
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
7 June 2007 (07.06.2007) PCT WO 2007/063317 Al

(51) International Patent Classification: Kacey Street, Duncan, OK 73533 (US). PALMER, An¬
C09K 81467 (2006.01) C04B 24/26 (2006.01) thony, V. [US/US]; 429 K St SW, Ardmore, OK 73401
C09K 8/575 (2006.01) C04B 16/06 (2006.01) (US).
C09K 8/508 (2006.01)

(74) Agents: CURTIS, Philip, Anthony et al.; A A Thornton

(21) International Application Number: & Co, 235 High Holbom, London WClV 7LE (GB).

PCT/GB2006/004484
(81) Designated States (unless otherwise indicated, for every

(22) International Filing Date: kind of national protection available): AE, AG, AL, AM,

30 November 2006 (30.1 1.2006) AT,AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,

(25) Filing Language: English GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV,LY,MA, MD, MG, MK, MN, MW, MX, MY,(26) Publication Language: English
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,

(30) Priority Data:
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW

11/291,719 1 December 2005 (01.12.2005) US
11/291,795 1 December 2005 (01.12.2005) US (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): HAL¬ GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

LIBURTON ENERGY SERVICES, INC. [US/US]; P.O. ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
Box 1431, Duncan, OK 73533 (US). European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

FR, GB, GR, HU, IE, IS, IT, LT, LU, LV,MC, NL, PL, PT,
(71) Applicant (for M W only): CURTIS, Philip, Anthony RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,

[GB/GB]; A A Thornton & Co, 235 High Holbom, London GN, GQ, GW, ML, MR, NE, SN, TD, TG).
WClV 7LE (GB).

Published:
(72) Inventors; and — with international search report
(75) Inventors/Applicants (for US only): REDDY, Raghava,

B. [IN/US] ; 2013 Waverly Drive, Duncan, OK 73533 (US). For two-letter codes and other abbreviations, refer to the "G uid

LEWIS, Samuel, J. [US/US]; 2005 Meadowview, Dun ance Notes on Codes and Abbreviations" appearing at the beg in
can, OK 73533 (US). SANTRA, Ashok, K. [IN/US]; 3422 ning of each regular issue of the PCT Gazette.

(54) Title: WELLBORE SEALANT COMPOSITIONS CONTAINING CATIONIC LATEXES AND METHODS OF USING
THEM

(57) Abstract: The disclosure relates to a wellbore sealant composition comprising a cementitious material and a cationic latex,
and to a method of servicing a wellbore in contact with a subterranean formation, comprising: placing the sealant composition in
the wellbore.



WELLBORE SEALANT COMPOSITIONS CONTAINING CATIONIC LATEXES
AND METHODS OF USING THEM

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to servicing a wellbore. More specifically, it relates to servicing a

wellbore with sealant compositions comprising a catiorήc latex and methods of using same.

Background of the Invention

Natural resources such as gas, oil, and water residing in a subterranean formation or

zone are usually recovered by drilling a welibore down to the subterranean formation while

circulating a drilling fluid in the wellbore. After terminating the circulation of the drilling fluid,

a string of pipe, e.g., casing, is run in the wellbore. The drilling fluid is then usually circulated

downward through the interior of the pipe and upward through the annulus, which is located

between the exterior of the pipe and the walls of the wellbore. Next, primary cementing is

typically performed whereby a cement slurry is placed in the annulus and permitted to set into a

hard mass (i.e., sheath) to thereby attach the string of pipe to the walls of the wellbore and seal

the annulus. Subsequent secondary cementing operations may also be performed.

Fluids used in servicing a wellbore may be lost to the subterranean formation while

circulating the fluids in the wellbore. These fluids may enter the subterranean formation via

permeable zones such as depleted zones, zones of relatively low pressure, lost circulation zones

having naturally occurring fractures, weak zones having fracture gradients exceeded by the

hydrostatic pressure of the servicing fluid, and so forth. As a result, the service provided by

such fluids is more difficult to achieve. Also, the loss of such fluids increases the cost of the

overall operation due to the prolonged rig time required, the fluids being relatively expensive,

and possibly a need to install casing.



There are a variety of methodologies for combating drilling fluid circulation losses.

Such methodologies may involve adding loss prevention materials to the drilling fluid itself and

continue the drilling process or pump fluid until fluid circulation is restored. Similarly,

cementing slurries may be lost to the formation during placement for a variety of reasons,

including exceeding the fracture gradient of the formation because of high hydrostatic

pressures. Specific methods for preventing fluid circulation losses include pumping cement

slurries containing cement in an aqueous or nonaqueous fluid, sodium silicate solutions, or

latex based fluids and causing them to mix with another appropriate fluid to form solid plugs in

the loss circulation zones.

