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(57) ABSTRACT 

Cement compositions comprising ?exible, compressible 
beads, processes for preparing such cement compositions, 
and methods of cementing in subterranean formations using 
such cement compositions. One or more ?exible, compress 
ible beads are mixed With the cement before pumping the 
cement into a Well bore. The ?exible, compressible beads are 
preferably composed of an elastomeric material such as a 
copolymer of methylmethacrylate and acrylonitrile; a ter 
polymer of methylmethacrylate, acrylonitrile, and dichloro 
ethane; a styrene-divinylbenZene copolymer; and polysty 
rene. The ?exible, 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-?exible beads such as spherulites may also be added to 
the cement compositions. 
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CEMENT COMPOSITIONS CONTAINING 
FLEXIBLE, COMPRESSIBLE BEADS AND 

METHODS OF CEMENTING IN SUBTERRANEAN 
FORMATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a Divisional Application of US. patent 
application Ser. No. 10/350,533, ?led Jan. 24, 2003 and 
entitled “Cement Compositions Containing Flexible, Com 
pressible Beads and Methods of Cementing in Subterranean 
Formations.” 

FIELD OF THE INVENTION 

[0002] This invention generally relates to cementing in 
subterranean formations penetrated by Well bores. More 
speci?cally, the invention relates to cement compositions 
comprising ?exible, compressible beads, and processes for 
making the compositions. 

BACKGROUND OF THE INVENTION 

[0003] 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 ?uid is circulated through the Well bore. The circu 
lation of the drilling ?uid is then terminated, and a string of 
pipe, e.g., casing, is run in the Well bore. The drilling ?uid 
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. 

[0004] 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. 

[0005] LightWeight cement compositions containing hol 
loW 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 (SiO2) and alu 
mina (A1203) and are ?lled With gas. Cenospheres are a 
naturally occurring by-product of the burning process of a 
coal-?red poWer plant. Their siZe may vary from about 10 to 
350 pm. These holloW spheres reduce the density of the 
cement composition such that less Water is required to form 
the cement composition. The curing time of the cement 
composition is therefore reduced. Further, the resulting 
cement has superior mechanical properties as compared to 
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cement formed by adding more Water. For example, the 
tensile and compressive strengths of the cement are greater. 

[0006] 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 pres 
sure testing, drilling, fracturing, cementing, and remedial 
operations. Conventional holloW spheres suffer from the 
draWback of being brittle and fragile and thus often 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 ?uctuations 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 

[0007] The present invention includes cement composi 
tions comprising ?exible, 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 ?exible, compress 
ible beads are mixed With the cement before pumping the 
cement slurry into a Well bore. The ?exible, compressible 
beads are preferably composed of an elastomeric material 
such as a copolymer of methylmethacrylate and acryloni 
trile; a terpolymer of methylmethacrylate, acrylonitrile, and 
vinylidene dichloride; phenolic resins; a styrene-divinylben 
Zene copolymer; and polystyrene. The ?exible, compress 
ible 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-?exible beads such as glass 
holloW beads, cenospheres, and ceramic holloW spheres may 
also be added to the cement. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0008] In accordance With the invention, a relatively light 
Weight cement composition is formed by combining ?ex 
ible, compressible beads With a hydraulic cement and a ?uid 
such as Water. Any suitable ?exible, 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 changes in pressure 
and/or temperature. Preferred ?exible, compressible beads 
are substantially holloW objects ?lled With ?uid (preferably 
gas), preferably spherical or substantially spherical in shape, 
and having a ?exible outer Wall. Preferred ?exible, com 
pressible beads have a diameter of about 6 to 150 microme 
ters at 25° C. and atmospheric pressure. Preferably, the ?uid 
inside the ?exible, 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. Pref 
erably, the ?exible, compressible beads have a substantially 
uniform, ?exible 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 ?uid and/or expand and 
contract is desirably higher than the temperature in the Well 
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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, acry 
lonitrile, 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, Ga., 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 appli 
cation. Other suitable materials that may be used to form the 
?exible Wall include, but are not limited to, a styrene 
divinylbenZene copolymer and polystyrene. HolloW poly 
styrene beads are available from many polystyrene suppli 
ers, such as Huntsman Corporation of Houston, Tex. (sold as 
GRADE 27, GRADE 51, or GRADE 55) and BASF Cor 
poration of North Mount Olive, N.J. (sold under the trade 
name STYROPOR). The ?exible, 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%. 

