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SLAG COMPOSITIONS COMPRISING LATEX AND METHODS OF USE

BACKGROUND

The present mvention relates to cementing operations and, wore particularly, in
certain embodiments, to methads and compositions that atilize a latex strength enhancer
for enbancing the compressive strength of slag compositions.

In cementing operations, such as well construction and remedial cementing,
settable compositions are commionly utilized.  As uosed herein, the termy “settable
composition”™ refers to a composition} that bydraulically sels or otherwise develops
compressive strength.  Settable compositions may be used in primary cementing
operations whereby pipe strings, such as casing and hners, are cemented in well bores, In
a typical primary cementing operation, a seitable composition may be pumped into an
annalos between the walls of the well bore and the extierior surface of the pipe string
disposed therem, The settable composition may set in the annular space, thereby forming
an anoular sheath of hardened, substantially imopermeable material (e.g., a cement sheath)
that may support and position the pipe string o the well bore and may bond the exterior
surface of the pipe string to the well bore walls. Among other things, the coment sheath
surrpunding the pipe string should function to prevent the migration of thuds in the
amulus, as well as protecting the pipe string from corroston,  Settable compositions also
may be used in remedial cementing methods, such as in the placement of plugs, and n
squecze comenting for sealing voids i a pipe sinng, cement sheath, gravel pack,
subterranean formuation, and the like.

A particnlsr challenge in cementing operations is the development of satisfactory
mechanical properties in a settable composition within a reasonable time period after
placement n the subtervancan formation,  During the life of a well, the subterrancan
cernent sheath andergoes numercus strains and siresses as a result of temperature efivets,
pressure effects, and impact effects. The ability to withstand these strains and stresses s
directly refated to the mechanical properties of the settable composition after setiing. The
mechanical properties are often characterized using parameters such as compressive
strength, tensile strength, Young's Modulus, Poisson’s Ratio, elasiicity, and the like
These properties may be modified by the inclusion of additives.

One type of settable composition that has been used heretolore comprises slag
cement, which is typically a blend of Portland coment and slag. Becanse Portland cement

develops compressive strength ouch more rapidly than slag, the ameunt of slag is
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typically Hmited to no more than 40% by weight of the slag cement. Drawbacks o slag

cement include the relatively high cost of the Portland cement as compared to the slag,
which 13 a waste material. Drawbacks to using higher concentrations of slag may mclude
the inability for the settable composition to develop adequale compressive strength in a
reasonable time and ensure the long-term structural integrity of the cement.

Thus, there exists a need for settable compositions that comprise slag with
enhanced mechanical features that develop adequale compressive strength for use in

cementing pperations.
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SUMMARY

An embodiment discloses g method of camenting, the method comprising

providing & slag composition comprising a hydranlic cement consisting essentially of slag,
a hydroxyl source, a latex strenpth enhancer, and water; introducing the slag composition
into a subterranean formation; and allowing the slag composition to set.

Another embodiment discloses a mothod of comenting, the method comprising:
preparing a base Huid comprising a latex strength enbancer, a defoaming agent, and 2
dispersant; preparing a dry blend comprising slag and a hydroxyl source; combining the
base fuid and the dry blend to form a slag composition; mtroducing the slag composition
into a subterranean formation; and allowing the slag composition to set.

Yet another embodiment discloses a slag composition, the slag composition
comprising: & hydraulic cement consisting essentially of slag: a hydroxyl source; a latex
strength enhancer; and water.

The features and advantages of the present invention will be readily apparent to

those skilled in the art. While numerous changes may be made by those skilled in the art,

=

such changes are within the spinit of the invention.
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DESCRIPTION OF PREFERRED EMBODIMENTS

Emboediments of the present invention disclose slag compositions comprising slag,
a hydroxyl source, a latex strength enbavcer, and water. Ouve of the many potential
advantages of embodiments of the slag compositions s that nse of the latex streagth
enhancer may provide the slag compositions with adequate compressive strengths for use
in subterrancan applications despite the increased slag content. By way of example, the
compressive strength ot the slag compositions containing the latex-strength enhancer may
be increased by at least about 23% in one embodiment, at least about 3% in another
embodiment, and @t least about 75% in yot another embodiment, as compared o the same
slag composition that does not contain the latex strength enhancer.  Accordingly,
embodiments of the slag compositions may be used in a variety of subterrancan
applications where setable compositions may be used, mcluding, but not Himited to,
primary and remedial cementing.

