; e3e$. bL6TWe8 May, 2003 CEMENT COWMPOSI TI ON AND PROCESS THEREW TH FI ELD OF
THE I NVENTI ON This invention relates to a pol yner 0 b 3on whi ch can be
used as cenent additive, to a cenment conposition) process for
using the cenent 5 conposition. BACKGROUND OF THE | NVENTI ON Cenent
conpositions are used in the oil an’d'gas i ndustry to cenent the annul ar

space in the mﬁéME}f;@ﬁ‘iﬁgf@b@@ﬁ éﬁkﬁﬁﬂ@‘fﬁw and the pipe or

casi ng. Typi caH5, de of the casing
and back 10 up the outsi dgreih birergaINVENTIONIGh the annul ar space. The
amount of water that is ~f ~used tn formng the cenent slurry varies
dependi ng upon {Ihes inyprtiasf reiately aud palymeneompesitiat whithasad tehasefab condi ti ons
at hand. Thag1 e}m)upt of water used can var\é over.a W de range, dependi ng
upon SERAMAIAIES 1R CERENY CHTIRGSEEPn. AN 1957 BIRSESSHfor iRedhs Feeit ne necessary
degisi teymbegitiéie control of formation pressures, and upon the 15 strength
requirement for the particular job. Many tines the hydraulic cenent nust be
pl aced within or next BACKGRORAD e AHENNVENTION f or exanpl e, earthen
strata in the | bore. Wien this happens ter .tends to filter out of
the slurry andwrér? en? ﬁﬁmg{>§l§9lg ﬂﬁr‘ﬂsﬁagﬁltﬁg ofl 31, £ IBEUS?rHetOcch@H{ &‘eMany

di ffi guhdlaspadé en iRl wEie BotbétwesNtheufrolnditlh Fordiatiohnd hé pipRisy type, 20
such as uncontrolled setting rate, inproper placenent of the slurry,

i npai rcasingt ffé,*mg@%y,ph@smn@gynamﬂpmmdadnwmmsm off the [sasisgiend back ng strat a.

bl PO obls RO g WHESL Byl sBioe IE B BE G aRE 2 or ocess

- fol capéd 0l forming the deliehtl slupgSvasits degenamatupoATPOSPel (imydeiicr ol 1ing fluid
| oss of a cenent. 25 conposition can also inprove the curability of the
conposemeRselestgdhantthepobr cendingasnetihand.| (The ameaat phMiater tiseheay vy additi ves

whi ch i . t ter t Iy es: iRt is
desi re(l)\t()yFJell t“égéslr“%’ F’d@gﬁ@ﬁgiu\#ggsstﬁ %%Fa%vmrf ?Hﬁ% rrgglllelg{c{ {:(ﬁ%lsféggg ogft 1ll":\E/vat er from
cenmentsistyyniid Rcevdanc dersitgtfor e @atrol ofifdmafiod eresy@ts, agdiupohtthé S 30

desirable to provide _a nethod for reducing the water |oss from cenent

sdr r isegngtinrequiregent for; the pagiicaardoh-e t o provide a method for reducing the
wat er | oss from I i Wl TR n again it
is desirable to ]\gfg@slﬁ g%%rré%lﬁéu&owwtoggb&f corr%(l)asla% ﬁ%xnt:sligﬁ‘avi ng

i mpr owetowsahatiumosish @s,ofoe reikample, Eattiehestraaria, the twellsbatesiWhdi ¢thit¢ 0 provi de an
i nproved nmethod for, cenentin il and gas. wells. Oher. advantages_.and

f eat urBRPYTS, WAEE ‘?Wéﬂ{}:ﬁ@ﬁ %? p? thesHE RpaRfpingo Q&p%{faéﬁguaggf SettiEe? i on i s
nore f .sa| ; ' EOed fuid by §f th gi ment of
this itHn%/g%rPlgdcg'n,CMﬁgﬁggél:ﬁ% ?Sﬁq\ﬁﬁﬁghéc%ﬁ&gémﬂ@eg tlshrl\ an o‘|§1lt I éfd’ application
i 20pr cutcldesl undineroliedpetsing irate, ooprppérgeaceneonef ttesslasyg.cimpaakd wtrefigth or

consi sts of cenent, |iquid, d a fluid | oss-gontrol l.ing anount of a
pol y maFOPeRyes B3 LoMiamIRIOR afhe sEmpIARS: SRl o4 PSS AR ARA rom a £ r st
unsat L{{,@Eggbpcrqnd@ aﬁdngwwywﬂﬁhﬁﬁé‘Bﬁera@&Q. a conbi nation of 10 MNOMer s

sel ected fromthe conbi nations of nhononers consisting of (:eLﬂ)o a vinyl
pyri di ne or der iTheréfoee,tthenedofan gmet-present needatoi developsaprocesseioeof ; (2) a

vi nyl norpholine and, a second upsat ur ated ani de;. .acryli.c acid or salt

! e e SPPIRg B B A S5 ELneBecthptrion Sofne i Fe o SR her et a
V'2!3y| &Yﬁﬂo@iti@ﬁ,caﬂ%oaim/prwé tH@é@Miiﬂy@th@B&pﬁ@ﬂﬁbmatl ons of two or nore of
sai d conbi nati ons of mpbnoners 15 wherein said first unsaturated am de is

not the same as said seSUMMARYOF AHEJINVENIIONNd wherein optional ly said
| furth i , trom 1 . onal f
Doty oni tri 1o nRihEoRE (PRI SR bty LATIE HoWReP RS! STT N0 ©

di met hiybandeneat siyiries! hag4ivlinisedesivibie té prividkl ddditives thal witEpreventthe ses r epeat
units derived from acryl am de, hydroxyethyl .acryl gﬁ;, and conbj nati on of
monomeless oOWAET dom: gemelinglumies i eeitaiphlgpmBiiater Setagaindtisng of ( 1)

430 NYdesh¥bledb 'ﬂ)?mﬁ@éja method for reducing the water loss from cement slurries. Once

again it is desirable to provide a method for reducing the water loss from cement

slurries containing calcium sulfate. Then again it is desirable to provide cement
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sodi um acryl ate; (2) Nacryl oyl norpholine and di methyl am nopropyl

nmet hacryl am de; (3) sodium acryl ate and di net hyl agi\nopr, | met hacryl am de;
(4) sodium acrylate, 4-vinyl pyridine, and Nacrthol i ne; and

conbi nati ons of two or nore of said conbinations of nononers. The

conmposi tion can al so conprise, 25 c@nsist essentially of, or consist of

calciumsul fate, cenent, |i gvl# d,. and a fluid.loss-controll i_n% anount of a
pol y meROMRAS5Itiops Hayiog Improyed SYAtFTAIoRS, PEAPe IS Fhrihermare; HiiwAerigdlectonean t hat
the s : ; bt frorS NS ' t ' does not

