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formation, wherein the treatment fluid comprises cement kiln dust having a mean particle size that has been altered from its original
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METHODS AND COMPOS DUST

HAVING AN

ITIONS COMPRISING CEMENT KIEN
ALTERED PARTICLE SIZE

BACKGROUND

FO00TT In goneral, svell teatments belode g wide varety of methods that may be

performed in ofl, gy, peothermal andior water wells, sueh ax deilling, complotion and

workover methods, The detlfing, comphetion and workovsr methods may include, bot are aot

Honited o, deilling, fracowi g, acidizing, loging, vemanting, gravel pag King, perforsting and
contformance methods,  Many of these well brestments are designed o onhanee andior

s
A

factnate the recovery of dexirable fuids from 3 seblorrancan wll,
HHHEZT In comenting wethody, such as well comatruction and romadiad comeniin

RE.
\-’
R

sefiable vompositions s commanby wliized, As used borman, the torm “seiiab

coanposiion” refers o g conpesition{s) thal hydraalically setg ov otherwine develops

COMPTESRI v %ttﬂ‘sﬁﬁi Nettably compusitiony auay be wsed I prinmry comenting operationy

wher i‘m mpe sEriveg ga, sunh ey casing and bners, are vemurded rowedl bwwes. In }'.’;‘fiffﬁ}t‘-i‘iﬁ 13

PEHNArY mws;mg a4 Sein hh_ composition pay be pomped o an sanuhie bebween ¥

subtorrancan formation sd the pipe stting disposed i the suldomanean fovmation, The

setiable comnpositon shoold set in the apmudes, thereby forming sn wendar sheath of

hardened cament (a8, & comeng shaaih) that aizii}tuiﬁ; aupport and postton the pipe siving in

the well bore and bond the exterior strfyce of the pipse siring te the walls of the well bore,
Settable compositions also may be wsed i romedigl comenting micthads, sueh as the
placement of vernoyt plugs, and in squoeze comenting for sealing voids I o pipe string,
coment sheath, graved pack, formation, and the ke, Setigble compositions may glse be used
i awriace apphoations, or examgnie, consiruction cemending,

O3 Settable compoaitions for use i subterrpean fornutions ny @y further mohide

-

Perthind coment. Poatland cement generally is a voajor compeotent of the ot for the comet

eonposiiions, Qther components aiay be inciuded w the coment composition i addition o,

ar in place of, the Portdand coment. Such components may nchade iy ash, slag, shaie,

recdite, yotakaotin, pusrice, perlile, Hme, silic &, viee-hall ash, suoro-Oue coment, Bme ki

p““.n‘

dust, and the Hke. However, the operating conditions for wells gre beoonndng more

challonging and demarsling, and the sewrch for now materiads continues o mest thess

A

i";.ii?iir fi}

4'

- .,
TS,
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SUMMARY
FRUUS | An ombodiment discloses g sublorrgnoan treaiment methad, The methd
may covaprise ntroducing a treatment Thad indo o subterranean fovmation, wherein the
treatmuent uid comprises coment Kile dust having 2 mean paricly stae that has been allered

front Hs onginal size by grinding, soparating, or a cominnation thoreat

L&

{f}.{}{}ﬁﬁ Another ombodiment discloses 8 suldorranonn boatment asothed,  The
method may comprisy intesdoeing 2 troatroent Hukd o »# wbtarranean formstion, wherein
the trestment fluid :i:s{?siyzzgfs'?&%s;;;fg cement Kiln dust having a wean particle size th gt haw been
veduced from #s original sz

10 {f}ﬂzii‘?} Another embodiment Jmﬁma a subtermnean treatmend method. The
the E}’f»%;:::-.sirmﬁ:if .f’i‘ﬁ'ijﬁ?ﬁ connprises voment kil dust that bas been <f~:’*t?ss:.t.-s‘§.-d\.

FO008] Another gmbodioen discloses a method of proparing cement kiln dust, The
methoad ny CERTIRNISE pProv iif:i.iifzg cerment kiln dust beving an oobeing particle sive,  The

(5 method may further comprise altering the mean particle stee of the coment kiln dust from the
arsangl p*’is‘mi srze by ghinding, separating, o g combanation therend

{ ﬁ{i-i}ﬂ?j Another embodirment discloses o well treatment Bukd, The well treatment
flutd sy conprise cement kily dust bay 1 @ naan particle size that fas been abisred from
g wdgnal purticle stee by m*zmi;maﬂ eparating, or g combination thernof

20 00

acdditive may connprise cement Kidn dust ii*;s;;zwiﬂg @ mwan parbicls sfre that bas been aliered

f

Annther embodiment discloses an akittive for 3 seiisbde compositin, The

froen Hy onginal pasticle size by grinding, aeparating, ov ¥ combinution thersat,
(D011 The fetures and advantages of the present fmvention will be readily apparent

o those ..;%:eai*;.ii.iisd. w the ar. While numerons chenges may b made by those skilfed o the st

ot
%4

sueh changes are within the spirt of the nventio,

.....

s
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[0010a]In accordance with one aspect of the present invention, there is provided a
subterranean treatment method comprising: introducing a treatment fluid into a subterranean
formation, wherein the treatment fluid comprises cement Kiln dust having a mean particle size
that has been altered by grinding, separating, or a combination thereof, wherein the treatment
fluid is a settable composition, wherein the mean particle size of the cement kiln dust 1s after
altering at least 5% greater than its original size, or 1s at least 5% less than its original size.

[0010b] In accordance with another aspect of the present invention, there is provided a
subterranean treatment method comprising: introducing a treatment fluid into a subterranean
formation, wherein the treatment fluid comprises cement kiln dust having a mean particle size
that has been reduced from its original size, wherein the treatment fluid is a settable composition.

[0010c] In accordance with yet another aspect of the present invention, there is
provided a subterranean treatment method comprising: introducing a treatment fluid into a
subterranean formation, wherein the treatment fluid comprises cement kiln dust that has been
ground, wherein the treatment fluid is a settable composition.

[0010d]  In accordance with still another aspect of the present invention, there is
provided a well treatment fluid comprising: cement kiln dust having a mean particle size that has
been altered from its original size by grinding, separating, or a combination thereof, wherein the
treatment fluid is a settable composition, wherein the mean particle size of the cement kiln dust
has been altered to at least 5% greater than its original size, or has been altered to at least 5% less
than its original size.

[0010e] In accordance with yet still another aspect of the present invention, there 1s
provided a subterranean treatment method comprising: introducing a treatment fluid into a
subterranean formation, wherein the treatment fluid comprises cement kiln dust in an amount of
at least about 30% by weight of a total amount of cementitious components present in the
treatment fluid, and wherein the cement kiln dust has a mean particle size that has been altered
by grinding, separating, or a combination thereof.

[0010f]  In accordance with a further aspect of the present invention, there is provided
a subterranean treatment method comprising: introducing a settable composition mto a
subterranean formation, wherein the settable composition comprises cement kiln dust having a
mean particle size that has been reduced from its original size; and allowing the scttable
composition to set in the subterrancan formation, wherein the mean particle size of the cement
kiln dust has been reduced in an amount sufficient to provide an increase in 24-hour compressive

strength for the settable composition of at least about 5% as measured using an Ultrasonic

Cement Analyzer while maintained at 140°F and 3,000 psit.

24
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[0010g] In accordance with yet a further aspect of the present invention, there is
provided a method of preparing a treatment fluid comprising: grinding cement kiln dust to have a
mean particle size that has been reduced by at least 5% from its original size; wherein the mean
particle size of the ground cement kiln dust is in a range of from about 1" micron to about 350
microns; and preparing the treatment fluid by combining components comprising the ground
cement kiln dust and water; wherein the ground cement kiln dust is present in the treatment fluid
in an amount in a range of from about 50% to 100% by weight of a total amount of cementitious
components in the treatment fluid.

[0010h] In accordance with still a further aspect of the present invention, there is

provided a method of preparing a treatment fluid comprising: grinding a partially calcined kiln
teed comprising 510,, ALOs;, Fe,O;, CaO, MgO, SO,;, Na;O, and K;O to have a mean particle
size that has been reduced by at least 5% from its original size; wherein the mean particle size of
the ground and/or separated cement kiln dust is in a range of from about 1 micron to about 350
microns; preparing the treatment fluid by combining components comprising the ground partially
calcined kiln feed and water; wherein the partially calcined kiln feed is present in an amount of
about 50% to 100% by weight of cementitious components present in the treatment fluid; and
wherein the treatment fluitd 1s foamed such that the treatment fluid has a density in a range of
about 8 pounds per gallon to about 13 pounds per gallon.

[0011] The features and advantages of the present invention will be readily apparent

to those skilled in the art.

