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effectiveness in the presence of salt; and is chemically stable during cementing operations. Further, such
desired fluid loss additive should be compatible with as many other additives and environmental conditions
\_/ as possible, should be soluble in cement slurries at normal ambient temperature encountered in oil well (
cementing operations, as well as to continue to provide fluid loss characteristics over broad temperature B
40 and cement pH range.

U.S. specification no. 4,404,111 discloses the use of copolymers of N,N-dimethylacrylamide 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
conventional free radical initiators such as ammonium persulfate and results in copolymers having average

45 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 and about 99.5 weight percent.

We have now devised certain cementing compositions for use in oil, gas and water well cementing
operations. More particularly, these compositions are comprised of water, hydraulic cement and certain
copolymer saits, the copolymers being of N,N-dimethylacrylamide (NNDMA) and 2-acrylamido-2-methyl

so propane sulfonic acid or salt (AMPS). Such copolymer saits are fluid loss additives having a NNDMA/AMPS
monomer ratio of between 4:1 and 1:4 and an average molecular weight of from about 75,000 to 300.00.
These copolymer salts are relatively stable to hydrolysis over a wide range of temperature and pH. They
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 slurry. Additionaily. methods of

55 cementing a conduit in a borehole penetrating an earthen formation by introducing such a cementing
composition into the space between such conduit and formation are described. These copolymer salts are
also used in a cementing method which is the subject-matter of our application 86307232.8 published as
EP-A-0 217 608.
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To determine whether copolymers of AMPS/NNDMA are sensmve to temperature vanatlons tests were
conducted in the same manner as above at temperatures of 80°,100°,125" and 172" F(27°,38° 52° and
78" C). Additionally, various mole ratios of AMPS/NNDMA were evaluated. The results, as provided in Table
I, indicate that such copolymers of AMPS/NNDMA are effective fluid loss agents over a broad range of
temperatures. Additionally, the data indicate that there is limited fluid loss variation with variation of the mole
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~ Table Wl provides test results where the mole ratios of the AMPS NNDMA co - oS
between 1:4 and 3.5:1. Further, theélurrjes containing these copolymers contained in 3€a wate
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When used in cement slurries containing appreciable amounts of common sait, the most preferred fluid

85 loss additive copolymer of AMPS and NNDMA has a 1.5 AMPS/NNDMA mole ratio. Good fluid loss
properties are exhibited when the mole ratio of NNDMA:AMPS is varied from ‘about 4:1 10 about 14

" However, as the AMPS:NNDMA mole ratio is varied away from the about 1.5:1 most preferred range. the
fluid loss characteristics in such salt-containing Slurries are-diminished. Such copolymers can be prepared




This data is provi ded in TabI e 1V. The nol ecul ar , wei ght of the copol yrrer
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Eight copolymers havmg a molar ratio of 1.5:1 AMPS/NNDMA were synthesized. The absolute
molecular weights of these polymers were not determined. However, the samples were graded in
decreasing order of molecular weight by viscosity using a 1000 parts per million concentration of copolymer

S y




55 EP0192447B1 [err] 45 .The, preceding Tables I to V and rel ated

scri ption relate to copol.yners of NNDWA/ AMPS and hot to 55 copol yner
dalts.  The properties of the cor epgpmg2diam@isal ts, however, are in general
dot wéry dlfferent fromthose of the copolyners. The sort of differences
4re illustrated by the results in Tabl-e VI. This Tabl e shows rheol ogi cal
nd f1 ui il Weiss SThe aSeosiiesswire eased on ¢ Brokfislg\rsninawPahC 'UQ‘OI%rP@PDtﬁaWWg"F@lTrmI e
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15 diminish below an essentiaily effective level. ' '

_ Although the proportionality between the solution viscosity and molecular weight of a macromolecule is

- an established fact, deviations occur with variation in copolymer composition, sequence length of the units,

