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GEOPOLYMER CEMENT COMPOSITIONS AND METHODS OF USE

BACKGROUND

{0001} The present invention relates to comenting operations and, more particularty,
in certain embodiments, to geopolynier coment compositions comprising slag and puntice
and associated methods use in cementing operations.

HO002] In comenting operations, such as well construction and remedial cementing,
coement composittons are commonly atilized, Cement composiiions may be usgd in primary-
cemnenting operations whereby pipe strings, such as casing and bners, are cementad in well
bores. In a typical primary-cementing operation, a cement composition may be pumped into

an annulus between the walls of the well bore and the exterior suwrface of the pipe string

disposed therein. The ceoment composition may set in the annular space, thereby forming an

anmlar sheath of bardencd, substantially hmpermeable matenial {e.g., a coment sheath) that

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

of the pipe string to the well bore walls, Among other things, the cement sheath surrounding

the pipe string should function to prevent the migration of fluids in the annudus, as well as
pmmcting the pipe string from corroston.  Cement compositions also may be used in
remedial cementing methods, such as in the placement of plags, and in squeeze cementing
for sea !iiiﬁg: volids in a pipe string, cement sheath, gravel pack, subterranean formation, and
the like. Cement compositions also may be used in surface applications, for example, in
surface appheations,

00031 A particular challenge in cementing operations 18 the development of
satisfactory mechanical properties in a settable composition within & reasonable time period

after placoment n the sublerranean formation. Dunng the hife of a well, the sobtorranean

cement sheath undergoes numerous strains and stresses as a vesult of femperature effects,

pressure effects, and impact effects. The ability to withstand these strains and stresses 18

di'fes':ﬂy related to the mechanical fp-#fOPﬁI‘ﬁ&S of the seitable s’:-a‘:e;t‘n'p{}lsi ton after 3€itlng The

fensile str@ngﬂ Y mm@.a s Modualus, Polsson’s Ratio, elastieity, and the like i.—.h.—ic:ii-ii‘i-plz’{}pifit‘iiic‘.‘ti:’ﬁ

may be modified by the inclusion of additives.

{004} One type of seftable composition that has been used herciofore comprises

slag cement, which is typically a blend of Portland cement and slag.  Because Portland
cement develops compressive strength much more ragmdly than slag, the amount of slag s

typically limited 1o no more than 40% by weight of the slag cement. Drawbacks to slag

cement chude the relatively high cost of the Port tland cement as ¢ ompared to the slag, which
is a waste material.  Drawbhacks to using higher conventrations of slag may include the
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ability for the settable composition t© develop adeguate compressive strength m a
reasonable time and ensure the long-term structaral fintegrity of the coment.
FOO0ST Thus, there sisis a need for coment compositions that comprise slag with

enhbanced mechanical lfeatures that develop adequate compressive strength for use m

cereniing operalions.

fod
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SUMMARY
00001 An embodiment discloses a method of cementing, The method of cementing

may comprise providmg a geopolymer coment compositton.  The geopolymer cement

COIMPOSIINR May Comprise a cementiious component consisting essentially of slag and

marnice, ahydroxvl source, amd water, The method further may comynise allowing the

geopolymer cement composition to set.

{00071 Another embodiment discloses a method of comenting.  The method of
comenting may conywise preparing a dry blend @s;}m;tnffiging me and a cementitious
component comprising slag and pumice. The method further may cormprise combining the
dry blend with water to form a geopolymer cement compesition,  The method further may

comprise introducing the geopolymer coment mmpmmon into & subterrancan formation.

‘The method further may comprise allowing the geopolymer cement composiiion 1o set.

