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SLAG COMPOSITIONS COMPRISING LATEX AND METHODS OF USE

BACKGROUND

The present mvention relates to cementing operations and, more particalarty, n

certain embodiments, to methods and compasitions that utilize a latex strength enhancer

for enhancing the compressive strength of slag compositions,
{n cementing operations, such as well comstrucBion and remedial cementing,
cettable compositions are commonly utiized.  As used herein, the term settable

composttion”™ refers {0 a composition} that hx drawdically sefs or otherwise develops

compressive strenpth. Settable compositions may be used i primary cementing

operations whereby pipe strings, such as casing and hners, are cemented in well bores, In

a typical primary cementing operation, a settable composition may be pumped into an

annulas between the wally of the well bore and the exierior surface of the pipe string
disposed theremn, The settable composition may set in the annular space, thereby forming
an anmuilar sheath of hardened, substantially impermeable material (e.g., a cemaent sheath)

that may support and position the pipe string in the well bore and may bond the exterior

e

...................

surface of the pipe string to the well bore walls. Amonyg other things, the cement sheath

surrounding the pipe string should {function to prevent the migration of fhuds in the

aniulus, as well as protecting the pipe string from corroston.  Settable compositions also

may be nsed in remedial cementing methods, such as in the placement of plugs, and in

squesze cementing for sealing voids moa pipe string, cement sheath, eravel pack,

subterranean formation, and the ke,

A particuisr challenge in comenting operations is the development of satistactory

mechanical properties m a settable composition within a reasonable time penod after

placement i the subterrancan formation.  Dunng the fife of a well, the subterranecan

cemment sheath undergoes numerous straing and siresses as a result of temperature @Iff{:g:t;ﬁ,..,,

pressure effects, and mmpact effects. The ability to withstand these strains and stresses s
divectly refated to the mechanical properties of the settable composition after setiing. The

mechanical properties are often characterized using parameters such as compressive

strepgth, tensile strength, Young's Modulus, Poisson's Ratio, clasticity, and the like.

Thege properties may be moditied by the iclusion of additives.

One type of settable composition that has been used herctolore comprises slap

cement, which 18 typic ﬂ v 1 hlend of Portland cemeni and slag, Becanse Portland cement

develops compressive strength mwuch more rapidly than slag, the amount of slag is



i

typreally imsted to no wore than 40% by weaght of the slag cement. Drawbacks to slag
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.

cement include the relatively high cost of the Portland cement as compared to the slag,

which 18 a waste matenal. Drawbacks to using higher concentrations of slag may mclude

the mability for the settable composition to develop adequate compressive strength in a

reasonable time and ensure the long-term structural integrity of the coment.

Thus, there exists a need for settable compositions that comprise slag with

enhanced mechantcal featares that develop adequate compressive strength for use n

cementing operations.

ol



10

15

CA 02851539 2014-07-10

SUMMARY

An embodiment discloses a method of cementing, the method 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 allowing the slag composition to set.

Another embodiment discloses a method of cementing, the method comprising:
preparing a base fluid comprising a latex strength enhancer, a defoaming agent, and a
dispersant; preparing a dry blend comprising slag and a hydroxyl source; combining the
base fluid and the dry blend to form a slag composition; introducing 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: a 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 scope of the invention.
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DESCRIPTION OF PREFERRED EMBODIMENTS

Embodiments of the prosent mvention disclose slag compositions comprising siag,

advantages of cmbodiments of the slag compositions is that nse of the latex strength

enhancer may provide the slag compositions with adequate compressive strengths for use

in subterrancan applications despite the increased slag confent. By way of example, the

compressive strength of the slag compositions containing the latex-strength enhancer may

be increased by at least about 23% m one embodiment, at least about 50% i another

embodiment, and &t least about 75% in yet another embodiment, as compared to the same

slag composition that does nol contain the latex strength enbancer.  Accordingly,
embodiments of the slag compositions may be used In a variety of subterranean
applications where settable compositions mway be used, including, but not Hmited to,
primary and remedial comenting.

{n some embodiments, the slag compositions may comprise slag. Slag is generally

a by-product in the production of various metals from thewr corresponding ores. By way of

exampie, the production of cast won can produce slag as a granelated, blast furnace by-

product with the slag generally comprising the oxidized mpurities found m fron ore. The

slag may be included in embodiments of the slag compositions 11 an amount suitable for a
particular apphcation.  In some embodiments, the slag may be present i an amount of

about 40% to about 100% by weight of cementitious components (“bwoe™), for example,

about 40%, about 3%, about 60%, about 70%, about 8%, about 80%, or about 100,

Cementitious components include those components or combingtions of components of

the slag compositions that hydravlically set, or otherwise havden, to develop conmpressive

strength, including, for example, slag, {ly ash, hydraulic coment, and the like. In certain

embodiments, the slag may be present i an amount greater than about 4(3% bwog, greater

than about 50% bwog, greater than abont 609 bwoe, greater than about 70% bwoe, greater

than about 80% bwoce, or greater than about 90% bwoc, In some embodiments, hydraulic

cement mcluded m the slag compositions may consist essentiatly of the slag.

In some embodiments, the slag compositions may comprise a hydroxyl sowrce.

