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CEMENT COMPOSITIONS COMPRISING DEAGGLOMERATED

INORGANIC NANOTUBES AND ASSOCIATED METHODS

BACKGROUND

{0001} Cement compositions may be used in @ vanely of subterranean operations,

"

For example. in subterrancan well construction, a pipe string (e.g., casing, liners, expandable
tubulars, etc.) may be run into & well bore and cemented in place. The process of cementing
the pipe string in place is commonly referred to as “pamary cementing.”  In a typcsd
primary cementing method, a coment composition may be pumped Into an annutus between
the walls of the well bore and the exterior surface of the pipe string disposed therem.  The
10 cement composition may sel in the annalar space, thereby [omming an annular sheath of
hardened, substantially impermeable cement (Le.. a cement sheath) that may support and
position the pipe string in the well bore and may bond the exterior surface of the pipe stnng
to the subterranean formation. Among other things, the cement sheath surrounding the pipe
string functions to prevent the migration of fluids in the annulus, as well as protecting the
1S pipe siring from eorrosion. Cement compositions also may be used in remedial cementing
methods, for example, to seal cracks or boles in pipe strings or cement sheaths, to seal bighly
permeable formation zones or fractures, o place a cement plug, swd the hke. Coment
compositions may also be used in swrface-cementing operations, such as consiraclion
cementing.
20 FO002] Once set, the cement sheath may be subjected to a varety of shear, tensie,
impact, flexural, and compressive stresses that may lead to tatlure of the cement sheath,
resultin g in, for example, fractures, cracks, andfor debonding of the cement sheath from the
pipe string andfor the formation. This can lead to undestrable consequences icluding tost

production, environmental pollution, hazardous rig operations resulting frony unexpected

N4
‘7

Muid flow from the formation caused by the loss of zonal iselation, and/or hazardous
production operations, among others. Cement failures may b particularly problemate
high temperatare wells, where fluids injected into the wells or produced from the wells by
way of the well bore may cause the temperature of any fluids trapped within the annutus 1o
increase. Furthermore, high fluid pressures and/or temperatures inside the pipe string may
0 cause additional problems during testing, perforation, fluid injection, and/or fluid production.
If the pressure andior temperature inside the pipe string increases, the pipe may expand and
stress the surrounding coment sheath,  This may cause the cement sheath to crack, or the
bond between the outside surface of the pipe string and the cement sheath to fail, thercby
breaking the hydraulic seal between the twe, Furthermore, high temperature differentials

35  ereated during production or injection of high temperature fhuids through the well bore may
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cause flhuids trapped in the coment sheath to thermally expand, causing high pressures within
the sheath nself. Additionally, fatlure of the cement sheath also may be caused by, for
examply, forces exerted by shifts in subtesrancan formations surrounding the wel]l bore,
cement crosion, and repeated timpacts from the deidl bit and the dnill pipe,

{0003} To improve the tensile strength of the ser cement and at least partially
counteract the impact of these forces on the cement sheath, high aspect ratio fibers sach as
glass fibers or organic tibers have been included in the cement compositions, However, the
use of these high aspect ratio fibers may have drawbacks. For cxample, glass fibers
generally cannot be added 1o the dry blend typically comprising the hydraclic cerment and
other dry additives since they break down under shear during preparation of the coment
composition. By way of further example, organic {ibers such as polypropylene fibers

typically bave temoperature hinutations that cause them o melt or soften at efevated

terperatures, which may be problematic as higher temperatures can be encountered in

sudterranean cementing operations.  In addition, the leagth of the high aspect ratio fibers that
may be nveded to enhance tensile strength is typically on the order of a fow millimetery,
presenting mixing problems during preparation of the cement composition.  To ensure

adequate nuxability, the amount of fibers that can be added to a cement composition bas

&

heen Rimited, for example, with apper mils in the range of §.5% to 2% by weight of cement

{
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SUMMARY

100041 An embodiment of the present invention pravides & method of cementing
comprising: providing an ultrasonicated aqueous dispersion comprising deagglomerated
nanoparticles, a dispersing agent, and waler; prepanng & cement composition using the
agueous dispersion; introducing the cement composition into & subterranean formation; and
allowing the cement composition to set,

F000S] Another embodiment of the present wvention pro vides a ycthod of
cementing  comprising: providing an aqueous dispersion  comprising deagglomerated
jnorganic nanotubes and water; preparing a cement composition ysing the agueous
dispersion; and allowing the cement composition 10 set.

{0006} Another embodiment of the present mvention provides a method of
cementing  comprising:  providing 3 cement composition  comprising @ cement
Jeagglomerated halloysite nanotubes, a dispersing agent, and water, wherein deagglomerated
halloysite nanotubes comprise halloysite nanotubes having a diameter in 3 range © { from
about 1 nanometer to sbout 300 nanomelers and length in g range of from about 500
nanometers to about 10 microns; introducing the cement composition into a subterranean
formation: and allowing the cement composition to set sach that the cement compaosition.
after setting for a period in a range of from about 24 hours to about 72 howrs has 2 ienstle
strength that is increased by about 25% when compared to the same cement COMpOsion
without deagetomeration of the hatloysite nanotubes.

f0007] Another emibodiment of the present invention provides & cement COMPOSIon
comprising a cement, deagglomerated inorganic nanotubes, and water.

10008] The features and advantages of the present fnvention will be readily apparent
to those skilled in the art. While numerous changes may be made by those skitled i the an,

such changes are within the spirit of the vention.
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DESCRIPTION OF PREFERRED EMBODIMENTS

{3009} The present invention relates to subterrancan cementing operations and, more
particularly, in certain embodiments, 1o cement compostions comprising deagglomerated
inorganic nanotubes and associated methods,  There may be several poiential advantages to
the methods and compositions of the present invention, only some of wh ich may be altuded
to herein. One of the many potential advantages of the methods and compositions of the

celomerated inorganic nanotubes, such as halloysite

e

present invention 8 that the dea
nanotubes may enhance mechanical properties © { the cement compositions including
enhancement of tensile strength.  As a result, it is believed that cement compositions
comprising desgglomerated inorganic nanotubes may have a reduced tendency to fail after
setting in a well-bore annclus,  Another potential advantage of the methods and
compositions of the present invention is that the deagglomerated inorganic nanatubes may be
provided in an agqueous dispersion, thus allowing inclusion in a cement composition by use
of standard mixing techimgques

[0010] An embodiment  of the cement compositions  comprises  coment,
deagglomerated inorganmc n anotubes, and water. Those of ordinary skill o the an will
appreciate that the cement compositions generaily should have a density suitable for g
particular apphication. By way of example, the cement compositions may have a density
the range of from about 4 pounds per ga ffon (“fbigal™ 1o abowut 20 thipal.  In certain
embodiments, the cement compositions may bave a density i the range of from about 8
thigal to about 17 fbigal. Embodiments of the cement compositions may be foamed or
anfoamed or may comprise other means to reduce thew densities, such as hollow
raicrospheres, low-density elastic beads, or other dens ty-reducing additives known n the
art. In some embodiments, heavvweight additives (e.g., hematite, magnesium oxide, i)
may be used for increasing the density of the cement compositions, Those of ordinary skill
fn the art, with the benefit of this disclosure, will recognize the appropriate density for a
particular application.

