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DOWNHOLE TOOLS HAVING CONTROLLED DISINTEGRATION

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Application No. 15/472382, filed

on March 29, 2017, which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] Oil and natural gas wells often utilize wellbore components or tools that, due
to their function, are only required to have limited service lives that are considerably less than
the service life of the well. After a component or tool service function is complete, it must be
removed or disposed of in order to recover the original size of the fluid pathway for use,
including hydrocarbon production, CO» sequestration, etc. Disposal of components or tools
has conventionally been done by milling or drilling the component or tool out of the
wellbore, which are generally time consuming and expensive operations.

[0003] Recently, self-disintegrating downhole tools have been developed. Instead of
milling or drilling operations, these tools can be removed by dissolution of engineering
materials using various wellbore fluids. One challenge for the selt-disintegrating downhole
tools is that the disintegration process can stast as soon as the conditions in the well allow the
corrosion reaction of the engineering material to start. Thus the disintegration period is not
controllable as 1t is desired by the users but rather ruled by the well conditions and product
properties. For certain applications, the uncertainty associated with the disintegration period
can cause difficulties in well operations and planning. Au uncontrolled disintegration can
also delay well productions. Therefore, the development of downhole tools that can be

disintegrated on-demand is very desirable.

BRIEF DESCRIPTION

[0004] A downbhole article comprises a matrix; and a multilayered unit disposed in the
matrix, the multilayered unit including: a core comprising an energetic material and an
activator; a support layer disposed on the core; and a protective layer disposed on the support
layer, wherein the support layer and the protective layer each independently comprises a
polymeric material, a metallic material, or a combination comprising at least one of the
foregoing, provided that the support layer is compositionally different from the protective

layer.
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[0005] A downhole assembly comprises a first component and a multilayered unit
disposed on a surface of the first component, the multilayered unit including: a core
comprising an energetic material and an activator; a support layer disposed on the core; and a
protective layer disposed on the support layer, wherein the support layer and the protective
layer each independently comprises a polymeric material, a metallic material, or a
combination comprising at least one of the foregoing, provided that that support layer is
compositionally different from the protective layer.

[0006] A method of controllably removing the above downhole article or downhole
assembly comprises disposing the downhole article or downhole assembly in a downhole
environment; performing a downhole operation; activating the energetic material; and

disintegrating the downhole article or downhole assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The following descriptions should not be considered limiting in any way.
With reference to the accompanying drawings, like elements are numbered alike:

[0008] FIG. 1 is a cross-sectional view of an exemplary multilayered unit according
to an embodiment of the disclosure;

[0009] FIG. 2 is a cross-sectional view of an exemplary downhole article embedded
with multilayered units;

[0010] FIG. 3 is a cross-sectional view of another exemplary downhole article
embedded with multilayered units, wherein the downhole article has pre-cracks around the
multilayered units;

[0011] FIG. 4 is a cross-sectional view of yet another exemplary downhole article
embedded with multilayered units, wherein the multilayered units and the matrix of the
downhole article surrounding the multilayered units have stress concentration locations;

[0012] FIG. 5 is a cross-sectional view of still another exemplary downhole article
embedded with multilayered units, wherein the multilayered units have stress concentration
locations; and the downhole article matrix surrounding the multilayered unit has stress
concentration locations as well as pre-cracks; and

[0013] FIG. o illustrates a downhole assembly having a multilayered unit attached to

a component of the assembly or disposed between adjacent components of the assernbly.
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DETAILED DESCRIPTION

[0014] The disclosure provides a multilayered unit that can be embedded in a
downhole article, attached to a downhole article, or disposed between two adjacent
components of a downhole assembly. The downhole article or downhole assembly
containing the multilayered unit has controlled disintegration in a downhole environment.
The controlled disintegration is implemented through integrating a high-strength matrix
material with energetic material that can be triggered on demand for rapid tool disintegration.

[0015] The multilayered unit includes a core comprising an energetic material and an
activator; a support layer disposed on the core; and a protective layer disposed on the support
layer, wherein the support layer and the protective layer each independently comprises a
polymeric material, a metallic material, or a combination comprising at least one of the
foregoing, provided that the support layer is compositionally different from the protective
layer.

[0016] The multilayered unit can have various shapes and dimensions. In an
embodiment, the multilayered unit has at least one stress concentration location to promote
disintegration. As used herein, a stress concentration location refers to a location in an object
where stress is concentrated. Examples of stress concentration locations include but are not
limited to sharp corners, notches, or grooves. The multilayered unit can have a spherical
shape or an angular shape such as a triangle, rhombus, pentagon, hexagon, or the like. The
multilayered unit can also be a rod or sheet. The matrix around the multilayered unit can also
have stress concentration locations.

[0017] The energetic material comprises a thermite, a thermate, a solid propellant
fuel, or a combination comprising at least one of the foregoing. The thermite materials
include a metal powder (a reducing agent) and a metal oxide (an oxidizing agent), where
choices for a reducing agent include aluminum, magnesium, calcium, titanium, zing, silicon,
boron, and combinations including at least one of the foregoing, for example, while choices
for an oxidizing agent include boron oxide, silicon oxide, chromium oxide, manganese oxide,
iron oxide, copper oxide, lead oxide and combinations including at least one of the foregoing,
for example.

