, a sulfur releasing ageni, a peroxide, a peroxide releasing
agent, a catalyst, an acid, an acid releasing agent other than the anhydrous acid
particles described herein, a base, a base releasing agent, and any combination
thereof. In some embodiments, the accelerant may cause the body 210 or the
sgaling element 285 to become brittle to aid in degradation. Specific
accelerants may include, but are not limited to, a polylactide, a polyglycolide, an
ester, a cyclic ester, a diester, a lactone, an amide, an alkali metal alkoxide, a
carbonate, a bicarbonate, an aicohol, an alkali metal hydroxide, ammonium
hvdroxide, sodium hydroxide, potassium hydroxide, an amineg, an alkanol aming,
an inerganic acid or precursor thereof {e.g., hydrochloric acid, hydrofluoric acid,
ammonium bifluoride, and the like), an organic acid or precursor thereof {e.g.,
formic acid, acetic acid, lactic acid, glycolic acid, amingpolycarboxylic acid,
polyaminopolycarboxylic acid, and the like), and any combination thereof. As an

example, the degradation of an elastomer described herein {(e.g., forming all or
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a portion of the sealing element 285) can produce adipic acid, succinic acid, or
isophthalic acid during its degradation, and the released acid will lower the pH of
a wellbore fluid (introduced or naturally occurring, such as produced wellbore
fluids) and accelerate the degradation of an aluminum alloy or magnesium alioy
forming all or a portion of the body 210,

(00831 The accelerant, when embedded in the body 210 or the
sealing element 285, may be present in the range of from about 0.01% to about
25% by weight of the body 210 or the sealing element 285 (including the
anhydrous acid particles) (in addition t¢ the anhydrous acid particles),
encompassing any value and subset therebetween. For example, the accelerant
may be present of from about 0.01% to about 5%, or about 5% to about 10%,
or about 10% to about 25% by weight of the body 210 or the sealing element
28% (including the anhydrous acid particles), encompassing any value and
subset therebetween. Each of these values is critical to the embodiments of the
present disciosure and may depend on a number of factors including, but not
limited to, the material forming the body 218, the elastomer forming a portion
of the sealing element 288, the type and amouni of anhydrous acid particles
forming a portion of the sealing element 285, the desired degradation rate of
the body 210 and/or the sealing element 285, and the like, and any
combination thereof,

(00847 Each of the individual components forming the body 210 and
the sealing element 285 (/.e., the elastomer, the anhydrous acid particles, and
any additional additives) is preferably present in the body 210 and the sealing
element 285 uniformly {i.e., distributed uniformiy throughout). The choices and
relative amounts of each component are adjusted for the particular downhole
operation (& g., fracturing, workover, and the like) and the desired degradation
rate {i.e., accelerated, rapid, or normal) of the body 210 and/or sealing element
285, Factors that may affect the selection and amount of components may
include, for example, the temperature of the subterranean formation in which
the downhole operation is being performed, the expected amount of degradation
stimulant {(e.g., agueocus fluid) in the wellbore environment, the amount of
elasticity reguired for the sealing element 285 (e.g., based on wellbore
diameter, for example), the duration of the downhole operation, and the like,

and any combination thereof.
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(00851 Referring again to FIG. 2, in operation the frac plug 200
may be used in a downhole fracturing operation to isolate a zone of the
formation 115 below the frac plug 200. Referring now to FIG. 3, with
continued reference o FIG. 2, the frac plug 20€ is shown disposed between
producing zone A and producing zone B in formation 118. In a conventional
fracturing operation, before, after, or in conjunction with setting the frac plug
200 to isolate zone A from zone B, a plurality of perforations 300 are made by a
parforating tool (not shown) through the casing 125 and cement 127 to extend
into producing zone A, Then a well stimulation fluid is introduced into the
wellbore 120, such as by lowering a tool (not shown) into the wellbore 120 for
discharging the fluid at a relatively high pressure or by pumping the fluid directly
from the derrick 112 (FIG. 1) into the wellbore 128. The well stimulation fluid
passes through the perforations 300 into producing zone A of the formation 115
for stimulating the recovery of fluids in the form of oil and gas containing
hydrocarbons. These production fluids pass from zone A, through the
perforations 300, and up the wellbore 120 for recovery at the surface 105
(FIG. 1).

