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METHODS OF MITICGATING BITUMINOUS MATERIAL ADHESION
USING NANO-PARTICLES
BACKGROUND

[O001] The present invention relates to subterranean operations. More particularty,
the present invention relates to solid nano-particles applied to the surface of well equipment
to treat bituminous material adhesion,

{0002} Many subterrancan operations involve the drilling of a well bore from the
surface through rock and/or soil to penctrate a subterrancan formation containing fluids that
are desirable for production. In the course of drilling operations and other subterranean
operations, the dill string andfor other equipment and tools may come into contact with
zones of rock andior soil containing tar andior heavy oil, such as heavy and light (liguid)
byvdrocarbons, asphalt, and bitumen collectively referved 1o hereln as “bituminous
materialy,” wherein these zones are collectively referred to herein as “bituminous sand
zones.” In many such operations, it may be desitable to dall the well bore through these
bituminous sand zones. However, problems may be encountered when dritling through
bituminous sand zones. For example, bituminous materials are typically relatively tacky
substances that may adhere to any surfaces they contact. In addition, bitominous materials
may dissolve inlo many types of treatment fhods used i the cowrse of drilling opsrations,
increasing the tackiness and adhesive propertics of the bituminous materials, I a sufficient
amount of bituminous materials adheres o surtaces m the well equipment, 1t may, smong
other problems, prevent the drillstring from rotating, prevent fluld circnlation, inereass non-
productive time, create torgue and drag tssues, cause tool damage, or otherwise impede the
effectiveness of a drilhing operstion. In some cases, It may become necessary 0 remove
anddor disassemble the drilistring in order 0 remove acoretions of bituminous materials, a
process which may create mumerous cost and safety concerns. The aceretion of bituminous
malerials on drilling equipment andfor in the well bore also can impede any subsequent
eperations downhole, including cementing, acidizing, fracturing, sand control, and remedial
treatments, In addition, soft, facky biuminous materials that manage to reach the surfice
may foul surface equipment, incleding solids soreening equipment and solids control
cquipment, for example, by binding shaker screens.

{0003 Existing mwethods of managing the problems that result from well bore
bitomitnous material incwsion may be problematic. Examples of conventional methods may

utilize treatment fhuds that comprise dispersants, sorfactants, andfor solubilizers, which
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allow the butuminons materialy o dissolve i or homogenize with the treatment floids,
However, the bituminous materials may not be readily separated out of the fluid ouce they
have dissolved into or homogenized with the Hutd, The presence of the buuminous materials
i the treatment fluid may alter its rheologival properties andfor suspension capacity, which
may Hmit its use in subsequent operations. Moreover, the addition of these disporsants,

surfactants, snd solubilizers may increase the complesity and cost of the drilling operation,

|2
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SUMMARY
f0004] The present invention relates to methods for drilling through bituminous
sands fo sublerranesay operations. More particolacly, the present wvention relates fo solid
nano-particles applicd to the surface of well equipment to treat bituminous material

adhesion

E¥ 4

{00051 An embodiment provides a method of treating the surface of well equipment.
The method may covprise applying a solid nanoparticle fm 1o the surface of the well
equipment with a treatment floid comprising solid nanoparticles, The method may further
comprise allowing the solid nanoparticles to interact with the surface of the well equipment
10 andfor biteninous materials adhered to the serface of the well equipment to vemove at least a
portion of the bituminous materials from the surface of the well equipment.
{00061 Ancther embodiment provides a method of freating bituminous waterials,
The method may comprise using a drill bit to enlarge a well bore in a sublerrancan
formation, whersin hifuminous matenials from the subterrangan foomation enters the well
15 bore and adheres to well bore equipmuent in the well bore, The method may further comprise
circulating a treatment flud past the dnll Wt the treatment fluid comprsing solid
nanoparticles, wherein the solid nanoparticles interact with the surface of the well bore
equipment andfor the bituminous materials to remove at feast a portion of the bituminouy
materials frony the well bore equipment. The method may further comprise filtering the
200 bitumisous materials from the treatment fluid.
100071 Another emsbodiment provides an apparatos for use in subterranean
operations. The appatatuy may comprise well equipment and a {ilm of solid panoparticles on

a surface of the well equipment,

3
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BESCRIPTION OF PREFERRED EMBODIMENTS

fO00O8] The present invention relates to methods for drilling through bituminous
sands fo sublerranesay operations. More particolacly, the present wvention relates fo solid
nano~-particles applicd o the surface of the well equipment to treat bituminous materials.

