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CEMENT COMPOSITIONS CONTAINING FLEXIBLE, COMPRESSIBLE BEADS
AND METHODS OF CEMENTING IN SUBTERRANEAN FORMATIONS

FIELD OF THE INVENTION

This invention generally relates to cementing in subterranean formations penetrated by
well bores. More specifically, the invention relates to cement compositions comprising
flexible, compressible beads, and processes for making the compositions.

BACKGROUND OF THE INVENTION

Well cementing is a process used in penetrating subterranean zones (also known as
subterranean formations) to recover subterranean resources such as gas, oil, minerals, and
water. In well cementing, a well bore is drilled while a drilling fluid is circulated through the
well bore. The circulation of the drilling fluid is then terminated, and a string of pipe, e.g.,
casing, is run in the well bore. The drilling fluid in the well bore is conditioned by circulating it
downwardly through the interior of the pipe and upwardly through the annulus, which is
located between the exterior of the pipe and the walls of the well bore. Next, primary
cementing is typically performed whereby a slurry of cement and water 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 well bore and seal the annulus.

Low density or lightweight cement compositions are commonly used in wells that
extend through weak subterranean formations to reduce the hydrostatic pressure exerted by the
cement column on the weak formation. Conventional lightweight cement compositions are
made by adding more water to reduce the slurry density. Other materials such as bentonite,
diatomaceous earth, and sodium metasilicate may be added to prevent the solids in the slurry
from separating when the water is added. Unfortunately, this method has the drawback that the
addition of more water increases the cure time and reduces the strength of the resulting cement.

Lightweight cement compositions containing hollow spheres have been developed as a
better alternative to the cement compositions containing large quantities of water. The hollow
spheres are typically cenospheres, glass hollow spheres, or ceramic hollow spheres.
Cenospheres are hollow spheres primarily comprising silica (Si02) and alumina (Al,Os) and are
filled with gas. Cenospheres are a naturally occurring by-product of the burning process of a
coal-fired power plant. Their size may vary from about 10 to 350 um. These hollow spheres

reduce the density of the cement composition such that less water is required to form the
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cement composition. The curing time of the cement composition is therefore reduced. Further,
the resulting cement has superior mechanical properties as compared to cement formed by
adding more water. For example, the tensile and compressive strengths of the cement are
greater.

During the life of the well, the cement sheath is subjected to detrimental cyclical
stresses due to pressure and temperature changes resulting from operations such as pressure
testing, drilling, fracturing, cementing, and remedial operations. Conventional hollow spheres
suffer from the drawback of being brittle and fragile and thus ofien cannot sustain those
cyclical stresses. As a result, the cement sheath develops cracks and thus fails to provide zonal
isolation for the life of the well. A need therefore exists to develop a less brittle cement having
properties that would enable it to withstand pressure and temperature fluctuations for the life of
the well. The present invention advantageously provides cement compositions that can
withstand the cyclical stresses that occur during the life of the well.

SUMMARY OF THE INVENTION

The present invention includes cement compositions comprising flexible,
compressible beads, a process for preparing such cement compositions, and methods for
cementing a well bore in a subterranean formation using such cement compositions. One or
more flexible, compressible beads are mixed with the cement before pumping the cement
slurry into a well bore. The flexible, compressible beads are preferably composed of an
elastomeric material such as a copolymer of methylmethacrylate and acrylonitrile; a
terpolymer of methylmethacrylate, acrylonitrile, and vinylidene dichloride; phenolic resins; a
styrene-divinylbenzene copolymer; and polystyrene. The flexible, compressible beads may
be heated to expand the beads before mixing with the cement such that the ensuing cement
composition will have a desired density. Non-flexible beads such as glass hollow beads,
cenospheres, and ceramic hollow spheres may also be added to the cement.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In accordance with the invention, a relatively lightweight cement composition is formed
by combining flexible, compressible beads with a hydraulic cement and a fluid such as water.
Any suitable flexible, compressible bead that may expand and contract and that is compatible
with a cement (i.e., chemically stable over time upon incorporation into the cement) may be
combined with the cement to reduce its density. Flexible bead as used herein refers to a bead