{0011} Embodiments of the cement compositions may comprize cement, Any of a
varicty of cements suitable for use in subterrancan cemen ting operations may be used in
accordance with example embodiments,  Suitable examples include hydraulic cements that
comprise caleiur, aluminum, silicon, oxygen and/or su Hfur, which set and harden by reaction
with water.  Such hydraulic cements, include, but are not limited o, Portland comonts,
pozzoland cements, gypsum cements, high-alumina~-content cements, slag cements, stlica

coments and combinations thereof,  In certain embodiments, the hydrautic cement may
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comprise a Portland cement.  Portland coments that may be suited tor use i example
embodiments may be classified as Class A, €, H and & coments according o American
Petroleum Institute, AP Specification for Materials and Testing for Well Cements, APY
Specification 10, Fifth Bd., Jal. 1, 1990, In addition, in some embodiments, hyvdrauhc
cements suitable for use 1y the present iivention may be classified as ASTM Twpe L, 11 or
i1l

FO012] Embodimenis of the cemenis composition may comprise deagglonserated
inorgamic nanotubes,  The deagplomerated inorganic panotubes may generally compirise
morganic nanotubes in the shape of @ tubualar, rod-like structure having a diameter 1o a range
of from about 1 nanometer (Cnm™) to several hundred nanometers, for example.  In cerlan
embodiments, the inorganic nanotubes may have a diameter of less than about 300 nmy, less
than shout 208 om, less than about 100 nm, i some embodiments, and less thao 30 nm in
additional embodiments. The incrganic nanotubes may have an aspeet matio (ratio of length
to drameter) in & range of from about 1.23 to about 500, In cortam embodiments, the
movganic nanotubes may have an aspect ratio i range of about 1 {o about 200 and. in
certain embodiments, from about 235 to gbout 100, The size of the inorganic nanotubes may
be measured using any suitable techunigoe. Tt showld be understood that the measured size of
the morganic nanotubes may vary based on measurement technyque, samiple preparation, and
sample conditions such as iemperature, concentration, ¢te. One technique for measuring s1ze
of the nanotubes 18 Transimission Electron Microscope (TEM) observation, By this method,
it is possible to determine the length and diameter of & single nanotube, bundle diameter, and
munber of nanotubes in a bundie, An example of suitable commaercially avaiinble based on
faser difftaction techoigue Js Zetasizer Nano 78 supplied by Malvern  Instruments,
Worcerstershire, UK. In some embodiments, the nanofubes are hollow.  In some
embodiments, the nanotubes are open &t one or beth ends. In some embodiments, the
inorganic nanotubes may be single-walled or multi-walled nanotubes.

0013] The inorganic nanotubes used in example embodiments may be any of

ariety of difforent nanomaterials that can be mncorporated into the cement compositions.

The morganic panotubes may be synthetic or uatnrally occurring.  Examples of suitabie

-

morganic nanotubes inchude nanotubes thal comprise metal oxides, sulfides, selensdes
slurinosilicates, and combinations thereof, in cortain embodiments, morganic nanotubes
may be synthesized from metal oxides, such as vanadium oxide, manganese oxide, ttanim
oxide, and zine oxide. In additional embodiments, inorgaruc nanotubes may be synthesized

from sulfides, such as tungsten {(1V) disulfide, molybdemum disulfide, and tin (1V} disulfide.

Ly
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v some embodiments, the inorgasic nanotobes may comprise aluminosiicates, such as
hallovsite, imogolite, cylindrite, boulangerite, and combinations thercof.

{0014} In certain embodiments, the mworganic nasotubes may comprise halloysie.
the term “haloysite™ refers o a paturally occurring atunuposilicate matenal comprising
aluminum, sihcon, hydrogen, and oxygen, which may be formed by bydrothermal alteration
of alumunostlicste nunerals over & pertod of e, Halloysite is nuned i a number of
tocations, including in Wagon Wheel Gap, Colorado, USA, for example, The halloysite may
be mined from the Earth and then processed to separate the halloysite that 18 present in
tubular form irom other forms and adso from other nmuperals.  Nanotubes comprising
hallovsite may have a diwmeter in 3 rapge of from aboul | nanometer to several ndred
nanometers, for example, In certain embodiments, the nanotubes comprising hatloysite may
have a diameter of Joss than about 300 nm. less than about 200 nm, less than about 100 am,
ar fess than 50 nm.  In embodiments, the sanotubes compnising halloysite may have a
diameter in a range of from about 30 nm to about 70 nm. The nanotubes Comprising
halloysite miay have a fength i a range of from about 300 nm o a few microns or more, In
some embodiments, the nanotubes comprising hallovsite may have a length in a range of
from about 300 nn to about 10 microns and, altematively, from about 1 micron o about 3
microns.  An example of a seitable nanotube comprising halloysite may have a diameter 1o a
range of from about 30 nm to about 70 nm and a length In a range of from about 1 micron to
about 3 microns.