B

The hydroxyl source is included in the slag compaositions for providing hydroxyl groups

for activation of the slag to provide a settable composition that will react with the water to
form a hardened mass 10 accordance with embodiments of the present invention, Any of g

variety of saitable hydroxyl sources may be used that are capable of generating hydroxyl
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groups (OH") when dissolved in the water. Examples of suitable hydroxyl sources include
basic materials, such as sodium hydroxide, sodium bicarbonate, sodium carbonate, lime,
and any combination thereof. In some embodiments, the hydroxyl source may be present
in the slag compositions in an amount in the range of from about 0.1% to about 25%
bwoc. In further embodiments, the hydroxyl source may be included in an amount in the
range of from about 1% to about 10% bwoc.

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 to slag compositions that do not contain the latex strength enhancer. As will be
understood by those skilled in the art, the latex strength enhancer may comprise any of a
variety of rubber materials that are commercially available in latex form. Non-limiting
examples of suitable rubber materials are available from Halliburton Energy Services,
Duncan, Okla., under the names Latex 2000 cement additive and Latex 3000 cement
additive. Suitable rubber materials include natural rubber (e.g., cis-1,4-polyisoprene),
modified natural rubber, synthetic rubber, and combinations thereof. Synthetic rubber of
various types may be utilized, including ethylene-propylene rubbers, styrene-butadiene
rubbers, nitrile rubbers, nitrile butadiene rubbers, butyl rubber, neoprene rubber,
polybutadiene rubbers, acrylonitrile-styrene-butadiene rubber, polyisoprene rubber,
AMPS-styrene-butadiene rubber, and any combination thereof. As used herein, the term
“AMPS” refers to 2-acrylamido-2-methylpropanesulfonic acid or salts thereof. In certain
embodiments, the synthetic rubber may comprise AMPS in an amount ranging from about
5% to about 10% by weight, styrene in an amount ranging from about 30% to about 70%
by weight, and butadiene in an amount ranging from about 30% to about 70% by weight.

Examples of suitable AMPS-styrene-butadiene rubbers are described in more detail in

U.S. Patent Nos. 6,488,764 and 6,184,287. 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 comprises a water-in-oil
emulsion that comprises styrene-butadiene rubber. As will be appreciated, the aqueous
phase of the emulsion comprises an aqueous colloidal dispersion of the styrene-butadiene
copolymer. Moreover, in addition to the dispersed styrene-butadiene copolymer, the
emulsion may comprise water in the range of from about 40% to about 70% by weight of

the emulsion and small quantities of an emulsifier, polymerization catalysts, chain

S
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moditymg agents, and the bke. As will be appreciated, styrene-butadiene fatex 13 often

produced a3 a terpolvimer emulsion that mayv include a third monomer {0 assist in

stabilizing the emulsion. Non-ionic groups which exhibit stearic effects and which contain

tong ethoxylate or hydrocarbon tails also may be present.

I accordance with embodiments of the present Invention, the weight ratio of the

styrene {0 the butadiene o the emudsion may range from about 10:%0 to about ¥0:10. In

some embodiments, the weight ratio of the styrene {o the butadiene in the emulsion may

range from abont 20:80 to about 83:20. An example of suitable styrene-butadiene latex

has a styrene-to-butadiene weight ratio of about 23:73 and comprises water i an amount

of about 50% by weight of the emulsion. Another example of suitable styrene-butadiens

latex has a styrene-to-butadiene weighi ratio of about 30:70.

The latex strength enhancer may generally be provided my embodiments of the slag

enhancer may be wcloded mthe slag compositions m an amount . the mange of from

A=

about 3% fo about 20% bwoe. It should be understond that the concentrations of the latex

strength enhancer are provided based on the amount of agueous latex that may be used.

In some embodiments, the stag compositions may further comprise hydranlic

mvention, Including, but not limated to, those comprising caleium, aluminum, silicon,

oxygen, won, andfor sulfur, which set and harden by reaction with water.  Saitable

LN

. - - -

pypsum cements, high alumina content cements, silica coments, and any combination

thereof. In certain embodiments, the hydranlic cement may comprise a Portland cemaent.

are classified as Classes A, €, H, and G cements according to American Petroleam

h i

LLLLL

Instituie, AP Specification for Materials and Testing for Well Cemenrs, APY Specification
1, Piith bdl, dudy 1 19900 In addibion, m some embodiments, cements suitable for use m
the present invention may include cements elassified as ASTM Type L I or I

Where present, the hydraulic cement generally may be included in the slag

compositions in an amount sufficient o provide the desived compressive strength, density,

andfor cost.  In some embodiments, the hydranlic cement may be present in the slag

compositions of the present mvention i an amount v the range of (.1% 1o about 60%

0
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bwaog, for example, about 10%, about 20%, about 30%. abount 40%., about 50%, or about

60%, In some embodiments, the hydraulic cement may be included in an amound that

daoes not exceed about 6% bwoc, does not exceed about 30% bwoce, does not excead

about 40% bwoe, does not exceed about %O% bwoc, does not exceed aboat 20% bwog,

does not exceed about 20% bwoc, or does not exceed about 10% bwoc.