that may expand and contract without adverse effect to the structure of the bead in response to
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changes in pressure and/or temperature. Preferred flexible, compressible beads are substantially
hollow objects filled with fluid (preferably gas), preferably spherical or substantially spherical
in shape, and having a flexible outer wall. Preferred flexible, compressible beads have a
diameter of about 6 to 150 micrometers at 25°C and atmospheric pressure. Preferably, the fluid
inside the flexible, compressible beads is air, carbon dioxide, an inert gas such as nitrogen, or
an organic liquid with a low boiling point such as n-butane, isobutane or pentane. Preferably,
the flexible, compressible beads have a substantially uniform, flexible outer wall comprising of
one or more elastomeric materials or polymers. The temperature at which the elastomeric
material melts or becomes so soft that it loses its ability to contain the fluid and/or expand and
contract is desirably higher than the temperature in the well bore, which may range from about
120°F to about 400°F. The elastomeric material is preferably a styrenic polymer, more
preferably a copolymer of methylmethacrylate and acrylonitrile or a terpolymer of
methylmethacrylate, acrylonitrile, and vinylidene dichloride.  Flexible, compressible beads
composed of this copolymer and this terpolymer are commercially available from Akzo Nobel ,
Inc., which is located in Duluth, Georgia, under the tradename EXPANCEL. Several grades of
EXPANCEL beads are available and may be selected depending upon the degree of expansion,
the physical state, and the temperature range for a given application. Other suitable materials
that may be used to form the flexible wall include, but are not limited to, a styrene-
divinylbenzene copolymer and polystyrene. Hollow polystyrene beads are available from
many polystyrene suppliers, such as Huntsman Corporation of Houston, Texas (sold as
GRADE 27, GRADE 51, or GRADE 55) and BASF Corporation of North Mount Olive, New
Jersey (sold under the tradename STYROPOR). The flexible, compressible beads are
incorporated into the cement in a concentration of preferably from about 1% to about 200% by
weight of the cement (bwoc), more preferably from about 2% to about 100%, and most
preferably from about 5% to about 50%.

In some embodiments, the flexible, compressible beads may be expanded before
mixing with the cement by heating the flexible, compressible beads to soften the wall of the
bead and to increase the pressure of the fluid (e.g., gas) therein. Preferred flexible,
compressible beads are capable of expanding up to 8 times their original diameters (i.e., the
diameter at 25°C and atmospheric pressure). For example, EXPANCEL beads having a
diameter in the range of 6 to 40 microns, upon expansion increase to a diameter of 20 to 150

microns. When exposed to heat, the beads can expand up to forty times or greater their
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original volumes. The expansion of the beads is generally measured by the decrease in the
specific gravity of the expanded material. Thus, for example, when EXPANCEL beads are
heated to above 212°F, the density of the beads decreases from 1,000 grams per liter for the
unexpanded beads to about 30 grams per liter for the expanded beads. The temperature at
which the flexible, compressible beads are heated depends on the polymer composition of the
bead wall and the desired density of the cement composition, which is typically in a range of
from about 6 to about 23 Ib/gal. The flexible, compressible beads may be added to the
cement composition by dry blending with the cement before the addition of a fluid such as
water, by mixing with the fluid to be added to the cement, or by mixing with the cement
shurry consecutively with or after the addition of the fluid. The beads may be presuspended in
water and injected into the cement mix fluid or into the cement slurry as an aqueous slurry.
Surfactants may be added to the composition to water-wet the surface of the beads so that
they will remain suspended in the aqueous phase even if the density of the beads is less than
that of the water. The surfactants are preferably nonionic, with a Hydrophile-Lipophile
Balance values in the range 9-18. The ability of a surfactant to emulsify two immiscible
fluids, such as oil and water, is often described in terms of Hydrophile-Lipophile balance
(HLB) values. These values, ranging from 0 to 40, are indicative of the emulsification
behavior of a surfactant and are related to the balance between hydrophilic and lipophilic
portions of the molecules. In general, surfactants with higher HLB values are more
hydrophilic than those with lower HLB values. As such, they are generally more soluble in
water and are used in applications where water constitutes the major or external phase and a
less polar organic fluid constitutes the minor or internal phase. Thus, for example,
surfactants with HLB values in the range 3-6 are suitable for producing water-in-oil
emulsions, whereas those with HLB values in the 8-18 range are suitable for producing oil-
in-water emulsions. A commonly used formula for calculating HLB values for nonionic
surfactants is given below:

HLB = 20 x My/(Mp + My)

where My is the formula weight of the hydrophilic portion of the molecule and My, is the
formula weight of the lipophilic portion of the molecule.

