N
D

EP 0157055 Bl 'Description This invention reldtes to cementing conpositi ofs
and their use in oil wells and the |.i ke. For oil field cenenting operatio
to be successful, additives which reduce fluid |oss are required to be 5

added t.o the cenment. Such agd e used in well cenentin
SR, 0.157 obia BT :

operatl%ﬁs where the botto I on tenperatures (BHCT) may' range
fronD&en:{tsnr] (27-[err]). Substantial salt concentrations nay be present,
retardati on and VI Scosity are crl t i cal fact ors because t hey

A ect Fﬁﬁdﬁ% b b A "{gﬂg S ettt t. h.c ;Fg“ m &IE& " J¥B8§i Lions
hay e sddedith theeshéne%a .u Sk 1% Soll & Shiahd wih 10
I Nt dRuipRintérhsadtures 8 ust) Fridy ranGe mmmwmg(zaedulmn s«m&amaa‘ambonbmrwﬂnueiaﬁg f I UI d

| ossbd presents asd sluwretaidaoenmdwsxmivmetmncd tactbh@ewsq tbamﬁqqumbuhunnént i.e.

t he €5 'Vﬁgﬁigge se co 03|t|ons are o as "fI |d | oss

ed
addi £ i, 0 p T n ; ! . zing or
frie &w:&ﬂ%&m& ﬂ%ﬁdnﬁf i fff EB%O %@f? o" err %

pat etriujd I6ssadditbley Rl exapk oS aHl ndlass@ddim &iblizingroy ra:tundgzcemudsnaorps)l yvi nyl

cr osbﬂM in !drSwgat n¢4 mboii'nlp Itfmgmdant, aﬁopolvmbrpfta Héfoo'ﬁacld\mp#'f edagpylamidegndie t, a
ip elk:éj: & R iSclosed as ws ?'EI Iﬁﬁ"JPSS ddl}fl ves for

hy'a Lw&a té‘gﬂ%fjéngp '@g P ar4 15, éﬁ d i

di sc A ;«%ﬁ v i é o lykddVédpd l%er@obﬁ m b mmhgﬁa&idow- do.

consmsihvlmgopa e cidZAaMPS) STEthese @IVAMRAS\ch@aiy opgatiohanm do- 2-

met hyhe gitem bojp #tmiaengatemaerﬁtmmcﬂ FanoRs\feem 90-11aa (3MP%WP@%Wr s are’

us’é\f-u‘l" :%m‘ “P‘ﬁ'e ?ﬁ,m— 'ﬁ§°'Yi/? e RSP FHEATPIASH %‘"é‘f'?hemhai‘ﬁcﬁ%""f Bt ure

O

ance
( BHCT) 5 AIPS EdpbiymRta s B sdriffhs bl dhodingspint er ed
in sm‘k:) aperr aael m&eamebofnke&um 0F RydadlysisUsf thedarhiaél gupsSiThe baribdxyiatd Qroups hese
copofoymet ty Shqt\md@lvslamnvel@thepme(sfto owtetialsiphitiofundlion to re@fbthefgstting efther at ur e
| 28 Eeaﬁel"bﬂ? tBFe"é'Pﬁa‘hAA'P ;;ng se °°é"°“$ ebf"‘ VRN ReReN 9% e about

[err%ﬂ(ﬁ%@m Ibs mbygrgq% 3%?5 ns su éllco ognaél'tsgﬁ e am de

0T OUfamperblifes CPHel b8 atoea 9 of SH&H %A lagceSt@blY RGill 1dsf1©
COopotynmpositort aﬁeﬁmretesadiseosnh la6id p mmnutyomoblems etnﬁé (hetdddms:ebt sudly cadolyiniee 25

W e
a 0 Vi en [err
and g{jbﬁ 3‘? é Tartae irﬁemé\‘ﬁaé\ P °9f’39%°{5 rhocirhdt 80 cfebib %Efﬁé"ﬁﬁ@s a

| ui do.h.ggsseoa @uirp.ve, requiring inclusi on of larger anmounts of "such additive
t han atHehcegtheindystrypendas idloss adtlitive thiet hasss tittle effectdnsorhpressive strdngth) s&ttgma anount
of af%:ﬁ'wé" @%wzgt%m s Aewid) a’ofaé‘ ‘PP%Pgdlbe‘sesc hipif ﬁb‘ﬁt 1"' c"éeat es