PO015] Those of ordinary skill 1o the art, with the benetit of this disclosure, will
appreciate that the inorganic nanotubes can form agglomerates made up of norganic
nanotubes.  For exarmple, agglomerates may form when dispersions of the nanotubes are
stored for a period of time, such as from a fow days to several weeks or more, or when the
inorganic nanotubes are prepared, separvated, and/or isolated in the solid form. 1t s believed
that agglomerates of the nanotubes do not exhibit the same  mechanical-property
cnhancement of the cement composition as the deagglomerated nanotubes presumable
because contact area between the cersent matrix and the deagglomeraied torm (for example,
discrete nanotuhes) is significantly higher than with the agglomerated form.  Indeed, as
showt below in Example 1, nanotubes that have not undergone a deagglomeration process
do not show g sigmificant increase n Brazilian tenstle strength for the set coment
composition. However, as shown in Examples 2-4, the use of deagglomerated nanotubes has
besn shown o increase the tensile strength of the sef cement compositions,

{0016] Therefore, in accordance with embodiments of the present mvention, the

glomeraied inorganic panotubes may be sobjected 1o a deagglomeration process,  The

N~
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deagglomerated panotubes may then be included in embodiments of the cement
compositions. The term “deagglomerated” does not necessarily mean that the agglomerates
comprising the inorganic nanotubes have been broken down completely into in dividual
imorganic nanotubes. Rather, it means that the agglomerates comprising the nanotubes bave
undergone some type of processing to deagglomerate the agglomerates that may have formed
during storage of nanotube dispersions or during production of the nanotubes, for exampie.
In some embodiments, at feast a portion or even substantially alt of the inorganic nanotubes
in the deagglomerated inorganic nanotubes are ia the form of individual inorganie nanofubes,
For example, at least about 50% or more of the inorganiv nanotubes in the deagglom erated
inorganic nanotubes may be in the form of individeal inorganic nanotubes.  in some
embodiments. at east aboul §0%, at least abowt 709, at feast aboat 80%, or at least about
90% of the inorganic nanotubes in the deagglomerated inorgame nanctubes may be i the
forro of individual inorgamic nanotubes.

[0017] The deagplomeration of the agglomerates of inorganic nanotubes may be
achieved using in any of a vaviety of different processes suitable for the deagglomeration of
nanotubes, including ultrasonication, mixing in a magnetically assisted fluidized bed, stirring

in supercritical fluid, and magnetically assisted tmpaction mixing. In some embodiments,

asoiomerates of the inorganic nanotubes may be provided in a liquid and o Jtrasonicated

e

using any known ultrasonication technique. The liquid may Include waler. Alteroatively,
the Hquid may comprise alcohols, alcohol ethers, glycols, glycol ethers, and combinations
thereof,  In alternative embodiments, the inorganic nanotubes may be provided 1n a
_;:sms-'derﬁd form which HY thin bt:dispersm% ina .liquid {€C.0.. Water) and then ult'rasm.‘aicated,
it is behieved that the inorganic nanotubes may formy agglomerates in the powder andfor after
dispersion in the Hguid. As will be appreciated by those of ordinary skill in the arl, with the
benefit of this disclosure, the ultrasonication may deagglomerate the morganic nanotubes,
thus breaking the agslomerstes down info smaller-sized particles, such as individuat
inorganic nanotubes. In some embodiments, the agglomerates are ultrasonicated for a period
of time in 2 range of from sbout 10 mimetes to about 1 hour or more. For example, the
agglomerates may be ultrasonicated for about 20 minstes to about 40 mingles. It oue
embodiment, the agglomerates may be wltrasonicated for about 30 nminutes.  Ju some
embodiments, the ulirasonication may inchude use of an ultrasonicator, such as an uitrasonic
bath. The operating frequency of the ultrasonicator may range from about 20 kHz 1o about
80 kM2 and be 40 kHz in one crnabodiment. The resalting ultrasonicated dispersion may then
be stiveed for a period of time, for example, to produce 8 more homogenous mixture. In

some embodimsents, the ultrasonicated dispersion may be stisred for about 1 minute (0 a few
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hours.  For example, the ultrasonicated dispersion may be stirred for about 30 minutes 1o
about | hour. In some embodiments, stimng may not be necded.

D018} To facilitate swabilization of the deagglomerated form in the lguid, a
dispersing agent may be included in the Hauid, For example, a dispersion comprising a
tHiguid, the morganic nanotube agplomerates, and the dispersing agent may be provided and
then wlrasonicated, Tor example, as previously described,  In some embodiments, the
disporsing agent may be added to the dispersion after ultrasonication or even during
ultrasomcation.  The dispersing agent gencrally should Tacilitate deapglomeration andfor

gelomeration of larger inorganic nanotube agglomerates. s

e

prevent the andesirabie rea
behieved that the inclusion of the dispersing agent may nerease the shell lite of the
ultrasomicated  dispersion comprising the deagglomerated nanctubes, thus allowing the
ultrasonicated dispersion to be stored prior {0 use.  For example, it 5 bolicved that the
uitrasonicated dispersion may be stored for about | hour to several weeks or more without
updesired reagplomeration such that the inorganic nanotubes may be used to provide
mechagical-property  enhancement for a cement composition after storage.  In some
cmbodiments, the ultrasonicated dispersion may be stored for at least | day, at least about |
week, at least gbout 1 month, or omger. Where used, the dispersing agent may be included
i an amoant m a range of from about 9% to about 20%, alternabively from gbout 3% to

about 13%, and alicrnatively from about 5% (o about 109%, all percentages betng by weight

of the morganic nanotubes.  One of ordinary skill in the art, with the benefit of this

disclosure, should recognize the appropriate amount of the dispersing agent to inchude for a
chosen application.

f0019) Exanaples of suitable dispersing agents include water-soluble, lowemalecular-
weight components that may be anionic, non-lonic, or amphoterte.  In some embodiments,
the dispersing agent may inclade an antonie polymer comprising a carboxylic group and/or a

sulfonate group. Withowt being limited by theory, the antonie polymers generally should

disperse the inorganic nanotubes and prevent reagglomeration by means of electrostatic as

well as steric repulsion. o some embodiments, comb/branched polycarboxylates sach as
comb/branched polvcarboxylate ethers may be used to disperse the norgamic nanotubes
and/or prevent reagglomeration.  For example, sustable polycarboxylate ethers include
MELFLUXY Dispersing agent (BASF Chemical Company), ETHACRYLY M Di spersing
agent (Coatex, LLC) and MIGHTY EG™ Dispersing agent (Kao Specialties Americas, LLC).
In some embodiments, the carboxyvlated dispersant may be non-polymeric, for example, faity
acids or their salts such as Hnoleic acid, stearic acid, and the like. Iy some embodiments,

sulfonated water-soluble anionic polvmers such as polystyrene sulfonate can be used. An
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example of a suitable polystyrene sulfopate is Get Modifier 7501 { Halliburion Energy
Services).  Other suitable anjonic polymeric or monomeric dispersants include those
containing phosphate or phosphonate anionic groups. Examples of non-ionic dispersants
inclade polyethylene glycols, ethylene oxide/propylens oxide copolymers (block o randon)
and polyviny! alcohol and any combination thereof. In some embodiments, the dispersants
may be surface active. 1t should be possible for one skilled in the ant to select a proper

dispersant depending the dispersion medium, and the chemical composition of particuiar

worganic nanotube.

