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HIGH-ALEUMINA REFRACTORY ALUMINOSILICATE POZZOLAN IN WELL
CEMENTING

BACKGROUND

{0001 ] Embodiments relale to comenting operations and, more particelarly, in

LA

certain embodiments, to methods and compesitions that utilize high-alumina refractory
aluminosilicate pozzolans in well comenting.

{00021 In comenting operations, such as well construction and remedial cementing,
cerpent compositions are commonly wiilized. Cement compositions may be used i primary
cementing operations whereby pipe strings, such as casing and hoers, are cemented in
10 wellbores, In a typical primary cementing operation, 8 cement composttion may be pumped
into an annulos between the extertor sprface of the pipe siving disposed therein and the walls
of the wellbore {or a larger condint in the weilbore} The cement compuosiiion may set i the
apnular space, thereby forming an annular sheath of hardened, substantially impermeable

material (.e., 8 coment sheath) that may support and position the pipe string o the wellbore

o
¥ 43

and may bond the exterior surface of the pipe string to the wellbore walls {or the larger
conduit). Among other things, the coment sheath surrounding the pipe string should function
to prevent the yagration of fuwids in the annulus, as well as protect the pipe string from
conrosion. Coment compositions also may be used in remedial cementing methods, such as in
squeere cementing for scaling voids i a pipe string, coment sheath, gravel pack,
20 subtesrancan formation, and the hike, Cement compositions may also be wsed in surface
apphications, for example, construction cementing,

{00031 In order for the comenting operation o be successful, the cement
composition should satisfy a number of specific reguirements, including rheology, fluid loss,

thickening time, and strength developraont. When used in high temperature wells (g, >3350

3
LA

“FY, conventional cement compositions comprising Portland cement are known to lose
strength after continued exposure to high temperature, 8 phenomenon conunonly referred to
as “strength retrogression.™ It ix believed that strength retrogression of Portland cement
cocurs because the normal bonding phase (calcium hydroxide) s transformed to alpha-
dicalcium silicate at clevated temperatures. Strength retrogression may be combated by the
3 addivon of silicon dioxide materials to the cement composition, icluding sthiea floar or
sitica sand. While silicon dioxide materials bave been used successfully o counteract
strength retrogression, it is desived w0 develop additional cement compositions that can be

used af elevated tempuratures,
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BRIEF DESCRIPTION OF THE DRAWINGS

{0004} These drawings ilfustrate certain aspects of some of the embodiments of the
present invention, and should not be used to limit or define the invention,

{0005] FIG. 1 s a schematie Hustration of an example system for the preparation

5 and delivery of 8 cement composition comprising a high-alumina refractory aluminosilicate

pozzolan to a weltbore,

[0006] FIG. 2 18 a schematic ilostration of example surface equipment that may be
used i the placement of a coment composition comprising a high-alumina refractory
aluminosilicate pozzolan mto a wellbore.

10 fOOG7] FIG. 3 s a schematic ilustration of the cxample placement of a coment
composition comprising a high-alomina refractory alununosilicate pozzolan into o wellbore
anpulus,

{000K] FIG. 4 ilustrates the development of compressive strength over tme for an
example cement composition comprising a  high-alumina  refractory  aluminosilicate

15 pozzolan,
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DETAILED DESCRIPTION

[0009] Embodinments refate to comenting operations and, move particularly, in
certain embodiments, to methods and compositions that wtilize high-slumina vefractory
aluminosilicale pozzolans in well cementing.  Cement composibions comprising a high-
alumina refractory aluminosilicate pozzedan may be used in a variely of serface and
subterrancan comenting applications, including primary and remedial comenting eperations.
Embodiments of the cement compositions may be used in bortzontal, vertical, deviated, ov
otherwise non-finear weltbores in any type of subterrancan formation. Embodiments may be
applicable to injection wells, monitoring wells, and production wells, including hydrocarbon
or geothermal wells,

{O010] Example coment compositions may comprise: cement Kiln dast andfor
Portland cement; & high-sdumina refractory alummosilicate pozzolan; and water, While the
example cement compositions may be spitable for a number of comenting operations, they
may be particolary suitable for ase 1o high temperatore wells, including wells having bottom
hole static temperatures ("BHST™) of about 250 “F or greater. By way of example, the
coment compositions may be used in wells with BHST up to about 5310°°F or greater. One of
the many potential advantages of the present disclosure may be that the cament compositions
niay maintain strength iy high temperature wells, thereby providing an alternative to
conventional use of silicon dioxide materials to prevent strength retrogression in cement
compositions comprising Pordand cement. The high-alumina confent of the refractory
aluming silicate pozzolan imparts high temperature stability to the cement compaositions. For
example, when used with Portdand cement, caleium aluminosilicates {e.g.,. Hibshite and
Katoite} may be formed & tomperatures up to 3530 7F, which have high temperatore stability.
Moreover, when used with cement kiln dust, the major components formed may mclude
Muallite and Corundum, which have high temperature stability, with Tobermorite formed at
elevated temperatures but not at terwperatures below 200 °F.

{0011} Moveover, the high-alumina refractory shuninosibicate pozzolan andior the
cement kiln dust sccording to some embodiments may be sourced from inexpensive and
conwnonly available materigls providing cost-saving benefits, In some embodiments, either
of the high-aluning refractory aluminosibicate porzolan andfor the cement kiln dust may be
recyeled andior waste products, thereby providing environmental benefit through their
repurposing, In addition, the capability of coment compositions according o some
embodiments to sel g i may advantageousty avoid the need to use clinker and clipker-
derived materials for comenting operations, which could further reduce the environmental

impact assoctated with the coment compositions of such embodiments.
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FO012] As previousty mentioned, the cement compositions may comprise Portland
cement. Examples of suitable Portland coments may include those classified s Classes A, B,
C, G, or H cements sccording to American Petroleum Institute, P Specification for
Marerialy and Testivg for Well Cemenix, AP Specification 10, Fifth Ed., July 1. 1990
Additional examples of suitable Portland cements may include those classified s ASTM
Type LHLHL IV, or V.

[0013] In some embodiments, the cement compositions may comprise cement kiln
chust, which be used in combination with ov in place of the Portland cement. “Cement kiln
dust,” as that erm is used herein, refors Yo & solid material generated as a by-product of the
heating of cement raw materials fn kilos. The term “coement kiln dust™ as used herein is
mtended to melude cement kil dust made as deseribed herein and equivalent forms of
cement kiln dust. Depending on s source, cement kiln dust may exhibit comentitious
properiies in that # can set and harden in the presence of water, Cement kiln dost may be
eenerated as a by-prodoct of cement production that s removed from the gas stream and
collected, for example, in a dust collector. Usaally, large quantities of coment kiln dost are
collected in the production of cement that are commonly disposed of as waste, Disposad of
the cament kiln dust can add undesirable costs to the manufacture of the cament, as well as
the environmental concerns associated with its disposal. The chemical analysis of the coment
kiln dust from vartons cement manufactures varies depending on & nomber of factors,
including the particular kiln feed, the efficiencies of the cement production operation, and
the associated dast collection systems, Cement kiln dast generally may comprise a variety of
oxides, sueh as S10. A LGy, FeaOy, CaQ, Mg, 80,, Na: 0, and K;0.

