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(57) Abstract: A method of servicing a wellbore in a subterranean formation by providing a wellbore servicing fluid containing proppant
particulates suspended in an oil external emulsion, wherein the oil external emulsion comprises an oleaginous external phase, an aqueous
internal phase, a nanomaterial, and an emulsitier, and introducing the wellbore servicing fluid into the wellbore in the subterranean
formation. A method of forming a wellbore servicing fluid by dispersing a nanomaterial in water, combining the aqueous dispersed
nanomaterial with a proppant, an emulsifier, and an oleaginous fluid, and mixing to form an oil external emulsion. A wellbore servicing
fluid containing an oil external emulsion comprising a proppant, an oil external phase comprising an oleaginous fluid, an aqueous
internal phase, a nanomaterial, and an emulsifier. A well servicing system is also provided.
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NANOMATERIALS STABILIZED EMULSIONS AS FRACTURING FLUID

SYSTEM
BACKGROUND
5 The present disclosure generally relates to fluds for use in subierranean applications

and methods of making and using same. More particularly, this disclosure relates to
fracturing fluids stabilized via the incorporation therein of nanomaterials, and utilizing such
fluids to transport proppant particulates in a subterrancan formation.

Subterrancan wells {(e.g., hydrocarbon fluid producing wells and water producing

10 wells) are often stimulated by hydraslic fracturing treatments. In a typical hydraulic
fracturing treatment, a treatment fluid 1s pumped into a wellbore 1n a subterrancan formation
at a rate and pressure above the fracture gradient of the particular subterrancan formation so
as to create or enhance at least one fracture therein. Particulate sohids (e.g., graded sand,
bauxite, ceramic, nut hulls, and the like), or “proppant particulates’, are typically suspended

15 in the treatment fluid or a second treatment fluid and deposited into the fractures while
maintainmg pressure above the fracture gradient. The proppant particulates are generally
deposited 1n the fracture i a concentration sufficient to form a tight pack of proppant
particulates, or ‘proppant pack’, which serves to prevent the fracture from fully ¢losing once
the hydraulic pressure is removed. By keeping the tracture from fully closing, the interstitial

20 spaces between mdividual proppant particulates m the proppant pack form conductive
pathways through which produced fluids may flow.

In traditional hvdraulic fracturing treatments, the specific gravity of the proppant
particulates may be high in relation to the treatment fluids in which they are suspended for
transport and deposit in a target interval {(e.g., a fracture}. Therefore, the proppant

25 particulates may settle out of the treatment fluid and fail to reach the target mterval. For
example, where the proppant particulates are to be deposited into a fracture, the proppant
particulates may settle out of the treatment fluid and accumulate only or substantially at the
bottommeost portion of the fracture, which may result in complete or partial ccclusion of the
portion of the fracture where no proppant particulates have collected (e.g., at the top of the

30 fracture). As such, fracture conductivity and production over the life of a subterrancan well
may be substantially impaired if proppant particulates settle out of the treatment fluid before
reaching their target interval within a subterrancan formation.

One way to compensate for proppant particulate settling is to introduce the proppant

particulates mto the fracture m a viscous gelled flud. Gelled flnds typically require high
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concentrations of gelling agents and/or crosslinker, particularly when transporting high
concentrations of proppant particulates in order to maintain them in suspension. As many
gelling and crosslinking agents arc used in a variety of fluids within and outside of the o1l and
gas industry, their demand 1s increasing while their supply 1s decreasing. Therefore, the cost
of gelling and crosslinking agents is mereasing, and consequently, the cost of hydrauslic
fracturing treatments requiring them is also increasing. Additionally, the use of gelling and
crosslinking agents mayv result in premature viscosity increases that may cause pumpability
issues or problems with subterranean operations equipment.

Another method of compensating for the settling nature of proppant particulates is the
mtroduction of gas-generating mechanisms that mtroduce sufficient gas to increase proppant
particulate buovancy within the treatment flmid. However, the gas 1s often generated at
unwanted intervals within the subterranean formation, thereby failing to adequately keep the
proppant particulates suspended in the treatment fluid until they reach the target interval.
Additionally, gas may be generated partially at unwanted intervals and partially at the desired
mterval, such that the amount of gas generated at the desired interval is msufficient to
merease the buovancy of the proppant particulates to overcome settling forces.

The degree of success of a hydraulic fracturing operation depends, at least in part,
upon fracture conductivity after the fracturing operation has ceased and production
commenced. Accordingly, an ongoing need exists for methods and compositions which
provide for enhanced hindering of the seitling of proppant particulates i a wellbore treatment

fluid, particularly duning fracturing and conformance applications.

BRIEF DESCRIPTION OF THE BRAWING

The following figure is mcluded to illustrate certain aspects of the present disclosure,
and should not be viewed as providing exclusive embodiments. The sabject matter disclosed
herein 1s capable of considerable medification, alteration, and equivalents i form and
function, as will occur to one having ordinary skill in the art and having the benefit of this
disclosure.

FIG. 1 depicts an embodiment of a system configured for delivering the wellbore

treatment fluids of the embodiments described herein to a downhole location.

BETAILED DESCRIPTION
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The present disclosure provides a wellbore treatment fhuid composition for improved
transportation of proppants in vertical and horizontal wells and/or in a fracture, as well as
methods of making and using the wellbore treatment fluid. The composition described herein
comprises an oil external emulsion into which are incorporated nanomaterials (e.g., carbon
nanomaterials) which serve to enhance the fluid properties while efficiently enabling
proppant placement in fractures.

Herein disclosed is a method of servicing in a wellbore in a subterranean formation,
the method comprising: preparing a wellbore servicing fluid comprising proppant
particulates suspended in an oil external emulsion, wherein the oil external emulsion
comprses an oleaginous fluid external phase, an aqucous internal phase, a nanomaternial, and
an emulsifier; and mtroducing the wellbore servicing fluid into the wellbore in the
subterrancan formation. In embodiments, the nanomatenal is selected from the group
consisting of graphite-derived carbon nanomaterials, silica, cellulose, latex, and combinations
thereof.  In embodiments, the carbon nanomaterial comprises one or more component
selected from the group consisting of graphene nanoparticles, functionalized graphene
nanoparticles, chemically-modified graphene nanoparticles, covalently-modified graphene
nanoparticles, graphene oxide nanoparticles, and combinations thereof. The carbon
nanomaterial can have at least one dimension of less than about 50 nm. In embodiments, the
nanomaterial is a hydrophobically-modified nanomatenal.

In embodiments, the wellbore servicing fluid comprises from about 0.05% (w/v) to
about 2% (w/v} of the nanomaterial. In embodiments, the oil external emulsion comprises
comprises less than 10 volume percent of the oleaginous flud. In embodiments, the oil
external emulsion comprises comprises less than or equal to about 5 volume percent of the
oleaginous fluid. In embodiments, the wellbore servicing fluid comprises from about 0.1 ppg
(12 kg/m?) to about 10 ppg (1200 kg/m™) of the proppant, based on the total volume of the
wellbore servicing fluid. In embodiments, the wellbore servicing fhnd further comprises a
surface modifying agent. In other embodiments, the wellbore servicing fluid comprises no
surface modifving agent. In embodiments, the wellbore servicing fluid further comprises a
co-emulsifier. In embodiments, the wellbore servicing fluid is stable for at least 90 minutes
at 200°F (93 3°C}. In embodiments, the wellbore in the subterrancan formation comprises at
least one fracture, and the step of introducing the wellbore servicing fluid comprising the
proppant particulates into the wellbore in the subterrancan formation further comprises

placing at lcast a portion of the proppant particulates into the at least one fracture.
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Also disclosed herein is a method of forming a wellbore servicing fluid, the method
compnsing:  dispersing a nanomaterial in water; combining the agueous dispersed
nanomaterial with a proppant, an emulsificr, and an oleaginous fluid; and mixing to form an
oil external emulsion. In embodiments, the nanomatenial comprises one or more component
selected from the group consisting of graphene nanoparticles, functionalized graphene
nanoparticles, chemically-modified graphene nanoparticles, covalentlyv-modified graphenc
nanoparticles, graphene oxide nanoparticles, and combinations thereof. In embodiments, the
wellbore servicing fluid comprises from about 0.05% (w/v) to about 2% (w/v) of the
nanomaterial. In embodiments, the oil external emulsion comprises less than 10 volume
percent of the oleaginous fluid. In embodiments, the ol external emulsion comprises less
than or equal to about 5 volume percent of the oleaginous fhud. In embodiments, the
wellbore servicing fluid comprises from about 0.1 ppg (12 kg/m®) to about 10 ppg (1200
kg/m®} of the proppant, based on the total volume of the wellbore servicing fluid. In
embodiments, the method of forming the wellbore servicing fluid further comprises coating
the proppant with a surface modifying agent prior to combining with the aqueous dispersed
nanomaterial, the oleaginous fhud, and the emulsifier. In other embodiments, the wellbore
servicing fluid comprises no surface modifying agent.