When such methods are successful in preventing drilling fluid circulation losses, the

operators may case the wellbore or use a drill ahead process (vide infra). For example,

operators may temporarily stop drilling operations, case the well bore, and cement the casing

before resuming further drilling, which may result in a reduced well bore diameter from that

point forward. Casing the wellbore is practiced when the loss circulation treatment is not

strong enough to withstand hydrostatic pressure of the drilling fluid if drilling is resumed

without casing the well bore. Alternatively, it is more economical during the well construction

phase and more profitable during the production phase if the loss circulation treatment provides

sufficient reinforcement to the loss circulation zone such that it can withstand hydrostatic

pressure from further drilling without resorting to casing the wellbore. This will not only save

the cost of casing, but it will also lead to a wider well bore diameter upon completion which

will increase fluid production rates. The latter process is referred to as "drill ahead" process in

the industry.

Another oil field related problem that occurs either during well construction or in

mature oilwells is unwanted water production. While hydrocarbon-producing wells are usually



completed in hydrocarbon-bearing formations, such formations may contain, or may be

adjacent to, water-bearing sections. Generally, the term "water-bearing section" refers to any

portion of a subterranean formation that may produce water, including a hydrocarbon-bearing

section that has sufficiently high water saturation such that water may be produced along with

hydrocarbons. The high mobility of the water may allow it to flow into the well bore by way of

natural fractures and/or high permeability streaks present in the formation. During oilwell

construction, drilling through a fresh water zone may cause water flow into the wellbore

through natural or induced fractures. The production of water with hydrocarbons from

subterranean wells constitutes a major problem and expense in the production of the

hydrocarbons. Over the life of such wells, the ratio of water to hydrocarbons recovered may be

undesirable in view of the cost of producing the water, separating it from the hydrocarbons, and

disposing of it, which can represent a significant economic loss.

Subterranean stimulation treatments have long been used in the field of hydrocarbon

production to increase the flow of hydrocarbons to the well bore. One such stimulation

treatment is hydraulic fracturing, where specialized fluids are pumped into the subterranean

formation at sufficient pressures to create or enhance at least one fracture within the formation,

thereby increasing fluid flow through the formation to the well bore. When a formation

contains water-bearing sections, however, the water level will increase continuously over time

and may reach a point when the fracture need to be plugged and a new fracture introduced at a

different depth in the wellbore. In all such cases to control the production of unwanted water

through fractures, corrective fluids containing sealant compositions, for example cementitious

compositions, need to be pumped into the fracture and allowed to plug them. Such methods of

controlling water production are frequently referred to as conformance control. Magnesium

salt based sealant systems typically referred to as Sorel cements, comprising magnesium oxide



and a soluble salt, for example magnesium chloride, magnesium sulfate or ammonium mono or

dibasic phosphate have been found to be suitable for such conformance control applications.

Sorel cements based on magnesium chloride and magnesium sulfates as soluble salts suffer

from instability upon exposure to water. The instability manifests as the development of cracks

in a short time upon exposure to water and the subsequent loss of structural integrity as a

sealant.

Anionic latex has been used as an additive to modify the properties of cement slurries.

For cementing wells with acidic gases, such as carbon dioxide or formation fluids containing

hydrogen sulfide, high alumina cements are typically employed. These cements may also be

used in the cementing of high temperature wells. The use of anionic latex, for the purpose of

fluid loss control, permeability reduction or mechanical property modification of high alumina

cements has often resulted in cement slurries with poor fluid loss control and in set cement

compositions that leach latex into the aqueous fluids surrounding the cement. Leaching of the

latex by water over the lifetime of the well increases the permeability of the set cement and

detrimentally affects its mechanical properties by reducing its strength and elasticity.

Accordingly, a need exists for improved wellbore sealant compositions suitable for lost

circulation applications, and in particular with drill ahead operations. A need also exists for

improved magnesium salt-based sealant compositions that are more resistant to structural

degradation, and in particular in conformance control operations. A need also exists for

improved sealant composition comprising latex that does not leach out of the sealant

composition, an in particular high alumina based sealant compositions. The present disclosure

addresses such needs as well an others that may be apparent to those skilled in the art.



BRIEF SUMMARY OF SOME OF THE PREFERRED EMBODIMENTS

The present invention relates to a wellbore sealant composition comprising a

cementitious material and a cationic latex into the wellbore, and to a method of using it

According to one aspect of the invention there is provided a wellbore sealant

composition comprising a cementitious material and a cationic latex. The composition may be

introduced into a wellbore.

According to another aspect of the invention there is provided a method of servicing a

wellbore in contact with a subterranean formation, comprising: placing a sealant composition

comprising a cementitious material and a cationic latex into the wellbore.