i ncl uﬁégﬁg%dﬁpﬁﬁﬁcxz}ﬁﬁgﬁgﬁs t ha?‘ E%h?rg&%fgf l?Sfétl PE}‘CE? ? g%nt%gegéﬂ%r operties
of t hefesmbstartbis ioverB®nmvitlt bacemefmerehapiparane as tiecinverdionf i enort Huky phr ase.
Accord(iin tq,a se%{gpd enbodi ment of this invention, a process is provided
whi ch Bcgr%?eg%%e‘f‘ ®Muci ng the conposition disclosed in the first 8 My,
20G3 -3 enbodi mﬂ%e&ﬁi&_&%% fir3Y ERbbithdn bP tis IHRINELA, AN EGApJHJFRL | ON. :
DETAI LED DESCRI PTI ON THE | NVENTI ON The term "liquid” %se In the present
i nvent which dendbeasedvint en oildfiedd applicatipnds puspdetsi The campasitidn nat i ons t her eof
wherein the suspensi on contains 5 dissql ved, gartc'} al ly tﬁ“' sol ved, or

undi ssHIMPRILES APLPISH Estentilly, of Or Lonpists ofremsnt digniq. andialuiflc od | quid is an

aqueouRsd-tsHHolisp glodst off éjf')ol?gx?ﬂgg?%)iscfaﬂgﬁk pelyffer céﬁﬁri%tﬁPeat Qhjsal t water.

Exanpl es of salt’s include netal nerally, the total salts content
can vaderived dedry af iishpnfatirated amade; ey, hydroxy asryhdtgands: @mitdngemceint (% by

wej ght of water Tgeft jcal salts cofntent of sal.t.watF can be in the
alfe BPnemE, selested frort fus SomBinatiohs 0! TEROBCLRISAE of HAAWAY (9 by
wei ght pafdin@be terividtive tRérBdf HRANMcrPlid b&l8 drlsHitGhéresS (2) & vayn fhel O
"preventing fluid |oss". According to the first enbodi mént of this

i nvent4ngha sedead angaturages graideii(3) Asrdicf anid gp salhvithereofrpdiaystcond i ¢ cenent. The
term hydraul i ¢ cene LS ant, to enconpass, any,.l norgani.c_cenent that
nar denpiresd sREREL v S0k drRal tnERRERRRY ARG AR v T v

port | ap@rsHRMABL snd @nihitiths BTIwB BFZAbROCRIE BSMbindfichst ffembhdifers Thus, for
exanpl e, any of the class A - J cenents listed in APl Specification 10,

Sekd i owberzin sHid figstrnisetueated Imidg i not dwosanenas said secepd asdtitatedenent i s al so

i ntended.to_include ¢ adm xes.cont ai ni ng _extenders_suc gypsum 20
sod uniDider ahd Emefn BRI 50 AFTmeL Nl SR CRPERTR SEReRD PLP,
" hydr agbhCthe Bl conststingo? acRll@MiaE, methabslstieile erkyihcaddia@s cont ai ni ng

any appreci abl e anount of sand or aggregate material or such cenent adm xed
wi t h adigresilpminoethylmethacritate: | More gancally thamotwnencomnriseerepepitiist e, and

The t o e R e SRR S B 8y ki, nHE sBRYEof AL iRt i s

cop(d ai pdle@ed figanthe cdmbisativas of hhihdinfers bbrisivtimpast (13 ¢dving pyeidimedaids and

di spersants. Accel erators _such as sodium chl orjde, potassiumchloride, and
cal ci upedismacrylatee 6 Niastylopd raopphelrg)andrdunethyapinapromilqui d enpl oyed to
make u ul4 ' i tical Ly e anount
of i q&ewgggég{sdgf 53)'?8 888?@8&3%%@{‘%8}‘%@8‘58{3{#&? ﬁ@onr‘r%tosé}?{aglﬁ&%a(\wng t he
requi r esdiahadcaylael datinylpyrnidire, had draenytuyhtmdrpbolid)and cafbinatialsoof 200,

Phe. dr e Bt o6 S8drRmReaions P SRGSBEPTbr AP GRETRPSIiER G248 ASEOmFIoF quid
25  consist essentially of, or consist of calcium suifate, cement, liquid, and a fluid
loss-controlling amount of a polymer.
By "consisting essentially of" herein it is intended to mean that the
substance or mixture of substances recited after this phrase does not include any
further components that would materially affect the properties of the substance or
30 mixture of substances recited after this phrase.
According to a second embodiment of this invention, a process is

provided which comprises introducing the composition disclosed in the first



8 May. 2003 -4 enpl oyed should be only such as is sufficient to produce a
punpabl e slurry. The polyner present is generally EE annmnt that is
effective to control the fluid | oss of the conposi & 3can general ly be
present in the conposition in the rapge of fromabout 0.05 to about 5 %
preferably about 0.1 to 5 about 3 %~ and nost preferably 0.2 to 2 %

Cal ciu A8 of kifi dn t gggg s¢ tion can be in the range of
about g@%{) a?gakﬂ'%g{‘@%;ﬁﬁ%é ledftgraasgﬁtf a o&tfo%?%]onabout 25 % and nost
preferably 3 to 15DBIAANLEDaDESCRIFEIGKIORTHEINVENTAODOrding to this

i nvention, any cerzr;rlent can he used in the conposjtion of the invention such
as, for exanple, eé‘éﬂ“&i\H‘Hﬁ‘guP?th‘é-tb?)ﬁfeéFWi‘H&%‘r"“f@“@?ﬁmpént ai ni ng
cerment sofution ANKuBOISUHR or LBAbfABPIBHDR wildfeifl MY SBbeddifh Ldrthifl | 0SS of a
hydraul 1 ¢ cenent conposition can be used 1 n this 1hvention. e presently
pr e$ er desdolyed.ypaetiallysdissopraidy e nndiksotNedcambpances suctc ensdlst sThespresdntigl |y of , or

consi sts of eat. units or ymononers derived fragma first unsaturated
am de, péefﬁ?ﬁ‘{ EEV%AE AY |aaP%2“5Awalda§u0F1éé; "_rfﬁa‘F’RI‘}’ gﬁ?ﬁ‘bﬁ@t“% 2 WP f rom t he
group  GRRSaRdr! Egarﬁlif)lte£ ?ﬁsQltsqné’th’é’gnePéfrsbﬁé. n@eﬂéraﬁﬁrthé’%thi"%l& hehikg{ and

acrylic acid or sa ereof; (2) a vinyl norpholine and a second

unsat urcan edryawiddly; froi3) facimgtanee, dabcsdrigisas 37 2pereaf (%hdy ave ghtosfd
unsaturated am de; (4) acrylic.acid or salt .thereof, vinyl pyridine, and
a vi nyVagr pﬁ?ﬁ iyn@,a‘( %ﬁ% 8 fﬂ%ﬁ(fbwai‘}f CEEC Gt ﬂwggq Hgffé’m’ ‘JP’n whi ch the
figgt ynsalcH! R 189 460utS3 7 Pherk 008 of DRtssecond unsaturated am de.
VWen used herein the te?nt1 unsgct: u?gt(é)g) l?3‘55111@3leg'(ﬂi ﬁcl uctzlez's N-vinyl lactanms (eg

“ N-vi nyl - 2- pyrol | iTherteym “dontuohiseg finit loss" amsg@nyswislto i'prevéntmg fividnt i on, as
the fi rlst,, or second unsaturated am de, can have the formul a of