icall ra
visc °§§’6§ O RO s ﬁi s witn “E,ﬂ,% WERGIE S | ymer 30
Ble! dRBulll BS4HIIbRIN cs A AN abefa Tl XK i
n ng odsuragibns/ las mm laé Yo E0ntinyeQ rprovicderiaid lb§sychafa6ﬁmdtlbs ONGr bfbacement
sI urrmsrawmla lP ility characteristics during cenenti ng
o U.S. Patent No. 4404 11 discloses the use of copolymers of N N~d|methylacrylamtde and 2-
acrylamido-2-methyl propane sulfonic acid as viscosity control agents in aqueous compositions to facilitate
petroleum recovery from subterranean bearing formations. The method of preparing said copolymers uses
45 conventional free radical initiators such as ammonium persulfate and results in copolymers having
average molecular weights of greater than about one million. Further, the amount of NNDMA monomer
employed in preparing the AMPS/NNDMA copolymer is disclosed as between 70 to about 99.5 weight
percent.
We have now devised some cementing compositions for use in oil, gas and water well cementing
sg operations, which compositions are comprised of water, hydraulic cement and certain copolymers of
N,N-dimethylacrylamide {"NNDMA") and 2-acrylamido-2-methyl propane sulfonic acid {"AMPS"). Such
copolymers are fluid loss additives having a NNDMA/AMPS monomer mole ratio of between 4:1 and 1:4
and average molecular weights such that a 1000 ppm aqueous solution of said copolymers has a Brookfield
viscosity reading at § rpm of the.U.L. Adapter Spindle in the range between about 30 and about 250
s5 centipoise (.03 and .25 Pa.s), i.e. molecular weights of 75,000 to 300,000. The copolymers used in the
present invention are relatively stable to hydrolysis over a wide range of temperature and pH. Such
copolymers may be admixed in solid form with any dry hydraulic oil field cement or may be added at the
time the cement slurry is being prepared, either to the mixing water or to the siurry. Additionally, methods
of cementing a conduit in a borehole penetrating an earthen formation by introducing such a cementing
so composition into the space between such conduit and formation are disclosed.
Preferably, the copolymers used in the present invention give a Brookfield viscosity reading (in a 1000
ppm aqueous solution of said copolymers at 5 rpm of the U.L. Adapter Spind!e} in the range of .130 to .200
Pa.s i.e. a molecular weight of 150.000 to 250,000.
Where the cementing compositions contain salt in an amount up to about 18% by weight of water,
g5 then the preferred mole ratio of NNDMA to AMPS is about 1:1.5.
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perations. ‘M xability is a subjectivé termused-to describe how well the
onponents in the cenent conpositi.on wet and mx wth each other, as well
as the energy required to create a generally honbgeneous slurry. 35
Hence; “tthe industry needs a fluid |oss additive that has as little effect
on co\!qef'essi ve strength, set tgEpeQ 187085 BY, and thickening tine as
possi bl e ﬂgs salt tolerable, |.e. does not ex {‘{Blt substantl al Ioss
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to about 99.5 wei ght percent. W have now devi sed sone cenenting

gsitions for use in oil, gas and water well cenenting 50 operations,
which conpositions are conprised of water, hydraulic cenent and certain
copolynmers of N, N-di met hyl acryl am de ("NNDVA") and 2-acryl am do- 2- et hyl
propane sulfonic acid ("AWMPS"). Such copolyners are fluid | oss additives
havi pg a NNDMA/ AMPS nononer nole ratio of between 4:1 and 1:4 and average
nol ecul ar wei ghts such that a 1000 ppm aqueous sol ution of said copol yners
has a Brookfield viscosity reading at 5 rpmof the U L. Adapter Spindle in
t he range between about 30 and about 250 55 centipoise (.03 and .25 Pa.s),
i.e. nDIecuIar wei ghts of 75,000 to 300, 000. The copol yners used in the
present invention are relatively stable to hydrolysis over a wi de range of
tenperature and pH. Such copolynmers may be admi xed in solid formwth any
dry hydraulic oil field cenent or nay be added at, the tine the cenent
slurry is being prepared, either to the m xing water or to the slurry.
Addlﬁyonally, nmet hods of cenenting a conduit in a borehol e penetrating an
earthen formation by introducing such a cenmenting 60 conposition into the
space between such conduit and formation are disclosed. Preferably, the
copol yners used in the present invention give a Brookfield viscosity
readffhg (in a 1000 ppm aqueous sol ution of said copolyners at 5 rpm of the
UL,/ Adapter Spindle) in the range of .130 to .200
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Pa.s i.e. a nolecular weight of 150.000°to 250,000. Were the cenenting
conpositions contain salt in an anount up to about 18% by wei ght of water: _
65 then’the preferred nole ratio of NNDVA to AWPS is about 1:1.5. 2 EP %
0157055@81 The cenenting congesig 150958 Bfe present invention are useful '
in oil, gas and water well cenenting operations since such conpositions :
have reduced fluid | gss to the surrounding formation. Such conpositions are:
used to cement a cgaquit penetrating a perneable earthen formation via
i ntroduci ng such c¢ osition into the space between such conduit and such -~
formati on and al I§ f Mg the conposition 5 to harden. The copol ymers used in
t he present invénti may be manufactured in accordance with various well
known free-radi % ¢chniques. The nole ratios of the NNDVA and AWPS
nononers are var gg , but for the purposes of this invention should not
vary in ratio arpgiE regberathgned 0 L i & eid her @i rection. A nunber of
materials were t§ste gs%%t et Pﬁl 9|3 d¥ ok &ddetiVes, including -
NNDVA/ AMPS 10 c@péd rs. These tests were perfornmed at [err] usi ng d ass

H cenent and 46% ¢r by weight of dry cenment. The additive containing
cenent slurries “Werg|m xed in a Halliburton Consistometer and stirred for
twenty m nutes. T.EEE Hal | i burton Consistometer is a non-pressurised device
that simulates a C&rent punpi ng process via nmovenent of the consistoneter
can about a staticﬁoaddl e. Tenperature can be varied but pressure is
at rrosphericg Flui di | pss was nmeasured at 1000 psi (6.89 MPa) through a 325 °
mesk’ 15 scr@en (§';a:ve aperture .044 mm in cc/30 mn. The results of these
fluid | oss %estg fige|provided.in Table |I. The Table | test results indicate
that certaid@ col\gels 5 NNDV® AFPSar & eff e€ti e Fluid | oss additives
under stati¢ [efT] tenperature conditions. 20 25 30 35 40 45
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: 5 60 65 3° EP 0157 055 B1 [err] EP 0157055 Bl To deterni ne whet her
“¢opol ymers of AVPS/ NNDVA are sensitive to tenperature variations, tests