[0009] In some embodiments, the ?exible, compressible 
beads may be expanded before mixing With the cement by 
heating the ?exible, compressible beads to soften the Wall of 
the bead and to increase the pressure of the ?uid (e.g., gas) 
therein. Preferred ?exible, 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 original volumes. The expansion 
of the beads is generally measured by the decrease in the 
speci?c 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 ?exible, 
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 lb/gal. The ?exible, compressible beads 
may be added to the cement composition by dry blending 
With the cement before the addition of a ?uid such as Water, 
by mixing With the ?uid to be added to the cement, or by 
mixing With the cement slurry consecutively With or after 
the addition of the ?uid. The beads may be presuspended in 
Water and injected into the cement mix ?uid 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 ?uids, 
such as oil and Water, is often described in terms of Hydro 
phile-Lipophile balance (HLB) values. These values, rang 
ing from 0 to 40, are indicative of the emulsi?cation 
behavior of a surfactant and are related to the balance 
betWeen hydrophilic and lipophilic portions of the mol 
ecules. In general, surfactants With higher HLB values are 
more hydrophilic than those With loWer HLB values. As 
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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 ?uid 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: 

[0010] Where MH is the formula Weight of the hydrophilic 
portion of the molecule and ML is the formula Weight of the 
lipophilic portion of the molecule. When mixtures of sur 
factants are used, the overall HLB values for the mixture is 
calculated by summing the HLB contributions from different 
surfactants as shoWn in equation beloW: 

[0011] Where 651 is the Weight fraction of surfactant # 1 in 
the total mixture, HLB1 is the calculated HLB value of 
surfactant #1, 62 is the Weight fraction of surfactant #2 in the 
total surfactant mixture, and HLB2 is the calculated HLB 
value of the surfactant #2, and so on. 

[0012] It has been observed that a mixture of a preferen 
tially oil-soluble surfactant and a preferentially Water 
soluble surfactant provides better and more stable emul 
sions. 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 pref 
erably ranges from about 7 to about 20, more preferably 
from about 8 to about 18. 

[0013] In one embodiment, a cement slurry densi?ed by 
using a loWer Water to cement ratio is lightened to a desired 
density by the addition of unexpanded or pre-expanded 
?exible, compressible beads in order to make the ?nal 
cement less brittle. 

[0014] In another embodiment, holloW, non-?exible beads 
are mixed With the cement and the ?exible, compressible 
beads. Particularly suitable non-?exible beads are cenos 
pheres, Which are commercially available from, for 
example, PQ Corporation of Valley Forge, Philadelphia 
under the tradename EXTENDOSPHERES, from Hallibur 
ton Energy Services Inc. under the tradename SPHER 
ELITE, and from Trelleborg Fillite Inc. of Atlanta, Ga. under 
the tradename FILLITE. Alternatively, the non-?exible 
beads may be glass beads or ceramic beads. The non-?exible 
beads, particularly the industrial Waste product of the ceno 
sphere type, are relatively inexpensive as compared to the 
polymeric ?exible, compressible beads. HoWever, the non 
?exible beads are more likely to break When subjected to 
doWnhole temperature and pressure changes and provide 
brittle cement compositions. 

[0015] The presence of the ?exible, compressible beads in 
the cement composition provides several bene?ts. For 
example, the ?exible, compressible beads protect the ensu 
ing hardened cement from experiencing brittle failure during 
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the life of the Well even if some of the non-?exible beads 
collapse. That is, the ?exible Wall and the gas inside of each 
bead contracts under pressure and expands back to its 
original volume When the pressure is removed, thus provid 
ing a mechanism for absorbing the imposed stress. The 
absorption of energy by the ?exible Wall is expected to 
reduce the breakage of the more brittle beads When such 
compositions are used. The ?exible Wall and the enclosed 
?uid also expand When the temperature in the Well bore 
increases, and they contract When the temperature decreases. 
Further, the ?exible, compressible beads improve the 
mechanical properties of the ensuing cement, such as its 
ductility and resilience. Cement comprising ?exible, com 
pressible beads gains the folloWing bene?cial physical prop 
erties as compared to the same cement composition Without 
the ?exible, compressible beads: loWer elastic (Young’s) 
modulus, greater plastic deformation, increased tensile 
strength, and loWer Poisson’s ratio Without signi?cantly 
compromising other desirable properties such as compres 
sive strength. 