FO00R] Another embodiment discloses a fiiwﬂfifig:u;i of cementing.  The method of
cementing may comprise providing a geopolymer cement composition.  The geopolymer
cement a::c(}m;m&iti@fﬂ nmay comprise a ﬂ-‘ﬂiﬁlt}ﬂrﬂtiti{) as component consisting of stag i an
amount in a range of from about 40% to about 60% by weight of the cementitious
component and pumice in an amount in a range of from about 40% to about 60% by weight

of the cementitions component, wherein the geopolymer cement composition 13 free of any

additional cementitions component.  The geopolymer cement composition farther mnay

t‘.'

comprise hydrated lime in an amount in a range of from about 0.19% to about 20% by weight

of the comentificus component, and water. The method further may comprise introducing

the geopolymer cement composition into a well bore annulas in a subtersanean formation
durtng a primary cementing operation.  The method fivther may comprise allowing the

geopolymer cement composition to set, whersin inclusion of the pumice fu the geopolymer

cement composition increases the 24-hour compressive strength of the geopolymer coment
compostiton at 1O i an amount of at least aboul 3% as compared to replacement of the
mumice with additional slag.

F0009] Yot another embodiment discloses a geopolymer coment conposition. The

geopolymer cement compostion may comprise 3 cementiious  component  consisting

essentiaily of slag and pumice. The geopolymer cement composition further may comprise a
hydroxyl source and water,
{_{}tﬁ} 10} The features and advantages of the present invention will be readily appavent

to those skilled in the art. While numerouns changes may he made by those skilled in the art,

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

"=

{0011} Enibodiments of  the present mvenbion disclose  geopolvimer  cement
compositions comprising slag, pumice, a byvdroxyl source, and water. One of the many

potentigl advantages of embodiments of the geopolymer composiions 15 that including a

miature of slag and pumice may provide geopolymer cement compositions with adequate

compressive strengths for use in subterranean applications despite the increased slag content.

By way of cxample, the compressive strength of the geopoivmer cement composiiions

contaimng the mixture of the slag and pumice may be increased by at feast about 10% 10 one

embodiment, and at feast about 3% in ancther embodiment, as compared {o the same

geopolymer  cement composition having  the pumice replaced with  additional slag.

Accordingly, embodiments of the st seapolymer cerpent compositions mway be used i a vanety
of subterrancan apphications where coment compositions may be used, including, but sot
HmoHed to, primary and remaedial cementing,

(0121 In some .e:z:f!ﬁl‘i:ts:;n;iifnfszits, the geopolymgr coment compositions Mmay comprise

slag,  Slag is penerally 3 by-product in the production of various metals from their

corresponding oves. By way of example, the production of cast iron can produce slag as a

granufated, blast turnace by-product with the slag generally comprising the oxidized

LWL

impuritics found in iron ore. Slag may generally be considered 1o have cementitious
properiies, in that 1 may set and barden in the presence of a hydroxyl souwrce and water, The

stag may be included in embodiments of the geopolymer cement compositions i an amount

suttable for a particular application,  In some mnbmiimﬁtn'ts._?. the slag may be present oan

amount in a range of from about 40% to about 100% by weight of comentitious components

:{‘“‘l‘m o } for n,m,u‘nplth about 40%., about 30%. about 60%, ’m‘mstl"?{E*}"&, about M}‘*e -:-.z.bofu'i

of components of the geo ;}Gi }"mﬁr cement compositions that h‘}?iiimui wally set, or otherwise
harden, to develop compressive strength, including, for example, slag, fly ash, hydraulic

cement, and the hke. In certain embodiments, the slag may be present in an amount greater

than about 40% bw ¢, greater than about 50% hwoc, greater than about 60% bwoe, greater

than about 7096 bweoc, greater than about 8086 bwoe, or graater than about 9084 bwoc.

00131 In some embodiments, the geopolymer cement compositions may compriseg

punnce. Generally, pumice 13 8 veloanic rock that exhibits cernentitious propertics, in that it

may set and harden in the presence of a hxdu‘smi souree and water.  The bvdroxyl source

.....

for the pamice fo sel. An example of a suitable punuce is available from Hess Pumice
} o . { | e Punk

Products, Inc., Malad City, ldaho, under the tradename DS-200 having an average particle