{0014} The cement composition may further comprise a high-alomina refraciory
aluminosilicate porzolan, As used herein, the term “high-alumima refractory alominesilicate
pozzolan™ refory to a pozzolan having a ratio of alumina to silica {or A:8) of about 0.7 or
greater and derived from a relractory matertal, such as firebrick. The A:S ratio 1o some
embodiments may be about 1.0 or greater and in certain enbodiment may be as high as 17,
In other words, the high-alumina refractory aluminosilicate porzolan may comprise more
alupupa than silica and, 1o some ershbodiments, substantially more alapuna than silica
Examples of suitable high-alumina refractory aluminosilicate poxzelans include, but are not
limited to, firehrick, firchrick grog, refractory mortar, five clay, Mullite, fused Mullite, and
combinations thereof.

J0015] The high-atumina  refractory  sluminosilicate  powrzolan may, i some
embodiments, sarve as a low-gost supplement fo cement compositions that comprise

Portland cement, In addition, it has surprisingly been found that a mixture of the high-

4



L

o
¥

WO 2015/130271 PCT/US2014/018575

aluming refractory alaminostlicate pozzolan and cement kiln dust forms a comentitious
material without inclusion of any additional matenals having hydranhic activity, bxcept for
the minimal amounts of Hme that may be present in the coment kiln dust, Hme may not need
1o be ased with the bigh-alunina refractory alununosilicate porzolan, In contrast, Hme 18
conventionally used for activation of pozzolans. Moreover, the inclasion of the high-alumina
refractory alumsinosilicats pozzelan in the coment compostiions may result in a coment
composition may correspond to greater heat resistant properties. In other words, use of the
high-alumina refractory aluminositicate pozrolan may help to allevisie problems associated
with strength retrogression in well cementing. This may in some embodiments be due o
species such as Mullite, Corundum, ete. present in the high-alumina comtent refractory
alwuine sitlicate pozzolan, High-atomuna refractory aluminosilicate such as frebick or
firebrick grog may impart inherent heat and chomical resistance o a coment composition,
mcluding such materials, Table 1 below shows Xeray diffraction ("XRD} compositional
analvsis of a bigh atuming refractory aluminostlicate pozeolan {in Table 1, fivebrick grog
“FBGT) that may be included in cement compositions. Table 2 shows a full oxide analysis of
the fivebrick grog.

Table 1. XRD of Firebrick Grog

| FRG
Quariz S0, 2%
Mullite AlSh05 69%
Corundum AbO; 27%
Cristobalite 8i0; | 1%
K-feldspar KalSi0 1%

Table 2. Full Oxide Analvsis of Firebriek Grog

FRG
MO 0.14%
Al 65.91%
Si0n 22.64%
K0 0.55%
Cal 55305
Ti0 0%,
MuaOh 6.08%,
FesO 259%,
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Sr0O {.04%
LO1 D11%
10016} As illustrated in the tables above, the high-alumina refractory aluminosilicate

pozzolan may comprse Mullite i an amount of aboul 30 wi%e or greater, By way of
example, the high-alumina refractory aluminosificate pozzolan may comprise Mullte in an
amount of about 30 wi%, about 35 wi¥e, about 40 wils, about 45 wit%s, about 50wy, about
55 wi¥s, about 60 wits, about 65%, about 7 witSe, or even greater. Even further, the high~
alumina refractory aluminosilicate pozzolan may comywise Corrundum in an amouni of
about 10 wiYe or greater. By way of example, the high-alumuna refractory aluminosilicate
pozzolan may comprise Corrundum i an amount of about 10 wits, about 15 wite, about 20
wihh, about 23 wits, about 30 wilho, or even greater. Similarly, the high-glumina refractory
aluminosilicate pozzolan fncorporated inte the cement composition according to some
emboditments may inchude substantially no amorphous fnon~crystaliine) matertal, The bigh-
aluming refractory aluminositicate pozzolan may be prosent in the coment compositions in an
amount desired for a particular appheation. For example, the high-alumina refractory
aluminesibicate pozzelan may be present in an amount i a vange of from about 10% o about
200%% buwoe. As used heremn, “bwoe” refers o the amount of a material included in the
cement composition by weight of the cement kiln dust andfor Portland cement in the cement
composition, In particular  embodiments, the high-aluming refractory  aluminosilicate
pozzolan may be present i the cement compositions i an amount ranging between any of
andfor including any of about 10%, about 0%, about 408, about 60%, about 30%, about
Hi(%, about 120%, about 1409, about 160%, about 8%, or about 200%: bwoe. In one
particular embodiment, the high-alaming refractory aluminosilicate pozzolan may be present
i an amoant i a range of from shout S0% to abowt 150% bwoe and, alternatively, from
about 8% 1o 120% bwog.

{00171 Further, the bigh-tlumina refractory aluminosiicate pozzolan may be
inchuded in the cement composttions in a crushed, ground, powder, or other suitable
particelate form. In sonme embodiments, the high-alumina veftactory  aluminosilicate
pozzolan may have a panicle size of 4 mesh or smaller. As used herein, all references to
mesh gre to the U8, Steve Series. By way of example, the high-aluming refractory
alursinosthcate pozzolan may have a particle size of 4 mesh, 6 mosh, R mesh, 10 mesh, 20
mesh, 30 mesh, 40 maosh, 30 mesh, 60 mosh, 70 mesh, 80 mesh, or even smaller. Although
embodiments may have no tower linat, 8 lower it on the particle size of the high-alumina

refractory sluminosilicate pozeolan may be 400 mesh, 200 mesh, 1) maesh, 86 mogh, 40
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mesh, 20 mesh, 10 mesh, or even larger. Examples of suitable particle size distributions for
the high-alumina refactory aluminosihicate pozzolan may include: -80 7 400 mesh; 200/
+400 mesh: -3 10 meshy -60 7 480 mesh; or -18 7 +80 mesh,

[{}{HS] The water used in the example coment compositions way include, for
example, freshwater, saltwater (e, water containing one or more salts dissolved therein),
brive (e.g.. saturated saltwater produced from subterrancan formations), seawsater, or any
combination thereof, Generally, the water may be from any sowrve, provided, for example,
that it does not comain an excess of compounds that may undesirably affect othe
components in the cement compositions. The water may be included in an amount sufficient
to form a pumpable slorry. For sxample, the watsr way be included in the coment
compositions in an amount in a range of from about 40% to about 200% bwoco and,
alternatively, in an amount 10 8 range of from about 40% to about 1530% bwoo, By way of
further example, the water may be present in an amount ranging hetween any of andior
including any of about 40%., about 50%, about 60%%, about 7%, about 80%, about 9%,
about 100%, about 110%, about 120%, about 1309, agbout 140%, about 130%, about 160%,
about 1 70%, about 180%, about 190%%, or about 200% bwoce. One of ordinary skill in the art,
with the benefit of this disclosure, should recognize the appropriate amount of the water o
mclude for a chosen application.