Also disclosed herein is a wellbore servicing fluid comprising:  an oil external
emulsion comprising a proppant, an oil external phase comprising an oleaginous fluid, an
aqueous internal phase, a nanomaterial, and an emulsifier. In embodiments, the nanomaterial
15 selected from the group consisting of graphite-derived carbon nanomaterials, silica,
cellulose, latex, and combinations thereof. In embodiments, the carbon nanomaterial
comprises one or more component selected from the group consisting of graphene
nanoparticles, functionalized graphene nanoparticles, chemically-modified graphene
nanoparticles, covalently-modified graphene nanoparticles, graphene oxide nanoparticles, and
combingations thereof. In embodiments, the carbon nanomaterial has at least one dimension
less than about 50 nm. In embodiments, the nanomaterial is a hydrophobically-modified
nanomaterial. In embodiments, the wellbore servicing fluid comprises from about 0.053%
{(w/v) to about 2% (w/v) of the nanomaterial. In embodiments, the oil external emulsion
comprises less than 10 volume percent of the oleaginous fluid. In embodiments, the od
external emulsion comprises less than or cqual 1o about 5 volume percent of the oleaginous
fluid. In embodiments, the wellbore servicing fluid comprises from about 0.1 ppg (12 kg/m™)
to about 10 ppg (1200 kg/m®) of the proppant, based on the total volume of the wellbore

servicing fluid. In embodiments, the wellbore servicing fluid further comprises a surface
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modifying agent coated onto at least a portion of the proppant. In embodiments, the wellbore
servicing fluid comprises no surface modifying agent. In embodiments, the wellbore
servicing fluid further comprises a co-emulsifier. In embodiments, the wellbore servicing
fhuid is stable for at least 90 minutes at 200°F (93.3°C).

Also disclosed herein is a well servicing system comprising:  a well treatment
apparatus, including at Ieast one mixer and a pump, configured to: disperse a nanomaterial in
water to form an agucous dispersed nanomaterial; combine the aqueous dispersed
nanomaterial with a proppant, an emulsifier, and an oleaginous flund to form a pre-emulsified
fluid; mix the pre-emalsified fluid to form an cil external emudsified thid; and introduce the

oil external emulsified flnid into a subterranean formation.

General Measurement Terms

Unless otherwise specified or unless the context otherwise clearly requires, any ratico
or percentage means by volume.

If there is any difference between U.S. or Imperial units, U.S. units are intended.

Unless otherwise specified, mesh sizes are in U.S. Standard Mesh.

The micrometer (um) may sometimes be referred to herein as a micron.

The conversion between pound per gallon (Ib/gal or ppg) and kilogram per cubic

meter (kg/m3) is: 1 Ib/gal = (1 Ib/gal) x (0.4536 kg/lb) x (gal/0.003785 m*) = 120 kg/m’.

The features and advantages provided by the fracturing fluid of this disclosure will be
readily apparent to those skilled in the art upon a reading of the following description of the
embodiments.  As noted hereinabove, the present disclosure relates to fracturing fluid
systems comprising emulsions stabilized via the incorporation of nanomaterials. More
specifically, the present disclosure provides, in embodiments, wellbore treatment fluids that
exhibif enhanced stability relative to treatment fluids absent the nanomaterials.

Although the description that follows is primarily directed to fracturing fluids and
conductivity enhancement via utilization of such fluids, wellbore treatment fluids containing
like particulates (e.g., gravel packing fluids comprising gravel) may also be stabilized by
making use of the present disclosure.

As noted heretnabove, the present disclosure also provides methods of forming the
herein-disclosed wellbore treatment fluids, as detailed further hercinbelow. Oil extemal

emulsions according to the present disclosure may advantageously be formed via the

(v



20

25

30

WO 2017/218005 PCT/US2016/038100

mtroduction of the nanomaterial and/or proppant thereto prior to pumping downhole. In this
manner, the emulsion structure of the treatment fluid and the distribution of the particulate
{e.g., proppant) therein may be stabilized.

As noted hereinabove, the present disclosure also describes methods of using wellbore
treatment fhids according to this disclosure. In some embodiments, the methods comprise
providing a wellbore treatment fluid comprising an external oil phase, a particulate {(e.g.,
proppant, gravel), water, and a nanomaterial according to this disclosure, and placing the
wellbore treatment fhwid in a subterrangan formation via a wellbore penctrating the
subterrancan formation. Although referred to herein as a ‘treatment’ fhud, it is to be
understood that the nanomaterial stabilized emulsion according to this disclosure may be
particularly suttable for use n fracturing applications, conformance applications, and the like.

Of the many advantages of the present disclosure, only a fow of which are discussed
or ailuded to herein, the present disclosure generally provides facile methods for stabilizing
emulsions suitable for use during fracturing applications. The herein-disclosed nanomaterial
based emulsified fluid system provides for efficient proppant transportation. Fracturing
fhuids according to this disclosure may exhibit improved stability, sometimes at higher than
previously considered temperaturcs.  For cxample, the nanomaterial-stabilized fracturning
fluids of this disclosure may exhibit enhanced stability relative to fracturing fluids absent the
nanomaterials, and/or may be stable at higher temperatures than fracturing fhuds absent the
nanomaterials. For example, in embodiments, the fracturing fluids of this disclosure are
stable for 50 to 140% longer than fracturing fluids absent the nanomaterials, and
embodiments, the disclosed fracturing fluids are stable at temperatures of greater than 180°F
(82.2°C}), 200°F (93.3°C), 250°F (121.1°C), 300°F (148.9°C), or 350°F {176.7°C;.

Nanomatenial

A wellbore treatment fluid according to this disclosure comprises a nanomaterial,
Nanomaterials are known to stabilize emuisions by establishing strong non covalent networks
at solid/liquid, and hgquid/liguid interfaces.  Graphite based nanomaterials have received
much attention in the recent vears due to the gradual decrease in their cost and global
availability. The nanomaterial of the hercin-disclosed wellbore treatment fluids comprises
particulatc having at least onc dimension in the nanometer range. Although described with
reference to graphene, various nanomaterials can be utilized to form wellbore treatment fluids
according to this disclosure, and such nanomaterials are within the scope of this disclosure.

For example, in embodiments, the nanomaterial comprises silica, latex, graphite-derived
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carbon nanomaterials, such as graphite powder, hybrids of the afsrementioned materials,
and/or combinations thereof By way of non-limiting example, hydrophobically-modified
nanomaterials may provide tuproved propertics in certain applications.

In embodiments, the nanomatenial comprises graphene nanoparticles. The graphene
nanoparticles may be unmodified, or modified to alter at least one property thereof. For
example, in embodiments, the graphene nanoparticles mayv be surface modified graphene
nanoparticles. In ecmbodiments, the graphene nanoparticles comprise graphene,
functionalized graphene, chemically-modified graphene, covalently-modified graphene,
graphene oxide, or a combination therecof. In embodiments, the nanomaterial comprises
graphene nanoparticles that have not been modified. Tno embodiments, the nanomaterial
comprises one in the category of NTE (Negative Thermal Expansion), such as, but not
limited to, ZrWaOs, ZrV:07, Sc2(W04)3, ZbZr(PO4), otc.