When mixtures of surfactants are used, the overall HLB values for the mixture is calculated
by summing the HLB contributions from different surfactants as shown in equation below:
HLB=(®; xHLB; + 82 XxHLB; + ...... +.....etc.,)
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where @1 is the weight fraction of surfactant # 1 in the total mixture, HLB; is the calculated
HLB value of surfactant #1, @, is the weight fraction of surfactant #2 in the total surfactant
mixture, and HLB, is the calculated HLB value of the surfactant #2, and so on.

It has been observed that a mixture of a preferentially oil-soluble surfactant and a
preferentially water-soluble surfactant provides better and more stable emulsions. In particular,
non-ionic ethoxylated surfactant mixtures containing from about 4 to about 14 moles of
ethylene oxide. The HLB ratio for a single surfactant or a surfactant mixture employed in the
present invention preferably ranges from about 7 to about 20, more preferably from about 8 to
about 18.

In one embodiment, a cement slurry densified by using a lower water to cement ratio is
lightened to a desired density by the addition of unexpanded or pre-expanded flexible,
compressible beads in order to make the final cement less brittle.

In another embodiment, hollow, non-flexible beads are mixed with the cement and the
flexible, compressible beads. Particularly suitable non-flexible beads are cenospheres, which
are commercially available from, for example, PQ Corporation of Valley Forge, Philadelphia
under the tradename EXTENDOSPHERES, from Halliburton Energy Services Inc. under the
tradename SPHERELITE, and from Trelleborg Fillite Inc. of Atlanta, Georgia under the
tradename FILLITE. Alternatively, the non-flexible beads may be glass beads or ceramic
beads. The non-flexible beads, particularly the industrial waste product of the cenosphere type,
are relatively inexpensive as compared to the polymeric flexible, compressible beads.
However, the non-flexible beads are more likely to break when subjected to downhole
temperature and pressure changes and provide brittle cement compositions.

The presence of the flexible, compressible beads in the cement composition provides
several benefits. For example, the flexible, compressible beads protect the ensuing hardened
cement from experiencing brittle failure during the life of the well even if some of the non-
flexible beads collapse. That is, the flexible wall and the gas inside of each bead contracts
under pressure and expands back to its original volume when the pressure is removed, thus
providing a mechanism for absorbing the imposed stress. The absorption of energy by the
flexible wall is expected to reduce the breakage of the more brittle beads when such
compositions are used. The flexible wall and the enclosed fluid also expand when the
temperature in the well bore increases, and they contract when the temperature decreases.

Further, the flexible, compressible beads improve the mechanical properties of the ensuing
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cement, such as its ductility and resilience. Cement comprising flexible, compressible beads
gains the following beneficial physical properties as compared to the same cement composition
without the flexible, compressible beads: lower elastic (Young’s) modulus, greater plastic
deformation, increased tensile strength, and lower Poisson’s ratio without significantly
compromising other desirable properties such as compressive strength.

In determining the relative amounts of flexible, compressible beads and non-flexible
beads to add to the cement composition to decrease its density, the additional costs incurred by
using the flexible, compressible beads should be weighed against the benefits provided by
using the flexible, compressible beads. For example, the amount of flexible, compressible
beads added to the cement may be in the range of from about 2% bwoc to about 20% bwoc,
and the amount of non-flexible beads in the cement may be in the range of from about 10%
bwoc to about 100% bwoc.

Any known cement may be utilized in the present invention, including hydraulic
cements composed of calcium, aluminum, silicon, oxygen, and/or sulfur which set and harden
by reaction with water. Examples of suitable hydraulic cements are Portland cements,
pozzolana cements, gypsum cements, high alumina content cements, silica cements, and high
alkalinity cements. The cement is preferably a Portland cement, more preferably a class A, C,
G, or H Portland cement, and most preferably a class A, G, or H Portland cement. A sufficient
amount of fluid is also added to the cement to form a pumpable cementitious slurry. The fluid
is preferably fresh water or salt water, i.e., an unsaturated aqueous salt solution or a saturated
aqueous salt solution such as brine or seawater. The amount of water present may vary and is
preferably selected to provide a cement slurry having a desired density. The amount of water
in the cement slurry is preferably in a range of from about 30% bwoc to about 120% bwoc, and
more preferably in a range of from about 36% bwoc to about 54% bwoc.

