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ACID-SOLUBLE CEMENT COMPOSITIONS COMPRISING CEMENT KILN
DUST AND METHODS OF USKE

BACKGROUND

{0001} The present invention relates 1o comenting operations and, more particolarly,

S in certain embodiments, to acid-soluble coment compuositions that comprise cement kiln dust
(“CKD™} and associated methods of use,

100021 Cement compositions may be used o a variety of subterrancan applivations,

For example, 1o subterrancan well construction, a pipe string {e.g., casing, Hiners, expandable

tubnilars, ete) may be run into 3 well bore and cemented in place. The process of cementing

10 the pipe string in place is commonly referred to as “primary cementing”  In a typical

primary comenting method, a coment composition may be pumped nto an annules between

the walls of the well bore and the exterior surface of the pipe string disposed therein. The

cement composition may set in the annular space, thereby forming an amnular sheath of

bardened, substantially impermeable coment (Lo, 8 coment sheath) that may support and
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position the pipe string in the well bore and may bond the exterior surface of the pipe siring
to the subterrancan formation.  Among other things, the coment sheath surrounding the pipe
string functions to prevent the migration of flaids in the annulus, as well as protecting the
pipe string from corrosion. Cement compositions also may be uwsed in remedial cementing
methads, for example, to seal cracks or boles in pipe sirings or cement sheaths, to seal bighly
20 permeable formation zones or fractures, io place 8 cement plug, and the like. Coment
compositions also may be used in surface applications, for example, construction comenting,
{00031 In some applications, #f may be desirable for the cenent compesition to be
acid soluble,  For instance, an scid-soluble cement composition may be desirable in
applications where #t is anticipated that the hardenod cement will be removed in subsequent
25 well bore opurations. O particular applicvation includes use of an avid-soluble cement
composition o plug permeable zones in a formation that may allow the undesired flow of
fhuid into, or from, the well bore. For example, the permeable xones may result 1o the loss of
circutation of fluids, such as a deitling flnid or a cement composition, in the well bore or an
undesired influx of gas or water into the well bore. The permesble zones include, for
3 example, vogs, voids, fractures (natural or otherwise produced) and the like.  Other
applications for acid-soluble cement compositions inchide, for example, the formation of
annular plugs and isclation of gravel-packed well bore intervals. Examples of acid-soluble

cement composibions inclade those comprising Sorel cements and Portland cements.
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SUMMARY

{0004 The present invention relales to comenting operations and, move particularly,
m ocertain embodiments, 1o acid-soluble cement compositions that comprise CKE and
associated methods of use,

{0005 An embodiment of the present invention provides a method of cementing
comprising: providing an acid-soluble cement composition comprising a kiln dust and
water; allowing the acid-soluble cement composition to set to form an acid-solable hardened
mass; and contacting the acid-soluble hardened mass with an acid.

13006} Another embodiment of the present invention provides a method cementing.
The method of comenting may comyrise placing an acid-soluble cement composition in a
subterrancan formation. The acidssoluble coment composition may comprise cement kiln
dust in an amount of K% by weight of a total amount of cementitions components in the
acid-soluble cement compositiom and water, The method further may comprise allowing the
acid-soluble coment composition o set to form an acid-soloble hardened mass. The methed
further may comprise contacting the acid-soluble bardencd mass with an acid,

{00071 Another embodiment of the present invention provides a method of
cementing. The method may comprise placing an acid-soluble coment composition in a
subterranean formation.  The acid-soluble cerpent composition may comprise cement kiln
dust and water, wherein the acid-soluble cement composition is free of any acid-soluble
tfillers. The method further may comprise allowing the acid-soluble coment compesition 1o
set to Torm an acid-soluble bardenad mass. The method further may comprise contacting the
acid-soluble hardened mass with an acid,

J0008] The features and advaniages of the present invention will be readily apparent
to those skifled m the art, While numerous changes may be made by those skilled in the an,

such changes are within the spirit of the invention,
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DESCRIPTHON OF PREFERRED EMBODIMENTS

{00097 The present invention relates to cementing operations and, more particularly,
m certain embodiments, to acidssoluble cement compesttions that comprise CKD and
associated methods of use. There may be several potential advantages to the methods and
compositions of the present invention, only some of which may be alluded to herein. One of
the many potential advantages of embodiments of the present invention is that the mclusion
of the CKD in the acid-soluble cement compositions should reduce the amount of, or
potentially eliminate, a higher cost additive, such ax Portland or Sorel cement, resulting in a
more economical cement composition. Another potential advantage of embodiments of the
present ivention s that reduction of the amount of Portland cement showld reduce the
carbon footprint of the acid-soluble coment compaositions,

{0010} Embodiments of the acid-soluble cement compositions of the present
invention may comprise CRD.  Additional embodiments of the acid-soluble cement
compositions may comywise 8 hydraudic coment; a component selected from the group
consisting of CKID, a natural pozzolan, and a combination thereof: and water.  In an
embodiment, the bydranlic coment may comprise Sorel cement. o another embodiment, the
coment  compositions may  further comprise an scid-soluble filler.  In additional
embodiments, the cement compositions may comyprise CKD and be free of any acid-soluble
fillers. To yet another eobodiment, the coment compaositions may further comprise & source
of calciung ions feg., hvdrated lime), Other optional additives may also be included in
embodiments of the coment compositions of the present invention as desired, including, but
not hmited to, fly ash, slag coment, metakaolin, shale, zeolite, combinations thereof, and the
hke, Additionaily, embodiments of the coment compositions of the present invention may be
foamed and/or extended as desired by those of ordinary skill in the art.

{0011} The acid-soluble coment compositions of the present invention should have a
density suttable for g particular application as desived by those of ordinary skill in the a,
with the benefit of this disclosure.  In some embodiments, the cement compositions of the
present invention may have a density in the range of front about ¥ pounds per gallon (Mppg™)
to shout 16 ppe.  In other embodiments, the cement compositions may be foamed to a
density in the range of from aboutl 8 ppg to about 13 ppa.

{0012} Embodiments of the acid-soluble coment compositions of the presemt
myention roay comprise a hvdrachic cement. A variety of hydraulic coments may be utilized
in accordance with the present invention, including, but not linuited to, those comprising
calcium, aluminum, silicon, axygen, iron, and/or sulfur, which set and harden by reaction

with wategr.  Suitable hydraulic cements mclude, but are not limitad to, Sorel cements,

T
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Portland coments, pozeolana coments, gypsum cements, high alumina content cements, slag
coements, silica cements, and combinations thercofl  In certain enbodiments, the hydraulic
cement may comprise a Portland cement.  In some embodiments, the Portland coments that
are sutted for use in the present nvention are classified as Classes A, €, G, and H cements
according to American Pefroleum Institate, API Specification for Materials and Testing for
Well Cements, AP Specification 10, Fifth Ed,, July 1, 1990, In addition, in some
embodirents, cements suttable for use in the present nvention may be classified as ASTM
Type L H, or HEL As will be discassed i more detail below, acid-soluble fillers can be used
with hydraalic cements {such as Portland coment) that de harden into an acid-soluble mass.
{00131 Where present, the hydraulic coment generally may be included in the acid-
soluble coment compositions 1n an amount sufficient to provide the desired compressive
strength, density, andfor cost. In accordance with embodiments, at least a portion of the
hydrautic cement and potentially even all of the hydraulic cement may be replaced with
CKD andfor o natural pozzolan.  In an embodiment, al a least a portion of the hydraslic
cement is replaced with CKID andior a natural pozzolan.  In some embodiments, the
hydraulic coment may be present n the cement compaositions of the present invention in an
ameantt i the range of 0% fo about 99% by weight of cementitious components,  As used
herein, the term “by weight of cementitious components™ refers to the concentration of the
particular component by weight of a total smount of comentitious components included in
the cement composition.  Cementitions  components  include  those components or
combuanations of components of the coment compositions that hyvdraulically set, or otherwise
harden, to develop compressive strength, including, for example, Sorel cement, Portland
cerent, CKI, fly ash, purice, slag, fime, shale, and the like, For example, the cementiitious
components may comprise the hydraulic cement and any  additional comentitious
components that may be present in the acid-soluble cement composition.  The hydraulic
cerpent may be present, in cerlain embodiments, in an amount of about 5%, abowt 10%,
about 15%, about 20%, about 253%, about 3%, about 358%, about 408, about 43%, about
50%, ghout 33%, abont 60%, about 853%, about 7%, about 75%, about 80%, aboat 90%, or
about 95%, In an embodiveent, the hydraulic cement may be present in an amoant in the
range of (% to about 95% by weight of cementitious components.  In another embodiment,
the hydraulic cement may be present in an amount in the range of about 20% 1o ahout 95%
by weight of cermentitious components.  In yet another embodirnent, the hydraulic coment
miy be present i an amount in the range of about 50% to about 90% by weight of

cementitious components, One of ordinary skill in the an, with the benefit of this disclosure,
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will recognize the appropriate amount of the hydraulic cement to include for a chosen
application,