It has been discovered that graphene nanoparticles may improve the stability of oil
external emulsions suitable for use in hyvdraulic fracturing applications. The nanofluids for
these types of applications may be designed by adding nano-composites and/ or organic and
morganic nano-particulate materials, such as graphene nanoparticles.  Graphene i1s an
allotrope of carbon, the structure of which is a planar sheet of sp2-bonded graphite atoms that
are densely packed in a 2-dimensional honeycomb crystal lattice. The term ‘graphene’ is
used herein to include particles that may contain more than one atomic plane, but still
comprise a lavered morphology, 7.e. one in which one of the dimensions is significantly
smaller than the other two. The typical maxinum number of monoatomic-thick layers m the
graphene nanoparticles here may be about fifty (50). The structure of graphene 1s hexagonal,
and graphene is often referred to as a 2-dimensional (2-D) material. The 2-D structure of the
graphene nanoparticles is ofien paramount to useful applications involving graphene
nanoparticles. The applications of graphite, the 3-D version of graphene, are not equivalent
to the 2-D applications of graphene. Fundamental properties, such as electrical conductivity,
Young's modulus, thermal conductivity, diclectric properties, and those previously
mentioned of graphene have been measured and compare well with those of carbon
nanotubes. The 2-D morphology, however, provides significant benefits when dispersed in
complex fluids, such as multi-phasic fluids or emulsions. Unique to this apphication is the
engineering of the graphene dispersion within the different phases of the fluid. e.g.. oil and
water, to achieve desired propertics.

In the present context, graphene nanoparticles may have at least one dimension less

50 nm, although other dimensions may be larger than this. In a non-limiting embodiment. the
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graphene nanoparticles may have one dimension less than 30 nm, or altematively 10 nm. In
embodiments, the smallest dimension of the graphene nanoparticles may be less than 5 nm,
although the length of the graphene nanoparticles may be much longer, for mstance 100 nm,
1000 nm, or more. In some embodiments, the emulsion comprises particles having a size in
the range of from about 1 pm to about 20 pm. For example, without limitation, in some
embodiments, the emulsion comprises graphite powder. The incorporation of such graphene
nanoparticles and/or graphite powder is to be understood to be within the scope of the fluids
disclosed herein.

It should be understood that surface-modified graphene nanoparticles may find utility
in the compositions and methods hercin.  ‘Surface-modification” is defined herc as the
process of altering or modifying the surface properties of a particle by any means, including
but not himited to physical, chemical, electrochemical or mechanical means.  Such
modification may be performed with the intent to provide a umique desirable property or
combination of propertics to the surface of the graphene nanoparticle, which ditfers from the
properties of the surface of the unprocessed graphene nanoparticle. Functionalized graphene
nanoparticles are defined herein as those which have had their edges or surfaces modified to
contain at least onc functional group including, but not necessarly limited to, sulfonate,
sulfate, suifosuccinate, thiosulfate, succinate, carboxylate, hydroxyl, glucoside, ethoxvlate,
propoxylate, phosphate, cther, amines, amides, ethoxvlate-propoxyvlate and combinations
thereof.

The cnormous surface areas per volume may signmificantly increase the interaction of
the graphenc nanoparticles with the matrix or surrounding fluid. This surface arca may serve
as sites for bonding with functional groups and can mfluence crystallization, chain
entanglement, and morphology, and thus can generate a variety of properties in the matrix or
fluid. In the present context, the fluid may include the base fluid, such as but not limited to a
drilling fluid, a completion fluid, a production fluid, or a servicing fluid. For instance, it is
anticipated that graphene nanoparticles and conventional polymers or copolymers may be
linked or bonded together directly or through certain intermediatc chemical limkages to
combine some of the advantageous properties of each. Additionally, because of the very
large surface area to volume present with graphene nanoparticles, it 1s expected that in most,
if not all cases, much less proportion of graphene nanoparticles need be emploved relative to
micron-sized additives conventionally used to achicve or accomplish a similar effect.

Similarly, polymers may be connected with the graphene nanoparticles in particular

ways, such as by crosslinking-type connections, hydrogen bonding, covalent bonding and the
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Iike. Such graphene nanoparticle-polymer hybrids may use graphene nanoparticles as
polymer-tvpe building blocks im conventional copolymer-type structures, such as block
copolymers, graft copolymers, and the like. The wnanoparticles utilized herein are
synthetically formed graphene nanoparticles where size, shape and chemical composition
may be carefully controlled. The graphene nanoparticles may be functionally modified to
mtroduce chemical functional groups thereon, as known to those of skill in the art. For
example, by way of nonlimiting example, the graphene nanoparticles with may be reacted
with a peroxide such as diacyi peroxide to add acyl groups which may in turn be reacted with
diammes to provide aming functionality, which may be further reacted, as desired and known
to those of skall in the art.

it should be understood that the graphene nanoparticles may have more than one type
of functional group, making them maltifunctional. Multifunctional graphene nanoparticles
may be useful for simultaneous applications, as will be apparent to those of skill in the art.

A wellbore treatment fluid according to this disclosure may comprise an amount of
nanoparticle suitable to enhance the stability for a given application. It will be apparent to
one of skill in the art, upon reading this disclosure, how to determine such a suttable amount
of nanomaterial. However, without limitation, in embodiments, a wellbore treatment fluid
according to this disclosure may contamn from about 0.01% (w/v) to about 5% (w/v), from
about 0.1% (w/v) to about 3% {w/v), from about 0.05% {w/v) to about 2% {(w/v), or from
about 0.05% {(w/v) to about 0.5% (w/v) of the nanomaterial. In embodiments, a wellbore
treatment fluid according to this disclosure contains greater than or equal to about 0.03, 0.1,
0.2, 0.3, 0.4, or 0.5% {(w/v} of the nanomaterial. In embodiments, a wellbore treatment fhud
according to this disclosure contains lgss than or equal to about 0.5, 04, 03, 02, 0.1, or
0.03% (w/v) of the nanomaterial.

The nanomaterial may comprise graphene nanoparticles having a specific gravity in
the range of from about 1 to about 3 g/cc, from about 1.5 to about 2.5 g/ce, or from about 2 to
about 2.5 g/cc. In embodiments, the graphene nanoparticles may have a specific gravity of
less than, greater than, or equal to about 1, 2, or 3 g/cc. In embodiments, the nanomaterial
may comprise graphene nanoparticles having a plate dimension in the range of from about 4-
10, 5-9, or 6-8 nm thick, and/or 2/0.1 wide. In embodiments, the graphene nanomaterial has
a surface area of greater than or equal to about 500, 600, 650, 700, or 750 m%g. In
cmbodiments, the graphenc nanoparticles have a tensile strength of at least or equal to about
1.2.3, 4. 0r5GPa.

Particulate/Proppant
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The applications in which the methods of the present invention may be used include
any subterranean operation where suspending proppant particulates, or other solid particles,
may be of benefit. In some cmbodiments, the oil exteral treatment fluids of the present
mvention may be utilized to transport proppant particulates, which may be coated or uncoated
with g surface modification agent in vartous embodiments, info an at least one fracture within
a subterrancan formation. Therein, the proppant particulates may form a proppant pack
capable of holding open the fracture during production of the well.

Wellbore treatment floids according to this disclosure comprise a particulate. In
embodiments, the particulate is a proppant comprsing sized particles mixed with the
fracturing fluid to hold fracturcs open after a hydraulic fracturing treatment. The proppant
particulates for use in the methods of the present invention may comprise any material
suitable for use m subterranean operations. The proppant may be natural or synthetic, or may
comprise a combination of natural and svnthetic material. Suitable materials for the proppant
particulates mclude, but are not limited to, sand; bauxite; ceramic materials; glass matenials;
polymer materials; polvtetrafluoroethylene materials; nut shell pieces; cured resinous
particolates comprising nut shell pieces; seed shell pieces; cured resinous particulates
compnsing seed shell picces; fruit pit pieces; cured resinous particulates comprising fruit pit
pieces; wood; composite particulates; and combinations of one or more thereof  Suitable
composite particulates may comprise a binder and a filler material wherein suitable filler
materials include, but are not limited to, silica; alumina; fumed carbon; carbon black;
graphite; mica; titanium dioxide; meta-silicate; calcium silicate; kaolin; talc; zirconia; boron;
fly ash; hollow glass microspheres; solid glass; and any combination thereof.