As deemed appropriate by one skilled in the art, additional additives may be added to
the cement composition for improving or changing the properties of the ensuing hardened
cement. Examples of such additives include, but are not limited to, set retarders such as
lignosulfonates, fluid loss control additives, defoamers, dispersing agents, set accelerators, and
formation conditioning agents. Other additives that may be introduced to the cement
composition to prevent cement particles from settling to the bottom of the fluid are, for

example, bentonite and silica fume, which is commercially available from Halliburton Energy
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Services Inc. under the tradename SILICALITE. Further, a salt such as sodium chloride may
be added to the cement composition when the drilling zone has a high salt content.

In preferred embodiments, a well cementing process is performed using the cement
composition containing the flexible, compressible beads. The well cementing process includes
drilling a well bore down to the subterranean zone while circulating a drilling fluid through the
well bore. A string of pipe, e.g., casing, is then run in the well bore. The drilling fluid is
conditioned by circulating it downwardly through the interior of the pipe and upwardly through
the annulus, which is located between the exterior of the pipe and the walls of the well bore.
The cement composition comprising flexible, compressible beads is then displaced down
through the pipe and up through the annulus, where it is allowed to set into a hard mass. In
alternative embodiments, the cement composition may be used for other projects such as
masonry or building construction.

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
hereof. It is understood that the examples are given by way of illustration and are not
intended to limit the specification or the claims to follow in any manner.

EXAMPLE 1

A cement slurry containing EXPANCEL flexible, compressible beads in
accordance with the present invention was formed by mixing together the following
components according to the procedure described in American Petroleum Institute (API)
Specification 10, 5% Edition, July 1, 1990: class H cement, water (117.20% bwoc);
SILICALITE silica fume (16.9% bwoc); bentonite (4.0% bwoc); HALAD-344 fluid loss
additive available from Halliburton Energy Services (0.5% bwoc); SCR-100 cement set
retarder available from Halliburton Energy Services (0.3% bwoc); sodium chloride (18%
bwoc); and defoamer (0.025 gal/sk). A dry mixture of SPHERELITE cenospheres available
from Halliburton Energy Services (55% bwoc) and EXPANCEL 53 WU beads (10% bwoc),
which are composed of a copolymer of methyl methacrylate and acrylonitrile having a
softening temperature above 200°F, was added to the slurry with slow agitation. The sturry
was subjected to a pressure of 4,000 psi in an autoclave to simulate the breakage of the
cenospheres under downhole conditions. The shurry density values before and after

pressurizing are reported in Table 1 below. A portion of the cement slurry was then poured
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into 2”x2”x2” brass cube molds and cured at 135°F in a pressure chamber under a pressure of
5,200 psi. Another portion of the slurry was poured into 1”x 2” cylindrical steel molds and
cured at the same temperature. The compressive strengths were measured on 2”x27x2”
molds using strength testing equipment manufactured by Tinius Olsen of Willow Grove,
Pennsylvania, according to American Society for Testing and Materials (ASTM) procedure
C190-97. A load versus displacement study was performed on 1”x2” cylinders using a MTS
load frame instrument manufactured by MTS Systems Corporation of Eden Prairie,
Minnesota without using any confining pressures (shown below in Tables 2 and 3).
EXAMPLE 2

The procedure of Example 1 was followed except that the EXPANCEL 53 beads were
replaced with EXPANCEL 820 WU beads, which are composed of a terpolymer of
methylmethacrylate, vinylidene dichloride, and acrylonitrile having a softening temperature
above 167°F.

EXAMPLE 3

The procedure of Example 1 was followed except that the EXPANCEL 53 beads were
replaced with EXPANCEL 551 WU beads, which are composed of a terpolymer of
methylmethacrylate, vinylidene dichloride, and acrylonitrile having a softening temperature
above 200°F.