[0019] Those of ordivary skill in the art should appreciate, with the benelit of this
disclosure, that the cement compositions gencrally may have a density suitable for a
particular application. By way of exanmple, the cement compositions may have a density of
about § pounds per gallon ("lbs/gal™ to about 23 ths/gal. By way of example, the cement
compositions may have a density ranging between any of andfor including any of about 3
ths/gal, about 10 Ihs/gal, about 15 ths/gal, about 20 tbsfgal, or about 25 ths/gal. In certain
embodiments, the coment composttions may have a density of about 14 ths/gal to about 17
fha/gal, The cement compositions may be foamed or unfoamed or may comprise other means
to reduce their densitivs, such as hollow microspheres, fow-density clastic beads, or other
denstiy-reducing additives known in the art. Those of ordinary skifl in the et with the
benetfit of this disclosure, will recognize the appropriate density for a particular apphcation,

{00207 Other additives suttable for use in sublerrancan cementing operations may
also be added to the cement compositions as desired for a particular application. Examples of
such additives include, but are not limited to, foaming additives, strength-refrogression
additives, set accelerators, set retarders, lightweight additives, gas-generating additives,
mechanical-property~enhancing  additives,  lost-circulation  materials,  fluld-loss-control

additives, defoaming additives, thixotropte additives, and any combination thereof. Specific
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exampley of these, and other, additives include perlite, shale, amorphous siliea, metakaoling
orystatine silica, tumed silica, silicates, salts, fbers, hwdratable clays, microspheres,
diatomaceous carth, natural pozzolan, zeolite, fly ash, rice hull ash, swellable slastomers,

resing, any combination thereof, and the ke, A person baving ordinary skill v the an, with

L

the benefit of this disclosure, will readily be able to determine the type and amount of
acdditive useful for a particular application and desired result.

1002 1] Optionally, foaming additives may be included in the cement compositions,
for example, to facilitate foaming andior stabilize the resultant foam formed therewith, The
foaming additive may include a surfactant or combination of surfactants that reduce the
10 surface tension of the water, Ax will be appreciated by those of ordinary skill in the art, the
foaming additives may be osed in conjunction with a gas to produce a foamed cement
composition. By way of example, the foaming agent may coraprise an anlonic, nonioni,
amphoteric (inchuling zwitterionie swriactanty), cativnic surfactant, eor miktures thereofl

Examples of suitable foaming additives include, but are not Himited to: betaines; anionic

,.....,
L

surfactants such as hydrolyzed keratin; amine oxides such as alky! or atkene dimethyl amine
oxides; cocoamidopropyl dimethylanmune oxide: methyl ester sulfonates: alkyl or alkene
antidobetaines  such as  cocoamidopropyl betaine!  alpha-olefin sulfonates)  quaternary
surfactants  such  as  trmethyvlisflowammonivm chlovide and  trimethyleocoammoniam
chloride; C8 to €22 alkylethoxylate sulfates: and combinations thereof. Specific examples of
20 suitable Toaming addibives include, but are not limited tor mixtures of an ammomium salt of
an alkyl ether sulfate, & cocoamidopropyl betaine surfactant. a8  cocoamidopropyd
dimethviamine oxade sorfactant, sodium chloride, and water; mixtures of an anunonium salt
of an alkyl ether sulfate swrfactant, & cocomnidopropyl hydroxysullaine surfactant, a

cocoanidopropy] dimethylanine oxide surfactant, sodium chloride, and water; hydrolyzed

ft
tF

keratiny mixtures of an cthoxvlated alcohol ether sulfate surfactant, an alkyl or alkene
anudopropyl betame surfactant, and an alkyl or alkene dimethylamine oxade surfactant:
agueous solutions of an alpba-olehinic sullonate surfactant and 2 betaime surfactant; and

ESEALANT 2000

~TH

¥

combinations thereef. An example of a suitable foaming additive s Z
agent, avarlable from Hallibuwton Evergy Services, Inc.

30 100221 Optionally, strength-retrogression additives may be included the cement
composition, for example, to further prevent the retrogression of strength after the coment
composition has been allowed to develop compressive strength when the cement
composition is exposed to high temperatures. Due o inclusion of the firebrick grog in the

axampie cement compositions deseribed berein the strength-refrogression additives may not

o
v

be needed in certain applications. These additives may allow the coment compositions to

s
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form as intended, preventing cracks and premature fatlure of the comentitions compaosition.
Hxamples of sutlable strength-retrogression additives may include, but are ot limited o,
amorphous silica, coarse grain orystattine silica, fine grain crystalline sitica, or a combination
thereof.

1002

LV 4

31 Optionally, set geeelerators may be included in the coment compositions, for
example, to increase the rate of setting reactions. Control of selting tme may allow for the
ability to adjust 1o wellbore conditions or customize set times for individeal jobs. Examples
of suitable set gecelorators may include, but are not limited to, aluminum sulfate, alums,
calcium  chloride, calctom selfate,  gypsum-hemihydrate, sodium  aluminate, sodiom

10 carbonate, sodium chioride, sodium stlicate, sodiunt sulfate, ferric chioride, or a combination
thereof,

100241 Optionally, set retarders may be included in the cement compositions, for
example, o merease the thickening time of the cement compositions, Examples of suitable

set retarders include, but are not Hmtled to, aramoniwrs, alkali neetals, alkahine sarth metals,

s
K 3

borax, metal salts of calonam  Hgnosulfonate, carboxymethyl hvdroxyethyl cellulose,
sulfoatkvlated biguins, hydroxyearboxy acids, copolymers of 2-acrylamido-2-methyipropane
sutfonic acid salt and acrylic acid or maleie acid, saturated salf, or a combination thereof.
One example of a suitable sulfvatkylated Henin comprises a sulfomethylated hignin,

[0025] Optionally, lightweipht additives may be included m the cement
20 compositions, for example, to decrease the density of the cement compositions. Examples of
suitable bghtweight additives include, bt are not hmtted to, bentonite, coal, dittomaceous
carth, expanded perlite, fly ash, gilsonite, hollow microspheres, low-density elastic beads,
nifrogen, pozzolan-bentonite, sodium sibicate, combimations thereof, or other lightweight

additives known in the art,

]
¥4

{00261 Optionally, gas-generating additives may be incloded in the cement
compositions to release gas at a predetermined time, which may be beneficial to provent gas
migration from the formation through the cement composition before it hardens, The
generated gas may combine with or infuibit the permeation of the cement composition by
formation gas. Examples of suitable gas-generating additives include, but are not himited to,
30 metal particles {e.g., aluminum powder) that react with an alkaline solution to generate a gas.