{n some embodiments, the slag compositions may comprise slag. Slag iy generadly
a by-praduct in the production of various metals from their corresponding ores. By wayv of
example, the production of cast ron can produce slag as a granuolated, blast furnace by-
product with the slag generally comprising the oxidized mpurities found in fron ore. The
slag may be included in embodiments of the slag compositions in an amount syitable for a
particular apphication.  In some embodiments, the slag may be present in an amount of
about 40% to about 100% by weight of cemenittious components (“bwoc™), for example,
about 40%, about 30%, about 60%, about 70%, abowt B0%, about 0%, or about 100%,
Cementitious components include those components or combinations of components of
the slag compositions that hydraddically sef, or otherwise havden, to develop compressive
strength, including, lor example, slag, {ly ash, hydraolic coment, and the like, In cortain
embodiments, the slag may be present in an amount greater than about 40% bwoe, greater
than about 50% bwoe, greater than about 609 bwoe, greater than about T0% bwoc, greater
than about 80% bwoc, or greater than about 0% bwoe, In some embodiments, hydraulic
cement mchuded in the slag compositions may consist essentiadly of the slag.

In some embodiments, the slag compositions may comprise a hydroxyl source.
The hydroxyl seurce 1s included m the slag compositions for providing hydroxyl groups
for activation of the slag to provide s settable composition that will react with the water to
form a hardened mass in accordance with embodiments of the present invention. Any of a

variety of saitable hydroxyl sources may be used that are capable of generating hydroxyl
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groups {OHD) when dissolved in the water. Examples of suitable hydroxyl sources include
basic materials, such as sodium hydroxide, sodium bicarbonate, sodium carbonate, hme,
and any combination thereoll In some embodiments, the hydroxyl source may be present
i the slag composifions in an amount in the range of from about 0.1% to about 25%
bwoe, In further embodiments, the hydroxyl source may be included in an amount in the
range of from agbout 1% to about 10% bwoe.

In some embodiments, the slag compositions may comprise a latex strength
enhancer.  Surprisingly, inclusion of the latex strength enhancer in embodiments of the
slag compositions of the present invention provides enhanced compressive strength as
compared 1o slag compesitions that do not comtain the latex strength enhancer. As will be
understood by those skilled in the art, the latex strength enhancer may comprise any of @
variety of rubber materials that are commercially available in latex form. Non-limiting
examples ol suttable rubber materials are available from Halliburton Energy Services,
Druncan, Okla., under the names Latex 20007 coment additive and Latex 30007 cement
additive,  Suitable rubber matenials include natural rubber (e.g., vis-14-polyisoprene),
maodified natural rubber, syathetic rubber, and combinations thereof. Synthetic rabber of
various types may be atilized, including ethylene-propylene rubbers, styrene-utadiens
rubbers, nitrile rubbers, nitrile butadiene robbers, buatyl rubber, neoprene rubber,
polybutadiene  rubbers,  acrylonitrile-styrene-butadiene  rubber, polyisoprene  rubber,
AMPS-styrene-butadiene robber, and any combination thereof.  As uzed herein, the term
SAMPS” refirs to 2-acrylamido-2-methylpropancsulfonic acid or salts thereof, In certain
embodiments, the synthelic rubber may comprise AMPS in an amount ranging from about
5% to about 1% by weight, styrene in an ameount ranging from about 30% to about 70%
by weight, and butadiene i an amonnt ranging from abont 30% 1o about 70% hy weight.
Examples of suttable AMPS-styrene-butadiene rubbers are deseribed in more detail in
LLS, Patent Nos. 0,488,764 and 6,184,287, the entire disclosures of which are incorporated
herein by reference. Those of ordinary skill in the art will appreciate that other types of
synthetic rubbers are also encompassed within the present invention,

In certain embodiments, the latex strength enhancer comprizes a water-in~otl
emulsion that comprises stvrene-butadiens rubber.  As will be appreciated, the aqueous
phase of the cmnlsion comprises an agueons colloidal dispersion of the styrene-butadiene
copolyater. Moreover, in addition to the disperséd styrene-butadione copolyimer, the
emulsion may comprise water in the range of from about 40% to about 70% by weight of

the emulsion and small guantities of an cmudsifier, polymwerization catalysts, chain
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modifying agents, and the like. As will be appreciated, styrene-butadiene latex is often
produced as a terpolvimer emulsion that mayv include a third monomer 1o assist in
stabilizing the enmision. Non-ifonic gronps which exhibit stearie effects and which contain
tong ethoxylate or hydrocarbon tails also may be present.

