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NANO-PARTICLE REINFORCED WELL SCREEN

TECHNICAL FIELD

This disclosure relates generally to equipment utilized
and operations performed i1in conjunction with a subterranean
well and, 1n one example described below, more particularly
provides a well screen with a nano-particle reinforced

filter.

BACKGROUND

Well screens are used to filter fluid produced from
earth formations. Well screens remove sand, fines, debris,
etc., from the fluid. It will be appreciated that
improvements are continually needed 1n the art of

constructing well screens.

SUMMARY

In this disclosure, i1mproved well screens and methods
of constructing well screens are provided to the art. One
example 1s described below 1n which a porous substrate of a

well screen filter 1s reinforced with nano-particles.
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An 1mproved well screen 1s provided to the art by the
disclosure below. In one example, the well screen can

include a filter with a nano-particle reinforcement.

A method of constructing a well screen 1s also
described below. In one example, the method can include

treating a filter with a nano-particle reinforcement.

The filter may comprise a porous substrate. The porous
substrate can comprise a ceramlc material. The nano-particle
reinforcement may be disposed 1n pores of the ceramic

material.

The nano-particle reinforcement can comprise naho-
fibers, or other types of nano-particles. The nano-particle
reinforcement may increase a tensile strength of the filter,
reduce a brittleness of the filter, and/or increase an

eroslion resistance of the filter.

In some examples, the filter may comprise a ceramilicC
material which filters fluid which flows between an annulus
external to the well screen and an 1nterior flow passage of

the well screen.

In some examples, the filter may comprise a porous
substrate positioned radially between a base pipe and a

protective shroud.

These and other features, advantages and benefits will
become apparent to one of ordinary skill i1n the art upon
careful consideration of the detailed description of
representative embodiments of the disclosure hereinbelow and
the accompanying drawings, 1n which similar elements are
indicated 1n the various figures using the same reference

numbers.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a representative partially cross-sectional
view of a well system and associated method which can embody

principles of this disclosure.

FIG. 2 1s a representative oblique view of a filter for
a well screen which may be used 1n the system and method of

FIG. 1, and which can embody principles of this disclosure.

FIG. 3 1s a representative cross-sectional view of the

well screen.

DETAILED DESCRIPTION

Representatively 1llustrated i1n FIG. 1 1s a system 10
for use with a subterranean well, and an associlated method,
which system and method can embody principles of this
disclosure. However, 1t should be clearly understood that
the system 10 and method are merely one example of an
application of the principles of this disclosure 1n
practice, and a wlde variliety of other examples are possible.
Therefore, the scope of this disclosure 1s not limited at
all to the details of the system 10 and method described

herein and/or depicted in the drawings.

As depicted 1n FIG. 1, a tubular string 12 (such as a
production tubing string, a testing work string, a
completion string, a gravel packing and/or stimulation
string, etc.) 1s 1lnstalled 1n a wellbore 14 lined with
casing 16 and cement 18. The tubular string 12 1n this

example 1ncludes a packer 20 and a well screen 22.

The packer 20 1solates a portion of an annulus 24
formed radially between the tubular string 12 and the
wellbore 14. The well screen 22 filters fluid 26 which flows

into the tubular string 12 from the annulus 24 (and from an



10

15

20

25

30

CA 02860337 2014-06-23

WO 2013/141867 PCT/US2012/030182

earth formation 28 i1into the annulus). The well screen 22 1n
this example 1ncludes end connections 29 (such as 1nternally
or exXxternally formed threads, seals, etc.) for

interconnecting the well screen 1n the tubular string 12.

The tubular string 12 may be continuous or segmented,
and made of metal and/or nonmetal material. The tubular
string 12 does not necessarily i1nclude the packer 20 or any
other particular i1tem(s) of equipment. Indeed, the tubular
string 12 1s not even necessary 1n keeping with the

principles of this disclosure.

Tt also 1s not necessary for the wellbore 14 to be
vertical as depicted 1n FIG. 1, for the wellbore to be lined
with casing 14 or cement 16, for the packer 20 to be used,
for the fluid 26 to flow from the formation 28 1nto the
tubular string 12, etc. Therefore, 1t will be appreciated
that the details of the system 10 and method do not limit

the scope of this disclosure 1n any way.

Examples of the well screen 22 are described 1n more
detall below. Each of the examples described below can be
constructed conveniently, rapidly and economically, thereby
improving a cost efficiency of the well system 10 and

method, while effectively filtering the fluid 26.

Referring additionally now to FIG. 2, a generally
tubular filter 30 of the well screen 22 1s representatively
1llustrated. Although the filter 30 1s depicted 1n FIG. 2 as
having an annular shape, and belng a single element, any
shape or number of elements may be used 1n the filter. For
example, the filter could be sectioned radially and/or
longitudinally, the filter could be flat or made up of flat

elements, etc.

In the FIG. 2 example, the filter 30 comprises a porous

substrate 32 reinforced with a nano-particle reinforcement
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34. In one preferred construction, the porous substrate 32
can comprise a ceramlic material 36. The nano-particle
reinforcement 34 1n this example can be dispersed i1nto pores

of the ceramic material 36.