In some embodiments, the slag compositions may further comprise a defoaming

agent. Where present, the defoaming agent should act, among other things, to prevent

foaming dunng mixing of the slag ag comp ositien. Because the latex strength enhancer can

mclnde emulsifiers and Iatex stabilizers which can also function as foaning agents, an

u mmbiséﬁf ;iham- can be fb_tme d when ti'n.. stag is mixed with the latex strength enhancer and

The d.efihmning agent can cmnmtiw any of a aumber of different compounds suitable for

such capabilitios, such as polyols, silicon defoamers, alkyl polyacrylates, ethylene

oxidespropylene exide compounds, acetylenic diols, and any combination thereof.  Non-

Hiniting examples of suitable f;izc;?s?fs:fsa;min.ff.sfat?en:t‘s- include those available from Halliburton

Energy Services under the names D-ALR 3006 ftmmcr D-AIR 40001 Iammcn ang D~

AIR 5000 foamer, The defoaming agent may generally be provided in embodiments of

the slag compositions w an amount sufficient for the desired application.  In some

embodiments, the defeaming apent may be present in the slag compositions in an amount

in the range of from abowt 0.1% to aboat 3% bwoc. In further embodiments, the

defoaming additive may be included in an amount in the range of from about $.1% to

about 2% bwoc.

In some embodiments, the slag compositions may fwther comprise 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 o those skilled in the art may

be used i gecordance with the prosent ivention, examples of surtable dispersants melade

naphthalene sulfonic acid condensate with formaldehs vde; acelone, formaldehyde, and

sulfite condensate; melamine sulfonate condensed with formaldehvde; any combination

thereof.  Where used, the dispersant should be present in embodiments of the slag

composiiions of the present pvention in an amount suflicient to prevent gelation of the

'di..spersam; may be present in the slag compositions in an amount In the range of Hom

about .1% 1o about 5% bwoc.
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The water ased in embodiments of the slag compositions of the present invention
mayv include, for example, freshwater, sallwaler (e.g., waler containing one or more sahts
dissolved therein), brine (e.g., saturated saitwater produced from sublerranean formations),
seawater, or any combination thercof  Generally, the water may be from any source,

provided, for example, that 1t does not contain an excess of compounds that may

undesirably affect other components in the stag composition. in some embodiments, the

water may be included in an amount sufficient to form a pumpable shury,  In some

embodiments, the water may be inchuded m the %E&“ composiiions of the present invention

in an amount of about 40% to abonl 200% by dry weight of cementitious components

“bwoe™y 1 some embodiments, the water may be inchuded 10 an amount of about 40%

i about 130%% bwoc.

present mvention.  Examples of S'u.ch a.déditims‘; i?ﬂ.‘it‘:‘-lfﬁﬁﬁ;, "l'tim are not himited 1o, strength-

retrogression  additives, set accelerators, set retarders, weighting agents, lghtweight

additives, gas~generating  additives, wechanical properly enbancing  additives, lost-

"c;ir;::ul?a.ti-{m mater: d}\ [} iftr‘a,ti.t)nf-f{:ﬁa;mm)'l ads;iiii ves, thnd ioss c:ti:n:irai add’iitiwﬁ, ﬁ}mnim;{

and other, additives include ervstalline silica, amorphous silica, fumed w:lm sakts, fﬁi’}'ﬂ‘i‘s?

hvdratable clavs, calcined shale, vitrified shale, mucrospheres, iy ash, distomaceous carth,

metakaclin, ground periite, rice husk ash, natural porzolan, weolite, cement kiln dust,
resis, any combination thercot, and the Like. A person having ordinary skill i the art,
with the benefit of this disclosure, will readily be able to determine the tyvpe and amount of

additive uselul for a particolar apphication and desired resalt.

Those of ordinary skill in the art will appreciate that embodiments of the slag

compositions generally shoudd have g density suntable for a particlar application. By way

of example, erobodiments of the slag compaositions may bave a density of about 12 pounds

per gallon {“lh«ual Y to ghout 20 W/gal. In certain embodiments, the slag COMPOSIHONS
may have g density of about 14 ibfgal to aboat 17 th/gal. h};'aﬁ:-ﬁfrmiﬂ embodunents, the slag
composition may be a heavyweight composition having a deasty of at least abhout 14
fh/gal. Those of ordinary skill in the art, with the benefit of this disclosure, will recognize

the zzippn;}pri;ztw dm»li}f .ﬁnf a pz&ﬁ‘tieuiz&w -a.ppl?i.f:at:is;m,,-.

slag with water. The latex stren gth .E:ﬁlmm:er and ‘{'}thﬁ::i‘. a.d;d.i'tiwﬁ may be ;;:.ﬁsmhizwd 'Wiﬂ“i
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the water before i is added to the slag. For example, a base fluid may be prepaved that

comprises the latex sirength enbancer, the defoaming additive, the dispersant, and the
water, wherein the base fha ‘_d is then combined with the slag.  In some embodiments, the

s the hvdroxyl source andfor the

iiit}fsc;i“;iamiiu centent, to form s;irr}é' blend, wherein the -dr}f blernd may then be combuned with

ihe water or base flaid. Other suitable technigues 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.

Ag will be appreciated by those of ordinary skall in the art, ersbodiments of the slag

compositions may be used in a variety of subterrancan applications, including primary and

remedial comenting.  Emboduments may inchude providing a slag composition and

allowing the 51 a0 ¢ "ro-mp(}sitien to set.  Embodionents of the s i:;;-g, cs:.‘f;.npm;-.iti:;)'nff..;- mf-;i}f

'.l'

cement, a 's:kf:fmuniﬂg ‘a,(‘_fi;ditziwf. OF di*»pa,r\ ant, as well as a *».fzztfi;ﬂ-i}-‘ of other additives

ordinary skill i the art.