(R (R) “¥¢ R -C=ONR(R) in which each R can be independently hydrogen or
a hydrocarbyl radi&atdin@yd e flrst nBoJiARAVSS ik RRIERNH, IOARIIRGE i adi cal . The

hydrocar byl radical can be alkyl radical, alkenyl radical, aryl radical,
al ky| amsyitahledprcese, witlr ghya hikgraulicacinerit, The termribydeaniio csmofit isvioeant toror e

th f. Exanpl es.of suitabl t urat ed_ani i ncl t t
5 ¢ onedTBES AGY dfredte BRSPS SRR o SeRyIrGR PR e (SR vl ont ot i1 e,
vi nyl ageih®, foti XBhpN! aElRRIRMMd FRAIAS akinsiLs 8nd b'ofidﬂdr{@rﬁ'éﬂltﬁ%ﬂ' am de,

N-vinyl-2 30 pyrrolidone, N-vinylacetanide, dinethylam noethy
met hacthd like, Thusifohgxaniplet 4y efcthy lckass de— INcatents ligedeirnAPhcr yl ani de)

N- pr op neth ryl am de, . Lpyl f 1de, and. conbi nat.i ons of two or
ror e ¢ eaetgeatin, 56, 3esBia 7y didion i Tolo: o PREFSTRARU TR ot e
anm de ii§ aR6idleAdddiR iANHdS eenbt ddnfiRésUétARingMERtendeys SidRAs ¥y mtinnopr opy|
met hacryl am de for they are effective, when incorporated into the polyner,
i n28ontspéium pidiciteuhentonyies gdsonitpcandopthes extendsrof Thetem Hwdrulion. A hydr oxy

acryl at ful (d i Sy ] N i ner & e fo of

(R (R é@%ﬁf}%@&o&’ %R@ #on’\ﬁ\?ﬂlh %%Qrgg’g%ae‘{ﬁ%y? egig a%ear{i’s&ﬁ%%bgfscl osed above
and A igndunt oF kytldedteagpechiatamatedini 810sukcht cenho admik@d ositth arpradudarsfijtieg radi cal .
Exanpl es of suitable hydroxy acrylates include) but are not limted to

hydr oxyeatesial such 5 basite, hematiey hmenite, aad theydike. [Sygnethyanhapsars skahasat e,

hydr oxy, I I lhat ny: - (A

rononor 1R By caf SENE CoplBYELY e YOl RfRlaINE BOLULS BiscOnEBESle,
hy @5oxiatlogé cemedtadmikat entdiyidp @xyaniopyids amd baganid atlfonalds usahds conbi nat i ons
of two or pore ereof . The presently preferred hydroxy acrylate is

hydr oxyFEtaRgAars 704 g}sa%réam?xn\fxcs?lﬁworwwm?wd&m&g}qrwgt POBSTHBIAdehat . when
I ncor pofAt &kl @idrR ARl AEEhe empldyedfect the fluid loss control can be
used in this nvention. Suitable 1% derivatives of vinyl pyridines can be
ri ng substituted Vhagmhopytrofdiquid emipboyed o tniekeripnthe hydraulid cement

slurry is not critical. Generally the amount of liquid necessary to give a settable

30 cement composition having the required characteristics will be an amount from about
10 to about 200, preferably about 25 to about 150 percent by weight. based on the

weight of the dry hydraulic cement. As disclosed previously, the amount of liquid



is substituted at any avail able position by an optionally substituted

hydr ocar byl noiety having from 1-10 carbon atons, ef ly 1-5 carbon
atons and nore preferably 1-3 carbon atons. Typi CM derivative wl|
be a trisubstituted derivative, nore typically a disubstituted derivative
and even nore typically a 20 monosafstituted derivative. Exanpl es of vinyl

i di der, i i,ncl . but t limted t 4-vi nyl i di ne,
D7 i nyftimyGc tRlld G p Syt B v BieBt Eprpdtlh A PHmpgble iR et onl <11 | .
dicarbonitrile vimygd p@l&fﬂeﬁiip%enﬂis@éh%fl&@n%é\'ir@’fﬁﬂ?% eftbdiWeybSti tut ed

vi nyl pyridine, such as 2-nethyl-4-vinylpyridine, aryl-substituted
vi ny| pmpnirakie fiuid hossof2hp kemppsition iang icpy genkiraldy bampdesentini thet i ons of two, or

25 t her.eof.. .Suitabl | ts of l i | i
ot a1 OnrPEhiSR i (8¢ B8 of S aBpPLo BF ' abgn L Ve AR Rt Oeftay sal (s ar o
pr &f erdupde 3 Bx aandl @5stqirefekdtdy 0. 78S 2lo% S A GuRf subatey if fre8&itGn &2 |1 thium

acryl ate, sodium acrylate, potassiumacrylate, and cesium acrylate. 30 A
vi nyl cesipesisionneansbg tathegangs ofigleout 9.1 i sbaut\védrtsi preferablyrabost { e f or mul a of

R-C(R 3 : 6= M, wh i ch R,is,the sane . that discl osed above, m
is 0 oa;bg&a%r{ﬁc_ aiadin&sms‘ rrpf{ﬁgﬁbl?%gq :]lc?ué’ mﬂf‘cﬂﬁei’ n"Be ts?fll;%"‘r."?et“ﬂt ed or 8 My,
2003 -6 nonsubst Atedréiclg YR ihventidh! AOtéréntBah BeYuskd isuest i tuted the
substituent scan be the sane as the substituents descri bed for substituents

for theomgosifionffithejinyentipn sechaim ey example & anlsium silfasercontaining et any

avai |l a 0Si 1k ically the norpholine ring will be tetrasubstituted
rml?)e t%l},&g%rglﬁ )1/1&{@?%&%%6?% uted, even nore typically 5 disubstituted, and yet

nor & typically naappubeidritiiteshn freoenlop TofifroSthe tfifid Soséiond hymanfol i nes
include, but are not limted to. N-vinyl norpholine, N-acryloyl norpholine,
N- met heEdiopt 69iPPeRtiphean he tsethid bimiivertianonEhe presomlyoprefisred pdlpments. The
above- di . S C b ] X| Quers in desired
nol ar gg@ﬂé‘??ﬂugﬁk% rl%f)’r‘l'a(gi[sg?ﬁ ?%% I:ﬁgggi uhg%&r%j& (Tg%feﬂe%fz%?%l atolrng 10 the

f r ee- rmdheratrs pletiyed friomad iffest ursatedted amide, aUBRIRNSI &itylay, agdat tdaem
environment. Cenerally, any nolar ratjqQs can be enpl oyed dependi ng on the
filal 9 peeemeisseleatyd from the growp eonsisiae ohélkavinyhpytifine i scl osed above.
vell k : NIgR! - ipcal
pol ymes b aFE TR SRa SRR Kofa FRUEWRtedeD ) Lokl Borfiint BUEE os such as,
for 15seesmdrphsaturdted anfidQB¥ ary{i2-acid cagadd theredf whd @rsepaiennsdtunyted ochl or i de
al kali netal persulfates such as KZS2Qg, al kali netal perborates, alkali
metal #RIdshAsExlicsacidipy salt [hersofna viny! pyridimes andiaadny vephRlesingr gani ¢

per oxi %nﬁpmugﬂav&em?é Maef iA%GHch ﬁxé Atk iu?x%a‘?uxfa{eﬁearﬁiagiﬁ; Abt the
pol ynmeri zation reactions 1 nclude |auryl peroxide,
2, B di samtchad ¢he sbedvidsridaetrdiyd hsvidmoyl per oxy) hexane, t-butyl peroxyprivil ate,