10014} An exavuple of & suitable hydranhie coment comprises a Sorel cement. Sored
cenmtenis typieally include magnesia-based coment systems formed from g mixture of
5 magnestum oxide and magnesium chloride.  However, as used herein, the teem “Sorel
cement™ 18 mtended 1o encompass any of a variety of metal oxides and soluble salts which
together form a hydraulic cement. I the presence of water, the metal oxide and the soluble
salt forming the Sorel coment should solidify imto an acid-soluble mass. Embodiments of the
Sorel cements should vapidly develop a desirable compressive strength, o accordance with
10 embodiments, at least a portion of the Sorel coment may be replaced with CKD andior a
natural pozzolan. In an embodiment, at a least a portion of the soluble salt s replaced with

CKD andfor a natural pozzolan,
[0015] In an embodiment, the Sorel coment comprises a metal oxide.  In one

particular erpbodiment, the Sorel cement comprises an alkaline sarth metal oxide, sueh as

,...
]

magnesium oxide. A suitable metal oxide is THERMATER LT additive, available from
Halliburton Energy Services, Ine. The metal oxide present i the Soref cement should have
activity level of the metal oxide, the faster the reaction of the metal oxide with the other
components of the Sorel cement o form the hardened mass. The activity level of the metal
20 oxide may vary based on 1 number of factors. For example, the particle stze differential of
the metal oxide particles may affect the activity levell A smaller particle size differential may
result i g higher activity level duoe, inter alia, to g greater surface area. Another factor that
may affect the getivity level of the metal oxide is a sintering process. By varving the heat

applied during. and time of, the sintering process, metal oxide with varying activity levels

£
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may be provided. Metal oxide that has not been treated by a sintering process way have a
very high activity level, and thus it may be highly reactive in the Sorgl coments,  In an
embodiment, a relatively more reactive metal oxide may be desired, such as where it may he
destred {0 have a coment composition with a relatively short set tme, for exampls, when
desired to rapidly seal off a pormeable zone, In an alternative embodiment, a relatively less
30 reactive metal oxide may be desired, for example, where a delay may be desired between
mixing the coment composition and the formation of a hardencd mass.

{00161 A wide variety of solable salts ave suitable for use in the Sorel cement,
mncluding metal chlorides. In one embodiment, the Sorel coment comprises an alkaline earth

metal chloride, such as magoesiom chloride,  An example of a suitable magnestum ehloride

tad
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iv C-TEK additive, avaslable from Hallibwrton Energy Services, Ine.  In an alternative

101
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embodiment, the Sorel cement comprises magnesium sulfate or antmontum mono or dibasic
phasphate.
{00171 fo an erobodiment, the Sorel cement may comyprise the metal oxide and the
soluble salt in a metal-oxide-to-soluble-salt ratio of about 331 to sbeuwt 3. In another
3 cmbodiment, the metal-oxide-to-soluble-salt ratio may range from about 2:1 to about 1:2. In
yet another embodiment, the metal-oxide-to~-soluble~-salt ratio may vange from about 1.5 o
about 1:1.5, One of ordinary skill in the art will recognize the appropriate ratio of the metal
oxide and soluble salt to inclade for a particudar apphication.
{0018] Embodiments of the acid-soluble coment compositions generally may
10 comprise CKD, which is a material generated in the manufactore of cement. TKI, as that
term ix used berein, refors to a partially caleined kiln feed which s removed from the gas
stream and collected, Tor example, in g dost collector during the manufhacture of cement.

Usually, large quantitics of CKD are collected 1o the production of cement that are

commonty disposed of as waste. Disposal of the CKD as waste can add undesirable cosis to

,...
]

the manefzeture of the cement, as well as the environmental concems associated with its

disposal.  The chemical analysis of CKD from various cement manufactares varies

depending on a number of factors, including the particular kiln feed, the efficiencies of the

cement production operation, and the associated dust collection systerns. CKD generally

may comprise a vartety of oxides, such as 8iQ;, ALO,, FeaOy, Cald, Mg, SO, NavQ, and

2 K0, The term “CKED™ i used herein to mean cement kiln dust made as deseribed above
and equivalent forms of coment kiln dost made in other ways,

[0019] The CKD generally may exhibit camentitious properties, in that it may set
and harden in the presence of water, 1o accordance with embodiments of the present
invention, the CKD may be used, among other things, to replace higher cost comentitious

25 components, such as Portland cement andfor Sorel cement, resulting in more ecomomical
cement compositions.  In addition, substitition of the CKD for the Portland andior Sorel
cement should resnalt in 3 coment composition with a reduced carbon footprint.

{00207 The CKI may be Included in the acid-soluble cement compositions in an
amount sufficient to provide the desired compressive strength, density, cost reduction, andfor

30 reduced carbon footprint. In some embodiments, the CKD may be present in the coment
compositions of the present fnvention in an amount in the range of frow about 196 to 100%
by weight of cementitions components.  For example, the CKD may be present in an amount
aof about 3%, about 10%, about 153%, abot 20%, about 25%%, about 30%, sbout 35%%. abouwt
4%, gbout 43%, ghout 50%, about 55%, about 60%, about 65%, about 70%., about 75%,

35 about 80%, about 90%, or about 95%. In one embodiment, the CKD may be present in an

6
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amount in the range of from about 5% to about 99% by weight of comentitious components,
ln another embodiment, the CKD may be present w an amounnt in the range of from about
5% to gbout 80% by weight of comentitious components.  In yet another embodiment, the
CKD may be present in an amount in the range of from aboat 5% to about 80% by weight
of cementitious componernts.  One of ordinary skill in the art, with the benefit of thix
disclosure, will recognize the appropriate amoumt of CKD to include for a chosen
application.

[0021] While the preceding description describes CKD, the present invention is
broad encugh to encompass the use of other partially calcined kiln feeds that may be present
in embodiments of the cement compositions of the present invention i an smount in & range
of form about 1% to about H00% by weight of comentitious components.  For example,
embodiments of the acid-soluble cement compositions may comprise Hre kiln dust, which is
a material that is generated during the manufacture of Hme. The term “lime Kiln dust”
typically refers to a partially caleined Kiln feed which can be removed from the gas stream
and collected, for example, i a dust collector during the manufacture of lime. The chemical
analysis of Hme kiln dust from various Hime manufactures varies depending on a number of
factors, including the particular limestone or delomitic lmestone foed, the type of kiln, the
mode of operation of the kiln, the efficiencies of the lime production operation, and the
associated dust collection systems,  Lime kiln dust generally may comprise varying amounts
of free Hive and free magnestum, e stone, and/or dolonutic limestone and a variety of
oxites, such as SiO:; ALOL FeOy (a0, MpO, S0, Na, and K0, and other
components, such as chlorides.