In primary cementing embodiments, for example, a slag composition may be

troduced inte a subterrancan formation between a conduit {e.p.. pipe string, liner, ete)

and a well bore wall. The xmw comp osttion may be allowed o set 1o ;i*i}rm an annular
sheath of hardened cement in the space between the well bore wall and the condut,

Among other things, the sheath formed by the slag composition may form a barrier,

;tnweming th é, 'ﬁ'}iigr‘mi on of fhuds in the well bore. The sheath formed by the slag

In remaeds ra:i cementing embodiments, a slag composition may be used, for

s, By way of

{;A

example, the slag composition may be placed in a well bore to plug a void or crack in the

formation, In a gravel pack, in the condait, in the cement sheath, andfor a microannulas

hebween the cement sheath and the condwst,  In another erabodiment, the slag composihion

To :f’acriifimiﬂ- 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 g, or to define, the scope of the wmvention.
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EXAMPLE ¥

of slag compositions.  Five d‘fﬁu\,ﬂi shg Com pm;twm dmgmlnd %mnplm -5, were

prepared using the mdicated amounts of water, slag, lune, a latex strength enhancer, a

L

latex stabibizer, and a cement dispersant. The amouants of these components are wndicated

t!-ﬁz

in the table below with percent by weight of cement (™% bwoce™) indicating the percent of

the component by weight of slag and pallon per sack (¢ wal/sk™) indicaiing the gallons of
the respective component per 94-pound sack of slag. The stag compositions had a density
of 14,5 b/gal. The latex strength enhancer used was either Latex™ 2000 cement additive
13 or Latex™ 3000 cement additive as indicated in Table 1 below. Sample 1 was a
comparative composition that did not mclude the latex strenpth enhancer.  The latex
stabitizer was Stabilizer 43407 qurfactant, from Halliheton Ener ey O ervices, Inc.,

Puncan, Oklahoma. The dispersant used was CFR-3L™ cement friction reducer, from

Halliburton Energy Services, Ing., Duncan, Oklaboma,  The slag composiions were

—
Ry

subjected o 24-houwr compressive strength fests at 140°F 1 accordance with APl

Specification 10,
TABLE 1

neredients
Latex™ | Latex™
- Water | Stag | Lime | 2000 | 3000 | Latey
5 {ﬂ; N {si ‘;»;- {”{; 3 ij{ii i-’i‘ﬁgg dki(h ti'%"ﬁ: St ahi h FET
| Sample | bwoe) | bwoce) | bwoed | (galisk) | (palisk) | (galisk)
1 1 37A8 ] 100 | 10
| {comp.) | f ;

. 24 Hr
Cement | Comp.
I“};xmraam Strengih
gdi ‘sI\} { -}.&mi..

- 862

015 1 1,328

mi} 10 2 - 02
5 ' .15 1{&"‘

e " rrrrryrrrrrr P rrrrErrrrrrrrrrrrrrrrrrrrrrrrrrrer

rd b
‘ ) e ‘1 "H,.J
o

...................................................................................................................................................................................................................................

Lo
L
e
],
i
=
s
=,
o™
i
i’
G
i
i

Hased on the results of these tests, inclusion of a latey strength enhancer in the slag
20 compositions had a significant impact on compressive strength development.  For
example, woreases in compressive strength of least about 30% {Sample 23 and up to about
95% (Sample 3) were obtained by including 2 galisk of the latex strength enhancer in the

slag compositions.

1)
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EXAMPLE 2

The following series of tests were performed to evaluate the effect of including a
latex strength enhancer on the thickening times of slag compositions. Three different slag
compositions, designated Samples 6-8, were prepared using the indicated amounts of
water, slag, lime, a latex strength enhancer, and a cement set retarder. The amounts of
these components are indicated in the table below with % bwoc indicating the percent of
the component by weight of slag and gal/sk indicating the gallons of the respective
component per 94-pound sack of slag. The slag compositions had a density of 14.5 lb/gal.
The latex strength enhancer used was Latex™ 3000 cement additive. The cement set
retarder used was HR®-5 retarder, from Halliburton Energy Services, Inc., Duncan,
Oklahoma. The slag compositions were tested to determine their thickening times at

140°F, which is the time required for the compositions to reach 70 Bearden units of

consistency.
TABLE 2
R [ 111111111 L “ ] o I;lgﬂrec_liqntﬁs _____
l | | Thick
| Slag Lime 3000 ' Cement Set Time
Water (% (% additive | Retarder hr:min
Sample | (% bwoc bwoc bwoc cal/sk) | (Yobwoc) | (70 bc
t -6 37.83 100 5 2 0.75 45+
|7 | 3747 5 2 1:51
& | 3741 100 5 2 0.5 7:23

Therefore, the present invention is well adapted to attain the ends and advantages
mentioned as well as those that are inherent therein. The particular embodiments
disclosed above are illustrative only, as the present invention may be modified and
practiced in different but equivalent manners apparent to those skilled in 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 limitations
are intended to the details of construction or design herein shown, other than as described
in the claims below. It is therefore evident that the particular illustrative embodiments
disclosed above may be altered or modified and all such variations are considered within
the scope of the present invention. While compositions and methods are described in
terms of “comprising,” “containing,” or “including” various components or steps, the

compositions and methods can also “consist essentially of” or “consist of” the

11
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various components and steps, Whenever a numencal range with a lower it and an
apper limit is disclosed, any number and any included range falling within the range i

specilically disclosed.  {n particalar, every range of values (of the form, “about a to about

b,” or, egaitvalently, “from approximately a to b, or, equivalenily, “from approximately a-

by disclosed herein 15 to be understood to set forth every number and range sncompassed

within the broader range of values. Also, the terms i the claims have their plain, ordinary

meaning unless otherwise explicitly and clearly defined by the patentee.
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What 1s claimed 1is:

1. A method of cementing comprising:
preparing a base tluid comprising a latex strength enhancer, a defoaming
agent, and a dispersant;
preparing a dry blend comprising slag and a hydroxyl source;
combining the base fluid and the dry blend to form a slag composition;
introducing the slag composition into a subterranean formation; and

allowing the slag composition to set.