‘.;
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size of less than 20 microms.  In some embodiments, the pumice may be present in
geapolvmer coment compositions of the present invention in an amound in the ran 2e { about
3.1% to abowt 60% bwoe. In some embodiments, the pumice may be present in an amount
ranging behween any of and/or including any of about .1%, about 5%, about 10%, ahout
2(%%, about 3(%, aboat 40%, about 30%, or about 60%. In some embodiments, @ toial
ameount of cementitions components in the geopolymer cement composition may consist
essentiaily of andfor consist of the siag, the pumice, and the hydroxyl source. One of
ordinary skill i the art, with the benefit of this disclosure, will recognize the appropriate
amount of the puniics to include for a chosen application.
f0014] In some embodiments, the geopolymer coment CoOmpOSHIons My COmMprise
hvdroayl source.  The hydroxyl source mway be mcloded in the geopolymer cement
compositions to provide hydroxyl groups for getivation of the slag and/or pumice, thus
'}‘.}'&f"i&‘#"‘idi Ry 8 cement composiion that w i { react with the water o form a hardened mass
accordance with embodiments of the present invention.  Any of a variety of switable
hydroxyl sources may be used that are capable of generating hydroxyl groups (QH) when
dissolved in the water, Examples of suitable hydvoxy! sources mclude basic materials, sach
as sodiam hydroxide, sodiem bicarbonate, sodivn carbonate, lime (e, hydrated lime), and
any combination thereof. In some embodiments, the hydroxyl source may be present in the
geopolymer cement composifions m an amount 1y the range of from about 0.1% to ghout
25% bwoe. In further embodiments, the hydroxy! source may be ineluded in an amount in
the range of from about 19% to about 10% bwoc.
O01S] In some embodiments, the geopolymer coment compositions  may be
OESE ;tmih free of any addiional cementitious materials, such as hydraulic cements,
including, but not Hmited o, those comprising calcium, aluminum, silicon, oxyvgen, iron,
andfor sulfur, which set and havden by reaction with water. Specific examples of hyvdraudic
centents include, but are not limited to, Portland cements, pozzolina coments, gvpsum
cements, high alumina content coments, sifica cements, and any combination thereof.  In
some embodiments, the Portland coments are classified as Classes A, O, Ho or G cements
according to American Petroleum Institute, AP Specification for Materials and Testing for
Hell Cements, AP %p cation 10, Fifth Bd., July 1,1 00¢  In a.dd;i'tiim,, HE SO

embodimenis, the hydmum cement may include cements classified as ASTM Type L I, o

1. In some embodiments, the geopolymer cement f:a:sifnp@si tions may comprise additional
cementitious materials in an amount less than about 19 bwoe and., alternativ ely, less than
about 3.1% bwoe. In one particular smbodiment, the geopolymer cement may be free of any

additional cementitious materials,
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100101 The water used in embodiments of the geopolymer coment compositions of
the prosent invention may inclade, for example, freshwater, saltwater {e.g., water containing
one or more salts dissolved therein), brine (e, saturated saltwater produced from
subterranean formations), seawater, or any combnation thereol. Generally, the water may
be from any SOUICE, provided, for example, that it does not contain an excess of compounds
that may undesirably affeet other components in the geopolymer cement compesition.  In
sonte embodiments, the water may be included i an amount suificient to form a punpable
s mw in some embodiments, the water may be included in the geopolvmer coment
compositions of the present invention in an amount in a range of from about 40% to about
200% bwoe. In some embodiments, the water may be included in an amount in a range of
trom abouol 4(9% 1o about 150% bwoc.

H0017] In some embodiments, the peopolymer cement compositions muy further
comprise a fhad-loss-control additive. As weed herein, tha, fertn *‘ﬂii id-loss-control addinve”
refers to an additive that 8 used to decrease the volume of fluid that is lost to the
subterranean formation.  Examples of suitable fusd-loss-control additives inclade, but not

N

fimited 1o, certain polymers, such as bydrowyethy! cellndose, carboxymethylhydrovyethyd

D \ ST g Y Ry }. R R LR g .r\ . f\. R S o RN B S T | \".'L'ﬂ. PRI W .-\j. '}': Ry '¥ P3N S SN 3 \c -5 an
coltalose, vopolymers of 2-aeryviomdo-2-methvlproparesulfonic seid and senviomide or

e t' ' TIPS STV PO J0 M PO L 2T T STy
M-dinwthylacrylamide, and grafl copolymors comprising & backbone of Hgnin or fignite
and pnendist evouns comprinine at least ong hor seleded from the ;
and pendat groups comprisiing at lvast ong member selected rom the group consisting of d-
soryiamide-Zamethyipropancsulfonic  acid, acrvlonitrile, and N N-dimethylacrvlamide,
I O I & TN R, N 2 T Y “ ;“:';_,,. - 13, ot e caargen s anhe e R T ot o
suabie Huld-loss~comtrol addiives are available fmn Hatlibhagion i..-.ﬁ-s,.;g}» NOPVICSS, NG,