{00271 Optionally, mechanical-property-enhancing additives may be included i the
cement composttions, for example, to ensure adequate compressive strength and long-term
structural integrity. These properties can be affected by the strains, stresses, temperature,

pressure, and impact effects from @ sublermanean environment. Examples of mechanical-

9
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praperty-snhancing additives include, but are not Himited to, carbon fibers, plass fibers, metal
fihers, miveral fibers, sifica fibers, polymeric elastomers, latexes, and combinations thereof
{0028 Optionally, lost-cireudation materials rmaay be included 1 the cement

compositions, for example, to belp prevent the loss of fuid circulation into the subterrancan

LV 4

formation. Examples of fost-circulation materials include but are not Hmited to, cedar bark,
shredded cane statks, mineral fiber, mica fakes, cellophane, caloium carbonate, ground
rubber, polymertc materials, pieves of plastic, grounded marble, wood. not hulls, melaming
laminates {e.g., Formica™ faminate), corneobs, cotton hulls, and combinations thereot,

{00291 Optionally, fluid-oss-control additives may be included i the coment
10 comypesitions, for example, o decrease the volume of fluid that is lost 1o the subterranean
formation. Properties of the cement compositions may be sigmicantly ioftuenced by thew
witter content. The loss of fhuid can subject the coment conmypositions o degradation or
complete fathwe of design properties. Examples of suitable fluid-oss~control additives

meloede, but not himited  to, certain polymers, sueh  as hyvdroxyvethyl  cellulose,

s
K 3

carboxymethylhvdroxyethyl cellulose, copolymers of 2Z-nervianudo-2-methylpropanesulfonic
gerd and acryvlamide or N.N-dimsethylaorylanude, and graft copolymers comprising a
backbone of lignin or Hanite and pendant groups comyprising at leaxt one member selected
from the group consisting of 2-acryiamido-2-methylpropanesulfonic acid, serylonitrile, and
N N-dimethvlacryvlamide.

20 {0030} Optionally, defoaming  additives may  be  included o the cement
compositions, for example, to reduce tendency for the cement composition to foam during
mixing and pumping of the cement conpositions. Examples of suitable defoaming additives

motude, but are pot hmited 10, polyol silicone compounds. Suttable defoaming additives are
available from Halliburton Energy Services, Inc. under the product name D-AIRT
25 defoamers,

{0031] Optionally,  thixotropic  additives may  be included in the coment
compaositions, for example, 1o provide a cement composition that can be pumpable as a thin
or low viscosity fluid, but when allowed to remain quicscent atlains a relatively high
viscosity. Among other things, thixotropic additives may be used to help control free water,

30 create rapid gelation as the slurey sets, covabat lost cirvalation, prevent “faltback™ 1o annular
column, and minimize gas pigration. Examples of suitable thixotropic additives include, but
are not limited o, gypsum, water solable carboxyalkyl, hyvdroxyalkyl, mixed carboxyalkyl
hydroxyalky!l cither of cellulose, polyvalent metal salts, zircontam oxychioride with

hydroxyethyl cellulose, or a combination thereof,

16



LTS
L

LV 4

K 3

WO 2015/130271 PCT/US2014/018575

[0032] The components of the cement compositions may be combined n any order
desived to form a coment composition that can be placed into a suberrancuy formation, In
addition, the components of the coment compositions may be combined using any mixing
device compatible with the composition, including 3 bulk mixer, for example. In one
particular oxample, 8 coment composition may be prepared by combining the dry
components {which may be the Portland cement/cement kiln dust and the high-slumina
refractory alumingsilicate pozzolan, for example) with water. Ligutd additives (if any} may
be conmbined with the water before {or gfter) the water is combined with the dry components.
The dry components may be dry blended prior to their combination with the water. For
example, a dry blend may be prepared that comprises the high-aluming refractory
aluminosilicate pozzelan and the Portdand cementeoment kil dust. Other suitable
techniques may be ased for preparvation of the cornent compositions as will be appreciated by
those of ordinary skill in the art in accordance with example embeodiments.

{0033} After placement in the sublerravean formation, the cement composttions
comprising Portland cementcement kiln dust, the high-aluming refractory aluminosilicate
pozzolan, and water may set to bave a desirable compressive strengtly for well comenting, As
used herein, the term “set,” “setting.” or “settable™ refers to the process of a material such as
a cement composition hardening from a slurry state to a solidified state and/or the ability for
the cement composition to exhiubit such hardening. For example, “setting” may vefer to a
coment composition hardening due at least in part to hydration (or pozzolanic) reactions in
the presence of water, In soree embodiments, setting voay be particalar to placement of a
cetnant composition in suitable conditions (e.g. suitable temperatures andfor prassures),
Such placement may be in a subterrancan formation, in accordance with some embodiments.
in some embodiments, setting may be delayed by use of appropriate set retarders.

{0034] Compressive strength iz generally the capacity of a material or structure o
withstand axially divected pushing forces. The compressive strength may be measured al a
specified time afler the cement compositions have been positioned and the coment
compositions  are  maintained  under  specified  termperature and  pressure conditions.
Compressive strength can be measured by either a destructive method or sou-destractive
method. The destructive method physically tests the strength of coment composition samples
at various points in fime by crushing the samples in a compression-testing machine, The
compressive strength is caleulated from the fatlure load divided by the cross-sectional area
resisting the load amd is reported in units of pound-foree per square inch (psi). Non-
destractive methods may eraploy 8 UCA™ ulivasonic coment analyzer, available from Fann

hutronent Comipany, Houston, TX.  Compressive sirengths may be determuned  in

1
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aceordance with APL RP 108-2, Recommended Praciice jfor Testing Well Cements, First
Hdition, Tuly 2005,
{00351 By way of example, the cement compositions comprising  Portland

cementioement kiln dust, the high-aleming refractory aluminosilicate pozzolan may develop

LV 4

a 24-hour compressive strength in the range of foun about 30 psi to about 5000 psi,
alteraatively, from shout 100 psi to abowt 4500 ps1, or shternatively from about 500 psi to
about 4000 pst. In some embodiments, the cement compositions may develop a comprassive
strength in 24 hours of about 30 psi, about 100 psi, about 300 psi, or even higher. In some
embodiments, the compressive strength values may be determined using destructive or non-
10 destructive methods at @ temperature ranging from H0F to 200°F, Morcover, embodiments
of the coment compositions magy maintain  compressive strengths even at elevated
temperatures. By way of example, the cement corapositions may have 7-day compressive
strengths at temperatures as high as 550° F of about 3000 psi, about 4000 psi, or even higher.