0020} in some embodiments, the deagglomerated morganic nanotubes Ruction 88 4
mechanical property enhancer.  For exampie, deagglomeration of the inorganic nanotubes
can be used to enhance the Brazilian tensile strength of the set cement composition. By way
of example, the Brazmbian tensile strength of  coment  composiizons COMPrising
de aggimmmted inorganic nanotube may be increased by at least about 25% otk
embodiment. at Jeast about 50% in another embodiment, and at least about 100% n yet
another embodiment, as compared to the same cement composition that does not contain the
inorganic nanotubes or in which the inorganic nanotubes were not deagglomerated. In some

embodiments, the cement composition has a Brazilian tensile strength after setting of at least

about 400 psi, al least about 600 psi in some embodiments. and at Jeast about 800 m

slternative erobodiments.  In some embodiments, the cement composition has a Brazilian
tensile strength in a range of from about 400 psi to about 850 psi. As described berem, the

Brarilian tensile strenoth is measured at a specified time after the cement composition bas

f

been mixed and then allowed to set under specified temperature and pressure conditions for g
period of time. For example, Brazilian tenstie strength can be measared after a period of in a
range of from about 24 howrs to about 96 hours. The B azilian fensile strengths can be
measured as specified in ASTM C496/C496M in which the splitting tensile strength s
measured for a cylindrical conerete specsmen.

00211 In general, the deagglomerated inorganic nanotubes may be included in the
cermment composition in an amount sufficient {o provide the desired mechanical propety
enhancement. for example. In some embodiments, the deagglomerated inorganic nanotubes
rmaay be present in an amount in a range of from about 0.01% bwoe te about 10% bwoce, In
particular embodiments, tﬁhe deagglomerated inorganic nanotubes may be present m an
amount ranging between any of andéor including any ot about 0.01%, about 0.05%, abowt
0.1%. about 1.5%, about 1%, about 2%, about 3%, about %%, about 3%, sbout 6%, about

g ¥ 04
f O

.".\

ahout 8% about 9%, or about (0%, all percentages bwoe, One of ordinary skill e
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art, with the benefit of this disclosure, should recognize the appropriate amount of the
deagglomerated inorganic nanotubes 1o mnclade for a chosen application.

100221 Embodiments of the cersent compositions may comprise water, ‘The water
may be fresh water or salt water. Salt water gencrally may e hude one or more dissolved
salts therein and may be saturated or unsaturated as desired for a particalar application.
Reawater or hrines ntay be suitable for use in embodiments of the present invention. Furtber,
the water may be present in an amount sufficient to forms a pumpable slarry.  In some
embodiments, the water nay be included in the settable compesitions of the present
hvention in an amoant in the range of from about 40% bwoc to about 200% bwoce. For
example, the water may be present in an amount ranging between any of and/or inchuding
anty of about 50%%, about 73%, about 100%, about 123¢%, about 150%¢, or about 175%., aHi
percentages bwoe, In specific embodiments, the water may be included i ap amount m the
vange of from about 40% bwoe to about 150% bwoc. One of ordinary skill in the art, with
the benefit of this disclosure, will recognize the appropriaie amount of water to inchede for a
chosen application.

00231 Other additives suitable tor use in subterrancan cementing operations also
maay be added to embodiments of the cement compositions,  Examples of such additives
include. but wre not limited to, strength-retrogression additives, set accelerators, weighting
agents, hghtweight additives, gas-generating additives, mechanical property en hancing
additives. fost-circulation materials, filtration-contro} additives, dispersing agents, fuid loss
control additives, defoaming agents, foaming agents, thixotopic additives, and combinations
thereof. By way of example, the cement composition may be a Toamed ceraent COMPOSItIoN
further conyprising a foaming agent and a gas. Specific examples of these, and other,
additives include crystalline silica, amorphous silica. fumed sibica, salts, fibers, hydratable
clays, calcined shale, vitrified shale, microspheres, [y ash, slag, diatomaceous canh,
metakaolin, rice husk ash, natural pozzolan, zeolite, cemeni Kiln dust, e, clastomers,
resins, atex, combinations thereot, and the like. A person having ordinary skill in the avt,
with the benefit of this disclosure, will readily be able o delermine the type and amount of
additive useful for a particular application and desired result,

100241 The components of the cement compositions comprising deaggiomerated
norganic nanotubes may be combined in any order desired (o form a cement compasition
thal can be placed into a subterrancan formation.  The components o ' the cement
compositions comprising deagglomerated inorganic narotubes may be combined using _an};
mixing device compatible with the composttion, mcluding a bulk mixer, for example. In

some ermbodiments. a dispersion comprising the deagglomerated nanotubes may be provided

10
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and comhined with the water before it is mixed with the cement to form the coment
composition.  In certain embodiments, the dispersion may be an ultrasonieated dispersion
that further comprises a dispersing ageunt,

F002351 As will be appreciated by those of ordinary skill in the art, embodunents of
the cement compositions of the present invention may be used in a variety of subterrancan
operations, inclading primary and remedial cementing.  In some smbodiments, & cement
composition may be provided that comprises coment, deagglomerated nanotubes, and water.

The cement composition may be introduced into a subterrancan formation and aliowed to set

therein. As used berein, introducing the cement composition o a subterranean formation

includes introduction into any portion of the subterrancan formation, schuding, without
limitation. into a well bore dritled into the subterrancan formation, info a near well bore

region surrounding the well bore, or mto both.

"~

10026] In primary-cementing  embodiments, for example, embodiments of the
cement composition may be introduced into a well-bore annutus such as a space between 4
wall of a well bore and a conduit {e.g., pipe strings, liners) located in the well bore, the well
hore penetrating the subterranean formation. The cersent composition may be atlowed to set
to form an annular sheath of hardencd coment in the welt bore annulus. Among other things,
the set cement composition may form a barrier, preventing the migration of fhuids in the well
bore, The set cement composition also may, for example, support the conduit in the well
bore.