[0022] Embodiments of the acid-seluble coment compositions may farther comprise
a natoral pozzolan, Natural porzolans are generally present on the Barth's sarface and st
and harden n the presence of hydrated me and water,  Examples of natural porzeodans
include pumicite, ditomaceous earth, volcanic ash, opaline shale, wiff, and combinations
thereof. Generally, pumicite 13 a volcanic rock that exhibits comentitious properties, in that
H may set angd barden in the presence of a source of caloium fons and watsr, Hydrated linme
may be used in combination with the pumicite, for example, to provide sufficient caloium
ions for the pumicite (o set. The natwral pozzolan way be used, among other things, to
replace higher cost cementitious components, such ay Portland or Sorel cement, m
embodiments  of the sealant compositions, resalting In more  ecconomical  sealant
compositions,  In addition, sebstitution of the natwral porzolin for the Portland cement

andfor Sorel cement should result 1 a cement composition with a reduced carbon footprint.
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JO0231 Where present, the natural pozzolan may be included tn an amount sufficient
to provide the desived compressive sivength, density, cost reduction andior reduced carbon
footprint for a particelar application.  In some embodiments, the nataral pozzolan may be
present in the acid-soluble coment compositions of the present invention in an amount in the
range of from about 1% 0 abowt 0% by weight of cementitious components.  For
example, the natural pozzolan yoay be present i an amoont of about 8%, about 10%, aboot
15%, about 20%, about 25%. about 30%, shout 35%, about 40%, about 435%, about 50%,
ahout 35%, ahout 60%, about 63%, about 7%, about 75%, about 80%, about 90%, or about
5%, Inone embodiment, the natursl pozzolan may be present in an amount in the range of
froom about 5% to sbout 99% hy weight of comentitious components,  In another
embaodiment, the natural porzolan may be present in an amount 1ty the range of from about
3% to about 0% by weight of cementitious components.  In yet another embediment, the
natural pozzotan may be present in an amount in the range of from about 10% to about 50%
by weight of cementifious components.  In yet another embodiment, the natural pozzolan
may be present in an amount in the range of from about 25% to about 30% by weight of
cementitious components. One of ordinary skill in the an, with the henefit of this disclosure,
will recognive the appropriate amount of the natural powzolan to inclade for a chosen
application.

{0024} The water that may be used in embodiments of the cement compositions may
include, for example, freshwater, ssltwater {eg., witer containing one or more salis
dissolved therem), brine (e g, saturated saltwater produced from subterranean formations),
seawater, or combinations thereof, Generally, the water miay be from any source, provided
that the water does not contain an excess of compounds that may undesivably affect other
components in the cement comaposttion. In some embodiments, the water may be facluded in
an anmount suthcient to form a pumpable sturry. 1o some embodiments, the water may be
mcluded in the cement compositions of the present invention in an amount in the range of
about 40% 10 abowt 200% by weight of comentitious components.  In some embodiments,
the water may be inchuded in an amount in the range of about 40% to about 15309 by weight
of comentitious componaits.  One of ardinary skill in the an, with the benefit of this
disclosure, will recognize the appropriate amount of water to inclode for a chosen
application,

{00251 Embodiments of the coment compositions may further comprise a source of
calecium jong, suck as Hmeo In certain embodiments, the source of calcium lons may include
hydeated lme. The sowrce of calcium jons may be included in embodiments of the coment

comppositions, for sxample fo, form a hydraolic composition with other components of the
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comint compositions, such as the pumice, fly ash, slag, andfor shale. Where present, the
fise may be included io the coment compositions In an amount sufficient for a particolar
application. In some embodiments, the lime may be present in an amount in the range of
from about 19 to about 40% by weight of cementitious components. For exanople, the hime
may be present in an amouat of about 3%, about K%, about 15%, about 20%. aboul 25%,
about 30%, or about 33%.  In one embodiment, the lime may be present in an amount in the
range of from about 3% to sbout 20% by weight of cementitious components.  One of
ordinary skill in the art, with the benefit of this disclosure, will recognize the appropriate
amount of the lime to include for a chosen application.

10026] Embodiments of the acid-soluble coment compositions may further comprise
an acid-soluble filler. The acid-sotuble filler may be used, for example, in compositions that

comprise Portland cement with the acid-seluble filler providing an acid-seluble component
s0 that the conpositions can be disselved and removed, In an embodiment, the acid-soluble
filler is present in g coment composition comprising a Sorel cement. Examples of suitable
actd~soluble filler matenals that are non-~reactive with other components in the conmpositions,
meluding without hmitation dolontite, magnesium carbonate, caloium carbonate, and zine
carbomate. Where used, the acid-soluble filler may be present in the scid-soluble cement
composition in an amount of from about §.1% to sbout 300% by weight of the cementitious
component. In an embodiment, the acid-soluble filler is present in an amount of from abowt
3% fo about 400% by weight of the cementitious component. In an embodiment, the acid-
soluble filler is present in an amount of from about 100% to about 300% by weight of the
cementitious component. In alternative embodiments, the acid-soluble cement compositions
may be free of the acid-soluble filler in that the acid-soluble cement compositions comprises
the acid-soiuble filler in an amount of about 0% by weight of the cementitious component.
One of ordinary skill in the art, with the benefit of this disclosure, will recognize the
appropriate amount of the acid-soluble filler w include for a chosen application,

{0027] Embodiments of the acid-solable cement compositions may firther comprise
iy ash, A vartety of fly ashes may be suitable, fnclading fly ash classified as Class C and
Class F fly ash according to American Petroleum lastitute, AP Specification for Materials
and Testing for Well Coments, AP Spectication 1), Fifth Ed., July 1, 1990, Class C fly ash
comprises both silica and lhme so that, when mixed with water, #t should set to form a
hardened mass. Class F fly ash generally does vot contain sufficient lime, so an additional
source of caletum ions is required for the Class F Hly ash to form a hydraelie composition. In
some embodiments, Hme may be mixed with Class F fly ash in an amount in the range of

about (.1% to sbout 25% by weight of the fly ash.  In some instapces, the lime may be

9
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hydrated lime. Suitable examples of fly ash include, but are net limited to, POZMIXY A
cement additive, commercially available from Halliburton Encrgy Services, Ine,, Duncan,
Oklahoma,

{00281 Where present, the fly ash generally may be included in the acid-soluble
cerpent compositions in an amount sufficient to provide the desired corapressive strength,
density, and/or cost. iy some embodiments, the fly ash may be present m the cement
compositions of the present invention in an amount in the range of about 3% to abowt 753%
by weight of cementitious components. [n some embodiments, the fly ash may be present in
an amount in the range of about 10% o about 60% by weight of cementitions components.
Ong of ordinary skill in the art, with the benefit of this disclosure, will recognize the
appropriate amount of the 1y ash o include for a chosen application.

10029} Embodiments of the scid-soluhle cement compositions may further comprise
a slag coment.  In some embodiments, a slag coment that may be siglable for ase may
comprise slag, Sag generally doex not contain sufficient basic material, so slag cement may
further comprise a base to produce g hydraulic composition that may react with water o set
to forny a bardened mass, Bxamples of suttable sources of bases include, but ave not imited
to, sodivm hydrodide, sodium bicgrbonate, sodium carbonate, lime, and combinations
thereof.

{0030] Where present, the slag coment generally may be included in the acid-soluble
coment compositions In an amount sutficient 10 provide the desived compressive strength,
density, andfor cost. In some embodiments, the slag cement may be present in the coment
compositions of the present invention in an amowt ia the range of about {1,195 to about 99%
by weight of comentitious components.  In some embodiments, the slag cement may be
present i an amount in the range of about 5% o about 75% by weight of cementitious
components,  One of ordinary skill in the art, with the benefit of this disclosure, will
recognive the appropriate amount of the slag cement to inclade for a chosen application.