20 t-butyl peroctQate, p-nethane hydroperoxi de, .and benzoyl per oxi de. The
corpound”t - but i NR5GHER et Shes eral SISRHEF S Rt YT R RRon y
enpl oy NQ/iﬁﬂlzttaﬁgﬁicfoheﬁ Aadirs8lurRed YiFkde d<bhian tﬁlﬁ%zérﬁi:?:ﬁ; ai(; et figr mor e,

ultravrolet Iigh nd gamma irradiation are conmonly enployed to initiate
free readseahd posapwreted zmidencandzayvei tba formula afl RYRME=CRI+HCHEIMNR)@t hod of

I izati d. dt 2 illed in th t b
Erp! oy Bonish e SR EERTERTY iGregeR of & pifre@PyigSfinebirtts Kb ar met hod
of 29r 0@kt NG dafSorPRbMEHer $RficAUITHEEKRIrfearBAGaRa dancobdAkyNRidicagt i on
techni ques are well known to one skilled in the art, the description of

whi ch akkenyliradigal, laevl gadicaloalkyleeyl radivab sryletkybradi¢alyor qimbipatiansraf preferred’

pol ymeri zation i.s S ion.polynerkzation. 30 The nol ar, rati f . each
Fepeat Ottt e stEfle EHEIRROY PRI sl sl Befiis Blsafe ot rati o so
| ong atintifea tb.2ddrPlamide, M ami@q | ¢ARénitrilal metacatitrile, diiglaédtated | oss of
a cenent conposition. Cenerally, the nolar ratio can be in the 8 My,
2003 dimethylaminopropyl methacrylamide, N,N-dimethylacrylamide, N-vinyl-2-

30 pyrrolidone, N-vinylacetamide, dimethylaminoethyl methacrylate, N-methyl (meth)
acrylamide, N-ethyl (meth) acrylamide, N-propyl (meth) acrylamide, N-vinyl

formamide, and combinations of two or more thereof. The presently preferred first



range of from about 0.001:1 to about 10:1, preferably about 0.005:1 to
about 5 :1. and nost preferably 0.01:1 to 1:1. Thi&ﬁ@&ﬁzﬁﬂij on disclosed in
the first enbodi ment can be produced by any neans one skilled in
the art. For exanple, the conpositign can be 5 produced by conbi ni ng such
as m xing, blending, or dispersing‘é'cenent, a fluid loss-controlling

amount of a polvymer, a liqyid, ,and tionally cal ciumsul fate. Because the

neans “&F"};’-“Rﬂkﬁ’aﬁ%ﬁg\}\%a‘f"glaﬂﬂge apd ISF@J‘%PWS?W@#?’P%‘H@%HBE‘BWN ion of which is

om tt %iﬁkﬂfr@;bgrn rhé&hadrPRniidd esremby afe BffestiveYwhéh Hfhcgglgﬁéeé Hoqntrolling fluid
y

| oss of a hydraulic cement conposition. 10 which conprises a cenent and a
| i qui dolymearhino¢onielling Huid lgiss ef theeebrapnsition dfsthisriovénded. The process

i nbi nj ng.the h | i t it i t f1 yid
o bortr o ind: BatoRs syvia@iseiy S TRE BB Braally Pl Bednimite e pot yrer
ar e t g (RAMBCACS(R)N0SO-0lADHESRAVEBR ¢Ech RIS i@ adihacashlosdd dbage cement,

liquid, polynmer, or calciumsulfate when present can be the same as that
di scl apdd\ by alkyleng Sadipad Having | éerisbentnidhearboxc atomgi peg radicalhe second

enbodidrent , of & hi.s,, nvention r.ogess whi ch n be, used, i n

nydr od BB L AR AR Aemeliice B RAE b afecu i taled B T drgsmY L enrent i ng a
casi NGgichyatd! dreb8tutyl RrlateC BEdrok PHMBbYISASyla®! hgdos|SicidmxAseanitkal |y of . or
consi st nq of , introducing a conposition Into a subterranean Tormation. The
20 corbenylthydroxystiyt pewiate,celnesret moagacsylpicalygerol monomethasrydate, of cenent, a

. | i | h f th rcemel
R0 < aar SBRE AR Ro SRR, Bl ery WS HBARRS oRlood REofRERER, " '
i néntan@ronbastionpof oMo of nidreaheress. 0Thé padehtbr picerfedr hydiexy sr@aest of

brevity. The term "process” used herein and hereinafter in conjunction with
a 25 dhbydioxystBymaryateati on can conprise a use in cement slurries. fluid

| oss prevention, . ' ' f, fh g LtlQm.l.nto a
subt erranean f orA ?’gﬁfi ? gﬂ-drgg d(:r g%r&gggéhl{%%g t}éér% %#gl? %nggd(%ﬁtg%dt 0 one
ski | | abe ipolybdee, cunt efféce ey fibidylobd eomtestrah be lusediidthipveaien. Soithbdpt i onal

Callsci udrgri%gtli\]:e%to% v%r?yr} p%?id?x?egbgageb% rt'u?g E\rll?s(tjiltju%eGd \a}in];{ g;rr?digcr:s wherein the ring
is substituted at any available position by an optionally substituted hydrocarbyl
moiety having from 1-10 carbon atoms, preferably 1-5 carbon atoms and more
preferably 1-3 carbon atoms. Typically the derivative will be a trisubstituted
derivative, more typically a disubstituted derivative and even more typically a

20  monosubstituted derivative. Examples of vinyl pyridine derivatives include, but are
not limited to, 4-vinyl pyridine, 2-vinyl pyridine, vinyl pyridylacetic acid, vinyl
pyridylacetonitrile, dicarbonitrile vinyl pyridine, vinylpyridine-N-oxide, alkyl-
substituted vinylpyridine, such as 2-methyl-4-vinylpyridine, aryl-substituted
vinylpyridene such as 2-phenyl-4-vinylpyridine, and combinations of two or more

25  thereof.

Suitable salts of acrylic acid are generally ammonium or metal salts.
Among the metal salts of acrylic acids, alkali metal salts are preferred. Examples of
alkali metal salts of acrylic acid are lithium acrylate, sodium acrylate, p(:)tassium
acrylate, and cesium acrylate.