. intermolecular and intramolecular interaction between the side chains and the overall conformation of the
\/’, molecule. Rather simple and accurate results may be obtained when predicting the solution viscosity of a

20 homopolymer of a given molecular weight if a calibration is available, however, the same prediction is more
arbitrary in the case of copolymers such as the NNDMA/AMPS copolymers of the present invention which
contain strongly ionizing -SO3H units as well as -N(CHs)2 groups which can be protonated under strongly
acidic conditions. In other words, two samples of the copolymers of the same composition and molecular
weight may have widely differing solution viscosities depénding on sequence length of the component

25 monomer units, which length is governed by the reaction conditions employed during polymerization.

_ ~ The Samples (1), (2), (4), (5), (6) and (8) of Table IV were tested for fluid loss properties. Samples (1),

(2), (4), (5) and (6) performed similarly in fresh water. Sample (8) did not provide good fluid loss properties

in fresh water. Thus, the molecular weight ranges of the copolymers should be between about 75,000 and
about 300,000.

30 Tests relating to WOC (waiting time whlch is defmed as the time required for the slurry to obtain a
compressive strength of 500psi (3.45 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 are prov:ded in
Tabie V. -

36

45

50

65




- Salts of polyners and copol yners tend to be | ess.hydroscopi c which
generally results in |less |unpi nggl:p%1 ‘?4;%{ erial during storage., Use of
the salts will al.so eliminate the obvious hazards of handling aci dic 5 ..
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The preceding Tables | to V and related description relate to copolymers of NNDMA/AMPS and not to

55 copolymer salts. The properties of the corresponding salts, however, are in general not very different from
those of the copolymers. The sort of differences are illustrated by the results in Table VI. This Table shows
rheological and fluid loss test results wherein the NNDMA/AMPS copolymer having a mole ratio of 1:15 is
_neutralised with several different bases. Slurries containing these copolymer salts were made which also
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p, 000 and 250, 000 ‘and the nole, ratio of N, N-dimethylacrylamde to

Socryl am do; 2-net hyl propane sulfonic¥acid®(or salt) is about 1:1.5. 45 9.

‘gnet-hod of cementing a conduit in a porehole penetrating an-.earthen

Prgation by introducing a cementEmM@18b#MIdB1ti on into the space between

sfi d conduit and said formation, wherein said cenent- ing conposition is as.
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55 The results in Table VI show that all the copolymer salts bshave very similarly in 0% S
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N, N-di met hyl acryl am de and 2-acrylam do'- 2-net hyl prqpane sulfonic acid or
. an acid salt thereof, and having %,gq 45.;1% jo of N, N-di et hyl acryl am de to;
-2-acryl am do- 2- net hyI" propane sulfonic acid (or salt) fromabout 1:4°to 29}.

~about 4:1, and a nol ecul ar wei ght of about 75,000 to 300.000. 2., A _
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“met hyl pr op#anee. uargfestep dluig dasel additive sorglymerwit INDNIA art: AMPE ha8(@ rinle rtio of about -
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2-acryl am do- 2- rret hyl propane sul fonic acid 'salt. 7. A conposition
~according to any of clains 1 to 6, wherein the salt contains ions of at

| east Onefhs Cal ci um nagnesi um and anmmoni um 40 8. A conposition according
to clagsm1, wherein the nol ecul ar wei ght of said copol yner salt is between
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- formati on byNidntethgierglamige 0 eadfmarhilegmeBWPHSIahd Slkohid) b&ld T(Jiesaﬁ)pr%ea&ﬁzt e &
sai d @enduiabourd. andiadndieouiareeightrof abtkETSMONS60.0b0CEMENt - | NG GONPOSition is &
‘defined in any of clains 1 to 8. 10. The use of a conposition as clainmed inf
any of cPRaifeempositionccofding te elaim it whgelatre@mwmer $al isoprixsentamad ém&bt of from about
penetrat i nd"e(nméa?ttf &% Horeishidf eamenRevendi cations 55 1. Conposition de _
ci ment at | on destinde a 8tre utilisde dans |1 es operations de cinmentation des
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4. - A composition of claim 1,2 or 3, wherein the mole ratio of ‘N N-dlmethylacrylamlde to 2-acry|am|do-2-
methyl propane sulfonic acid in said copolymer is 1:1.5.