[0018] Thermate materials comprise a metal powder and a salt oxidizer including
nitrate, chromate and perchlorate. For example thermite materials include a combination of
barium chromate and zirconium powder; a combination of potassium perchlorate and metal
iron powder; a combination of titanium hydride and potassium perchlorate, a combination of

zirconium hydride and potassium perchlorate, a combination of boron, titanium powder, and
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barium chromate, or a combination of barium chromate, potassium perchlorate, and tungsten
powder.

[0019] Solid propellant fuels may be generated from the thermate compositions by
adding a binder that meanwhile serves as a secondary fuel. The thermate compositions for
solid propellants include, but not limited to, perchlorate and nitrate, such as ammonium
perchlorate, ammonium nitrate, and potassium nitrate. The binder material is added to form a
thickened liquid and then cast into various shapes. The binder materials include
polybutadiene acrylonitrile (PBAN), hydroxyl-terminated polybutadiene (HTPB), or
polyurethane. An exemplary solid propellant fuel includes ammonium perchlorate
(NH4Cl1Oy4) grains (20 to 200 um) embedded in a rubber matrix that contains 69-70% finely
ground ammonium perchlorate (an oxidizer), combined with 16-20% fine aluminum powder
(a fuel), held together in a base of 11-14% polybutadiene acrylonitrile or hydroxyl-terminated
polybutadiene (polybutadiene rubber matrix). Another example of the solid propellant fuels
includes zinc metal and sulfur powder.

[0020] As used herein, the activator is a device that is effective to generate spark,
electrical current, or a combination thereof to active the energetic material. The activator can
be triggered by a preset timer, characteristic acoustic waves generated by perforations from
following stages, a pressure signal from fracking fluid, or an electrochemical signal
interacting with the wellbore fluid. Other known methods to activating an energetic material
can also be used.

[0021] The multilayered unit has a support layer to hold the energetic materials
together. The Support layer can also provide structural integrity to the multilayered unit.

[0022] The multilayered unit has a protective layer so that the multilayered unit does
not disintegrate prematurely during the material fabrication process. In an embodiment, the
protective layer has a lower corrosion rate than the support layer when tested under the same
testing conditions. The support layer and the protective layer each independently includes a
polymeric material, a metallic material, or a combination comprising at least one of the
foregoing. The polymeric material and the metallic material can corrode once exposed to a
downhole fluid, which can be water, brine, acid, or a combination comprising at least one of
the foregoing. In an embodiment, the downhole fluid includes potassium chloride (KCl),
hydrochloric acid (HCI), calcium chloride (CaCls), calcium bromide (CaBr2) or zinc bromide

(ZnBr), or a combination comprising at least one of the foregoing.
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[0023] In an embodiment, the support layer comprises the metallic material, and the
protective layer comprises the polymeric material. In another embodiment, the support layer
comprises the polymeric material, and the protective layer comprises the metallic material.

In yet another embodiment, both the support layer and the protective layer comprise a
polymeric material. In still another embodiment, both the support layer and the protective
layer comprise a metallic material.

[0024] Exemplary polymeric materials include a polyethylene glycol, a
polypropylene glycol, a polyglycolic acid, a polycaprolactone, a polydioxanone, a
polyhydroxyalkanoate, a polyhydroxybutyrate, a copolymer thereof, or a combination
comprising at least one of the foregoing.

[0025] The metallic material can be a corrodible metallic material, which includes a
metal, a metal composite, or a combination comprising at least one of the foregoing. As used
herein, a metal includes metal alloys.

[0026] Exemplary corrodible metallic materials include zinc metal, magnesium metal,
aluminum metal, manganese metal, an alloy thereof, or a combination comprising at least one
of the foregoing. In addition to zinc, magnesium, aluminum, manganese, or alloys thereof,
the corrodible material can further comprise a cathodic agent such as Ni, W, Mo, Cu, Fe, Cr,
Co, an alloy thereof, or a combination comprising at least one of the foregoing to adjust the
corrosion rate of the corrodible material. The corrodible material (anode) and the cathodic
agent are constructed on the microstructural level to form pm-scale galvanic cells (micro-
galvanic cells) when the material are exposed to an electrolytic fluid such as downhole
brines. The cathodic agent has a standard reduction potential higher than -0.6 V. The net cell
potential between the corrodible material and cathodic agent is above 0.5 V, specifically
above 1.0 V.

[0027] Magnesium alloy is specifically mentioned. Magnesium alloys suitable for
use include alloys of magnesium with aluminum (Al), cadmium (Cd), calcium (Ca), cobalt
(Co), copper (Cu), iron (Fe), manganese (Mn), nickel (Ni), silicon (S1), silver (Ag), strontium
(Sr), thorium (Th), tungsten (W), zinc (Zn), zirconium (Zr), or a combination comprising at
least one of these elements. Particularly useful alloys include magnesium alloyed with Ni,
W, Co, Cu, Fe, or other metals. Alloying or trace elements can be included in varying
amounts to adjust the corrosion rate of the magnesium. For example, four of these elements
(cadmium, calcium, silver, and zinc) have to mild-to-moderate accelerating effects on

corrosion rates, whereas four others (copper, cobalt, iron, and nickel) have a still greater
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effect on corrosion. Exemplary commercial magnesium alloys which include different
combinations of the above alloying elements to achieve different degrees of corrosion
resistance include but are not limited to, for example, those alloyed with aluminum,
strontium, and manganese such as AJ62, AJ50x, AJ51x, and AJ52x alloys, and those alloyed
with aluminum, zinc, and manganese such as AZ91A-E alloys.