2b
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DESCRIPTHIN OF PREFERRED EMBODIMENTS

(R0 12T Erdbodiments of the settable compesitions o the presend invention comprise
coment xin dust having & mean pertole s that hes beon altowed from 8 original size. The
mean particle size of the coment kiln dust mey be altered, for example, 1o selectively
mvrese of decrease the meun particle size ax dusired for » particular apphication,

i

3T In crvhodimuats of the prevent iyvention, altering the mean particle size of

the coment kiln dust may im ove ohe oF de propertics of the soment kile dust, ss;?udiﬁzg

the vend-filling properties, gelation tmes, and conpressive strengths. In some embadiments,

the mean mms.,&, size of the cervent kila dust may be selectively altered based o the stees of

K

vouds 1o b filled, which sy be baneficial ton remedial ﬁ:::tis;*mmimg;-zﬁ&ﬁf{ham;%ﬁ?, foraxampie, Ry

sxanmie, the mean patticle size of the cement Kiln dest may be opthmized 1o nwre effoott wi

il volds Ju a pipe string, coment sheath, gravel pack, formation, or the Hke. o some

I?"

r

ertbodiment, # 13 belioved th slteving the mosn panticle size af the coment Rite dust sy he

wstd 1o adjost the gelation e of s:-»;tcmpﬁzsﬁfii%i}m contining the comnent Kiin dest In soow

A

embodiments, the mean particle size of the cument kiln dust oy be reduced to provide an
orease it compressive strength, For ox .:;sm;}ia vadacing mean partole sfve of the coment
Kin dust to foss than abont 1Y microns hue been shiooen o provide wanipected ingrosses i

comprassiva strongsh for softable compositions to which the coment kil dust may be added,

aspaeiily whern ommpared o use of the coroent Ko dust privy o the size redhuction.

3014 In some emabodiments, the mesn particle size of the cement kiln dost may be

“

redaced from ds anginal size o provide an miorease in compressive strength of of least sbond

-

T, FOr example 8n inurease in an smount it 8 ranpe of af foust abou %% 1o ahout 100%., I
spect e embodiments, the mean particle size of the coment kiln dust mey be rdocsd o

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

provide an moersese w compressive strepgth of o least aboont 20%%, ot Isast aboat H%s, of east

PR

abwrit G0, At heast about BO%, v at Teast shwast 100%, 1 should be wnlrstood that, as wed

herein, an inorease N compressive sirengin for the coment kifn dust having g reduced mean

nariiche size refers to g x::ra}';fsfi;;zza«;zfif;m} of the compressive s ngih of i xettable composition

comprising the reduced particly stxe cement kiln dust to a sottable conposition comprising

the ol gimal coment kiln dust prics to the particle sive redugtion. The omg‘mwn sirenpth

may be deternnned using oither @ destructive or non~dostragtive osting nwthod, I saane
entbodiments, the coraprossive strangth tosts PORY I por formied i accordancy with AP RP
Practice 10R-2, Recomeeaded Practice for Texsing Well Comeny, First Edition, hdy 2005

For example, the 24-howr comprossive strongth for @ sotigble vomposition comprising the

cement kiln dast oy be detornuned asing an Ultrasonie Comand Anabyrer from Fann

Instruments, Houoston, Texas, while meintained st T4FPF and RAKKE pounds per square inch

Ly
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CpstTh by one partioiiar example, the Jdobvarr comprossive strengiin mey be determined for
a setlable composition having a deastty of about 12 pounds per galion (M gal™L

(R0 1S] Coment kil dust, sy that tevm & wsed hereln, refirs 0w panially calcined
kin feed which v removed from the gay streamw ad collected, Rw iifr;?ﬁjéii‘m}iﬁ.,. i dust

enflovtor durtng the manufhcture of coment,  The coment Rifn dust generally may oxhibit

L&

comwntiiions properties, o that 1 sy sot and barden in the presence of seater, Usually, forge

[t

guaniities of cement Kilp dast arg collectad in the production of coment that avg comynonty
disposed of us waste, Disposal of the coment kil dust can add undesivable posts to the

s

e coment, as well g8 the environmends! concens gssociated wih fs

}‘.'r-;:;r

manuthcture ©
1 disposal. The chemicad anabysis of the coment kiln dust fromn various conmeat manufactures
varios depending on & number of etory, including the particalar kiln feed. the effivionciex of
the cement prodection operation, aud the assooiatad dust collection systemns, Coment kin

dust s:mwh Y c{}m;ﬁ}figﬁ 3 variuy of mm 5, suedy as B, ALQy Fealdy, Caly, Ms:f}.,
SO, N Q) aned KO8,
i3 0161 In accordance with present embod ments, the mesn partiele size of the
cornent kiln dust cay be eltered usin g any sutiable technigue, olading, without Bmilation,
prinding or separating o provide & waterial baving an altered particle size, Separating the
conweni e dust may include sieving o any ather suilabl techoipie for separating e
covrent kiln dust o provide 8 wean partichs stee thet has beer altered from s ovigtng! size
20 For oxample, sigving nwy be used @ prsduve coment kiln dust hav g i o ased o

reduced mean particle siee gy desired for g partivudar app Hestion, By waw of further ex ampk

grinding  may e ased o decrsase e pean parbicle e of ihe cowent Rin dust
Ciombinations of arindin g and separating may by wsed in sonw embodiments. The temm

“oround™ or “grinding”™ as nsed horein means using a grinder (e.g., ball mill, vod null ste ) o
‘} S .y § .:"_.‘__._‘H_v%_ ‘% gAY 3 L= ._}'},.,} p o '_;r?.',}'_-:¢;\ e i_* i XY 5% 57 5 AT .',;fj',._;?\ ‘x N X3 Y i“\ S o xi’f's X }_b . i ¥ ST J.
23 reduce the particle s of the spetihied componeniish Anoxarapde of a suilable grinder 18 an
SO00 Mixer Mill™ ball mill available from SPEX Sample Frep. I steme smbodiments, the
coment kil dust may be grogmd e g tme pertod g range of from i;zbs;}f;;zt 3 minates 1o
about 1 houan,

(00T T The mean particle stae of the coment Kily dust oo be alterad fo any size

3 suftable for use in comenting oporationy. In some embosdumonts, the mean paticle stee of the

vy

exrnent kil dust may be sltered frony s onigingd partivle sixe to have a mean particle sz in

& rango &i thaout FHOFON {0 8 5‘*533}'53 ﬁb FHoronS, The mean pmisd\. S0 CLHTOIRON g el i i\
values as mcasured by panwle size analyvers such as those manuiaciured by Malvern

‘.

Instraments, Worcestershre, Unted Rangdom,
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PR I some anthodimones, the mean particle stze of the comoe kiln of the
cemnent Kiln dust may be inereased from iy original size. For example, the mown partivle st
of the coment ki dost oy be at least 3% greawer than is odighal sizel  In somg
embodiments, at foaxt a povtion of the coment Xiln dustUmay be incrzased to o ste that is ina

. l'\"

range of Srom shogt 99 to ahout 100% greater than its o ipinal size, In sonwe embodiments,

e mean panticle size may be inorcased o 8 st mngin 16 boteoen any of anddar includin 15

any of shogl $a, about 108, about 3%, ahout 208, abogd 353%, about M0, about 33%,

about 40%, abous 43%, about 30%, about 35%, about 60%, about 63%, about TO%, about
Y, athout B0, aboot %G, or about Y39 greater thay s of ‘the oviginal size,

FOUTRY fn some embodiments, the mean particle sive of the cement kiln dust may be
reduced from ste onginal size. For example, the mem particle stvg may be reduced in an
amount suffivient & inerease the cmpressive strongth of the coment kil dust. In sonw
ervtbodinents, the cerpent Kl Just rony Base @ meady partiole size that 1 at least 3% less than
it ovigtnal slze, by some embodiments, ot least & portion of the cement kifn dust may be

recduced to have w e pieticle sive in a range of Fom shogt 3% o about 95% of ity ariging

-------

size. Por example, the meen particle size yuay be redaced 10 # size ranging butween any of
amdor g iud:w any uf ahout 39, about 10%, ahout 15%, sbout 0%, about 23%, about
Mi%h, about 35, abvai H¥Fs, about 43%, showt 3%, atwar 33%%, about 6%, ahva £65%,
aboai 0%, aboat ‘“*»*«;: abond 80%., about %, or about 95% of s ongingd sike, By wav of
examply, the reduced partivle size coment kiln dust may have & mean particle s o siva of fos

than shout 13 morons. b somie embodinents, the radoced pasticle stre coment kil dus

f‘r
y_,r:.r

Ay Bave a mean particle size of fesy than abonst 1O microns, leax than alout 5 micmny, ks

than showt 4 microns, foss thay ghoant 3 microns, less thae shont 2 microns, or fess than about
Pomionyt, In &;g:%s;f@ii“ embodiments, the reduced particle stze corment Kiln dust may have a

mean particle sive i g range of fron shoat (L1 wikc svona 1o about 15 miormm, fromy about 1.3

microns By about 1 microns, of frowm sl § adoran to abowt {0 aueras, One of ordinary
skl iy the ary, with the heuelit of thds diselosure, should be able to seloct 8 particle size &

the cement Kifn dust suitable or a particular applivation,
(G020 The coment Kiln dest Baving o particle size that has been altersd may be

mchuded v the setiable compuosifions By an amount suffivwent o provide, for example, the

desired conywessive strength, gelstion tine, and the Hke. In some embodiments, the aliered
particle size coment Kiln dust may be prosent in the seltable compositions ol the present

grvention in an gmount it the range of from shout 1% o U by weight of comentitious