{O036] The cement corapositions comprising Portland cement/cement kiln duost, the

s
K 3

high-alumina refractory aluminosilicate porzolan, and water may be used in a variety of
subterranean cementing applications, meluding primary and remedial cementing, By way of
example, a coment composition may be provided that comprises Portland cementicement
kiln dust, a bigh-aloming refractory aluninosilicate powzelan, and water. Additional
additives may also be included as described above. The concentration and amounts of the
20 components of the cement composition are described above. The coment composition may
be introduced nto 3 subterrancan formation and allowed o set theretn. As used herein,
introducing the coment composition into a subterrancan formation includes introduction into
any portion of the subterranean formation, including, without lmitation, into a wellbore
drilled into the subtervancan formation, into a near wellbore region surrounding the wellbore,
25 orimto both,

{0037} Where used in primary cementing, for example, the coment composition may
be introduced info an annular space between a conduit {e.g., @ casing) located in a wallbore
and the walls of a wellbore {andfor 8 larger conduit in the wellbore), wherein the wellbore
penctrates the sublerranean formation. The cement coraposition may be allowed to set in the

30 annular space to form an annular sheath of hardensd cement. The cement composition may
form a barricr that prevents the migration of fluids i the wellbore, The coment composttion
may also, for example, support the conduit in the weltbore,

[0038] Where used in remedial comenting, a cement composition may be used, for

example, in squeeze-cementing operations or in the placement of cement plugs. By way of

Lad
£ 41

example, the cement composition may he placed in a wellbore to plug an opening {e.g. a

12
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void or crack) in the formation, in a gravel pack, in the condoit, in the coment sheath, andfor
between the cement sheath and the conduit {e.g., 8 microannalus).

{0039] An embodiment may comprise a method of cementing  comprising:
miroducing a coment composition into a subtemranesn formation, wherein the cement

composition comprises: a component selected from the group consisting of coment kiln dust,

b=
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Portland coment, and any combination thereofl a high-atununa refractory aluminosilicate
pozzolan; and water: and allowing the coment composition to set. The components of the
cement compasition and varions concentrations thercof that may be used are described
previousty with respect to the example embodiments.

10 {00401 An embodiment may comprise & cement composition comprising: a
component selected from the groap consisting of cement kiln dust, Portland cement, and any
combination thereofl a high-alumina refractory sluminosilivate pozzolan; and water, The
components of the cement composition and various concentrations thereof that may be used
are described previously with respect to the example embodiments.

15 {00411 An embodiment may comprise a svstem for well comenting comprising: a
cement composition comprising: a component selected from the group consisting of coment
kiln dust, Portland cement, and any combination thereoll a high-aluming refractory
shuninosilicate porzolan: and water; mixing equipment for mixing the cement composition;
and pumping equipment for delivering the cement composition to a wellbore. The

20 components of the cersent composition and various concentrations thereof that may be used
are describad previously with respect to the example embodiments.

{00421 Example methods of using the high-alumina refractory aluminosilicate
pozzolan in well cementing will now be described i more detail with reference to FIGS, 1-

3. FIG. 1 illostrates an example system § for preparstion of a8 coment composition

]
¥4

comprising Portland cement/cement kiln dust, the high-alumina refractory aluminosilicate
pozzolan, and water and delivery of the coment composition 1o & wellbore, As shown, the
cement composition woay be mixed In mixing cquipment 10, such as a jot mixer, e~
circulating mixer, or a batch mixer, for example, and then pumped via panping equipment
15 to the wellbore. In some embodiments, the mixing equipment 10 and the pumping
30 equipment 13 may be disposed on one or mrore coment trucks as will be apparent to those of
ordinary skifl in the art. In some embodiments, a jet mixer may be wsed, for example, to
continucusly mix a dry blend comprising the Portland cementicoment kiln dust and the high-
alumina refractory aluminosilicate pozzolan, for example, with the water as @ is being

pumped to the wellbore,
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30431 An example technique for placing a cement composition into a subterrancan
formation will now be described with reference 1o FIGS, 2 and 3. FIG. 2 tHustrates example
surface equipment 20 that may be used 1o placement of a cemvent composition. It should be
noted that while FIG. 2 generally depicts a Jand-based operation, those skilled in the art will
readily recognize that the principles described herein are egqually applicable w subsea
operations that employ floating oy sea-based platforms and rigs, without departing from the
scope of the disclosurs, As iflagtrated by FIG. 2, the surface equipment 20 may include a
cementing unit 23, which may include one or more cement trucks, The cementing unit 23
may nclude mixing equipment 10 and pumping equipment 15 (e, FIG. 1) as will be
apparent to those of ordinary skill in the art, The cementing unit 25 may pomp a cement
composition 30, which may comprise water, Portland cement/cement kiln dast, and the bigh-
alumma refractory aluminosilicate pozzolan, through o foed pipe 35 and o a comenting head
36 which conveys the coment composition 30 downhole,

{0044] Turning now to FIG. 3, the coment composition 38, which may comprise
Portland cement/cernomt kiln dust, high-aluming refractory alununosificate porzolan waste,
and water, may be placed inlo a8 sablervancan formation 45 1o accordance with example
embodiments. As ilustrated, a wellbore 30 may be drilled into one or meore sulsterranean
formations 45, While the wellbore 50 is shown extending generally vertically into the one or
more sublervancan fowmation 45, the principles deseribed heren are also applicable to
wellbores that extend ut an angle through the one or more sulsterranean formations 435, such
as horizontal and slanted welthores, As Hustrated, the wellbore 50 comprises walls 35, In the
tHustrated embodiment, a swrface casing 60 has been inserted into the wellbore 50, The
surface casing 60 may be comented o the walls 55 of the wellbore 50 by cement sheath 65,
fn the iHostrated embodiment, one or more additional conduits {o.g., infermediate casing,
production casing, Hners, efc.), shown here as casing 70 may abso be disposed in the wellbore
50, As tustrated, there is a wellbore annulus 75 formed between the casing 70 and the walls
55 of the wellhore 50 andfor the surface casing 60, QOne or more centralizers 80 may be
aitached 1o the casing 70, for example, to centralive the casing 70 in the wellbore 50 prior to
and during the cementing operation.

{00451 With continued reference to FHE 3, the cement composition 303 may be
pumped down the intertor of the casing 70, The coment composition 30 may be allowed to
fleny down the mterior of the casing 70 through the casing shoe 85 at the bottom of the

casing 70 and up around the casing 70 into the wellbore annulus 75, The cement composition
30 may be altowed 1o set fa the welthore annulus 75, for example, 1o form a cement sheath

that supports and positions the casing 70 in the wellbore 50, While not Hlustrated, other

14
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techniques may alse be utilized for introduction of the cement compeosition 30, By way of
exarople, reverse circulation techniques may be used that include introducing the cement

5

¥
H

composition 30 into the sublerranean formation 48 by way of the wellbore annulus

stead of through the casing 70,

LV 4

f0046] As it is introduced, the coment composition 30 may displace other fluids 90,
such as driling fuids andior spacer fluids that ay be present 1 the interior of the casing 70
andior the wellbore annulus 75, At feast a portion of the displaced fluids 90 may exit the
welltbore amnulus 75 viag 2 flow line 95 and be deposited, for example, in one or more
refention pits 100 {e.g., a mod pit), 8s shown on FIG. 2. Referving again to FIG. 3, a bottom
10 plog 103 may by mtroduced inte the weltbore 50 ahead of the cement composition 34, for
example, 1o separate the coment composition 30 from the other fuids 90 that may be inside
the casing 70 prior to cementing. Afler the bottom plug 1035 reaches the landing collar 110, a
diaphragm or other suitable device should ruptere to allow the cement composition 30

through the bottom plug 103, In FIG. 3, the bottom plug 105 s shown on the landing collar