30 A vinyl morpholine suitable for use in this invention can have the
formula of R-C(R)=C(R)-(C=0)_-M wherein each R is the same as that disclosed

above, m is 0 or 1, and M is morpholine group which can be substituted or



30 hydraulic conposition. The conposition can then be introduced, by any

means known to one skilled in the art such as pu 20680 a vveIIbore in a
subt erranean fornmation. The nature of the fornatrm—pm critical to

carrying out the process of 8 May 2003 _g_ the present invention. The
foll owi ng exanples are provided to ﬁerel y illustrate this invention and are

not t u Lot ' t EXAVPLE
15 pRofiSiARatd. COATL IBRAIRg iphel o AP RERE i SusbHefe RRBE " ot 08
used ithe sdme astiek substifuents @esaripe dbiy sabisiiiahts dor xaripylgsridie. | 3eqtol e percent .

The po ri atio was conducted in a 1 Liter jacketed resin flask equi pped
with éLg{‘TFS né’&g glitufipn F%gﬁ akpny filab keé?olslibﬁ)“coﬁﬂ’é‘f?élér‘ MoRPhding; |

bubbl ' I teel 10 axi al

£l ow i @pﬂ})@t%b}@g@&g{l et E’E‘ﬁéalﬁpe‘:ﬁ&&%“ﬁgeﬁa@ﬁ?éﬁ’?nedgat 60C. The ' °
poby nmelisubatitucrd, wad yeomouc typitallp mlmusnbs:mdedvatﬁaamates af soitablks vinghdi ng of 20
wei ght cent sodi um et h nedi am netetraacetjc acid (EDTA) was
added "é‘?rp O’G@SPHRAE al?”ttsar?)é?t Wﬂﬁﬁ‘f e "Fﬂfﬁé‘ﬂﬁ’r") H(?fr@ﬁéll ate metal s that
vere RhGpRGfine. SP@%éinlo?ﬁB?lUﬁmB?éh%lM@San*dsd%%&r%tioﬂk oF 846 of %r@%%&@“ zation at
arate o (parts per hundred parts nonomner of the
mononers were cofherbewtdisclasedidodhers aanl ba pecuned bgamp(mgckheThe react or was

h d th: .28 d t 0. 050 1) 4- i di
Evérgﬁwmw e E B 3§75 B S aspgralol QA e g Al g Ut on
(NgAC, m@m@%@s@axbyowﬁesmohzmrggm%hy&us erfdid of /éhmgl&herg?l%m&ﬂ{ Co.) 20 with

sodi um hydr oxi de), wei ght pefcent aqueous acrylam de (AM
'+ QGenerally, any molar ratlos can be employed depending on the final polymer desired.

The liquid can be the same as that disclosed above.
Well known compounds commonly employed to initiate free radical
polymerization reactions include hydrogen peroxide, azo compounds such as, for

15  example, 2,2’-azobis(2-(2-imidazolin-2-yl)propane) dihydrochloride, alkali metal
persulfates such as K,S,0;, alkali metal perborates, alkali metal perphosphates, and
alkali metal percarbonates. Well known organic peroxide compounds commonly
employed to initiate free radical polymerization reactions include lauryl peroxide,
2,5-dimethyl-2,5-bis(2-ethylhexanoylperoxy)hexane, t-butylperoxyprivilate,

20  t-butylperoctoate, p-methane hydroperoxide, and benzoylperoxide. The compound
t-butylhyponitrite is a well known alkyl hyponitrite commonly employed to initiate
free radical polymerization reactions. Furthermore, ultraviolet light and gamma
irradiation are commonly employed to initiate free radical polymerization reactions.
In addition, such other method of polymerization as would have occurred to one

25  skilled in the art may be employed, and the present invention is not limited to the
particular method of producing the polymer set out herein. Because the
polymerization techniques are well known to one skilled in the art, the description of
which is omitted herein for the interest of brevity. The present preferred’ '
polymerization is solution polymerization.

30 The molar ratio of each repeat unit or monomer to the first unsaturated
amide can be any ratio so long as the ratio can produce a polymer that can control

the fluid loss of a cement composition. Generally, the molar ratio can be in the



solution (CYTEK Industries). The reactor charge was sparged with nitrogen
for 10 mnutes to renpbve oxygen. Sodi um persul fat 0.3 PHVM, dissolved in
a mniml quantity of deionized water, was then a 03nitiate
pol yneri zation. The reaction mxture was allowed to stir until the
viscosity had increased to the poinf -where the 25 vortex was |ost and the

solution was_.startin Lclinb up the shaft. Stirring was then stopped and
the i rfpR8q o freﬁ’a?bco%gé’b?di ‘Qé’@"&bg‘&é’ picleraly abpi PO biro 8BoW; Yihi 25d) r enoval
of thenpQlpremrabBeb 01Af doef:1t he reaction exotherm had subsided, the jacket

heat was shut off) the reactor was allowed to cool to roomtenperature, and
the product was FeneamspbsitonOdiscloseidghtthp @rst embodimhant icam bofpredeedldove pol yner

i n dei oni zed ter was 30..fqund to have a Brookfield viscosity of 80 cP (#
1 spi r?d‘P’é?eaiﬁvﬁ'Bm‘.“’ ong S&a\(‘fg ‘de%af-‘gaﬁ/@kﬁmﬂezt rcé’Hﬁ’rOé‘t“PBr?anb%S VP/ 10 (
NaAC/ §RodieR AyyEBRibiTiAg saapysenmhgm:enmg. &rcﬁﬁﬁfﬁﬁh alce@ntiBl Gt per cent

solids using the procedure of exanple 1°to yield a product which was found
t 0 havessecaptrodliefg @held of iaspdwnery adiquéd, ank opliosaliyetaj¢intmpeitfaent pol yner in

deionized water) # 1 spindle Or .. EXAVPLE 3.5 VP/1Q H .NaAC/ 80 AM A
i . argSeapsag s Ao Raft a8 ouB kit fhesirt PEAESTREAT S 10
phem GalonffRed he2ROfod h@fftetkdts bréniel. acryl am de was pol ymerized at 20 wei ght
percent solids) using the procedure of Exanple 1 to give a polymner
t hat had Brookf i &lptogass égstonyrodingS3aid lew qf G mydredligheenpeat cempogtiby.mer i n
dej,oni zed, water.. #3 spindle, 10.r MPLES 4-8 15 The pol yners shown in
Tjal‘e ﬁl\%glpgmﬁlr'cg%fu%(é%fg%ﬂq afg i\/&é‘i‘%’{)brgdgro émld’s%ff:idd%ﬁ{fggﬁamf%és procedure of
Exanplgodide@O THe pladekse cohprisedRboRditi g ShezBdraubRi deeent PoRpdAiich 410 HEA/ S
NaAC/ SOANEOO g2 80#3285 E’/ 10 HEA/ 1% Na%[g/%S ANMBOO 910540¢1#828V5N‘4\{)/P/ 10