‘were cohducted in-*the same manner as above at tenperatures ranging [err]
and I72F,([err] [err] and [err]). Additionally, various nole ratios of
AMPS/ NN wer e eval uat ed. Theﬂma @gjovided in Table Il, indicate
t hat such: copol yners of AMPS/ N are e ective fluid | oss agents over a
broad 5 r3ndetewiing whetker sopoivowrs FAMARSINNOMA 9fe sertﬂtlse uva'{emmrﬁdteoetluvnt. Mests
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by wei ghiangaf ofdéryp&amatmd&.@n 5 u‘kﬁ t éd flu:d Ioss varlatlon wuth
variation of the mole ratio of AMPS/NNDMA when the amount of AMPSINNDMA present remains constant

at 0.6% by weight of dry cement.
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affect on fluid loss 5

different.
respond differently whén
concentration is i ncre%
copol ymer additive was

fluid | oss variance ne®
water slurry the fluid3d
addi tive range of 0.8%8
4:1 and 1:3.5 nole rat¥o
contai ning only 0.6% ofg
effective. To maint ai nct
i ncrease the anount of a:
increased. This is furt]e
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[err] [err] °
results where the nole ratios.of the AMPS/ NNDVA copol yners were var
between 1:4 and 3.5:1. Further,
cont.ained sea water or salt Epm mmSIMtB'bf 10%
dat
the nole.ratio of AMPS/ NNBV
Dopertiges, r
The data fognflh

EP D 157 055 BL Table |11 providh

the slurries containing these copol yners
18% or sufficient to caus#é

indicate that variation ini

in fresh water slurries has little :
sugts in salt water are much i

able I'lT indicates that the copol yners testeé

t concentrations are varied. As the salt

there is an increase in fluid |oss. The :

effective when used in sea water slurries, with

l Joefwegn g6 gand 46. In a 10% salt by melght of -

gerfleg were excellent in the percent

0@6by wei ght of dry cenent, except for 10 the5

AMPS/ NNDVA cont ai ni'ng slurries. The slurries

tive by weight of dry cenent were |ess

jggrg@ gf gffgctiveness, it is necessary to

e atldi ti v8@ as the anmount of salt is

jllustrated in the 18% by wei ght of water and

fa found in Table I
A present

saturated salt slurried ver, it should be noted that as the anmpunt of :
copolynmer additive is imn¢ sed, the rheology of the slurry also increases.:
From an operations 15 % poi nt, sI urr| es having a rheol ogy measured :
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g'addltlve copol ymer of 2-acryla
‘and N,%-

‘consi derat'i ons and ot her additives present.. 25.30 35 40 45 50 55 60
=P 0 157 055 B1 [err] EP 0157055 Bl .Wen used in cenent slurries
‘cont ai ni ng appreci abl e anounts of salt, the nost preferred fluid | oss

7855 Y81 Pr opane sul fonic acid (AWPS)

di et hyl acryl am de (Nmsnhas a 1. 5 1 AMPS/ NNDMVA nol e rati o.

fluid | oss TaieHarevides test tesuiteiwheret thaimpla satios REthaAMESINADMA ool emmReed s
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is an increase in flu d loss. The copolymer additive was very effective when used in sea water slurries, with
fluid loss variance measured between 26 and 46. In a 10% salt by weight of water slurry the fluid loss
properties were excellent in the percent additive range of 0.8% or 1.0% by weight of dry cement, except for
the 4:1 and 1:3.5 mole ratio of AMPS/NNDMA containing slurries. The slurries containing only 0.6% of
additive by weight of dry cement were less effective. To maintain the degree of effectiveness, it is
necessary to increase the amount of copolymer additive as the amount of salt is increased. This is further
illustrated in the 18% by welght of water and saturated salt slurries. However, it should be noted that as the
amount of copolymer additive is increased, the rheology of the slurry also increases. From an operations
standpoint, slurries having a rheclogy measured above about 12—15 Bearden units of consistency on the
Halliburton Consistometer become less desirable and increasingly less desirable at that number increases.

Although the amount of copolymer present may be varied, a generally effective amount will be from
about 0.1% to about 1.5% by weight of dry cement. Such an effective amount will depend on the amount of
salt and water present, temperature, average molecular weight of the copolymer, rheological
considerations and other additives present.
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35 45 50 55 60 65 9 EP 0157055 B1 [err] [err] . EP 0157055 Bl Ei ght
copol yners- having a nolar ratio of .1.5.:1 AMPS/ NNDVA were synt hesi zed. Th
absol ut e nol ecul ar wei ghts of these polyners were not determ ned. However:
the-.sé&npl es were graded in ERC 5T 08508’ of nol ecul ar wei ght by '
viscostty using a 1000 parts per mllion concentration of copolyner in 1
wat er. The viscosities were neasured on a Brookfield visconmeter with "New i
UC Adapter” 5 using "RVT factors” supplied by the manufacturer. Spindle

speeds of 1, 2.5 and p RPM were used. The values obtained at 5 RPM were
used for conparison of &vj scosities. The polynmer solutions were prepared by
diluting the stock sof @t %rts‘é(ﬁ"ét hig i yar&res obiai ned fromthe
pol yneri zati on equi Enpst | 8 E®8 ppM B TheSsol'i dRcontents of the stock
sol utions were previoh¥ly estimted by precipitation of the polyners by .
acetone and wei ghi n§ [ he| dried polyner. The viscosities were expressed in §
" centipoise (Pa.s) aty p& ven RPM of the 10 spindle. This data is provided
in Table |V. The noRebll pB MDYt B JIheX @HPdl yRer is inportant for o
r heol ogi calg reasonsg A® I A€ WOl 8cul ar” wei ght of the copol yner is increased
the viscosigy of the genpnt slurry increases, finally reaching a point
where it i%gssenti & | po longer punpable. This point is reached when the
Brookfiel d@&gscosity [ @fin oqjaa 2000 ppm sel ution of copolymer at 5 rpm
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5. centipoise. Such reading corresponds appfoxinately to a nol ecul ar

#ei ght of about 300, 000. On the other hand, when under the sanme conditions,
Fhis Br ookfield vi.scosity reading drops bel ow a val ue of about 30 (which
‘corresponds to a nol ecul ar wei ght of about 75,000), such copolyner's fluid

| oss characteristics dimnis ntially effective |evel.