1002771 In remedial-cementing embodiments, a cement composition may be used, for
example, in squeeze-cementing operations or in the placement of coment plugs. By way of
example, the cement composition may be placed in & well bore to plug an opening, such as &
void or crack, in the formation, fo a gravel pack, in the conduit, in the cement sheath, andfor
a microannuius between the cement sheath and the condut,

[0028] While the preceding description is directed to the use of deagelomerated

Jz

inorganic nanotubes, those of ordinary skill in the art, with the beoetit of this disclosure,
should appreciate that it may be desirable to utilize other types of deagglomerated
nanoparticles in accordance with embodiments of the present invention. For gxampie, by use
of deagelomerated nanoparticles the wanoparticles meluded i & cement com POSHION THAY
have a higher surface exposed surface ares, thus providing merease performance
improvement to cement compositions. Examples of such nanopartic fes may inclkie sano-
clav, nano-hydraulic cersent, nano-aluming, nano-zine oxide, nabe-voron, RAnO-1ron oxide,
and combinations thereof, In some embodiments, nanostlica dispersions are not ncluded, In

general, the nanoparticles may be defined as having at feast one dimension (e.g., length,

i
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width, diameter) that is less than 100 nanometers. For example, the nanoparticles may have
al feast one dimension that is in a range of from about 1 mw o fess than 100 navometers. In
particular embodiments, the nanoparticles may have at least one dimension ranging between
any of andfor including any of aboat | nm, 10 rum, about 30 nm, about 60 nm, about 70 am,
about 80 nrn, about 90 nm, or about 99 nm. In addition, the nanopasticles may be conligured

in anv of a variety of different shapes in accordance with embodiments of the present

invention. Pxamples of suitable shapes include nanoparticles in the general shape of

platelets, shavings, flakes, rods, strips, spheroids, toroids, peliets, tablets, or any other

N\

suttable shape.
ENAMPLES

{0029} To facilitate a better understanding of the present invention, the following
examples of certain aspects of some embodiments are given. n no way should the following
exarnpies be read to Himit, or define, the entire scope of the mvention.

Example 1

0030] The following example was performed to evaduate the eltect of the addition
of halloysite nanotubes to a cement composition.  Three sampie coment composiiions,
designated Samples 1-3, were prepared that bad a density of 15.8 Ib/gal and comprised
Portland Class G cement in an amount of 100% bwoce, water in an amount of 5.09 gallons
per 94-pound sack of the dcement (“gal/sk™), and a cement dispersing agent (CFR-3™
cement friction reducer from Halliburton Bnergy Services, Inc.) in an amount of 0.2% bwoc.
Sample 1 was a control and did not include a tensile strength enhancer, Sample 2 further
included glass fibers (Well Lite™ 734 Additive, from Halliburton Encrgy Services), m an
amount of 1.0% bwoge, as a tensile strength enbancer. The glass fibers had a length of 3 mm.
Sample 3 included halloysite nanotubes (Halloysite from Sigma-Aldrich Co. LLU), 1 an
arsount of 1,0% bwoc, as a tensile strength enhancer,

{00311 The physical propertics of the halloysite nanotubes tested in this example are

given below:

Chemical Formala:  ALSHO{OH),
Molocular Weight: 294,19 g'mol

Diwmeter x Length:y  30-70 nanometers x 1-3 mierons

Surface Area: 64 mig
Pore Size: }.26~1.34 mlsg
Density: 2.53 giem”
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The halloysite nanotubes were provided in a dry, powder from. Prior to mixing with cement,
the halloysite nanotubes were dispersed in water by stirving for 2 hours. To this dispersion,
the Portiand Class G cement was added.  The cement dispersing agent was provided in a
powder form and was dry blended with the cement prior o mixing with the water.

FO032] After preparation, each sample cement composition was then cured for 72

W4

=N

hours Jn 8 27 x §7 metal cvlinder in & water bath at 180°F and atmospheric pressure 1o form
st cement cylinders.  The Brazilian fensile strength (ASTM C496/0496M) for cach set

b of

cement evlinder was then determined, The results from the tensile strength tests are set forth
in the table below. The percent increase reporied is the difference between the tensile

10 strength for the particular sample and the tensife strength for Sample 1 (control) divided by
the tensile strength for Sample 1. The reported values in the table below are an average
value for testing of 2 cement cylinders for each sample.

'
~ .
. ]
' 1
'
-4
PR . - Lok AL J
e e a an Wy T T - e v wy ——— -

S _ : : . - .
Tensile Strength Enhancer %
up P » i * 3 . : §
Type Yo bwoe Brazilian TS (pst) Yo Increase |
' Controd | -- 346,34 - ;
oo eeeme e e e e e OO oo eeee e e et .
| Sample 2 (ilass Fibers 1.0 627.92 RY.2 §
8
DTN ST e A A iR AR e ek i antiade oAttt AT ittt A it i Attt N S PP i
Sample 3 | Halloysite Nanotubes 1.6 370.49 0.97 &
S TS SIS — N
15 100331 As indicated in the table above, Sample 3 with the halloysite nanotubes did

not exhibit a significant improvement in tepsile strength in comparison to the controt sample.
In contrast, Sample 2 with the glass fibers exhibited an 81.2% increase in tensile strength,
Eag mpie 2
{00341 The following example was performed to further evaluate the effect of the
20 addition of halloysite nanotubes to a cement composition.  {n particular, this example
evalusted the impact of the ulirasonication of halloysite nanotubes on the tensile strength of
the cement composttion.
100351 Three sample cement compositions, designated Samples 4-6, were prepared
that had a density of 15.8 Ib/gal and comprised Portland Class G cement in an amount of

100% bwoc. water in an amount of 5.09 galisk, a cement dispersing agent (CER-3T cement

I
s

friction reducer from Halliburton Energy Services, Inc.) in an amount of 0.2% bwoe, and

halloysite nanotubes.  The amount of the halloysite nanotubes (Halloysite from Sigma-
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Aldrich Co. LLCY in Samples 4-6 was varied from 1.0% bwoc to 2.0% bwot as imticated 1
the table below.
{0036] In this example, a different technique was used for slurry preparation thaw

was performed in the preceding example. As deseribed above, the hatioysite nanotubes were

LA

provided in a dry, powder from. Prior to mixing with coment, the hallovsite nanotubes were
dispersed in water and then oltrasonicated tor 30 minutes. The sltrasonication vsed an
ultrasonic water bath having an operating freguency of 40 kHz tor the ulwasonicator. 1o this
ultrasonicated dispersion, the Portland Class G coment was added.  The cement dispersing
agent was provided in a powder form and was dry blended with the cement prior o mixing
{0 with the water,

(00371 After preparation, sach sample cement composition was then cured for 72
heurs i a 27 x 3% metal eylinder in 2 water bath at 180°F and atmospheric pressure to form
set cement cylinders. The Brazilian tensite strength (ASTM C496/C496M) tor cach set
cement cviinder was then determined. The results from the tensile strength tests are set torth

15 in the table below. The percent increase reporied is the difference between the tensile
strength for the particular sample and the tensite strength for Sample 1 (control) divided by
the tensile strength for Sample 1. The reported values 1o the table below are an average
vajue for testing of 2 cement eylinders for each sample.