{6009] The methods of the present invention generally comprise a treatment fluid for
applying a solid nanoparticle suspension to the well equipment. As used herein, the term
“reatment Huwid” refers {o any floid that may be used m a subterranesn formation or in
comjunction with drilling in a sobterranean formation. The {erm “treatment fluid™ does not
imply any particudar action by the fluid or any component thereof, Treatment fluids may be
used, for example, fo drill, complete, work over, fracture, repair, clean, filter, or in any way
prepare & well bove andior well equipment for recovery of materials residing i a
subterrancan formation ponetrated by the well bore. Well equipment may comprise, but is
not to be construed 8s being hmited to, ofl and gas well equipment and drithog and
completion equipment, Specific examples of well equipment includes drill pipe, drill collars,
drills bity of all types, mud motors, divectional drills, casings, liners, shakers and shaker
scroens, centrifuges, metal lines, fittings, impellers, ete. Well equipmaent may nol necessarily
be in the well bore or used in the well bore when treated but may be treated at any timie in
comjunction with thelr ose in drilling or treating the well bore. For example, the well
equipment may be used at the surface during the well bore operation. Examples of treatment
fluids include, but are not limited to, coment compositions, drilling fluids, spacer fluids,
cleaning fluids, and spotting Huids,

{0010} Generally, any solid nanoparticles that are non-magnetic and can be
dispersed in the aqueous fluid may be used 1o embodiments of the present nvention. In
particular embodiments, the solid nanoparticles should not emudsify the bitunminous
materials, To increase particle mobility, embodiments of the solid nanoparticles may
comprise almost spherical morphologies vith aspect ratios near wuty, The nanoparticles may
be tonic or nonlonic in nature. In certain cmbodiments, the solid nanoparticles may interact
with the surface of the well equipment to form a {iloy at the interface between the bituminous
materials and the well equipment wherein the film of solid nanoparticles exerts a disjoining
force, between the interface of the bituminous miterials and the well eguipment o separate
the two, Thus, the solid nanoparticle treatment fluid should be added to the well bore 13 a
quantity sufficient to treat the biiemuinous materials therein, i accordance with embodiments
of the preseat invention. In some embodiments, the solid nanoparticles may be spherical in

nature, For example, the solid nanoparticles may have a rounduess and sphevicity, as
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measured on the Keumbein scale, of greater than (L7, in some embodiments, and greater than
about 0.9 in alternative embodiments.

{0011} fo certain embodiments, the concentration of the solid panoparticles in the
treatiment Hoid may be at feast about 0.1% by volume of the flukl. As an example the solid
papoparticles may present 1y an amoant of at least about 0.1%, at least about 0.2%, at least
about 8.3%, ofc. as well as at least about 1%, at least about 2%, at least aboul 3%, at least
about 4%, at feast ahout 3%, etc. For example, the concentration of the solid nanoparticles in
the treatment floid voay be i the range of from about 0.5% to about 1% by volume of the
fhutd. Ax another cxample, the concentration of the solid nanoparticles in the treatment Huid
may be in the range for from about 0.1% o about 5% by volume of the fluid. In certain
embodiments, the solid nanoparticles may be added to a treatment fhad, or introduced
directly into the well hore, as dispersed particles, One of ordinary skill in the art, with the
benelt of this disclosure, should be able to determine the gppropriste concentration of the
nanoparticles iy the reatment Thad for a particolar application.

100121 1o certain embodiments, solid nanoparticles may have a particle size of less
than about 200 nanometers {nm). The solid nanoparticles may have a particle size that ranges
bepween or includes any of about 1 nmy, about 2 nn, about 3 nm, about 4 nm, about 30, about
104, about 130, about 197 mm, about 198 am, about 199 am, or about 200w, In certain
embodiments, the sizg of the nanoparticles may be in the range of from about 1 am to abowt
50 mm. In certmin embodiments, the size of the solid nanoparticles miay be in the range of
from abowt 5 am to about SO nm. o certain entbodiments, the size of the solid navoparticles
may be in the range of from about 3 mm o about 200 nm. In certain embediments, the solid
nanoparticles nray be added to a trestment fluid, or introduced divectly hito the well bore, s
dispersed particles, One of ovdinary skill in the art, with the benefit of this disclosure, should
be able to determine the appropriate size of the solid nanoparticles in the treatment fluid for a
particalar application,

{00131 Examples of solid nanoparticles that may be suitable for use in the treatment
of bituminous materials tinclode, but are not imHed to, oxides such as S, Alh, bochmite
(v-AlO{OH 1, THO:, Zn0, Feay, 221D, or others; carbonates such ay CalC(y or others; silicon
compounds such as SIC, SENg or others; and carbon bhased particles such as graphite,
fullerenes, activated carbon, varions grades of amorphous earbon black, or othews.
Combinations of switable naveparticles may also be suitabde, in cortain smbodiments,

{0014] The squeous udd wiilized in the treatment fluids of the present invention
may be fresh water or salt water (e g, water containing one or more salts dissolved therein).