[0028] As used herein, a metal composite refers to a composite having a
substantially-continuous, cellular nanomatrix comprising a nanomatrix material; a plurality of
dispersed particles comprising a particle core material that comprises Mg, Al, Zn or Mn, or a
combination thereof, dispersed in the cellular nanomatrix; and a solid-state bond layer
extending throughout the cellular nanomatrix between the dispersed particles. The matrix
comprises deformed powder particles formed by compacting powder particles comprising a
particle core and at least one coating layer, the coating layers joined by solid-state bonding to
form the substantially-continuous, cellular nanomatrix and leave the particle cores as the
dispersed particles. The dispersed particles have an average particle size of about 5 um to
about 300 um. The nanomatrix material comprises Al, Zn, Mn, Mg, Mo, W, Cu, Fe, Si, Ca,
Co, Ta, Re or Ni, or an oxide, carbide or nitride thereof, or a combination of any of the
aforementioned materials. The chemical composition of the nanomatrix material is different
than the chemical composition of the particle core material.

[0029] The corrodible metallic material can be formed from coated particles such as
powders of Zn, Mg, Al, Mn, an alloy thereof, or a combination comprising at least one of the
foregoing. The powder generally has a particle size of from about 50 to about 150
micrometers, and more specifically about 5 to about 300 micrometers, or about 60 to about
140 micrometers. The powder can be coated using a method such as chemical vapor
deposition, anodization or the like, or admixed by physical method such cryo-milling, ball
milling, or the like, with a metal or metal oxide such as Al, Ni, W, Co, Cu, Fe, oxides of one
of these metals, or the like. The coating layer can have a thickness of about 25 nm to about
2,500 nm. Al/Ni and Al/W are specific examples for the coating layers. More than one
coating layer may be present. Additional coating layers can include Al, Zn, Mg, Mo, W, Cu,
Fe, Si, Ca, Co, Ta, or Re. Such coated magnesium powders are referred to herein as
controlled electrolytic materials (CEM). The CEM materials are then molded or compressed
forming the matrix by, for example, cold compression using an isostatic press at about 40 to
about 80 ksi (about 275 to about 550 MPa), followed by forging or sintering and machining,

to provide a desired shape and dimensions of the disintegrable article. The CEM materials
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including the composites formed therefrom have been described in U.S. patent Nos.
8,528,633 and 9,101,978

[0030] In an embodiment, the metallic material comprises Al, Mg, Zn. Mn, Fe, an
alloy thereof, or a combination comprising at least one of the foregoing. In specific
embodiments, the metallic material comprises aluminum alloy, magnesium alloy, zinc alloy,
iron alloy, or a combination comprising at least one of the foregoing. In the instance wherein
both the support layer and the protective layer comprise a metallic material, the metallic
materials in the support layer and the protective layer are selected such that the support layer
and the protective layer are easier to disintegrate when the energetic material is activated as
compared to an otherwise identical unit except for containing only one metallic layer.

[0031] The core is present in an amount of about 5 to about 80 vol%, specifically
about 15 to about 70 vol%; the support layer is present in an amount of about 20 to about 95
vol%, specifically about 30 to about 85; and the protective layer is present in an amount of
about 0.1 to about 20 vol%, specifically about 1 to about 10 vol%, each based on the total
volume of the multilayered unit.

[0032] FIG. 1 is a cross-sectional view of an exemplary multilayered unit according
to an embodiment of the disclosure. As shown in FIG. 1, multilayered unit 10 has a core 14,
an activator 13 disposed in the core, a support layer 12 disposed on the core, and a protective
layer 11 disposed on the support layer.

[0033] The multilayered units can be embedded into@ifferent tools. f'he location and
number of MLM units are selected to ensure that the whole tool can disintegrate into
multiple pieces when the energetic material is activated. Thus in an embodiment, the
disclosure provides a disintegrable article comprising a matrix and a multilayered unit
embedded therein. The matrix of the article can be formed from a corrodible metallic
material as described herein. The matrix can further comprise additives such as carbides,
nitrides, oxides, precipitates, dispersoids, glasses, carbons, or the like in order to control the
mechanical strength and density of the articles if needed. In an embodiment, the matrix has
pre-cracks including but not limited to pre-crack notches or pre-crack grooves around the
multilayered unit to facilitate the quick disintegration of the article once the energetic
material is activated.

[0034] FIGS. 2-4 are cross-sectional views of various exemplary downhole articles
embedded with multilayered units. In downhole article 20, multiple multilayered units 10 as
described herein are embedded in matrix 21. In downhole article 30, multilayered units 10
are disposed in matrix 31, wherein matrix 31 has pre-cracks 33. In downhole article 40,

7
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multilayered units 10 are embedded in matrix 41, where the multilayered units have stress
concentration locations 15. In downhole article 50, the multilayered units have stress
concentration locations 15 and the matrix 51 has pre-cracks 55.