The foregoing has outlined rather broadly the features and technical advantages of the

present invention in order that the detailed description of the invention that follows may be

better understood. Additional features and advantages of the invention will be described

hereinafter that form the subject of the claims of the invention. It should be appreciated by

those skilled in the art that the conception and the specific embodiments disclosed may be

readily utilized as a basis for modifying or designing other structures for carrying out the same

purposes of the present invention. It should also be realized by those skilled in the art that such

equivalent constructions do not depart from the spirit and scope of the invention as set forth in

the appended claims.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Disclosed herein are sealant compositions comprising a cementitious material, which

when mixed in an aqueous fluid may have a pH in the range of from about 3 to about 10, and a

cationic latex. In an embodiment, said sealant compositions comprise a non-Portland cement

and a cationic latex. In another embodiment, the sealant compositions comprise a high alumina

cement and a cationic latex. Alternatively, the sealant compositions comprise magnesia



(magnesium oxide), magnesium chloride, magnesium sulfate or soluble phosphate salts of

ammonium or alkali metal ion and a cationic latex. As used herein, a "sealant composition"

refers to a fluid used to drill, complete, work over, repair, or in any way prepare a wellbore for

the recovery of materials residing in a subterranean formation penetrated by the wellbore.

Examples of sealant compositions include, but are not limited to cement slurries, lost

circulation pills, settable fluids, plugging compositions for plug-and-abandon purposes,

chemical packers, temporary plugs, spacer fluids, completion fluids, or remedial fluids all of

which are well known in the art. Such sealant compositions may be used in wellbore servicing

operations as known to those skilled in the art.

In an embodiment, the sealant composition comprises a cationic latex. Cationic latexes

may comprise latex forming monomers and positively charged monomers. Examples of latex

forming monomers that may be used to produce cationic latexes include, without limitation,

vinyl aromatic monomers (e.g., styrene based monomers), ethylene, butadiene, vinylnitrile

(e.g., acrylonitrile), olefinically unsaturated esters OfC 1-C alcohol, or combinations thereof. In

some embodiments, non-ionic monomers that exhibit steric effects and that contain long

ethoxylate or hydrocarbon tails may also be present. Examples of positively charged

monomers that may be used to produce cationic latexes include, without limitation those that

already have a positive charge that cannot be neutralized at pH values greater than about 10,

alternatively positively charged monomers which can be neutralized at pH values greater than

about 10. Examples of the former monomer type include without limitation those containing

quaternary ammonium groups, for example as in trimethylaminopropylmethacrylamide

bromide or monomers containing other onium species such as trialkylsulfonium or

tetraalkylphosphonium structures. Examples of the latter monomer type include without

limitation protonated tertiary amine containing monomers, for example



dimethylaminomethacrylamide which when polymerized in an acidic medium become cationic

by protonation of amine nitrogen. Commercial examples of cationic latexes include without

limitation ROADCHEM 600 or UP-65K which are cationic styrene-butadiene latexes available

from VSS Asphalt Technologies and Ultrapave respectively.

Methods for preparation of a cationic latex are known to one skilled in the art. For

example, a cationic latex may be prepared by conventional emulsion polymerization using an

azo initiator such as 2,2'-azobis(isobutylamidine hydrochloride). Alternatively, the cationic

latex may be produced through the copolymerization of a latex with cationic or amine

containing comonomers. Methods of preparing cationic latexes are disclosed in U.S. Patent

Nos. 4,791,161; 4,560,736; 3,108,979; and 3,399,159, each of which is incorporated by

reference herein in its entirety.

In an embodiment, the sealant composition may further comprise any cementitious

material other than a Portland cement. In an embodiment, the sealant composition may further

comprise a cementitious material that when mixed in water, the resultant sealant composition

has a pH of from about 3 to about 10. Examples of suitable cementitious materials include but

not are not limited to a high alumina cement, a magnesia-based cement, a gypsum cement,

gypsum plaster, a zinc oxychloride cement, an aluminum oxychloride cement, a zinc phosphate

cement, a silicophosphate cement, or combinations thereof

In an embodiment, the hydraulic cement comprises a high alumina cement, a gypsum

cement, a magnesia based cement or combinations thereof. Alternatively, the sealant

composition comprises a high alumina cement, which comprises calcium, aluminum, and

oxygen, and sets and hardens by reaction with water. Herein a high alumina cement refers to a

cement having from about 35% to about 80% by weight of calcium aluminate. Such cements

may further comprise small amounts of iron oxides and silica. Examples of suitable high



alumina cementitious materials include without limitation SECAR 60, SECAR 5 1 and SECAR

7 1 which are high alumina hydraulic cements commercially available from Lafarge

Aluminates, Cheasapeake, VA and THERMALOCK cement which is a high alumina cement

commercially available from Halliburton Energy Services. Cationic latexes are less effective

when used in combination with Portland cements (e.g., Class A, C, G and H cements), and thus

the cementitious material preferably excludes such Portland cements.