For example, the nanoparticles may be dispersed in the agueous fluid to form the freatment

L
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flutd. In cortain embodiments, the treatment fluid may be an agueous-based thad. Generally,
the water can be from any source, provided that 1t does not contain compounds that
undesirably affoct other components of the treatment fluid,

{0013} Optionally, some embodiments may inclade a surfactant to aid in the

Lfy

suspension of the navoparticles. Genervally, any surfactant that will suspend the nanoparticles
may be used in the Huids of the present invention, In cortain embodiments, # may be
desirable to select a surfactant that will not emulsify the bituminous materials sought o be
treated. In certain embodiments, the serfactants roay be present i an amount sefficient o
suspend the nanoparticles. This amount may depend on, among other things, the tvpe of
10 surfactant used and the amount of the nanoparticles to be suspended. Examples of surfactants
include anionde surfactants such as sodiwm dodecyl sulfate, sodiwn dodecyl benzene
sulfonate, BARACOR 700" corrosion inhibitor available from Halliburton Energy Services,
Inc. nonfonie surfactants such as polysorbate 80, Triton™ X-100 available from The Dow

Chentical Company, Pheonic” available from BASF. A person of ordinary skilf in the ant

.
RV £

should recognize, with the benefit of this disclosure, the type and amount of surfactant that
should be added for a particular apphication,

{0016] In certain embodiments, the treatment flpids of the present invention may
also coraprise additional components to eshance, among other things, the performance of the
nanoparticles in specific applications, For example, some embodiments may comprize a
20 viscosifier, among other porposes, to aid in saspending the nanoparticles in a treatment fluid.
Suitable viscosifying agents may include, but are not limited to, collotdal agents (e.g., clays
such as bentonite), distomaceous carth, biopolvmers (e.g., xanthan gum, goar gum, chitosan,
polysaccharides), synthetic polymers (e.g., polyacrylates, polvacrylamides), or muxtures

thereof. An example of which includes BARAZANY D viscosifier, available from

[
L)

Halliburton Energy Services Tne. A person of ordinary skill in the art should recognize, with
the benefit of this disclosure, the type and amount of viscositier that shouold be added for s
particular application.

F0017] Cortain embodiments may also comprise additional components to enhanee,
among other things, the performance of the solid nanoparticles in specific applications. The
3 solid nanoparticles may be functionahized by a surface modification or surface treatment with
the desired functional groups. For example, some embodiments may comprise surface
treatment of the nanoparticles with one ar more polvmers which, among other purposes, may
ard in suspending the vanoparticles in g treatment fluid. Switable polymers for surface

treatment may include, bat are not lmited {o, polyvinyl pyrrolidone, polyvinyl aleohol,

o
(¥4

polyvacrylic acid, polyvinyl acetate, polyethylencimine, and any combinations thereof. A

6
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person of ordinary skifl in the ant should recognize, with the benefit of this diselosare, the
type and amonnt of polymer that should be added for a particelar applivation.
{0018} Additional embodiments may also comprise additional components ©

enhance, among other things, the treatment of the bituminous materials. For example, the

Lfy

solid nasoparticles may be paired with additional biteminous treatment materials to produce
a synergistic effect in the treatment of the bituminous materials, As an example, some
embodiments may comprise polvimers which, mmong other purposes, provide a different yet
synergistic bituminous material freatment action, exarsples of which include an acrvlionitrile-
butadiene copolymer comprising two or more differcot monomers wherein the monomers
10 may be substituted with a number of different groups that will be evident to those of ordinary
skill in the art, including without linutation chloro groups, bromo groups, fluoro groups,
alkyl groups, alkoxy groups, alkenyl groups, alkynyl groups, aryl groups, alkoxy groups, and
substituted  versions thereof. Additional examples include styrene polymers comprising

styrene copobymers which include co-monomers of styrene or any derivative thereof,

.
RV £

wherein the styrene may be substituted with guy number of different groups that will be
evident to those of ordinary skill in the art, including without linutation chlore groups,
brome groaps, {uoro groups, alkyl wroups, alkoxy groups, alkenyl groups, alkynyt groups,
aryl groaps, and substituted versions thercof, Further examples include acrvlate polymers
which include co-monomers of acrylate or any derivative thereof, wherein the acryvlate may
20 be substituted with any number of different groups that will be evident to those of ordinary
skill in the an, weluding without limitation chlore groups, bromo groups, fluore groups,
alkyl groups, alkoxy groups, alkenyl groups, alkynyl groups, aryl groups, and substituted
versions thereof) additionally in accordance with present embodiments, the acryvlate may

conywise twoe or more units individually selected from the group consisting of ~acrylate, -

(L]
]

muethacrylate,  ~ethylacrylate,  -propylacryiste.  -butylascrylate,  -rerv-butybacrylaie, -
byvdroxvethyl methacryvlate, -potassium  acrylate, -pentabromobenzyl acrylate, -methyl
methacrylate, -gthyl methacrylate,  ~n-nitrophenyl acrylate, ~miethyl 2=
{aeyvloxymethylacrylate, -cyclobexyl sorvlate, -p-ethyibexsd sorylate, any dertvative thereol
Other examples inclode styrene-aeryiate polymers such as styrene-aerylate copolymers and
30 mixed copolymers which inclode at foast one of styrene, » sobstituted styrene, and any
derivative  thereof, and at least one of -sorvlate, -methaerviate, ~ethylaerviate, -
propvlaceylate, -butylacrylate, ~fer-butyvl-acrvlate, -n-hydroxyethyl methacrylate, -potassium
acrylate, -peniabromoebenzyl acrylate, -methyl methaorvlate, -ethyl methacrylste, -n~

nitropheny! acrylate, -methyl 2-{acvioxymethylaerylate, ~oyclohexyl acrviate, -n-ethylbexyl