{n accordance with embodiments of the present invention, the weight ratio of the
styrene o the butadiene in the emulsion may range from about 10:9%0 to about 90:10. In
some embodiments, the weight ratio of the styrene to the buladiene in the emulsion may
range from abont 20:80 to sbout 80:20.  An example of suitable styrene-butadiene latex
has a styrene-to-butadiene weight ratio of about 25:73 and comprises water 1 an amount
of ghout 30% by weight of the emulsion.  Another example of suitable styrene-butadiene
tatex has a styrene-to-butadiene weighi ratio of ahout 30:70.

The latex strength enhancer may generally be provided in embodiments of the slag
compositions i an amount sufficient for the desired application.  In some embodiments,
the latex strength enhancer may be meluded 1n the slag compositions in an amount i the
range of from about 1% to sbout 43%% bwoce. In further embuodiments, the latex strength
enhancer may be ncluded in the slag composiiions 1 an amowd 1 the range of from
about 3% {0 about 20% bwoce. 1 should be understond that the concentrations of the latex
strength enhancer are provided based on the amount of aqueouns latex that may be used.

In some embodiments, the slag compositions may further comprise hydranlic
cement. A variety of hydraulic cements may be ubilized in accordance with the present
mvention, Including, but not limdted to, those comprising caloium, sluminam, silicon,
oxygen, iron, andfor sullur, which set and harden by reaction with water.  Saitable
hydraulic cements include, but are not limited o, Portland cements, pozzolana cements,
gypsum cements, high aluming content cements, silica cements, and any combination
thereof. o certain embodiments, the hydranlic coment may comprise a Portland cement.
I some embodiments, the Portland cements that are suited for nse in the present invention
are classified as Classes A, C, H, and G cements according to American Petroleam
10, Fifth Bd, July 1, 1990, In addition, in some embodiments, cements suitable for use in
the present invention may include cements elassified as ASTM Type & 1L or HL

Where present, the hydraulic coment generally may be included in the slkag

compositions in an anmount sufficient o provide the desired compressive strength, density,
andfor cost.  In some ombodiments, the hydraplic coment may be present in the slag

compositions of the present iavention in an amount in the range of 0.1% w about 60%
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bwaoe, for example, about 10%, about 20%, about 30%. about 40%. about 50%. or about
60%.  In some embodiments, the hydraulic cement may be included in an amount that
does not exceed about 80% bwoc, does not exceed about 50% bwoce, does not exceed
about 40% bwoc, does not exceed about 30% bwog, does not excesd aboat 20% bwoce,
does not exeeed about 20%: bwog, or does not exceed about 10% bwoe.

In some embodiments, the slag compositions may farther comprise a defoaming
agent. Where present, the defoaming agent should act, among other things, to prevent
foaming during mixing of the slag composition. Because the latex strength enhancer can
inclade emulsifiers and lafex stabilizers which can also function as foanung agents, an
unstable foam can be formed when the slag ix mixed with the latex strength enhancer and
water. In general, the defoaming sgent should prevent the formation of the unstable foam.
The defoaming agent can comprise any of a aumber of different compounds suitable for
such capabilitios, such as polyols, silicon defoamers, alkyl polyacrviates, ethylem
oxidespropylene oxide compounds, acetylenic diols, amd any combination thereofl  Non-
Hmiting examples of suitable defoaming agents melude those available from Halliburton
Energy Services wnder the names D-ATR 3000™ foamer, D-AIR 40001 fommer, and D-
AIR 3000™ foamer. The defoaming agent may generally be provided in embodiments of
the slag composibions i an arpount sufficient for the desired application.  1n some
embodiments, the defeaming apent may be present in the slag compositions in gn amount
in the range of from abowt 0.1% to about 3% bwoc.  In further embodiments, the
defoaming additive may be included in an amount in the range of from about 0.1% to
about 2% bwoc.