In an embodiment, the hydraulic cement comprises magnesia-based cements, also

known as Sorel cements. Sorel cements are based on magnesia (magnesium oxide) and a

soluble salt such as a soluble chloride, sulfate, or phosphate salt. Suitable salts include

magnesium salts, for example magnesium chloride or magnesium sulfate or a soluble

phosphate, for example mono- or dibasic ammonium phosphate. Examples of suitable

magnesium oxides for the production of Sorel cement compositions include without limitation

OXYMAG magnesia based cement product which is a finely ground magnesium oxide powder

and AQUAMAG magnesium hydroxide which is an aqueous magnesium hydroxide suspension

both commercially available from Premier Chemicals LLC, King of Prussia, PA. Soluble

magnesium salts such as magnesium chloride, magnesium sulfate and soluble phosphate salts

such as ammonium phosphate are widely available commercially. A discussion of various

magnesia-based cements can be found in Lea's Chemistry of Cement and Concrete by Peter

Hewlett: Fourth Edition, pages 813-820: 2003: Elsevier Publishing.

In some embodiments, the sealant compositions comprising a cationic latex include a

sufficient amount of water to form a pumpable cementitious slurry. The water may be fresh

water or salt water, e.g., an unsaturated aqueous salt solution or a saturated aqueous salt

solution such as brine or seawater. The water may be present in the amount from about 20 to

about 180 percent by weight of cement, alternatively from about 28 to about 60 percent by
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weight of cement. The cement compositions may comprise a density from about 4 lb/gallon to

about 23 lb/gallon. In alternative embodiments, the cement compositions may comprise a

density from about 12 lb/gallon to about 17 lb/gallon. In other alternative embodiments, the

cement compositions may be low-density cement compositions with a density from about 6

lb/gallon to about 14 lb/gallon.

In an embodiment, the sealant composition comprising a cationic latex further

comprises a hydraulic cement and a non-aqueous carrier fluid that can viscosify or solidify

when combined with an aqueous fluid in wellbore zones where a fluid (e.g., drilling fluid) is

being lost. In such embodiments, the sealant compositions comprising a cationic latex includes

a sufficient amount of a nonaqueous fluid to form a pumpable slurry. Such nonaqueous fluids

are well known to one of ordinary skill in the art and include without limitation diesel, linear

alpha olefins, mineral oil, esters or combinations thereof. Such sealant compositions

comprising a nonaqueous fluid may require suspension aids, for example organophilic clay to

prevent settling of cement particles. The amount of nonaqueous solvent to be included in the

compositions may depend on the specific gravity of the nonaqueous fluid and slurry density

desired. Methods for determining the amount of nonaqueous fluid needed to prepare the

sealant compositions comprising a cationic latex are known to one of ordinary skill in the art.

A sealant composition comprising a cationic latex may further comprise salts of

monovalent (e.g., Na+), divalent (e.g., Ca2+' Mg 2+), and trivalent cations. In such

embodiments, the compositions may be saturated with the disclosed salts to ensure that they do

not wash out or dissolve salt zones located in the subterranean formation. Alternatively, the

sealant composition itself may require the use of salts, for example as in the case of magnesium

oxide based Sorel cements. The cationic latex has a relatively high tolerance to salts. Thus, it

may remain stable in the presence of the salts contained in the sealant compositions comprising



a cationic latex and in the presence of salts that it may encounter in the wellbore without the

need to introduce additional stabilizing surfactants, e.g., ethyoxylated nonylphenol surfactant,

to the compositions. In an embodiment, the salts encountered in the wellbore do not raise the

pH of the composition. It is to be understood that, if desired, stabilizing surfactants may be

employed in the sealant compositions comprising a cationic latex and may be distinguished

from ethylenically unsaturated surfactants incorporated in the backbone of the latex polymer.

In an embodiment, the sealant composition comprising a cationic latex further

comprises a surfactant. The surfactant may be any surfactant that stabilizes the sealant

composition comprising a cationic latex. In some embodiments the surfactant is anionic,

alternatively cationic, alternatively neutral. Alternatively, the surfactants may be zwitterions

(i.e. containing both anionic and cationic charges), which are commonly referred to as betaines.

Zwitterionic surfactants containing sulfonate groups are referred to as sultaines. In an

embodiment, the surfactant is a betaine such as cocoamidopropyl betaine, alternatively the

surfactant is a sultaine such as cocoamidopropyl hydroxysulatine. Examples of suitable

surfactants include without limitation HC-2 surface-active suspending agent which is a

zwitterionic surfactant commercially available from Halliburton Energy Services and

REWOTERIC AM HC, a sultaine commercially available from Witco Corporation, Dublin,

Ohio.

The sealant composition comprising a cationic latex can further comprise additives for

improving or changing its properties. Examples of suitable additives include fluid absorbing

materials, hollow glass or ceramic beads, densifying materials such as haemetite, manganese

oxides or barium sulfate, particulate materials, organophilic clay, superabsorbers for aqueous

fluids, viscosifying agents, suspending aids, dispersing agents, set retarding agents, fluid loss



agents, mechanical property modifying agents such as fibers, elastomers or combinations

thereof.