Al t hough the proportionalitnggﬁ#gS?ﬂﬂﬁgiiﬁlution vi scosity and nol ecul ar
vei ght  oWhen mno&miemcstur@es?cemhqa.nalp;eaiaablairﬁ;bael of Affthe AOMI pRdférAdFIuROGsdr W t h
vari ataddiwelcnp ot/ eerylamwida; @ sethymopase emca;:nd (AMQS)hnvaN,N,-ld@e:mIat:mamlde

i nt-e Wﬁslwwmea?ﬂo $qod [gg’t 9%%‘3}“ tb‘haP'ﬁs and
a t
e oA ﬁﬁgﬁm e SR DA R
r esdl Tsf%rr@-)ér &Hnb@rbf\hluo‘i&%ﬂ Wig

honopol ymer of a given nDIecuIar melght |f a callbratlon is avail abl e,
however, the same prediction is nore arbitrary in the case of copolyners
such as the NNDMVW AMPS copol yners of the present invention 25 which contain
strongly ionizing [err] units as well as [err] groups which can be

prot onat ed under strongly acidic conditions. In other words, two sanpl es of
t he copol yners of the sane conposition and nol ecul ar wei ght may have w dely
differing solution viscosities depending on sequence | ength of the
conffonent nononmer units, which length is governed by the reaction
condition's enpl oyed during polymnerization. 30 The Samples (1), (2), (4),
(5), (6) and (8) of Table 1V were tested for fluid | oss properties. Sanpl es
(1~~(2), (4), (5 and (6) perforned simlarly in fresh water. Sanple (8)

di d®not provide good fluid | oss properties in fresh water. Thus, the

nol ecul ar wei ght ranges of the copol yners should be between about 75, 000
and about 300, 000. Tests relating to WOC (waiting tinme which is defined as
the time required for the slurry to obtain a 35 conpressive strength of 500
psi¥ (3.4 MPa) on cenent and 24 hour conpressive strengths were nade with
cenment conpositions containing copolyners of NNDVA/ AMPS having nole ratios
of 1:1.5 and copol yners of AA/ AMPS having nole ratios of 4:1 are provided
in Table V. These tests indicate that cenent slurries containi ng NNDVAW/ AMPS
copsl yners provi de better conpressive strengths and shorter WOC tines than
cement slurries containing the AN AVPS copol yners. 40 45 50 55 60 65
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EP 0157055 B1 [err] 12 EP 0 157 055'Bl Hence, a fluid | oss additive?
copol yneri ¢ conpound of NNDMVA and AMPS has a nole ratio of about 1:4 t
about 4:1 and a nol ecul ar wei ght of between 75,000 to about 300, 000. Wer§:
used i-Thcenent slurries containing appreciable anounts of salt, the nost
prefetwed fluid | oss additigp Qofs7 988r Bd conpound of NNDMA and AMPS has a

nole ratio of about 1:1.5 respectively and a nol ecul ar wei ght between

159,000 5 and 250,000. Clainms 1. A cenenting conposition for use in oil,
gas and water well cenenting operations conprising water, 10 hydraulic :
cement, and a copolynmer of N, N-di nethyl acryl am de and 2-acryl am do- 2- net hyl
propane sul fonic acid wherein said copolyner conprises a nolar ratio of '
N, N-di met hyl acryl am de to 2-acryl am do- 2-nethyl propane sulfonic acid of
fromabout 1:4 to about 4: 1, and a nol ecul ar wei ght of 75000 ‘to 300, 000.
2. A conposition according to claim1l1, wherein said copolyner is present infH

an anount of from about 0.1%to about 1.5% by wei ght of cenent. 15 3. A
conposi tion accofding g-ckaiﬁqlaorsz,amhgrqﬁn said water contains up to
about 18%salt by weiggh§ of wet e, 4. @ c@np@sition according to claim1l, 2
or 3, wherein the hole|fatfo @f N Nedigetgylacrylanmide to :
2-acryl am do- 2- mgthyl” pSpop&neBsulf oBi c¥acid Tn said copolymer is 1:1.5. 5.
A et hod of cenertggg @ conduit in a borehole penetrating an earthen
formati on by intr@dgci g a 20 cenenting conposition into the space between
sai d conduitgand s&n.%f@n@i g“;n,ﬁwhgre%n aaig cenenting conposition is as
defi ped in apy ofl 2E8 MY 13 0. 56. ZA BetBod=according to claim5, wherein
t he nol ecul ag wei @%‘%f ssaigl eppe y@er i s&f r&8m 150, 000 to 230, 000.
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- A net hod accordi ng to claims5 or 6, "wherein said water contains up to

bout 18% sal t by wei ght of 25 water. 8. A nethod of cenenting a conduit

enetrating a perneabl e earthen formation by introducing a cenenting

"corrpow,l on into the space between said conduit and said formation and

~allowmhg said conposition to I‘Epdﬁ 7/\& 563‘? the inprovenment conprises the
use of a:cenenting conposition corrprl sing water, wherein said water

cont ai ns €ight cipalymersaimsingta mblauptio ®f aﬁduP«MESWBMAvH [§ynthepizeds The 3bsolya er ;

cement ; Melpeylar W’(ﬁﬂhtsa?fdﬂ?secmme ga%;“ s:ﬁp' SIEn! :@g
usjn 1 n
ol e R e e At
sul fo d:l' fRe Fﬂ’ihtﬁf&t rérOSpimdisHeeds: of 11 26 WPI\Mwire&Bd! ahe
nol eculﬁluemtghada 5mﬁheuiedixﬁeqrﬂﬁ6sdn®fﬁ¥}:oswes%6 pﬂ@ﬁers@ut-ohsmh@dara«tm()r di ng
to cl aidilutng M¢®s¢iutidneofmﬁ rolymegrsiobtainpd RPW\F*GPR‘E'E" {o 1080 ppm. The
s B S ST L L e Tt
i s abpuinindieTie &‘H RASALEGRE 1. ? Ferungszusanmen et zung zur