As a result of treating the filter 30 with the nano-
particle reinforcement 34, the filter can obtaln increased
strength, reduced brittleness, and/or reduced erosion due to
flow of the fluid 26 through the filter. The reduced
brittleness can be especially beneficial 1f the filter 30
comprises the ceramic material 36, or any relatively brittle

material.

Sultable ceramic materials for use 1n the filter 30
include silicon carbide, alumina and mullite. Other

materials and non-ceramlic materials may be used, 1f desired.

Suitable nano-particle reinforcement 34 materials
include titanium nitride, chromium nitride, silica, diamond,
aluminum oxide, titanium oxide, etc. Sulitable types of nano-
particles 1nclude carbon nano-tubes and nano-graphites,

nano-clusters, nano-powders, etc.

A nano-particle 1s generally understood to have at
least one dimension from 100 to 1 nanometers. As used
herein, the term nano-particle reinforcement refers to a
reinforcement comprising particles having at least one
dimension which 1s from about 1 nanometer to about 100

nanometers.

Referring additionally now to FIG. 3, a cross-sectional
view of one example of the well screen 22 1s
representatively 1llustrated. In this example, the filter 32
1s poslitioned radially between a base pipe 38 and a

protective shroud 40.
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The base pipe 38 can have the end connections 29 for
connecting the well screen 22 1n the tubular string 12 1n
the system 10 of FIG. 1. A longlitudinal flow passage 42 of
the tubular string 12 can extend through the base pipe 38.
Of course, the well screen 22 could be used 1n other systems

and methods, 1n keeping with the scope of this disclosure.

The filter 30 1s depicted 1n FIG. 3 as belng external
to the base pipe 38, but 1n other examples the filter 30
could be otherwise positioned relative to the base pipe

(such as, 1nternal to the base pipe, etc.).

In some examples, the substrate 32 can be separately
formed (e.g., by casting, molding, etc.), and then
positioned on or 1n, etc. the base pipe 38. In other
examples, the substrate 32 could be formed on or i1n the base
pipe 38 (e.g., by casting or molding the substrate on or 1in

the base pipe, etc.).

Any manner of positioning the substrate 32 relative to
the base pipe 38 may be used, 1n keeping with the scope of
this disclosure. The substrate 32 may be treated with the
nano-particle reinforcement 34 prior to, during or after the

substrate 1s positioned relative to the base pipe 38.

The substrate 32 may be treated with the nano-particle
reinforcement 34 by sprayling or coating the substrate with
nano-particles, molding or casting the substrate with the
nano-particles, applying the nano-particles to the
substrate, mixing the nano-particles with the substrate,
etc. Any manner of incorporating the nano-particle
reinforcement 34 i1nto the filter 30 may be used, 1n keeplng

with the scope of this disclosure.

In one example, the filter 30 can be produced by
treating a ceramic substrate 32 with a nano-particle

reinforcement 34. For example, carbon nano-tubes or nano-
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graphites could i1ncrease the tensile strength of the filter
30, 1ncrease the filter’s erosion resistance, and reduce the

ceramlic substrate’s brittleness.

The shroud 40 1s depicted 1n FIG. 3 as outwardly
enclosing the filter 30. In this manner, the shroud 40 can
protect the filter 30 during installation of the tubular
string 12 in the wellbore 14. However, 1f the filter 30 1is
otherwise positioned (e.g., not external to the base pipe
38), then the shroud 40 could be otherwise positioned (e.g.,

internal to the base pipe 38), or not used at all.

In the FIG. 3 example, the shroud 40 1s perforated to
allow flow of the fluid 26 from the annulus 24 to the filter
30. The shroud 40 can be secured to the base pipe 38 by

crimping and/or welding, or by any other technique.

Other elements (such as, a drailnage layer, an
additional filter layer, etc.) could be included 1n the well
screen 22, 1f desired. The scope of this disclosure 1s not
limited at all to the number, arrangement or types of

elements 1n the FIG. 3 example of the well screen 22.

It may now be fully appreciated that the above
disclosure provides significant advancements to the art of
constructing screens for use 1n wells. In examples described
above, a nano-particle reinforcement 34 1s used to increase
strength, decrease erosion and reduce brittleness of a
filter 30 1n a well screen 22. These benefits are achieved

economlcally, convenliently and readily.

A well screen 22 1s described above. In one example,
the well screen 22 can comprise a filter 30 with a nano-

particle reinforcement 34.

The filter 30 may include a porous substrate 32. The

porous substrate 32 can comprise a ceramlc material 36. The
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nano-particle reinforcement 34 may be disposed 1n pores of

the ceramlic material 36.

The nano-particle reinforcement 34 can comprilise hano-
fibers. Other types of nano-particles can be used, 1f
desired. The nano-particle reinforcement 34 may i1ncrease a
tensile strength, reduce a brittleness, and/or increase an

erosion resistance of the filter 30.