[0035] Disintegrable articles are not particularly limited. Exemplary articles include
a ball, a ball seat, a fracture plug, a bridge plug, a wiper plug, shear out plugs, a debris
barrier, an atmospheric chamber disc, a swabbing element protector, a sealbore protector, a
screen protector, a beaded screen protector, a screen basepipe plug, a drill in stim liner plug,
ICD plugs, a flapper valve, a gaslift valve, a transmatic CEM plug, float shoes, darts, diverter
balls, shifting/setting balls, ball seats, sleeves, teleperf disks, direct connect disks, drill-in
liner disks, fluid loss control flappers, shear pins or screws, cementing plugs, teleperf plugs,
drill in sand control beaded screen plugs, HP beaded frac screen plugs, hold down dogs and
springs, a seal bore protector, a stimcoat screen protector, or a liner port plug. In specific
embodiments, the disintegrable article is a ball, a fracture plug, or a bridge plug.

[0036] A downhole assembly comprising a downhole article having a multilayered
unit embedded therein is also provided. More than one component of the downhole article
can be an article having embedded multilayered units.

[0037] The multilayered units can also be disposed on a surface of an article. In an
embodiment, a downhole assembly comprises a first component and a multilayered unit
disposed on a surface of the first component. The downhole assembly further comprises a
second component, and the multilayer unit is disposed between the first and second
components. The first component, the second component, or both can comprise corrodible
metallic material as disclosed herein. Exemplary downhole assemblies include frac plugs,
bridge plugs, and the like.

[0038] FIG. 6 illustrates a downhole assembly having a multilayered unit attached to
a component of the assembly or disposed between adjacent components of the assembly. As
shown in FIG. 6, downhole assembly 60 includes an annular body 65 having a flow passage
therethrough; a frustoconical element 62 disposed about the annular body 65; a sealing
element 63 carried on the annular body 65 and configured to engage a portion of the
frustoconical element 63; and a slip segment 61 and an abutment element 64 disposed about
the annular body 65. One or more of the frustoconical element 62, sealing element 63,
abutment element 64, and slip segment 61 can have embedded multilayered units 10 as
disclosed herein. Alternatively or in addition, a multilayered unit 10 can be disposed on a

surface of the slip segment 61 (position A), disposed on a surface of abutment element 64
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(position D), between frustoconical element 62 and sealing element 63 (position B) or
between sealing member 63 and abutment element 64 (position C).

[0039] A method of controllably removing a downhole article or a downhole
assembly comprises disposing a downhole article or a downhole assembly as described herein
in a downhole environment; performing a downhole operation; activating the energetic
material; and disintegrating the downhole article. A downhole operation can be any
operation that is performed during drilling, stimulation, completion, production, or
remediation. A fracturing operation is specifically mentioned. To start an on-demand
disintegration process, one multilayered unit is triggered and other units will continue the
rapid disintegration process following a series of sequenced reactions. The sequenced
reactions might be triggered by pre-set timers in different units. Alternatively, the energetic
material in one unit is activated and reacts to generate heat, strain, vibration, an acoustic
signal or the like, which can be sensed by an adjacent unit and activate the energetic material
in the adjacent unit. The energetic material in the adjacent unit reacts and generates a signal
that leads to the activation of the energetic material in an additional unit. The process repeats
and sequenced reactions occur.

[0040] Disintegrating the downhole article comprises breaking the downhole article
into a plurality of discrete pieces. Advantageously, the discrete pieces can further corrode in
the downhole fluid and eventually completely dissolve in the downhole fluid or become
smaller pieces which can be carried back to the surface by wellbore fluids.

[0041] Set forth below are various embodiments of the disclosure.

[0042] Embodiment 1. A downhole article comprising: a matrix; and a multilayered
unit disposed in the matrix, the multilayered unit including: a core comprising an energetic
material and an activator; a support layer disposed on the core; and a protective layer
disposed on the support layer, wherein the support layer and the protective layer each
independently comprises a polymeric material, a metallic material, or a combination
comprising at least one of the foregoing, provided that the support layer is compositionally
different from the protective layer.

[0043] Embodiment 2. The downhole article of Embodiment 1, wherein the
multilayered unit has at least one stress concentration location.

[0044] Embodiment 3. The downhole article of Embodiment 1 or Embodiment 2, the

matrix has a pre-crack around the multilayered unit.
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[0045] Embodiment 4. The downhole article of any one of Embodiments 1 to 3,
wherein the activator is a device that is effective to generate spark, electrical current, or a
combination thereof to active the energetic material.

[0046] Embodiment 5. The downhole article of any one of Embodiments 1 to 4,
wherein the energetic material comprises a thermite, a thermate, a solid propellant fuel, or a
combination comprising at least one of the foregoing.

[0047] Embodiment 6. The downhole article of any one of Embodiments 1 to 5,
wherein the metallic material comprises Zn, Mg, Al, Mn, iron, an alloy thereof, or a
combination comprising at least one of the foregoing.

[0048] Embodiment 7. The downhole article of any one of Embodiments 1 to 6,
wherein the polymeric material comprises a polyethylene glycol, a polypropylene glycol, a
polyglycolic acid, a polycaprolactone, a polydioxanone, a polyhydroxyalkanoate, a
polyhydroxybutyrate, a copolymer thereof, or a combination comprising at least one of the
foregoing.

[0049] Embodiment 8. The downhole article of any one of Embodiments 1 to 7,
wherein the support layer comprises the metallic material; and the protective layer comprises
the polymeric material.