Ver wendun Q‘hbﬁble d@ﬁmiﬂe%me\l Blimgdrtant fiarBeoldgitdl rddsondhastbe holeculargeight.
ent hal t efitick coydaiynaar js ulmyu;ismlihe stsdostv ommmenumtrvemne aSespirialpyreaching 8 peintwiEraibt hy| -
acryl an essamlhem@n F QWNeRY %faehf'é'd fisgosity f9ading of a 1000
\bI hPRM Rl qqolm;n s somewhere above a reading of 250
Ve1£ centlp |se\§} 11 gr Ws a cular el ht of about 300 000. On the other
2- Acr R Bhd gsm mawmua/mowg& B brops Boldw & vakWIR bt 3

und ei Mc%br@%ﬁbrﬂbh Uﬁi&leZtﬂarO%hbbSamesmm)ﬁ sugh copolymer’s flu:d loss characteristics

Zenment |@mﬁ?@%&mg@?llHbémqu?zelmsgwlghs‘l, dadurch ekennzei ch'get daB

das~ Copol ugh the prpppftignali ﬁ é.e i ef ahr
h io nc |%

1 = SR ey e Al oot

Zenent i &&m&ur&mmﬁ:z WG cElratéIreAins blair@d @her’prediaidgi the Bolution viscosity
gekennzefiabhhmepalynta Bf ahen vidoies@ar weight lﬁucaulvr iigavaileBle(toweveytigesame pregigtidntis
bez ogenmengfarkitrasy icaihg cese of gerslynaessuphsas t ?%?"lﬁﬂ' 58 ‘@ﬂ’é’ﬁ;"@f ‘Egﬁ‘n‘ °'hach :
oo e Ol e R T < Von
NN- DI el S0 et me Atk Orurion Widchiied rde&'r\amgl eeedgfh stahe

Copol ynﬁfmp%ne’ht 51dn8|her EmtsVﬁﬁ'f:Iﬁerh@tﬁ ig \gbveAdesyt the rreamjorecomeitnotﬁoém;blweu utugng n
ei nem B:Jdimemcdtlondas e| ne Er df (()jlr‘ar}a%llﬁgln durch%%at at durc%gErlt%%l ngen %112:?
ind. e S LA L

im n fresh water. uid loss ie

ond oo LR b T R A
nach ei 5@ sWioodd Anspruche . Verfahren nach Anspruch 5, dadurch
- gekennzei Cl'bﬂete,latldgiﬁ was (vhﬁiﬁ:geWeoMﬁchdeeefﬁ@qaal thertime requinad for the slurry to obtain a
35 compressive strength of 500 psi) (3.4 MPa) on cement and 24 hour compressive strengths were made with

cement compositions containing copolymers of NNDMA/AMPS having mole ratios of 1:1.5 and

copolymers of AA/AMPS having mole ratios of 4:1 are provided in Table V. These tests indicate that cement

slurries containing NNDMA/AMPS copolymers provide better compressive strengths and shorter WOC

times than cement slurries containing the AA/JAMPS copolymers.
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Berei ch von ‘150 000 bis 250 000 liegt. 7. Ver f ahren nach Anspruch 5 oder
dadurch gekennzei chnet, daB das Wasser bis zu ungefahr 18 Gew. -% Sal z ¢
ent hai.t, bezogen auf das Gewi cht des Wassers. 8. Verfahren zur Zenentierun
ei ner Rohrl ei tung, die ei negpugcis7 8859B81Er df or mati on durchsetzt, durch
Ei nbrrigen ei ner Zenenti erungszusamrensetzung i n den Zwi schenraum zwi schen’
der Rohrl eitung und der Formation und Hi artenl assen der Zusamrenset zung s
unter Verwendung ei ner Wasser enthal tenden Zenentierungszusammenset zung, inf
der das Wasser Salz in einer Menge bis zu ungefghr 18 Gew. -% bezogen auf -
das Gewi cht des Wassers enth3it, sow e Zenent und ungefahr 0,1 Gew. -% bi s
ungefihr 1,5 65 Gew. -%ebelzogen auf das Gew cht des Zenents, . eines

Copol yners aus N, N-Di met®yljacryl amid und 13 EP 0 157055 Bl Hence, a
fluid [oss additive cog(ﬂz i=Ccogras nds &f= Nidblks and AMPS has a nole ratio
of about 1:4 to about & JSandSSnutes| 42 Jebi ghE f bet ween 75,000 to about
300, 000. When used in ﬁ%@fn SJGFF&&SQCC&]B% nidg cappr eci abl e amount s of '
salt, the nost preferr&d &l u§($$os§°§&'§ldi§§\ce @8@ yneric conpound of NNDMA]
about 1:1.5 respectively and a nol ecul ar

and AMPS has a nole rati® o
wei ght between 150, 000 38 and 250,000. Clains 1. A cenenting conposition foi

use in oil, gas and water Il cenmenting operations conprising water, 10
hydraul i c cenment, and afg’:@ ol yner OL“I,\I, I\ggl et hyl acryl am de and