{003 1] Embodiments of the acid-soluble cement compositions may Turther comyprise
metakaolin,g  Generally, metakachn s a white pozzolan that may be prepared by heating
kaolin clay, for example, to temperatures in the range of about 600°C to about $00°C. In
soroe embodiments, the metakaolin may be present in the comoent compositions of the
present mvention 1o an amount in the range of about 3% to about 939% by weight of
cementitious compoenents,  In some embodiments, the metakaolin may be present In an
amount 11 the range of about 10% to about 30% by weight of comentitious components, One
of ordinary skill in the art, with the benefit of this disclosure, will recognize the appropriate

amount of the mwetakaolin to inchude for a chosen application,

10
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100321 Embodiments of the acid-soluble cement composttions may further comprise
shale. Among other things, shale included in the cement compositions may react with excess
hme to form a suitable cementing materiad, for example, caleiom silicate hydrate, A variety
of shales may be suitable, including those comprising silicon, aluminum, calcium, andior

5 magnestum. An example of a suttable shale comprises vitvifled shale. Suitable examples of
vitrified shale include, bat are not imted to, PRESSUR-SEAL FINE LCM matenal and
PRESSUR-SEAL COARSE LOM materisl, which are commercially available from TXI
Energy Services, Inc., Houston, Texas. Generally, the shale may have any particle size
distiibution as destred for a particelar apphication,  In certain embodiments, the shale may

10 have a particle size distribution in the range of about 37 micrometers to about 4,750

micrometers.
{0033} Where present, the shale may be included in the acid-soluble cement
compositions of the present iovention 1o an amoant sufficlent to provide the desived

compressive strength, density, andfor cost. In some embodiments, the shale may be present

,...
]

w1 the cement compostiions of the present invention in an amount in the range of about 3% 1o

aboat 75% by weight of cementitious components, In some embodiments, the shale may be

present in an amount in the vange of about 0% to about 33% by weight of cemenmtitious
components,  One of ordinary skill fu the art, with the benefit of thix disclosure, will
recognize the appropriate amoant of the shale to include for a chosen application.

20 10034] Embodiments of the acid-solable coment compositions may further comprise
zeolite, Zeolites generally are porous alumino-silicate minerals that may be either a natural
or synthetic material,  Synthetic zeolites are based on the same type of stuctural cell as
natural zeoltles, and nwy comprise aluminosilicate hydeates, Az ased herein, the term
“reohite™ refers to all natural and synthetic forms of zeolite, Exampley of suitable zeolites

25 are described in more detail in ULS. Patent No. 7,445,669, An example of a suitable source
of zeohie is available from the C2C Zeolite Corporation of Calgary, Canada.  In some

embodiments, the zeolite may be present in the coment compositions of the present invention
in an ainount 1 the range of about 3% to about 65% by weight of cementitious components.
In certain embodirments, the zeolite may be present in an amount in the range of about 10%

30 to about 40% by weipht of cementiticus components. One of ordinary skill in the ant, with

the benefit of this disclosure, will recognize the appropriate amount of the zeolite to include

for a chosen application.

FO035] Embodimuenty of the acid-soluble coment compositions may further comprise

a setretarding additive.  As used herein, the term “setretarding additive™ refers to an
35 additive that retards the setting of the acid-soluble cement compositions of the present

i
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ivention.  Examples of suitable sot-retarding additives include, but are not imuted to,
anuponium, alkali metals, alkaline carth metals, metal salts of sulfoalkylated lignins, organie
acids {e.g., hydroxycarboxy acidsy, copolymers that comprise acrylic acid or maleic acid, and
combinations thereol.  Ovpe example of a suilable sulfoalkylasted bgbin comprises a
sulfomethylated lignin,  Scitable set-retarding additives are disclosed in move detail in
Uimted States Patent No, Re, 31,190, the entive disclosure of which is incorporated herein
by reference. Subiable set-relarding additives are conwnercially avarlable from Halliburnion
Energy Serviees, Inc. under the trademarks HRY-4, HRY-S, HR¥-7, HR®-12, HRY-15, HR™-
25, MRM601, SCR™-100, and SCRY™S00 retarders.  Generally, where used, the set-
retarding additive nay be included in the cement compositions of the present invention 1o an
amount sufficient to provide the desired set retardation.  In some embodiments, the set-
retarding additive may be present in the cement compositions of the present invention an
amount in the range of about 0.1% 1o abooet 3% by weight of cementitions components, One
of ordinary skill in the art, with the benefit of this disclosure, will recognize the appropriate
amount of the set-retarding additive to melade for a chosen application,

{0036} Optionally, other additional additives may be added to the acid-soluble
cerpent compositions of the present invention as deemed appropriate by one skitled in the an,
with the benefit of this disclosure. Examples of such additives inclade, but are not limited
1o, strength-retrogression additives, set accelerators, weighting agents, Hightweight additives,
gas-generating additives,  wechanical-property-enhancing  additives,  lost-cireulation
materials, filtration-control additives, dispersants, (hud-loss-control additives, defoaming
agents, fomming agents, oil-swellable particles, water-swellable  particles,  thixotropic
additives, and combinations thereof, Specilic examples of these, and other, additives inchude
crystalline  silica, amorphous  silica, fumed  silics, salts, fibers, bydeatable  clays,
microspheres, rice busk ash, olastomers, elastomeric particles, resins, latex, combinations
thereof, and the like. A person having ordinary skill in the art, with the benelit of this
disclosurs, will readily be able to determine the fype and amount of additive useful for a
particular apphication and desired result.

{0037] The components of the acid-soluble coment compositions may be combined
i any order desired to form an acid-soluble cement composition that can be placed nlo a
subterrancan  formation.  In addition, the components of the acid-seluble cement
compositions may be combined osing any wixing device compatible with the composition,
mcluding a bulk mixer, for example. In some embodiments, o dry blend may first be formed
by dry blending dry components comprising, for example, CKD andfor hydraulic cement.

The dry blend may then be combined with water o form the acidesoluble coment

12
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composition,  Other suitable technigues may be used for preparation of the acid-soluble
cement compositions as will be appreciated by those of ordinary skill in the an in accordance

with embodiments of the present invention.
{00381 As will be gppreciated by those of ordinary skill in the art, the acid-soluble
5 cement compositions of the present invention may be ased in subterrancan operations in
accordance with ersbodiments of the present invention,  Without Hinutation, the cement
composition may be used to scal off one or morg subterrancan zones from a well bore; fo
plag a void or erack in @ conduit disposed in the well bore; to plug a veid ov orack in a
cement sheath disposed s the well bore; 1o plug an opening between the cement sheath and
10 the conduit; to prevent the loss of fuid from the well bore to loss circulation zones such ag
a void, vug, or fracture; to form an annular plug: 1o isolate o gravel packed iterval of the
well bore: or combinations theveofl In an embodiment, the acid-soluble cement composition
may be used o form an scid-soluble harmier (e, a plug, a seal, ete) n a subterrancan
formation.  For example, the acid-soluble cement composition may be introduced into a

well-hore annulus and sllowed (0 set to form an acidssoluble cement sheath.

oo
Lo

[00391 An example of a method of the present invention comprises placing an acid~
sotuble cement composition in a subtervancan formation, and allowing the acid-soluble
cemant coraposition to set in the formation. It is intended to be understond that the phrase
“placing an acid-solable cement composition in the subterrancan formation” encompasses

20 placement of the cement composition in the well bore and/or placement of the cement
composition in rock surrounding the well bore with the well bore penetrating the
subterrangan formation, among others. The cement composition should form an acid-solable
hardened mass in the subterrancan formation. The acid-seluble hardened mass can be left in

the subterrancan formation permanently or can be removed. Removal of the hardened mass