The sealant compositions comprising a cationic latex can be used for any purpose. In

an embodiment, the sealant composition comprising a cationic latex is used to service a

wellbore that penetrates a subterranean formation. It is to be understood that "subterranean

formation" encompasses both areas below exposed earth and areas below earth covered by

water such as ocean or fresh water. Servicing a wellbore includes, without limitation,

positioning the sealant composition comprising a cationic latex in the wellbore to isolate the

subterranean formation from a portion of the wellbore; to support a conduit in the wellbore; to

plug a void or crack in the conduit; to plug a void or crack in a cement sheath disposed in an

annulus of the wellbore; to plug a perforation; to plug an opening between the cement sheath

and the conduit; to prevent the loss of aqueous or nonaqueous drilling fluids into loss

circulation zones such as a void, vugular zone, or fracture; to plug a well for abandonment

purposes; a temporary plug to divert treatment fluids; as a chemical packer to be used as a fluid

in front of cement slurry in cementing operations; and to seal an annulus between the wellbore

and an expandable pipe or pipe string. For instance, the sealant composition comprising a

cationic latex may viscosify in a loss-circulation zone and thereby restore circulation. The

viscosifϊed mixture can set into a flexible, resilient and tough material, which may prevent

further fluid losses when circulation is resumed. The sealant composition comprising a cationic

latex may withstand substantial amounts of pressure, e.g., the hydrostatic pressure of a drilling

fluid or cement slurry, without being dislodged or extruded. In an embodiment the sealant

composition comprising a cationic latex sets into a hard mass with compressive strengths of

from about 250 psi to about 15000 psi. Herein the compressive strength is defined as the

capacity of a material to withstand axially directed pushing forces. The maximum resistance of



a material to an axial force is determined in accordance with American Petroleum Institute

(API) Specification 1OA, 23rd Edition, April 2002. Beyond the limit of the compressive

strength, the material becomes irreversibly deformed and no longer provides structural support

and/or zonal isolation.

The sealant composition comprising a cationic latex may form a sealant composition

and provide a relatively viscous mass inside the loss-circulation zone. The sealant composition

comprising a cationic latex can also form a non-flowing, intact mass inside the loss-circulation

zone. This mass plugs the zone and inhibits loss of subsequently pumped drilling fluid, which

allows for further drilling. It is to be understood that, it may be desired to hasten the

viscosification reaction for swift plugging of the voids. In another embodiment, it may be

desired to prolong or delay the viscosification for deeper penetration into the voids. The active

polymer content of the latex emulsion may range from about 0.2% to about 30% by weight of

the cement composition, alternatively from about 3% to about 15% by weight of the cement

composition.

In an embodiment, the sealant composition comprising a cationic latex is placed into a

wellbore as a single stream and activated by downhole conditions to form a barrier that

substantially seals loss circulation zones. In another embodiment, the sealant composition

comprising a cationic latex may be constituted downhole as a two stream combination. In such

a process, the components of the sealant system may be injected in aqueous or nonaqueous or

combination fluids. In an embodiment, the cationic latex is present in the aqueous stream. The

cementitious materials may be introduced into the wellbore in a nonaqueous fluid and caused to

mix with the aqueous fluid containing the cationic latex. Thus for example, when the

cementitious material comprises a single cementitious material such as gypsum or high

aluminate cement (for example calcium aluminate) such material may be suspended in a



nonaqueous fluid and pumped down the drill pipe or casing and allowed to contact an aqueous

stream containing the canonic latex pumped down the annulus. Alternatively, the nonaqueous

stream containing the cementitious material may be pumped down the annulus, and the latex

containing aqueous stream pumped down the drill pipe or casing. On the other hand, when the

cementitious material requires two components to set, for example as in the case of Sorel

cements, one component, for example magnesium oxide, may be pumped as a nonaqueous

suspension down the drill pipe or down the annulus. The aqueous stream containing the

cationic latex and the second component of the cementitious composition, for example a

soluble salt such as magnesium chloride, magnesium sulfate or ammonium monobasic or

dibasic phosphate may be pumped down the annulus or down the drill pipe or casing. In an

embodiment, a sealant composition comprising a magnesia based cement and a latex made

cationic because of its preparation at acidic pH, is prepared using a two stream method by

contacting said cement as a nonaqueous suspension with a second aqueous cationic latex

stream which is allowed to mix downhole.

Methods for introducing compositions into a wellbore to seal subterranean zones are

described in U.S. Patent Nos. 5,913,364; 6,167,967; and 6,258,757, each of which is

incorporated by reference herein in its entirety.

In an embodiment, the sealant compositions comprising a cationic latex may be

employed in well completion operations such as primary and secondary cementing operations.

Said compositions may be placed into an annulus of the wellbore and allowed to set such that it

isolates the subterranean formation from a different portion of the wellbore. The sealant

compositions comprising a cationic latex thus form a barrier that prevents fluids in that

subterranean formation from migrating into other subterranean formations. Within the annulus,

the fluid also serves to support a conduit, e.g., casing, in the wellbore.