Lt
LA

aorylate, or any dertvative thereof, Combinations of these different materials may also be
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used. A person of ordinary skill in the at should wcognize, with the benciit of this
disclosure, the type and amount of polymer that shoudd be added for a particular application.
{0019] Certain cmbodiments miay alse comprise covalently functionalizing the

nanoparticles 1o enhance, among other things, the performance of the nanoparticles in

Lfy

speeific appheations. For example, some embodiments may comprise nanoparticles which
comprise reactive functional groups that are covalently bonded to the nanoparticles. These
reactive functional groups may bind additional additives or alter the behavior of the
nanoparticles 1 the freatment floid andfor well bore. Functionalizing groups may include
tricholorosiiancs, atkoxystlanes, esters, alcohols, scids, amines, and carboxyiates, Specific
10 examples of which include n-propylamine, stearic acid, polyethylene plveol thaing, phenol,
R-Si-Cly, R-Si{BeOH);, and R-Si-{MeOH) wherein R may be an n-alkyl (Co-CiR) The
reactive functional groups may be any group suitable for binding the targeted suhstrate or
altening the behavior of the sohd navoparticles. Likewise, the process of covalently

functionshizing the solid nanoparticles may comprise any provess suitable for binding the

.
RV £

regetive functional group to the targeted nanopariicle. A person of ordinary skill in the ant
should recognize, with the benetit of this disclosure, the type of covalent functionalization
and reactive functional group necessary for a given application,

{00207 The teatment flaids of the present mvention optionally may comprise
additional additives o enhance the performance of the fluid, The treatment fhuds of the
20 present invention may conyrise any such additional additives that do not undesirably
mteract with the solid nanoparticles or other components of the flutd. Generally, additional
additives should not emulsify or disselve the bituminous matertals o be treated. The
treatment Tluids used i woethods of the present avention optionally may comprise any

nargber of additional additives, mcloding, but sot Hanted to, salls, surfactants, thad-loss-

[
L)

control additives, gas, nitrogen, carbon dioxide, surface-modifying agents, tackifying agents,
toamers, corvosion inhibutors, scale inhibitors, catalysis, clay-control agents, biocides,
friction redocers, antifoam agents, bridging agents, dispersants, foccalants, HbS scavengers,
{0, scavengers, oxygen scavengers, lubricants, viscosifiers, breakers, welghting agents
{e.g., barite), relative-permeability modiflers, resing, particulate malenials {eg, proppant
3 particulates), wetting agents, coating-enhancement agents, and the Bke, One of ordipary skill
in the art, with the henefit of this disclosure, should be able to determine which additional
additives are appropriate for a particular application,

{0021} Embodiments of the present invention shoueld not be constroed 1o comprise

one additive, component, or embodiment (o the exclustion of others. Embodiments may

o
(¥4

comyrise suspensiong of solid nanoparticles alone, solid nanoparticles and surfactants,
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covalently  functionalized solid nanoparticles  alone, covalently functionalized  solid
nanoparticles and surfactanis, solid sanoparticles and polymers, covalently fanctionalized
solid nanoparticles and polymers, solid nanoparticles and surfactants and  polymers,
covalently functionalized solid nanoparticles and surfictants and  polvmers, and any
combinations, mixtures, ete. therein, A person of ordinary skill in the ant should recognize,
with the benefit of this disclosure, the type and Fanctionalization (F necessary) of solid
nanoparticles and any additional additive(s) necessary to formulate a treatment fuid for a
specific well bore operation.

f0022] o embodiments, the freatment fluid I8 used to treat bituminous materials.
Bituminous materials may comprise tar, One of the many advantages of the present
invention, many of which are not discussed or alluded o herein, i3 that tar treated by the
methods disclosed herein may be less able to adbere 1o a surface, As a result, tar treated in
this manner may be sasceptible (0 screen sepavation from trestment Huids, drill cuttings, tar
sands,and the hike. In some embodiments bitminous roaterials may comprise heavy oil, The
freatment fluids may be used for the treatment of heavy oil g well bore. It should be
understood that the terms “heavy oil)” “orude of)” and “hguid crode” may be used
interchangeably. Heavy ol is generally 3 naturally ocourring Hauid that can contain vagious
quantities of paraffins, napthenenes, aromatics, andfor asphalienes. The heavy oil should be
differentiated from the preceding tar, ax the heavy oil has an APT measured gravity greater st
about 1} or greater while the far has an API specific gravity of fess than 100 In some
instances, natural gas may be dissodved in the heavy oil, Heavy ol may be produced from
well bores drifled into the Earth's surface. When encountered in the well bore by treatments
fluids, the heavy ol can emulsify into the fluid undesivably effecting fluid properties and
causing problems with fhad disposal.