£
LA

may be desired so that the sublerranean formation can be utilized in zubsequent hydrocarbon
production in accordance with embodiments of the present invention,  In an embodiment,
removal of the hardened mass moludes contacting the hardened rags with an aqueous acid
composition to at least partially dissolve the hardened mass.  In some smbodiments, the
hardened mass may be completed removed.  In other embodiments, the hardened mass may
30 be partially removed. For example, the agueous acid composition moay contact the hardened
mass to for through openings in the hardened mass to place the sabtorrancan formation in
conmunication with the imterior of a pipe string, B example.  The agqueous acid
composition may include, for example, from abowt 7.8% to about 28% hydrochloric acid by

weight of the composition.  In an ombodiment, the agucous acid composttion includes

Lo
(v

hydrochlorie acid in an amount of about 15% by weight.
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JO040] Another example of a method of the present invention comprises placing an
acid-soluble coment composition i g well-bore annulus (e.g. an annulus bebween a pipe
string disposed in a well bore and a wall of the well bore); and allowing the acid soluble
cement composition to set. For example, the acid-soluble cement composition may set in the

5 well-bore annulus o forny an acid-soluble cement sheath. The acid-soluble cement sheath
can be lefl i the subtervancan formation permanently or can be removed. Removal of the
hardencd mass may be desired so that the subterrancan formation can be utilized i
subsequent hydrocarbon production in accordance with cmbodiments of the present

mvention, Iy an embodivsent, removal of the bardened mass meludes contacting the

paned
!

hardened mass with an aqueous acid composition 10 at feast partially dissolve the hardened
mass.  For example, the aqueons acid coraposttion may contact the hardened mags to form
through openings in the hardened mass to place the sublerrancan formation in

commmpication with the interier of a pipe string, for example. In scine embodiment, the

agueous acid composition may be placed into the well bore and allowed to contact the

Lo

hardened mass through one or more openings in the pipe string.
[00411 To facilifate a better understanding of the present invention, the following
examples of certain aspeets of some embodiments are given, In no way should the fellowing

axamples he read 1o Hmit, or define, the scope of the invention.

EXAMPLE 1

20 {00421 A sertes of acid-soluble cement composttions was prepared al room
temperature and subjected o crush strength and solulibity testing.  Each of the samples

contained sufficient water to provide the density provided in the table below and comprised
various quantities of Class H Portland cement, Holoim CKI, andior calciom carbonate, as

indicated in the table below,

3 100431 Solubility Testing: For the solubility testing, each sample was powred into a

2-inch cube and allowed to cure in a water bath at 130°F for cither 48 hours (Samples 1-3) or
72 hours (Samples 6-10).  After curing, the sample cubes are placed in an 86°F water bath
for at least 30 minutes and then weighed to delermine an nitfal weight,  Bach sample cabe
was then submerged in 2,000 milliliters of a 13% by weight hvdrochioric acid solution ina
4 3,000 sulhliter beaker.  The sample cube was supporied in the acid solution above ¢
magnetic stiv bar, The magnetic stir bar was rotated to create a slight vortex o the surface of
the aeid solution.  Afler 30 minutes, the sample cube was removed from the acid solution
and weighed to determine a final weight,  The acid solubility of sach composition was

calculated by the following formula

14
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Actd Solubility = (Inttial Weight ~ Final Weight) / Inttial Weight x 100

{0044] Crush Strength Testing:  For the crush strength testing, each sample was
poured into a 2-inch cobe, allowed 1o cure in g water bath at 150°F for 48 hours (Samples 1-
Syor 72 hoars (Samples 6-10), and then crushed, The crush strengths were dotermined using
a Tinius Olson tester in accordance with API Specification 10,

JO043] The results of the tests are set forth in the table below, In the following table,

pereent by weight 1s based on the weight of the cement and the CRID {n the samples,

TABLE 1
Crush Strength Tests:
Cement, CKD, and CaCO,

Portix et | Crush
L Pertland ey | e, | DISORRton gy Strength
Sample Bensity (.:c:;‘nent (%o by | (% by | {:}me | Solubility {psi)
{ppg) (% by wh) wi) 15% HCE | (%) ,
wi) * : {min}) o 48 Hr | 72 Hr
1 £s 75 25 e | 30 R2.72 736 -
2 is 30 30 g | 30 99,01 523 -
3 i5 23 75 100 | 30  90.8% 353 -
4 15 {1 (o0 100 | 20 9923 67.2
3 15 100 0 100 | 30 6646 1004 o~
6 14.5 75 25 00 | 30 90.97 - 152
7 14.5 30 30 00| 30 92,61 - 08
3 14.5 23 78 0 30  93.5% . 61
9 145 0 100 300 | 30 99.3% — 1 20
10 4.5 100 0 300 | 30 9345 - £88

{0046] Example 1 thoy indicates that acid-soluble cement compositions containing
from 25% to 100% CKD by weight, from 0% to 75% Portland cement by weight, and from
J00% to 300% caleium carbonate by weight may bave properties suitable for use in acid~

soluble operations.

EXAMPLE 2

{0047] An additional serives of acid-soluble cement compositions was prepared and
subjected to thickening time, force resistance, and rheological tests. Each of the samples
contained sufficient water o provide the density provided in the table below and comprised
varfous quantities of Class H Portland cement, Holcim CKD, caloium carbonate, a dispersant

JPRORRG 7T N e . . . .in . . . .
{CFR7-3 cement friction redocer), andfor 8 sel-retarding additive, as indicated in the table
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below. In the following tables, percent by weight is based on the weight of the coment and
the CKD in the samples.
{0048] The samples were prepared at room temperature with thickening time tests

conducted at 140°F on a portion of each composition in accordance with API Specification

3 10, The crash strength of Ssmple 12 way determined by pouring the sample foto a 2-inch
cube, allowing H 1o care in a water bath at 100°F for 72 hours, and then crushing the cored
cube, The crush atrength was determined using a Tinjus Olson tester in accordance with AP
Specification 10, The results of the thickening time and force resistance tests are provided in
the table befow,

HY
TABLE 2
Thickening Time Tests:
Cement, CRD, and CaCs
Portland | CKIY | . . - Thickening | 72-Hr
; s ‘o CaCly | . Retarder g ' -
o Density | Cement | (% | . Dispersant | ., Firme Crash
- Sample ¥ o {(Moby | o : (%o by .
{(ppg) (% by by wi) {% by wi) w ﬂ* to 70 be | Mrength
wi) wi) ' ’ {hrimind {psi)
1§ 15 NIV S HO - 3 =
12 153 hiY 3 LG = 3:27 545
. o . {1.5% ‘
13 16 7S 23 HOG 0.3 ey o frdl -
SCR~3
14 & 75 25 HOG - fiﬁ . R:42 -
HR*-12
i3 100491 For the rheological tests, additional portions of the acid-soluble cement
compositions were conditioned i an atmospheric consistometer to the test temperature.
After conditioning, the rheology of the compositions was determined using a Fann Model 35
viscometer at the temperature indicated in the table below using a bob and sleeve and spring
#1 in accordance with the procedure set forth v AP Specification 10, The resully of the
20 rheological tests are st forth in the table below. In the following table, percent by weight is

based on the weight of the cement and the CKID i the samples.