In an embodiment, the wellbore in which the sealant compositions comprising a

cationic latex is positioned belongs to a multilateral wellbore configuration. It is to be

understood that a multilateral wellbore configuration includes at least two principal wellbores

connected by one or more ancillary wellbores. In secondary cementing, often referred to as

squeeze cementing, the wellbore sealant composition comprising a cationic latex may be

strategically positioned in the wellbore to plug a void or crack in the conduit, to plug a void or

crack in the hardened sealant (e.g., cement sheath) residing in the annulus, to plug a relatively

small opening known as a microannulus between the hardened sealant and the conduit, and so

forth, thus acting as a sealant composition. Various procedures that may be followed to use a

sealant composition in a wellbore are described in U.S. Patent Nos. 5,346,012 and 5,588,488,

which are incorporated by reference herein in their entirety.

In other embodiments, additives are also pumped into the wellbore with the sealant

compositions comprising a cationic latex. For instance, fluid absorbing materials, particulate

materials, organophilic clay, resins, aqueous superabsorbers, viscosifying agents, suspending

agents, dispersing agents, fluid loss agents, mechanical property modifying agents such as

fibers, elastomers or combinations thereof can be pumped in the stream with the compositions

disclosed.

In an embodiment, the sealant compositions comprising a high alumina cement and a

cationic latex exhibit good fluid loss control of the cement slurry and have reduced leaching

when compared to an otherwise identical composition lacking a cationic latex. In another

embodiment, the sealant compositions comprising a magnesia-based cement and a cationic

latex exhibit increased structural integrity when compared to an otherwise identical

composition lacking a cationic latex.



EXAMPLES

The invention having been generally described, the following examples are given as

particular embodiments of the invention and to demonstrate the practice and advantages

thereof. It is understood that the examples are given by way of illustration and are not intended

to limit the specification of the claims in any manner.

EXAMPLE l

The mechanical properties and leaching of high aluminate cement slurries with and

without a cationic styrene-butadiene latex, JG - 6082, obtained from Dow Reichhold

Corporation were compared. A cement slurry was prepared containing the THERMALOCK

cement, 39% water, 0.4 % citric acid and D-AIR 3000L incorporated at 0.01 gal/sk. D-AIR

3000L antifoaming agent is a defoamer and THERMALOCK cement is a high alumina cement

both commercially available from Halliburton Energy Services. The slurry had a final density

of 15 ppg. All percentages given are by weight of cement. Two additional slurries were

prepared containing either 0.5 gal/sk or 1.0 gal/sk cationic latex (as indicated), 0.06 gal/sk of

HC-2, 34% water and 0.05 gal/sk DAIR 3000L defoamer. HC-2 surface-active suspending

agent is a zwitterionic surfactant commercially available from Halliburton Energy Services.

Slurries containing the cationic latex had a final density of 14.9 ppg. All slurries were cured at

190 °F for 72 hours under a pressure of 3000 psi. The mechanical properties, namely Young's

modulus and Poisson's Ratio were determined in accordance with ASTM D 3148 - 02

(Standard Test Method for Elastic Moduli of Intact Rock Core Specimens in Uniaxial

Compression) method while teachability of the latex was determined by placing the set cement

in water at 80 °F for 18 hours and observing if the water became cloudy indicating leaching of

the latex into solution. Compressive strengths were measured as described in American

Petroleum Institute (API) Specification 1OA, 23rd Edition, April 2002. Tensile strengths were



measured on dog-bone shaped briquettes according to the procedure described for the test

CRD-C260-01 in the U.S. Army Corps of Engineers' Handbook for Concrete and Cement.

The results of these experiments are presented in Table 1. The results demonstrate that slurry

formulations containing the cationic latex had reduced leachability.

Table 1

* Leachability was determined by visual observation **NA = not applicable

EXAMPLE 2

Different latexes were compared for their ability to improve permeability, leachability,

material strength, and fluid loss. A base slurry formulation is given in Table 2 .

Table 2

To the base slurry formulation was added Latex 2000 or Cationic latex. Latex 2000

cement additive is a traditional anionic styrene-butadiene latex commercially available from

Halliburton Energy Services. Cationic latex used in Examples 1-4 is a cationic styrene

butadiene latex commercially available as JG - 6082 from Dow Reichhold Inc. The slurries

had a final density of 14.0 ppg and were cured at 190 0F for 72 hours. The mechanical

properties and leachability of the set slurry were determined as described in Example 1 and are

presented in Table 3 . Fluid loss was measured according to American Petroleum Institute



(API) Specification 1OA, 23rd Edition, April 2002. Cement permeability was measured using a

cement permeameter according to the procedure described in American Petroleum Institute

(API) Specification 1OA, 23 d Edition, April 2002.

Table 3

The results demonstrate that the addition of a cationic latex improves fluid loss, reduces

permeability, improves mechanical strength and reduces leachability of the set composition

upon exposure to water.

EXAMPLE 3

Composition 2 of Example 2 was cured at 250 0F for 10 days and the mechanical

properties and permeability of the composition determined. Results are given in Table 4 .