2-acryl am do- 2- nret hyl progane &P DRe aced wREd n sai d copol yner
conprises a nolar ratio®g R eyl athyT afi € to 2-acryl ami do- 2-net hyl

pkgpane sulfonic agid .0 Trlom about 1:4 to about 4: 1, and a nol ecul ar

wei ght of 75000 to§300, 000.] 2. A conposition according to claim1l, wherein
sai d copolymer is preser@EiNodwanDyd b «fg 0om ghout 0.1%to about 1.5% by
wei ght of cement. 98 =3E “@oﬁpq%@iorﬁ&%or{dg@ toclaimi1 or 2, Wnereir#n '
said water contai S sup—t®HEabout~18% sal t by wei ght of water. 4. A

conposi tion accordg®g to cljaim1, 2 or 3, wherein the nole ratio of
N, N-di met hyl acryl agfde to_2-acryl am do-2-net hyl _propane sulfonic acid in
said copolymer. is 8£1.5.28.| AaRwt BEBf TBRNBE8E a conduit in a borehole
penetrating an e;a;rg gen f,_&'npaglgng bgglg]t reduei @ :
] Ll ol - - v - -
sz '
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, i ng conposiiion Into the space bet ween sai d conduit;and sai d
form , Whergein said cenenting conposition is as defined in any of

cl ai - to,4. 6. A nethod accordi'ng to claimb5, wherein the nolecular
wei ghgof, sai d copol ynmer is from 150, 000 to 230,000. 7. A method accor di ng
to cl§#m5-or 6, wherein said water contains up to about 18% salt by wei ght
of 25@ater. 8. A nethod of cenenti nEPaG$9d@085 Bhetrating a perneabl e

eart hgt for mat i g@ndaYa fiufiIbRAEGiveTo Wrfdiic Bdrhdtdn fﬂml-ung iral, 79885 .
bet wegn said tocaaalui«t%; andd nsaddcdiaf Qég?&toif e&wazﬁgsaﬁ 2/dbogk m?&%ﬁ%ﬁ%ﬁiﬁ? %ss:r:e:
har defp, wher eiontaining appresighiearequntsodd s, iheasost breferrse flwd loas sddlirva togblymeric compound of
conpopi ti on, cﬁ% %W%ﬁa‘faéta,m%'éf"é?frﬁbg‘&i 161-gsrectively #nd b melesulpt weight hetwaeno150,000
to aboul oDy weight of said 30 water; cement; and from about 0.1%
to about 1.5%idmswei ght of cenent of ~a copol ynmer of N, N-dinmethyl acryl am de

and 2-acryl am do- 2-net hyl propane sul fonic acid, having a nole ratio from
about 1: 4 to ahducementinggamposition & ysedn oilugrgand wWaten welhdsmentirigaPe@Bhstcomprisingtwater,

250, 000. 9. AVpRY! Siairaerer 8 M b maraeyianion odod erylamider2yrethyl propane
o ot e B T e S e

sai d copol ymer i e. A@npesitiuh accordifipidiciaibi 1, whereittsaidabfdhnidd S Hrekef amount of from about
Zement i er ungS7¥s tehogt 26% vgweight ofeememdung bei der Zenentierung von d -,
Gas- und 4 v%g@%mwérﬁorwmamm 2\hecain saidwaiRr sefItPiRTYRLR alRwi i saitivy weight

ein Copol yner aliSy Nalotisridding 3 G2 ¢ YNbherei le ratjo of N,N-dimethylacrylamid

3 Acryban o e oo esthb sotmioacd A MR £ ssrice
N,-,!-ﬁ-" D fier hyl -  aBrAshethodiofzeméntiAg p poragit thoa thretetelpe @rabpatesthe@BARtOn BP Mtroducing a
ungef ahr 129 cpnenting garmrdsition;into the gpage l:eweelv_tghi conduftiend/said FBENHIO0, iiemeirBEB @B@nting
2. Zenentier f %jl[i’gﬁ%&é . % ENaBHEBRE At 1 - dadurch gekennzei chnet

daB des Copolzyg%o_ a%l?%ﬁ.'? r%l'ah@g' \ eﬁeérg{h\e}én 5 'eﬁ?ll re#ﬁ'q%'f?(ia CE%W@Q%'SJY?' 150,000 to
ungefihr 1,5 GeWA iethod deedriingitol ciim 500E8 o@eRinadk Wit cdauthsilpito B5sut TRNBIMLY welsht of
Zenmenti er u?fgwtﬁg-anne{rg}sgt zung frl_lach An;s;t)r uch t;‘}moder 2, daa(;giggp eV, introduci
gekennzei chnef . Sdhfead olgrmsafing,p sonsiyt apnetiptingra pEmeglp eaythep formetiantiy, introducing a
Cesson. oyt denar el Bl e e S e
Anspruch 1, Zompk@singIvatétadlhbréif sG@ wEIaNEMtHIREH in dn fAtSof t%‘)é(ﬁ ﬁ?‘%‘qbﬂ e%hﬁ aid
N, N- Di met hyl aatey! semeit;zand? fréwr gtoarriodes 2o Bbly1.5% Oansighi 6NsetéR dfNa EBHBlymer of
Copol yner 1: lﬁd%hvt'am'av@efaaﬁg-eqwlmiﬂﬁ-zm prepana oétgthin%ﬂd;mzesm% 2inbleryoifram about

. (s) ut 4:1 an ' W) T g , 0 about 250,000.
ei nem Bohr | och, 9 etﬁjd?ygcottﬂﬁ{; wgfﬁéfﬁ b,@vﬁe@‘i’rﬂgﬁ rggitezr?tfo of N,N-dimethylacrylamide to 2-acrylamido-

2-methyl propane sulfonic acid in said copolymeric compound is about 1:1.5.