N

30

5. A composition according to any of claims 1 to 4, wherem said copolymer salt is formed by :
neutralisation of the acid copolymer

6. A composition accordmg to any of claims 1 to 4, wherein the copolymer salt is formed by
- 85, copolymerisation of the N,N-dimethylacrylamide with a 2-acrylam|do-2-methyl propane sulfonic acid
salt. .

7. A composition according to any of claums 1 to 6, wherein the salt contains ions of at least one of \U
caicium, magnesium and ammonium.

8 A composmon accordmg to claim 1, wherein the molecular weight of said copolymér salt is between
150,000 and 250,000 and the mole ratlo of N N-dlmethylacrylamnde to 2-acrylamido-2-methyl propane
sulfonic acid (or salt) is about 1:1.5. .

45 9. A method of cementing a conduit in- a borehole penetratmg an earthen formation by mtroducmg a.
cementing composition into the space between said conduit and said formation, wherein said cement-
ing composition is as defined in any of claims 1 to 8.

10. The use of a composition as claimed in any of claims 1 to 8, for cementing a conduit in a borehole
50 penetrating an earthen formation.

Revendications
55 1. Composition de cimentation destmée 4 étre utilisée dans les opérations de cimentation des puits de
pétrole, de gaz et d'eau, comprenant de I'eau, un ciment hydraulique et un sel de copolymére, le
coppolymére étant & base de N,N-diméthylacrylamide et d'acide 2-acrylamido-2-méthylpropanesulfoni-
que ou d'un sel de celui-ci et présentant un rapport molaire N,N- -diméthylacrylamide/acide 2-

12
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4. A composition of claim 1,2 or 3, wherein the mole ratio of N N-dlmethylacrylamlde to 2-acrylamido-2-
methy! propane sulfonic acid in said copolymer is 1:1.5.

30 :
5. A composition according to any of claims 1 to 4, wherein said copolymer salt is formed by
neutralisation of the acid copolymer.”

6. A composition according to any of claims 1 to 4, wherein the copolymer salt is formed by
35 copolymerisation of the N,N-dimethylacrylamide with a 2-acrylamido-2-methyl propane sulfonic acid
sait. '

U 7. A composition according to any of claims 1 to 6, wherein the salt contains ions of at least one of ‘\
calcium, magnesium and ammonium.
40 _
8. A composition according to claim 1, wherein the molecular weight of said copolymer sait is between
150,000 and 250,000 and the mole ratio of N,N-dimethylacrylamide to 2-acrylamido-2-methy| propane
sulfonic acid (or salt) is about 1:1.5.

45 9. A method of cementing a conduit in a borehole penetrating an earthen formation by introducing a
cementing composition into the space between said conduit and said formatlon wherein said ¢cement-
ing composition is as defined in any of claims 1 to 8.

10. The use of a composition as claimed in any of claims 1 to 8, for cementing a conduit in a borehole
50 penetrating an earthen formation.