[0050] Embodiment 9. The downhole article of any one of Embodiments 1 to 7,
wherein the support layer comprises the polymeric material; and the protective layer
comprises the metallic material.

[0051] Embodiment 10. The downhole article of any one of Embodiments 1 to 9,
wherein the core is present in an amount of 5 to 80 vol%, the support layer is present in an
amount of 20 to 95 vol%, and the protective layer is present in an amount of 0.1 to 20 vol%,
each based on the total volume of the multilayered unit.

[0052] Embodiment 11. A downhole assembly comprising a downhole article of any
one of Embodiments 1 to 10.

[0053] Embodiment 12. A downhole assembly comprising a first component and a
multilayered unit disposed on a surface of the first component, the multilayered unit
including: a core comprising an energetic material and an activator; a support layer disposed
on the core; and a protective layer disposed on the support layer, wherein the support layer
and the protective layer each independently comprises a polymeric material, a metallic
material, or a combination comprising at least one of the foregoing, provided that the support

layer is compositionally different from the protective layer.
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[0054] Embodiment 13. The downhole assembly of Embodiment 12, wherein the
downhole assembly further comprises a second component, and the multilayer unit is
disposed between the first and second components.

[0055] Embodiment 14. The downhole article of Embodiment 12 or Embodiment 13,
wherein the activator is a device that is effective to generate spark, electrical current, or a
combination thereof to active the energetic material.

[0056] Embodiment 15. The downhole assembly of any one of Embodiments 12 to
14, wherein the first component, the second component, or both comprise Zn, Mg, Al, Mn, an
alloy thereof, or a combination comprising at least one of the foregoing.

[0057] Embodiment 16. The downhole assembly of any one of Embodiments 12 to
15, wherein the multilayered unit has at least one stress concentration location.

[0058] Embodiment 17. The downhole assembly of any one of Embodiments 12 to
16, wherein the polymeric material comprises a polyethylene glycol, a polypropylene glycol,
a polyglycolic acid, a polycaprolactone, a polydioxanone, a polyhydroxyalkanoate, a
polyhydroxybutyrate, a copolymer thereof, or a combination comprising at least one of the
foregoing.

[0059] Embodiment 18. A method of controllably removing a downhole article, the
method comprising: disposing a downhole article of any one of Embodiments 1to 10 in a
downhole environment; performing a downhole operation; activating the energetic material,
and disintegrating the downhole article.

[0060] Embodiment 19. The method of Embodiment 18, wherein disintegrating the
downhole article comprises breaking the downhole article into a plurality of discrete pieces;
and the method further comprises corroding the discrete pieces in a downhole fluid.

[0061] Embodiment 20. The method of Embodiment 18 or Embodiment 19, wherein
activating the energetic material comprises triggering the activator by a preset timer, a
characteristic acoustic wave generated by a perforation from a following stage, a pressure
signal from fracking fluid, an electrochemical signal interacting with a wellbore fluid, or a
combination comprising at least one of the foregoing.

[0062] Embodiment 21. A method of controllably removing a downhole assembly,
the method comprising: disposing a downhole assembly of any one of Embodiments 12 to 17
in a downhole environment; performing a downhole operation; activating the energetic

material in the multilayered unit; and disintegrating the downhole assembly.
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[0063] Embodiment 22. The method of Embodiment 21, wherein disintegrating the
downhole assembly comprises breaking the downhole assembly into a plurality of discrete
pieces; and the method further comprises corroding the discrete pieces in a downhole fluid.

[0064] Embodiment 23. The method of Embodiment 21 or Embodiment 22, wherein
activating the energetic material comprises triggering the activator by a preset timer, a
characteristic acoustic wave generated by a perforation from a following stage, a pressure
signal from fracking fluid, an electrochemical signal interacting with a wellbore fluid, or a
combination comprising at least one of the foregoing.

[0065] All ranges disclosed herein are inclusive of the endpoints, and the endpoints
are independently combinable with each other. As used herein, “combination” is inclusive of
blends, mixtures, alloys, reaction products, and the like. All references are incorporated
herein by reference in their entirety.

[0066] The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the invention (especially in the context of the following claims) are to
be construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. “Or” means “and/or.” The modifier “about” used in
connection with a quantity is inclusive of the stated value and has the meaning dictated by the
context (e.g., it includes the degree of error associated with measurement of the particular

quantity).
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CLAIMS
What is claimed is:

1. A downbhole article (20, 30, 40, 50) characterized by:

a matrix (21, 31, 41, 51); and

a multilayered unit (10) disposed in the matrix (21, 31, 41, 51), the multilayered unit
(10) including:

a core (14) comprising an energetic material and an activator (13);,

a support layer (12) disposed on the core (14); and

a protective layer (11) disposed on the support layer (12),

wherein the support layer (12) and the protective layer (11) each independently
comprises a polymeric material, a metallic material, or a combination comprising at least one
of the foregoing, provided that the support layer (12) is compositionally different from the
protective layer (11).

2. The downhole article (20, 30, 40, 50) of claim 1, wherein the multilayered unit
(10) has at least one stress concentration location.

3. The downhole article (20, 30, 40, 50) of claim 1, the matrix (21, 31, 41, 51)
has a pre-crack around the multilayered unit (10).