Table 4

The results demonstrate addition of a cationic latex provided a less brittle composition

with improved elasticity.

EXAMPLE 4

A cement composition was prepared having the following general slurry design; 690 g

MgCl 2, 690 g MgO, 300 g H2O and the indicated amount of JG - 6082 was added to the base

slurry. JG - 6082 is cationic latex commercially available from Dow Reichhold Inc as a 50%

aqueous emulsion. The samples were poured in plastic containers with lids and cured in an



oven at 140 °F for 72 hrs. The cured samples were taken out of the plastic containers and kept

in water. The time lapsed before visible cracks developed in the solid samples was noted.

Table 5 shows the time for loss of structural integrity as evinced by the appearance of cracks.

Table 5

Cafionic Cationic Latex Cationic Control with no
Latex Latex latex

Additive Amount 6.67% 13.3% 20% NONE
Crack appeared after [ 12-16 hours | 24-36 hours | > 10 days | 5-8 hours

Additive amount is given as by weight of MgO.

The results demonstrate a significant delay before the loss of structural integrity for

magnesia based cement compositions comprising a cationic latex when compared to an

otherwise identical composition lacking said latex.

While preferred embodiments of the invention have been shown and described,

modifications thereof can be made by one skilled in the art without departing from the spirit

and teachings of the invention. The embodiments described herein are exemplary only, and are

not intended to be limiting. Many variations and modifications of the invention disclosed

herein are possible and are within the scope of the invention. Where numerical ranges or

limitations are expressly stated, such express ranges or limitations should be understood to

include iterative ranges or limitations of like magnitude falling within the expressly stated

ranges or limitations (e.g., from about 1 to about 10 includes, 2, 3, 4, etc.; greater than 0.10

includes 0 .11, 0.12, 0.13, etc.). Use of the term "optionally" with respect to any element of a

claim is intended to mean that the subject element is required, or alternatively, is not required.

Both alternatives are intended to be within the scope of the claim. Use of broader terms such as

comprises, includes, having, etc. should be understood to provide support for narrower terms

such as consisting of, consisting essentially of, comprised substantially of, etc.



Accordingly, the scope of protection is not limited by the description set out above but

is only limited by the claims which follow, that scope including all equivalents of the subject

matter of the claims. Each and every claim is incorporated into the specification as an

embodiment of the present invention. Thus, the claims are a further description and are an

addition to the preferred embodiments of the present invention. The discussion of a reference

herein is not an admission that it is prior art to the present invention, especially any reference

that may have a publication date after the priority date of this application. The disclosures of

all patents, patent applications, and publications cited herein are hereby incorporated by

reference, to the extent that they provide exemplary, procedural or other details supplementary

to those set forth herein.



CLAIMS:

1. A wellbore sealant composition comprising a cementitious material and a cationic latex.

2. The composition of claim 1 having a pH of from about 3 to about 10.

3. The composition of claim 1 wherein the cementitious material comprises an alumina

cement, a magnesia-based cement, a gypsum cement, a zinc oxychloride cement, an aluminum

oxychloride cement, a zinc phosphate cement, a silicophosphate cement, or combinations

thereof.

4. The composition of claim 1 wherein the cementitious material comprises a gypsum

cement.

5. The composition of claim 1 wherein the sealant composition comprises an alumina

cement having from about 35 wt.% to about 80 wt.% calcium aluminate.

6 . The composition of claim 1 wherein the sealant composition comprises a magnesia-

based cement further comprising magnesium oxide and a salt.

7. The composition of claim 6 wherein the salt is magnesium chloride, magnesium sulfate,

soluble phosphate salts of ammonium, soluble phosphate salts of alkali metals, or combinations

thereof.

8. The composition of claim 1 wherein the active polymer content of the latex emulsion is

present in an amount of from about 0.2% to about 30% by weight of the cement composition

9. The composition of claim 1 wherein the cationic latex comprises a latex-forming

monomer and a cationic monomer.

10. The composition of claim 9 wherein the latex-forming monomer is a vinyl aromatic

monomer, ethylene, butadiene, vinylnitrile, olefϊnically unsaturated esters of Ci-Cg alcohol, a

compound containing long ethoxylate or hydrocarbon tails, or combinations thereof



11. The composition of claim 9 wherein the latex-forming monomer is styrene, butadiene

or combinations thereof

12. The composition of claim 9 wherein the cationic monomer comprises quaternary

ammonium groups, onium species, sulfonium groups, phosphonium groups, tertiary amines, or

combinations thereof.

13. The composition of claim 9 wherein the cationic latex comprises

trimethylaminopropylmethacrylamide, trialkylsulfonium compounds, tetraalkylphosphonium

compounds, acid-polymerized dimethylaminomethacrylamide, or combinations thereof.