16
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TABLE 3
Rheological Tests:

PCT/US2013/056719

Portland | CEB | o | Disper | Retard Rotatives Per Mianute
Sample Deasity | Coment e {5;‘ "m" Bt 34 Tump,
DN T ag . . SR w0 e "f,«f) . TS A - i )
re} | G by j:;;} wo | R0 ‘M*)’-‘ CF tep 30 2010 613 13
‘ * ’ U (N B B -
: ! N e b U 1 &
pasg i M0 LTE AL 13018 1916
12 i3 Wt 50 108 - HE®. it ie gty
- Ry F A : & N
3 140 | 48 >
TR SR T I
g5 § M 8
13 16 78 25 100 .5 | SCR- T T ETIEY T
TN “ xa s - &
s 49 52
o L BT AT PR P2
CI U R I P2l
14 16 75 5 | e - | HR®- FTHETRTT IS TS
E X 4 ky B < <
120 140 |98 >

Cement, CKD, and CalO;
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F0050] Example 2 thus indicates that acid-soluble cement compositions containing
from 25% to SO% CKD by weight, from 50% to 73% Portland cement by weight, and 100%

calcium carbonate by weight may have properties suitable for gse in acide-soluble operations,

EXAMPLE 3

{0031} An additional acid-soluble cervent composition was prepared to determine
force resistance propertios of compositions comprizing pumicite. The composition contained
suthicient water to provide the density provided in the table below and comprised Class H
Portlhand cement, 200-mesh panicite, caleiam carbonate, a setretarding additive ( HR%.5
retarder), and hydrated lime, as indicated in the table below, For the acid solubility testing,
the composition was powred into a 2-inch cube and cured at 180°F for 24 hours. The aad
solubility of the composttion was then determined by submerging the cured cube i a 15%
by wei

ght hydrochloric acid solution in accordance with the procedure deseribed above in

Exavaple 1. For the crush strength testing, the composition was powred into a 2-inch cube,
allowed to cure in a water bath for 24 hours at 180°F, and then crushed, The 24-hour crush
strength was determined asing g Tintus Olson tester in accordance with APL Speaification
10 The results of the tests are set forth 1o the table below. In the following table, percemt by

weight 1s based on the weight of the coment and the CKD in the samples.
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TABLE 4
Crush Strength Tests:
Cement, Pumicite, and CaC(y

Pinrsiand N CaC€l; | Retaeder | Hydested D?%sﬂm’mn Acid | ”:; i li;

Samgte Trensity Coment | Pasmieite (% by (5% by 1inte % Frenwe in e Crush

Sa _ 1 TR | B B o) R P XY LA Ty 50 1 e .
{ppe} o byt | {75 by wi) wi} Wt by Wi} 1:{% ’}§§.1 o ? htr}a‘n.glb

{ : [ Y {raing 3 {pst)

15 AT B T . 100 5 3¢ 9g.E2 | 1400

19
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J0052] Example 3 thus indicates that acid-soluble cement compositions containing
Portland coment, punucite, and calciom carbonate may have properties suitable for use in

acid-solable operations.

EXAMPLE 4
3 {0033} An additional series of acid-soluble cement compositions was prepared at
reom temperature (o determine foree resistance propertics of conpositions comprising Sored
cemaent {e.g, a mixtore of magnesium chloride and magnesiwm oxide), CKD, andior
punmieite. Hach of the samples contained water, magnesiwn chlonde (C-TEK), magnesiom
oxide (THERMATEK™ LT additive), Holcim CKD, 200-mesh pumicite, andfor hydrated
10 fimoe, asindicated in the table below. The crush strength of the compositions was determiined
by pouring each composition o a 2-inch cube, allowing the cube to cure 1 a water bath at
T40°F for either 24 or 48 hours, and then crushing the cured cube, The crush strengths were
determined using a Tintus Olson tester in accordance with API Specification 10, The resulls
of the tests are set forth i the table helow.
i3
TABLE S
Crash Strength Tests:
Sorgt Cement, CRIY, and/or Pumicite
Crash
R . - - . Strength
« Water | MgCR MgO CKD | Pumicite | Hydrated &
Sample ; 8 o e {psi)
(@ (g ) g (2 Lime () »
24 Hr | T2 Hr
16 200 300 300 == - == 3460 -
17 200 30 288 13 - - = 2430
18 200 M0 270 0 38 -~ - “= 2280
G 200 300 2235 75 - -- 1116 -
260 200 200 223 12.5 12,5 10 - 1822
21 200 300 300 75 - - 1864 e
22 200 30 283 -~ N ~= 3080 -
23 200 300 270 - 38 - 2790 -
24 200 300 225 .~ 75 - 2360 -
25 200 300 225 == 75 7.8 2360 -
20 {0054 Exarople 4 thus indicates that acid-soluble cement compositions containing

Sorst coment. cement Kiln dust, andéor pumicite may have properties sustable for use in acid-

soluble operations.




L2

WO 2014/035923 PCT/US2013/056719

EXAMPLE 5

J00351 An additional sertes of acid-soloble cement compositions was prepaved at
room tomperature (o determine foree resistance properties of lghtweight compositions
comprising Sorel cement {e.g., & mixture of magnesium chloride and magnesium oxide) and
CKD. bBach of the samples contained water, magnestum chiovide (C-TEK additive),

NESt

magnesium oxide (THERMATEK ™ LT additive), Holeim CKD, a set-retarding additive (R-
TEK inlubitor), and glass bubbles (HGS 2000 glass bubbles), gs indicated in the table below.,
be crush strength of the compositions was determined by pouring each composition into a 2~
inch cube, allowing the cube to cure in a water bath at 140°F for 24 hours, and then crushing

the cured cube. The crush sirengths were determined wsing a Tiniug Olson tester in

o

accordance with AP Specification 10, The resudis of the tests are set forth in the table

below,
TABLE 6
Crush Strength Tests:
Sovel Cement and CRD
A : | . Giass | —FHr
Sample Density | Water | MgCi2 |+ MgO | CKD | Retarder Bubbles | Crush
Sample ,. . . ‘ ubbles |
{ppg) () 3 (g © | (@ . Strength
= {psi)
26 11.23 200 3060 300 - | 18 50 923
27 1H0.84 200 300 225 75 18 30 663

2]
Ly

{0056} Example 3 thus indicates that acid-soluble cement compositions having a
tightweight and containing Sorel cement and cement kiln dust may have properties suitable

for use in acid-soluble operations.

EXAMPLE 6

{0037} An additional sertes of acid-soluble cement compositions was prapared at
roam temperature and subjected to thickening time tests at 140°F in accordance with AP
Specification 10, Fach of the samples contained water, magnesium chloride (C-TEK
additive), magaesium oxide {THERMATEK LT additive), Holeim CKD, and a retarder (R-
TEK inhibitor) as indicated in the table below, The results of the tests are set forth in the

table below,
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TABLE 7
Thickening Time Tests:
Sorel Cement and CKD

Thickening

« Water | MgCl2 MegQ | CKD | Refarder Time
Ssmple : N e : ‘

{g) {(g) (g {g} (g) te 70 be

{hr:min)
28 200 300 225 75 5 036
29 200 300 225 75 9 1:13
30 200 300 223 78 18 i:11

[O058] Example 6 thus mdicates that acid-soluble cement compositions containing
Sorel coment and cement kiln dust may have propertices suitable for use in acid-soluble

operations.

EXAMPLE 7

{0039] An additional acid-sohuble coment composition was prepared at room
tevaperature and subjected to orush strength and solubility testing,  This sample was prepared
to test the solubility of an acid-soluble cement composition comprising CKD and free of any
acid-sotuble fillers. The sample comprised Holenn CKD (25% bwoh), Texas Lehigh Class
H Portland cement {25% bwob), fly ash (POZMIXY A cement additive, 25% bwob),
bentomte {2.5% bwob), a set-rotarding additive (HR Y800 retarder, 0.4% bwob), a fluid-loss-
control additive (HALAD® 47, 8.25% bwob), a frec-water-conirol additive (WG-17 EXP
free-water control agent, 0.2% bwob). and fresh water { 6.2 galisk), The abbreviation "%
bwoeb™ indicates the percent of the component by weight of a cement blend comprising the
CKB, Portland cement, and fly ash. The abbreviation “galisk™ indicates gallons per §9.5-
pound sack of the cement blend. The sanple had a density of 14 pounds per galion.

{0060] Crush Strength Testing:  For the crush strength testing, a portion of the
sample was poured into a 2-inch cube and allowed to cure in @ water bath at 4O°F for 7
days.  ARer curing, the sample cubes were placed in an 80°F water bath for at least 30
ntnules and then crushed. The corush strengths were determined using a Tintus Olson tester
m aecordance with AP Specification 10, The determined crush strength was 2,200 psi.