Revendications
s§ 1. Composition de cimentation destinée & 8tre utilisée dans les opérations de cimentation des puits de
pétrole, de gaz et d'eau, comprenant de I'eau, un ciment hydraulique et un sel de copolymére, le
coppolymére étant 2 base de N,N-diméthylacrylamide et d'acide 2-acrylamido-2-méthylpropanesulfoni-
que ou d'un sel de celui-ci et présentant un rapport molaire N,N-diméthylacrylamide/acide 2-
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o, . quel conque des revendjcations 1 k 8. 10. Utili sation d uné
onp05|t|on telle que revendlquee dans | ' une quel con tions
b a 8, pour 'cimenter une conduiteER&P2M7 810y de foﬂm Iﬁﬂm EQI m
forrratlon terrestre. 35 AnsprCche 1. Zenentierungszusannense :
Verwendung I 5! .chze tl erungs e
velten, ent i ylhio. ﬁgﬁ,‘ﬁ‘ PR R AL BSRRLRT LT porme ot
dessen Copol ymer von D net hyl acryl amd und - '
-2-Acryl an. dgor amsmwldan@aaadaa.&uuam%aaynsqua&i {s@%&golm 63 s GonfARL Frbdfon! St
z

und- ei B3 Mol Whvdh b.nksSa ¥ivitonN.8Ve Bh BBl N

2- Acr yl am do- 2- net hyl propansulfonsaure (oder deren Salz) von etwa 1: 4 bis
etwa 4: 13.ucdmpdsitionVBdi@kiuh@ HELisienbitativm 66 WEdaRS aQile Pia reHfdnd Blbishdt. jusdu'a
Zusanmenset eouiron T683% lde Anierpre e Bodium, gardappehaieeeaei chnet., daB das

Copol ynersal z in-ei ner Menge 45 von etwa 0,1 Gew.-% bis etwa 1,5 Gew. -
bezogere alif CdmposiBwiselbrt I'ohes déée rerertdiestiovonh@nole s, idats. laa:eneZusapmnmelhllwngl nach
Anspruch 1 dnéthyiacrylamideiacish ZQerklemnmmM‘empandwﬂbndlasdaﬂﬁbstmopiﬂyrﬁreest etda 18
Gew. - % gewohnl i ches Salz enthilt, bezogen auf das Gew cht des WAassers. so
4. ZusanmfenSemRasiien seiantune-ausicengye des revepdications 1 éd‘hémsdwugjbllﬁeﬁ?hmoeﬂmfe edal |
das Mol ver h&'l’t?’?‘l’l rar %W"N"W‘B%@?’W’%@Wi anid zu

2- Acryfar‘g g{b%ogro ansul fons%ure Ir;éjgmg"‘hdafﬁé ?" I‘P é‘?(ee 5 bet r“(sf‘lh
et "
e A gg,y,gga' i P s oS A oo ot %‘W
gebi | det. |s& éa °sam"rensetzung nach ei nem der Anspruche 1 bis 4,
dadur CQ) %ek%&ﬂ&ﬁh&h eg OJe‘y nﬁl jo all g Sd&!«ll;wg Qm%gep B,l I%Meﬁ%és%?msvon
N&HD th i n
propangﬁl f)c/)hggﬁ‘?g@gng |y ngggggf ﬁﬁ‘ ,%ﬁg ' EP 0192 447B1

11111 H td, Chipdsitibh Sdloh lfre@énh:cé‘tnovﬁ dahs Iaqulahé la nﬁsse moleculZure HCHBANBELDEYRIE gsthach
ei nem der ABGise biftre h56006 66250008CkH ICRp@RkKRIENE @Ilw&lm&hylac%ﬁuo@ﬁ&degﬁﬁoiylinﬂm von-
wem gsksens mém@propanssulfdiaté (s0nse\3gaREdnumnsuNd - Amroni um ent hSl t.

9. Procédé de cimentation d'une conduite dans un trou de-forage pénétrant une formahon terrestre, par
introduction d'une composition de cimentation dans I'espace compris entre ladite conduite et ladite .
formation, procédé dans lequel ladite composition de cimentation est telle que définie dans I'une

30 quelconque des revendications 1 2 8.

" 10. Utilisation d'une composition telle que revendiquée dans I'une queiconque des revendications 1 2 8,
pour cimenter une conduite dans un trou de forage pénétrant une formation terrestre.