[0016] In determining the relative amounts of ?exible, 
compressible beads and non-?exible beads to add to the 
cement composition to decrease its density, the additional 
costs incurred by using the ?exible, compressible beads 
should be Weighed against the bene?ts provided by using the 
?exible, compressible beads. For example, the amount of 
?exible, 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-?exible beads in the cement may be in the 
range of from about 10% bWoc to about 100% bWoc. 

[0017] Any knoWn cement may be utiliZed in the present 
invention, including hydraulic cements composed of cal 
cium, 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 pref 
erably 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. Asuf?cient amount of ?uid is also added 
to the cement to form a pumpable cementitious slurry. The 
?uid is preferably fresh Water or salt Water, i.e., an unsat 
urated 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. 

[0018] As deemed appropriate by one skilled in the art, 
additional additives may be added to the cement composi 
tion 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, ?uid 

loss control additives, defoamers, dispersing agents, set 
accelerators, and formation conditioning agents. Other addi 
tives that may be introduced to the cement composition to 
prevent cement particles from settling to the bottom of the 
?uid are, for example, bentonite and silica fume, Which is 
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commercially available from Halliburton Energy 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. 

[0019] In preferred embodiments, a Well cementing pro 
cess is performed using the cement composition containing 
the ?exible, compressible beads. The Well cementing pro 
cess includes drilling a Well bore doWn to the subterranean 
Zone While circulating a drilling ?uid through the Well bore. 
Astring of pipe, e.g., casing, is then run in the Well bore. The 
drilling ?uid 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 ?exible, 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 embodi 
ments, the cement composition may be used for other 
projects such as masonry or building construction. 

EXAMPLES 

[0020] 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 speci?cation 
or the claims to folloW in any manner. 

Example 1 

[0021] A cement slurry containing EXPANCEL ?exible, 
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) Speci?cation 10, 5th Edition, Jul. 1, 1990: 
class H cement, Water (117.20% bWoc); SILICALITE silica 
fume (16.9% bWoc); bentonite (4.0% bWoc); HALAD-344 
?uid loss additive available from Halliburton Energy Ser 
vices (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 Hal 
liburton 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° E, was added to the slurry With sloW 
agitation. The slurry Was subjected to a pressure of 4,000 psi 
in an autoclave to simulate the breakage of the cenospheres 
under doWnhole conditions. The slurry density values before 
and after pressuriZing are reported in Table 1 beloW. A 
portion of the cement slurry Was then poured into 2“><2“><2“ 
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“><2“ cylindrical steel molds and cured at 
the same temperature. The compressive strengths Were mea 
sured on 2“><2“><2“ molds using strength testing equipment 
manufactured by Tinius Olsen of WilloW Grove, Pa., accord 
ing to American Society for Testing and Materials (ASTM) 
procedure C190-97. A load versus displacement study Was 
performed on 1“2“ cylinders using a MTS load frame 
instrument manufactured by MTS Systems Corporation of 
Eden Prairie, Minn. Without using any con?ning pressures 
(shoWn beloW in Tables 2 and 3). 
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Example 2 

[0022] The procedure of Example 1 Was followed except 
that the EXPANCEL 53 beads Were replaced With EXPAN 
CEL 820 WU beads, Which are composed of a terpolymer of 
methylmethacrylate, vinylidene dichloride, and acrylonitrile 
having a softening temperature above 167° F. 