"

CoTpoTens % ftys,-\sazfsi:“}:.r The torm “comentilions ATRONANRIE” rofers ot £ CEHDDGHTIME, Of

a combigation theresfl of the seitable compositions that bydrashioally set, or otherwise

A
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eolite, motakaotin, pamive, perlite, Bme, sihicy, rechall 2

coment kiln dest having 8 owan particly size 8
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barden, o duvelop conpressive strength, including, for soampde, coment ko dust, Fortland

;.nrzd'

cement, Ry ash, nateral poreolans (e, purmicite), slag, o, shale, and the ke, The allered

particle st coment Kiln dust may be present in an amount, for example, ranging batween

any of andfor meluding sy of gbout 399, shvd HB%, shom 13%, shoat 208:, about 25%,

L '~

ahoot 0% B ahoutl 339, shoat s, about ¢ {58 s, aboud 30%,, about 55 .a;hmﬁ S By ahonst

638, about TO%, about T8%, aboast 8084, about 9056, slout 938, or 100% bwoo. o specific

smbodiments, the gitered particle size coment Kin dost sy be prosont i the soflabke

COMPOS sittons juan amonant 1 the rage of from zbost 3% 1o 100% bwoe, from sbout $0% 1o
{00 bwoe, or from about T35ty 10 bwoo, Ulne of sedinary skill in the avt, with the
henefit of thiy sdisclosure, will recognize the appropriite amoam of the coment kiln dust
having & ;mean parbicle size that bas been altened 1o wohads for g chosen apphication.

021 ] Enbodiments of the settable composttions meay Rurther comprise ose oy mon

waal.,

additional additives, e %mm TR O Hmited ier, BrvdrauBie comon, By ash, slag, shale

sh, nuer-{ine cament, g Liln

-
:f;e,.-

dust, and combinations thervel, &'i?d the fike, In avcordunce with present smbodiments, the

nrocess comprising idergrinding the cement Ko dust &i%iiﬁ g oF mre of the adoditionsd

additives 1o s particular destred size. For example, the cement biln dust weed the one o more

R

additional addiives may be wndorgraund 0 a mean particle sze of fosy thas abowt 13

prerons.  In some gmbodiments, the coment kiln dust and the one or more sdditional

“E

ahdiives may be intengroumd (0 @ mean particle shre of loss than abowt 1 microns, loss than

A

gbout § microns, less than abont 4 microns, fess than a hout 3 microng, less than about 2

srerons, or fess thay about 1 micesnt, o specific ombodiments, the coment kiln dust and the

arge or move addittonal additives oy be interground to a2 mean particle stve 1 8 range from

about .1 microns 1o aheut 15 microns, fom about 01 micronys fo aboat 10 microns, or from

abont | ooooren to bt 10 maore, One of imiiﬁmt}* skill in the art, with the honehit of this
disclosurs, should be able o seleot & particls stze of the Interground vement kiln dust and the

ce o more schiditional additives suliabie oy 8 particelar gpplivation.

<

G2 Hydraulie comenmt may he incladed o cmbodiments of the settable

compositions of the present Inventionn & varely of hydraulio conents way be utilized m

‘

socardance with the presest vention, incliding, buf not lindted . those opuywising

- Aagat ey

!

celoim, ahumimars, sthoon, oxygen, ron, aadfor sulfie, which sot and hardon by resvtion

with water,  Suntable hydrandic cements inefuade, but are not Himited to, Portland cementy,

"I

poonlana coments, gypsum vemuy, bigh sluming content oments, slag vemunts, silica

ceinents, sund conbinations thomee!, I cortain embenlimonts, the hwdmuic coment yoay



A
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x A LD, G and H

£%

Hand cements olassified as Olasx

f'f

comprise & Portland coment, inchuding Poy

SOOI RO timt:s, 0 Adnenesn %‘um eann fosbribols, A8 é ‘sf ?z.f:l;fszf}?% for Muaferiss st

Testing for Well Cements, AP Specification 1), Fifth Bdition, July 1, 1990, In addition,
Partland cements sustable for wse m ombodinenis the prosont mvenfion may also mchade
those claasifiod as ASTM Tepe L L L IV, e VL Insome sobodiments, the coment may b
present i the settabls composithnns fu an amoeunt i the range of froan abowt 2195 10 abowt
Q@ bwae, For example, the coment may bhe prosent §iy an sanount ranging hetween any of
andior inclading an 1y ot “ghoat 5%, about W%, shout | Q’a shout 2%, shout 35%, abhowt
3%, about 35%, ahout 0%, ahout 4595, shout 305, about $58%, about 60%, sbout 65%,
about 70%, ghowt 7534, ahoot RO%%. about 88%, sbout 0%, or shout 95% bwoe, One of
ardiuy sRU w the sty with the bewelit of tos desclosurs, sl rocogmze e approprigie
amoand of the comny o inchiske Ky a chosen applivation.

FOO23T Fly ash may by included in snobodiments of fi’ii‘fﬁ mwbk CONHISI ons of the

e : vt

present bvvention. A variety of fv ashes may he sullable, including fly ash elassified as
Class O and Class B fly ash acconding 1o Americas Pelroleam Instisute, AP Specificativn for

iﬁﬁtﬁ?‘f{h § aned T t“‘sfﬂ{:i’ j‘{ﬂ“ H {“ff g NRERER, \}tf §£3Cx*§i atient 5{3 Fifih B 3,.: ii,i;\ E PGB, Cass

¢ fly ash comprises both siHea and Bme so that, when mixed with water, # sets 1o form a

sl

(AR ¥

hardened mass. Class F Hy ash geverally does not contan sufficient Hme, so o additions]
sofree of catohnm foms may be required Tor the Class F iy ash B fopm @ sotlable composition
with water, In sorve eobodiments, e may be mixed with Class Py ash in sn amonn in

the range of shuagt 001% o about 25% by weighs of the Oy ashy Iy soame tostances, the Boxe

h W

vvvvv

may be b u"’rﬂn‘ql e, Duilable s::%.};z;ﬁ:;i;}?{tg of iy axh include, hut wre not Hmiled fo,
TN NN A EON y ¥ v . T R ~ L YEYE - .
POZMIXY A cement addittve, available from Hallibweton i-:;m:rg Servives, e, Dancan,

Oklaboana,  Where present, the fiy ash gooerally may be inchuded 8 the soitable

G

composHions iy an anwunt seificknd [ provide the dosired comprossivg strengih, iit:t;zfgiiiyg
andfor cost. In some embodimenty, the fly ash may be proseot nosettable covppositions of
i prosent IvEnUon i an anmount i the range of about 6,196 1o about 7396 by In some
‘i‘ii‘ﬁﬁ hodunents, the fly gsh may be prosent in e amound ranging hepeseon gny of ambior
nchuding any of about 10%, about 0%, sbont 3%, about $0%, shows 30%, aboat 60% or
about 700 bwor, Oae of ordinary sall iy the art, with the benefit of this disclosure, will
recognive the appropriate amount of the iy gsh o include for x chosen application,
024 Slag may be moluded v omabodiments of the sottable compositions of the
present ivesntion, Slag gonerally doas oot comtady sufficiunt basiv matenial, so slag way be
used with @ basy w produce & settable compusition that sy reacy with water 1o set e form o

>

handened mass. Examplos of suitably sources of hases include, but sre nog Hmited 1o, sodium
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hvdroxide, sodiam bicarbonate. sodism carbonate. ime. and combanations thered. Whae
prosent, the slag genemily may be mmcladed m the settable compo@tions &1 an amount

satficient to provide the desired compressive strength, density, andfor cost. o some

cmbodiments, the slag may be present in settable compositions of the present invention v an

3 antount in the range of about §.1% o gbout 7¥% bwoc, 1o sonwe embodiments, the slag may
he prosent o an amount ranzing between any of andfor including iy o about W%, about
0%, about 0%, about 30%. abowt 30%, about 60%, or about 7% bwac. One of ordmary
skifl ip the and, with the benefit of this disclosare, will recogmze the appropriae amount of
fhy slag o include tor a chosen applicativa,
{0 FO025] Shale may be jocladed v cmbodiments of the setiable compositrons of the

present invention. A variety of shales may be suitable, including those comprising stlicon,
aluminum, calctun, andior magnestum., An example of a sutlable shale eomprises vitrifiei
shale. Suitable examples of viwified shale include, but are not himited to, PRESSUR«SEATL
FINE LCM material and PR ESSU!&SEAF COARSE LCM maaterial, which are avaitable
15 from TXI Energy Services, Inc., Houston, Texas, Guoeraily, the shals may bave any particle
size distribution as desired for g pacticular application. o certain embadiments, the shale
may have a particle size distribution in the range of showt 37 microns o ghawt 3,750
mitcrons. Where present, the shale may be included in the settoble compositons of the
present ipvention i an amosat sefficient © provide the desired comprossive strength,
20 density, sndior tost.  In some embodiments, the shale nmwy be present e setfable
compositions af the present investion in an amount in the range of about U, { &5 to about 73%
hwoe. In some embodiments, the shale may be present in gn amourd ranging between any of
andfor including any of about {0%, about 20%s, about 307, ahout 40%;, about M, about