'S

anger the tadenames HALAD™.S fhindoss araisii'iti'v& FEALATITNEY flubd-loss additive,

HALAD™ 344

'l

wigh-foss add

.ﬁ'

. %‘i
AN

embodiments, the fluid-loss-controt addstive may be pi‘eﬁ:‘:’;@n { in the geopolymer cement

dive, and HALADTDLES Howddesy additive. In sonmw

4!-
f_ﬁ_ﬁ

o

cosmpositions i an amount in the range of from abost 8.1% (o about 3% bwoc,

FOOTE] In some embodiments, the geopolymer cement compositions may further
comprise @ set retarder. As used herein, the term “set retarder™ refers to an additive that is
used to mcrease the thickening time of cemeni compostitons.  Examaples of suntable set
refarders fin;c;fl:udm bat are not Himited to, .-am_mz{miita;n:r;_;.,- alkali metals, alkaline varth metals,
mathy l;‘n opane sulionie :-,u::.i;d saft and -z-;u:*:f}é’i'i C a,s;f:;id or ‘m.aleic -a&_id_g and '-s;::i*}.msi}i&'fa&tiim:s; thereof,
One example of a suttable sultoalkytated lignin comprises a sultfomethylated lignin, Suitable
set refarding additives are avatable from Halliburton flfi;ne'rgy‘ Services, fve. under the
tradenames HR -4 cement retarder, HRY-8 cement retarder, HR-7 coment retarder, HRY-12

cement retarder, HR™-15 cement retarder, HRS.25 cement retarder, SCR™LIQ0 cement
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retarder, and  SCRY™.S00 cement retarder. Generally, where used, the set retarder may be
included m the g»;;:f}pf_‘s bvmer cement compositions of the present invention in an amount
sufficient to provide the desired st refardation. In sorme embodinents, the set retarder may
be present i the geopolymer cement composiions i an amowrd in the range of from about
{.1% to about 3% bwoc.

0019} Other additives suitable for use in subterranean cementing operations may
also be added to embodiments of the geopolvmer cemient compositions, in accordmice with
embodiments of the present invention.  Examples of such additives tnclude, but are not
Hinited to, strenpth-retropression additives, set aceclerators, weighting apents, lightweight
additives,  gas-generating  additives, mechanical-property-enhancing  additives,  lost-
circulation ralenals, Gitration-control additives, foanung addstives, thixotropie additives,
amd any combynation thereof,  Specific cxamples of these, and other, additives mnclude
crystathine -S;hmh amorphoos silica, fumed silica, salts, fbers, hvdratable clays, calcined
shale, vitrified shale, nucrospheres, fly ash, diatomaceous earth, metakaolin, ground perlite,

rice husk ash, m‘:tum! pozzolan, zeolite, cement kiln dust, resuis, any combination thercof,

and the Hike, A person having ordinary skill in the art, with the benefit of this disclosure, will

readify be able to detormine the tvpe and amount of additive asef] for a particalar

application and desired result,

HO0201 Those of ordmary skill w the art will appreciate that embodiments of the

W

geopolymer compositions  gencrally should have a density suitable for a particular

apphication. By way of oxample, embodiments of the ge fspfsi mer cernent COmMposiHions may

have a density of about 12 f;mmds per gallon (“b/gal™ to about 20 b/ di i1 certaim

embodiments, the geopoelymer coment z:ta'::.mposiﬁ@.n;s may have a deasity of about 14 /sl o

about 17 ib/gal. Those of ordinary skill in the art, with the benchit of this disclosure, will

recognize the appropriate density for a particular application,

00217 In some embodiments, the geopolymer cement compesition may have a

thickening time of greater than about 1 hour, alternatively, greater than about 2 hours,

aliernatively greater than about § hours at 3,000 pst and temperahres m 4 range of {rom

about SO°F to about 400°F, alternatively, tn a range of from about SOU°F {o about 250°F, and
alternatively atl a tomperature of about 140°F.  As used herein, the term “thicken ng time™

refors {0 the time required for a cement composition to reach 70 Bearden unily of