(00881 The frac plug 2080 is then lowered by the tool string £18
(FIG. 1) to the desired depth within the wellbore 120, and the sealing element
285 (FIG. 2) is set against the casing 125, thereby isolating zone A as depicted
in FIG. 3. Due to the design of the frac plug 200, the flowbore 285 (FIG. 2) of
the frac plug 200 aliows fluid from isolated zone A to flow upwardly through the
frac plug 200 while preventing flow downwardly into the isclated zone A,
Accordingly, the production fluids from zone A continue to pass through the
perforations 300, into the wellbore 120, and upwardly through the flowbore
205 of the frac plug 208, before flowing into the welibore 128 above the frac
plug 200 for recovery at the surface 105.

[0087] After the frac plug 200 is set into position, as shown in FIG.
3, a second sat of perforations 310 may then be formed through the casing 125
and cement 127 adjacent intermediate producing zone B of the formation 115.
Zone B is then treated with well stimulation fluid, causing the recovered fluids
from zone B to pass through the perforations 318 into the wellbore 128, In this

area of the welibore 120 above the frac plug 200, the recovered fluids from
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zone B will mix with the recovered fluids from zone A before flowing upwardly
within the wellbore 120 for recovery at the surface 105,

00881 If additional fracturing operations will be performed, such as
recovering hydrocarbons from zone C, additional frac plugs 200 may be installed
within the wellbore 120 to isolate each zone of the formation 115, Each frac
plug 200 allows fluid to flow upwardly therethrough from the lowermost zone A
to the uppermost zone C of the formation 145, but pressurized fluid cannot flow
downwardly through the frac plug 200.

(00891 After the fluid recovery operations are complete, the frac
plug 200 must be removed from the welibore £28. In this context, as stated
above, at least a portion of the sealing element 285 and/or body 210 (FIG. 2)
of the frac plug 200 may degrade by exposure to the wellbore environment., For
example, the sealing element 285 and/or the body 210 may degrade upon
prolonged contact with fluids present naturally or introduced in the wellbore
120, or other conditions in the wellbore 120 Other combinations of
degradability are suitable, without departing from the scope of the present
disclosure, as discussed above, for exampie.

(00907 Accordingly, in an embodiment, the frac plug 208 is designed
to decompose over time while operating in a welibore environment, thereby
eliminating the need to mill or drill the frac plug 200 out of the wellbore 120.
Thus, by exposing the frac plug 200 to the wellbore environment, at least some
of its components will decompose, causing the frac plug 200 to lose structural
and/or functional integrity and release from the casing 125. The remaining
components of the frac plug 200 will simply fall to the bottom of the
wellbore £20. In various alternate embodiments, degrading one or more
components of a downhole tool 100 performs an actuation function, opens a
passage, releases a retained member, or otherwise changes the operating mode
of the downhole tool L00. Also, as described above, the material or componenis
embedded therein for forming the body 240 and sealing element 285 of the frac
plug 288, as well as the use of the optional sheath, may be selected to control
the decomposition rate of the frac plug 200.

(00211 Referring again to FIG. 1, removing the downhole tool 160
from its attachment in the wellbore 120 is more cost effective and less fime

consuming than removing conventional downhole tools, which reguire making
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one or more trips into the wellbore 120 with a mill or drill to gradually grind or
cut the tool away. Instead, the downhole tools 108 described herein are
removable by simply exposing the tools 180 to a naturally occurring or standard
downhole environment {(e.g., fluids present in a standard downhole operation,
temperature, pressures, salinity, and the like) over time. The foregoing
descriptions of specific embodiments of the downhgle tool L0808, and the systems
and methods for removing the downhole tool 100 from the welibore 128 have
been presented for purposes of illustration and description and are not intended
to be exhaustive or to limit this disclosure to the precise forms disclosed. Many
other modifications and variations are possible.  In particular, the type of
downhole tool 100, or the particular components that make up the downhole
tool 100 (e.g., the body and sesling slement) mav be varied. For example,
instead of a frac plug 200 (FIG. 2), the downhole tool 100 mavy comprise a
bridge plug, which is designed to seal the welibore 120 and isolate the zones
above and below the bridge plug, allowing no fluid communication in either
direction. Alternatively, the downhole tool 100 could comprise a packer that
includes a shiftable valve such that the packer may perform like a bridge plug to
isolate two formation zones, or the shiftable valve may be opened to enable fluid
cormmunication thersethrough. Similarly, the downhole tool 180 could comprise
a wiper plug or a cement plug.

(00927 While various embodiments have been shown and described
herein, modifications may be made by one skilled in the art without departing
from the scope of the present disclosure. The embodiments described here are
exemplary only, and are not intended to be limiting. Many variations,
combinations, and modifications of the embodiments disclosed herein are
possible and are within the scope of the disclosure. Accordingly, the scope of
protection is not limited by the description set out above, but is defined by the
claims which follow, that scope including all equivalents of the subject matter of
tha claims.