60%%. or about 7% bwoe, One of ordinary skitl in the ad, with the benefit of thix disclosure,

will vecopnize the appropriate amount of the shale o nchde for a chosen application,

P2
s

[0026] Zeolite may be included in embodiments of the scttable compositions © {the
present invention, Zeolites suitable for ase typically may include porous glumme-silicae
minerals that may be cither a natucal or synthetic material. Syuatbetie weolites are based on
the same type of strocneal cell as natural zeolites, and may comprise aluminosiiate

30 hydrates. As used herein, the term “zeolite” refers to all nataral and synthetic fonms of
zeofife.  Examples of suitable zeolitey are described h moes detasl in LS. Patent No.
7.445.669. An example of & suitable sowrce of zeolite s available from the CIC Zeottte
Corporation of Calgary, Canada.  In some embodiments, the zeolitc may be present o
settable compositions of the present invention ip an anount in he range of abowt L1%% fo

ahongt 75% bwoe,  In some gmbodiments, the roolite may be prosant i a1 amount rangiy

LA
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Webwern any of anddor moluding sov of about 10%, abowt 0%, showt 308, shoat $¥,
abopt 30%, shoat 60%, or about 70% bwoe, One of ardinary skill in the art, with the beaefi
of this disclosare, will recognize the appropriate amount of the zeolite o include for a Qifiiti?.ﬁ%ﬁi‘i

application.

L&

FO027] Metakscdin may be included in enbodinments of the settable conypositims of
the present vention. Ooneral h metakaciin 8 g white .§?ﬁ}iﬁi:»?«:t{$¥ﬁ-ﬁ that Ty be propared i“’
heating kaolin ooy, fir oxample, o lomperatures i the range of abeut 600°C 1o abow
SO0°C. In some cmbodiments, the metakaolin may be prossst in seitable compositions of the
present invention in st amount in the raage of about 8% 1o about T8% bwao. o sonwe
1 embeoliments, i%zs: metakaohn may be prosent i an amout ran ging between any of asdfor
imeiuding any rf‘;)'f shoarl HO%, about 0%, bt 3%, aboot 4%, sbout 50%, about 6%, oy
abest 0% tovor. Qne of ordinary 3kt i the ant, sith the benolit of this diselosare, will

aize the gﬁpmpuaza smount of the metakaolin o inchde for & chosen applisation.

RO

FOORKT Purnios may be fncluded i embodiments of the settable compositions of the

IS presentinvention. Generally, pumice s g voleanie mock that exhibits comentitious propes %it.’m
i that H oy set sad harden in the prosence of kvdeated Hime and water, Hydrged e may

be usid i combinating with the pumice, for example, 1o provide sufficiont calcham fons fiw

the munioite Gy sof In sxoene eonbewlimonts, the mboke may & prossd i settable
compositions of the prosont invention iy s anount i the range of abowt 819 o about T3%

20 bwoo, In sime mnbodinients, the pumice miay be present 'ijti:e- w1 amound ranging betwer any
of anddor inchuding any of about 1%, about 2%, sbout 309, sbout 0% abour 30%, show

G, o abrnet TU% neog. One of ordinavy skidl v the wt, with the beneiit of tus disclisare,

will recognize the appropriste arnount o the puntice t inclade for s clusen applicatim,

207 Ferlite may be inchuled in embodimenty of the settalde compositions of the

25 prosent swvention. Porlio i oan ore amd gonvrally refors o a natursily scurring voloanis,
am&rpm sy sihcsous ook comprising meastly sificon dioside and dluminaen oxtde,  Perli

siitable for wse in embodiments of the prosent myvention nclades oipandad  parlite and

’I-J‘

unexpanded perdite. In some embisliments, the perbite may comprise paexpanded perlite,

The perlite may also be ground, for oxample.  In some smbodiments, the perlite may be
3 present in settable compositions of the preseat invention By an amount i the range of sbot
0,19 1o ahout 75% bwoo, In some smbodiments, the perlite may be present moan wnount
ranging betwers any of andior inchuding any of about 10%, sbout 209, about 30%, abowut

F%%, abwar A%, about BO%, oy about 7% bwaw, One of ordingry skall in the art, with the

benefit of this disclosure, will recognize the appropriste anoant of tha perdite w1 fchude for s

%t
4 7

clvssy ,&p;ﬁ catirs,

3
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L 4

OO Lime voay be included in ombodiments of the settable compositions of the
present invention, In conain embudiments, the lime may be bydrated e, The Tine may be
fncluded v embodiments of the settahble compositions, for example o, form a hydraulic
corposition with other components of the seltable compositiony, such as th pumies, iy ash,

slag, anddor shale, Where prosent, the Hmem :s} b included m the soitable compositions in

L&

an anount i the range of from about £.1% 1o about I3% hwoo, oy cxam ple. o somwe

A'

gibodiments, the Hme sy be prosent i an s ranging betwsen any of andior
mviuding any of about 3%, about 1B, about 13%, shout 20%, or abowt 23% bwoe, One of

X

ovclivary skill n the ant, with the benefit of this disclosare, will recognise the appropriate

‘

‘ 3 % .-.n.i Ly i R ’\.- x"'\ {n ti“”. O {\vbv . L{-i L3
(G amenmt of the Hme to include for a chey nmi 41118

W

{0031 ] Sebice may be inchaded in enshodiments of the settable compostions of the

ent invention, Sificas suitable for use typicatly may include amorphous silics, erystaliine

w'

stfien, or comdbringtions thersofl  Crestalline ailicn 8 & powder thet may be meluded in
embodiments of the settable compo _zi»:;it;is;ms, for exanple, o provent coment compreisive

IS strength retrogression,  Amorphous silica is a powder that weay be invludad in embodiments
of the settable compositions g5 8 lghtweight Gifer andior to inorease coment covupressive
strength. I some embosliments, the silics may be present in seitable -f;‘:;at;sz'*ﬁ;m&ii:i{:m;z;' of the
wesent nveasia o susount in the range of about B 1% 1o gbout 734 bwiw, I sonw
emboduncats, the sithice may he presest o osn uoount mangmg botween aoy of andior

28 mduﬁzm any of aben b EOG, about 3%, ahout 30%, about 0%%, shout 30%, about IR,
ahout 708 bwog, Oune of ordingry skill in the art, with the banefit of this disclosure, will
recogiize the apprapriats amount of the silies to wohuds {or & chosen apphicanon,

(D032 Rice-bull ash may be inchaded in smbodivnenty of the setiabile composiiions

o ';’ii‘i@iﬁj}jﬁ;msf‘*-r‘;’{"muximu ir‘,g araral, rice-hudl ash is the mh wishiaved e the bursiag iﬂ* IR

2§ hulls, which are the hard coverings of grains of rice, and may comprise wimarily silivg amd
carbon., fo stane emboediments, the viee-hull ash may be 'i}féé‘;@m i settable composiions of
the present fvention i an smount in the range of about § V% to about 75% bwoo, Hi some
anthodiments, the rico-hell ash nwy be prosent In an amount ranging betwest any of andfor
jocluding any of about 0%, about 2094, about 30%, abous 40%;, shout S0%%, shout 80%, o

3 gbout T bwoe, Qne of ordinary skill in the g, with the benelit of this disclosurg, will
revognize the gpproprigte anmunt of the rive-hut] ash to mclude for 2 chosen apphication,

(D033 ] Micro~fine coment may be mcluded i ombodiments of the settablke
componitions of the prosont nvention,  As waed beredy, the eom “micre-fine conentl” nofors
ty 3 coment having @ maan partichs size no larger thun abowt 3 microns, for exampley, i a

X5 rapge of aboud | puoron Gy about § muoroms, 'h;:.. sonng eraobodiments, the noora-fing comen

FEd
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may be mesent in settable composinions of the present nveniins v an smount in the range of
ab t{i %% o z:.'{:;uais:;.:r 'f?'f?‘?'fiir '{";E-*;’s‘ﬁ_if}iﬁi; fn somwe embodiments, the micro-fing r;ﬁ.sm_ﬁ;;;- .ﬁm} he

zs;i}:@.;st M, about f,i#{}%} ﬂmx 5{"}“‘3-"2&,, a %}f:cf;s? &iiﬁ oF s@f;i:s{:f»m: "‘9% hw&:&gz e of s:}:.'ii-.is:iary ’s}d i