The filter 30 can comprise a ceramlic material 36 which
filters fluid 26 which flows between an annulus 24 external
to the well screen 22 and an 1nterior flow passage 42 of the
well screen 22. The filter 30 can comprise a pPoOrous
substrate 32 positioned radially between a base pipe 38 and

a protective shroud 40.

A method of constructing a well screen 22 1s also
described above. In one example, the method can include

treating a filter 30 with a nano-particle reinforcement 34.

The treating step can comprise applying the nano-
particle reinforcement 34 to a porous substrate 32. The

porous substrate 32 may comprise a ceramic material 36.

The treating step can comprise dispersing the nano-

particle reinforcement 34 1nto pores of a ceramic material

36.

Although various examples have been described above,
with each example having certain features, 1t should be
understood that 1t 1s not necessary for a particular feature
of one example to be used exclusively with that example.
Instead, any of the features described above and/or depicted
1n the drawings can be combined with any of the examples, 1n
addition to or 1n substitution for any of the other features
of those examples. One example’s features are not mutually

exclusive to another example’s features. Instead, the scope



10

15

20

25

30

CA 02860337 2014-06-23

WO 2013/141867 PCT/US2012/030182

of this disclosure encompasses any combination of any of the

features.

Although each example described above i1ncludes a
certaln combination of features, 1t should be understood
that 1t 1s not necessary for all features of an example to
be used. Instead, any of the features described above can be
used, without any other particular feature or features also

being used.

Tt should be understood that the various embodiments
described herein may be utilized 1n various orientations,
such as 1nclined, 1inverted, horizontal, vertical, etc., and
1n various configurations, without departing from the
principles of this disclosure. The embodiments are described
merely as examples of useful applications of the principles
of the disclosure, which 1s not limited to any specific

detalls of these embodiments.

In the above description of the representative
examples, directional terms (such as “above,” “below,”
“upper,” “lower,” etc.) are used for convenlience 1n
referring to the accompanying drawlings. However, 1t should
be clearly understood that the scope of this disclosure 1is

not limited to any particular directions described hereiln.

The terms “including,” “includes,” *“comprising,”
“comprises,” and simillar terms are used 1n a non-limiting
sense 1n this specification. For example, 1f a system,
method, apparatus, device, etc., 1s described as “including”
a certaln feature or element, the system, method, apparatus,
device, etc., can 1nclude that feature or element, and can
also 1nclude other features or elements. Similarly, the term
“comprilises” 1s consilidered to mean “comprises, but 1s not

limited to.”



CA 02860337 2015-12-10

The scope of the c¢laims should not be limited by the

preferred embodiments set forth 1in the examples, but

should be given the broadest interpretation consistent

with the description as a whole.
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CLAIMS:

1. A well screen, comprising:
a filter with a nano-particle reinforcement, the filter
being disposed about a subterranean pipe to which the

well screen 1s coupled.

2. The well screen of c¢laim 1, wherein the filter

comprises a porous substrate.

3. The well screen of c¢claim 2, wherein the porous

substrate comprises a ceramic material.

4., The well screen of claim 1, wherein the nano-
particle reinforcement 1is disposed 1n pores of a ceramic

material.

5. The well screen of c¢laim 1, wherein the nano-

particle reinforcement comprises nano-fibers.

6. The well screen of c¢laim 1, whereiln the nano-
particle reinforcement increases a tensile strength of

the filter.

7. The well screen of c¢laim 1, wherein the nano-

particle reinforcement reduces a Dbrittleness of the

filter.

8. The well screen of <c¢laim 1, wherein the nano-
particle reinforcement 1increases an erosion resistance of

the filter.

9. The well screen of c¢laim 1, wherein the filter
comprises a ceramic material which filters fluid which
flows between an annulus external to the well screen and

an interior flow passage of the well screen.
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10. The well screen of claim 1, wherein the filter
comprises a porous substrate ©positioned radially

between a base pipe and a protective shroud.

11. A method of constructing a well screen system,

the method comprising:

treating a filter of the well screen with a nano-

particle reinforcement;
disposing the filter of the well screen on a

subterranean pilpe.

12. The method of c¢laim 11, wherein the treating
comprises applying the nano-particle reinforcement to a

porous substrate.

13. The method of <c¢laim 12, wherein the porous

substrate comprises a ceramlic material.

14 . The method of c¢laim 11, wherein the treating
comprlises dispersing the nano-particle reinforcement

into pores of a ceramic material.

15. The method of c¢laim 11, wherein the nano-

particle reinforcement comprises nano-fibers.

16 . The method of claim 11, further comprising the
nano-particle reinforcement lncreasing a tensile

strength of the filter.

17 . The method of claim 11, further comprising the
nano-particle reinforcement reducing a brittleness of

the filter.

18. The method of c¢laim 11, further comprising the

nano-particle reinforcement 1ncreasing an erosion
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resistance of the filter.

19. The method of c¢laim 11, whexrein the filter
comprises a ceramic material which filters fluid which
flows between an annulus external to the well screen and

an interior flow passage of the well screen.

20. The method of c¢laim 11, further comprising
positioning a porous substrate of the filter radially

between a base plpe and a protective shroud.
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