{00231 Without being limited hy theory, the following 1s one description of a
proposed mechanism of action. Generally, the methods of the present invention comprise
allowing a treatment fwd comprising solid nanoparticles to interact with the surface of the
well equipment, which may, among other things, reduce the adhesiveness of the bituminous
materials fo the well equipment, which may faciiitate removal of the bituminous materials
from & well bore or other surface. When the solid nanoparticles interset with the surface of
the well equipment the nanoparticles coat the surfiace of the material and form a fitm. The
sotid nanoparticles shoudd self-assemble 1nto the filin at the sarface of the well equipment. In
accordante with present embodiments, the solid nanopartickes exert a digjointing foree,
sometimes referred to as a disjoining pressure that is concentrated at the interface between

the bituminous materials and the well equipment. 1L is believed that this disjointing force

9
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should create, through surface encrgetics and Brovwemian motion, a wedge that drives the

separation of the bituminous materials from the surface of the well equipment. i is further

believed that the solid nanoparticle film grows and s repimished by the additon of solid
nanopariicles from the suspension driven by Brownian motion, Without being hmited by

5 theory, the smaller the particles arve, the faster they are able to move through the medium ata

given temperature. Thusly, the smaller particles have a greater probability, as compared to

farger particies, to add to the growing wedge and to do so in a shorter time, Without being

Himited by theory, the film thickness scales at approximately a factor of 1.2 multiplicd by the

digmeter of the solid nanoparticle for up to approximately five layers. The addition of

10 surfactants or other binding groups can alter the stze of the wedge. The stee or thickness of &

funeticning wedge can range from about 3 nm to abowt 330 mm,
{0024] 1n one embodiment, the present invention provides a method comprising
contacting the surface of well equipment with a treatment fluld comprising an aqueous Huid

and solid nanoparticles. In such embodiments, solid nanoparticles may be provided in

.
RV £

various forms, including, but not Himited to, an emwlsion, a suspension, a powder, and any
combination thereof. In certain embodiments, the treatment fluid way be an agueous-based
fluid. Introducing the solid nanoparticles to the vicinily of a desired portion of the well
eguipment may be accomplished by a variety of methods known by a person of ordinary skill
i the art with the benefit of this disclosure. One example of such 8 method comprises
20 pumping water into the well bore, wherein the nanoparticles are carried into the well bore on
the leading edge of the water (e.g., # plug). In other embodiments of the present invention,
the navoparticles may be pumped into the well bore while suspended 1o a treatment Thad.
FO025] In certain ambodiments, the nanoparticles may be provided as a “spot

treatment™ or “pill” wherein the navopartieles are pumped into the well bore to interact with

[
L)

the bituminous materials on a specific portion of the well equipmient. In certain embodiments
of this type, the solid nanopsrticles may be allowed to interact with the well equipment for at
feast a time sufhicient to at least partially reduce the armount of bituminous material attached
to the well equipment, In some clrcumstanees, this may be more than about one hour. In
others, more time will be reguived 1o at least partially reduce the amount of the bituminous
3 material, depending upon, among other factors, the temperatire inside the well bore and the
amount of hituminous material on the portion of the well equipment being treated. One of
ordinary skill in the art, with the benefit of this disclosure, should be able o determine the
appropriate amount of tme o allow the nanoparticles to intersct with the surface of the well

cquipment, In certain embodiments, after the nanoeparticles bave been sHowed to interact

ik
L

with the surface of the well equipment, the bituminouns materials may then be removed from
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the well bore andfor the well bore and/or the weltbore and surface equipment by any means
practicable for the given application.

{6026} {v some applications, embodiments of the present invention may be used in
conjunction with non-aqueous treatment Huids, Embodintents such as @ spot trestment or pill
maty be especially suited for use in conjunction with non-aquecus-based treatment fhuids.
Where the treatment fluid is non-aquecus based, the treatmuent fluid may comprise any
munber of organic liguids. Examples of suitable organic Hquids include, but are not limited
to, nuneral oils, synthetic oils, esters, pavaflin oily, diesel oil, and the like,

10027} 1o another embodiment, the present invention provides a method comprising
contacting bituminous matertals resident in a well bore with a treatment flutd comprising an
agueous fluid and naveparticles by pumping the treatment fluid into a well bore in 2 manner
such that it may contact the swrface of the well equipment and allowing the treatment Twid fo
interact with bituminous materials resident i the well bore to at least partially reduce the
amount of bituminous materials attached to a surface or the tendency of the bituminous
materials to adbere to a surfhee. lo certain embodiments of this type, the freatment foid may
be allowed to interact with the well equipment andior the bituminous materials as long as the
treatment fluid is present in the well bore. One of ordinary skill in the art, with the beaeiit of
this disclosure, should be able to determine the appropriaie arsount of time w0 allow the
treatment fluld to inferact with the surface of the well equipment andfor the bituminous
materials so as to at least partially remove the bituminous matenials from the surface of the
well equipment. In certwin embodiments, alter the treatment fuid bas been allowed to
interact with the bituminous materials, the bituminous materials may be filtered or removed
tfrom the well bore and/or the wellbore and surface equiprent by any means practicable for
the given application.