COMPARATIVE EXAMPLE 1

Conventional cement slurry containing SPHERELITE non-flexible beads but no
flexible, compressible beads was formed by mixing together the following components: class H
cement, water (117.20% bwoc); SILICALITE silica fume (16.9% bwoc); bentonite (4.0%
bwoc); HALAD-344 fluid loss additive (0.5% bwoc); SCR-100 cement set retarder (0.3%
bwoc); sodium chloride (18% bwoc); defoamer (0.025 gal/sk); and SPHERELITE beads (65%
bwoc). The cement slurry was cured in the same manner as described in Example 1. The
compressive strength and load versus displacement analysis were also performed as described
in Example 1. Note that the density values for the slurries in Examples 1-3 and that of the
slurry in Comparative Example 1 are essentially identical considering the experimental error in

the method of measurement (see Table 1).
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TABLE 1

Example 1

Example 2

Example 3

Comparative
Example 1

SPHERELITE Beads,
% bwoc

55

55

55

65

EXPANCEL 53 Beads,
% bwoc

10

EXPANCEL 820 Beads,
% bwoc

10

EXPANCEL 551 Beads,
% bwoc

-

10

Sturry Density, ppg @
atm. Pressure

10.5

105

104

104

Slurty Density, ppg after
pressurizing @ 4000 psi
for 5 min.

11.3

11.3

113

11.3

PCT/GB2004/000010

The bulk mechanical properties of the cements in the examples and comparative examples are

shown below in Table 2:

TABLE 2
Compressive Strength Poisson’s Ratio Young’s Modulus
@ 135 °F for 24 hrs, e(+6), psi
psi
Example 1 1820 0.193 0.763
Example 2 1920 0.196 0.768
Example 3 2120 0.194 0.683
Comparative 1675 0.221 0.82

Example 1

As shown in Table 2, the compressive strengths of the cements containing both flexible,

compressible and non-flexible beads (Examples 1-3) are greater than the compressive strengths

of the cement containing only non-flexible beads (Comparative Example 1). The Young’s

Modulus values of the cements in Examples 1-3 are lower than the Young’s modulus value of

the cement in Comparative Example 1, indicating that replacement of a portion of the brittle

beads with flexible, compressible beads decreased the brittleness and improved the resiliency of

the composition. Young’s Modulus measures the interparticle bonding forces and thus the

stiffness of a material. As such, the cements in Examples 1-3 are less stiff than the cement in

Comparative Example 1, which contains no flexible, compressible beads, and at the same time

remain resilient up to higher stress levels.
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This result is surprising because, in general, when a softer or a more flexible (lower
Young’s modulus) material is added to a brittle material, the final composition has a lower
compressive strength as well as a lower Young’s modulus. In the present case, even though the
Young’s modulus decreased as expected, the compressive strength increased, suggesting
synergistic interaction between the flexible, compressible beads and the non-flexible, brittle
beads. Without being limited by theory, it is believed that the stress imposed in a compressive
mode is absorbed effectively by the flexible, compressible beads, resulting in increased load
values at which the brittle beads, and thus the entire composition fails.

The mechanical properties at the yield points of the cements formed in Examples 1-3
and Comparative Example 1 were obtained from the load vs displacement data analysis. These

mechanical properties are presented below in Table 3:

TABLE 3
Axial Radial Axial Axial Area Area Poisson’s | Young’s
Stress@ | Strain@ | Strain@ | Strainto Under Under Ratio @ Modulus
Yield, psi Yield, Yield Radial Axial Radial Yield @
(avg) Microinch/ | Microinch/ | Strainratio | Curve @ Curve Yield,psi
inch inch Yield @Yield e(+6)
Example 1 2115 1480 4760 3.22 6710 2550 0.31 0.44
Example 2 2215 1635 5190 3.17 7750 2930 0.43 0.43
Example 3 1580 1460 3960 2.71 4110 1810 0.37 0.40
Comparative 1760 3555 4390 124 5250 4440 0.42 0.49
Example 1