Example 3 

[0023] The procedure of Example 1 Was folloWed except 
that the EXPANCEL 53 beads Were replaced With EXPAN 
CEL 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 

[0024] Conventional cement slurry containing SPHER 
ELITE non-?exible beads but no ?exible, compressible 
beads Was formed by mixing together the folloWing com 
ponents: class H cement, Water (117.20% bWoc); SILI 
CALITE silica fume (16.9% bWoc); bentonite (4.0% bWoc); 
HALAD-344 ?uid 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 consid 
ering the experimental error in the method of measurement 
(see Table 1). 

TABLE 1 

Comparative 
Example 1 Example 2 Example 3 Example 1 

SPHERELITE Beads, 55 55 55 65 
% bWoc 
EXPANCEL 53 10 — — — 

Beads, % bWoc 
EXPANCEL 820 — 10 — — 

Beads, % bWoc 
EXPANCEL 551 — — 10 — 

Beads, % bWoc 
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[0025] The bulk mechanical properties of the cements in 
the examples and comparative examples are shoWn beloW in 
Table 2: 

TABLE 2 

Compressive Strength 
@ 1350 F. for 24 hrs, Poisson’s Young’s Modulus 

psi Ratio e(+6), 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 

[0026] As shoWn in Table 2, the compressive strengths of 
the cements containing both ?exible, compressible and 
non-?exible beads (Examples 1-3) are greater than the 
compressive strengths of the cement containing only non 
?exible 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 Compara 
tive Example 1, indicating that replacement of a portion of 
the brittle beads With ?exible, compressible beads decreased 
the brittleness and improved the resiliency of the composi 
tion. 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 ?exible, com 
pressible beads, and at the same time remain resilient up to 
higher stress levels. 

[0027] This result is surprising because, in general, When 
a softer or a more ?exible (loWer Young’s modulus) material 
is added to a brittle material, the ?nal 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 
?exible, compressible beads and the non-?exible, brittle 
beads. Without being limited by theory, it is believed that the 
stress imposed in a compressive mode is absorbed effec 
tively by the ?exible, compressible beads, resulting in 
increased load values at Which the brittle beads, and thus the 

Slurry Density, ppg @ 10.5 10.5 10.4 10.4 entire Composition fails~ 
atm. Pressure 

aséllerrrlérgsesrjrlitgi’ngpfp 11'3 11 3 11'3 11 3 [0028] The mechanical properties at the yield points of the 
4000 psi for 5 mm 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 

Radial Axial Area Area 
Axial Strain @ Strain @ Axial Under Under Young’s 

Stress @ Yield, Yield Strain to Axial Radial Poisson’s Modulus @ 
Yield, psi Microinch/ Microinch/ Radial Curve @ Curve Ratio @ Yield, psi 

(avg) inch inch Strain ratio Yield @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 1.24 5250 4440 0.42 0.49 

Example 1 
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[0029] 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 ?exible 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 signi?cantly less for the cements 
containing both ?exible, compressible and non-?exible 
beads as compared to the cement containing only non 
?exible beads because of the reduction in volume of the 
cements containing the compressible, ?exible beads. A sig 
ni?cant radial expansion under axial stress is expected for 
cements containing non-?exible 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 
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 displace 
ment curve re?ects 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 composi 
tions in Examples 1-3 and the cement compositions in 
Comparative Example 1 indicates the unique advantage the 
addition of ?exible, 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 signi?cantly loWer for the com 
positions 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 ?exible, compressible beads With 
out requiring changed dimensions to the cement columns. 

Example 4 

[0030] 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 ?lled 1A the available volume in the 
can after the lid Was ?tted. 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 
?ltered and dried in open air at ambient temperature. This 
procedure Was repeated at different heating temperatures and 
times to obtain expanded beads of different speci?c gravi 
ties. In particular, When EXPANCEL 53 WU beads of 
speci?c gravity 1.1 Were heated at 170° F. for 4 hours, the 
speci?c gravity of the expanded beads Was 0.345; Whereas 
When the same material Was heated to 200° F. for 4 hours, 
the speci?c gravity of the expanded beads Was 0.1. 