4. The downhole article (20, 30, 40, 50) of claim 1, wherein the activator (13) is
a device that is effective to generate spark, electrical current, or a combination thereof to
active the energetic material.

5. The downhole article (20, 30, 40, 50) of claim 1, wherein the energetic
material comprises a thermite, a thermate, a solid propellant fuel, or a combination
comprising at least one of the foregoing; and the metallic material comprises Zn, Mg, Al, Mn,
iron, an alloy thereof, or a combination comprising at least one of the foregoing.

6. The downhole article (20, 30, 40, 50) of claim 1, wherein the polymeric
material comprises a polyethylene glycol, a polypropylene glycol, a polyglycolic acid, a
polycaprolactone, a polydioxanone, a polyhydroxyalkanoate, a polyhydroxybutyrate, a
copolymer thereof, or a combination comprising at least one of the foregoing.

7. The downhole article (20, 30, 40, 50) of claim 1, wherein the support layer
(12) comprises the metallic material;, and the protective layer (11) comprises the polymeric
material.

8. The downhole article (20, 30, 40, 50) of claim 1, wherein the support layer
(12) comprises the polymeric material; and the protective layer (11) comprises the metallic

material.

13
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9. The downhole article (20, 30, 40, 50) of claim 1, wherein the core (14) is
present in an amount of 5 to 80 vol%, the support layer (12) is present in an amount of 20 to
95 vol%, and the protective layer (11) is present in an amount of 0.1 to 20 vol%, each based
on the total volume of the multilayered unit (10).

10. A downhole assembly (60) comprising a downhole article (20, 30, 40, 50) of
any one of claims 1 to 9.

11. A downhole assembly (60) characterized by a first component and a
multilayered unit (10) of any one of claims 1 to 9.

12. The downhole assembly (60) of claim 11, wherein the downhole assembly
(60) further comprises a second component, and the multilayer unit is disposed between the
first and second components; and wherein the first component, the second component, or
both comprise Zn, Mg, Al, Mn, an alloy thereof, or a combination comprising at least one of
the foregoing.

13. A method of controllably removing a downhole article (20, 30, 40, 50) or a
downhole assembly (60), the method characterized by:

disposing a downhole article (20, 30, 40, 50) of claim 1 or a downhole assembly (60)
of claim 10 in a downhole environment;

performing a downhole operation;

activating the energetic material; and

disintegrating the downhole article (20, 30, 40, 50).

14. The method of claim 13, wherein disintegrating the downhole article (20, 30,
40, 50) or downhole assembly (60) comprises breaking the downhole article (20, 30, 40, 50)
or downhole assembly (60) into a plurality of discrete pieces; and the method further
comprises corroding the discrete pieces in a downhole fluid.

15. The method of claim 14, wherein activating the energetic material comprises
triggering the activator (13) by a preset timer, a characteristic acoustic wave generated by a
perforation from a following stage, a pressure signal from fracking fluid, an electrochemical
signal interacting with a wellbore fluid, or a combination comprising at least one of the

foregoing.

14



PCT/US2017/062285

[}
—

: SR R
T
S /ﬂ/fu//%//wxxw%mvxvf\
o, ././. R

NG

WO 2018/182793

1/3

10

FIG. 1

20

e
N
L

o o e
Lo
R

RS

7 R
: f/f.//
SRR

SRESatass
AR

5.2

FIC



PCT/US2017/062285

2/3

WO 2018/182793

10

31
41
15

<
—

SR L aTa
S e S A
\ ,vwwwyyxmwwﬁ%f \ Naah
! R A, f/,.wﬂj..//o../.,./,///.,ﬂ//z///ﬂ,#ﬂe /zn.« e B
: SRR 2
N\ A

SR

5%/ S
Avraaw

FI1G. 3

BN
R

; A s ,
S %W.,N&ﬂowz/fw//fwwwﬂ Mf;ﬂ,,mp//w///wﬂ&zz/ T
; /u/,,v/

s e
o S é%«h&%/t \%//
A S o "

. /.. . f./
.

SR 7
%/ﬂwﬂﬁﬁfu\

s

<
[ag

40

FIG. 4



PCT/US2017/062285

WO 2018/182793

3/3

50

FIG. 5

60

=

oy e,

R

A

FIG. 6



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2017/062285

A. CLASSIFICATION OF SUBJECT MATTER
E21B 41/00(2006.01)i, E21B 33/12(2006.01)i, E21B 34/06(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
E21B 41/00; B22F 3/10; E21B 37/00; E21B 23/00; E21B 43/08; E21B 41/02; E21B 43/27;, B22F 1/00; E21B 29/00; C09K 8/58; E21B

33/12; E21B 34/06

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords:
downhole assembly, matrix, energetic material, multilayered unit, trigger

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2014-0202712 A1 (HALLIBURTON ENERGY SERVICES, INC.) 24 July 2014 1-15
See paragraphs [0001]-[0056], claims 1-3 and figures 1-3.

Y US 2016-0333668 A1 (BAKER HUGHES INCORPORATED) 17 November 2016 1-15
See paragraphs [0042]-[0055], claims 13-14 and figures 1, 6, 7A-7C.

A WO 2013-022635 A2 (BAKER HUGHES INCORPORATED et al.) 14 February 2013 1-15
See paragraphs [0037]-[0043] and figure 2.