35

Patentanspriiche

1. Zementierungszusammensetzung zur Verwendung bei der Zementierung von Ol-, Gas- und
s 40 Wasserbohrungen, enthaltend Wasser, hydraulischen Zement und ein Copolymer aus N,N-Dimethyi-
L4 acrylamid und 2-Acrylamido-2-methylpropansulfonsdure mit einem Molverhéltnis von N,N-Dimethyl-
acrylamid zu 2-Acrylamido-2-methylpropansulfonsdure von ungefihr 1:4 bis ungefdhr 4:1 und einem

Molgewicht von 75 000 bis 300 000. : _
- 2. Zementierungszusammensetzung nach Anspruch 1, dadurch gekennzeichnet, dall das Copolymer

45 darin in einer Menge von ungefdhr 0,1 Gew.-% bis ungefdhr 1,5 Gew.-% enthalten ist, bezogen auf das
Gewicht des Zements. . '

3. Zementierungszusammensetzung nach Anspruch 1 oder 2, dadurch gekennzeichnet, da das
Wasser bis zu ungefihr 18 Gew.-% Salz enthélt, bezogen auf das Gewicht des Wassers.
4. Zementierungszusammensetzung nach Anspruch 1, 2 oder 3, dadurch gekennzeichnet, daRl das
so Molverhaitnis von N,N-Dimethylacrylamid zu 2-Acrylamido-2-methylpropansulfonsaure in dem Copolymer
1:1,5 ist. : :
5. Verfahren zur Zementierung einer Rohrleitung in einem Bohrioch, das eine Erdformation durchsetzt,
durch Einbringen einer Zementierungszusammensetzung in den Zwischenraum zwischen der Rohrleitung
- und der Formation, gekennzeichnet durch eine Zementierungszusammensetzung nach einem der
55 Anspriche 1 bis 4. _
6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, daR das Molgewicht des Copolymeren im
Bereich von 150 000 bis 250 000 liegt.
" 7. Verfahren nach Anspruch 5 oder 6, dadurch gekennzeichnet, daR das Wasser bis zu ungefihr 18
- Gew.-% Salz enthélt, bezogen auf das Gewicht des Wassers.

60 8. Verfahren zur Zementierung einer Rohrleitung, die eine durchldssige Erdformation durchsetzt, durch
Einbringen einer Zementierungszusammensetzung in den Zwischenraum zwischen der Rohrleitung und
der Formation und Hartenlassen der Zusammensetzung unter Verwendung einer Wasser enthaltenden
Zementierungszusammensetzung, in der das Wasser Salz in einer Menge bis zu ungefihr 18 Gew.-%,
bezogen auf das Gewicht des Wassers enthalt, sowie Zement und ungefahr 0,1 Gew.-% bis ungefihr 1,5

s Gew.-%, bezogen auf das Gewicht des Zements, eines Copolymers aus N,N-Dimethylacrylamid und
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?h Einbringen einer Zenentierungszusamensetzung in den Zw schenraum
.chen der Rohrleitung und der Formation, gekennzeichnet durch eine
rent | erungszusamenset zung nach ei nem der ss Anspruche 1 bis 4. 6.
f.aliren nach Anspruch 5, dadurch gekennzei chnet, daB das Ml gew cht des
pol yweren i'm Bereich von 150 ﬁﬁo bt#é?g g&o Ilegt. 7. Verfahren nach
spruch. 5 oder 6, dadurch geke ) B des Wasser bis zu ungef ahr
" Gew. - % $iehdb, £Miid18sstadditieezopptyinesit Eontb@and s WNONIA adeaMPSIsS @ hdle r&tid of aboul:4
er f ahr et aboyt 4Z'e41"ér¢tm|‘é?°rﬁr wesln@f bmml‘lémm%gbmu'ggg ;@;&g@gﬁg&m 3;:?3
r df or ”amm‘AWQﬁSﬂ?sfa’mﬂﬁx hg;%s e and a molec rsvelv htb n 150,000
enent gejg schient A0m ZWse r°HGRT el tung
nd der Fornatlon und Hartenl assen der Zusamenset zung unter Ver wendung
ei ner \W\aClgiews ent haI tenden Zenent i er ungszusam*rensetzung, |n der des V\asser
Salz in einer n |s zu %ef ag W - bez tm ! at
Vasser WE"Q@&@" Kg% Ntm%mgg 4 gt c@a o Sedi e GE°
[ Gew. - e| r§t|o ANNEm ryldRibSto2Lé8rylamido-
N, N D| WEt-hiﬁlh&lei- aﬁéﬂuﬁoﬂiﬂﬂldlﬂfmm aIEBt ﬁiﬁibﬂﬁﬁ 1Bindamolecularwe|ght of 75000 to 300,000.

. 2- Acryl ami oA sompesi s%rgw ammairohsvﬂmee\ sald cospalyarer mﬁwmntamosmwbﬁormﬁm ahr

1:4 bis El' é Iah?lndlgon i‘}COl’?ln tocalm F%ZIVQ'IQ%IH sau{:taée\égc()ri\tauns 8f(0 J]é% sg&o e&?‘lt

ungef ~'ﬁr° ren hach’ nspru h geﬁennzel

das Ml ver itc&hﬁosﬁﬁﬁl aMnNﬂﬁltﬁfﬂhlhyi 2 onB/) vyﬂead'ﬂ fhe ZAidle ratio of N,N-dimethylacrylamide to
2 Acr y| agradiglardidordivie ssulfdmmlnesaldmowvmeropomsner en Ver bi ndung

ungef ahr 1: 51A Hethod @ Qe t't'ngl’«'é?@,qﬁ'ﬂ i gberefple peneteal Fgﬁi‘s? d‘g‘ 2] el
2 Pr%‘?’?f'&‘! \"OR"™

oflugingy
desti ri8eCT 'ﬁ,egogp;zgog ,;Pacﬁggwgﬁessgtcmg s he e 70
pét rol e, “dg, i o G4 kool sigHofGhETEA oA #i 166i000 1 U
copol ynmega,ode NN- - di net hyl acryl am de et d'acide 2-acrylam do-2-ndt
propane s u'IS:f Amiethod accal;da\gtto dﬂmﬁa?p pmhermaalwaeef dQntNSNPd‘P m:mar/mn by umhi@f 3
| ' aci & Y8gkryl aﬂg;n pygpane su f oni ok qgn\uron
A: ln rma ([0} by introducin
41, et ypHATE §jJ fhésa FEhiie B SRSt oh s ST
r evendi C &drhgfdBitidn t IR fhe .mpmmény %&h@nsﬁ&fthepﬁsas&rﬁ caﬁénﬂﬁb wﬁpdamamt i't6
t5 d' envianapiisidg MﬁeB whaneinrsaid watep Yoraaingmalt dreanpamountgfpoto alzowt 18% heweight of said
30 water; cement; and from about 0.1% to about 1.5% by weight of cement of a copolymer of
N,N-dimethylacrylamide and 2-acrylamido-2-methyl propane suifonic acid, having a mole ratio from about
1:4 to about 4:1 and a molecular weight from about 150,000 to about 250,000.
9. A method according to claim 8, wherein the mole ratio of N,N-dimethylacrylamide to 2-acrylamido-
2-methyl propane sulfonic acid in said copolymeric compound is about 1:1.5.
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1. Zementierungszusammensetzung zur Verwendung bei der Zementierung von Ol-, Gas- und