The mean proppant particulate size generally may range from about 2 mesh to about
400 mesh on the U.S. Sieve Series; however, in certain circumstances, other mean proppant
particulate sizes may be desired and will be entirely suitable for practice according to the
present disclosure. In embodiments, the particulate size distribution range 1s one or more of
6/12. 8/16, 12/20, 16/30, 20/40, 30/50, 40/60, 40/70, or 50/70 mesh. It should be understood
that the term ‘proppant particulate’, as used in this disclosure, mcludes all known shapes of
materials, including substantially spherical materials; fibrous matenals; polygonal materials

e.g., cubic materials); and any combination thereof. Moreover, fibrous materials, that may
or may not be used to bear the pressure of a closed fracture, may be included in certain
cmbodiments of the present mvention. o certain embodiments, the particulates may be
present i the o1l external treatment fluid of the present mvention in an amount in the range of

from about 0.3 pounds per gallon or ppg (60 kg/m?) to about 30 ppg (3600 kg/m?). from
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about 3 ppg (360 kg/m?} to about 20 ppg (2400 kg/m?), from about 5 pounds per gallon (600
kg/m?) to about 10 ppg (1200 kg/m’) by volume of the treatment fluid.

Agueocus and Od Phases

Wellbore treatment fluids according to this disclosure comprise an agueous phase
comprising an aqueous fluid and an o1l phase comprising an oleaginous fluid or hydrocarbon.
In embodiments, the wellbore treatment fluid is water-based, and comprises an aqueous base
fluid. In embodiments, the wellbore treatment fluid of this disclosure 1s an o1l extemal
emulsion comprising an o1l exdernal phase and an aqueous internal phase.

Aqueous Phase:  As used hercin, the term ‘aqueous fluid” refers to a material
comprising water or a water-miscible but oleaginous fluid-tmmiscible compound. [lustrative
agueous fluids suitable for use in embodiments of this disclosure include, for example, fresh
water, sea water, a brine containing at least one dissolved organic or inorganic salt, a liquid
containing water-miscible organic compounds, and the like.

The aqueous fluid or base fluid of the present embodiments can generally be from any
source, provided that the fluids do not contain components that nmught adversely affect the
stability and/or performance of the wellbore treatment fluids of the present disclosure. In
various embodiments, the agueous fluid can comprise fresh water, salt water, scawater, brine,
or an aqueous salt solution. In some embodiments, the aqueous fluid can comprise a
monovalent brine or a divalent brine.  Suitable monovalent brings can include, for example,
sodium chlonde brines, sodium bromide brines, potassium chloride brines, potassium
bromide brines, and the like. Suitable divalent brines can include, for example, magnesium
chlonde brnes, calcium chloride brines, calcium bromide brines, and the like. In some
embodiments, the agueous base fluid can be a high density brine. As used herein, the term
“high density brine” refers to a brine that has a density of about 9.5-10 lbs/gal or greater (1.1
glem’-1.2 g/om® or greater).

(il Phase: A wellbore treatment fluid of this disclosure comprises an il phase. In
embodiments, a wellbore treatment fluid according to this disclosure comprises an oil
external phase. The oil phase comprises an oleaginous fluid, which may include ong or more
hydrocarbon. As used herein, the term ‘oleaginous fluid” refers to a material having the
properties of an o1l or like non-polar hydrophobic compound. Hhustrative oleaginous fhids
suitable for use in embodiments of this disclosure include, for example, (i) esters prepared
from fatty acids and alcohols, or esters prepared from olefins and fatty acids or alcohols; (i1)
linear alpha olefins, isomernzed olefins having a straight chain, olefins having a branched

structure, isomerized olefins having a ¢cvclic structure, and olefin hydrocarbons; (111} linear
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paraffins, branched paraffins, poly-branched paraffins, cyclic paraffins and isoparaffins; (iv)
mineral o1l hydrocarbons; (v} glvceride triesters including, for example, rapeseed oil, olive
oil, canola oil, castor oil, coconut oil, com oil, cottonsced oil, lard oil, linseed oil, neatsfoot
oil, palm oil, peanut oil, penlia oil, rice bran o1, safflower oil, sardine o1, sesame oil,
sovbean ot and sunflower oil; {vi) naphthenic compounds {cyclic paraffin compounds having
a formula of CaHon where n is an integer ranging between about 5 and about 30); (vii) diesel;
(viui) aliphatic ethers prepared from long chain alcohols; and (1x)  aliphatic acetals,
dialkylcarbonates, and mixtures thereof. As used herein, fatty acids and alcohols or long
chain acids and alcohols refer 1o acids and alcohols containing about 6 to about 22 carbon
atoms, or about 6 to about 18 carbon atoms, or about 6 to about 14 carbon atoms. In some
embodiments, such fatty acids and alcohols have about 6 to about 22 carbon atoms
comprising their main chain. One of ordinary skill in the art will recognize that the fatty
acids and alcchols may also contain unsaturated linkages.

In embodiments, in a wellbore treatment fluid according to this disclosure, an
oleaginous fluid external phase and an agueous fluid internal phase are present in a ratio of
less than about 50:50. This ratic 18 commonly stated as the oil-to-water ratio (OWR). That
is, in the present embodiments, a wellbore treatment fluid having a 50:30 OWR comprises
50% oleaginous fluid external phase and 50% aqueous fluid internal phase. In embodiments,
drilling fluids according to this disclosure have an OWR ranging between about 3:95 to about
35:65, wmchuding all sub-ranges therein between. In embodiments, drilling fluids of this
disclosure have an OWR ranging between about 1:99 and about 10:90, including all
sub-ranges therein between. In embodiments, the drilling fluids have an OWR of about 10:90
or less. In embodiments, the drilling fluids have an OWR of about 5:95 or less. One of
ordinary skill in the art will recognize that lower OWRs can more readily form emulstons that
are suitable for suspending sand and other proppants therein. However, one of ordinary skill
in the art will also recognize that an OWR that is too low may prove overly viscous for
downhole pumping.

In embodiments, an oil external emulsion treatment fluid according to this disclosure
comprises a less than conventional volume percentage of o1l. For example, in embodiments,
a wellbore treatment fhud according to this disclosure comprises from about 1 to about 10,
from about 2 to about 9, or from about 3 to about 8 volume percent oil, based on the total
volume of the treatment fluid. In embodiments, a wellbore treatment fluid according to this
disclosure comprises less than or equal to about 30, 25, 20, 15, 10,9, 87, 6, 5, 4, or 3 volume

percent o1l, based on the total volume of the treatment fluid.
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Other Additives

A wellbore treatment fhuid of this disclosure may optionally comprise any number of
additional additives known to those of skill in the art to be suitable for use in such wellbore
treatment fluids.  Examples of such additional additives nclude, without hmitation,
surfactants, gelling agents, fluid loss control agents, corrosion inhibitors, rheology control
modifiers or thinners, viscosity enhancers, temporary viscosifying agents, filtration control
additives, high temperaturc/high pressure control additives, enmulsification additives,
surfactants, alkalimity agents, pH buffers, gases, nitrogen, carbon dioxide, surface modifying
agents. tackifying agents, foamers, scale inhibitors, catalysts, clay control agents, biocides,
bactericides, friction reducers, antifoam agents, bridging agents, dispersants, tlocculants, HaS
scavengers, CO» scavengers, oxvgen scavengers, friction reducers, breakers, relative
permeability modifiers, resins, wetting agents, coating enhancement agents, filter cake
removal agents, surfactants, defoamers, shale stabilizers, cils, and the like. One or more of
these additives (e.g., bridging agents) may comprise degradable materials that arc capable of
undergoing irreversible degradation downhole. A person skilled n the art, with the benefit of
this disclosure, will recognize the types of additives that may be included 1n the dnlling fhuds
of the present disclosure for a particular application, without unduc experimentation.

Emulsifier(s}): A wellbore treatment fluid according to this disclosure may comprise
one or more cmulsifiers. Examples of suitable emulsifiers may include, but are not limited
to, surfactants, proteins, hydrolyzed proteins, lipids, glveolipids, nanosized particulates {e.g.,
fumed silica), fatty alcohol sulphates, fatty alcohol cther-sulphates, alkyl sulphonates,
carboxymethylated fatty alcohol oxethylates, fatty alcohol {cther) phosphates, fatty alcohol
cthersulphosuccinates, alkyl betaines, fatty alcohol oxethylates, fatty acid oxethylates, fatty
acid esters of polvhydric alcchols or of cthoxylated polyhydric alcohols (sorbitan esters),
sugar fatty acid esters, fatty acid partial glycendes, giveendes with fatty acids and polybasic
carboxylic acids, and the like.