TABLE 2
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Sample 4 1.0
Sample 5 t.3 613.50 77.43 _
Sample 6 2.0 380.35 i 981
‘“?{} e
{0038} As indicated in the table above, a significant merease in tensile strength was
observed for Sample 4 and Sample 5 ay compared to Sample | (control) from the proceding
example that did not include a tensile strength enhaneer.  For example, Sample 4 that
contained halloysite nanotubes in the amount of 1.0% bwoc had 1 tensile strength ncrease of
25 3543%. By way of further example, Sample 3 that contained halloysite nanofubes M the

amount of 1.5% hwoe had a tensile strength increase of 77.13% bwoe. This imdicates that
aitrasonication of the halloysite nanotubss likely broke down agglomerates of the hallo VSHE
nanotubes into individual halloysite nanotabes, thus providing sigmificant wereases i tenstle

strength when the halloysite nanotubes were used in the cement COMPosition.

i4
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Example 3

[0039] 1o the following example, the tests performed in Example 2 were repeated
except that the dispersing agent (CFR-37 cement friction reducer) was replaced with an
anionic acrylate polymeric dispersing agent (Coatex XP 1629 from Coatex LLC).  The
dispersing agent was added to the ultrasonicated dispersion i an amount of 0.05 gal’sk
hefore addition of the coment. The testing was also repeated for Sample 1 (coutroly from
Pxample 1 with replacement of the dispersing agent (CFR-3' cement friction reducer} with
the anfonie acrylate pelymeric disporsing agent.

100407 The results from the tensile strength tests are set forth in the table below,
The percent increase reported is the difference between the tensile strength for the particular
sample and the tensife strength for Sample 7 (control} divided by the tensile strength for
Sample 7. The reported values in the table below are an average value for testing of 2

cement oylinders for cach sample.

TABLE 3
; ““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““ } “““““““““““““““““““““““““““““““““““““““
A

% Halloysit 5
g 3¢ Bt 0} SHEC §
* N\ es (" ' Bravilian TS | % Ine
; Nanotubes (% bwoc) razilian (psi)} | o fnerease
Ly
%-“ﬁ“m‘b\\\\\\\'\ﬁﬂﬁﬁiw\-\'ﬁ\“\\\-\“‘h\“ “"\1‘\“\%“\“‘“‘\‘“‘“‘\“‘%‘&"v“\\‘““5“““‘“““'\\\\-\-\\‘“\ A e o N N e e e S L A Rl el e b o o t\- B e N o o A o o e e T o e e o b T b A A e b b b A
A 2
3 . ] ) $
A N y . M 7 '{ '
L Sample 7 Control 361 27 % .
\
\
; A A A A AL A AAAAAAAA A A AL AL e e AR
E z - Y ' g -
L Sam } 5896 4,73
t Sampie § P 558.906 E 34 7
\ .

' \
§ ~ | ' L O § + N
L Sampie Y }.5 668.92 ; 85475
§ : *
N e e e e s o 4 e e e e i e s ol 8 e 0 e e e e e e e e . o o A e - e e e e e O e ) et e e B e e A SR S LS L L LLsaLLbshAt bbb iatLLLLssssnssalhansntetab S espLentommasn. ——
z T
L Sample 10 3.0 $74.2 ] 58,95
% “!nl} L A’ :} ! - E LA N R
: .
5_. At Aoy eprep Aoy ey e e e g N et et b b A P e s s drher - -~ _.“‘E' e : LS I O

00417 As indicated o the table above, a significant increase in tonsile strength was
observed for Samples 8-10 as compared to Sample 7 (control) that did not mclude a tensile
strength enhancer. In particular, Samples 8~10 bhad tensile-strength increases ranging from
54,73% to 85.17%. This indicates that ultrasonication of the halloysite nanotubes likely
broke down agglomerates of the halloysite nanotubes, thus providing significant increases in
tensile strengih when the balloysite nanotubes were used 1 the cement composition.

Exampie 4

100421 The following example was performed to further evaluate the etfect of the
addition of halloysite nanotubes o a cement composition.  In particular, the exampie
evaluated the mip.u.,l of the ultrasonication of halloysite nanotubes in the presence ot a

dispersing agent and compared the performance of halloysite nanotubes with kaolinite,

another aluminosilicate matenal,
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100437 Six sample cement compositions, designated Samples 11217, were prepared
that bad a density of 15.8 Ib/gal and comprised Portland Class G cement in an amount of
[00% bwoe., water in an amount of $.09 galisk, and a dispersing agent. Samples 13~15 and
17 included halloysite nanotubes (Halloysite from Sigma~Aldrich Co. LLC) i an amount
ranging from 0.4% bwoc 1o 2.5% bwoc. Sample 12 inctuded kaolin (Nano Caliber-106 from
English India Clays L1d.) in an amouant of 1.5% bwoe. The kaolinite had a thickness of less
than 10 o and width of 130-200 nm. Samples 11 and 16 were controls that did not inchude
an aluminosilicate, The dispersing agent used in Samples 11-13 was an amonie aceylate
polvimeric dispersing agent (Coatex XP 1629 from Coatex LLC) inan amount ot .03 gal/sk.
The dispersing agent used 1n Samples 16 and 17 was a polystyrene sulfonate {Gel Moditer
7501, from Halliburton Enerzy Services, inc.) in an amount of 0.Q3 gal/sk.

100441 In this example, a different technique was used for shurry preparation than
was performed in the preceding exaraples.  As deseribed above. the haltoysite nanotubes
were provided in a dry, powder form. Prior to mixing with cement, the balloysite nanotubes
were dispersed in water and then ultrasonicated for 30 minutes. The sltrasonication used an

ulirasonic water bath having an operating frequency of 40 kHz for the oltrasomeator. The

dispersing agent was provided in a tiguid Torm and added 10 the water prior to altrasonication

such that the ultrasonication of the halloysite nanotubes was performed in the presence of the
dispersing agent. To this ulirasoracated dispersion, the Portland Class (G cement was added.
The samples with kaolin were also prepared using this technigue.