J'l-'

{omsisiene y Be™) as measwred on a high-temperature high-pressure consistometer in

accordance with the procedure for deternuining cement thickening thwes set forth in APl

Recommuended Practice 10B-2 (July 20035}
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HO0221 As previously mentioned, the conywessive strength of the geopolymer

cement compositions may be increased by using pumice in combination with sfag. Indeed, it

J

has been shown that using pumice in combination with slag can achieve higher compressive
strength than use of either punuce or slag alone.  As used herein, the term “compressive
strength” refers to the destructive compressive strength measured in accordance with APY

Recommended Practice 10B-2 (July 2005) by ph} \iuali} testing the ,s_tmngth of the

i

it{*:siing; élim.cﬁhine», The s;:{‘;&.rﬁp"fet%fii‘ﬁf .:e;iffﬁ:tngizh is measured -..a;t. 3 .-tif';jpec:i fied time afler the
composition has been mixed and the composition is maintained under specified temperature
and pressure conditions. The compressive strength is calculated from the faihwse load
divided by the cross-sectional area resisting the load and i reported by wmnils of pound-force
per square fnch {"pai7). By way of example, the compressive strength of the geopolymer
cement composttions contaming the muixtare of the slag and pumice may be mereased by at
feast about 10% 18 one embodiment and at least sbout 3% in another embodiment, as
compared to the same geopolymer cement composition having the pumice replaced with
additional slag. In some embodinments, the geopolymer cement composition may have a 24«
hour compressive strength i 8 range of from about 250 psi fo about 20,000 psi and,
alternatively, from about 350 psi about 3,000 psi at atmospheric pressure and temperatures in
a vange of from about SUPE to about 40U°F, alternatively, m a range of from about 80°F 1o
about 250°F, and alternatively at a teraperature of about 1809,

100231 The components of the geopolymer cement compositions comyprising slag,
punice, hydroxy! source, and water may be combined in any order desired o fovm a
geopolymer cement composition that can be placed inte a subterranean formation.  In
addition, the components ol the geopolymer cement composttions may be combined using
any muxing device compatible with the covaposition, wchuding a balk mixer, for example. In
some embodiments, a dﬁs‘}é" blend may first be formed by dry blending dry components
comprising slag, pumice, and a hydroxyl source. The dry blend may then be combined with
water 1o form the geopolymer cement compostiion.  Other saitable techniques may be used
for preparation of the geopolymier coment compositions as will be appreciated by those of
ordinary Skzi_ﬁﬂi’lin'ft‘ht?: art 1y accordance with embodiments of the present invention.

00241 As will be appreciated by those of ordinary skill in the art, embodiments of
the geopolymer coment compositions of the present mvention may be used in a variety of
cementing operations, including surface and sublerrancan operations, such as primary and
remedial comenting.  In some embodimuents, a geopolymer cement composition may be

provided that comprises slag, pumice, Hme, and water, and slowed set.  In certain
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embodiments, the geopolvimer coement composition may be introduced into a subterranean
formation and allowed to set theretn,  As used heretn, introducing the cement composition
o a subterrancan formuation includes introduction inte any portion of the sublerranean

formation, mcluding, without limdation, mto a well bore drilied mto the sublerranean

formation, mte a near well bore regilon swrounding the well bore, or o both,

00257 fn primarv-cementing embodiments, for example, embodiments of the

geopolymer cement composition may be introduced into a well~bore annulus sach as g space

between a wall of @ well bore and 2 condait {e.g., pipe strings, liners) located in the well

bore, the well bore pencirating the sabterranean formation.  The geopolymer cement

composition may be allowed to set to form an annular sheath of hardened cement in the well-

hore annulas.  Among other things, the bardencd cement {ormead by the set geopolymer

cgrnent composition may form a barmer, preventing the migration of fluids w the well hore.