{0028} In another erpbodiment, the present inveation provides a method comprising:
placing a treatment fluid comprising an agueous fluid and solid nanoparticles into a well
bore; and monitoring the amount of the solid nanoparticles present in the treatment fluid, For
example, once a unit of solid panoparticles n a treatmant fluid 1s allowed to inferact with a
unit of the surface of the well equipment andfor the bituminous materials, that unit of selid
nanoparticles may be depleted from the treatment luid and thus anable to farther interact
with the soerface of the well equipment andfor the biteminous inaterials. For this reason, it
may be desirable to monitor the concentration of the solid nanoparticles in the treatment fluid
to determine i additional solid nanoparticles should be added. In some embodiments, the
solid nanoparticles may be introduced into the treatment fluid before the treatment fluid is

intreduced into the well bore, for example, a bateh-mixing process, In some embodiments, it

11
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raay be desirable to contimse {0 add the solid nanoparticles to the treatment fhad {eg., “on-
the-f1y" mixing) acvording to the monitored concentratiom of the solid nanoparticles in the
treatment fluid. In some embodiments, the concentrgtion of solid nanoparticles in the
treatment fluid may be menitored by divect measurenent, In some ewbodiments, the

5 concentration of solid nanoparticles in the treatment fluid may be monitored indivectly by

measuring  the depletion of the solid nanoparticles from the treatment flaid. The
concentration of the solid nanoparticles in the troatment fhid may be monitored, for
examye, by filtration followed by dynamic light scattering, analytical polymier speciroscopy,
chromatography, gravimetry, and guantitative precipitation,

10 {00291 Anether embodiment provides a method of drilling & well bore comprising:
using a drill bit to enlarge a well bore; and civeulating a treatment thud past the deill bit to
rentove cuttings therefrom, the treatment fluid comprising an agqueous fluid and solid
nanoparticles. In certain embodiments, bitominous materials may be present withun the well

bote, and the solid nanoparticles may be aiowed to interact with the surface of the well

.
RV £

eguipment andfor the bituminous materials to at least partially remove the bituminous
materials from the surface of the well equiprent. In certain embodiments, after the solid
nanoparticles have been allowed o interact with the well equipment and/or the bituminous
materials, the bituminous materials may then be filtered andfor removed from the well bore
andfor the wellbore and surface equipment by any means practicable for the given
20 application.

{00301 In applications where it s desirable to drill through bituminous sand zones
encountered in the course of drilling 8 well bore, cuttings may be removed more effoctively
trom the well bore, In addition, bituminous materials treated with the methods of the present

mvention may be separated from a treatment had or other floids nuxed with the treatment

[
L)

fluid by passing the Quidis) through a screen or simtlar separation apparatus,

{0031} In accordance with present embodiments, in well bore operations where
bituminous materials that comprise beavy oil are encountered, trestment with a treatment
uid comprising nanoparticles may not enulsity the heavy oif in the breatment fluids, As a
result, heavy oil treated in this manner may be susceptible to sereen separation from the
3 treatment floid or other Thids mixed with the treatment fluid as well as dridl cuttings,
httwmntnous sands, and the ke,

{00321 {o sccordance with some embodiments, the methods of the present invention
may comprise allowing a teatment fluld comprising solid nanoparticles to interact with

bituminooss materials comprising heavy oil in a well bore, which may, among other things,

L
>

cause the beavy ol to agglomerate to facititate removal of the heavy oil from the treatmoent

—
A
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or other present hds and prevent emulsification, In addition, bituminous wmaterials
comprising heavy ofl treated with the methods of the present invention maay be separated
from a treatment fuid or other fluids mixed with the treatment Huid by passing the flaidis)

through a soreen or similar separation apparatus.

Lfy

[0033] The exemplary solid navoparticles andior associated  teatment  fluids
disclosed herein may directly or indirectly affect one or more components or picces of
equipment assoctated with the preparation, delivery, recapture, recycling, reuse, ambior
disposal of the disclosed solid nanoparticles. For example, the disclosed nanoparticles andfor
associated treatment fluids may divectly or indircctly affect one or muore mixers, related
10 mixing eguipment, mud pits, storage facilities or units, fluid separators, heat exchangers,
SEDSOTS, gauges. pumps, compressors, and the fike used generste, store, monitor, regelate,
and/or recondition the exenmplary solid nanoparticles andior gssociated treatment fluids, The
disclosed solid nanoparticles may also directly or indirectly afioet any transport or delivery

equipment used to convey the solid nasoparticles 1o a well site or downhole such ag, lor