40 Wasserbohrungen, enthaltend Wasser, hydraulischen Zement und ein Copolymer aus N,N-Dimethyi-

\ acrylamid und 2-Acrylamido-2-methylpropansulfonsdure mit einem Molverhéltnis von N,N-Dimethyi-
acrylamid zu 2-Acrylamido-2-methylpropansulfonsdure von ungeféhr 1:4 bis ungefdhr 4:1 und einem
Molgewicht von 75 000 bis 300 000.

2, Zementlerungszusammensetzung nach Anspruch 1, dadurch gekennzeichnet, da das Copolymer

45 darin in einer Menge von ungefahr 0,1 Gew.-% bis ungefdhr 1,5 Gew.-% enthalten ist, bezogen auf das
Gewicht des Zements.

3. Zementierungszusammensetzung nach Anspruch 1 oder 2, dadurch gekennzeichnet, dal3 das
Wasser bis zu ungefiahr 18 Gew.-% Salz enthélt, bezogen auf das Gewicht des Wassers.

4. Zementierungszusammensetzung nach Anspruch 1, 2 oder 3, dadurch gekennzeichnet, da das

so Molverhiiitnis von N,N-Dimethylacrylamid zu 2-Acrylamido-2-methyipropansuifonséure in dem Copolymer
1:1,5 ist.

5. Verfahren zur Zementierung einer Rohrieitung in einem Bohrloch, das eine Erdformation durchsetzt,
durch Einbringen einer Zementierungszusammensetzung in den Zwischenraum zwischen der Rohrleitung
und der Formation, gekennzeichnet durch eine Zementierung'szusammensetzung nach einem der

55 Anspriche 1 bis 4.

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, das das Molgewicht des Copolymeren im
Bereich von 150 000 bis 250 000 liegt.

7. Verfahren nach Anspruch 5 oder 6, dadurch gekennzeichnet, da® das Wasser bis zu ungefdhr 18
Gew.-% Salz enthalt, bezogen auf das Gewicht des Wassers.

60 8. Verfahren zur Zementierung einer Rohrleitung, die eine durchléssige Erdformation durchsetzt, durch
Einbringen einer Zementierungszusammensetzung in den Zwischenraum zwischen der Rohrleitung und
der Formation und Hirtenlassen der Zusammensetzung unter Verwendung einer Wasser enthaltenden
Zementierungszusammensetzung, in der das Wasser Salz in einer Menge bis zu ungefahr 18 Gew.-%,
bezogen auf das Gewicht des Wassers enthiit, sowie Zement und ungeféhr 0,1 Gew.-% bis ungeféhr 1,5

65 Gew.-%, bezogen auf das Gewicht des Zements, eines Copolymers aus N,N-Dimethylacrylamid und
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3. Cbnp05|t|on selon la revendication 1" ou 2, dans Iaquelle | " eau conti ent

jusqu' a environ 18% en poi ds de sel ., par, rapport A I"eau. 4. Conposition

sol on }Ja revendication 1, 2 ou 3, dans laquel l e le rapport nolaire du

N, N—éll@thyl .icrylamde A_l'acide 2- acr¥l am do- 2- net hyl propane

sul foni que, dans ce copol ylRft 0 18210088811 5 5. Procide de cimentation

0 UDRAKRE L RetHABDpHRuIRMEAS i} SinkR RRARHIRABIdhaRberHi 8- o'oY JTbraiRa: Sl e 1 ai ne,

dansnil @sgae Moljawiche VanCuhgbfahH50 00RO Shdefahn 260000 NENt at i on dans | ' espace situ6

entr e $detdahrgomdiiAnerreh & dadumhrgakenoeichuasida® doo Molysrihdlinisnvor N, N-Direatitydt i on,

et aﬁf’VEP'?IdI%‘ revizaifer2-aethyipeoppnsuifonsiise jr den sorplyBlesed{prhindyag upgefAbn dlEat i ons 1
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7. Procédé selon la revendication 5 ou 6, dans lequel [‘'eau contient jusqu a environ 18% en poids de sel
par rapport a |'eau.
8. Procédé de cimentation d’une conduite pénétrant une formation souterraine perméable; dans lequel
on introduit une composition de cimentation, dans I'espace situé entre ladite conduite et la formation, et on
30 laisse cette composition durcir, caractérisé en ce qu’on utilise une composition de cimentation comprenant
de |'eau, I'eau contenant du sel selon une guantité allant jusqu’a environ 18% en poids par rapport a l'eau,
du ciment; et d’environ 0,1% a environ 1,5% en poids par rapport au ciment, d'un copolymére de
N,N-diméthylacrylamide et d’acide 2-acrylamido-2-méthyl propane sulfonique, ayant un rapport molaire
d‘environ 1:4 3 environ 4:1, et un poids moléculaire d'environ 150 000 a environ 250 000.
35 9. Procédé selon la revendication 8, dans lequel le rapport molaire du N,N-diméthylacrylamide & I'acide
2-acrylamido-2-méthyl propane sulfonique, dans le copolymére, est d’environ 1:1,5.
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