‘l
3

.-

'

The hardened cement also may, for example, support the conduit n the well bore andior

torm a bond between the weill-bore wall and the conduit.
{0026} In remedialcomenting embodiments, & geopolymer coment composiiion may
be used, for example, in squeezs-cementing operations or in the placerment of cement plogs.

By way of example, the geopolymer cement composition may be placed in a well bore to

e an opening, such as a void or erack, in the formation, in a eravel pack, in the conduit, |
tug an opening, such as a void or crack, in the formation, na gravel pack, in the conduit, in

the coment sheath, andfor a mucroamudus hebween the coment shegth and the condwt o

formation,

EXAMPLES

{00271 To facilitate a betier onderstanding of the presest invention, the following
examples of some of the preferred embodiments are given. In no way should such examples

be read to i, or o deline, the scope of the vention.

Example 1

HO028T The following sertes of tesiy was porformed to evaluaie the mechanical

properiies of geopolymer content compositions.  Five different geopolymer coment

iy

composiiions, designated Samples 18, were prepared using the indicated amounts of water,

......

gallon per sack (Pgalisk™) indicating the gallons of the respective component per 94-pound

sack of slag and pumice. It should by noted that Sample 5 was {oo thick and had to be hand
mixed, The slag used was from LaFarge, Grand Chain, 1

R

tinots, The hime used was hydrated
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Hme from Texas Lime Company, Cleburne, Texas, The ponuice used was DS-200 from Hess
Pumice Products, Ing.

00291 After preparation, the sample geopolvimer cement compositions wers allowed
o cure for 24 bours in g 27 x 47 metal evlinder that was placed 1 s waler hath at 180°F to
form set cement cylinders.  lmmediately after removal from the waler bath, destructive

compressive strengths were determiined using a mechanical press in accordance with AP RP

FOB-2. The results are set forth 1 the table below.

10
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HO030] Based on the results of these tests, inclusion of pumice in the saniple

geopolymer cement compositions had a significant impact on  compressive  strength

15,}'1.

development. For example, incrsases in compressive strength of at feast about 5% {Sample
2) and up (o least aboat 0% (Sample 4} were obtaingd by replacing at least a portion of the

pumice with slag. Ay iHustrated by the comparison of Samples 4 and §, the combination of

-r

munice and slag appears to have a synergistic effect as Sample 4 with 3% slag and 3%

ﬁf“

nuntice had a higher compressive strength than Sample T with 1% slag or Sample 2 with
1 100% pumice.
FXAMPLE 2

100317 The o Howing series of tests was performed o evaluate the thickening-tiroe
response of mdudmw set retarders in smupﬂhmct cement compostitons.  Three different
;gﬂ'@'poiymer cement compositions, designated Samples 68, were prepared using the
15 indicated amounts of water, slag, punuee, lime, a sot retarder, and a fluid-doss-controd
additive.  The amounts of these components are indicated in the table below with percent
indicating the amonnt of the component by weight of the slug and pumice and gallon per
sack (Cgalisk™) mdeating the gallons of the respective component per 84-pound sack of slag
and puniice. The slag used was from Labarge, Grand Chain, fllinows, The Iime used was
20 hvdrated Eiime trom Texas Lime i’fi)mpm}; Cleharne, Texas, The PUIMICE ased was DS-200
from Hess Pumice Products, Inc., having an average particle sive of less than 20 microns.
The set retarder was HRY-12 cement retarder from Hallibu reon Bopergy Services, Ine. The

fhad- hmk-u‘tniml additive was Halad =413 from Halliburton Ene SrEy v Services, Ine.