L

O 1o the Hlastrated embodiment, 8 top plug 1S may be introduced into the weltbore S0
behind the cement composition 30, The top plug 115 may separate the coment composition
30 from a displacement flaid 120 and also push the cement composition 30 through the
hottom plag 15

[0047] The exemplary high-alupuna refractory ahaminostlicate pozzolan hevein may
200 directly or indirectly affect one or more components or pieces of equipment associated with
the preparation, delivery, recapture, recyeling, reuse, andéor disposal of the high-shumina
refractory aluminosilicate pozzofan and associated cument compositions, For example, the
high-alumina refractory aluminosilicate pozzolan may direetly or indireetly affect one or
more mixers, related mixing eguipment 15, mud pits, storage facilities or units, composition
25 separators, heat exchangors, sensors, gauges, pumps, compressors, and the like ased
generate, store, monitor, regulate, andéor vecondition the exemplary high-aluming refractory
aluminosilicate pozrolan and fluids containing the same. The disclosed high-alumina
refractory aluminostlicate pozzolan may also directly or indirectly affect any travsport or
delivery equipment used to convey the high-alununa refractory aluminosilicate pozrolan to a
30 well stte or downhole such as, for example, any transport vessels, condaits, pipelines, tracks,
tubulars, andfor pipey uwsed to compositionslly move the high-alumina  refeactory
aluminosibicate pozrolan from one location 1o another, any pumps, COMPLEssors, Or MOLOTS
{e.g.. topside or downhole) used {o drive the high-alumina refractory aluminosilicate

pozzolan, or fluids containing the same, into motion, any valves or refated joints used to

v

reguiate the pressure or flow rate of the high-alumina refiactory aluminosilicate pozzolan {or
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fluids containing the same), and any seasors {Le,, pressure and femperature), gauges, andior
combinations thereof, and the like. The disclosed high-alununa refractory aluminosilicate
pozzolan may also directly or indirectly attect the various downhole equipment and tools
that may come into contact with the high-alwmina refractory aluminosibicate pozzolan such
as, but not lmited 1o, wellbore casing 70, welthore hiner, completion siring, insert strings,
drill string, coiled tubing, shickline, wirching, drill pipe, drill collars, mud motors, downhele
motors andfor pumps, coment pumps, surface-mounted motors andior pumyss, centralizers
80, turbolizers, seratchers, floats {e.g., shoes, collars, valves, gte.), logging tools and refated
telemetry eguipment, actuators {e.g., electromechanical devices, hydromechanical devices,
ete.), sliding sleoves, production sleeves, plugs, screens, filters, flow control devices (e.g.,
inflow control devices, avtonomous inflow contral devices, outfllow control devices, el
couplings {e.g., electro-hydraulic wet connect, dry conngct, indective coupler, 21c), control
Hnes {e.g., electrical, fiber optic, hvdranlic, o0, surveillance lines, deill bits and reamers,
sensors or distributed sensors, downhole heat exchangers, valves and corvesponding
actuation devices, tool seals, packers, coment plugs, bridge plugs, and other wellbore

ssolation devices, or components, and the like.

EXAMPLES

{004} To facilitate g betler understanding of the present invention, the following
examples of some of the preferred embodiments are given. In no way should such examples

be read to Himit, or to defing, the scope of the invention.

Example 1

10049] The following series of tests were performed to evaluate the mechanical
properties of the cement compostions comprising & high-alumina refractory dluminosilicate
pozzolan and Portland coment. A sample cement composition {(desipnated Sample 1) having
g density of 16.6 the/gal was prepared that comprised firebrick grog and Class (O Portland
Cement, mixed in a weight ratio of 1:1, with water in an ansowst of 70% bwoe, The firabrick
grog was High Duty Firebrick Grog, available from Alsey Refractories Co, A particle size
analvsis of the firebrick grog showed a d50 of 160 microns, This sample coment composition
was prepared by adding the Portland cement to the water in a blender pitcher while stirring at
4000 rpm, followed by addition of the firchrick grog 1o the resulting sturry at 4000 rpm,
After addition of the solids was complete, the sturry was stivred in the blender at 4000-6000
rpm for | mimute, The shury was then transforred to 27 by 47 oylindrical curing molds,

sealed, snd placed ina 190 °F water bath, The samples were cared for 24 hours and 7 days at
seated, and placed in a 190 °F water bath, The samples were cored for 24 hours and 7 days at

16
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190 °F under ambient conditions and then removed for compressive strength measurements,
Another set of samples was cured for 24 hours at 190 °F and then transferred to an antoclave
amd cured further at 350 °F for 7 days at 2000 psi. After setting, the destructive compressive

strengths were determined using a mechanical press i accordance with APURP 10B-2.

LV 4

[0050] The results from these tests (Table 3) indicate that strength retrogression did
not oceur at high temperatures. As shown, the compressive strength after 24 hours at 190 °F,
ambient, was 1333 psi and after 7 days &t 190 °F was 3363 pyi, loterestingly, the savmples
exposed to 350 °F for 7 days did not fose strength at such high tomperatures, as would be
expected with Portland coment. The data in the table below s ay average of two tests for

10 cach sample,

Table 3. Sample 1 Compressive Strength Testing

Material - Amount Mass
{%% bwog) {12}
Water TR 283
Firebrick Grog o0 400
Class G Portland Cement {00 400
24-Hr Clomp. Strength {8 190 °F (psi} 153311
7-Day Comp. Strength (@ 550 °F (psi) 330631
T-Day Comp. Strength @@ 190 °F (psi) 321731

{00531} XRD compositional analysis (Table 4) based on XRD difftaction patiems
showed that curing at high tewperatures (350 °F) ted to composition changes in the cement

compositions as compared to those set at lower temperatures (190 “F). As shown, the XRED

4]
L1

analysis at low temperatures showed a significant presence of Mullite as well as the presene
of Portlandite and other materials derived from the Portland cement in sroall amounts,
However, when cured at S50 YF, much of the Mullite was consumed and the caleium
aluminostlicates Hibschite and Katolte were formed as the major constituents. The amounts
of the Corundum were also increased for the high-temperature sample and no Portlandite
20 was present, These are the species generated by the presence of the firebrick grog in the

saraple compositions,

17
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Table 4. XRD Analysis of Cured Sample 1
Cured &t Cured at Cured at
190 ¥F, 24 R G S SN P T
Howrs Days Days
Mudlite ALSHO, &4% 66% 10-15%
Corandum AL, 28y R 8-12%
Quartz SIGs 24 2% e
Cristabaliie Si0, Pha 1% -
Caloite a0 %% 2% 2-3%
Hatrurite {28} 3% 4% 2-3%
Larnite (5 {64, 8% 195
Brownniterite {CAF) A% A e
Portlandite Caf{ (), ) 8% -
Hibschite Caz ALS10 O - -
Katoits Caa ALSIO O, - -
Einknown Einidentified - -