A

the art, with the benefit of thus dise Josare, will yecognize the appropriate amount of the
paioro-fine coment 1o inchuds for a chosen application,

O34T Lime Riln dust may by incladed B smbodiments of She settable compositisng
of the prosent fnventiom. Lime Kiln dust, ay that torm iz used horedn, refors o a product
seporsted i the manufachos of e, The Hinw Kilo dast may be ﬁ{‘iii@{?i&ﬁ . for example, by
18 dust control sysiems iy the caloination of Bme stove. Iy some embodiventy, the hime kiln
dust may he present i sollable compositions of the present fnveption i an anuamt i i
e of abeast 0,196 to abowt 73% beaoe. In some embodiments, the ime Kiln dost may be
present i an smount Fangivg :{}ﬁmm;} any of andiy nchid g any of ahomt (0%, slout 209,

shoat 3%, ahow if}}m aboat $0% ,,i\mm f%, ar aboag T e, Oneof C*Ediﬁ‘ms“e sl in

EY b art, with the benetit of this disvlosure, will recoymtze the appropriste amoat of the Rme

L

Kiln cdust o include for a choson apphication

{0035 Embodiments of the settabde compositions further tay nclude water, The

witer thai siay be used in endodinnix of the setahie conmpsitionns inwinde, for exanuse,

froshiwator, saltwaler {e.g, waler contatning one or mone salls dissodved therein), brine {e.g
20 satursted salbwater ?f{‘;ﬁm’:ﬁd fm subtorrangan fonmalions), ssawatsy, of sombinations
thorent,  Gonerally, the water sy be Hom gany sowree, provided that the water doos

L S

contutn an excess of compraandy that ey undesirably aifect sthey compononiy 1wy e s

v‘ﬂ

tabde

;’ ﬂ.\'c"

compositinn, In sone cmbodimenty, the watkr may be mcluded in an ansamg sufficient &

"

foavn 2 pumpsbie slarey, In some cobodiments, the water oy be included fn the settable
& compositions of the present vvention i an amonnt i the range of about H{ES 1o sbout 2000%

bwoe, For exangpde, the water may be present i a anwumt mnging between any of andiw

et

icluding any of abowut %5, ahout 78%. ahagt HHI%, abaut 23, about 130%, or shogt

"o .

17389 beoe, In apeiiic wmbmiwmri*i\ the water rRay be nchaded fnan amoun i the rea

)
\
-

{in the art, with the henefit of this

M‘\

of about 40% 1o about 130% bwoe, One of ordinary ski
M disclosure, will recogrive the approprigte amount of swater o include for 8 chosen
apphication.

036 {};ﬂ:m R G‘ff'.iifiif‘ additioal additives may be added to the suttable

-.‘ .

the benefit of this disclosuwrs. %:‘i;-};;zzmpi@s fsuch additives inclnde, but e not ted o,

AV strength-reteogrossion additives, sot accelerators, weighting agents, lghtwe sight addithves,

i1
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N >

gas~goperating  additives,  mechanicsbpropertv-enhanuing  additives,  hatwtreulation

materials, Hlration~control addiives, dispersants, foid-loss-contral additives, defoamning

ﬁ”

.F.ﬂ'ﬁ.#
tc,r

apwty,  foanmng agonty, oibswellable parboles, waterswellable particles,  thixafrapic
additives, and combinations ijhi:‘:ﬁfmf; Speethie examples of these, sl other, addiyves mchude

salty, fibers, hydvatable clays, nuorospheres, cliaztoamers, elastomaris partiches, resing, iatey,

A

combsinations thereo!, aud the Hke, & porson having ondinary skifl in the art, with the benydlt
of this disclosure, will resdily be able w dotermine 1he tvpe and amaant of additive useful for
a particudar applhication and desired é%ﬂtﬁi;sii; Embodiments of the setlable compositions may
be foamed sadior extinded as destred by those of sedinary skifl i the art,

Y 3T The soitable composilions of the prosent invention should have a density
suitable fin g particular applicating s dosired by those of ordmary skill in the ant, with i
benedt of oy ditloswre I some ewhodiments, the settable compessitions say have &
density in the range of from shout & | i\g&i 3:.:;}, ahout 16 wgal, fn other embodinents, the

N

settable compositions may he famed o 2 density in the range of from show R thigad 1

)‘J‘/J‘: :

IR,

Yoo '
L

¢
N

15 abgagt 13 IB4

§i3ﬂ’§§\j While the settable compositions may be sultable {or @ mumber of { different

Comenting operations, ey may by pan fontarly suitable for methods of © Sinenting in o

stihterranuan Bymationt. For example, the seitable conypusiiions ray b uxed in primary and

repredial comenting operations i which the scltable compositions may be mtrodaced o a

(-..

20 subterranean formation and allowsd sooset. As used herein, introdugi ng the settable

-,
F'd

{ ﬁ‘;mpo\zm\n e & subtormanean formation noludes introdaction ot any potton of the
subterranan formation, inchaling, without Hrmitathon, e & well e deilied infe the

subterranesn formation, into a near well bore re aoint surrounding the well bore, o inti both,
FOOI0T In primary cementing enwdx sdiments, o example, 8 settable vomposition Y
2§ be intreduced into 1 space betwesn a wall of 3 well bore snd 3 conduit (e, pive strings,
hnersy focated W the well bore, the well bore penstrating the subtersmean ormation. The
settalie compaosition may be alfowed teoset to form an snnelar sheath of hardened soment in

the space betwoeen the well bore wall and the conduit. Anumg ether things, the set settable
compostton may form o barcler, preventiog the migration of flutds in the well bore, The set

3 settable compasition alse may, By example, suppont thy conduit i the wedl bore,

OG0 I remadial corventing embodinenis, 8 setiable eﬁ.‘:ﬂ-'}::‘;;;:sﬁri%fi.-i:ic;z-“ziz- may be used, foe
SXANEHS, Y SUUHOSEO-e ntiiﬁgg_ operations or in the placement of coment plugs. By way of
axampie, the actlable composition may b placed i & wiedl bore to plug an opening, sueh aa g

void or orsck, i the éi;‘:fnj‘}jf;mi’iim‘é I @ gnrvi ! pack, i the condt, in the coment shonth, andior

o . {i..“: T R o A e e o Do ﬂ'f TR Y. . ..
35 g nuomannusius hetween the coment shawth and the sonduit,
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A%

O T | While the preceding deseription 1v directed to the wse of the cement Kilo dast

.

having 8 mewsn particle size that has been altered fv suberranean comenting mnthody, #
should be wnderstood that embodiments of the prosent teeboigne slso encompasses the use of

the altered partiele size comont Biln disd 1y any of 8 vartety of difforent subtorrancan

L&

freatnents, For xxanpis;. y subtermnean trontment mothad may inclade Prov it g, 2 ircatment

o g \a&‘rwmimn ‘i.’é:fsrzrm.‘ié»:};m The coment kiln dost baving g woan pavticle size that ha

bewy sltered may be incladed in any of 8 mamber of well rogtment fhuids that mmay bo used in

sublerrancan  treatments,  including  diilling Huoidx, {Zii;}ﬁ?i}iﬁ«*éii'iﬁm. thuids,  spacer ﬁiiié&

{0 stinndation fhaids, and well s;'t'f'{i:zzm-eag Husds, For example, o drilling flaid may comprise the
redaced  particle size coment kiln dust, whereln the daibing fhad mwy he cireuldated
downwardly through a dril pi;}& ard drilt bt and then apwandly trough the well bore fo the
surface.  The drid hm fuid used may be suy number of fukds (guseous ot fﬁii}ﬁi-ﬁ}. and
mixtures of Nuids and sohds Goch as solid suspensions, mishures, and emnlsions),

[ 0421 In somwe '{%Hii‘}{?{ii’.Wi'i?-i“{aiffsla a spaver Huid may comprise the cement kil dust
baving & mean particle size that has been altered. Spacer fnids muey be used, for example, in
the displacement of flulds from well twae. 1o an ombodiment, the Huid d;api sced by the
spaeer Hutd voraprises a drilling Buid, By way of cxample, the spaoey fhad muoe be ased 1o
d**‘*iu the driliing fhad from the well bore. The drifling Heid may inelede, for example,

20 any wumber of fluidy, such as sulid suspensions, mixturgs, and smulsions,  Additional staps

iy embodiments of the swthod may comprize introdacing a p i?g}&zz steing o the well bore,

Y

mirdhaing & vomant composision o the wall bore wilh the spacer thad separsiing the

_,r

fluld, I an embodiment, the coment a:*mrz{mwmn iy he

- . h -

25 and water.