Surface Modifying Agents: A wellbore treatment fluid according to this disclosure
may comprnse a surface modifying and/or tackifving agent. Suitable surface modifying
agents are known to those of skill in the art; suitable surface modifying agents may be as
provided in US. Patent Number 9,038,717, to Halliburton Energy Services, Inc. In
embodiments, a surface modifying agent is coated onto the proppant particulates, for example
as described in the Example hereinbelow. In embodiments, however, a wellbore treatment
fluid according to this disclosure does not comprise a surface modifving agent, or a

tackifving agent, or comprises neither.
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Method of Making Wellbore Treatment Fluid

Also disclosed herein is a method of making the wellbore treatment flind of this
disclosure. The method comprises dispersing a nanomaterial, as provided hereinabove,
water; combining the aqueous dispersed nanomatenal with a proppant, an emulsifier, and oil,
as provided hereinabove; and stirring to form an oil external emulsion. It has been
surprisingly discovered that the order of addition of carbon nanomaterials (7.e., dispersing the
nanomaterial in the water prior to combination thereof with the balance of the components)
alters the properties of the emulsion, including, but not limited to, the stability thereof.

In embodiments, the method of forming the wellbore treatment fluid according to this
disclosure further comprises coating the proppant with a surface modifying agent prior to
combinmng the agqueous dispersed nanomaterial with the SMA-coated proppant and the
emulsifier. In embodiments, however, the wellbore servicing fluid comprises no surface
modifying agent.

As noted hereinabove, the wellbore servicing fluid can comprise from about 0.03%
{(w/v) to about 2% (w/v}) of the nanomaterial. The o1l external emulsion can comprise less
than 30, 25, 20, 15, 10,9, 8,7, 6, 5, 4, or 3 volume percent oil. The wellbore servicing flud
can comprise from about 0.5 ppg (60 kg/m’) to about 10 ppg (1200 kg/m?} of the proppant,
based on the total volume of the wellbore servicing flud. The wellbore servicing fluid can
comprise from about 0.1 ppg (12 kg/m®) to about 10 ppg (1200 kg/m?) of the proppant, based
on the total volume of the wellbore servicing fluid.

As noted above, the nanomaterials and/or proppant particulates may advantageously
be incorporated in a wellbore treatment fluid according to this disclosure prior o introduction
of the wellbore treatment fluid in a subterrancan formation. Such wellbore treatment fhuids
may be formulated at a production facility and mixed by applying a shearing force 1o the
treatment flud.  Application of the shearing force may result in formation of an emulsion
which 1s stabilized by the nanomaterial. Once formed, the emulsion may be stable i the
absence of a shearing force, such that the wellbore treatment fluids of the present disclosure
have a reduced tendency toward proppant precipitation. In embodiments, the nanomaterial
inhibits and/or reduces separation of the proppant particles for at least or equal to about 60,
70, 80, 96, 160, 110, or 120 minutes.

In embodiments, the disclosed wellbore treatment fluid may be prepared at a well site
or at an offsite location. Once prepared, a treatment fluid of the present disclosure may be
placed in a tank, bin, or other container for storage and/or transport to the site where it is to

be used. In other embodiments, a treatment fluid of the present disclosure may be prepared
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on-site, for example, using contimuous mixing, on-the-fly mixing, or real-time mixing
methods.  In certain embodiments, these methods of mixing may include methods of
combining two or more components wherein a flowing stream of one element is continuously
mtroduced into flowing stream of another component so that the streams are combined and
mixed while continuing to flow as a single stream as part of the on-going treatment. The
system depicted i Figure 1 {described further hereinbelow) may be one embodiment of a
system and equipment used to accomplish on-the-tly or real-time mixing.

Methods of Use

Also disclosed herein are methods of introducing a wellbore treatment fhuid according
to this disclosure into a wellbore. The methods of the present disclosure may be emploved m
any subterrancan application where a treatment fluid of this disclosure may be suitable. In an
embodiment, a method of treating a wellbore comprises providing a wellbore treatment fluid
according to this disclosure, and using the wellbore ireatment fluid during a stimulating
operation. The treatment fluid may be used in conjunction with any downhole operation for
which it is suitable, as will be apparent to those of skill in the art.

The methods and wellbore fluid compositions of the present disclosure may be used
during or in conjunction with an operation i a portion of a subterrancan formation and/or
wellbore, and may be particularty suitable for hydraulic fracturing applications and/or
conformance applications. For example, the methods and/or compositions of the present
disclosure may be used in the course of hvdraunlic fracturing operations in which a herein-
disclosed oil external emulsion fracturing fluid may be pumped at high pressure and rate mto
a reservoir interval to be treated, causing a vertical fracture(s) to open, thus enhancing
conductivity.

The wellbore treatment fluids of the present disclosure may be provided and/or
mitroduced into the wellbore in a subterranean formation using any method or equipment
known in the art. In certain embodiments, a wellbore fluid of the present disclosure may be
circulated in the wellbore using the same types of pumping systems and equipment at the
surface that arc used to introduce drilling fluids and/or other treatment fluids or additives into
a wellbore penetrating at least a portion of the subterranean formation.

FIGURE 1 shows an illustrative schematic of a svstem that can deliver treatment
fhuids of the embodiments disclosed herein to a downhole location, according to one or more
embodiments. It should be noted that while FIGURE 1 generally depicts a land-based
system, it is to be recognized that like systems may be operated in subsea locations as

well. As depicted in FIGURE 1, system | may include mixing tank 10, in which a treatment
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fluid of the embodiments disclosed herein may be formulated. The treatment fluid may be
conveyed via line 12 to welthead 14, where the treatment fluid enters tubular 16, tubular 16
extending from wellhead 14 into subterrancan formation 18. Upon being cjected from
tubular 16, the treatment fluid may subsequently penctrate mio subterrancan formation
18. Pump 20 may be configured to raise the pressure of the treatment fluid to a desired
degree before its introduction into twbular 16, 1t 1s 1o be recognized that system 1 is merely
excmplary in nature and varous additional components may be present that have not
necessarily been depicted in FIGURE 1 in the interest of clarity. Non-limiting additional
components that may be present include, but are not limited to, supply hoppers, valves,
condensers, adapters. joints, gauges, SCnNSors, compressors, pressure controllers, pressure
sensors, flow rate controllers, flow rate sensors, temperature sensors, and the like.

Although not depicted in FIGURE 1, the treatment fluid may, in some embodiments,
flow back to wellhead 14 and exit subterrancan formation 18, In some embodiments, the
treatment fluid that has flowed back to wellhead 14 may subsequently be recovered and
recirculated to subterranean formation 18,

It 15 also to be recognized that the disclosed treatment fhuids may also directly or
mdirectly affect the various downhole equipment and tools that may come into contact with
the treatment fluids duning operation. Such equipment and tools may include, but are not
Iimited to, wellbore casing, wellbore liner, completion string, insert strings, drill string, coiled
tubing, shickline, wireline, dnll pipe, drill collars, mud motors, downhole motors and/or
pumps, surfacc-mounted motors and/or pumps, centralizers, turbolizers, scratchers, floats
{e.g., shoes, collars, valves, etc.), logging tools and related telemetry equipment, actuators

e.g2., electromechanical devices, hvdromechanical devices, etc), sliding slegves, production
sleeves, plugs, screens, filters, flow control devices (e.g., inflow control devices, autonomous
mflow control devices, outflow control devices, etc.), couplings {(e.g., electro-hvdraulic wet
connect, dry connect, inductive coupler, etc.), control lines {e.g., electrical, fiber optic,
hydraulic, etc.), surveillance hines, drill bits and reamers, sensors or distributed sensors,
downhole heat exchangers, valves and corresponding actuation devices, tool seals, packers,
cement plugs, bridge plugs, and other wellbore 1solation devices, or components, and the
kke. Auny of these components may be included in the systems generally described above and
depicted in FIGURE 1.

The invention having been gencrally described, the following Example is given as a

particular embodiment of this disclosure and to demonstrate the practice and advantages
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thereof. It is to be understood that the Example 18 given by way of illustration only, and is
not intended to limit the specification or the claims to follow in any manner.