(00931 Embodiments disclosed herein include Embodiment A,
Embodiment B, and Embodiment C.

(0024} Embodiment A: A downhole tool comprising: a body; and

at least one sealing element composed of an elastomer and anhydrous acid
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particles, and wherein at least a portion of the sealing element hydrolytically
degrades in a welibore environment.

[00o5] Embodiment B: A method comprising: installing a downhole
tool in a wellbore, the downhole tool comprising a body and at least one sealing
element composed of an elastomer and anhydrous acid particles, wherein at
least a portion of the sealing element hvdrolytically degrades in a wellbore
environment; fluidly sealing two sections of the wellbore with the sealing
element of the downhole tool, the sealing element capable of holding 3
differential pressure; performing a downhgle operation; exposing at ieast a
portion of the anhydrous acid particles to an aqgueous fluid in the wellbore
environment, thereby hydrating the exposed anhydrous acid particles and
forming an acid; and hvdrolvtically degrading at least a portion of the sealing
glement in the wellbore environment, wherein the hydrolytic degradation is
accelerated by exposure to the acid in the weilbore environment, and wherein
the hydrolytic degradation causes the sealing element to no longer hold the
differential pressure.

0096} Embodiment €. A systemm comprising: a tool string
extending through a surface and into a wellbore; and a downhole tool connected
to the tool string, the downhole tool comprising: a body; and at least one sealing
glement composed of an elastomer and anhydrous acid particles, and wherein at
least a portion of the sealing element hydrolytically degrades in a wellbore
anvironment,

(00971 Embodiments A, B, and C may have one or more of the
following additional elements in any combination:

0098} Element 1: Wherein the anhydrous acid particles are pro-
acids.

(00997 Element 2: Wherein the anhydrous acid particles react with
an aqueous fluid in the wellbore environment to form an acid selected from the
group consisting of a carboxylic acid, a polycarboxylic acid, an amino carboxylic
acid, an amino polycarboxylic acid, a mineral acid, an organic acid, and any
combination thereof.

(01007 Element 3: Wherein the anhydrous acid particles are present

in an armount of about 0.5% to about 60% by volume of the sealing element.
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(01017 Element 4: Wherein the anhvdrous acid particles have a unit
meash size of about I micrometers to about 6500 micrometers,

01027 Element 5: Wherein at least a portion of the anhvdrous acid
particies are encapsulated in an encapsulating material.

[0103] Eiement 6: Wherein the elastomer is selected from the group
consisting of a polyurethane rubber, a polyester-basad polyurethane rubber, a
polyether-based polyurethane rubber, a thiol-based rubber, a hyaluronic acid
rubber, a polyhydroxobutyrate rubber, a polvester elastomer, a polvester amide
elastomer, a polyamide elastomer, a starch-based resin, a polyethylene
terephthalate polymer, a polybutylene terephthalate polymer, a polybutylene
terephthalate polymer, a polviacitic acid polymer, & polybutyiene succinate
polymer, a polybutylene succinate polymer, an acrylate-based polymer, a blend
of chiorobutadiene rubber/reactive clay/crosslinked sodium polyacrylate, a
polystyrene polymer, a cellulose-based rubber, a polyethvlene glycol-based
hydrogel, a silicone-based hvdrogel, a polvacrylamide-based hydrogel, a
polymacon-based hydrogel, copolymers thereof, terpolymers thereof, and any
combination thereof.

(01047 Element 7: Wherein the elastomer is a cast elastomer.

(01051 Element 8: Wherein the anhydrous acid particles react with
an agueous fluid in the wellbore environment to form an acid, and wherein the
reaction between the anhydrous acid particles and the agueous fluid causes the
anhydrous acid particles to increase in unit mesh size.

01061 Element 9: Wherein the downhole tool comprises a plurality
of components and wherein the sealing element is in contact with at least one
componeant composed of a degradable metal.

01077 Element 10: Wherein the downhole inol is a wellbore
isolation device.

0108} By way of non-limiting example, exemplary combinations of
the above elements, which combinations are applicable to Embodiments A, B,
and C, include: 1-10; 1, 3, and 9; 3 and 5; 4, 5, 8, and 10; 3 and 8; 4, 7, and
10:2andB; 3, 4,and 8; Land 7; 2,4, 8, and 9: and the like.