0431 Accordingly, embodiments of the present inventton disclose mothods and
compositions that comprise Lenwn kifiy dust having 3 mosn partioly stee that has been
3 iii{tﬁ:fgi. There may by seversd potertia! sdvantages o the methods and gorapositions of the
sesent vention, ondy some of which may be alluded o hevedn, Oue of the many putential
3 -ada anfages of embodiments of the present nrvention is that reducing the partivle size of the
coment kiln dust can resuli i.sts._ mereased commprossive strength tor the settable compositions
after setting, For exs miphe, it has been shown that compos NS W ith reduced particly sixe
coment Rin dust have moreased comprossive strongilh as oomnpared 10 use of the cement Kidn

dust prioe 1o the stre veduction. Another potential advantage & that altering the mes particke

35 xtee of the cerpont Ko dust rsay bpact the gelation gme of conpasitions sontaiving the

13
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comrent kv dust. Yet ansthe mim ) advaniage w that the mean partioke st of the

1

cewnent Kite doast mae be seleciively alfered, for expnple, based on the stz of voids. Thiz

A

could potentially resalt in more effective vemedial corventing methods, as the pasticle size of

the censent kiln dust has been optimpred.

L&

FO044] To facihitate 8 botter understands ng of the prosent invention, the ?a‘uiiumm

.l"

exanplos of cortain aspeots of some embodimonts are givert v no way shold the following

..... o

axampies be read o Hang, or defing, the scope 'i}ﬁf”i:{hii:ﬁi'i?.t‘&*‘@miam;

EXAMPLE

"N

ST The folleswing sertoy of teats wan porformed 10 ovalugie the foreg rosistans

(0 properiies of seitahle compositions comprising cemoent kiln dust havi g o mean partiele st

that hay been reduced. Two dilferent sample seitable ;s:imnf?s:;}i}:*;ai'.{iai-:z_mg destgnated Samples

and 2, were prepared by adding 230 grams of coment kiln dust to 267.3 grams of tap watey
witde ouxang s Wanng bonder ab £ 800 rpm for 13 seconds fotlivwed by pxing at 11,0800

vow for 3% ssoonds for each sangpde, Sample 1 oontained unground coment kilu dust whike

£3 0 the coment kiln dost inclinded i Sample 3 was geond 1o 2 rodecsd particle size. Bach of
Samples 1 sod 2 was then placed in a sondod oviindrion consainer, 3 nches i diameter by 4

wwht, Bach contamer was placed in 3 water bath af Y and allowed o cure for

Fo

o

sches 1 he
9% bours, Each container was theo vemoved from the water buth, stiowed 1o cool, and she
T

eyhndrical samples were demolded. The oviindrice] awoplex were then placed it a Tinhus

2 Otdsen toster, snd the compressive strengthy were determined. The nﬂﬁ;‘i‘m\\s%\ strongth

fosting wis ";‘:F{%Bf?':ﬁt;?ii‘fimd in seoordanee with AR BP Fractive HIB-Y, Becopsnended Pracsice

Jor Testing Well {emenis,

HIG] Sample T comprised water (H06.93% baag) and coment kiln dugt (H0%
o) The comwt Kiln dust way unground and had @ mean pasticle size of sttt 187

25 microns. Samwle 1 had 2 density of 12 Hveal.

MY | Sample 2 conprised wager (H6H3% bwoc) and groamd coment kil dust
(100% bwoe), “Hkuntv* ?r ilv dust in mms{wic 2 wax ground from s mean particle sive of
ERY roioroms to g mcan parbole sfze of 38 oyrons usimg e 8000 Mixer? M ball mill,
availabie from SPEX Sample Prep. Sample 2 had @ mean particle sire reduction of 68.45%.

30 The coroent kils dost was ground i the grinder for tioe period of ahont 30 mingies 0 abowt

b, Sampde 2 had a density of 12 fivgal

Ty

A0SR The resulty of "ii?iﬁ‘f compresaive sirongth tosting are provided w Tablke |
below, The data roporied i the able below s the svermae of 3 tosts for cach of the sample

seitable compositions.

13
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§i}€)v2‘>‘ ixample | ihuy indicates that redecing the particle size of the cement kiln
chist may inorcase the comprossive strongth of the settable compositions as compared 10

unground cement Riby dust, At 1805, for example, Sample 2 wi ith cement kiln dust QT{HIH]

fis u mea partivle size of 3.9 nuorons Bad o 9%-hour conpuassive strength of 1683 psil as

compurgd e a 90-hoa compressive stran wth of 84,3 pei for ! m*ﬁ;ﬁa., vith unground comen

borbvy Qust,

TR SR RS . a ,
ix-ak,-‘.&'}- X3 Rl by

{{}{}i’ii)} An additional serfes of fests was parformed to further evaluare the foree

rosisignee pmwunm of xefiahle m;‘npm;imm mfw‘enwm copent in ddust have 3 msan

pz?ﬁ‘fis;:i@ size that has been roduced. Two dilferent ssrapvie settable composthons, designated
Samples 3 avd 4, were prepared by adding 2 gravs of corment Bl dust to 2139 grams of

\h

at 2000 vpm for 33 seconds for ench suniple. Sample 3 contaned vnground cement Kiln

dust while the coment kKily dust in Sampde 4 was ground o 8 reduced partivle, Baeh of the
samples was then placed iy g Llogsonie Coment Anghezer (TUUAT) from Paan Instraments,

AN A W

Plouston, TXL g the ULA, the compreastve streagth of ach mmgﬁw was determained over

trme at LF and 8,000 psi. The conprossive strength testing was p f11 accordane
e at 1407 angd 0{?(3 . The comgus trangt h resting was nerformed 9 acoordm

o )

N

with APHRP Frachicn ft\ﬁ%«w Recommengded Practice for Texttng Well Comenix,
05T Sample 3 comprised water (106.93% o) and coment kiln dust {HH0%

3

bwoch The comwnt Kin dust was unground and had 8 mean paticle stze of about 187

niorons, Savople 3 had a dewsity of 12 Bigal,

053 T Sampsde 4 covmpetsed water (HE683% bwoo) and mroamd cement Kile dust

(HOO% bwoel The cemat kile dust in Sample 4 was ground from @ mean particls size of
IR.Y oterons o g mean particle size of 9.7 microns using ey RO0G Mixer MY hadt mill,

L POy

aviilahle § rsm} SPEX Sample Prep. Narnple § had o rocan particle ste reduction of 48, 13%.

The comsent kily dost was ground in the geinder for thne perind of ahont 30 mingies & about

P hour, Sample 4 had o density of 12 igall
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OS] The rosully of the comgwessive strongth testing are provided i Table 2

rry 7y

below, The data reported i the tabsle below v connprossive stronutis reponted by the U8 &t

hmzm d}"iaj e ﬁs HiTK,
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FO0S4] Fxample D thus indicates that reducing the particle size of the cement kils
dust may norease the compressive stronath of the scitadle comysnitions sy a:*ii:«:.tﬂ:gssﬁ*ﬁf{i LY
unground cement kidu dust. A IS0, for example, Sample 4 with coment Rilg dus
PG ooz mesn particle sie of 9.7 microns had g 13-bour compressive strength e:sijfi?\ ;:s;s;:i 38

comparsd o a 12-hoar compressive strengiit of 133 pst for Napople 3 with unground coment

HO033] | should e understood that the compostiions and methods are deseribed i
termis of “comprising.” “tontaining” e “including” various conyummniy ov steps, th
N e T NS by f . :\-::‘:-} " ; s \g S ﬁ‘ {w . S5 s o grg an e an _\-;,;sae E‘l - S
conpeaitions amd methods can also Veonmist ossentially of 7 or “comamt of T B various
coanponerts and stops. Moreover, the indefiniie articles 28" or “an™ a8 wed 3o the olaimg,
are delined herin L0 mosh one or more that one of the cloment that i ingroghioey,

FOUSG] For the saks

However, ranges from any fower Hadl may be combined with any upper Himit 0 reglie g

: .......

7.

of brevity, oaly corfam mnges are oxpiatly disciosad horem,

-

20 range not exphoitly recitad, as well s, wanges froms any lweer il sy be coanbingd with

any vther Jewer Hmit to reclie & moge not explicitly recited, in the sume way, ranges from
any apper ot may be combined sith any other spper ot {0 recite & sange sot explicitly
eoited,  Additonally, whenever g muverical range with & lnver Hidt and an upper ot is
disclosed, aay number and any weluded mwmpe alling within the range s specificaly
disclosed. In particidar, every range of valoes {of the form, “from about @ o abowt b)Y o
equivalontly, “from approsimutely @ 0 B or, squivalently, “Huam mmumm‘mh 317}
disclosed herein is t be understond to set forth every number and mage encompassed within

the broader range of walies even i not ex gaicidy renite Thus, svery j'_gmis:‘ﬁ: ar individugd

_ﬁ

valie aray serve as its own lowey ar apper st combined with any other point or sudividusd

30 vahue orany other lower or ppper Bt 0 rocie o mnge nob explicitly reotted.