EXAMPLE
Fxample 1: Effect of Graphene on Stability of Oil External Fmulsion

Six samples of o1l external emulsions were created as further described hereinbelow.
Inventive samples 2, 4, and 6 comprised nanoparticles of graphene having a specific gravity
of 2.12 g/ce, a plate dimension of 6-8 nm thick and 2/0.1 wide, a surface area of 750 m%/g,
and a tensile strength of 5 GPa. Samples 1-4 comprised SAND WEDGE-NT® surface
modifying agent available from Halliburton Energy Services in Houston, Texas. Samples 1,
2, 5, and 5 comprised PERFOR MUL™ cmulsifier available from Halliburton Encrgy
Services in Houston, Texas. Samples 3 and 4 comprised FACTANT™ emulsifier available
from Halliburton Energy Services i Houston, Texas, along with the SAND WEDGE-NT®
surface modifying agent, while Samples 5 and 6 comprised FACTANT™ as co-emulsifier
along with the PERFOR MUL™ emulsifier.

Sample [: Fifty-nine (59) g (6 ppg (720 kg/m?)) of sand was coated with SAND
WEDGE-NT® surface modifying agent available from Halliburton Energy Services in
Houston, Texas, followed by the addition of 75 mL of water, 7.5 mL of LCA-1 paraffinic oil
available from Halliburton Energy Services, in Houston, Texas, and 1.5 mL of PERFOR
MUL™ emulsifier available from Halliburton Energy Services in Houston, Texas. The fluid
was placed under over stirrer and stirring was continued at 1000 mpm for a fow seconds.

Sample 2: Sample 2 was created using the same protocol as described for Sample 1
above, with the exception of taking water dispersed with 0.1% w/v of graphene.

Sample 3: Sample 3 was created using the same protoco! as described for Sample 1
above, with the exception of replacing the PERFOR MUL™ emulsifier with FACTANT™
emulsifier avatlable from Halliburton Energy Services in Houston, Texas.

Sample 4: Sample 4 was created using the same protocol as described for Sample 3,
with the exception of taking water dispersed with 0.1% w/v of graphene.

Sample 5: Samplc 5 was created using the same protocol as described for Sample 1,
with the exception of wtilizing FACTANT™ as co-emulsifier instead of SAND WEDGE-
NT® surface modifying agent.

Sample 6: Sample 6 was created using the same protocol as described for Sample 3,

with the exception of taking water dispersed with 0.1% w/v of graphene.
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The proppant suspension stability of each of the above the compositions of Samples

1-6 was tested 1 water bath at 200°F (93 3°C) and 0.1% {w/v) graphene (Table 1}, Emulsion
stability was measured by taking the emulsion comprising proppant in a glass bottle and
maintaining the bottle in a water bath at 200°F (93.3°C) until 1t broke. Breaking of the

5 emulsion was determined by periodically measuring the volume of water generated versus
time. For temperatures above 200°F (93 3°C), emulsion comprising proppant was taken in a
graduated glass liner/cvlinder, followed by application of a pressure of about 600 psi in an
autoclave. Timely removal and measurement of the generated water volume indicates the

emulsion stability.

10
TABLE 1: Proppant Suspension Stability for Various Formulations
Duration
Sample With for Stability
Amp Emulsifier SMA o Forming B
Number Graphene . min
Emulsion,
s
. SAND
1 P]\i%i(if‘ WEDGE- No 5-10 ~60
SAND
2 IlE {%1; ?5 WEDGE- Yes 3-10 ~90
o NT®
SAND
3 FACTANT™ WEDGE- No 5-10 ~90
SAND
4 FACTANT™ WEDGE- Yes 3-10 ~180
NT®
PERFOR . < X
5 MUL™ FACTANT™ No 3-10 ~50
PERFOR .
NTTM o - -~
5 MUL FACTANT Yes 5-10 126

As can be seen from the data in Table 1, the emulsion stability improved in each case
15 when carbon nanomaterials (7.e. graphene particles) were added. The formed emulsions were
able to successfully carry proppant and were comparatively more stable when prepared with
the graphene nanomaterials.
The present disclosure is well adapted to attain the ends and advantages mentioned
herein, as well as those that are inherent therein. A fracturing fluid comprising nanomaterial

20 according to this disclosure may exhibit significantly enhanced stability, which may facilitate
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cconomic production and utilization of such wellbore treatment fluids, for example by
enabling the usage of a greater variety of proppants, and/or usage over a wider temperature
range and/or range of viscosities. Furthermore, the use of carbon-based nanomaterials having
contrasting color to the emulsion fluid may enable improved quantification of proppant
setthing due to improved visualization of any settled proppant layer. The (low cost)
emulsified fluid system and methods disclosed herein may provide improved proppant
suspension for fracturing applications.

The particular embodiments disclosed above are illustrative only, as 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. Furthemmore, no limitations
are intended to the details of construction or design herem shown, other than as descrnibed in
the claims below. It is therefore evident that the particular illustrative embodiments disclosed
above may be altered or modified and all such vanations are considered within the scope and

spirit of the present disclosure. While compositions and methods are described in terms of

LI "

"comprising,” "contaiming,” 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 disclosed above may varv by some amount. Whenever a
numerical range with a lower Iimit and an upper limit is disclosed, any number and any
incladed range falling within the range 1s specifically disclosed. In particular, every range of
values {of the form, "from about a to about b." or, equivalently, "from approximately ato b."
or, equivalently, "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 m
the claims have their plain, ordinary meaning unless otherwise explicitly and cleardy defined
by the patentec. 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. If there is any
conflict in the usages of a word or term in this specification and one or more patent or other
documents, the definitions that are consistent with this specification should be adopted.

Embodiments disclosed herein include:

A: A method of servicing a wellbore m a subterrancan formation, the method
comprising: providing a wellbore servicing fluid comprising proppant particulates suspended
i an o1l external emulsion, wherein the ol external emulsion comprises an oleaginous

external phase, an agueous internal phase, a nanomaterial, and an emulsifier; and mtroducing

the wellbore servicing fluid into the wellbore m the subterrancan formation.
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B: A method of forming a wellbore servicing fhid, the method comprising:
dispersing a nanomaterial in water; combining the aguecus dispersed nanomaterial with a
proppant, an emulsifier, and an olcaginous fluid; and mixing to form an oil external emulsion.

C: A wellbore servicing fluid compnising: an oil external emulsion comprising a
proppant, an oil external phase comprising an oleaginous flaid, an aguecus internal phase, a
nanomaterial, and an emulsifier.

D A well servicing system comprising: a well treatment apparatus, including at least
one mixer and a pump, configured to: disperse a nanomaterial in water to form an agueous
dispersed nanomaterial, combine the aguecous dispersed nanomaterial with a proppant, an
cmulsifier, and an oleaginous fluid to form a pre-emulsified fluid; mix the pre-cmulsified
fluid to form an o1l external emulsified fluid; and introduce the ol external emulsified fluid
into a subterranean formation.

Each of embodiments A, B, C, I mav have one or more of the following additional
clements: Element 1. wherein the nanomatenial is selected from the group consisting of
graphite-derived carbon nanomaterials, silica, cellulose, latex, and combinations thercof.
Element 2: wherein the carbon nanomaterial comprises ong or more component selected from
the group consisting of graphene nanoparticles, functionalized graphene nanoparticles,
chemically-modified graphene nanoparticles, covalently-modified graphene nanoparticles,
graphene oxide nanoparticles, and combinations thereof. Element 3. wherein the carbon
nanomaterial has at least one dimension of less than about 50 nm. Element 4. wherein the
nanomaterial is a hydrophobically-modified nanomaterial. Element 5: wherein the wellbore
servicmg flud comprises from about 0.05% (w/v) to about 2% {w/v) of the nanomaterial.
Element 6: wherein the ol external emulsion comprises comprises less than or equal to about
10 volume percent of the oleaginous fluid. Element 7. wherein the the oil external emulsion
comprises less than or equal to about 5 volume percent of the oleaginous fhud. Element 8:
wherein the wellbore servicing fluid comprises from about 0.1 ppg (12 kg/m’) to about 10
ppg (1200 kg/m?) of the proppant. based on the total volume of the wellbore servicing fluid.
Element 9: wherein the wellbore servicing fluid further comprises a surface modifving agent,
which may be coated onto at least a portion of the proppant. Element 10: further comprising
coating the proppant with a surface modifying agent prior to combining with the aqueous
dispersed nanomaterial, the oleaginous fluid, and the emulsifier. Element 11: wherein the
wellbore servicing fluid comprises no surface modifving agent. Element 12: wherein the
wellbore servicing fluid further comprises a co-emulsifier. Element 13: wherein the wellbore

servicing fluid is stable for at least 90 nunutes at 200°F (93.3°C). Element 14 wherein the
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wellbore in the subterrancan formation comprises at least one fracture, and wherein the step
of introducing the wellbore servicing fluid comprising the proppant particulates into the
wellbore in the subterrancan formation further comprises placing at least a portion of the
proppant particulates into the at least one fracture.