HEA/ 201wWd Agyse®nniing apsauo#5 polymap; {TheHppand\ddmiton AlBB0Py1me004#5205 VP/ 5
e 10,58 500405, MUARD0, SESRORRCL BB LA hESEAER il ©
( Pol y sgdliet or chltfum sulfate when present can be the same as that disclosed above in
15  the first embodiment.
According to the second embodiment of this invention, a process which
can be used in hydrocarbon-bearing subterranean formations such as forming or
cementing a casing is provided. The process comprises, or consisting essentially of.
or consisting of, introducing a composition into a subterranean formation. The
20  composition comprises, consists essentially of, or consists of cement. a polymer. and
optionall); calcium sulfate. The scope of the composition is the same as that
disclosed in the first embodiment of the present invention, description of which is
omitted herein for the interest of brevity.
The term “process" used herein and hereinafter in conjunction with a
25  subterranean formation can comprise a use in cement slurries. fluid loss prevention,
or both.
The introduction of the composition into a subterranean formation can
be carried out by any methods known to one skilled in the art. Gcnerallgf the cement.
liquid, polymer, and optional calcium sulfate can be combined to produce a fluid or
30  hydraulic composition. The composition can then be introduced, by any means
known to one skilled in the art such as pumping, into a wellbore in a subterranean

formation. The nature of the formation is not critical to carrying out the process of



EXAMPLE 9 ', 10 VP/ 10 HEA/S NaAC/ 75 AM The above pol yner was prepared at 20
wei ght percent solids |loading in 30 deionized wat usi t he procedure of
Exanpl e 1 except that an additional 0.3 PHM of s&gﬁﬁﬁ¥gggéulfate needed to
be added to initiate the polynerization. A 0.5 weight 8 May, 2003 - 10
percent solution of the polyner i n" 8ei oni zed water was found to have a
Brookfield viscosity of 210 cP (#1 spindle, 10 rpm. EXAMPLE 10 5 DAPM 10
HEAIStNQREFQB'QMW%' he above pol ymer was prepared using the equi pnent
described in Examp plibwilg eanifieghie movidedto srblSiagfrh@mhid Diveh@dd on
tenperature of 10C. An iron stock solution was prepared by dissolving

0. 0431ang a5¢ nelelor beccansirued asrio unduly dimihtheoscepe @f dhis BDYRAtion wat er and )

diluting to 500 nL. The reactorEy@‘; 1§2Ergged with: 13.03 ¢ _

N-[ 3- (di met hyl am no) propyl ) meth (DAPM Al drich 10 Chem cal Co.),

| 7577 g HEA, 28.78 &eaﬁamh@mtlopewqermam/ﬁ@,AM?@lg%eg 50 weight ' ' percent
AM 0.063 g EDTA, 1 nL iron solution éQ.SE—S phmFe), 0.125 g sodium

f or mal dehyde sul 4B (the songmer siins yseetn thin apd thafdlopdsg 4 g dei oni zed
water. The re [ I xture cool ed 4,0 ahout .10C with stirring and
ooy RAMTRAEREh FnRleSHL b 125 S8, SRR e o oL ER T a1 on
of 0.129% IBerSackewd Reinsfldskaiqripbed (Withla Rheinocdtisle Vhisro@en tpyar&dr, ffRixr eact i on

m xture rapidly increased and the stirrer was _shut-off after about 2.5
nmi nut eepndpgseemithias el bubljer. and anmeehagicabstinsen fitied withtd giaintessisteelbsi ded, t he

cogl i ng . - hut,-.of f;. . mto room
tce)l?T)per a 1%}?%0% ﬁ‘ﬁ@aﬁ?b;ﬁ(hfeijfg%kcﬁ\% st%:rrc}grlng %/&g*}gé"ﬁa@glg#gpéofgﬂmsol ution of

t e 20pgigmytiEtioh watadonduaed imdeiohizad svatetol L£HHHHEJosdihgdF 20 wilsghtpm) . EXAMPLE
i 1 5 NAMS DAPM 10 HEA/5 NaAC/.75 AM The above _Polyrrer was prepared at 25

wei ght Pesnte detrasdium ethylensdiminetgtrageeds acidr&ERT Abwag apdaddt &% e, using the
. . . TP
o OCoHS! Bl YRR gt RN PRl Ot S

persulfate was used to initiate the polymerization at a rate of 0.3 PHM (parts per

15  hundred parts monomer). All of the monomers were commercially available and

used as received.
The reactor was charged with: 289 g deionized water, 0.050 g EDTA,

13.7 g 4-vinyl pyridine (VP, Reilly Industries), 49 g 25 weight percent sodium
acrylate solution (NaAC, prepared by neutralizing acrylic acid (Aldrich Chemical Co.)

20  with sodium hydroxide), and 148.1 g 50 weight percent aqueous acrylamide (AM)
solution (CYTEK Industries). The reactor charge was sparged with nitrogen for 10
minutes to remove oxygen. Sodium persulfate (0.3 PHM), dissolved in a minimal
quantity of deionized water, was then added to initiate polymerization. The reaction
mixture was allowed to stir until the viscosity had increased to the point where the

25  vortex was lost and the solution was starting to climb up the shaft. Stirring was then
stopped and the impeller shaft was raised above the solution level to simplify removal
of the polymer gel. After the reaction exotherm had subsided, the jacket heat was
shut off, the reactor was allowed to cool to room temperature, and the ;;Eoduct was
removed. A 0.5 weight percent solution of the above polymer in deionized water was

30 found to have a Brookfield viscosity of 80 cP (#1 spindle, 10 rpm).



wei ght percent polyner in deionized water (#3 spindle, 20 rpm. EXAWPLE 12
Thi s exanpl e shows that the polyners produced in Eéazgggagl -1 1 control or
prevent fluid |oss of a hydraulic cenent conpositi he cenenting
slurry conpositions in accordance with the present invention and having the
conpositions as noted in Table Il -d&tow were prepared by m xi ng sone of the
pol ynmers produced in Exanples 1-11 with fresh water, cenent 8 May, 2003 -
11 (APl Cass Hand Cass C cERMMPLES? def i ned in API Speci fication 10,

Section 2. Fifth Eds }F nJUH( Vp/ éﬁf’%’ e% g% cenent used was
comercially avail a‘b‘l‘L = 1 Clasal §m|‘:}h brand nanme JOPPA H.

The O ass C cen@éhet ahs‘@dpwl@mecmnmmaaéd P E()/aiel@blpercfzmomhﬁmumhgﬂﬁé ern
Portl and under. t he brand n STERN C),, and o |on |1y cal cium
sul faP‘é’ce‘#ﬁg of exHpples! theyis Bfﬁﬂ“éhw iPhavabrergdde have A Brepkitgddci i cati on
105 Fifstdifrdittdsoen (@?Q@dl percent! CFMI yher nl%%ﬂ)n?ﬁg Vdter %W%gﬂldlé" jpable 11. 10
15 20 Ta)bl e l[1Slurry | D ment assCenent (g)Lonar Da ) Gypsum (g) Wat er
(g) Watmm
TypeAH80000322. 47Fr eshBH8004. 0%&5 hCC3S0042473. 83Fr eshDC350042471. 9l
Fr eshEH350042473. 83Fr eshFH3500 eshaLomar[err] D is a trademark of
H nkl'l Chem cal Cor por at isoppaQdHEA/SNa@ddi/gnadl t of the formal dehyde
condensation product of naphthalene sulfonic

A mixture of 4-vinyl pyridine, 2-hydroxyethyl acrylate (HEA, Aldrich

10 Chemical Co.), sodium acrylate, and acrylamide was polymerized at 20 weight
' percent solids, using the procedure of Example 1 to give a polymer that had
Brookfield viscosity of 5300 cP (0.5 weight percent polymer in deionized water, #3
spindle, 10 rpm).
EXAMPLES 4-8

15 The polymers shown in Table 1 were produced at 25 weight percent

solids using the procedure of Example 1.