POST | Therctore, the prosent imvention fv wall adapied 0 attain the onds and

advantages mentioned as well as those that are hwrent thessinn, The particalar smbodinsents
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disclosed above are Hustrative only, as the present inventioa may be moditied and practiced
in difforent but equivalent manpers apparent o these skifled i the @t baving the benefit of
the {'éachings baresn,  Although ndividual ombodiments are discussed, the mvention covars
all combinations of afl those embodiments. Farthermore, no imitations ave mtended O the
detatls of canstruction or design berein shown.,

Alge, the terms i the claims bave thedr phin, ordingry meantng unlass otherwise exphcily

and clearly defined by the patentee, 1t is thercfore evident that the particnlar flustrafive

embodiments disclosed abave may be altered or modihied .



CLAIMS:
1. A subterranean treatment method comprising:
introducing a treatment fluid into a subterranean formation, wherein the

treatment fluid comprises cement kiln dust having a mean particle size that has

been altered by grinding, separating, or a combination thereof,

wherein the treatment fluid is a settable composition, wherein the mean particle

size of the cement kiln dust i1s after altering at least 5% greater than its original

size, or 1s at least 5% less than 1ts original size.

2. The method of claim 1, wherein the mean particle size of the cement kiln dust 1s after

altering in a range of about 1 micron to about 350 microns.
3. A subterranean treatment method comprising:

introducing a treatment fluid into a subterranean formation, wherein the
treatment fluid comprises cement kiln dust having a mean particle size that has

been reduced from its original size,
wherein the treatment fluid is a settable composition.

4, The method of claim 3, wherein the mean particle size of the cement kiln dust 1s less

than about 15 microns.

3. The method of claim 3, wherein the mean particle size of the cement kiln dust 1s in a

range of from about 5% to about 95% of its original size.

6. The method of any one of claims 3 to 5, wherein the mean particle size of the cement

kiln dust has been reduced by grinding, separating, or a combination thereof.

7. The method of any one of claims 3 to 6, wherein the treatment fluid comprises a fluid
selected from the group consisting a drilling fluid, a completion fluid, a spacer fluid, a

stimulation fluid, a well clean up fluid, and combinations thereof.

8. The method of any one of claims 3 to 7, wherein the method further comprises allowing

the settable composition to set in the subterranean formation.

18
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9. The method of any one of claims 3 to 8, wherein the mean particle size of the cement
kiln dust has been reduced in an amount sufficient to provide an increase in 24-hour compressive

strength of at least about 5% as measured using an Ultrasonic Cement Analyzer while maintained

at 140°F and 3,000 psi.

10. The method of any one of claims 3 to 9, wherein the mean particle size of the cement
kiln dust has been reduced in an amount sufficient to provide an increase in 24-hour compressive
strength of at least about 50% as measured using an Ultrasonic Cement Analyzer while

maintained at 140°F and 3,000 psi.

11. The method of any one of claims 3 to 10, wherein the cement kiln dust 1s present in the
settable composition in an amount in a range of from about 1% to 100% by weight of

cementitious components in the settable composition.

12. The method of any one of claims 3 to 11, wherein the cement kiln dust was prepared by a

process comprising intergrinding cement kiln dust with an additional additive.

13. The method of claim 12, wherein the additional additive comprises an additive selected
from the group consisting of hydraulic cement, fly ash, slag, shale, zeolite, metakaolin, pumice,

perlite, lime, lime kiln dust, silica, rice-hull ash, micro-fine cement, and combinations thereof.

14. The method of any one of claims 3 to 13, wherein water is present in the settable

composition in an amount sufficient to form a pumpable slurry.

15, The method of any one of claims 3 to 14, wherein the settable composition further
comprises an additive selected from the group consisting of a set retarding additive, a strength-
retrogression additive, a set accelerator, a weighting agent, a lightweight additive, a gas-
senerating additive, a mechanical-property-enhancing additive, a lost-circulation material, a
filtration-control additive, a dispersant, a fluid-loss-control additive, a defoaming agent, a
foaming agent, an oil-swellable particle. a water-swellable particle, a thixotropic additive, and

combinations thereof.

16. The method of any one of claims 3 to 15, wherein the settable composition further
comprises an additive selected from the group consisting of hydraulic cement, fly ash, slag,
shale, zeolite, metakaolin, pumice, perlite, lime, lime kiln dust, silica, rice-hull ash, micro-fine
cement, a salt, a fiber, a hydratable clay, a microsphere, an elastomer, an elastomeric particle, a

resin, a latex, and combinations thereof.

19

CA 2863987 2018-01-25



17. The method of any one of claims 3 to 16, wherein the settable composition is introduced

into a space between a pipe string and a well bore wall.

18. A subterranean treatment method comprising:

introducing a treatment fluid into a subterranean formation, wherein the

treatment fluid comprises cement kiln dust that has been ground,

wherein the treatment fluid 1s a settable composition.

19. The method of claim 18, wherein the cement kiln dust has a mean particle size of less

than about 15 microns.

20. The method of claim 18, wherein the cement kiln dust has a mean particle size in a range

of from about 5% to about 95% of its original particle size.

21. The method of any one of claims 18 to 20, wherein the treatment fluid comprises a fluid
selected from the group consisting a drilling fluid, a completion fluid, a spacer fluid, a

stimulation fluid, a well dean tip fluid, and combinations thereof.

22. The method of any one of claims 18 to 21, wherein the method further comprises

allowing the settable composition to set in the subterranean formation.

23. The method of claim 22, wherein the mean particle size of the cement kiln dust has been
reduced in an amount sufficient to provide an increase in 24-hour compressive strength of at lcast

about 5% as measured using an Ultrasonic Cement Analyzer while maintained 140°F and 3,000

psl.

24. The method of claim 22, wherein the mean particle size of the cement kiln dust has been
reduced in an amount sufficient to provide an increase in 24-hour compressive strength of at least

about 50% as measured using an Ultrasonic Cement Analyzer while maintained at 140°F and

3,000 psi.

23. The method of any one of claims 22 to 24, wherein the cement kiln dust is present in the
settable composition in an amount in a range of from about 1% to about 50% by weight of

cementitious components in the settable composition.
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26. The method of any one of claims 22 to 25, wherein the cement kiln dust is present in the

settable composition in an amount 1n a range of from about 50% to 100% by weight of

cementitious components in the settable composition.

27. The method of any one of claims 22 to 26, wherein the cement kiln dust was prepared by

a process comprising intergrinding cement kiln dust with an additional additive.

28. The method of claim 27, wherein the additional additive comprises an additive selected
from the group consisting of hydraulic cement, fly ash, slag, shale, zeolite, metakaolin, pumice,

perlite, lime, lime kiln dust, silica, rice-hull ash, micro-fine cement, and combinations thereof.

29. The method of claim 22, wherein water 1s present in the settable composition in an

amount sufficient to form a pumpable slurry.

30. The method of claim 22, wherein the settable composition further comprises an additive
selected from the group consisting of a set retarding additive, a strength-retrogression additive, a
set accelerator a weighting agent, a hightweight additive, a gas-generating additive, a mechanical-
property-enhancing additive, a lost-circulation material, a filtration-control additive, a dispersant,
a fluid-loss-control additive, a defoaming agent, a foaming agent, an oil-swellable particle, a

water-meltable particle, a thixotropic additive, and combinations thereof.

31. The method of claim 22, wherein the settable composition further comprises an additive
selected from the group consisting of hydraulic cement, fly ash, slag, shale, zeolite, metakaolin,
pumice, perlite, lime, lime kiln dust, silica, rice-hull ash, micro-fine cement, a salt, a fiber, a
hydratable clay, a microsphere, an elastomer, an elastomeric particle, a resin, a latex, and

combinations thereof.

32. The method of claim 22, wherein the settable composition is introduced into a space

between a pipe string and a well bore wall.
33. A well treatment fluid comprising:

cement kiln dust having a mean particle size that has been altered from its

original size by grinding, separating, or a combination thereof,
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wherein the treatment fluid is a settable composition, wherein the mean particle
size of the cement kiln dust has been altered to at least 5% greater than its

original size, or has been altered to at least 5% less than 1ts original size.

34. A subterrancan treatment method comprising;

introducing a treatment fluid into a subterranean formation, wherein the
treatment fluid comprises cement kiln dust in an amount of at least about 30% by
weight of a total amount of cementitious components present in the treatment
fluid, and wherein the cement kiln dust has a mean particle size that has been

altered by grinding, separating, or a combination thereof.

35. The method of claim 34, wherein the mean particle size of the cement kiln dust after

altering 1s at least 5% greater than its original size.

36. The method of claim 34, wherein the mean particle size of the cement kiln dust after

altering is at least 5% less than its original size.

37. The method of claim 34, wherein the mean particle size of the cement kiln dust after

altering 1s in a range of about 1 micron to about 350 microns.
38. The method of claim 34, wherein the treatment fluid 1s a settable composition.