14. The composition of claim 1 wherein the sealant composition further comprises a salt of

a monovalent cation, a salt of a divalent, cation, a salt of a trivalent cation or combinations

thereof

15. The composition of claim 1 wherein the sealant composition further comprises an

anionic, cationic, neutral or zwitterionic surfactant, or combinations thereof.

16. The composition of claim 1 wherein the sealant composition further comprises a

zwitterionic surfactant having a sulfonate group.

17. The composition of claim 16 wherein the zwitterionic surfactant comprises

cocoamidopropyl betaine, cocoamidopropyl hydroxysulatine, or combinations thereof.

18. The composition of claim 1 wherein the cementitious material comprises alumina

cement and the cationic latex comprises a styrene-butadiene copolymer.

19. The composition of claim 18 further comprising a zwitterionic surfactant.

20. The composition of claim 1 wherein the cementitious material comprises a magnesia-

based cement and the cationic latex comprises a styrene-butadiene copolymer.

21. The composition of claim 20 wherein the magnesia-based cement comprises

magnesium oxide and magnesium chloride.



22. A method of servicing a wellbore in contact with a subterranean formation, comprising:

placing a sealant composition comprising a cementitious material and a cationic latex into the

wellbore.

23. The method of claim 22 wherein the sealant composition has a pH of from about 3 to

about 10.

24. The method of claim 22 wherein the cementitious material comprises an alumina

cement, a magnesia-based cement, a gypsum cement, a zinc oxychloride cement, an aluminum

oxychloride cement, a zinc phosphate cement, a silicophosphate cement, or combinations

thereof.

25. The method of claim 22 wherein the cementitious material comprises a gypsum cement.

26. The method of claim 22 wherein the sealant composition comprises an alumina cement

having from about 35 wt.% to about 80 wt.% calcium aluminate.

27. The method of claim 22 wherein the sealant composition comprises a magnesia-based

cement further comprising magnesium oxide and a salt.

28. The method of claim 27 wherein the salt is magnesium chloride, magnesium sulfate,

soluble phosphate salts of ammonium, soluble phosphate salts of alkali metals, or combinations

thereof.

29. The method of claim 22 wherein the active polymer content of the latex emulsion is

present in an amount of from about 0.2% to about 30% by weight of the cement composition

30. The method of claim 22 wherein the cationic latex comprises a latex-forming monomer

and a cationic monomer.

31. The method of claim 30 wherein the latex-forming monomer is a vinyl aromatic

monomer, ethylene, butadiene, vinylnitrile, olefinically unsaturated esters of Ci-C alcohol, a

compound containing long ethoxylate or hydrocarbon tails, or combinations thereof.



32. The method of claim 30 wherein the latex-forming monomer is styrene, butadiene or

combinations thereof.

33. The method of claim 30 wherein the cationic monomer comprises quaternary

ammonium groups, onium groups, sulfonium groups, phosphonium groups, protonated tertiary

amines, or combinations thereof.

34. The method of claim 30 wherein the cationic monomer comprises

trimethylaminopropylmethacrylamide, trialkylsulfonium compounds, tetraalkylphosphonium

compounds, acid-polymerized dimethylaminomethacrylamide, or combinations thereof.

35. The method of claim 22 wherein the sealant composition further comprises a salt of a

monovalent cation, a salt of a divalent, cation, a salt of a trivalent cation or combinations

thereof.

36. The method of claim 22 wherein the sealant composition further comprises an anionic,

cationic, neutral or zwitterionic surfactant, or combinations thereof.

37. The method of claim 22 wherein the sealant composition further comprises a

zwitterionic surfactant having a sulfonate or a carboxylate group.

38. The method of claim 37 wherein the zwitterionic surfactant comprises

cocoamidopropyl betaine, cocoamidopropyt hydroxysulatine, or combinations thereof.

39. The method of claim 22 wherein the wellbore service comprises positioning the sealant

composition in the wellbore to isolate the subterranean formation from a portion of the

wellbore; to support a conduit in the welibore; to plug a void or crack in the conduit; to plug a

void or crack in a cement sheath disposed in an annulus of the wellbore; to plug a perforation;

to plug an opening between the cement sheath and the conduit; to prevent the loss of aqueous or

nonaqueous drilling fluids into loss circulation zones such as a void, vugular zone, or fracture;

to plug a wellbore for abandonment; to serve as a temporary plug to divert treatment fluids; to



serve as a chemical packer; to serve as a spacer fluid in front of cement slurry in cementing

operations; to seal an annulus between the wellbore and an expandable pipe or pipe string; or

combinations thereof.

40. The method of claim 22 wherein the wellbore service comprises conformance control or

a lost circulation treatment.

41. The method of claim 22 wherein the wellbore service comprises lost circulation

treatment followed by a drill ahead process.

42. The method of claim 22 wherein the sealant composition is placed in the wellbore via a

two stream process, an aqueous stream comprises at least one component of the sealant

composition, a nonaqueous stream comprises another at least one component of the sealant

composition, and the two streams are contacted downhole to form the sealant composition in

situ in the wellbore.
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