(01097 To facilitate a better understanding of the embodiments of

the present disclosure, the following examples of preferred or representative
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embodiments are given. In no way should the following examples be read to

limit, or to defing, the scope of the disclosure,

EXAMPLE 1

(01107 In this example, the degradation rate in terms of mechanical
integrity {Shore D durometer) of cast polyester-based polyurethane samples
having 0%, 5%, 10%, 15%, or 25% anhvydrous citric acid particles included
therein during the casting process were evaluated after three (3) days of
incubation in tap water at 150°F {equivalent to 85.6°C). As shown in FIG. 4,
each of the 5%, 10%, 15%, and 25% anhvydrous citric acid-containing particles
sampiles exhibited increased mechanical integrity loss compared to the 0%
anhydrous citric-acid containing particles sample. The rate of mechanical loss
increased with the increasing concentration of anhydrous acid particles. Indeed,
the 25% anhydrous citric-acid containing particle sample lost almost all
mechanical integrity in 2 days, and the 15% anhydrous citric-acid containing
particle sample lost aimost all mechanical integrity in 3 days. It is also apparent
that the cast polyester-based polyurethane having 0% anhydrous acid particles
exhibited little to no change in its mechanical properties during the elapsed time
pericd. FIG. 4 shows the precise durometer measurements at 0, 1, and 3 days,

and a linear regression for each sample type.

EXAMPLE 2

o111} In this example, the degradation rate in terms of mechanical
integrity {Shore D durometer) of cast polyester-based polyurethane samples
having 0%, 10%, 15%, or 25% anhydrous citric acid particles inciuded therein
during the casting process were evaluated after five (5) days of incubation in tap
water at 120°F (equivalent to 48.9°C). As shown in FIG. 5, after five davys, each
of the 5%, 10%, 15%, and 25% mechanical integrity loss compared to the 0%
anhydrous citric-acid containing particles sample, although at a slower rate than
at the higher temperature of Example 1. The rate of mechanical loss increased
with the increasing concentration of anhydrous acid particles. For example, the
25% anhydrous citric-acid containing particle sample lost almost all mechanical
integrity in 4 days, and the 15% anhydrous citric-acid containing particle sample
lost almost all mechanical integrity in 5 davs. It is also apparent that the cast

polvester-based polvurethane having 0% anhvydrous acid particles exhibited little
41
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to no change in its mechanical properties during the elapsed time period. FIG. 5
shows the precise durometer measurements at 0, 1, and 3 days, and a linear
regrassion for each sample type.

0112} Therefore, the disclosed systems and methods are well
adapted to attain the ends and advantages mentioned as well as those that are
inherent therein. The particular embeodiments disciosed above are illustrative
only, as the teachings of the present disclosure may be modified and practiced in
different but equivalent manners apparent to those skilled in the art having the
benefit of the teachings herein, Furthermcore, no limitations are intended to the
details of construction or design herein shown, other than as described in the
claims below. It is therefore evident that the particular ilustrative embodimenis
disclosed above may be altered, combined, or modified and all such variations
are considered within the scope and spirit of the present disclosure. The
systems and methods iltustratively disclosed herein may suitably be practiced in
the absence of any element that is not specifically disclosed herein and/or any
optional element disclosed herein.  While compositions and methods are
described in terms of Tcomprising,” Tconiaining,” or “including” various
components or steps, the compositions and methods can also “consist essentially
of” or “consist of” the various components and steps. All numbers and ranges
disclosad above may vary by seme amount. Whenever a numerical range with a
fower limit and an upper mit is disclosed, any number and any included range
falling within the range is specifically disclosed. In particular, every range of
values {of the form, “from about a to about b,” or, equivalently, “from
approximately a to b,” or, eguivalently, “from approximately a-b") disclosed
herein is to be understood to set forth every number and range encompassed
within the broader range of values. Also, the terms in the claims have their
plain, ordinary meaning unless otherwise explicitly and clearly defined by the
patentee. Moreover, the indefinite articles “a” or “an,” as used in the claims, are

defined herein to mean one or more than one of the element that it introduces.
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CLAIMS

What is claimed is:

1. A downhole tool comprising:

a body; and

at least one sealing element composed of an elastomer and anhydrous
acid particles, and wherein at Ieast a portion of the sealing element

hydrolytically degrades in a wellibore environment.

2. The downhole tool of claim 1, wherein the anhydrous acid particies are
pro-acids.
3. The downhole tool of claim 1, wherein the anhydrous acid particles react

with an aqueous fluid in the wellbore environment to form an acid selected from
the group consisting of a carboxylic acid, a polycarboxylic acid, an aming
carboxylic acid, an amino polycarboxylic acid, a mineral acid, an organic acid,
and any combination thereof,

4, The downhole tool of claim 1, wherein the anhvydrous acid particlies are
present in an amount of about 0.5% to about 80% by volume of the sealing

element.