.
RV £

example, any transport vessels, conduits, pipelines, trucks, twbulars, andfor pipes used o
flurdically move the solid nanoparticles andior associated treatment Huids from one tocation
to amsther, any pumps, cosnpressors, o nrotors {e.g., topside or downbode) used to drive the
solid nanoparticles andior associated treatment fluids into motion, any valves or related
joints used to regufate the pressure or How rate of the solid nanoparticles andior associated
20 treatment fluids, and any sensors {(fe, pressure and temperature), ganges, andfor
combinations thervof, and the like. The disclosed nanoparticles andfor assoviated treatment
flutds may also divectly or indivectly affect the various downhole equipment and tools that
may come inte contact with the chemicals/fluids such as, but not Hmited to, drill string,

coiled wibing, drill pipe, dall collars, mud motors, downhele motors andior pumps, floaty,

(L]
]

MWL WD tools and related telemelry equipment, drill bits (including roller cone, PDC,
natural diamond, hole openers, reamers, and coring bits), sensors or distributed sensors,
downhole heat exchangers, valves and corresponding actuation devices, tool seals, packers
and other wellbore isolation devices or components, and the like. As previously deseribed,
the solid nanoparticles may be applied to the surface of well equipment (including downhole
30 equipment and equipment used at the surfhee) to treat bituminous material adhesion.

{0034] For the sake of brovity, only certain ranges are explicitly disclosed herein.
However, ranges from any lower hmit wmay be combined with any apper himit to recite a
range not explicitly recited, as well as, ranges from any lower imit may be combined with

any other lower Hmit 1o recite g range not explicitly recited, in the same way, ranges from

ik
L

any upper limit may be combined with any other upper fimit to recite a range not explicitly
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recited. Additionally, whenever a numerical range with a lowsy linit and an upper Bmit
disclosed, any number and any included range falling within the range are specifically
disclosed. In particalar, every range of values {of the form, “from about a o about b.” or,
equivalently, “from approximately a to B or equivalently, “from approximately a-b™)
disclosed herein is to be understond to set forth every number and range encompassed within
the broader range of values oven if not explicitly recited. Thus, every point or individual
value may serve as #s own lower or upper hmit combined with any other point or individual
value or any other lower or upper limit, to recite a range notexplicitly recited,

fO035] Therefore, the present invention is well adapied to attain the cnds and
advantages mentioned as well as those that are inherent therein, The particular embodiments
disclosed above are Hustrative only, as the present invention may be modified and practiced
in different but equivalont manners apparent (o those skilled in the art having the benefit of
the teachings hevetn, Althoogh individaal embodiments ave discussed, the inveation covers
all combinations of all those embodiments, Foarthermore, no Emitations are intended o the
details of construction or desien horein shown, other than as described in the claims below,
Also, the terms in the claims have thelr plain, ordinary meaning unless otherwise explicitly
and clemrty defined by the patentee. Morcover, the indefinite articles 2™ or “an,” ax used in
the claims, are defined herein to mean one or more than one of the clement that it introduces.
It s therefore evident that the particular illustrative embodiments disclosed above may be
altered or modiffed and all such variations are considercd within the scope and spirit of the
present invention. I there is any conflict in the usages of a word or term in this specification
and one or more patent(s) or other documenis that way be incorporated berein by reference,

the definitions that are consistent with this specification should be adopted.

14
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What is claimed is:
1. A method of treating the surface of well equipment, comprising:
applying a solid nanoparticle film to the surface of the well equipment with a
freatment thad comprising solid nanoparticles; and
allowing the solid nanoparticles to imteract with the surface of the well

equipment andfor brtuminous materials adhered to the surface of the well equipment to

remove at least a portion of the bituminous materials from the surfiace of the well equipmant.
2. The method of claim | whereln interaction of the soiid nanoparticles prevents

enudsification of the bituminous materials in the treatment fuid, the method further
comprising Hitering the bituminous materialy fom the treatment fluid andéor other huids
present in the well bore,

3. The method of clam 1 further comprising montoring the amount of the solid
nanoparticles present in the freatment fuidy and adding additional solid nanoparticles to the
treatment fluid in response to the step of monitowing.

4. The method of claim | wherein the treatment Thaid is placed in the well bore
to interact with the bituminous materials present at a specifio location therein,

3. The method of claim | wherein the weatment fuid is placed into the well
bore during drilhing of the well bore,

6. The method of claims 1 wherein the solid navoparticles comprise at least one
unit selected from the group consisting of 810, ALQL, boetunite, T, Zn0, FeaOy, 20,
CaCGa, 10, SuNy, graphite, fullerenes, activated carbon, carbon black, and combinations
thereof,

7. The method of olaim 1 wherein the concentration of sehd nanoparticles in the
treatment floid is between about 0,1% and about 5% by volume of the treatment fluid,

8. The method of claim 1 wherein the average particke size of the selid
nanoparticles is less than about 200 am,

9. The method of claim 1 wherein the mano~particles have been surface treated
with at least one polymer selected from the group consisting off polvvinyl pyrrolidone,
polyvinyl alcohel, polyacryhic acrd, polyethylencimine, and any combination thereof.