As shown in Table 3, the radial strain values at yield (i.e., the elastic limit) for the
cements in Examples 1-3 are much lower than the radial strain at yield for the cement in
Comparative Example 1 due to the compressible nature of the flexible hollow beads under
pressure. Moreover, the axial strain to radial strain ratios of the cements in Examples 1-3 are
higher than the axial strain to radial strain ratio of the cement in Comparative Example 1.
Therefore, when axial pressure is imposed on the cement column in the well bore, the radial
expansion is significantly less for the cements containing both flexible, compressible and non-
flexible beads as compared to the cement containing only non-flexible beads because of the
reduction in volume of the cements containing the compressible, flexible beads. A significant
radial expansion under axial stress is expected for cements containing non-flexible beads such
as those described in Comparative Example 1 or in cements where water is used to decrease the

density. The Poisson’s Ratio and Young’s Modulus values at yield for the cements in
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Examples 1-3 tend to be lower than or comparable to those values at yield for the cement in
Comparative Example 1, as shown in Table 2. The total area under a load vs displacement
curve reflects the ability of a material to absorb the imposed stress in the direction of
displacement. Comparing the areas under the radial curves for the cement compositions in
Examples 1-3 and the cement compositions in Comparative Example 1 indicates the unique
advantage the addition of flexible, compressible beads provides to the cement composition.
Due to their compressible nature, the beads absorb the axial stress without having to distribute
the stress in a radial direction. As a result, the radial dissipation of imposed axial stress is
significantly lower for the compositions in Examples 1-3 than for the compositions in
Comparative Example 1. This result clearly indicates that during the life of the well, the
imposed stresses will be primarily absorbed by the flexible, compressible beads without
requiring changed dimensions to the cement columns.

EXAMPLE 4

EXPANCEL 53 WU beads were suspended in three times the volume of water
compared to that of the beads, and the resulting slurry was charged into a cylindrical stainless
steel can provided with a lid to which a stirring paddle was connected. The slurry filled % the
available volume in the can after the lid was fitted. The can was then inserted into a heated
water bath of a HOWCO cement consistometer manufactured by Halliburton Energy Services.
The motor in the consistometer was turned which rotated the metal can while holding the lid
steady. After stirring the assembly in this manner for a period of time at a desired temperature,
the can was disassembled, and the expanded solid therein was filtered and dried in open air at
ambient temperature. This procedure was repeated at different heating temperatures and times
to obtain expanded beads of different specific gravities. In particular, when EXPANCEL 53
WU beads of specific gravity 1.1 were heated at 170°F for 4 hours, the specific gravity of the
expanded beads was 0.345; whereas when the same material was heated to 200°F for 4 hours,
the specific gravity of the expanded beads was 0.1.

A cement slurry having a density of 11.3 pounds per gallon was prepared according to
the API procedure mentioned previously by mixing class C cement with water (57% bwoc),
SILICALITE fumed silica (15% bwoc), CFR-3 dispersant supplied by Halliburton Energy
Services (2% bwoc), the EXPANCEL 53 WU beads of specific gravity 0.3 pre-expanded as
described above (9.8% bwoc), the EXPANCEL 53 WU beads of specific gravity 0.1 pre-

expanded as described above (2.6% bwoc), and a defoamer (2% bwoc). The slurry was poured
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into cylindrical plastic containers of dimensions 2” x 4”, closed with lids, and cured at room
temperature for 24 hours until the cement slurry solidified. The plastic containers were
transferred to a water bath kept at 180°F for 18 hours, and the samples were submitted to
cyclical load/displacement studies using the equipment described in Example 1. The cyclic
load/displacement studies were performed by measuring the force to break an initial sample,
followed by cycling the loads of subsequent samples between 20% and 90% of the load force to
break the initial sample. When the load force reached the maximum or minimum value, a two
second resting time was maintained before the beginning of the next cycle. The axial and radial
displacements were measured as a function of load force. The initial compressive strengths
were measured either under no confining pressure, or a confining pressure of 1000 psi. The
results are shown in Table 4.
COMPARATIVE EXAMPLE 2

Cement samples were prepared as described in Example 4 except that the EXPANCEL
53 WU beads were replaced with SPHERELITE cenospheres (25% bwoc). The shurry density
was 12.6 pounds per gallon. The samples were submitted for cyclic load/displacement analysis.

The results are shown in Table 4.