5. The downhole tool of claim 1, wherein the anhydrous acid particles have a

unit mesh size of about 1 micrometers to about 6500 micrometers.

6. The downhole tool of claim 1, wherein at least a portion of the anhydrous

acid particles are encapsulated in an encapsulating material.

7. The downhole tool of claim 1, wherein the elastomer is selected from the
group consisting of a polyurethane rubber, a polyester-based polyurethane
rubber, a polvether-based polvurethane rubber, a thiol-based rubber, a
hyaluronic acid rubber, a polyhydroxobutyrate rubber, a polyester elastomer, a
polyester amide elastomer, a polyamide elastomer, a starch-based resin, a

polvethvlene terephthalate polymer, a polvbutviene terephthalate polymer, a
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polybutylene terephthalate polymer, a polviactic acid polymer, a polybutylene
succinate polymer, a polvbutvlene succinate polymer, an acrylate-based
polymer, a blend of chiorocbutadiena rubber/reactive clay/crosslinked sodium
polyacrylate, a polystyrene polymer, a cellulose-based rubber, a polyethylene
givcol-based hvdrogel, a silicone-based hydrogel, a polyacrylamide-based
hvdrogel, a polymacon-based hydrogeal, copolymers thereof, terpolymers

thereof, and any combination thereof.

8. The downhole tool of claim 1, wherein the elastomer is a cast elastomer.

8. The downhole tool of claim 1, wherein the anhydrous acid particies react
with an agueous fluid in the wellbore environment to form an acid, and whearein
the reaction between the anhydrous acid particies and the aqueous fluid causes

the anhydrous acid particies to increase in unit mesh size.

10. The downhole tool of claim 1, wherein the downhole tool comprises a
plurality of components and wherein the sealing element is in contact with at

least one component composed of a degradable metal.

11. The downhole tool of claim 1, wherein the downhole tool is a wellbore

isolation device.

12. A method comprising:

installing a downhole tool in a wellbore, the downhole tool comprising a
body and at least one sealing element composed of an elastomer and anhydrous
acid particles, wherein at least a portion of the sealing element hydrolvtically
degrades in a weallbore environment;

fluidiy sealing two sections of the welibore with the sealing element of the
downhole togl, the sealing element capable of holding a differential pressure;

performing a downhole operation;

exposing at least a portion of the anhydrous acid particles to an agueous
fluid in the wellbore environment, thereby hydrating the exposed anhydrous acid

particles and forming an acid; and
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hydreolytically degrading at least a portion of the sealing element in the
wellbore environment, wherein the hydrolytic degradation is accelerated by
exposure to the acid in the wellbore environment, and wherain the hydrolytic
degradation causes the sealing element to no longer hold the differential

pressure.

13. The method of claim 12, wherain the anhydrous acid particles are pro-

acids.

14. The method of claim 12, wherein the anhydrous acid particles react with
an aqueous fluid in the wellbore environment to form an acid selected from the
group consisting of a carboxylic acid, a polycarboxylic acid, an amino carboxylic
acid, an amino polycarboxylic acid, a mineral acid, an organic acid, and any

combination thereof.

15.  The method of claim 12, wherein the anhydrous acid particies are present

in an amount of about 0.5% to about 60% by volume of the sealing element.

16. The method of claim 12, wherein the anhydrous acid particles have a unit

mesh size of about 1 micrometers to about 6500 micrometers,

17. The method of claim 12, wherein the elastomer is a cast elastomer.

18. The method of claim 12, wherein the downhole tool is a wellbore isolation

davice.

19. A system comprising:
a tool string extending through a surface and into a welibore; and
a downhole tool connected to the ool string, the downhole {ool
comprising:
a body; and
at least one sealing element composed of an elastomer and
anhydrous acid particles, and wherein at least a portion of the sealing element

hydrolytically degrades in a wellibore environment.
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20.  The systemn of claim 18, wherein the anhydrous acid particles are pro-

acids.

21. The system of claim 19, wherein the anhydrous acid particles react with
an aguecus fluid in the wellbore environment to form an acid selectaed from the
group consisting of a carboxylic acid, a polycarboxylic acid, an amino carboxylic
acid, an amino polycarboxylic acid, a mineral acid, an organic acid, and any

combination thereof.

22. The system of claim 19, wherein the anhydrous acid particies are present

in an amount of about 0.5% to about 60% by volume of the sealing element.

23. The system of ciaim 19, wherein the anhydrous acid particles have a unit

mesh size of about 1 micrometers to about 6500 micrometers.

24.  The system of claim 19, wherein the elastomer is a cast elastomer.

25, The system of claim 19, wherein the downhole tool is a wellbore isolation

device.
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