00321 Afler preparaiion, the sample geopolvmer cement componitions were tested

A
4

to determine their thickening tmes at 1O°F, which is the time required for the compositions

to reach 70 Bearden untts of consisienc cy. The thuckerung-tivae tests were performed in

accordance with AP RP 10B-2, The results are set forth i the table below,
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{00 33_} As llustrated, suitable h!dﬁ;ﬁmm hmm can be obtained using set retarders in

the sample geopolymer cement composiions.  For example, thickening times i excess of 9

L

hours werg obtatned for Sample §,
EXAMPLE 3
F0034] The following series of tests was performed to evaluate the fluid loss of
geopalymer coment compositions. Three different geopolymer cement compostions,
designated \uﬂpiu 9-11, were prepared asing the indicated amounts of water, slag, pumice,
10 fime, a set retarder, and a fuid-foss-control additive. The amounts of these components are
mdicated in the table below with percent indicating the smount of the component by weight
of the slag and pumice and gallon per sack {f‘gab‘?ﬁk*?} mdicating the gatlons of the respective
component per 9d-pound sack of slag and pumice. The slag used was from LaFarge, Grand
Chain, [inois. The lime wed was hydrated Hime from Texas Lime Company, Cleburne,
15 Texas. The pumice used was DS-200 from Hess Pumice Products, tne., having an average
particle size of less than 20 microns. The set retarder was HR™-12 cement retarder from
Hallithurton Energy Services, Inc. The thoad-loss-control additive was Hﬂad “4131 from
Haltiburton Energy Services, Inc.
F00351 Afier preparation, the geopolvmer cement compositions were poured inte a

20 pre-heated cell with g 325-mesh soreen and a Huid-loss test was performed for 30 minustes at

1000 psi at 190°F In accordance with APERP 10B-2.
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' ﬁlmlcitt,d AP Flund Loss
HO036] As illustrated, suitable fluid-loss control can be obtained using fluid-loss-

control additives 1w the sample geopolyvmer cement compositions,  For examaple, AP Hud

Lﬁ

foss of less than or equal to 60 co/30 niin were obtained for Samples 10 and 11,

{0037] 1 should be understoad that the compositions and methads are described in
terms of “comprising,” “contaming,” or “mweluding” various components or steps, the
compositions and methods can alse “consist essentially of” or “comsist of” the various
components and steps. Moreover, the indefinite articles 2™ or “an,” s ased in the claims,
HY  are defined herein to mean one or more than one of the element that it introduces.

[0038] For the sake of brevity, only certain ranges are explicitly disclosed herein,

However, ranges from any lower Hmit may be combined with any upper Hmit to recite a

range not explicitly recited, as well as, ranges from any lower lmit may be combined with

any other fower lmi to recite @ range not explicitly recited, in the same way, ranges from

15 any upper limit may be combined with any other upper imit to recite a range not explicitly

recited.  Additionally, whenever a numenical range with a lower mit and an upper Himit is

disclosed, any number and any included range falling within the range are specifically

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

equivalently, “from approximately a to B or, equivalently, “from approximately a-b™)

20 disclosed herein is to be understood to set forth every number and range encompassed within

the broader range ol values even # nol explicitly recited.  Thus, every pomt or individual

value m ay serve as s own lower or upper Himit combined with any other point or in dividual
valug or any other lower or upper limit, 1o recite a range not explicitly recited.

FO030] Therefore, the present invention i well adapted to attain the ends and
25 advantages mentioned as well as those that ave inherent therein. The particilar embodiments
disclosed above are ilustrative only, as the present invention may be modified and practiced
in different but equivalent manners apparent to those skilled in the art having the benelit 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

30 details of construction or design herein shown, other than as described o the claims below.
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Also, the terms i the claims have their plain, ordinary meaning uniess otherwise explicatly
and clearly defined by the patentee. H is therefore evident that the particular tustraiive
embodiments disclosed above may be altered or modified and all such variations are
constdered within the scope and spirit of the present myvention. i there 15 any contlict m the
usages of a word or term in this specification and one or more pateni(s) or other documents

that may be mcorporated herein by reference, the definitions that are consistent with this
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What is claimed i

a cementifiouns component consisting u..%as.,nu.-.;ily of slag and pamice;
a hvdroxyl source; and
water.

2. A geopolymer cement composiion according to clamm |, wherem the
geopolymer cement composition has a density of about 12 pounds per gallon to shout 20
pounds per gatlon.

3. A geopolymer cement composition according to clatm 1 or claim 2, wherein
the slag is present in an amount i a range of from about 409 to about 100% by weight of
the comentitious component.