TABLE 5
Sample Confining Compressive # Cycles to Break
Pressure, psi Strength, psi
Comparative None 6960 120
Example 2
Comparative 1000 8000 200
Example 2
Example 4 None 3250 120
Example 4 1000 3300 240

The results in Table 5 show that the composition containing the flexible beads lasted longer
under cyclic loading and unloading of pressure under confining conditions. The confining
pressure is applied to simulate the confinement on a cement column from the formation or
another casing pipe.
COMPARATIVE EXAMPLE 3
A cement slurry having a density of 12.02 pounds per gallon was prepared using the
API procedure mentioned in Example 1 by mixing class H cement with water (54% bwoc),

unexpanded hollow polystyrene beads of EPS (expandable polystyrene) grade, ethoxylated (10
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moles) nonylphenol (0.04 gallon per sack of cement), and a defoamer. The slurry was poured
into cubic molds as described in Example 1 and cured in an autoclave at 155°F for 24 hours
under a pressure of 3,000 psi. The pressure was released, and the density of the slurry was
measured to be 12.3 pounds per gallon. The measured density of the slurry after curing under
pressure was similar to the original slurry density, suggesting that the polystyrene beads were
essentially non-compressible.

EXAMPLE 5

EPS grade hollow polystyrene beads of specific gravity 1.01 were heated in water to
170°F for 3 hours following the procedure described in Example 4. The expanded beads were
filtered and dried. The specific gravity of the expanded beads was 0.1.

A cement slurry having a 12.08 pounds per gallon density was prepared as described in
Comparative Example 3 except that the unexpanded hollow polystyrene beads were replaced
with the pre-expanded polystyrene beads of specific gravity of 0.1. The slurry was cured under
the same conditions as described in Comparative Example 3. The density measured after
curing under pressure was 14.9 pounds per gallon, clearly indicating that pre-expansion of the
beads made them flexible and compressible.

While the 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. 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 claims.

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
in the Description of Related Art 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
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hereby incorporated by reference, to the extent that they provide exemplary, procedural or other
details supplementary to those set forth herein.
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What is claimed is:
1. A method of cementing in a subterranean formation comprising the steps of:

preparing a cement composition comprising one or more flexible beads;

placing the cement composition into the subterranean formation; and

allowing the cement composition to set.
2. The method of claim 1 wherein the beads comprise an elastomeric material selected
from the group consisting of a copolymer of methylmethacrylate and acrylonitrile; a
terpolymer of methylmethacrylate, acrylonitrile, and vinylidene dichloride; a styrene-
divinylbenzene copolymer; phenolic resins; and polystyrene.
3. The method of claim 1 wherein said one or more flexible beads is capable of
expanding up to about 8 times its original diameter.
4 The method of claim 1 wherein the beads are capable of contracting.
5 The method of claim 1 wherein the beads contain a fluid.
6. The method of claim 5 wherein the fluid is a liquid.
7 The method of claim 5 wherein the fluid is a gas.
8 The method of claim 7 wherein the gas is selected from the group consisting of air,
carbon dioxide, nitrogen, n-butane, isobutane, pentane, and combinations thereof,
9. The method of claim 1 wherein the beads have a diameter ranging from about 6 to
about 150 micrometers at a temperature of 25°C and at atmospheric pressure.
10.  The method of claim 1 wherein the beads are introduced to the cement composition in
an amount in the range of from about 1% to about 200% by weight of cement therein.
11.  The method of claim 1 wherein the beads are introduced to the cement composition in
an amount in the range of from about 2% to about 100% by weight of cement therein.
12.  The method of claim 1 wherein the beads are introduced to the cement composition in
an amount in the range of from about 5% to about 50% by weight of cement therein.
13.  The method of claim 1 wherein the cement composition comprises water.
14, The method of claim 1 wherein the cement composition further comprises at least one
of non-flexible beads, a surfactant, silica fume, bentonite, a fluid loss agent, a retarding agent,
sodium chloride, and a defoamer.
15.  The method of claim 1 wherein the cement composition further comprises at least one

of ceramic spheres, glass spheres, and cenospheres.
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16.  The method of claim 1 further comprising introducing the beads to water before the
beads are introduced to the cement composition.
17. The method of claim 16 further comprising introducing a surfactant or a mixture of
surfactants to the cement composition thereby causing the beads to be suspended in an
aqueous phase.
18.  The method of claim 17 wherein the surfactant or the mixture of surfactant has a HLB
ratio ranging from about 7 to about 20.
19.  The method of claim 1 further comprising expanding the beads before introducing the
beads to the cement composition.
20.  The method of claim 19 wherein said expanding the beads comprises heating the
beads.
21.  The method of claim 1 wherein the cement composition has a density in a range of
from about 6 to about 23 Ib/gal. |
22. A method of cementing in a subterranean formation comprising the steps of:

preparing a cement composition comprising one or more beads having an elastomeric
material selected from the group consisting of a copolymer of methylmethacrylate and
acrylonitrile; a terpolymer of methylmethacrylate, acrylonitrile, and vinylidene dichloride; a
styrene-divinylbenzene copolymer; phenolic resins; and polystyrene;

placing the cement composition into the subterranean formation; and

allowing the cement composition to set.
23.  The method composition of claim 22 wherein the beads are capable of expanding up
to about 8 times its original diameter.
24, The method composition of claim 22 wherein the beads are capable of contracting.
25.  The method of claim 22 wherein the beads contain a liquid.
26.  The method of claim 22 wherein the beads contain a gas.
27.  The method of claim 26 wherein the gas is selected from the group consisting of air,
carbon dioxide, nitrogen, n-butane, isobutane, pentane, and combinations thereof.
28.  The method of claim 22 wherein the beads have a diameter ranging from about 6 to
about 150 micrometers at a temperature of 25°C and at atmospheric pressure.
29.  The method of claim 22 wherein the beads are introduced to the cement composition
in an amount in the range of from about 1% to about 200% by weight of cement therein.

30.  The method of claim 22 wherein the cement composition comprises water.
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31.  The method of claim 22 wherein the cement composition further comprises at least
one of non-flexible beads, a surfactant, silica fume, bentonite, a fluid loss agent, a retarding
agent, sodium chloride, and a defoamer.
32.  The method of claim 22 wherein the cement composition further comprises at least
one of ceramic spheres, glass spheres, and cenospheres.
33.  The method of claim 22 further comprising introducing the beads to water before the
beads are introduced to the cement composition.
34.  The method of claim 33 further comprising introducing a surfactant or a mixture of
surfactants to the cement composition thereby causing the beads to be suspended in an
aqueous phase.
35.  The method of claim 34 wherein the surfactant or the mixture of surfactant has a HLB
ratio ranging from about 7 to about 20.
36.  The method of claim 22 further comprising expanding the beads before introducing
the beads to the cement.
37.  The method of claim 22 wherein said expanding the beads comprises heating the
beads.
38.  The method of claim 22 wherein the cement composition has a density in a range of
from about 6 to about 23 Ib/gal.
39. A cement composition comprising:

hydraulic cement; and

one or more flexible beads.
40.  The composition of claim 39 wherein the beads are capable of expanding up to about
8 times its original diameter.
41.  The composition of claim 39 wherein the beads are capable of contracting.
42.  The composition of claim 39 wherein the beads comprise an elastomeric material
selected from the group consisting of a copolymer of methylmethacrylate and acrylonitrile; a
terpolymer of methylmethacrylate, acrylonitrile, and dichloroethane; a styrene-
divinylbenzene copolymer; phenolic resins; and polystyrene.
43.  The composition of claim 39 wherein the beads contain a liquid.
44.  The composition of claim 39 wherein the beads contain a gas.
45.  The composition of claim 44 wherein the gas is selected from the group consisting of

air, carbon dioxide, nitrogen, n-butane, isobutane, pentane, and combinations thereof.
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46.  The composition of claim 39 wherein the beads have a diameter ranging from about 6
to about 150 micrometers at a temperature of 25°C and at atmospheric pressure.

47.  The coniposition of claim 39 wherein the beads are introduced to the cement
composition in an amount in the range of from about 1% to about 200% by weight of cement
therein.

48.  The composition of claim 39 wherein the beads are introduced to the cement
composition in an amount in the range of from about 2% to about 100% by weight of cement
therein.

49.  The composition of claim 39 wherein the beads are introduced to the cement
composition in an amount in the range of from about 5% to about 50% by weight of cement
therein.

50.  The composition of claim 39 wherein the cement composition further comprises at
least one of water, non-flexible beads, a surfactant, silica fume, bentonite, a fluid loss agent, a
retarding agent, sodium chloride, and a defoamer.

51.  The composition of claim 39 wherein the cement composition further comprises at

least one of ceramic spheres, glass spheres, and cenospheres.
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