' 00435] After preparation, cach sample cement composition was stored for 30
minutes and then coared for 72 hours in a 27 x 37 metal eylinder i & water hath at {R0°F and
atmospheric pressure to form set cement eylinders. The Brazilian tensile strength (ASTM
C496/C496M) for each set cement cvlinder was then determined,  The resalts from the
tensile strength tests are set forth in the table below, The percent increase reporied s the
difference between the tensile strength for the particular sample and the tensile strength for
the contro] (Sample 11 or 16) divided by the tensile strength for the control (Sampie 11 or
16), The reported values in the table below are an average value for testing of 2 cement

cylinders for each sample.

16
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F0046] As indicated in the table above, a significant mcrease in tonsite strongth was
ohserved for Samples 13-15 and 17 as compared to the control samples (Samples 11 and 16)
from the preceding example that did not include a tensile strength enhancer. In particular,
tensile-strength  increases ranging from 36.14% o 134.88% were observed.  The
ultrasordeation of the hallovsite nanotubes in the presence of the dispessing agent appears 10
have increased tensile strensth of the set coment cylinders as tensile strength inereases over
00% were observed for Samples 13 and 16, In addition, as further indicated 1o the tabie
above. the kaolin was not observed 1o have a posiive impact on tensile strength.

Example 3

(00471 The following example was performed to evaluate the effect of the addition
of halloysite nanotubes on a cement composition. In particular, the example evatuated the
compressive strength devetopment of cement compositions comprising halloysite nanetubes.

10048] For this example, portons of Samples 1-3 from Example 1 were used. As set
forth above, cach sample composition had a density of 15.8 Ib/gal and comprised Portland

Class G cement in an amount of 100% bwoc, water in an amount of .09 galisk, and a

17
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cement dispersing agent (CFR-3™ cement friction reducet) m an amount of 0.2% bwoc.
Sample 1 was a control and did sot include a {ensile strength enhancer. Sample 2 {further
S et RL ! IR D OUR Ay o . . . A ; . . .

motuded glass hibers (Wellhate™ 734 Additive), w an amount of 1.0% bwoc, as & tensile

strength enhancer. Sample 3 included halloysite nanotubes (Signa~Aldrich Co. LLC), in an

L.

amourt of 1.0% bwoc, as a tensile strength enhancer.

30491 After preparation, the compressive strength over time was determined for
cach sample cement composition using an Ultrasonic Cement Analyzer ("UCA™), available
from Fann Instroment Company, Houston, TX, in the UCA, the sample coment
compositions werve cured at 180°F while maintained at 3000 psi, The resolts from the UCA
10 tests are sat forth below,

TABLE S

. Tensile Strength Enbancer » o ,
. . Time for Time for 24-Hour
Type % hwoe | SO psi 500 psi Compressive

' ﬁ i Chrinin) (hr:min) Strength (psi)
 Sample 1| Contro 2:38
Sample 2 (ilass Fibers 1O 1257 2:27 2834
o U AU S R S —
i : T | . . —~y .

Sample 3 | Halloytite Nanotubes MU 18] 2:23 2704

100501 As indscated 1n the table above, Sample 3 with the halloysite nanotubes did
not exhibit a significant tmpact on compressive strength development as compared Sample |

£S5 (controd) and Sampie 2 containing the glass fibers.

{O051] It shoald be understood that the compositions and mcthods are deseribed
terms of “comprising,” “containing,” or “including” various componenis or steps, the
compositions and methods can also “comsist essentially of " or “econsist of7 the vartous
components and steps, Morcover, the indefinste articles “a” or “an,” as used in the claims,

20 are defined herein to mean one or more than one of the clement that # introduces.

00521 For the sake of brevity, only certain ranges are explicitly disclosed herein,
However, ranges from any lower himit may be combined with any spper Iinit to recite a
range not explicitly recited, ax well as, ranges from any lower Limit may be combined with
any other lower imit to recite g range not explicitly recited, in the same way, ranges from

25 any upper Hmit may be combined with any other upper il to reciie a range not explicitly
recited.  Additionally, whenever a numerical range with a lower limit and an upper linnt 18
disclosed, any number and any included range talling within the range are specitically

disclosed. In particular, every range of values (of the form, “from aboat a to about b,” o,

i3
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equivalently, “from approsimately a to b.” or, cquivalently, “from approximately a-h™)
disclosed berein 18 o be understood to set forth every number and range encompassed within
the broader range of vatues even i not explicitly recited,  Thas, every point or individual
value may serve as is own lower or upper hout combined with any other point or individual
alue or any other lower or apper Hmit, to recite a range not explicitly recited.

{O033] Therefore, the present syventon §s well adapied to attain the ends and
advantages mentioned as well as those that are mherent therein, The particelar embodinents
disclosed above are illustrative only, as the present invention may be moditicd and practiced
i dilferent but equivalent manners apparent to those skilied m the art having the benefii of
the teachings herain. Although mdividual ermabodunents are diseussed, the invention covers
all combinations of all those cmbodiments,  Furthermore, no iimitations are intended {o the
detarls of construction or design hersin shown, other than as deseribed in the clasms balow.,
Also, the termis in the claims have their plain, ordinary meaning unless otherwise explicitly
and clearly defined by the patentee. R is therefore evident that the particular illustrative
embodimenty disclosed above may be altered or modified and all such variations are
considerad within the scope and spirit of the present invention. {f there s any conflict in the
usages of @ word or term in this specitication and ong or more patent(s) or other documents

that may be incorporated herein by reference, the defimtions that are consistent with this

specification should be adopted.
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What is clatmead is:
I A method of cementing comprising:
moviding an agqueous dispersion comprising  deagglomerated  inorganic
nanotubes and water;
preparing a cement composition using the aqueous dispersion; and
allowing the cement composition 1o set.

2. The method of claim I wherein the deagglomerated inorganic nanotubes
were deagglomerated by a process comprising ulirasonication, mixing in a magnetically
assisted fluidized bed, stivving in o supercritival fluid, or magnetically assisted impaction
mixing.

3. The method of claim 1 wherein the aqueous dispersion is an ultrasonscated
agueous dispersion further compristng a dispersing agent.