2. The method of claim 1, wherein the hydroxyl source comprises a basic
material selected from the group consisting of sodium hydroxide, sodium bicarbonate,

sodium carbonate, lime, and any combination thereof.

3. The method of claim 1, wherein the hydroxyl source 1s present in the slag
composition 1n an amount of about 0.1% to about 25% by weight of cementitious

components in the slag composition.

4, The method of claim 1, wherein the latex strength enhancer comprises a
rubber material selected from the group consisting of ethylene-propylene rubber, styrene-
butadiene rubber, nitrile rubber, nitrile butadiene rubber, butyl rubber, neoprene rubber,
polybutadiene rubber, acrylonitrile-styrene-butadiene rubber, polyisoprene rubber, AMPS-

styrene-butadiene rubber, and any combination thereof.

. The method of claim 1, wherein the latex strength enhancer is present in the

slag composition in an amount of about 1% to about 45% by weight of cementitious

components in the slag composition.

6. The method of claim 1, wherein the slag composition comprises
cementitious components comprising the slag, and wherein the slag 1s present in the slag
composition in an amount of at least about 40% by weight of the cementitious

components.
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7. The method of claim 1, wherein the slag composition further comprises an
additive selected from the group consisting of a strength-retrogression additive, a set
accelerator, a set retarder, a weighting agent, a lightweight additive, a gas-generating
additive, a mechanical property enhancing additive, a lost-circulation matenal, a filtration-
control additive, a flmid loss control additive, a foaming additive, a thixotropic additive,

and any combination thereof.

8. The method of claim 1, wherein the slag composition further comprises an
additive selected from the group consisting of crystalline silica, amorphous silica, fumed
silica, a salt, a fiber, a hydratable clay, calcined shale, vitrified shale, a microsphere, fly
ash, diatomaceous earth, metakaolin, ground perlite, rice husk ash, natural pozzolan,

zeolite, cement kiln dust, a resin, and any combination thereof.

9. The method of claim 1, wherein the slag composition comprises
cementitious components comprising the slag, wherein the hydroxyl source 1s present in
the slag composition in an amount of about 1% to about 10% by weight of the
cementitious components and comprises lime, wherein the latex strength enhancer is
present in the slag composition in an amount of about 5% to about 20% by weight of the
cementitious components and comprises AMPS-styrene-butadiene rubber, wherein the
slag is present in the slag composition in an amount of at least about 40% by weight of the
cementitious components, and wherein the slag composition has a density of about 14

pounds per gallon to about 17 pounds per gallon.

10.  The method of claim 1, wherein the dry blend further comprises a hydraulic

cement.

11.  The method of claim 1, wherein introducing the slag composition into a
subterranean formation comprises introducing the slag composition into a space between a

condwit and a well bore wall.
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12. A method of cementing comprising:

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

preparing a dry blend comprising slag and a hydroxyl source, wherein the
hydroxyl source 1s present in an amount of about 0.1% to about 25% by weight of
cementitious components in the dry blend, and wherein the hydroxyl source comprises a
basic material selected from the group consisting of sodium hydroxide, sodium
bicarbonate, sodium carbonate, lime, and any combination thereof;

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

introducing the slag composition into a subterranean formation; and

allowing the slag composition to set.

13.  The method of claim 12, wherein the latex strength enhancer comprises a
rubber material selected from the group consisting of ethylene-propylene rubber, styrene-
butadiene rubber, nitrile rubber, nitrile butadiene rubber, butyl rubber, neoprene rubber,
polybutadiene rubber, acrylonifrile-styrene-butadiene rubber, polyisoprene rubber, AMPS-

styrene-butadiene rubber, and any combination thereof.

14.  The method of claim 12, wherein the latex strength enhancer 1s present 1n
the slag composition in an amount of about 1% to about 45% by weight of cementitious

components in the slag composition,

15. The method of claim 12, wherein the slag composition comprises
cementitious components comprising the slag, and wherein the slag is present in the slag

composition in an amount of at least about 40% by weight of the cementitious

components.

16.  The method of claim 12, wherein the slag composition further comprises an
additive selected from the group consisting of a strength-retrogression additive, a set
accelerator, a set retarder, a weighting agent, a lightweight additive, a gas-generating
additive, a mechanmcal property enhancing additive, a lost-circulation material, a filtration-
control additive, a fluid loss control additive, a foaming additive, a thixotropic additive,

and any combination thereof.
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17.  The method of claim 12, wherein the slag composition further comprises an
additive selected from the group consisting of crystalline silica, amorphous silica, fumed
silica, a salt, a fiber, a hydratable clay, calcined shale, vitrified shale, a microsphere, ly
ash, diatomaceous earth, metakaolin, ground perlite, rice husk ash, natural pozzolan,

zeolite, cement kiln dust, a resin, and any combination thereof.

18.  The method of claim 12, wherein the slag composition further comprises
cementitious components comprising the slag, wherein the hydroxyl source 1s present 1n
the slag composition in an amount of about 1% to about 10% by weight of the
cementitious components and comprises lime, wherein the latex strength enhancer 1s
present in the slag composition in an amount of about 5% to about 20% by weight of the
cementitious components and comprises AMPS-styrene-butadiene rubber, wherein the
slag is present in the slag composition in an amount of at least about 40% by weight of the
cementitious components, and wherein the slag composition has a density of about 14

pounds per gallon to about 17 pounds per gallon.

19. The method of claim 12, wherein the dry blend further comprises a

hydraulic cement.

20.  The method of claim 12, wherein introducing the slag composition into a
subterranean formation comprises introducing the slag composttion into a space between a

conduit and a well bore wall.

21. A method of cementing comprising:
preparing a base fluid comprising AMPS-styrene-butadiene rubber, a
defoaming agent, and a dispersant;
preparing a dry blend comprising slag and a hydroxyl source;
combining the base fluid and the dry blend to form a slag composition;
introducing the slag composition into a subterranean formation; and

allowing the slag composition to set.

22.  The method of claim 21, wherein the hydroxyl source comprises a basic
material selected from the group consisting of sodium hydroxide, sodium bicarbonate,

sodium carbonate, lime, and any combination thereof.
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23.  The method of claim 21, wherein the hydroxyl source is present in the slag
composition in an amount of about 0.1% to about 25% by weight of cementitious

components in the slag composition.

24.  The method of claim 21, wherein the AMPS-styrene-butadiene rubber is
present in the slag composition in an amount of about 1% to about 45% by weight ot

cementitious components in the slag composition.

25.  The method of claim 21, wherein the slag composition comprises
cementitious components comprising the slag, and wherein the slag is present in the slag
composition in an amount of at least about 40% by weight of the cementitious components

in the slag composition.

26.  The method of claim 21, wherein the slag composition further comprises an
additive selected from the group consisting of a strength-retrogression additive, a set
accelerator, a set retarder, a weighting agent, a lightweight additive, a gas-generating
additive, a mechanical property enhancing additive, a lost-circulation material, a filtration-
control additive, a fluid loss control additive, a foaming additive, a thixotropic additive,

and any combination thereot.

27.  The method of claim 21, wherein the slag composition further comprises an
additive selected from the group consisting of crystalline silica, amorphous silica, fumed
silica, a salt, a fiber, a hydratable clay, calcined shale, vitrified shale, a microsphere, fly

ash, diatomaceous earth, metakaolin, ground perlite, rice husk ash, natural pozzolan,

zeolite, cement kiln dust, a resin, and any combination thereot.

28. The method of claim 21, wherein the slag composition comprises
cementitious components comprising the slag, wherein the hydroxyl source is present n

the slag composition in an amount of about 1% to about 10% by weight of the
cementitious components and comprises lime, wherein the AMPS-styrene-butadiene
rubber is present in the slag composition in an amount of about 5% to about 20% by
weight of the cementitious components, wherein the slag is present in the slag composition

in an amount of at least about 40% by weight of the cementitious components, and
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wherein the slag composition has a density of about 14 pounds per gallon to about 17

pounds per gallon.

29.  The method of claim 21, wherein the dry blend further comprises a

hydraulic cement.

30.  The method of claim 21, wherein introducing the slag composition into a
subterranean formation comprises introducing the slag composition into a space between a

conduit and a well bore wall.

31. A slag composition comprising:
a hydraulic cement consisting essentially of slag, wherein the slag
composition is essentially free of any other hydraulic cement;
a hydroxyl source, wherein the hydroxyl source is present in an amount in
the range of about 1% to about 10% by weight of the hydraulic cement;
a latex strength enhancer, wherein the latex strength enhancer is present in
an amount in the range of about 5% to about 20% by weight of the hydraulic cement; and
water, wherein the water 1s present in an amount in the range of about 4%
to about 150% by weight of the hydraulic cement; and
wherein the latex strength enhancer increases the compressive strength of the slag
composition by about 25% to 100%, and wherein the slag composition has a density of 14

pounds per gallon to about 20 pounds per gallon.

32.  The composition of claim 31, wherein the hydroxyl source comprises a

basic material selected from the group consisting of sodium hydroxide, sodium

bicarbonate, sodium carbonate, lime, and any combination thereof.

33. The composition of claim 31, wherein the latex strength enhancer
comprises a rubber material selected from the group consisting of ethylene-propylene
rubber, styrene-butadiene rubber, nitrile rubber, nitrile butadiene rubber, butyl rubber,
neoprene rubber, polybutadiene rubber, acrylonitrile-styrene-butadiene rubber,

polyisoprene rubber, AMPS-styrene-butadiene rubber, and any combination thereof.
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34, The composition of claaim 31, wherein the latex strength enhancer

comprises styrene-butadiene rubber.

35. The composttion of claim 31, wheremn the latex strength enhancer

comprises AMPS-styrene-butadiene rubber.

36. The composition of claim 31, wherein the slag composition further
comprises an additive selected from the group consisting of a dispersant, a defoaming
agent, a strength-retrogresston additive, a set accelerator, a set retarder, a weighting agent,
a lightweight additive, a gas-generating additive, a mechanical property enhancing
additive, a lost-circulation material, a filtration-control additive, a fluid loss control

additive, a foaming additive, a thixotropic additive, and any combination thereof.

37.  The composition of claim 31, wherein the slag composition further
comprises an additive selected from the group consisting of crystalline silica, amorphous
silica, fumed silica, a salt, a fiber, a hydratable clay, calcined shale, vitrified shale, a
microsphere, diatomaceous earth, metakaolin, ground perlite, rice husk ash, zeolite, a

resin, and any combination thereof.

38.  The composition of claim 31, wherein the slag composition further
comprises a defoaming agent and a dispersant, wherein the hydroxyl source comprises
lime, wherein the latex strength enhancer comprises AMPS-styrene-butadiene rubber, and
wherein the slag composition has a density of about 14 pounds per gallon to about 17

pounds per gallon.
39.  The composition of claim 31, wherein the latex strength enhancer increases

the 24-hour compressive strength of the slag composition at 140°F. in an amount of at

least about 25%.
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40. A slag composition consisting essentially of:

slag;

a hydroxyl source, wherein the hydroxyl source is present in an amount in
the range of about 1% to about 10% by weight of the slag;

a latex strength enhancer, wherein the latex strength enhancer is present in
an amount 1n the range of about 5% to about 20% by weight of the slag;

a defoaming agent, wherein the defoaming agent is present in an amount in
the range of about 0.1% to about 2% by weight of the slag;

a dispersant, wherein the dispersant is present in an amount in the range of
about 0.1% to about 5% by weight of the slag;

an additive, wherein the additive 1s selected from the group consisting of a
strength-retrogression additive, a set accelerator, a set retarder, a weighting agent, a
hghtweight additive, a mechanical property enhancing additive, a lost-circulation material,
a filtration-control additive, a fluid loss control additive, a thixotropic additive, and any
combination thereof; and

water, wherein the water is present in an amount in the range of about 4%
to about 150% by weight of the slag, and wherein the slag composition has a density of 12

pounds per gallon to about 20 pounds per gallon.

41.  The composition of claim 40, wherein the slag composition has a density of

about 14 pounds per gallon to about 20 pounds per gallon.

42.  The composition of claim 40, wherein the latex strength enhancer
comprises a rubber material selected from group consisting of ethylene-propylene rubber,
styrene-butadiene rubber, nitrile rubber, nitrile butadiene rubber, butyl rubber, neoprene
rubber, polybutadiene rubber, acrylonitrile-styrene-butadiene rubber, polyisoprene rubber,

AMPS-styrene-butadiene rubber, and any combination thereof.

43.  The composition of claim 40, wherein the latex strength enhancer

comprises styrene-butadiene rubber.

44.  The composition of claim 40, wherein the latex strength enhancer

comprises AMPS-styrene-butadiene rubber.
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45.  The composition of claim 40, wherein the latex strength enhancer increases
the 24-hour compressive strength of the slag composition at 140° F. in an amount of at

least about 25%.

46. A slag composition consisting essentially of:

slag;

a hydroxyl source, wherein the hydroxyl source 1s present in an amount 1n
the range of about 1% to about 10% by weight of the slag;

a latex strength enhancer, wherein the latex strength enhancer i1s present in
an amount in the range of about 5% to about 20% by weight of the slag;

a defoaming agent, wherein the defoaming agent 1s present in an amount In
the range of about 0.1% to about 2% by weight of the slag;

a dispersant, wherein the dispersant is present in an amount in the range of
about 0.1% to about 5% by weight of the slag;

an additive, wherein the additive is selected from the group consisting of a
salt, a fiber, calcined shale, vitrified shale, a microsphere, diatomaceous earth, metakaohn,
ground perlite, rice husk ash, zeolite, a resin, and any combination thereot; and

water, wherein the water is present in an amount in the range of about 4%
to about 150% by weight of the slag, and wherein the slag composition has a density of 14

pounds per gallon to about 20 pounds per gallon.

47.  The composition of claim 46, wherein the hydroxyl source comprises a
basic material selected from the group consisting of sodium hydroxide, sodium

bicarbonate, sodium carbonate, lime, and any combination thereof.

48.  The composition of claim 46, wherein the latex strength enhancer
comprises a rubber material selected from group consisting of ethylene-propylene rubber,
styrene-butadiene rubber, nitrile rubber, nitrile butadiene rubber, butyl rubber, neoprene
rubber, polybutadiene rubber, acrylonitrile-styrene-butadiene rubber, polyisoprene rubber,

AMPS-styrene-butadiene rubber, and any combination thereof.

49.  The composition of claim 46, wherein the latex strength enhancer

comprises styrene-butadiene rubber.
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50. The composition of claim 46, wherein the latex strength enhancer

comprises AMPS-styrene-butadiene rubber.

51.  The composition of claim 46, wherein the latex strength enhancer increases
the 24-hour compressive strength of the slag composition at 140 F. in an amount of at

least about 25%.

52. A method of preparing a slag composition, comprising:

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

preparing a dry blend comprising slag and a hydroxyl source; and

combining the base fluid and the dry blend to form the slag composition,
wherein the hydroxyl source is present in an amount of about 1% to about 10% by weight
of cementitious components present in the slag composition, wherein the latex strength
enhancer is present in an amount of about 5% to about 20% by weight of the cementitious
components present in the slag composition, wherein the water is present in an amount of
about 40% to about 150% by weight of the cementitious components present in the slag
composition, wherein the slag composition has a density of about 14 pounds per gallon to
about 20 pounds per gallon, and wherein the latex strength enhancer increases the 24-hour
compressive strength of the slag composition at 140" F. in an amount of about 25% or

more.

53.  The method of claim 52, wherein the hydroxyl source comprises a basic
material selected from the group consisting of sodium hydroxide, sodium bicarbonate,

sodium carbonate, lime, and any combination thereof.

54.  The method of claim 52, wherein the slag composttion has a density of

about 14 pounds per gallon to about 17 pounds per gallon.

55.  The method of claim 52, wherein the latex strength enhancer comprises a
rubber material selected from the group consisting of ethylene-propylene rubber, styrene-
butadiene rubber, nitrile rubber, nitrile butadiene rubber, butyl rubber, neoprene rubber,

polybutadiene rubber, acrylonitrile-styrene-butadiene rubber, polyisoprene rubber, 2-
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acrylamido-2-methylpropanesulfonic acid-styrene-butadiene rubber, and any combination

thereof.

56.  The method of claim 52, 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, a weighting agent, a lightweight
additive, a gas-generating additive, a mechanical property enhancing additive, a lost-
circulation material, a filtration-control additive, a fluid loss control additive, a foaming

additive, a thixotropic additive, and any combination thereotf.

57.  The method of claim 52, wherein the slag composition further comprises an
additive selected from the group consisting of crystalline silica, amorphous silica, fumed
silica, a salt, a fiber, a hydratable clay, calcined shale, vitrified shale, a microsphere,
diatomaceous earth, metakaolin, ground perlite, rice husk ash, zeolite, a resin, and any

combination thereof.

58.  The method of claim 52, wherein the hydroxyl source comprises lime,
wherein the latex strength enhancer comprises 2-acrylamido-2-methylpropanesulfonic
acid-styrene-butadiene rubber, wherein the slag is present in the slag composition in an
amount of at least about 40% by weight of the cementitious components in the slag
composition, and wherein the slag composition has a density of about 14 pounds per

gallon to about 17 pounds per gallon.

59.  The method of claim 52, wherein the dry blend further comprises a

hydraulic cement.

60.  The method of claim 52, wherein the latex strength enhancer increases the
24-hour compressive strength of the slag composition at 140° F. in an amount of about

50% or more.

61.  The method of claim 52, wherein the dispersant is present in an amount of
about 0.1% to about 5% by weight of the cementitious components present in the slag

composition, and wherein the dispersant comprises at least on dispersant selected from the

group consisting of: a naphthalene sulfonic acid condensate with formaldehyde; an
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acetone, formaldehyde, and sulfite condensate; a melamine sulfonate condensed with

formaldehyde; any combination thereof.

62.. The method of claim 52 wherein the hydroxyl source comprises lime.

63.  The method of claim 52 wherein the latex strength enhancer comprises a

water-in-o1l emulsion comprising a styrene-butadiene rubber.

64. A method of preparing a slag composition, comprising:

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

preparing a dry blend comprising cementitious components and lime,
wherein the cementitious components consist essentially of slag; and

combining the base fluid and the dry blend to form the slag composition,
the slag composition being essentially free of any additional cementitious components
other than the slag, wherein the lime 1s present in an amount of about 1% to about 10% by
weight of the slag, wherein the latex strength enhancer is present in an amount of about
3% to about 20% by weight of the slag, wherein the water is present in an amount of about
40% to about 150% by weight of the slag, wherein the slag composition has a density of
about 14 pounds per gallon to about 20 pounds per gallon, and wherein the latex strength
enhancer increases the 24-hour compressive strength of the slag composition at 140° F. in

an amount of about 25% or more.

65.  The method of claim 64, wherein the slag composition has a density of

about 14 pounds per gallon to about 17 pounds per gallon.

66. The method of claim 64, wherein the latex strength enhancer comprises a
rubber material selected from the group consisting of ethylene-propylene rubber, styrene-
butadiene rubber, nitrile rubber, nitrile butadiene rubber, butyl rubber, neoprene rubber,
polybutadiene rubber, acrylonitrile-styrene-butadiene rubber, polyisoprene rubber, 2-
acrylamido-2-methylpropanesulfonic acid-styrene-butadiene rubber, and any combination

thereof.
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67.  The method of claim 64, 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, a weighting agent, a lightweight
additive, a gas-generating additive, a mechanical property enhancing additive, a lost-
circulation material, a filtration-control additive, a fluid loss control additive, a foaming

additive, a thixotropic additive, and any combination thereotf.

68.  The method of claim 64, wherein the slag composition further comprises an
additive selected from the group consisting of crystalline silica, amorphous silica, fumed
silica, a salt, a fiber, a hydratable clay, calcined shale, vitrified shale, a microsphere,
diatomaceous earth, metakaolin, ground perlite, rice husk ash, zeolite, a resin, and any

combination thereof.

69.  The method of claim 64, wherein the slag composition further comprises a
defoaming agent and a dispersant wherein the latex strength enhancer comprises 2-
acrylamido-2-methylpropanesulfonic acid-styrene-butadiene rubber, and wherein the slag

composition has a density of about 14 pounds per gallon to about 17 pounds per gallon.

70.  The method of claim 64, wherein the latex strength enhancer increases the
24-hour compressive strength of the slag composition at 140° F. in an amount of at about

50% or more.

71.  The method of claim 64, wherein the dispersant is present in an amount of
about 0.1% to about 5% by weight of the slag, and wherein the dispersant comprises at

least one dispersant selected from the group consisting of: a naphthalene sultonic acid
condensate with formaldehyde; an acetone, formaldehyde, and sulfite condensate; a

melamine sulfonate condensed with formaldehyde; any combination thereof.
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