[0031] 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% 
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bWoc), the EXPANCEL 53 WU beads of speci?c gravity 0.3 
pre-expanded as described above (9.8% bWoc), the EXPAN 
CEL 53 WU beads of speci?c gravity 0.1 pre-expanded as 
described above (2.6% bWoc), and a defoamer (2% bWoc). 
The slurry Was poured into cylindrical plastic containers of 
dimensions 2“><4“, closed With lids, and cured at room 
temperature for 24 hours until the cement slurry solidi?ed. 
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 stud 
ies 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 con?ning pressure, or a con?ning pressure of 1000 
psi. The results are shoWn in Table 4. 

Comparative Example 2 

[0032] Cement samples Were prepared as described in 
Example 4 except that the EXPANCEL 53 WU beads Were 
replaced With SPHERELITE cenospheres (25% bWoc). The 
slurry density Was 12.6 pounds per gallon. The samples Were 
submitted for cyclic load/displacement analysis. The results 
are shoWn in Table 4. 

TABLE 4 

Con?ning Compressive 
Sample Pressure, psi Strength, psi # Cycles to Break 

Comparative None 6960 120 
Example 2 
Comparative 1000 8000 200 
Example 2 
Example 4 None 3250 120 
Example 4 1000 3300 240 

[0033] The results in Table 4 shoW that the composition 
containing the ?exible beads lasted longer under cyclic 
loading and unloading of pressure under con?ning condi 
tions. The con?ning pressure is applied to simulate the 
con?nement on a cement column from the formation or 
another casing pipe. 

Comparative Example 3 

[0034] 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 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 essen 
tially non-compressible. 
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Example 5 

[0035] EPS grade hollow polystyrene beads of speci?c 
gravity 1.01 Were heated in Water to 170° F. for 3 hours 
following the procedure described in Example 4. The 
expanded beads Were ?ltered and dried. The speci?c gravity 
of the expanded beads Was 0.1. 

[0036] 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 spe 
ci?c 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 ?exible and compressible. 

[0037] While the preferred embodiments of the invention 
have been shoWn and described, modi?cations 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 modi?cations of the inven 
tion 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. 

[0038] 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 speci?cation 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 applica 
tions, 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. 

What is claimed is: 
1. A cement composition comprising: 

hydraulic cement; and 

one or more ?exible beads. 

2. The composition of claim 1 Wherein the beads are 
capable of expanding up to about 8 times their original 
diameters. 

3. The composition of claim 1 Wherein the beads are 
capable of expanding up to about 40 times or greater their 
original volumes. 
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4. The composition of claim 1 Wherein the beads are 
capable of contracting. 

5. The composition 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 dichlo 
roethane; a styrene-divinylbenZene copolymer; phenolic res 
ins; and polystyrene. 

6. The composition of claim 1 Wherein the beads are 
holloW. 

7. The composition of claim 6 Wherein the beads contain 
a liquid. 

8. The composition of claim 6 Wherein the beads contain 
a gas. 

9. The composition of claim 8 Wherein the gas is selected 
from the group consisting of air, carbon dioxide, nitrogen, 
n-butane, isobutane, pentane, and combinations thereof. 

10. The composition 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. 

11. The composition 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. 

12. The composition 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. 

13. The composition 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. 

14. The composition of claim 1 Wherein the cement 
composition further comprises at least one of Water, non 
?exible beads, a surfactant, silica fume, bentonite, a ?uid 
loss agent, a retarding agent, sodium chloride, and a 
defoamer. 

15. The composition of claim 1 further comprising a 
surfactant or mixture of surfactants having an hydrophile 
lipophile balance (HLP) of from about 7 to about 20. 

16. The composition of claim 1 Wherein the cement 
composition further comprises at least one of ceramic 
spheres, glass spheres, and cenospheres. 

17. The composition of claim 1 further comprising Water 
in an amount suf?cient to form a pumpable slurry. 

18. The composition of claim 17 Wherein the slurry has a 
density of from about 6 to about 23 lb/gal. 

19. The composition of claim 18 Wherein the slurry 
comprises expanded holloW beads that contract upon curing 
of the slurry. 

20. The composition of claim 19 Wherein the density of 
the cured slurry is greater than the density of the uncured 
slurry. 