Example 2

FO032] The following series of tests were purformed to evaluate the mechanics
properties of the cement compositions comprising a bigh-alumina refractory aluminosilicate
pozzolan and cement kiln dust. A sample cement composition {(designated Sample 2) baving
a density of 16.2 Ihsfgal was prepared that comprised firchrick grog and cement kiln dust,
mixed in g weight ratio of i, with water in an amount of 33% by weight of the coment kiln
dust. The frebrick grog was High Duty Fivebrick Grog, available from Alsey Refractories
oo A particle size analysis of the firebrick grog showed a d30 of 160 microns. The coment
kiln dust was supplied from the Holoim (US) Ada cement plant, This sample coment
compuosition was prepared by dry blending the frebrick grog and the cement kilo dust in a
jar and then adding the dry blend to water in a blender pitcher while stirring at 4000 rpm. A
polycarboxylate-hased dispersant {Liguiment™ S381F, available from BASF Global Oilfield
Solutions) was added while mixing the dry blend with the water o facilitale mixing and
watting of the selids, After the addition of the solids was complete, the shurry was stirred in
the blender at 4000-6000 rpm for | minate. The slurry was then transferred o 27 by 47
eviindrieal curing melds, sealed, and placed in & 190 °F water bath. The samiples were cured
for 24 hours and 7 days at 190 °F under ambient conditions and then removed for
conyressive strength measurements. Another set of samples was cured for 24 bowrs at 190

“F and then transterred to an autoclave and cured farther at 356 °F for 7 dayvs at 2000 pst.
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Afler setting, the destructive compressive strengths were determined using 8 mechanical
ress in accordance with APLRP 108-2,
ess in accordan th APLRP 10B-2
{00531 The results from these tests are shown in Table 5 below. As shown, the
compressive strength after 24 hours at 190 7F, ambient, was 1939 psi and after 7 days at 190
“F was 4147 psi. Interestingly, the results indicate that the samples exposed to 550 °F for 7
davs did not have a lower corspressive strength than the samples cored at 190 °F for 24

hours, The data i an average of two tests for cach yample.

Table § Sample 2 Compressive Strength Testing

Material Amount | Mass

‘ (%6 bwoCKD) {g}
“Water 2133
Firebrick Grog 00 | 400
Cement Kiln Daost 0 400
Dispersant (.75 3
24-Hr Comp. Strength @ 190 °F {psi) {53858
 7-Day Comp. Strength @ 550 °F (psi) 1984.13

7-Day Comp. Strength g8 190 °F (psi) 4146.61

[O034] To further gvaluate these compositions, another sample cement composition
{designated Sample 3} comprising fivebrick grog and cemment kiln dust was subjected to tusts
using & UCA™ ultrasonic coment analyzer, available from Fann Instrument Company. as
wedl as compressive strength by crushing the samples. The sanaple cement composition had a
density of 15.7 tbs/gal and comprised firchrick grog amd cement kiln dust, mixed in a weight
ratio of i1, with water i an mmount of 63% bwoce kiln dust. The sample coment
wmpwtmn was prepared as desoribed above and half the slorry way transferred o the
GOA™ ultrasonic cement analyzer, while the other balf was transforred o 17 by 2 brass
eylinder melds for curing. The samiples in the brass cylinder molds were sealed and placed in
3 190 “F water bath for either 24 hours or 7 days and then crashed using a wechamcal press
in accordance with APl RP 10B-2 to determine the destructive compressive strength. The
test conditions for the samples placed in the UCA™ ultrasonic cemsent analyzer were 500 °F
and 3000 psi. The compressive strongth development was monitored with the UCA™
ultrasonic cement analyzer for 7 days after which the sample cement composition was
removed and crushed with a mechamcal press in accordance with AP RP 10B-2 1o

determine the compressive strength,

18
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HOOSS] The vesults from these additional tests (Table 6) indicate that the samples
exposed to clovated wmperatures did not experience strength retrogression. As shows, the
compressive strengths for the samples tested with the brass evlinder molds after 24 hoars at
P90 °F, ambient, wax 1021 psi and after 7 days at 190 °F was 3183 psi. The lower
comyprressive strengths for these samples as opposed 1o those in Table 5 above may be due o
the increased water content. The measurements from the HCA™ ultrasonic cement anabyzer
correlated well with the crush measurements. The 24-hour measursment from the UCA™
ultrasoric coment analyrer was 1382 psi, and the sample coment composition from the
UCA™ altrasonic cement analyzer was crushed after 7 days to give 3351 psi, Moreover, the
sample coment composition in the UCA™ ultrasonic coment analyzer rapidly gained strength,
achieving 50 psi in 43 minutes and 500 psi in 3 hours and 17 minutes. Moreover, the
compressive strongth profile showed no loss 1o strength over the 7-day test pertod at S0 °F,
FIG. 4 displavs a plot of the compressive strength development for the test using the UCA™

ultrasonic cement analyzer.

Fable 6. Sample 3 Compressive Strength Testing

Material Amount ‘ Mass
| (%% baoUKIN {0}
Water 63 | 130
Firebrick Grog 1o | 200
Cement Kiln Dust 10 200
Dispersant 15 | 3

- Mechameal Press Samples

24-Hr Comp. Strength i@ 190 °F ¢pai) FHO20.79

Sk
St
.;'“N
Qe
|

T-Dray Comp. Strength @ 190 °F (psi)
UCA™ Samples

Time to 50 psi (hriminisec) 00:42:30
Time to 300 psi (hrminisec) 03:16:30
24-Hour Comp. Strength (psi) 1382

UCA™ 7-Day Comp. Strength (psi)’ 335007

“Phe 7-day compressive strength for the sample on the UCA™ altrasonic cement
analyror was the crosh strength determined using & mechanical press after
removing the sample from the anabyzer,

{00561 XRD compositional analvsis {Table 73 based on XRD diffractiom patterns

showed that Samples 2 and 3 both have Mullite, Corundum, and Caleite as the major

20
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constituents.  As  illustrated,  the  high-temperature caloiom  shominosilicate  phase
(Tobermortie) i formed o significant guaatities fo both samples treated af elovated
temperatures (330 “F) Mullite and Corundam ave present across all the teraperature ranges
as & result of their bigh temperature stability and are not lost i signilicant quantitics even at
S50 °F, The caleite present is dertved from the cement kiln dust, The lack of certain species
in Sample 3 as compared in Sample 2 may be explained duc to the imherent variability in
cement kiln dust. ft should also be noted that neither Portlandite now amorphous CSH i
present 1n Samples 2 and 3. Overall, aside from the formation of Tobermeorite, the samples
remain relatively unchanged when cured at high temperatores.