{00617 Solubility Testing: For the solubility festing, a portion of the sample was
poured into a 2-inch cube and gllowed to cure in g water bath at 140°F for 48 hows. After
caring, the sample cubes were placed i an 8OF water bath for at least 30 minotes and then
weighed to determine an initial weight.  Each sample cube was then submerged in 2,000
milliliters of a 15% by weight hydrochloric acid solation in a 3,000 nulliliter beaker at

ambient conditions. The sample cube was sapported in the acid solution above a magaetic
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stir bar. The magnetic stir bar was rotated to oreate a slight vortex on the surface of the acid

solution. At specified intervals, the sample cube was removed from the acid solution and

weighed to determine an interval weight.

Weight loss of the cube was determined by

subtracting the inlerval weight from the initial weight.  The sample cobe was then returned

to the acid solation. The acid solubility of each composition was calvulated by the following

formuta;

Acid Solubility = Weig

ht Loss/ Inftial Weight £ {G0

After 2 hours, the testing was conpleted.  The results of the soluhility testing are set forth in

the table below,

TABLES
Acid-Selubility Tests:

25% CKD, 56% Cement, and 25% Fly Ash in 15% HCL

Interval Time Interval Weight Loss | Acid Solubitity
{hrimin) “ e;gh t {ﬁm} {%e} ‘
S {gm}

0:00 11376 0 D

0:0% 18944 2432 {14
010 16604 4753 K
0:30 10776 106.0 196
0:30 83 64 131102 61,33
0-45 60.87 15319 71 66
1:00 40,60 173,07 8096
BE 2724 186.52 8724
130 {392 197 %4 92.6
30 73 30653 G646

10062} The solubility testing was repeated using a 7.5% by weight hydrochloric acid

sofution. The resulis of this test are set forth below.

Fend
Ll
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TABLE 9

10

,...
)

Acid-Rolubility Tests:
28% CKD, 50% Cement, and 25% Fly Ash in 7.5% HCL

Interval Time !gfe‘r ?al Weight Less | Acid Solability
{hr:min) Weight (g‘;ﬂ} {%) )
‘ {gm) m
0:00 20273 0 0
0:0% FR5.08 17.65 8.71
Q10 172,41 30.62 1510
(:20 147.54 55,19 27.22
(3:30) {1568 R7.058 42,93
(:435 G383 104,88 84,20
1:00 83.63 117.08 57,75
1118 7986 122,87 60,60
1:30 73,60 127.07 62,68
2:00 7103 131.70 64 .86

[0063] Example 7 thus indicates that acid-soluble cement compaositions containing
CKD and free of an additional actd-solable filler may have solubility properties suttable for

use in acid-soluble operations.

EXAMPLE &

{00641 An additional acid-soluble coment composition was prepared at room
temperature and subjected 1o orush strength and solubility testing. This sawple was prepared
toy further test the solubility of an acid-soluble coment composition comprising CKD and free
of any ackd-soluble fillers. The sample comprised Holcim CKID (100% bwob), calcium
chloride (3% bwob), and fresh water {6.67 galisk). Thoe abbreviation % bwob™ indicates the
percent of the component by weight of a cement blend consisting of the CKD. The sample
had a density of 13 pounds per gallon,

{0065] Crush Strength Testing:  For the vrush sirength testing, 3 portion of the
sample was powred into a 2-meh x d-inch oyhinder and allowed to cure in 8 waler bath at
170°F for 24 hours. After curing, the sample cubes were placed in an SO°F water bath for at
feast 30 minutes and then crushed. The crush strengihs were determined asing a Tintus
Olson tester in accordance with APL Specificaton 1L The determoined crush strength was
345 psi.

{0060] Solubility Testing: For the solubility testing, a portion of the sample was
poured into a 2-inch x d-inch cylinder and allowed to cure ina water bath st 140°F for 24
hours. Afler coring, the sample eylinders were placed inan 80°F water bath for at least 30

ninutes and then weighed to determine an imtial weight.  Each sample oyviinder was then

24
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submerged in 2,000 milliliters of a 7.5% by weight hydrochloric acid solution at 140°F ina
3,000 milliliter beaker. The sample cylinder was supported in the acid solution shove a
magnetic stir bar, The magnaetic stiv bar was rotated to create a shight vortes on the surfuce
of the acid solution. The sample cylinder was observed, and the time for complete
dissolution of the sample cylinder was recorded.  If not completely disselved, the sample
cyhnder was removed from the acid solution after 2 hours and weighed to determine a final

weight, The acid solubility was then was caleunlated by the following formula
Acid Solubility = (Initial Weight — Fiaal Weight) / Inttial Weight x 100

The solubility testing was repeated using a 7.5% by weight hydrochloric acid sohstion and a
159 by weight hydrochloric acid solution. The results of the solubility testing are set forth
in the table below,

TABLE 18
Acid-Solubility Tests: 108% CKD

HH Selution Dissolution Time Acid Solubility
(hr:min} &)
3.0% 2:00 3
7.3% 1243 100
155 {ni2 106

{00671 Example 8 thus indicates that acid-soluble cement compositions containing
CKD and free of an additional acid-soluble filler may have solubility properties suitable for
use in acid-soluble operations,

JOU68] It should be understoad that the compositions and methods are deseribed in
terms of “comprising,” “contaimung,” or “including” various components or steps, the
compositions and methods can also Veonsist essentially of or Veonsiat of 7 the varlom
components and steps. Moreover, the indefinite articles “a™ or “an,” 85 used iy the claims,
are defined herein to ymoan one or move than one of the element that it wntroduces.

{0069 For the sake of brevity, only certain ranges are explicitly disclosed herein.
Howgver, ranges from any {ower Hmit may be combined with any upper Himit to recite a
range not explicitly recited, as well as, ranges from any lower Hmit may be combined with
any other fower hmit o recite a range not explicitly recited, 1 the same way, ranges from
amy upper Himit may be combined with any other upper Hmit to recite a range not explicitly

recited,  Additionally, whenever a numerical range with g lower it and an upper Himit 18

disclosed, any number and any incloded range falling within the range are specifieally

disclosed.  In particular, every range of values {of the form, “from about a o about b,” on,
fisclosed.  In pavticud v range of values {of the form, = hout & o about b,” or,
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equivalently, “from approximately a to b7 or, equivalently, “from approximately a-h™
diselosed herein is to be understood to set forth every number and range encompassed within
the broader range of values even if not explicitly recited.  Thus, every point or individual
value may serve as Hs own lower or upper hiout combined with any otber point or individual
value or any other lower ar upper limit, to recite a range not exphicitly recited.

{0070] Therefore, the present invention ix well adapted to altain the ends and
advantages mentioned as well as those that are inherent therein, The particular embodimenis
disclosed above are Hlustrative only, as the present imvention may be modified and practiced
a1 different bot equivalent manners apparent to those skitled 1 the art having the benefit of
the teachings herein,  Although individual embodiments are discussed, the invention covers
all combinations of all those embodiments.  Furthermore, no Himitations are intended to the
detatls of construction or design heretn shown, other than as desoribed in the claims below.
Also, the terms in the claimg have thelr plain, ordinary meaning unless otherwise explicitly
and clearly defined by the patentee. H is therefore evident that the particular illustrative
embodiments disclosed above may be altered or modified and all such variations are
considered within the scope and spirit of the present invention. If there s any conflict in the
usages of a word or term In this specification and one or more patent{s) or other documents
that may be incorporated herein by reference, the definitions that are consistent with this

speeification should be adopted.
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What is clamed i
IR A miethod of cemunting comprising:
providing an acid-soluble cement composition comprising a kil dust and
waten
allowing the acid-soluble cement compusition o set to form an acid-soluble
hardened muass; and
contacting the acid-soluble hardensd nass with an acid,
2. A method according to claim | wherein the acid-voluble coment composition
has a density of about 8 pounds per gallon 1o about 16 pounds per gallon.
3. A method according o claim 1 or clalm 2 wherein the acid-soluble coment
composition further comprises a hydravlic coment selected from the group consisting of a

Portland coment, 3 pozzolana coment, 8 gypsum cement, a high alumina coutent cemant, &

slag coment, a silica coment, and any combination thereofl
4. A method according to any preceding elaim wherein the kiln dust comprises

cerent kiln dust.