A US 2014-0262327 A1 (XU et al.) 18 September 2014 1-15
See paragraphs [0019]-[0043] and figures 1-2.

A US 2014-0363692 A1 (SCHLUMBERGER TECHNOLOGY CORPORATION) 11 December 2014 1-15
See paragraphs [0063]-[0081] and figures 5-7.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
05 March 2018 (05.03.2018) 05 March 2018 (05.03.2018)
Name and mailing address of the [SA/KR Authorized officer S
International Application Division \ B \ X
Korean Intellectual Property Office LEE, Jong Kyung s‘\\\‘\
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea \
Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-3360 '

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2017/062285

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2014-0202712 Al 24/07/2014 AR 099058 Al 29/06/2016
AR 099086 Al 29/06/2016
AR 099087 Al 29/06/2016
AU 2013-272271 Al 18/09/2014
AU 2013-272271 B2 11/08/2016
AU 2014-377594 Al 28/04/2016
AU 2014-377594 B2 22/12/2016
AU 2014-385212 Al 19/05/2016
AU 2014-385212 B2 22/12/2016
AU 2014-385213 Al 19/05/2016
AU 2014-385213 B2 08/12/2016
AU 2015-248171 Al 18/08/2016
AU 2015-248171 B2 22/12/2016
AU 2017-200304 Al 02/02/2017
CA 2868885 Al 12/12/2013
CA 2868885 C 28/11/2017
CA 2927400 Al 23/07/2015
CA 2930970 Al 11/09/2015
CA 2933023 Al 11/09/2015
CA 2939257 Al 22/10/2015
EP 2825725 Al 21/01/2015
EP 2825725 A4 29/06/2016
EP 3052745 Al 10/08/2016
EP 3052745 A4 24/05/2017
EP 3055486 Al 17/08/2016
EP 3055486 A4 02/08/2017
EP 3055487 Al 17/08/2016
EP 3055487 A4 26/07/2017
EP 3102777 Al 14/12/2016
MX 2014010920 A 05/03/2015
MX 2016005498 A 22/07/2016
MX 2016005704 A 21/09/2016
MX 2016009116 A 13/10/2016
MX 2016012961 A 07/12/2016
US 2013-0327540 Al 12/12/2013
US 2014-0124216 Al 08/05/2014
US 2014-0190705 Al 10/07/2014
US 2014-0224507 Al 14/08/2014
US 2014-0284063 Al 25/09/2014
US 2017-0198539 Al 13/07/2017
US 8905147 B2 09/12/2014
US 9458692 B2 04/10/2016
US 9689227 B2 27/06/2017
US 9689231 B2 27/06/2017
US 9759035 B2 12/09/2017
US 9777549 B2 03/10/2017
WO 2013-184185 Al 12/12/2013
WO 2015-108627 Al 23/07/2015
WO 2015-134073 Al 11/09/2015

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2017/062285
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2015-134074 Al 11/09/2015
WO 2015-160424 Al 22/10/2015
WO 2015-167640 Al 05/11/2015
US 2016-0333668 Al 17/11/2016 CA 2985602 Al 24/11/2016
US 2016-0333654 Al 17/11/2016
WO 2016-186860 Al 24/11/2016
WO 2013-022635 A2 14/02/2013 AP 201407411 A 28/02/2014
AU 2012-294758 Al 16/01/2014
AU 2012-294758 B2 06/10/2016
BR 112014002348 A2 14/03/2017
CA 2841926 Al 14/02/2013
CA 2841926 C 14/11/2017
CN 103732853 A 16/04/2014
EP 2739812 A2 11/06/2014
EP 2739812 A4 16/12/2015
US 2013-0032357 Al 07/02/2013
US 9057242 B2 16/06/2015
WO 2013-022635 A3 25/04/2013
US 2014-0262327 Al 18/09/2014 CA 2899711 Al 02/10/2014
CA 2899711 C 19/09/2017
GB 2526219 A 18/11/2015
US 2016-0032671 Al 04/02/2016
US 9803439 B2 31/10/2017
WO 2014-158336 Al 02/10/2014
US 2014-0363692 Al 11/12/2014 AR 055463 Al 22/08/2007
AR 070786 Al 05/05/2010
AT 470782 T 15/06/2010
AT 534795 T 15/12/2011
BR P10511469 A 26/12/2007
BR P10511469 B1 20/12/2016
BR PI0700810 A 13/11/2007
BR PI0812973 A2 18/02/2015
CA 2566221 Al 08/12/2005
CA 2566221 C 09/04/2013
CA 2573471 Al 09/08/2007
CA 2661887 Al 20/03/2008
CA 2661887 C 17/03/2015
CA 2689577 Al 31/12/2008
CA 2689577 C 15/03/2016
CA 2705321 Al 22/05/2009
CA 2775754 Al 07/04/2011
CA 2808081 Al 16/02/2012
CA 2808081 C 17/05/2016
CN 101311495 A 26/11/2008
CN 101311495 B 04/09/2013
CN 101338652 A 07/01/2009

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2017/062285
Patent document Publication Patent family Publication
cited in search report date member(s) date