4, A geopolymer coment companition according to any preceding claim,
wherein the pummce 18 present in an amount i a range of from about 8.1% to about 6% by

..........

weight of the cementitious component,
5. A geopolymer coment compaosition aceording to claim 1 or claim 2, wherein
the slag is present in an arnount 1o a range of from about 40% to about 60% by weight of the
cergentitious component, and wherein the pumice is present in an amount in a range of from

ahout 40% (o about 60% by weight of the cementitious component,

0. A geopolvimer cemient composiiion aceovding to any  preceding clamm,
wherein the cementitious component consists of the stag and the pomice.

7. A peopolymer cement composition according to any preceding claim,

whergin the geopolymer cement composition is free of any additional cementitions materials,

f.! 1';

g, A geopolvmer coment composiiion according o any precedimg  olaim,
wherein the hydroxyl source comprises a basic material selected from the group consisting of
sodiurn  hydroside, sodiont bicarbonate, sodivm carbonate, hme, and any combmation
thereof.

Q. A propolymisr cement composition according fo any preceding claim,
whergin hydroxyl soarce is present in an amount in 2 range of from about 0.1% to about 25%
by welght of the camentitious component,

. A peopolymier cement composition according to any precedmg  claim,
whergin the geopolymer cement composition farther covoprises an additive selected from the
group consisting of 3 d.z's;persant,_ ] sﬂﬁij{:sagn'i"ijngsf agent, a strength-retrogression additive, a set
accelerator, a set retarder, g weighting agent, a Hghtweight additive, a gas-generating

15



L

iU

CA 02880480 2015-01-28
WO 2014/028792 PCT/US2013/055250

additive, a mechanical-proparty-enhancing additive, a lost-ciroulation material, a filtration-
control additive, a fuid-foss-control additive, 4 foaming additive, a thixotropiv additive, and
any combination thereod.

1. A geopolymer cement composition according (o any preceding  clamm,
wherein the geopolymer censent compaosition 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, vitnitied shale, g nucrosphere, diatomaceous earth,
metakaolin, ground perlite, rce husk ash, reolite, & resin, and any combination thereof,

2. A methed of comenting comprising:

providing a geopolymer cement composition sccording to any preceding
clainy; and
allowing the geopolymer cement composition o set.
13, A wmethod according to clatm 12, further comprising introducing  the

geopolymer cement composition into a subterrancan formation.

4. A method of comenting comprising;

PrERAT] B g a dry blend comprising lme and 8 cementittions component
comprising slag amd pumice;

combining the dry blend with water to from a geopolymer cement
compaosition according o any one of claims | to T

mroducing  the geopolymer cement composilion  inte a  subterrancan
formation; and

allosving the geopolymer cement composition to set.

13, A method ac cwdi;r;_g e cladm 13 or claim 14, wherein intved ueing the

geopolymer cerment composition into a subterrancan formation comprises introducing the

geapolymer cement composition o 8 well-bore amuhus.

16, A method according to any one of claims 12 to 15, wherein inclusion of the
pumice in the geopolymer coment composition increases the 24-hour compressive strength
of the geopolymer cement composition at 1807F in an amownt of at least about $% as
compared to replacement of the pumice with additional slag.

17, A method ,z?u:i:{_m-mitin.g to any one of claims 12 to 16, wherein the geopolymer

coment composition 18 usad 11 & primary cementing operation.

16
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1. A method of comenting conywising
providing a geopolymer cement composiiion comprising:
a comentitious component consisting of slag in an amount in a range
o from about 4% o about 6U% hy weight of the comentilious comnponent and pumice 1 an
amount in a range of from about 0% to about 60% by weight of the cementitions
component, wherein the geopolymer cement composition s free of any additional
cementitious component;
hydrated froe in an amount Ju a range of from about 0.1% to abowt
20% by weight of the cementitious component; and
stroducing the geopolymer coment composition nto a well bore annulus ina
subterranean formation during a primary cementing operation; and

allowing the peopolymer cement composition o set, wherety incluston of the

pumice in the geopolymer cement composition increases the 24-hour compressive strength

of the geopolymer cement composition 8t 180°F in an amount of at least abowt 3% s

commpared to replacement of the pumice with additional slag.



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims

