
W000/39244 PCT/US99/30738 

- I -

CEMENT COMPOSITION ANO- PROCESS THEREWITH 

FIELD OF THE INVENTION 

This invention relates to a polymer composition which can be used as 

cement additive, to a cement composition, and to a process for using the cement 

5 composition. 

BACKGROUND OF THE INVENTION. . 

Cement compositions are used in the oil and gas industry to cement the 

annular spaee in the well bore between the surrounding formation and the pipe or 

casing. Typically, the cement slurry is pumped down inside of the casing and back 

I 0 up the outside of the casing through the annular space. The amount of water that is 

used in. forming the cement slurry varies depending upon the type of hydraulic 

cement selected and the job conditions at hand. The amount of water used can vary 

over a wide range~ depending upon such factors as the required consistency of the 

slurry, the necessary density for the control of formation pressures, and upon the 

15 strength requirement for the particular job. 

Many times the hydraulic cement must be placed within or next to a 

porous medium such as, for example, earthen strata in the well bore. When this 

happens, water tends to filter out of the slurry and into the strata during the setting ·of 

the cement. Many difficulties are related to an uncontrolled fluid loss of thiS type, 

20 such as uncontrolled setting rate, improper placement of the slurry, impaired strength 

properties, and contamination of the surrounding strata. These conditions are all 

undesirable in oil and gas well cementing operations. 

Therefore, there is an ever-present need to develop a process for 

controlling the fluid loss of a cement composition. Controlling fluid loss of a cement 

25 composition can also improve the curability of the composition. 

SUMMARY OF THE INVENTION 

It is desirable to provide additives which will reduce the water loss 

from cement slurries. Again it is desirable to provide additives that will prevent the 

loss of water from cement slurries which contains calcium sulfate. Yet again it is 

30 desirable to provide a 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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compositions having· improved watei: loss properties. · FW1}iermore, it is desirable to 

provide an improved ~ethod for cementing oil and gas ~.~hs. Other advantages and 

features of this inventj9n will beco~e more apparent as tli~ invention is more fully 

disclosed herein below:· .. 

5 Accordirig to a first embodiment of this iriyention, a composition ; ·. . 

which can be used in an oil field application is provided; . The composition 

comprises, consists essentially of, or consists of cement, liquid, and a fluid 

loss-controlling amount. of a polymer. Typically the polymer comprises repeat units 

derived from a first un~turated amide, a hydroxy acrylate,. and a combination of 

10 monomers selected from the combinations of monomers ·~()i;tsisting of (1) a vinyl 

pyridine or derivative thereof and acrylic acid or salt thereof; (2) a vinyl morpholine 

and a second un8aturated amide; (3) acrylic acid or salt th¢teof and a second 

unsaturated amide; (4) acrylic acid or salt thereof; a vinyl .pyridine, and a vinyl 

morpholine; and com~inations of two or more of said· coµiqinations of monomers 

15 wherein said first unsaturated amide is not the same as said second unsaturated 

. amide, and wherein optionally said polymer· further comptjses monomers selected 

from the group consisting of acrylonitri~e, methacrylonitrile; vinylacetate and 

dimethylaminoethylmethacrylate. More typically the poiyriter comprises repeat units 

derived from acrylamide, hydroxyethyl acrylate, and combilultion of monomers 

·· 20 selected from the combinations of monomers consisting of: (1) 4-vinyl pyridine and 

sodium acrylate; (2) N~acryloyl morpholine arid dimethyhµninopropyl 

methacrylamide; (3) sodium acrylate and dimethylaminop~pyl methacrylamide; (4) 

sodium acrylate, 4-vinyl pyridine, and N-acryloyl morph9line; and combinations of 

two or more of said combinations of monomers. The composition can also comprise, 

25 consist essentially of, or consist of calciwn sulfate, cemept, liquid, and a fluid 

loss-controlling amount of a polymer. 

By "consisting essentially of'' herein it is int¢nded 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 i~vention, a process is 

provided which compri~es introducing the composition disclosed in the first 
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embodiment of thisliri~ention into a subterranean fonnitioh. · 
I~. . 

-DETAILED DESCRIPTION OF THE INVENTION 

The term "liquid" used in the present invention denotes water. a 

solution, a suspension, or combinations thereof wherein· the suspension contains 

5 dissolved, partially dissolved, or undissolved substances such as salts. The presently 

preferred liquid is an aqueous liquid such as, for example, fresh water, sea water, or 

salt water. Examples of salts include metal salts. Generally, the total salts content 

can vary widely from, for instance, I to as high as 37.2 percent(%) by weight of 

water. The typical salts content of salt water can be in the range of from; for 

10 instance, about 10 to about 37.2 percent(%) by weight of water. 

The term "contro11ing fluid loss" is synonymous to "preventing fluid 

loss". 

According to the first embodiment of this invention, the additive is 

suitable for use with any hydraulic cement. The term hydraulic cement is meant to 

15 encompass any inorganic cement that hardens or sets under water. Hydraulic 

cements, for example, include portland cements, aluminus and pozzolan cements, and 

. the like. Thus, for example, any of the class A - J cements listed in API 

Specification 10, Sections 2, Fifth Edition, July 1, 1990. The term hydraulic cement 

is also intended to include cement admixes containing extenders such as gypsum, 

20 sodium silicate, bentonite, gi1sonite, and other extenders. The term "hydraulic 

cement" is also intended to include cement admixes containing any appreciable 

amount of sand or aggregate material or such cement admixed with a granular filling 

material such as barite, hematite, ilmenite, and the like. Strength enhancers such as 

silica powder can also be employed. The term "hydraulic cement" is also intended to 

25 include cement admixes containing organic acids and organic sulfonates used as 

retarders and dispersants. Accelerators such as sodium chloride, potassium chloride, 

and calcium ·chloride can also be employed. 

The amount of liquid employed to· make up the hydraulic 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 

I 0 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 
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employed should be only such as i~ ~fficient to produce a pumpable slurry. 

The polymer present is generally an amount that is effective to . . . . ' . . . . 

control the fluid loss of the comp9sitio:n and can generally be present in the 

c()mposition in the range o.f from ~bout 0.05 to about 5 'yo~ preferably about 0.1 to 

5 about 3 %,. and most '.preferably O.~ to 2 %. Calcium sulfate, if present in the 
. . . 

composition, can be in the range of about 0,1 to; about so,%, preferably about 1 to 

about 25 %, and most preferably 3 to 15 · %. All are by weight of cement. 

Accordh:1g to this invention, anY cement can: be used in the 

composition of the invention such as,· for example, a caldum sulfate-containing or 

10 gypsum-co.-itaining cenient. 

Any polymer that can pr:event or control the fluid loss of a hydraulic 

cement composition can be used in this invention. The presently preferred polymer is ·. 

a polymer which comprises, consists esse:qti.ally of, or consists of repeat units or 

m.Onomers derived fro])l. a first tmsatura,ted amide, a hydroxy acrylate, and at 'least 

15 two mono~ers selected from the gi'oup consisting of (1) a vi~yl pyridine or 

derivative thereof and acrylic acid or salt thereof; (2) a vinyl morpholine and a 

second uns~turated amide; (3) acrylic acid or salt thereof 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 in wh.ich the .first unsaturated amide is not the 

20 · same a8 the second iinsaturated amide. 

When used herein the tenn unsaturated amide .includes N-vinyl lacpnns 

(eg N-vinyl-2-pyrollidon~). An un~aturated amide useful in this invention, as ·the fJist 

or second unsaturated amide, can have the formula of (R)(R)-C=C(R)-C=O-N(R)(R) 

in which each R can be. independently hydrogen or a hydrocarbyl radical having 1 to 

25 about 10 carbon atoms .per radical. The hydrocarbyl radical can be alkyl radical, 

alkenyl radical, aryl ra(;iical, alkylaryl radical, arylalkyl radical, or combinations of 

two or more thereof. Examples of suitable· unsaturated amides include, but are not 

limited to, acrylamide, methacrylamide, acrylonitrile, me~crylonitrile, vinylacetate, 

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 inore thereof. The presently preferred first 
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unsaturated amide isf~rylamide and second unsaturatecFliin.ide is dimethyl-

aminopropyl methacrylamide for they are effective, when incorporated into the · 

polymer, in controlling fluid loss of the composition of this invention. 

A hydroxy acrylate useful in this invention generally has the formula 

5 of (R)(R)C=C(R)-C=0-0-A-OH in which each R is the same as that disclosed above 

and A is an alkylene radical having 1 to about 10 carbon atoms per radical. 

Examples of suitable hydroxy acrylates include, but are not limited to hydroxyethyl 

acrylate, hydroxybutyl acrylate, hydroxypropyl acrylate, hydroxycyclohexyl acrylate, 

phenyl hydroxyethyl acrylate, glycerol monoacrylate, glycerol monomethacrylate, 

10 hydroxybutyl methacrylate, hydroxyethyl methacrylate, hydroxypropyl methacrylate, 

and combination$ of two or more thereof. ·The presently preferred hydroxy acrylate 

is hydroxyethyl acrylate. 

Any vinyl pyridine or derivative thereof that, when incorporated into 

the polymer, can effect the fluid loss control can be used in this invention. Suitable 

15 derivatives of vinyl pyridines can be ring substituted vinyl pyridines 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 disubstifuted derivative and even more typically a 

20 monosubstituted derivative. Examples of vinyl pyridine derivatives include, but are 

not limited to, 4-vinyl pyridine, 2-vinylpyridine; 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 ammoni'ilm 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, potassium 

acrylate, and ceshnn acrylate. 

30 A vinyl morpholine suitable for use in this invention can have the 

formula of R-C(R)=C(R)-(C=O)m~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 
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nonsubstitutcd. When the morphol~ne :moiety is substitute4 the substituent scan be . : . . . . ' 

the same as the substit~e!lts described for substituents for,_ ~e vinyl pyridine. (see 

above). Ring substitutio~ can be at any available positio~. Typically the morpholine 
. . . .. 

ring will be tetrasubstituted more typically trisubstitutedi -~yen more typically 

5 disubstituted, and yet mo~e typically monosubstituted. Ex~ples of suitable vinyl 

morpholines include, but are not Ii~ited tQ, N-vinyl morP.holine, N-acryloyl 

. morpholine, N-methacryloyl morpholine, and combinatioiis ()f two or more thereof. 

The above-disclosed polymers cE,m be prodµced by mixing the . .. . .. 

monomers in desired molar ratios in an apprQpriate liqui4 medium and then initiating 

10, . the free-radical polymerization in solution, suspension, oremulsion environment. 

Generally, any molar ratios can be e,mployed 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 reactiorts ~nclude hydrogen peroxide, azo c~l'llpounds such as, for 

15 example, 2,2'-azobis(2-(2-imidazolin-2-yl)propane) dihydrochloride, alkali metal 

persulfates such as K2S20 8, alkali m~tal perborates, alkali ID~tal perphosphates, and 

alkali metal percarbonates. ·Well ~own 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 benzoylpero.xide. The compound 

t-butylhyponitrite is a well known alkyl hyponitrite com~only employed to initiate 

free radical polymerizatfon reactions. Furthermore, ultraviC)l~t light and gamma 

irradiation are commonly employed to initiate free radical.PQlymerization 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:.. ~ecause the 

polymerization techniques are well. known to one skilled i? the art, the description of 

which is omitted herein for the interest of brevity. The pres~nt preferred 

polymerization is solution polymerization. 

30 The molar ratio of each repeat unit or mono~er to the first unsaturated 

amide can be any ratio s~ •Jong 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 
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range of rrom about '.QJob 1: 1 to about to: 1, preferably a'b&tit -0.005: 1 to about s: 1. and 

most preferably 0.01:1 to 1:1. 

The. composition disclosed in the first embodiment can be produced by 

any means known to one skilled in the art. For example, the composition can be 

5 produced by combining such as mixing, blending; or dispersing a cement, a fluid 

loss-controlling amount of a polymer, a liquid, and optionally calcium sulfate. 

Because the means are well known to one skilled· in the art, the description of which 

is omitted· herein for the interest of brevity. 

A process for controlling fluid loss of a hydraulic cement composition, 

10 which comprises a cement and a liqiµd, both of which are disclosed above, is 

provided. The process comprises combining the hydraulic cement composition with a 

fluid loss-controlling amount of polymer. The scope and definition of the polymer 

are the same as those disclosed;· above. The amount of each of the cement, liquid, 

polymer, or calcium 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 

optionally 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 skiJled in the art. Generally the cement, 

liquid, polymer, and optional calcium sulfate can be combined to produce a fluid or 

3Q 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 
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the present invention. 

The following examples are provided to merely illustrate this invention 

and are not to be construed as to unduly limit the scope of this invention. 

EXAMPLE I 

Preparation of 10 VP/10 NaAC/80 .AM polymer 

All of the monomer ratios used in this and the following 

polymerization examples are in mole percent. The polymerization was conducted· in 

a 1 liter jacketed resin flask equipped with a thermocouple, nitrogen sparger, reflux 

condenser with an oil bubbler, and a mechanical stirrer fitted with a stainless steel 

10 axial flow impeller. The jacket water temperature was maintained at 60°C. The 

polymerization was conducted in deionized water at a solids loading· of 20 weight 

percent. Tetrasodium ethylenediaminetetraacetic acid (EDTA) was added at 0.05 

PHM (parts per hundred parts monomer) to chelate metals that were present. Sodium 

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, 

13.7g4-vinylpyridine (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 exothenn had subsided, the jacket heat was 

shut off, the reactor was allowed to cool to room temperature, and the product 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, JO rpm). 
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EXAMPLE2 

Preparation of 5 VP/10 NaAC/85 AM polymer 

PCT/US99/30738 

The above polymer was prepared- at 20 weight percent solids using the 

procedure of example I to yield a product which was found to have a Brookfield 

5 viscosity of 65 cP (0.5 weight percent polymer in deionized water, #1 spindle~ 10 

rpm). 

ExAMPLE 3 

5 VP/10 HEA/5 NaAC/80 AM 

A mixture of 4-vinyl pyridine, 2;.hydroxyethyl acrylate (HEA, AI°drich 

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). 

15 

20 

25 

EXAMPLES ·4-8· 

The polymers shown in Table I were produced at 25 weightpercent 

solids using the procedure of Example 1. 

Table I 

Polymer Batch cP• Spindle rpm 
Size 

5 VP/5 NAMb/10 HEA/5 NaAC/75 AM 500 g 2250 #3 20 

5 VP/10 HEA/10 NaAC/75 AM 500 g 10340 #5 20 

5 VP/I 0 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/S NaAC/75 AM 1500 g· 2000 #3 20 

-Srookfield· viscosity of 0.5 weight percent polymer. in deionized water. 
~AM=N-acryloyl morpholine (Polysciences, Inc.) 

EXAMPLE 9 

10 VP/10 HEA/5 NaAC/75 AM 

The above polymer was prepared at 20 weight percent solids loading in 

30 deionized water using the procedure of Example J except that an additional 0.3 PHM 

of sodium persulfate needed to be added to initiate the polymerization. A 0.5 weight 
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percent solution of the polymer in deionizeq water was found to have a Brookfield 

viscosity of 210 cP (#L8pindle, IQ rpm). 
I • • • • 

EXAMPLElO 

5 DAPM/10 HEA/5 NaAC/80 AM 

5 The above polymer was prepared using the ec:iuipment described in 
. . 

Example 1 at 25 weightpercent solids and an initiation temperature of 10°C. An 

iron stock solution was· prepared by dissoJving 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-(dimethyJamino)propyl]methacrylamide (DAPM, Aldrich 

10 . Chemical Co.), 17.77 g BEA, 28.78 g 25 weight percent Na.AC, 174.02 g 50 weight 

.. percent AM, 0.063 g EDTA, 1 mL iron solution (0.8E-5 pltm Fe), 0.125 g sodium 

formaldehyde sulfoxylat~ (0.1 phm, Aceto Corp.) and 266.4 g deionized water. The 

reaction mixture was cooled to about 10°C with stirring an~ 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 mi,xture rapidly increased and the stirrer 

was shut-off after about 2.5 minut~. 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 temperafure. 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/5 DAPM/10 HENS NaAC/75 AM 

The above polymer was prepared at 25 weight percent solids in 

deionized water, and a SOO 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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(API Class H and q~~s·:: C cements as defined in API Specification 10, Section 2, 

Fifth Edition, July 1, 1990; the Class H cement used was commercially available 

from General Portland under the brand name JOPPA II®. The Class C cement used 

was commercially available from Southwestern· Portland under the brand name 

5 SOUTHWESTERN C®), and optionally calcium sulfate. The slurries were prepared 

in accordance with API Specification 10, Fifth Edition, Section 5, July 1, 1990 and 

are shown in Table II. 

10 

15 

20 

Table Il 

Slurry Cement Cement Lomar®D8 Gypsum Water Water 
ID. Class (g) {g) (g) (g) Type 

A H 800 0 0 322.47 Fresh 

B H 800 4.0 0 '322.47 Fresh 

c c 350 0 42 473.83 Fresh 

n c 350 0 42 471.91 Fresh 

E H 350 0 42 473.83 Fresh 

F H 350 0 42 471.91 Fresh 

•Lomar®D· is a trademark of Hinkle Chemical Corporation and is a sodium 
salt of the formaldehyde condensation product of naphthalene sulfonic 
acid. 

The fluid loss values for the slurries shown in Table II were measured 

in accordance with API Specification 10, Fifth Edition, Appendix F, July 1, 1990. 

The results are· shown in Table III. 
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: Table III 

.. 
100°F 150°F 

Slurry Polymer Polymer Fluid Fluid 
ID. Mole Fraction (g) Loss Loss 

ml/30 inV30 
minutes minutes .. 

5 A None ···o >1000 >1000 
' 

B None 
.· :'• 

0 N.D.• N.D. 

A 5 VP/10 HEA/5 NaAC/80 AM 'i.92 172 316 

B 5 VP/10 HEA/5 NaAC/80 AM ·· t..92 40 62 

A 10 VP/10 HEA/S NaAchS AM 1.92 186 411 
.. 

IO B 10 VP/10 HEA/S NaAcns AM . 1.92 38 54 

A 5 VP/10 NaAC/85 AM 1.92 274 N.D. 

B 5 VP/10 NaAC/85 AM 1.92 128 N.D. 

A 10 VP/10 NaAC/80 AM .1.92 551 N.D . 

B 10 VP/10 NaAC/80 AM .1.92 264 N.D . 

15 c 5 NAM/5 DAPM/10 HEA/5 NaACn5 AM l.92 1183 N.D. 

c 5 VP/10 HEA/l.O NaAC/75 AM 3.~4 144 N.D. 

c 5 VP/10 HEA/20 NaAC/65 AM 3.84 164 N.D. 

c 5 VP/l 0 HEA/30 NaAC/55 AM 3.84 224 N.D. 

D 5 VP/I 0 HEAil 0 NaAC/75 AM . 3;84 204 N.D. 

20 D 5 VP/10 HEA/20NaAC/65 AM 3.84 270 N.D. 

D 5 VP/10 HEA/30 NaAC/55 AM 3.84 380 N.D. 

D 5 NAM/5. DAPM/10 HEA/5 NaAC/75 AM 3~84 110 N.D. 

D 5 DAPM/10 HEA/5 NaAC/80 AM 3.84 196 N.D. 

E 5 NAM/5 DAPM/10 HEA/5 NaAC/75 AM 1.92 910 N.D. 

25 F 5 NAM/5 DAPM/10 HEA/5 NaAC/75 AM 3;84 170 N.D. 

F 5 DAPM/10 HEA/5 NaAC/80 AM 3.$4 166 N.D. 

8N.D., not detennined 
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The r1$,:ijlts shown in Table III show that;. ~d('.lition of a polymer 
:.:•. · .. 

disclosed in the invention greatly decrease the fluid loss at elevated temperatures. 

The results shown in the above examples clearly demonstrate that the 

present invention is well adapted to carry out the objects and attain the· ends and 

5 advantages mentioned as well as.those inherent therein. While modifications may be 

made by those skilled in the art, such modifications are encompas~d within the spirit 

of the present invention as defined by the disclosure and the claims. 
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.CL ALMS 

1. A composition.comprising a polymer which· :comprises repeat units 

derived from a first unsaturated.amide, a hydroxy acrylat~, and at least two 

monomers selected fre>m the group consisting of (I} a vin~l pyridine or derivative 

5 thereof and acrylic acid or salt thereof; (2) a vinyl morp~oline and a second 

unsaturated amide; (3) acrylic acid or salt thereof and a second unsaturated amide; (4) 

acrylic acid or salt there9f, 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 and wherein optionally said polymer further comprises 

10 monomers selected from the group consisting ofacrylonitrile, methacrylonitrile, 

vinylacetate and dimethylaminoethylmethacrylate. 

2. A composition according to claim. 1 wherein said first unsaturated 

amide or second unsaturated amide bas the formula of (R)(R)-C--C(R)-C(O)-N(R)(R) 

and each R is independently selected from .hydrogen, hydrocarbyl radicals, optionally 

15 substituted hydrocarbyl moieties having from 1-10 carbon a.toms and combinations 

thereof. 

3. A composition ·according to claim ·1 wherein said first unsaturated 

amide or second unsaturated amide is sele~ted from the group consisting of 

acrylamide, methacrylamide, dimethylaminopropyl methacrylamide, 

20 N,N-dimethylacrylamide, N-vinyl-2- pyrrolidone, N-vinylacetamide, N-methyl (meth) 

acrylamide, N-ethyl (meth) acrylamide, N-propyl (meth) aerylamide, N-vinyl 

formamide, and combinati<>ns of two or more thereof. 

4. A composition according to claim 1 wherein said first unsaturated 

amide is acrylamide. 

25 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 dimethylaminopropyl methacrylamide. 

7. A composition according to claim 1 wherein said hydroxy acrylate has 

30 the formula of (R)(R)C=C(0)-0-A-OH; each R is independently selected from 

hydrogen, hydrocarbyJ radicals, optionally substituted hydrocarbyl moieties having 

from 1-10 carbon atoms and combinations thereof; and A is· an aJkylene radical. 
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8. A comppsition according to claim 1 wh~r~P. said hydroxy acrylate is 
. ·:.r: :. ~·.=· ~{·' ' . .' . ~ 

selected from the group consisting of hydroxyethyl acrylate,· hydroxybutyl acrylate. 

hydroxypropyl acrylate, hydroxycyclohexyl acrylate, phenyl hydroxyethyl acrylate. 

glycerol monoacrylate, glycerol monomethacrylate, hydroxybutyl methacrylate; 

5 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. 

l 0. A composition according to claim 6 wherein said hydroxy acrylate is 

10 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. 

15 13. A composition according to claim 1 wherein said vinyl pyridine ·or 

derivative thereof is selected from the group consisting of 4-vinyl pyridine, 2-vinyl 

pyridine, vinyl pyridylacetic aci~ vinyl pyridylacetonitrile, dicarbonitrile vinyl 

pyridine, vinylpyridine-N-oxide, 2-methyl-4-vinylpyridine, 2-phenyl-4-vinylpyridine, 

and combinations of two or more thereof. 

20 14. · A composition according to claim 1 wherein said vinyl pyridine is 

4-vinyl pyridine. 

15. A composition according to claim 12 wherein said vinyl pyridine is 

4-vinyl pyridine. 

16. A composition according to claim 1 wherein said vinyl morpholine has 
25 R 

I 
the formula of R-C(R)=(C)-(C=O)m-M wherein each R is independently selected from 

hydrogen, hydrocarbyl radicals, optionally substituted hydrocarbyl moieties having 

from 1-10 carbon atoms and combinations thereof; M is a morpholine group; and m 

30 is l or 0. 

17. A composition according to claim 1 wherein said vinyl morpholine is 

N-acryloyl morpholine. 

18. A composition according to claim 15 wherein said vinyl morpholine is 
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N-acryloy1 morpholine. 

19. 

.20. 

21. 

sulfate. 

22. 

sulfate. 

23. 

24. 

A composition according to claim 1 further comprising a cement. 

A composition according to claim 18 further comprising a cement. 

A ·composition according. to claim. 19 further comprising calcium 

A composition according to claim 20 further comprising calcium 

A composition according to claim 21, further comprising a liquid. 

A composition according to claim 21, further comprising water. 

10 25. A composition according to claim 23, wherein said· polymer is present 

.in said composition in the range from 0.2 to 2 weight percent. 

26. A composition according to any preceding claim wherein said repeat 

units are derived from acryl~ide, hydi-oxyethy1 acrylate, and at least two monomers 

selected from the group consisting of (1) 4-vinyl pyridine and sodium acrylate; (2)-N-

15 acryloyl morpholine and dimethylaminopropyl methacryJamide; (3) sodium acrylate 

and dimethylaminopropyl methacrylamide; (4) sodium acrylate, 4-vinyl pyridine, and 

N-acryloyl morpholine; and combinations of two or more thereof. 

27. A process comprisirig in~oducing a composition into a subterranean 

formation wherein said composition is a composition according to any preceding 

20 claim. 