39. A subterranean treatment method comprising:

introducing a settable composition into a subterranean formation, wherein the
settable composition comprises cement kiln dust having a mean particle size that

has been reduced from its original size; and allowing the settable composition to

set in the subterranean formation, wherein the mean particle size of the cement
kiln dust has been reduced in an amount sufficient to provide an increase in 24-
hour compressive strength for the settable composition of at least about 3% as

measured using an Ultrasonic Cement Analyzer while maintained at 140°F and

3,000 psi.

40). The method of claim 39, wherein the mean particle size of the cement kiln dust after

reducing 1s less than about 15 microns.
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41. The method of claim 39, wherein the mean particle size of the cement kiln dust after

reducing 1s 1n a range of from about 5% to about 95% of its original size.

42. The method of claim 39, wherein the mean particle size of the cement kiln dust has been

reduced by grinding, separating, or a combination thereof.

43, The method of claim 39, wherein the mean particle size of the cement kiln dust has been
reduced in an amount sufficient to provide an increase in 24-hour compressive strength for the
settable composition of at least about 50% as measured using an Ultrasonic Cement Analyzer

while maintained at 140°F and 3,000 psi.

44, The method of claim 39, wherein the cement kiln dust is present in the settable
composition in an amount in a range of from about 1% to 100% by weight of a total amount of

cementitious components present in the settable composition.

45, The method of claim 39, wherein the cement kiln dust was prepared by a process

comprising itergrinding cement kiln dust with an additional additive.

46. The method of claim 45, wherein the additional additive comprises an additive selected
from the group consisting of hydraulic cement, fly ash, slag, shale, zeolite, metakaolin, pumice,

perlite, lime, lime kiln dust, silica, rice-hull ash, micro-fine cement, and any combination thereof.

47. The method of claim 39, wherein water 1s present in the settable composition in an

amount sufficient to form a pumpable slurry.

48. The method of claim 39, wherein the settable composition further comprises an additive
selected from the group consisting of a set retarding additive, a strength-retrogression additive, a
set accelerator, a weighting agent, a lightweight additive, a gas-generating additive, a
mechanical-property-enhancing additive, a lost-circulation material, a filtration-control additive,
a dispersant, a fluid-loss-control additive, a defoaming agent, a foaming agent, an oil-swellable

particle, a water-swellable particle, a thixotropic additive, and any combination thereof.

49. The method of claim 39, wherein the settable composition further comprises an additive
selected from the group consisting of hydraulic cement, fly ash, slag, shale, zeolite, metakaolin,
pumice, perlite, lime, lime kiln dust, silica, rice-hull ash, micro-fine cement, a salt, a fiber, a
hydratable clay, a microsphere, an e¢lastomer, an elastomeric particle, a resin, a latex, and any

combination thereof.
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50. The method of claim 39, wherein the settable composition 1s introduced into a space

between a pipe string and a well bore wall.

51. The method of claim 39, wherein the mean particle size of the cement kiln dust has been
reduced in an amount sufficient to provide an increase in 24-hour compressive strength for the
settable composition of at least about 20% as measured using an Ultrasonic Cement Analyzer

while maintained at 140°F and 3,000 psi.

52. The method of claim 39, wherein the mean particle size of the cement kiln dust has been
reduced in an amount sufficient to provide an increase in 24-hour compressive strength for the
settable composition of at least about 60% as measured using an Ultrasonic Cement Analyzer

while maintained at 140°F and 3,000 psi.

53. The method of claim 39, wherein the mean particle size of the cement kiln dust has been
reduced in an amount sufficient to provide an increase in 24-hour compressive strength for the
settable composition of at least about 100% as measured using an Ultrasonic Cement Analyzer

while maintained at 140°F and 3,000 psi.

54. The method of claim 39, wherein the cement kiln dust is present in the settable
composition in an amount of at least about 30% by weight of a total amount of cementitious

components present in the settable composition.

55. The method of claim 39, wherein the cement kiln dust is present in the settable
composition in an amount in a range of from about 50% to 100% by weight of a total amount of

cementitious components present in the settable composition.

6. A method of preparing a treatment fluid comprising:

erinding cement kiln dust to have a mean particle size that has been reduced by
at least 5% from its original size; wherein the mean particle size of the ground

cement kiln dust is in a range of from about 1 micron to about 350 microns; and

preparing the treatment fluid by combining components comprising the ground
cement kiln dust and water; wherein the ground cement kiln dust is present in the
treatment fluid in an amount in a range of from about 50% to 100% by weight of

a total amount of cementitious components in the treatment fluid.
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S7. The method of claim 56, wherein the ground cement kiln dust comprises a ground

cement kiln dust that has been ground separately from any other cementitious components.

58. The method of claim 56, wherein the mean particle size of the ground cement kiln dust is

less than about 15 microns.

59. The method of claim 56, wherein the mean particle size of the ground cement kiln dust 1s

in a range of from about 5% to about 95% of its unground size.

60. The method of claim 56, wherein the treatment fluid comprises a fluid selected from the
group consisting of a drilling fluid, a completion fluid, a spacer fluid, a stimulation fluid, a well

clean up fluid, and any combination thereof.
61. The method of claim 56, wherein the treatment fluid 1s a settable composition.

62. The method of claim 61, wherein the mean particle size of the ground cement kiln dust 1s
sufficient to provide an increase in 24-hour compressive strength for the settable composition of

at least about 5% as measured using an Ultrasonic Cement Analyzer while maintained at 140°F

and 3,000 psi.

63. The method of claim 61, wherein the mean particle size of the ground cement kiln dust 1s
sufficient to provide an increase in 24-hour compressive strength for the settable composition of
at least about 50% as measured using an Ultrasonic Cement Analyzer while maintained at 140°F

and 3,000 psi.

64. The method of claim 61, wherein the ground cement kiln dust 1s present in the settable
composition in an amount of about 100% by weight of a total amount of cementitious

components in the settable composition.

635. The method of claim 61, wherein the ground cement kiln dust 1s present in the settable
composition in an amount in a range of from about 80% to about 100% by weight of a total

amount of cementitious components in the settable composition.

66. The method of claim 61, wherein the ground cement kiln dust was prepared by a process
comprising intergrinding the cement kiln dust with an additional additive to a mean particle size

in a range of from about 1 micron to about 350 microns.

25
CA 2863987 2018-01-25



67. The method of claim 66, wherein the additional additive comprises an additive selected
from the group consisting of hydraulic cement, fly ash, slag, shale, zeolite, metakaolin, pumice,

perlite, lime, lime kiln dust, silica, rice-hull ash, micro-fine cement, and any combination thereof.

68. The method of claim 61, wherein the water 1s present in an amount sufficient to form a

pumpable slurry.

69. The method of claim 61, wherein the settable composition further comprises an additive
selected from the group consisting of a set retarding additive, a strength-retrogression additive, a
set accelerator, a weighting agent, a lightweight additive, a gas-generating additive, a
mechanical-property-enhancing additive, a lost-circulation material, a filtration-control additive,
a dispersant, a fluid-loss-control additive, a defoaming agent, a foaming agent, an oil-swellable

particle, a water-swellable particle, a thixotropic additive, and any combination thereof.

70. The method of claim 61, wherein the settable composition further comprises an additive
selected from the group consisting of hydraulic cement, fly ash, slag, shale, zeolite, metakaolin,
pumice, perlite, lime, lime kiln dust, silica, rice-hull ash, micro-fine cement, a salt, a fiber, a
hydratable clay, a microsphere, an elastomer, an ¢lastomeric particle, a resin, a latex, and any

combination thereof.

A

71. The method of claim 56, wherein the treatment fluid has a density in a range of greater

than 13 pounds per gallon to about 16 pounds per gallon.

72. The method of claim 56, wherein the treatment fluid i1s foamed such that the treatment

fluid has a density in a range of about 8 pounds per gallon to about 13 pounds per gallon.
73. A method of preparing a treatment fluid comprising:

grinding a partially caicined kiln feed comprising S10,, ALO;, Fe,O;, CaO,
MgQ, SO;, Na,O, and K,0 to have a mean particle size that has been reduced by
at least 5% from its original size; wherein the mean particle size of the ground
and/or separated cement kiln dust is in a range of from about 1 micron to about

350 microns;

preparing the treatment fluid by combining components comprising the ground
partially calcined kiln feed and water; wherein the partially calcined kiln feed is

present i an amount of about 50% to 100% by weight of cementitious
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components present in the treatment fluid; and wherein the treatment fluid 1s
foamed such that the treatment fluid has a density in a range of about 8 pounds

per gallon to about 13 pounds per gallon.

74. The method of claim 73, wherein the partially calcined kiln feed comprises cement kiln
dust.
73. The method of claim 74, wherein the partially calcined kiln feed comprises a ground

partially calcined kiln feed that has been ground separately from any other cementitious

components.

76. The method of claim 74, wherein the mean particle size of the ground cement Kiln dust 1s

less than about 15 microns.

77. The method of claim 74, wherein the mean particle size of the ground cement kiln dust is

in a range of from about 5% to about 95% of its unground size.
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