While preferred embodiments of the invention have been shown and described,
modifications thereof can be made by one skilled in the art without departing from the
teachings of this disclosure. The embodiments described herein are exemplary only, and are
not intended to be limiting. Many variations and modifications of the invention disclosed
herein are possible and are within the scope of the mvention. Use of the term "optionally”
with respect to any clement of a claim is mtended to mean that the subject clement is
required, or alternatively, is not required. Both alternatives are intended to be within the
scope of the claim.

Numerous other modifications, equivalents, and alternatives, will become apparent tc
those skilled in the art once the above disclosure is fully appreciated. It is intended that the
following claims be interpreted to embrace all such modifications, equivalents, and

alternatives where applicable.
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CLAIMS
WHAT IS CLAIMED IS:
1. A method of servicing a wellbore in a subterrancan formation, the method
comprising;

providing a wellbore servicing fhud comprising proppant particulates suspended in an
oil external emulsion, wherein the oil external emulsion comprises an cleaginous external
phase, an agucous internal phase, a nanomatenial, and an emulsifier; and

mtroducing the wellbore servicing fluid into the wellbore n the subterrancan

formation.

2. The method of claim 1, wherein the nanomaterial is selected from the group
consisting of graphite-derived carbon nanomaterials, silica, cellulose, latex, and combinations
thereof.

3. The method of claim 2, wherein the carbon nanomaterial comprises one or more
component selected from the group consisting of graphene nanoparticles, functionalized
graphene nanoparticles, chemically-modified graphene nanocparticles, covalently-modified

graphene nanoparticles, graphene oxide nanoparticles, and combinations thercof.

4, The method of claim 2. wherein the carbon nanomaterial has at least one dimension of

less than about 50 .

5. The method of claim 2, wherein the nanomaterial is a hydrophobically-modified
nanomaterial.
6. The method of claim I, wherein the wellbore servicing fluid comprises from about

G.05% {wivy to about 2% {w/v} of the nanomatenial,

7. The method of claim 1, wherein the o1l external emulsion comprises less than or equal
>

to about 10 volame percent of the oleaginous fhud.

8. The method of claim 7, wherein the oil external emulsion comprises comprises less

than or equal to about 5 volume percent of the oleaginous flud.
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G. The method of claim 1, wherein the wellbore servicing fluid comprises from about 0.1
ppg {12 kg/m®) to about 10 ppg (1200 kg/m?) of the proppant, based on the total volume of

the wellbore servicing fluid.

10. The method of claim 1, wherein the wellbore servicing fluid further comprises a

surface modifying agent.

11 The method of claim !, wherein the wellbore servicing fluid comprises no surface

modifying agent.

12. The method of claim 11, wherem the wellbore servicing fluid further comprises a co-
emulsifier.
13, The method of claim I, wherein the wellbore servicing fluid 1s stable for at least 90

minutes at 200°F (93 .3°C).

14. The method of claim 1, wherein the wellbore in the subterranean formation comprises
at least one fracture, and wherein the step of introducing the wellbore servicing fhnd
corprising the proppant particulates into the wellbore in the subterranecan formation further

comprises placing at least a portion of the proppant particulates into the at least one fracture.

15. A method of forming a wellbore servicing fluid, the method comprising;

dispersing a nanomaterial in water;

combining the agueous dispersed nanomaterial with a proppant, an emulsifier, and an
oleaginous fhud; and

mixing to form an oil external emulsion.

16. The method of claim 15, wherein the nanomaterial comprises one or more component
selected from the group consisting of graphene nanoparticles, functionalized graphenc
nanoparticles, chemically-modified graphene nanoparticles, covalently-modified graphene

nanoparticles, graphene oxide nanoparticles, and combinations thereof.
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17. The method of claim 16, wherein the wellbore servicing fluid comprises from about

0.03% (w/v) to about 2% (w/v) of the nanomaterial.

18. The method of claim 15, wherein the oil external emulsion comprises less than or

equal to about 10 volume percent of the oleaginous flid.

19.  The method of claim 18, wherein the oil extemnal emulsion comprises less than or

equal to about 5 volume percent of the oleaginous fluid.

20, The method of claim 15, wherein the wellbore servicing fluid comprises from about
0.1 ppg (12 kg/m®) to about 10 ppg (1200 kg/m?) of the proppant, based on the total volume

of the wellbore servicing fluid.

21, The method of claim 15, further comprising coating the proppant with a surface
modifying agent prior to combiming with the aqueous dispersed nanomaterial, the oleaginous

fhad, and the emulsifier.

22, The method of claim 15, wherem the wellbore servicing thud comprises no surface

modifying agent.

23. A wellbore servicing fluid comprising:
an oil external emulsion comprising a proppant, an oil external phase comprising an

oleaginous fluid, an agueous internal phase, a nanomaterial, and an emulsifier,

24. The wellbore servicing fluid of claim 23, wherein the nanomatenal is selected from
the group consisting of graphite-derived carbon nanomaterials, silica, cellulose, latex, and

combinations thereof

25.  The wellbore servicing fluid of claim 24, wherein the carbon nanomaterial comprises
one or more component selected from the group consisting of graphene nanoparticles,
functionalized graphene nanoparticles, chemucally-modified graphene nanoparticles,
covalentlv-modificd graphene nanoparticies, graphene oxide nanoparticles, and combinations

thereof.
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26.  The wellbore servicing flaid of claim 24, wherein the carbon nanomaterial has at least

one dimension less than about 30 nm.

27.  The wellbore servicing fluid of claim 24, wherein the nanomaterial is a

hyvdrophobically-modified nanomaterial.

28 The wellbore servicing fluid of claim 23, wherein the wellbore servicing fluid

comprises from about 0.05% (w/v) to about 2% (w/v} of the nanomaterial.

29 The wellbore servicing fluid of claim 23, wherein the ot external emulsion comprises

less than or equal to about 10 volume percent of the oleaginous fluid.

30.  The wellbore servicing fluid of claim 23, wherein the oil external emulsion comprises

comprises less than or equal to about 5 volume percent of the oleaginous fluid.

31, The wellbore servicing fluid of claim 23, wheremn the wellbore servicing fhud
comprises from about 0.1 ppg (12 kg/m?) to about 10 ppe (1200 kg/m*)of the proppant, based

on the total volume of the wellbore servicing fluid.

32.  'The wellbore servicing fluid of claim 23, wherein the wellbore servicing fluid further

comprises a surface modifyving agent coated onto at least a portion of the proppant.

33, The wellbore servicing fluid of claim 23, wheremn the wellbore servicing fhud

comprses no surface modifying agent.

[¥%]

4, The wellbore servicing fluid of claim 33, wherein the wellbore servicing fluid further
r=) > S

comprises a co-emulsifier.

35, The wellbore servicing fluid of claim 23, wherein the wellbore servicing fluid is

stable for at least 90 minutes at 200°F (93 .3°C).

36, A well servicing system comprising:

a well treatment apparatus, including at least one mixer and a pump, configured to:
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disperse a nanomatenial in water to form an agueous dispersed nanomaterial;

combine the aqueous dispersed nanomaterial with a proppant, an emulsifier,
and an oleaginous fluid to form a pre-emulsified flud;

mix the pre-emulsified fluid to form an o1l external emulsitied fluid; and

introduce the oil external emulsified fhud into a subterranean formation.