In some embodiments, the slag compositions may firther comyprise a dispersant.
Where present, the dispersant should act, among other things, to control the rheology of
the slag composition. While a variety of dispersants known to those skilled in the art may
be used in gecordance with the present invention, examples of suitable dispersants include
naphthalene sulfonic acid condensate with formaldehyde; acetlone, formaldehyde, and
sulfite condensate; melamine sulfonate condensed with formaldehyde; any combination
thergof.  Where used, the dispersant should be present m embodiments of the slag
compositions of the present invention in an amount sufficient to prevent gelation of the
slag composition andfor umprove rheological properties,  In some embodiments, the
dispersant may be present in the slag compositions in an amount in the range of from

e

about 1.1%6 {0 about 3% bwoe
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The water used in embodiments of the slag compositions of the present invention
may include, for example, freshwater, saliwaler (e.g., water containing one or more salts
dissolved therein}, brine (e.g., saturated saltwater produced from subterransan formations),
seawater, or any combination thereof, Generally, the water may be from any source,
provided, for example, that it does not contain an excess of compounds that may
nndesirably affect other components in the slag composition.  In some embodiments, the
water may be included in an amonnt sufficient to form a pumpable shury.  In some
embodiments, the water may be included i the slag compositions of the present invention
in an amount of about 40% to abont 200% by dry weight of cementitious components
hwoe™), In some embodiments, the water may be included 1n an amount of about 40%
io about 1530% hwoc.

Other additives suitable for use in subterrancan cenonting operations may also be
added to embodiments of the slag compositions, i accordance with embodiments of the
present invention,  Examples of such addittves mclude, but are not limited o, strength-
retrogression additives, set accelerators, set retarders, weighting agents, lghtweight
additives, gas-generating  additives, wechanical property  enhancing  additives, fost-
circulation matertals, ltration-control additives, fhud loss control additives, {oaming
addittves, thixotropic additives, and any combination thereol, Specilic examples of these,
and other, additives include eryvstatline silica, amorphous silica, fumed silica, salis, fibers,
hydratable clays, calcined shale, vitrified shale, miicrospheres, iy ash, diatomaceous earth,
metakacling, ground perlite, rice husk ssh, natural pozzolan, weolite, coment kiln dust,
resing, any combination thereofl and the like. A person having ordinary skill in the art,
with the benefit of this disclosure, will readily be able to determine the type and amount of
additive uselud for a particalar application and desired resalt.

Those of ordinary skill in the art will appreciate that embodiments of the slag
compositions generally shoukd have a density suitable for a particular application. By way
of example, embodiments of the slag compositions may have a density of about 12 pounds
per gallon (CIh/gal™) to about 20 bigal.  In certain embodiments, the slag compositions
may have a density of abouat 14 Ib/gal to aboal 17 Tb/gal. In certain embodiments, the slag
composition may be a heavyweight composition having a deasity of at least about 14
thigal. Those of ordinary skill in the art, with the benefit of this disclosure, will recognize
the appropriate density for a particidar application,

In some embodiments, the slag compositions may be prepared by combining the

slag with water. The latex strength enhancer and other additives may be combined with



¥ ]

16

20

WO 2013/063411 PCT/US2012/062149

the water before # is added to the slag. For example, a base {fluid may be prepared that
comprises the lalex strength enhancer, the defoanming addiiive, the dispersant, and the
water, wherein the base fluid s then combined with the slag. In some embodiments, the
slag may be dry blended with other additives, such as the hydroxyl sowrce andfor the
hydraulic cement, to form 2 dry blend, wherein the dry blend may then be combined with
the water or base fluid. Other suitable technigques may be used for preparation of the slag
compositions as will be appreciated by those of ordinary skill in the art in accordance with
embodiments of the present invention.

As will be appreciated by those of ordinary skill in the art, embodiments of the slag
compositions may be used in a vartety of subterrancan applications, including primary and
remedial comenting. Embodiments may include providing a slag composition and
alfowing the slag composition o set.  Embodiments of the slag compositions may
comprise, for exgmple, slag, a hydroxyl source, a latex strength enhancer, and water,
Embodiments of the slag compositions may further comprise ope or mere of a hydranlic
cement, a defoaming additive, or a dispersant, as well ag a variety of other additives
suitable for use in seblerrancan cementing applications as will be apparent lo those of
ordinary skill m the art.

In primary cementing embodiments, for example, a slag composition may be
introduced inte a subterrancan formation between a conduit {e.p., pipe string, Hner, e)
and a well bore wall, The slag composition may be allowed o set to form an annular
sheath of bardened cement in the space between the well bore wall and the conduit,
Among other things, the sheath formed by the slag composition may form a barrier,
preventing the migration of flwids in the well bore. The sheath formed by the slag
composition also may, for example, support the conduit in the well hore,

In remedial comenting embodiments, a slag composition may be used, for
example, in squecze-cementing operations or in the placement of plugs. By way of
example, the slag composition may be placed in 8 well bore to plug a void or crack in the
formation, in a gravel pack, in the conduit, in the coment sheath, andfor a microannulos
hetween the cement sheath and the conduit. In another embodiment, the slag composition
may be placed into a well bore o form a plog in the well bore with the plug, for example,
sealing the well bore.

To facilitate a better 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 Hmit, or to defipe, the scope of the invention,
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EXAMPLE Y

The following series of tests were performed fo evaluate the mechanical properties
of slag compositions.  Five different slag compositions, designated Samples 123, were
prepared using the indicated amounts of water, slag, lHme, a latex steength enhaneer, a
latex stabilizer, and a cement dispersant. The amounts of these components are wdicated

WELY S
S

in the table below with percent by weight of cement ("% bwoce™) indicating the percent of
the component by weight of slag and gallon per sack (Mpal/sk”™) indicating the gallons of
the respective component per 94-pound sack of slag. The slag compositions had a density
of 14,5 Ib/gal. The latex strength enhancer used was either Latex™ 2000 cement addiiive
or Latex™ 3000 cement additive as indicated in Table 1 below. Sample 1 was a
comparative composition that did not mclade the latex strength enhancer. The latex
stabifizer was Stabilizer 434079 gurfactant, from Hallibwrton Energy Services, Inc.,
Duncan, Oklahoma.  The dispersant used was CFR-3U™ cement friction reducer, from
Halliburton Energy Services, Inc,, Duncan, Oklaboma,  The slag compositions were

subjected to 24-howr compressive strength fests at 140°F i accordance with AP

Specification 10,

TABLE 1

Ingredients
Latex™ | Latex™ 24 Hr
Water | Slag | Lime 2000 3060 Latex Cement Comp.
{%% (%% | (% | additive | additive | Stabilizer | Dispersant { Strengih
Sample | bwoe) | bwoe) | bwoe | (galisk) | (ealisky | (galisk) {palisk) {psi}
i 57.58 e | 10 e -= -= -- 862
{comp.}
2 3706 1 100 |10 2 - (1.2 .13 1,328
3 37016 1 W00 | 1D - 2 0.2 .15 1,683
4 39811 0 | 10 2 - - 1,346
5 38071 100 | 5 - 2 -~ = 1,401

Based on the results of these tests, melusion of a latex strength enhancer in the slag
compositions had a significant impact on compressive strength development. Por
example, increases in compressive strength of least about 50% {Sample 2} and up to about

g 2 galisk of the latex strength enhancer in the

e e

95% (Sample 3) were obtained by includin

slag compositions.

10
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EXAMPLE 2

The following sertes of tosts were performed to evaluate the effect of including a
latex strength enhancer on the thickening thmes of slag compositions. Three different slag
compositions, designated Samples 6-8, wore prepared using the indicated smounts of
water, slag, hme, a latex strength enhancer, and a coment sl retarder. The arounts of
these components are indicated in the {able below with % bwoc indicating the percent of
the component by weight of slag and galfsk indicating the gallons of the respective
component per 9d-pound sack of slag, The slag compositions had a density of 14,5 tbh/gal.
The latex strength enhancer used was Latex™ 3000 cement additive.  The cement set
retarder nsed was HR™.S retarder, from Halliburton Energy Services, Inc., Duncan,
Oklshoma.  The slag compositions were tested to determine their thickening times at
140°F, which is the tme required for the compositions to reach 70 Bearden units of

consistency.

TABLE 2

Ingredients
Latex™ Thick
Slag Lime 3060 Cement Set Time
Water (%% {% adiditive Retarder hromin
Sample | {% bwog) hwaoc) hwocs {gal’sk) {%% bwog) {76 boy
3 37.83 100 5 2 (.75 43+
7 37.47 100 5 2 0.3 1:51
8 37.41 160 5 2 0.3 7:23

Therefore, the present invention iy well adapted to attain the ends and advantages
mentioned as well as those that are inherent therein,  The particular embodiments
disclosed above are illostralive only, as ithe present invention may be modified and
practiced in different but equivalent manners apparvent to those skilled in the art having the
benehl of the teachings herein.  Although individoal embodimenis are discossed, the
invention covers all combinations of all those embodiments. Furthermore, no Hmitations
are intendded to the details of construction or design herein shown, other than as deseribed
in the claims below. It is therefore evident that the particular illustrative enabodiments
disclosed above may be altered or modified and all such varations are considered within
the scope and spirtt of the present invention.  While compositions and methods are
described in terms of “comprising,” “confaining,” or “including”™ various components or

steps, the compositions and methods can also “consist essentially of” or “consist of™ the
teps, the compositions and methods can also “eonsist essentially of™ or “consist of™ th

i1
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various components and steps.  Whenever a numertcal range with a lower lmit and an
apper Hmit is disclosed, any number and any included range falling within the range is
specifically disclosed. In particalar, every range of values (of the form, “about a to about
b, or, equivalently, “from approximately a to b.” or, equivalently, “from approximately a-
") disclosed herein is to be understood to set forth every number and range eocompassed
within the broader range of values, Also, the terms in the claims have their plain, ordinary

meaning anfess otherwise explicitly and clearly defined by the patentee.
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1. A method of comenting comprising:
providing a slag composition comprising:
a hydraulic cement consisting essentially of slag;
a hydroxyl source;
a latex strength enhancer; and
water;
introducing the slag composition into a subterranean formation; and
atlowing the slag composition to set,

2. The method of clasm 1, wherein the slag compostiion has a density of about
12 pounds per gallon to about 20 pounds per gallon.

3 The method of claim 1, wherein the hydroxyl source comprises a basic
material selected from the group consisting of sodium hydroxide, sedium bicarbonate,
sodinm carbonate, Hme, and any combination thereof.

4, The method of claim 1, wherein hydroxyvl source is present in an amount of
about 0.1% 1o about 23% by weight of cementitious components in the slag composition.

5. The method of clatm 1, wherein the latex strength enhancer comprises a

rubber material selected from group consisting of ethyvleone-propylene rubber, styrene-

butadiene rubber, nitrile rubber, nitrile butadiene rubber, butyl vubber, neoprene rubber,

polybutadiene rubber, acrvlonitrile-styrenc-butadiene rubber, polyisoprene robber, AMPS-
styrene-butadiens rubber, and any combination thereof,

6. The method of claim 1, wherein the latex strength enhancer comprises
styrene-butadiene rubber,

7. The methed of claim 1, wherein the katex strength enbancer comprises
AMPS-~styrene-butadiene rubber,

8, The method of claim |, wherein the latex strength enhancer is prosent in an
amount of aboul 1% to about 45% by weight of cementitions componenis in the slag
COMPOSItIcn.

9, The methed of claim {, wherein the slag composition further comprises an
additive selected from the group consisting of a dispersant, a defoaming agent, a strength-
retrogression additive, a set accelerator, a set retarder, & waghting agent, a Hghtweight

additive, a gas-generating additive, a mechanical property enbancing addifive, a lost
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cirenlation material, a fltration-control additive, a fluid loss control additive, a foaming
additive, a thixotropic additive, and any combination thereof,

10, The method of claim 1, wherein the slag composition further comprises an
additive selected from the group consisting of crystalline silica, amorphous silica, huned
silica, a salt, a fiber, a hydratable clay, calcined shale, vitrified shale, a wcrosphere,
digtomaceous earth, metekachn, ground perlite, rice husk ash, zeolite, a resin, and any
combination thereof.

11, The method of claim 1, wherein the slag compeosition further comprises a
defoaming agent and a dispersant, wherein the hydroxy! source is present in an amount of
about 1% to about 10% by weight of cementitions materials in the slag composition and
comprises Hme, wherein the latex strength enhoncer 18 present in an amount of about 3%
to about 20% by weight of cementitious materials in the slag composition and comprises
AMPS-styrene-butadiene rabber, and wherein the slag composition has a density of shout
14 pounds per gatlon to about 17 pounds per gallon.

12, The method of claim 1, whereln introducing the slag compogition into a
subtervancan formation comprises introducing the slag composition into a space between a
conduit and a well bore wall.

13, The method of claim 1, wherein the latex strength enhancer increases the
24-hour compressive strength of the slag compeosition at 140°F i an amount of at least
about 25%,

14. A method of comenting comprising:

preparing a base fluid comprising a latex strength enhancer, s defoaming
agent, and a dispersant;

preparing a dry blend comprising slag and a hydroxyl source;

combinmng the base fluid and the dry blend to form a slag composition;

introdocing the slag composition into a sublerrancan formation; and

altowing the slag composition to set.

1

L 4]

The method of claim 14, wherein the hydroxyl source comprises a basic
material selected from the group consisting of sodnsm hydroxide, sodium bicarbonate,
sodinm carbonate, ime, and any combination thereofl

16, The method of clanm 14, wherein hydroxyl source is present in the slag
composition in an amount of about 0.1% to about 23% by weaight of comentitious

components m the slag composition,
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17. The method of claim 14, wherein the latex strength enhancer comprises a
rubber matenal selected from group counsisting of ethylene-propylene rubber, styrene-
butadiene rubber, nitrile rubber, nitrile butadiene rubber, butyl rubber, neoprene rabber,
polybutadiene rubber, acrylonitnife-styrene-batadiene rubber, polyisoprene rubber, AMPS-
styrene-butadiene rubber, and any combination thereof.

18.  The method of claim 14, wherein the latex strength enhancer is present
the slag composition an amount of about 1% to about 45% by weight of cementitions
components in the slag composition.

19 The method of claim 14, wherein the slag is present in the slag composition
i an amount of at least sbout 409% by weight of cementitions components in the slag
composition.

20, The method of claim 14, wherein the slag composition further comprises an
additive selected from the group consisting of g strength-retrogression additive, a set
accelerator, & set retarder, a weighting agent, a Lightweight additive, a gas-generating
additive, a mechanical property enhancing additive, a lost-circulation material, a filtration-
comdrol additive, a floid loss control additive, a foaming additive, a thixotropic additive,
and any combination thercol

21 The method of claim 14, wherein the slag composition further comprises an
gdditive selected from the group consisting of erystalline silica, amarphous silica, fumed
sifica, & salt, a fiber, a hydratable clay, calcined shale, vitrified shale, a microsphere, fly
ash, diatomaccous carth, motakacolin, ground perlite, rice husk ash, natural pozzolan,
zeolite, cement kiln dust, a resin, and any combination thereofl

22, The method of claim 14, wherein the hydrexyl source s present in the slag
composition in an amount of about 1% {o about 10% by weight of cementitious materials
in the stag composition and comprises Bme, wherein the latex sirength enhancer is present
in the slag composition i an amount of abont 5% to about 209 by weight of comentitious
materials in the slag composition and comprises AMPS-styrene-butadiene rubber, wherein
the slag is present i the slag composition I an amount of at least about 4096 by weight of
cementitious components in the slag composition, and wherein the slag composition has a
density of gbout 14 pounds per gallon to abowt 17 pounds per gallon,

23, The method of claim 14, wheremn the dvy blend further comprises a

hydranlic cement,
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24, The method of claim 14, wherein introducing the slag composition into a
subterranean formation comprises introducing the slgg composition info a space belween a
conduit and a well bore wall,

25, A slag composition comprising:

¢ exsentially of slag;

pe

a hydraulic cement consistin
a hydroxyl source;
a latex strength enhancer; and

water.
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