Table [
Polymer Batch cP? Spindle | rpm
Size
5 VP/5 NAM®/10 HEA/5 NaAC/75 AM | 500 g | 2250 #3 20
20 5 VP/10 HEA/10 NaAC/75 AM 500 g | 10340 #5 20
5 VP/10 HEA/20 NaAC/65 AM 500 g | 9300 #5 20
5 VP/10 HEA/30 NaAC/55 AM 500 g | 10000 #5 20
5 VP/5 NAM/10 HEA/5 NaAC/75 AM | 1500 g | 2000 #3 20
*Brookfield viscosity of 0.5 weight percent polymer in deionized water.
25 ®*NAM=N-acryloy! morpholine (Polysciences, Inc.)

EXAMPLE 9 \
10 VP/10 HEA/S NaAC/75 AM
The above polymer was prepared at 20 weight percent solids loading in
30 deionized water using the procedure of Example 1 except that an additional 0.3 PHM

of sodium persulfate needed to be added to initiate the polymerization. A 0.5 weight




acid. The fluid |loss values for the slurries shown in Table Il were

nmeasured in accordance with APl Specification 10,  Fjft I tion, Appendi X
F, July 1, 1990. The results are shown in Table |MM&V, 2003 - 12 v

10 15 20 25 Table Il Slurry ID. Polymer Mle Fraction Polymer (g)100F
Fluid Loss mil/30 ninutes150F Fluid lbss nl130

percent solution of the polymer in deionized water was found to have a Brookfield
viscosity of 210 cP (#1 spindle, 10 rpm).
EXAMPLE 10
5 DAPM/10 HEA/S NaAC/80 AM
5 The above polymer was prepared using the equipment described in
Example 1 at 25 weight percent solids and an initiation temperature of 10°C. An
iron stock solution was prepared by dissolving 0.0431 g of ferric ammonium sulfate
and 0.25 g of EDTA in water and diluting to 500 mL. The reactor was charged
with: 13.03 g N-[3-(dimethylamino)propyl]methacrylamide (DAPM, Aldrich
10 Chemical Co.), 17.77 g HEA, 28.78 g 25 weight percent NaAC, 174.02 g 50 weight
percent AM, 0.063 g EDTA, 1 mL iron solution (0.8E-5 phm Fe), 0.125 g sodium
formaldehyde sulfoxylate (0.1 phm, Aceto Corp.) and 266.4 g deionized water. The
reaction mixture was cooled to about 10°C with stirring and deoxygenated for 10
minutes. Polymerization was initiated by the addition of 0.125 g sodium persulfate
15 (0.1 phm).

The viscosity of the reaction mixture rapidly increased and the stirrer
was shut-off after about 2.5 minutes. After about 2 hours, the heat of polymerization
had subsided, the cooling water was shut-off and the product was allowed to warm to
room temperature. The Brookfield viscosity of a 0.5 weight percent solution of the

20 polymer in deionized water was 1350 cP (#3 spindle, 20 rpm).
EXAMPLE 11
5 NAM/S DAPM/10 HEA/S NaAC/75 AM

The above polymer was prepared at 25 weight percent solids in

deionized water, and a 500 g batch size, using the procedure of Example 10, to give
25  a polymer which had a Brookfield viscosity of 170 cP at a concentration of 0.5
weight percent polymer in deionized water (#3 spindle, 20 rpm).
EXAMPLE 12
This example shows that the polymers produced in Examples 1-11
control or prevent fluid loss of a hydraulic cement composition.
30 The cementing slurry compositions in accordance with the present
invention and having the compositions as noted in Table II below were prepared by

mixing some of the polymers produced in Examples 1-11 with fresh water, cement
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conmbi nations of two or nore thereof. 22. A conposition according to claim
21, further conprising a calciumsulfate. 23. A COEBESizbﬁg according to
claim?22, further conprising a liquid. 24. A conp cording to claim
23, wherein said polynmer is presggt. in said conposition in the range of
fromO0.2 to 2 weight % 25. A process conprising introducing a conposition
into a subter Tageedultk hew i0 TablealEsHovs Bad ad@itipaSf tal pylyB&Pri ses cement,
calciumsul fate and a pol yner which conprises repeat units derived froma
fi r disclossshinuthe ivension gecatly degrgnsscthedtyig|lasseat elgigtegt tempergturgspo nonomner s

sel ected frO”H%Q%sQ{n‘é’gﬂ?&x?ﬁ‘r?pﬁetéﬂ&e%am @s.cﬁ‘§ ri# &e??o%ﬁirge%}t%éa! t thereof
and a nononer "sél écte rom the group consisting of 4-vinyl pyridine,

2- Vpregént ifvdntioAds wellmdapted dy eag g tou€ tacolslecty iany lattpiyirthel yhdxcaidoni tri | e,

di carbonitrile vinyl pyridine, vinylpyridine-N-oxide,

2- madYApragay, Mepripned an Well a%l*;ﬂﬁ@hmerem\ﬁimupyW*alerfa@lgﬁ%iw@émmﬁi ons of two
or Fﬁ%ﬁ? bg'lﬁé(ijs%o 'Qefdzi)n tile \éhné‘\*chnf%{?%yi&?s ﬁ%%n@orﬁéé‘s?&ﬁwﬂpﬁa%yrs gd am de; (3)
acryl'ic ‘acid salt selected from he group consi Sting of ammoni um and met al
sal b$ tief prasshy knvendon ds defined tsethendisciosa¢é anadtedclamsde; (4) acrylic acid or
salt thereof, a vinyl pyridine, and a vinyl norpholine; and conbi nation of
two or nore thereof wherein said first unsaturated am de is not the sane as
sai d second unsaturated anmi de. 26. A process according to claim25, wherein
said first unsaturated am de or second unsaturated am de has the fornul a of
(R(R - C=CR - O - NR (R 8 May, 2003 and each Ris

i nggpendently sel ected fromthe group consisting of hydrogen, hydrocar byl
radi cal s, and conbi nations thereof. 27. A process according to claim 25,
wherein said hydroxy acrylate has the formula of (R(RC=CO - O- A -
OH, each R is independently selected fromthe group consisting of hydrogen,
hydr ocar byl radicals, and conbi nations thereof; and A is an al kyl ene
radical. 28. A process according to claim25, wherein said vinyl norpholine
has the formula of R- C(R) = C(R) - (C=0Om- Mwherein each Ris

i ndependently selected fromthe group consisting hydrogen, hydrocar byl

radi cal s, and conbi nations thereof; Mis a norpholine group; and mis 1 or
0. 29. A process according to claim25, wherein said first unsaturated

am de or second unsaturated am de has the fornula of (R(R) - C=CR -
C(O - NNR(R; said hydroxy acrylate has the fornula of (R(RC=CO - O
- A- OH said vinyl norpholine has the formula of R- C(R = CR - (C=
Om-M each R is independently selected fromthe group consisting of