WO 2017/218005 PCT/US2016/038100

171

W

10

NN

%

)
R
Fi

/

Pt NN

:“ 2 \:\“::')\ . N \1{ o

i N .
% i
\ 8
\‘\, f)&/\\v‘{‘ S /ﬁ\é{(\\f}

A
A o
) e

14,




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2016/038100

A. CLASSIFICATION OF SUBJECT MATTER
C09K 8/80(2006.01)i, E21B 43/267(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)
C09K 8/80; CO9K 8/03; CO9K 8/92; E21B 43/267, E21B 43/25; E21B 33/13; CO9K 8/50

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: oil external, emulsion, proppant, nanomaterial, nanoparticle, surface modification agent

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

X US 2012-0181029 A1 (SAINI, RAJESH K. et al.) 19 July 2012 1-36
See paragraphs [0036], [0039], [0046], [01101-[0118]1, [0126], and
[0138]-[0142]; and claims 1, 3, 8, and 23.

A WO 2013-191867 A1 (HALLIBURTON ENERGY SERVICES, INC.) 27 December 2013 1-36
See abstract; paragraphs [0014], [0016], and [0023]; and claims 1-2 and 6-9.

A US 2015-0027699 A1 (SCHLUMBERGER TECHNOLOGY CORPORATION) 29 January 2015 1-36
See abstract; paragraphs [0033], [0037], [0044], and [0050]-[0057]; and
claims 1-4, 13-14, and 20.

A US 2009-0065209 A1 (HUANG, TIANPING et al.) 12 March 2009 1-36
See paragraphs [0033]-[0035] and [0041]-[0042]; and claims 1 and 3-5.

A US 2014-0251611 A1 (HALLIBURTON ENERGY SERVICES, INC.) 11 September 2014 1-36
See abstract; paragraphs [0018]-[0019]; and claims 1 and 5.

. . . . 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
15 March 2017 (15.03.2017) 15 March 2017 (15.03.2017)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
Korean Intellectual Property Office PARK, Jung Min
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-3516

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



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2016/038100
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2012-0181029 Al 19/07/2012 AU 2012-206478 Al 06/06/2013
AU 2012-206478 B2 24/12/2015
BR 112013016236 A2 27/09/2016
CA 2823984 Al 19/07/2012
CA 2823984 C 20/10/2015
EP 2663606 Al 20/11/2013
MX 2013008100 A 14/04/2014
US 8739876 B2 03/06/2014
WO 2012-095630 Al 19/07/2012
WO 2013-191867 Al 27/12/2013 AR 091451 Al 04/02/2015
AU 2013-277674 Al 23/10/2014
AU 2013-277674 B2 21/05/2015
CA 2869630 Al 27/12/2013
EP 2825613 Al 21/01/2015
MX 2014014214 A 12/02/2015
US 2013-0341022 Al 26/12/2013
US 2015-0027699 Al 29/01/2015 US 2016-0319188 Al 03/11/2016
US 9388335 B2 12/07/2016
US 2009-0065209 Al 12/03/2009 AU 2005-244811 Al 01/12/2005
AU 2005-244811 B2 15/07/2010
AU 2007-299784 Al 27/03/2008
AU 2007-299784 B2 18/04/2013
AU 2008-338893 Al 25/06/2009
AU 2008-338893 B2 23/01/2014
AU 2008-343678 Al 09/07/2009
AU 2008-343678 B2 07/02/2013
AU 2008-343678 C1 27/06/2013
AU 2010-295943 Al 24/03/2011
AU 2010-295943 B2 23/10/2014
AU 2010-339708 Al 14/07/2011
AU 2010-339708 B2 04/09/2014
CA 2566449 Al 01/12/2005
CA 2566449 C 25/01/2011
CA 2669749 Al 27/03/2008
CA 2669749 C 17/07/2012
CA 2702539 Al 09/07/2009
CA 2702539 C 16/10/2012
CA 2702936 Al 25/06/2009
CA 2702936 C 08/01/2013
CA 2722283 Al 05/11/2009
CA 2768319 Al 20/01/2011
CA 2768319 C 19/11/2013
CA 2770210 Al 24/03/2011
CA 2770210 C 13/05/2014
CA 2781564 Al 14/07/2011
CA 2781564 C 29/07/2014

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




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2016/038100
Patent document Publication Patent family Publication
cited in search report date member(s) date

CN 100575661 C 30/12/2009
CN 101644151 A 10/02/2010
CN 101644151 B 02/07/2014
CN 102036919 A 27/04/2011
CN 102036919 B 22/01/2014
CN 102482565 A 30/05/2012
CN 102482565 B 25/03/2015
CN 1969108 A 23/05/2007
EP 1766185 A2 28/03/2007
EP 1766185 Bl 21/10/2009
EP 2125990 A2 02/12/2009
EP 2197977 Al 23/06/2010
EP 2197977 Bl 27/06/2012
EP 2215179 A2 11/08/2010
EP 2215179 B1 08/08/2012
EP 2274240 A2 19/01/2011
EP 2516335 A2 31/10/2012
GB 2429998 A 14/03/2007
GB 2454631 A 20/05/2009
GB 2484043 A 28/03/2012
US 2005-0252658 Al 17/11/2005
US 2008-0051302 Al 28/02/2008
US 2008-0060812 Al 13/03/2008
US 2008-0153720 Al 26/06/2008
US 2008-0202744 Al 28/08/2008
US 2009-0107673 Al 30/04/2009
US 2009-0192053 Al 30/07/2009
US 2009-0253596 Al 08/10/2009
US 2009-0266765 Al 29/10/2009
US 2009-0266766 Al 29/10/2009
US 2009-0312201 Al 17/12/2009
US 2009-0312204 Al 17/12/2009
US 2010-0000734 Al 07/01/2010
US 2010-0108613 Al 06/05/2010
US 2010-0261622 Al 14/10/2010
US 2010-0263866 Al 21/10/2010
US 2010-0286000 Al 11/11/2010
US 2010-0314108 Al 16/12/2010
US 2010-0314113 Al 16/12/2010
US 2011-0000672 Al 06/01/2011
US 2011-0108270 Al 12/05/2011
US 2011-0162837 Al 07/07/2011
US 7343972 B2 18/03/2008
US 7550413 B2 23/06/2009
US 7703531 B2 27/04/2010
US 7721803 B2 25/05/2010
US 7723272 B2 25/05/2010
US 8105492 B2 31/01/2012
US 8188015 B2 29/05/2012
US 8196659 B2 12/06/2012

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




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2016/038100
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 8226830 B2 24/07/2012
US 8230923 B2 31/07/2012
US 8278251 B2 02/10/2012
US 8278252 B2 02/10/2012
US 8383557 B2 26/02/2013
US 8397812 B2 19/03/2013
US 8499832 B2 06/08/2013
US 8567502 B2 29/10/2013
US 9029299 B2 12/05/2015
US 9540562 B2 10/01/2017
WO 2005-112580 A2 01/12/2005
WO 2005-112580 A3 04/05/2006
WO 2008-036812 A2 27/03/2008
WO 2008-036812 A3 08/05/2008
WO 2008-106695 A2 04/09/2008
WO 2008-106695 A3 23/10/2008
WO 2009-079092 A2 25/06/2009
WO 2009-079092 A3 30/07/2009
WO 2009-085377 Al 09/07/2009
WO 2009-134619 A2 05/11/2009
WO 2009-134619 A3 25/02/2010
WO 2011-008409 A2 20/01/2011
WO 2011-008409 A3 21/04/2011
WO 2011-034692 A2 24/03/2011
WO 2011-034692 A3 14/07/2011
WO 2011-084776 A2 14/07/2011
WO 2011-084776 A3 17/11/2011
WO 2011-133627 A2 27/10/2011
WO 2011-133627 A3 23/02/2012
WO 2011-133627 A8 04/12/2014
WO 2011-142912 A2 17/11/2011
WO 2011-142912 A3 12/01/2012
WO 2011-159472 A2 22/12/2011
WO 2011-159472 A3 12/04/2012
WO 2012-094110 A2 12/07/2012
WO 2012-094110 A3 10/01/2013
US 2014-0251611 Al 11/09/2014 AU 2014-226127 Al 09/07/2015
AU 2014-226127 B2 12/05/2016
US 9038717 B2 26/05/2015
WO 2014-137904 Al 12/09/2014

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 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report