3 A moethod according to any preceding claim wherein the kiln dust comprises
Hme kiln dust.

6. A method according to any preceding claim wherein the kiln dost is present
foan amouwnt i oa range of from about % to 100% by weight of a total amount of
cemantitions components present in the acid-soluble cement composition,

7. A muethod secording to any ong of claims 1, 2 or 4-6 wherein the kiln dust is
prosent in an amount of about 100% by weight of a total winount of cementitious components
present o the acid-soluble cement composition.

R A method according to any one of claims 1, 2 or 4-7 wherein the acidssoluble
cement composition s free of any additional cementitious components other than the kiln
dust.

9, A muethod according to any preceding claim wheren the acid-soloble cement
conposition is free of an acid-soluble fitler.

10, A method according to any preceding elaim wherein the acid-soluble coment
composition 18 free of an acid-soluble fifler selected from the group consisting of dolonmte,
mgnesium carbonate, calcium carbonate, zine carbonate, and any cambination thereoi.

1. A method according o any one of claims 1.6, 9, or 10 wherein the acid-
soluble coment compaosition further comprises an additive selected from the group consisting

of a fly ash, o slag coment, metakaolin, shale, weolite, crystalling silica, amorphous sihica,
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fumed silica, salt, fiber, hyvdratable olay, microsphere, rice busk ash, an elastomer, an
clastomenic particle, a resin, a latex, and any combination thereof,

12. A mothod according to any preceding claim wherein the acid-soluble coment
composition further comprises an additive selected from the group consisting of a set-
retarding additive, a strength-retrogression additive, 2 set accelerator, 8 weighting ageat, a
fightweight additive, a gas-generating addiive, a mechamcad-property-enhancing additve, a
fost-circulation material, & filtration-control additive, a3 dispersant, 3 fluid-foss-control
additive, a defoaming agent, g foaming agent, an otlswellable particle, a water-swellable
particle, a thixotropic additive, and any combination thereoll

3. A method according to dny preceding clabn wherein contacting the aoid-
soluble hardened mass with an acid comprises contacting the acid-seluble hardened mass
with an aqueous acd composition, wherein the agueouns acid composition  comprises
hydrochioric acid present i the agqueous ackl composttion n an amount of about 7.5% to
about 28% by weight of the aqueous acid composition.

14, A method according to any preceding claim further comprising: placing the

acid-soluble coment composition into a subterranean formation.
LS. A method sccording to clavy 14 wherein  the soid-soluble cement
compaosition 18 allowed to set ina well-bore annalus 1 the subterranean formation, wherein
the acid contacts the acid-soluble hardened mass through tne or mere openings n a pipe
string disposed in the subterranean formation,

16 A method of comenting comprising:

placing an acid-soluble cement composition in a subterranean formation, the
acid-soluble cenent conposition comprising:
cement kiln dust in an amount of 100%: by weight of a total amount
of cementitious components i the acid-soluble coment composition; and
waters
allowing the acid-soluble cement composition 1o set o form an acid-solable
hardened mass; and
contacting the acid-soluble hardened mass with an acid.

7. A method according o claim 16 wherein the acid-soluble coment
composition is free of an acid-soluble filler.

18 A method according to claim 16 or claim 17 wherein the acid-soluble cement
composition iy free of an acid-soluble filler selected from the group consisting of dolomite,

magnesium carbonate, calciam carbonate, zine carbonate, and any combination thereof
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19, A method according to any one of claims 16-18 wherein the acid-soluble
cement composition further comprises an additive selected from the group consisting of a
set-retarding additive, a strength-retrogression additive, a set accelerator, 8 weighting agent,
a lightweight additive, a gas-gencrating additive, a mechanical-property-enhancing additive,
a lost-virculation matenial, o Hliration-control additive, a dispersant, a fhud-loss-control
additive, a defoaming agent, a foaming agent, an oibswellable particle, a water-swellable
particle, a thixotropie additive, and any combination thereof,

20, A method sccording to any one of claims 16~19 wherain contacting the acid-
soluble hardened mass with an acld conprises contacting the acid-soluble hardened mass
with an aqueons actd composition, wherein the aqueous acid compasition comprises
hydrochloric acid present in the aqueouns acid composition w an amount of about 7.5% to
abouat 28% by weight of the agueous acid composition.

2L A method according © any one of claims 16-20 wherein the placing the acid-
sotuble composition comprises placing the acid-sotluble composition in & well-bore snmudus
between & pipe siring disposed i the subterranean formation and a wall of a well bore.

22 A method according to any one of claims 16-21 wherein the acid-soluble
cement composttion is allowed to set in a well-bore annolus in the subterrancan formation,
wherein the soid contacts the acid-soluble bardensd mass through one or more openings ina
pipe string disposed in the subterransan formation,

23 A method of comenting comprising:

placing an acid-soluble cement composition in a subterrancan formation, the
acid-soluble coment composition comprising cement kiln dost and water, wherein the acid-
soluble cement composition is free of any acid-soluble fillers:

allowing the acid-solable cement composition to set to form an acid-solable
hardened mass; and

comacting the acid-soluble bardened mass with an acid.

24, A method according o clum 23 wherein the  acidwoluble  cement
composition further comprises a hydraulic coment selected from the group consisting of a
Portland cement, a porzolana coment, & gypsam cement, a high alumina content cement, &
slag vement, & silica cement, and any combination thereof.

25, A method according to claim 23 or elaim 24 wherein the cement kiln dust is
present in an amownt in a vange of from about 1% 1o 100% by weight of a total amount of

cementitious components present in the acid-soluble cement composition.

28
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26, A method sccording to any one of clabms 23-25 wherein the coment kiln dust
s present in an amount of about 100% by weight of a total amount of comentitious
components present in the acid-soluble coment composition,

27. A method according to any one of clalms 23-26 wherein the acid-soluble
cement compaosition i free of any additional cementitious components other than the coment
kiln dust.

28, A method according to any one of claims 23-25 whersin the acid-soluble
cement composition further comprises an additive selected from the group consisting of a fly
ash, a slag cement, metakaolin, shale, zeohie, crystalline silica, amorphous silica, famed
silica, salt, fiber, hydratable clav, microsphere, rice husk ash, an clastomer, an clastomeric
particle, a resin, a latex, and any combination thereol.

29, A wethod according to any ong of claims 23-28 wherein the dcid-soluble
cument composition further comprises an additive selected from the group consisting of a
set-retarding additive, a strength-retrogression additive, o set accelemttor, a weighting agent,
a lightweight additive, a gas-generating additive, a mechanical-property-enhancing additive,
a lost-circulation material, a filtration-control additive, a dispersant, a fluid-loss-control

additive, g defoaming agent, g foaming agent, an oil-swellable particle, a water-swellable

particle, & thixotropic additive, and any combination thereof,
3k A methed according to any one of clabms 23-29 whereln contacting the acid-

soluble hardened mass with an acid comprises contacting the acid-soluble hardened mass
with an aqueous acid composition, wherein the agueous acid composition comprises
hydrochlorie acid present in the agueous ackd composttion in an amount of about 7.5% o

about 28% hy weight of the aqueous acid composition.

31 A method according to any one of claims 23-30 wherein the acid-soluble

cement composition 1s allowed to set in a well-bore annulus in the subterranean fhrmation,
wherein the acid contacts the acid-soluble hardened mass through one or more openings in a

pipe string disposed in the sabterranean formation.
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