35
Anspriiche

1. ‘Zementierungszusammensetzung zur Verwendung in Ol-, Gas- und Wasserbohrlochzementierungsar-
_beiten, enthaltend Wasser, hydraulischen Zement und ein Copolymersalz, dessen Copolymer von N,N-
40 Dimethylacrylémid und 2-Acrylamido-2-methylpropansulfonsdure oder deren Sduresalz abgeleitet ist
und ein Molverhdltnis von N,N-Dimethylacrylamid zu 2-Acrylamido-2-methylpropansulfonsiure (oder

deren Salz) von etwa 1 : 4 bis etwa 4 : 1 und ein Molekulargewicht von etwa 75 000 bis 300 000 hat.

2. Zusammensetzung nach Anspruch 1, dadurch gekenn’zeiéhnet. daB das Copolymersalz in einer Menge
45 von etwa 0,1 Gew.-% bis etwa 1,5 Gew.-% bezogen auf das Gewicht des Zementes vorhanden ist.

3. Zusammerisetzung nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB das Wasser bis zu etwa 18_
Gew.-% gewbhnliches Salz enthilt, bezogen auf das Gewicht des Wassers.

s0 4. Zusammensetzung nach Anspruch 1, 2 oder 3, dadurch gekennzemhnet daB das Molverhiltnis von
N N-Dlmethylacrylamld 2u 2-Acry|amrdo-2-methylpropansuIfonséure in dem Copolymer 1 : 1,6 betrégt.

8. Zusammensetzung nach einem der Anspriiche 1 bis 4, dadurch gekennzeichnet, dag das Copolymer-
' salz durch Neutralisation des sauren Copolymeren gebildet lst
55

olymaors-
try -

6. Zusammensetzung nach einem der Ansprlche 1 bis 4, dadurch gekennzeichnet. daB das C02p o
salz durch Copolymerisation von N,N-Dimethylacrylamid und einem Salz der 2-Acrylarnido-c-r
propansulfonsdure gebildet ist.




- Zusamrenset zung nach Anspruch 1, dadurch gekennzei chnet, daB das

Mol ekul ar gewi cht des Copoly--5 : nersalzes z d 250 000 T~
"liegt und das Mlkverhal tnis von Eplyig2may sl acrmlmmumn”mn”'r

.Acryl ani do- 2- net hyl propansul f onsaure (oder deren %Salw) tetwa 3. 4,5 b '
~~~~~~~~~~~~~~~~~~ 9. - Verfahren zum Zenenti eren einer Rohrlei tung [ n e| nem

‘Bohr | och7. @asmeiensstzEnadfagh sinern der Ansprdhs ot bis 6. dagirchdgshenaraintinet, das das Salz lonen _
Zenent i er uNgEYarSsATANoEvoR Ricigmh Maghesiva vnd Ammonimeenttdr . Rohr | ei tung und- der

For mat i on 10 Zysrae ei ngebr acht WI rd ekennzel chnet durch ei ne :
Zenent i ¥ ukyePHe fasdyiglekylarggwichides Gypoly- S
Ver werfdung "ITEP'Z ﬂg%?of % rf{g g?ﬂ P"’eﬁlﬁg i$ Y90 NeN-Rimsthytacsylapid zu 2-

Zenent i er uRGYEPMHE '"13 'PT°B?"F'['J 5?’5( e SARY

Bk, SdRESRi ne Er df or mat i on \

Ver}aﬁren zun% %ementlérgn §er ighr%?ung in einem Bohrloch das eine Erdformation durchsetzt, bei
dem eine Zementisrungszusammensetzung in den Raum zwischen der Robrleitung und der Formation .
10 eingebracht wird, gekennzelchnet durch eine Zementnerungszusammensetzung nach einem der An-
spriiche 1 bis 8.

- dur chset;t

10. Verwendung der Zusammensetzung nach einem der Anspriiche 1 bis 8 zur Zementierung einer
Rohrleitung in einem Bohrloch, das eine Erdformation durchsetzt.
15
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