4. The method of claim 3 wherein the dispersing agent is present sy the aguedus
dispersion in an amount in a range of from about 1% to abowt 20% by weight of the
tnorganic nanotubes, and wherein the dispersing agent comprises gt least one component
selected from the group consisting of an anjonic polymer comprising a carboxyhie group, an
anionie polymer comprising a sulfonate group, a cornb/dranched pulycarboxylate cther, a
fatty acid, linofeic acid, stearic acid, a sulfbnated water-soluble anionic polymer, polystyrene
sulfonate, a polyethylene glveol, ethylene oxide/propylene oxide block copolymer, polyvinyl
aleohol, and any combination thereot.

3. The method of claim 1 wherein the deagglomerated inorgamie nanotubes
comprise at least one material seleeted from the group consisting of a metad oxide, a sullide,
a selenide, an alwminositicate, and any combination thereod.

6. The method of claim 1 wherein the deagglomerated inorganic nanotubes
comprise at least one aluminosilicate sclected from the group consisting of halloysite,
imogolite, cylindrite, boulangerite, and any combination thereof.

7. The method of claim | further comprising introducing the cement
composition into a subterranean formation.

¥. The methed of claim | wherein the coment composition s used i primary
cemeniing.

9. The mothod of elaim 1 wherein the agueous dispersion comprising the
deagplomerated inorganic nanotubes was stored for at least | day priov o prepariag the
cement composTiion.

1), A method of cementing comprising:

20
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providing an ultrasonicated aqueous disparsion comprising deagglonerated
nanoparticles. a dispersing agent, and water;

preparing a cement composition using the agueous dispersion:

introducing the cement composition into 4 subterrapean formation; and

allowing the cement composiion to sel.

I, The method of claim 10 wherein the deagglomerated nanoparticles comprise
at least one material selected from the group consisting of nano-clay, nano-hydrauiic coment,
nano-silica. nano-alaming, nano-zine oxide, nano-boron, pano~iron oxide, and combinations
thereof.

12, The method of claim 10 wherein the deagglomerated nanoparticles comprise
inorganic nanotubes.

13 The method of claim 12 wherein the inorganic nanotubes comprise at least
ane material selected from the group consisting of a metal oxide, & salfide, a selenide, an
aluminosilicate, and any combination thereot,

14.  The method of claim 12 wherein the inorganic nanotubes comprise at least
one aluminosilicate selected from the group consisting of halloysite, imogolite, cyhndrite,
boulangeriie, and any combmation thereol,

15, The method of eclaim 12 wherein the inorganic nanotubes comprise
halloysite.

1 6. The method of claim 12 wherein the inorganic nanotubes have a diameter of
fess than about 300 nanometers and a length in a range of from about 00 nanometers (o
about 10 microns.

17 The method of claim 12 wherein the inorganic nanotubes have a diameter in
a range of from about 30 nanometers 10 about 70 nanometers, & length in a range of from
about 1 micron to about 3 nucrons.

18, The method of claim 10 wherein the dispersing agent is present in the
aqueous dispersion in an amount in a range of from about 1% 1o about 209 by weight of the
nanoparticles, and wherein the dispersing agent comprises al loast one component sclected
from the group consisting of an anionic polymer conmpising & carboxyhic group, an amonic
potymer comprising a sulfonate group, a comb/branched pol yearboxylate ether, & falty acid,
linoleie acid. stearic acid, a sulfonated water-soluble anjonic polymer, polystyrene sutlfonate,
a polyethyiene glycol. ethylene oxide/propylene oxide block copolymer, polyvinyl alcoho,
and any combinaton thereef,

19, The method of claim 10 wherein at least aboat 30% of the deagglomerated

nanoparticles are in the form of individual nanopasticles,
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20.  The method of clagn 10 wherein the vlirasonivated agqueons dispersion was
prepared by a process comprising ultrasonication {or a period of time in a range of from
abowt 10 minutes to about [ hoar,

21, The method of clanm 20 wheremn the ulirasomicated aqueous dispersion was
prepared by a process further comprising stirring the altrasonicated dispersion for & period of
fime in a range of | minute to about | hour after the step of ultrasonication.

22, The method of claim 20 wheremn deagglomeration of the inorganic
nanoparticles increases the Brazilian tepsile strength of (ke cement composition by at least
about 25% as measured after a period of in a range of from about 24 hours 1o about 96 hours
when compared to use of the morganic nanoparticles without deaggelomeration,

23, The method of claim 10 wherein the deagglomerated napoparticles are

dmn

s

present in the coment composition i an amount a range of from about 0.01% to about 10%
by weight ot hydraulic cement, the cement compostiion turther comprising the hydraudic
cement,

24, The method of claim 10 wherein the cement composition is used i primary
cementmg.

25, The method of claam 10 furthor comprising  introducing  the comenting
composition into a well-bore annulus between a wall of & well bore and a conduit focated in
the well bore,

20. A method of cementing comprising:

providing 4 cemont composition  coraprising a cement, deagglomerated
halloysite panotubes, a dispersing agent, and water, wherein deagglorerated halloysite
nanofubes comprise halloysite nanotubgs having a diameter 1 a range of from about |
nanometer 0 about 300 nanometers and length in a range of from about 300 nanometers {0
about 10 microns;

mtroducing the cement composition into a subterrancan formation; and

allowing the coment composition o st such that the coment composition

after setting for a period in 3 range of from aboot 24 hours 1o about 72 hours bag a {ensile

strength that 1s ncreased by at Jeast 25% when comppared to the same cement composition
withoat deaggtomeration of the halloysite nanotubes,

27, The method of claim 26 wherein the disparsing agent comprises at teast one
component selected from the group consisting of an apionic polymer comprising &
carboxylic group, an anionic polymer comprising a sulfonate group, a comb/branched

polyearboxylate ether, a fatly acid, linoleic acid, stearic acid, a sulfonated water-soluble
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anionic polymer, polystyrene sulfonate, a polyethviene glveol, ethylene oxide/propylene
oxide block copolymer, polyvinyl alcohol, and any combination thereof.
28, The method of clamm 26 wherein at least about 50% of the deagglomerated

halloysite nanotahes are in the form of individual halioysite nanohubes.

5 29, The method of claim 26 wherein deagelomeration of the halloysite nanotubes
increases the Brazilian tensile strength of the cement composition by at teast about 23% as
measured afler a penod of in a range of from about 24 hours to about 96 hours.

30, The method of claym 26 wherain the cement conposifion 18 used 1 privary
cemneniing.
iU 31 A cement composition comprising;

& cament,
deagelomerated organic nanotubes; and

Wwaler.
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