10, The method of claim | wheremn the treatment fhd farther comprise a
polymer selected from the group consisting of styrene polymers and any derivative thereof,
acrylate polymers and any dedvative thereof] styrene-acrylate polymers and any derfvative
thereof, acrylonitrile-butadiene polymers and any derivative thereof, and any conthination
thergof.

il The muothod of claim 1 whergin the troatment fluid farther comprises an

additive selected from the group consisting oft salts, surfactants, fuid-loss-control additives,

15
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gas, nitrogen, carbon dioxide, sorface-modifying ageuts, tckifying agents, foamery,

gt

T

corrosion  inhibitors, scale inhibitors, e:ataiysis._ clay-contrel agents, biocides, friction
redacers, antifoam agents, bridging agents, dispersunts, flocoudants, HoS scavengers, €Oy
scavengery, oxyvgen scavengers, lubricants, viscosifiors, breakers, waighting agents, relative-
permeability modifiers, resins, particulaie materials, wetting agents, coating-cnhancement
agents, and any combination thereof.

12 The method of claim | wherein the well squipment comprises equipment
selected from the group consisting oft drll pipe, drill collars, drills bits, mud muotors,
directional drills, casings, Hoers, shakers, shaker soreens, centrifuges, metal lines, fittings,
impelers, and any combination thereofl

13. The method of claim 1 wherein the solid nanopartivles are covalently
tunctionalized with at Jeast one reactive fnctional group selected from the group consisting
oft tricholorosilanes, alkoxysilanes, esters, alcohols, acids, amines, and carboxylates.

14. A method of treating bituminous materials, comprising:

using a drill bit to enlarge a well bore in a subterranean formation, wherein

bituiminogs materialy from the sublerranean formation enters the well hore and adheres o
well bore equipment in the well bore;

circulating 8 wreatient fluid past the daill bit, the teatment uid comprising
solid nanoparticles, wherein the solid nanoparticles interact with the surface of the well bore
equipment amor the bituminous materials to remove at least g portion of the bituminons
materials from the well bore squipment; and

filtering the bitwminous materials from the treatment fluid.

15, The method of claim 14 wherein the solid nanoparticles comprise at least one
unit selected from the groap consisting oft 80, ALOs, boehmite, TIO,, Z00, Fer0O4, Zu,
CaCly, S1C, SNy, graphite, fullerenes, activated carbon, carbon black, and any combingtion
thereot.

16, The method of clains 14 wherein the concentration of solid nanoparticles in
the treatment luid is between about §.1%% and about 5% by volume of the treatment fluid,

17. The method of claimt 14 wherein the particle size of the solid nanoparticles 1s
fess than about 200 nm.

8. The method of claim 14 wherein the nano-particles have been surfice treated
with at teast one polymer selected from the group consisting off polyviny! pyrrolidone,
polvvinyl aleohol, polyacrylic acid, polvethyleneimine, and any combination thereof

16. The method of claim 14 wherein the teatment fluid farther comprise a
polvmer selected from the group consisting of styrene polymers and agy derivative thereof,

acrylate polymers and any derivative thereod, styrenc-acrylate polyvers and any derivative
16
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thoreof, acrvlonitrile-batadiens polymers and any derivative thereof, and any combination
thergoll

20, The method of claim 14 wherein the treatment flaid further comprises an
additive selocted froms the group consisting of? salty, surfactants, fluid-losa-control additives,
¢as, n.itmgen, carbon dioxide, surfsce-modifying agents, tackifving agents, foamers,

corroston inhibilors, scale inhibilors, catalvats, clay-control agents, biocides, friction
reducers, antifoam agents, bridging agents, dispersants, flocoubants, HiS scavengers, O
scavengers, oxygen seavengors, lubricants, viscosifiors, breakers, welghting agents, relative-
permeshility modifiers, resing, particulate matedals, wetling agents, coating-enhancement
agents, and the bike.

21 The method of claim 14 wherein the well bore equipment comprises
equipment selected from the group consisting ofr drtdl pipe, deill collars, drills bits

directional drills, casings, liners, and any combination thereof

22 The method of claim 14 wherein the solid nanoparticles are covalently
functionalized with reactive functional groups selected from the group consisting oft

tricholorosifanes, alkoxystlanes, esters, alcohols, auids, amines, and carboxylates,
23. An apparatus Tor ase in sablermanean operations, comprising:
well equipment; and
a film of solid nanoparticles on a surface of the well equipment.
24, The apparatus of clazm 23, wherein the film has g thickness i g range of

fream about 5 nanometers & about 350 nanomsders,

25, The apparatus of elaim 23, wherein the well equipment is selected from the
group consisting of drill ppe, dril collars, drills bits, mud motors, directional drills, casings,

finers, shakers, shaker soreens, centrfuges, metal Dwers, ftbngs, bupellers, and any

comnbination thereof
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