hydr ogen, hydrocarbyl radicals, and conbinations thereof; Mis a norpholine
group; mis 1 or O; and A is an al kenylene radical. 30. A process according
to claim?29, wherein said first unsaturated am de is acrylam de; said
second unsaturated am de is dinethylam nopropyl nethacrylam de; said
hydroxy acrylate is hydroxyethyl acrylate; said salt of acrylic acid is
sodi um acryl ate; said vinyl pyridine is 4-vinyl pyridine; and said vinyl

nor pholine is N-acryl oyl norpholine. 31. A process according to claim 25,
wherein said pol yner conprises repeat units derivated from acryl am de,

hydr oxyet hyl acrylate, and at | east two nononers selected fromthe group
consisting of (1) 4-vinyl pyridine and sodium acrylate; (2) N-acryl oyl

nor phol i ne and di net hyl am nopropyl nethacrylam de; (3) sodium acrylate and
di met hyl am nopropyl nethacryl am de; (4) sodium acrylate, 4-vinyl pyridine,
and N-acryl oyl norpholine; and combi nations of two or nore thereof. 32. A
process according to claim25, wherein said conposition further conprises
calciumsul fate. 33. A process according to claim 31, wherein said
conposition further conprises cal ciumsulfate. 18 _ 8 Mav, Z003



34. A process according to claim 33, wherein said conposition further
conprises water. 35. A process conprising contac bt erranean
formation with a conposition conprilding cenent, ?a@?#‘hﬂ@éul fate and a
pol ymer which pol ynmer conprises ¢gpgeapynits derl ved from acryl am de,
hydroxyethyl acrylate, and at |east two nononers sel ected fromthe group
consi sting of : (A)cofpesitiph cpmprisingeenaerd asdd ipolyreee mhicht compfiags iipentr y1 oy
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zX6! i t gnspwpnd unsaturated amide has the formula of (R)(R) — C = C(R C(0) —
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1098 ( VvirSharetstide, N-methyl (meth) acrylamide, N-ethyl (meth) acrylamide, N-propyl (meth)

acrylamide, N-vinyl formamide, and combinations of two or more thereof.

4. A composition according to claim 1, wherein said first unsaturated amide
is acrylamide.

5. A composition according to claim 1, wherein said second unsaturated
amide is dimethylaminopropyl methacrylamide.

6. A composition according to claim 4, wherein said second unsaturated
amide is dimethylaminopropy! methacrylamide.

7. A composition according to claim 1, wherein said hydroxy acrylate has the
formula of (R)(R)C == C(Q) — O — A — OH; each R is independently selected from
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glycerol monoacrylate, glycerol monomethacrylate, hydroxybutyl methacrylate,
hydroxyethyl methacrylate, hydroxypropyl methacrylate, and combinations of two or
more thereof.
9. A composition according to claim 1, wherein said hydroxy acrylate is
hydroxyethyl acrylate.
10. A composition according to claim 6, wherein said hydroxy acrylate is
hydroxyethyl acrylate.
11. A composition according to claim 1, wherein said salt of acrylic acid is

sodium acrylate.

12. A composition according to claim 10, wherein said salt of acrylic acid is

sodium acrylate.

13. A composition according to claim 1, wherein said vinyl pyridine is 4-vinyl
pyridine.

14, A composition according to claim 12, wherein said vinyl pyridine is 4-
vinyl pyridine.

15. A composition according to claim 1, wherein said vinyl morpholine has

the formula of R — C(R) = C(R) — (C =0),, — M wherein each R is
independently selected from the group consisting of hydrogen, hydrocarbyl radicals, and

combinations thereof; M is a morpholine group; and mis 1 or 0.

16. A composition according to claim 1, wherein said vinyl morpholine is N-
acryloyl morpholine.

17. A composition according to claim 15, wherein said vinyl morpholine is N-
acryloyl morpholine.

18. A composition according to claim 1, further comprising calcium sulfate.
19. A composition according to claim 17, further comprising calcium sulfate.
20. A composition according to claim 1, wherein said repeat units are

derivated from acrylamide, hydroxyethyl acrylate, and at least two monomers selected

from the group consisting of:
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21. A composition comprising a cement and a polymer which consists
essentially of repeat units derivated from acrylamide, hydroxyethyl acrylate, and at least
two monomers selected from the group consisting of:

(1)  4-vinyl pyridine and sodium acrylate;

(2)  N-acryloyl morpholine and dimethylaminopropyl methacrylamide;

(3)  sodium acrylate and dimethylaminopropyl methacrylamide;

(4)  sodium acrylate, 4-vinyl pyridine, and N-acryloyl morpholine; and

combinations of two or more thereof.

22. A composition according to claim 21, further comprising a calcium sulfate.
23. A composition according to claim 22, further comprising a liquid.
24, A composition according to claim 23, wherein said polymer is present in

said composition in the range of from 0.2 to 2 weight %.

25. A process comprising introducing a composition into a subterranean
formation wherein said composition comprises cement, calcium sulfate and a polymer
which comprises repeat units derived from a first unsaturated amide, a hydroxy acrylate,
and at least two monomers selected from the group consisting of:

(1) acrylic acid or a salt thereof and a monomer selected from the
group consisting of 4-vinyl pyridine, 2-vinyl pyridine, vinylpridylacetic acid, vinyl
pyridylacetonitrile, dicarbonitrile vinyl pyridine, vinylpyridine-N-oxide, 2-methyi-4-
vinylpyridine, 2-phenyl-4-vinylpyridine, and combinations of two or more thereof;

2) a vinyl morpholine and a second unsaturated amide;

(3)  acrylic acid salt selected from the group consisting of ammonium
and metal salts of acrylic acid and a second unsaturated amide;

(4)  acrylic acid or salt thereof, a vinyl pyridine, and a vinyl
morpholine; and combination of two or more thereof wherein said first unsaturated amide
is not the same as said second unsaturated amide.

26. A process according to claim 25, wherein said first unsaturated amide or

second unsaturated amide has the formula of (R)(R) — C == C(R) — C(O) — N(R)(R)
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combinations thereof, M is a morpholine group; m is 1 or 0; and A is an alkenylene

radical.
30. A process according to claim 29, wherein said first unsaturated amide is
acrylamide; said second unsaturated amide is dimethylaminopropyl methacrylamide; said
hydroxy acrylate is hydroxyethyl acrylate; said salt of acrylic acid is sodium acrylate; said
vinyl pyridine is 4-vinyl pyridine; and said vinyl morpholine is N-acryloyl morpholine.
31. A process according to claim 25, wherein said polymer comprises repeat
units derivated from acrylamide, hydroxyethyl acrylate, and at least two monomers
selected from the group consisting of:

) 4-vinyl pyridine and sodium acrylate;

(2)  N-acryloyl morpholine and dimethylaminopropyl methacrylamide;

) sodium acrylate and dimethylaminopropyl methacrylamide;

(4)  sodium acrylate, 4-vinyl pyridine, and N-acryloyl morpholine; and
combinations of two or more thereof.
32. A process according to claim 25, wherein said composition further
comprises calcium sulfate.
33. A process according to claim 31, wherein said composition further

comprises calcium sulfate.
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