CN 101338652 B 08/05/2013
CN 101560619 A 21/10/2009
CN 101910547 A 08/12/2010
CN 103201453 A 10/07/2013
CN 103201453 B 08/06/2016
CN 1993533 A 04/07/2007
CN 1993533 B 24/09/2014
DK 1753934 T3 11/10/2010
DK 201001030 A 14/05/2011
DK 2097608 T3 05/03/2012
EA 009704 Bl 28/02/2008
EA 016670 Bl 29/06/2012
EA 200602252 Al 27/04/2007
EA 201070073 Al 30/04/2010
EG 27114 A 23/06/2015
EP 1753934 Al 21/02/2007
EP 1753934 B1 09/06/2010
EP 1753934 B8 29/09/2010
EP 2067026 Al 10/06/2009
EP 2097608 Al 09/09/2009
EP 2097608 Bl 23/11/2011
EP 2097609 Al 09/09/2009
EP 2097609 Bl 22/08/2012
GB 2435046 A 15/08/2007
GB 2435046 B 07/04/2010
GB 2457207 A 12/08/2009
GB 2459368 A 28/10/2009
GB 2459368 B 13/10/2010
GB 2459783 A 11/11/2009
GB 2463814 A 31/03/2010
GB 2463814 A8 21/04/2010
GB 2463814 B 08/06/2011
GB 2467090 A 21/07/2010
GB 2467090 B 18/01/2012
GB 2470503 A 24/11/2010
GB 2470503 B 02/11/2011
JP 2008-501078 A 17/01/2008
JP 4764875 B2 07/09/2011
MX 2009002364 A 12/03/2009
MX 2009013374 A 25/01/2010
MX 2010005216 A 21/05/2010
MX 2010012316 A 18/05/2011
MX 2012003696 A 19/04/2012
MX 2013005693 A 15/01/2016
MX PA06013223 A 28/02/2007
NO 20065838 A 27/12/2006
NO 20070710 A 10/08/2007
NO 20090768 A 26/03/2009
NO 20091587 A 26/10/2009
NO 20092402 A 24/09/2009

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2017/062285
Patent document Publication Patent family Publication
cited in search report date member(s) date

NO 20092418 A 29/09/2009
NO 20093524 A 27/01/2010
NO 339196 Bl 14/11/2016
RU 2008-149992 A 27/06/2010
RU 2009-107632 A 10/09/2010
RU 2009-114158 A 20/10/2010
RU 2009-115413 A 27/10/2010
RU 2009-129540 A 10/02/2011
RU 2009-129541 A 10/02/2011
RU 2010-124372 A 27/12/2011
RU 2013-110514 A 20/09/2014
RU 2415405 C2 27/03/2011
RU 2471955 C2 10/01/2013
RU 2501873 C2 20/12/2013
RU 2513733 C2 20/04/2014
RU 2553717 C2 20/06/2015
US 2005-0263281 Al 01/12/2005
US 2007-0181224 Al 09/08/2007
US 2008-0008562 Al 10/01/2008
US 2008-0053652 Al 06/03/2008
US 2008-0066920 Al 20/03/2008
US 2008-0066963 Al 20/03/2008
US 2008-0069301 Al 20/03/2008
US 2008-0069307 Al 20/03/2008
US 2008-0073077 Al 27/03/2008
US 2008-0105438 Al 08/05/2008
US 2008-0149345 Al 26/06/2008
US 2008-0149351 Al 26/06/2008
US 2008-0152080 Al 26/06/2008
US 2009-0151936 Al 18/06/2009
US 2009-0218105 Al 03/09/2009
US 2009-0226340 Al 10/09/2009
US 2010-0018703 Al 28/01/2010
US 2010-0084132 Al 08/04/2010
US 2010-0089571 Al 15/04/2010
US 2011-0048743 Al 03/03/2011
US 2011-0067889 Al 24/03/2011
US 2011-0253393 Al 20/10/2011
US 2012-0080189 Al 05/04/2012
US 2013-0025878 Al 31/01/2013
US 2014-0251641 Al 11/09/2014
US 2014-0286810 Al 25/09/2014
US 7542543 B2 02/06/2009
US 7617873 B2 17/11/2009
US 7639781 B2 29/12/2009
US 7647980 B2 19/01/2010
US 7837427 B2 23/11/2010
US 7874366 B2 25/01/2011
US 8211247 B2 03/07/2012
US 8220554 B2 17/07/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2017/062285
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 8485265 B2 16/07/2013
US 8522869 B2 03/09/2013
US 8651179 B2 18/02/2014
US 8663401 B2 04/03/2014
US 8770261 B2 08/07/2014
US 9133673 B2 15/09/2015
US 9500058 B2 22/11/2016
US 9540889 B2 10/01/2017
US 9708867 B2 18/07/2017
US 9789544 B2 17/10/2017
WO 2005-116388 Al 08/12/2005
WO 2008-026148 Al 06/03/2008
WO 2008-032265 Al 20/03/2008
WO 2008-079485 A2 03/07/2008
WO 2008-079485 A3 06/11/2008
WO 2008-079486 Al 03/07/2008
WO 2008-081402 Al 10/07/2008
WO 2008-081404 Al 10/07/2008
WO 2009-001253 Al 31/12/2008
WO 2009-064662 Al 22/05/2009
WO 2011-041390 A2 07/04/2011
WO 2011-041390 A3 15/09/2011
WO 2012-021654 A2 16/02/2012
WO 2012-021654 A3 05/04/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report