Table 7. XRD Analysis of Cured Samples 2 and 3

.
(¥4

Sampie 2 Saraple 3

190 °F, 1 I90°E, | 350°F, 190 °F, 1 T90Y E 7 | 358 8,

24 Hrs | T Days | 7 Days 24 Hrs Days Days

Muliite AlS0n, F7E 4904 43% 48%% 46% 400

Coranduim Al 14%% §5%% 17% 18% 16% (6%
Chuartz Sy, 24 A% 2% % % e
Cristobalite 10 1% frace -~ trage P -

Calcite Tall0; 22% 23% 1484 29%5 RERS 26%
Tatrarise TS i e EUT R = =
Larnite {5 frace - = - e s
Browranillenite (AR 3% R AL - — -
Porlandie CaG, 7 - IR - -
Biringite | CasAldSOO{ON L2410 | 3% 1% - - -

Fohermonis ChSh 3 HL0 - V3T - 5%

{00371 For the sake of brevity, only cerlain ranges are explicitly disclosed herein.
However, ranges from any fower fimit may be combined with sny apper Hmit to recite
range not explicitly recited, as well as, rapges from atty lower il may be combined with
any other lower Hmit to recite a range not explicitly reciied, in the same way, ranges from
any upper Hmit may be combined with any other upper Hmit to recite a vange not explicitly
recited, Additionally, whenever a numerical range with a lower Hinnt and an upper it s
disclosed, any number and any included range falling within the range are specifically
disclosed. In particular, every range of values {of the form, “from about n to about b or,
equivalently, “from approximately 2 to b7 o, equivalently, “from approximately a-b™)
disclosed herein is to be understoad 1 set forth every number and range encompassed within

the broader range of values ever if not exphertly reciied. Thas, every point or individuad
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valoe may serve as #s own lower or upper Himit combined with any other point or individuad
value or any other lower or upper hmit, to recite & range not exphicitly recited.
{00381 Therefore, the present fnvention i8 well adapted o attain the ends and

advantagex mentioned as well as those that are inherent therein, The particolar embodiments

LV 4

diselosed shove are Hlustrative only, as the present invention may be modified and practiced
i diftferent bot equivalent manners apparent to those skilled m the art having the benefit of
the feachings heretn, Although individual embodiments are discussed, the invention covers
all combinations of all those embodiments. Furthermore, no Bmilations are intended to the
detatls of constroction or design herein shown, other thay as deseribed in the clamms below.,
10 Also, the terms o the claims have their plain, ordinary yoeaning unless otherwise explicitly
and clearly defined by the patentee. It is therefore evident that the particular illustrative
embodiments disclosed above may be altered or modified and all such variations are
considerad within the scope and spirit of the present invention, I there 1s any conflict in the

usages of @ word or term in this speeification and one or more patent{s) or ather documenis

,.....,
L

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

specification should be adopted.
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What is clabmed i

1. A method of cementing comprising:
infroducing a cement compostlion into a subterrancan formation, wherein the
cement composttion comprises: a component selected from the group consisting of cament
kiln dust, Portdand cement, and any combimation thercofl a lugh-shunina rvefractory
aluminosilicate porzolan: and water; and

allowing the cement composition to set,

T

The method according o claim 1, wherein the component comprises the
Portland cement,

KN The method according to clatm 1 or claim 2, wherein the component
comprises the cement kiln dust.

4, The method acvording to any preceding claim, wherein the high-alumina
refractory aluminosilicate pozzolan comprises a compound selected from frebrick, firebrick

grog, refractory mortar, fire clay, Mullite, fused Mullite, and any combination thereofl

1.5

The method according to any preceding claim. wherein the high-alumina
refractory aluminosificate powzolan is present in an amount of shoot 50% to about 150% by
weight of the component.

6. The method according to any preceding olaim, wherein the high-alomina
refractory aluminesilicate pozzolan comprises Mullite v an amount of about 30 weight % or
greater, wherein the high-alumina refractory aluminosilicate pozrolan comprises Corrundum
in an amount of about 10 weight % or greater, and wherein high-alumina refiactory
aluninosilicate pozzolan is substantially devoid of amorphous wetecal,

7. The method according to any preceding clabm, wherein the coment
composition further comprises at feast one additive selected from the group consisting of a
foaming additive, a strength-retrogression additive, a set accelerator, a set relavder, a
fightweight additive, a gas-geverating additive, a mechanical-properiy-gnhancing additives, a
fost-circulation material, a floid loss comrol additive, a foaming additive, a defoaming
additive, a thixotropic additive, and any combination thereof,

&. The method according to any preceding claim, whersin the coment
composition is introdaced into a well bore annulus between a pipe string disposed in the
sublgrranean formation and a weltbore wall or & larger conduit disposed in the subtervanean

formation,

9. The method gccording 1o any preceding olabmy, wherein the cement
composition is used in a primary cementing operation.

-
fad
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10. The method according to any one of olaims | w & whersin the cement
composition is nsed in a remedial cementing opetation,
[ The method according o asuy preceding claim, wherein the cement

composition 18 introdaced through & casing and into @ wellbore amnulus using one or ore

L

pEmps.
12 The method according o any preceding claim, wherein the cement
composition is allowed to set at & temperatare of about 250 °F or greater.
13, A cement compaosition comprising:
a component selected from the group consisting of vement kiln dust, Portland
10 cement, and any combination thereot:

# high-atanuva refractory aluminostbicate pozzolan; and

water,
EX The composation according to clam 13, wherein the component conprises

the Portland cemend.

o
¥

15, The composition according to claim 13 or claim 14, wherein the component
comprises the cement kiln dost.

16 The composition according to any one of claims 13 to 13, wherein the gh-
alumina refractory sluminosilivate pozzolan comprisex a compound selected from firebrick,
fivebrick grog, veftactory mortar, tie clay, Malhite, Tused Mallite, and any combination
20 thereofl

17. The composition according to any ong of claims 13 o 16, wherein the igh-
alumima refractory aluminositicate pozzolan Iy present in an amount of about $0% to about
13094 by weight of the component,
18. The composition according to any one of clatms 13 to 17, wherein the high-
25 alumina refractory aluminosificate pozzolan comprises Mullite in an amount of about 30
weight % or greater, whercin the high-alumina refractory  aluminesilivate pozzolan
comprises Corrandam in an amount of about 10 weight % or greater, and wherein high-
alumina refractory alaminositicate porzolan i substantially devoid of amorphous material.
149, The composition according 1o any one of claims 13 to 18, whersin the
30 cement composition fuwrther comprises at least one additive selected from the group
cousisting of a foaming additive, a strengtheretrogression additive, a set accelerator, a set
retarder, a lightweight additive, a ges-gencrating additive, & mechanical-property-enhancing
additives, & Jost-circulation waterial, a hwid loss controd additive, a fowming additive, a

detvaming additive, a thixotropie additive, and any combination thereeof.

Lk
[ 23
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20. A system for well cementing comprising:

a cement composition comprising: a component selecled from the groap
consisting of cement kiln dust, Portland coment, and any combination thereofi a high-
aluming refractory aluminositicate porzolan; and water;

mixing equipment for miking the cement composition; and

pumping equipment for delivering the coment composition to a wellbore.

21, The system of claim 20, wherein the cement composition comprises ong or

maore of the features defined in any one of claims 13 to IR,

D
LA
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