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(57) ABSTRACT 

Cement compositions having enhanced mechanical proper 
ties and comprising microspheres and carbon ?bers are 
provided herein. The cement compositions comprise a 
cement material, carbon ?bers, microspheres, suf?cient 
Water to form a slurry, and optionally other ingredients. 
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CEMENT COMPOSITIONS WITH IMPROVED 
MECHANICAL PROPERTIES AND METHODS OF 
CEMENTING IN A SUBTERRANEAN FORMATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This Application is a divisional application of US. 
application Ser. No. 10/414,641 entitled “Cement Compo 
sitions With Improved Mechanical Properties and Methods 
of Cementing in a Subterranean Formation,” ?led on Jul. 16, 
2003. 

BACKGROUND 

[0002] The present invention relates to subterranean 
cementing operations, and more particularly, to cement 
compositions comprising microspheres having improved 
mechanical properties, processes of preparing such compo 
sitions, and methods of using such compositions in subter 
ranean cementing operations. 

[0003] Hydraulic cement compositions are commonly uti 
liZed in subterranean operations, particularly subterranean 
Well completion and remedial operations. For example, 
hydraulic cement compositions are used in primary cement 
ing operations Whereby pipe strings such as casings and 
liners are cemented in Well bores. In performing primary 
cementing, hydraulic cement compositions are pumped into 
the annular space betWeen the Walls of a Well bore and the 
exterior surface of the pipe string disposed therein. The 
cement composition is permitted to set in the annular space, 
thereby forming an annular sheath of hardened substantially 
impermeable cement therein that substantially supports and 
positions the pipe string in the Well bore and bonds the 
exterior surfaces of the pipe string to the Walls of the Well 
bore. Hydraulic cement compositions also are used in reme 
dial cementing operations such as plugging highly perme 
able Zones or fractures in Well bores, plugging cracks in 
holes in pipe strings, and the like. 

[0004] Subterranean formations transversed by Well bores 
are often Weak and extensively fractured, and may be 
vulnerable to the loss of circulation of cement compositions 
during placement. Such loss of circulation of cement com 
positions during placement is of great concern, and preven 
tion of loss of circulation often calls for reducing the density 
of the cement as much as possible to accordingly reduce the 
hydrostatic pressure. A traditional means of reducing the 
density of the cement has been to increase the cement’s 
Water content, because, generally speaking, the higher the 
Water content, the lighter the cement. HoWever, this method 
may be problematic because the resultant cement often lacks 
the desired strength, especially in light of the stresses to 
Which the cement Will be subjected. 

[0005] Cement compositions containing lightWeight 
spherical or substantially spherical compounds have been 
developed as an alternative means of reducing the density of 
a given cement composition. Some compositions comprise 
microspheres, Which typically comprise cenospheres, glass 
holloW microspheres, or ceramic holloW microspheres. 
Cenospheres are holloW spheres primarily comprising silica 
(SiO2) and alumina (A1203), and are ?lled With gas. These 
are a naturally occurring by-product of the burning process 
of a coal-?red poWer plant. The addition of conventional 
glass holloW microspheres and ceramic holloW micro 
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spheres reduces the density of the cement composition and 
produces a lightWeight cement composition, e.g., a cement 
composition having a density less than about 13 pound per 
gallon. 
[0006] Cement failures can be particularly problematic in 
lightWeight cement compositions containing a high propor 
tion of microspheres, as these compositions have demon 
strably reduced strength. This problematic reduction in 
strength is believed to be attributable to the combination of 
reduced content of cementitious materials and increased 
void space, both of Which are caused by the addition of the 
holloW microspheres to the cement composition. Failure of 
cement Within the Well bore can result in radial or circum 
ferential cracking of the cement as Well as a breakdoWn of 
the bonds betWeen the cement and the pipe or betWeen the 
cement sheath and the surrounding subterranean formations. 
Such failures can result in at least lost production, environ 
mental pollution, haZardous rig operations, and/or haZardous 
production operations. Another undesirable result is the 
presence of pressure at the Well head in the form of trapped 
gas betWeen casing strings. 

[0007] To successfully meet the subterranean challenges 
to Which a cement composition may be exposed, a loW 
density cement composition should develop high bond 
strength after setting, and also have sufficient elasticity and 
ductility to resist loss of pipe or formation bonding, cracking 
and/or shattering as a result of all of the stressful conditions 
that may plague the Well, including impacts and/or shocks 
generated by drilling and other Well operations. 

SUMMARY 

[0008] The present invention provides cement composi 
tions having enhanced mechanical properties and compris 
ing microspheres and carbon ?bers, and methods for 
cementing in a subterranean formation using such cement 
compositions. 
[0009] One embodiment of the cement compositions of 
the present invention comprise a hydraulic cement, Water, 
microspheres and carbon ?bers, Wherein the carbon ?bers 
are present in the cement composition in an amount in the 
range of from about 1% to about 15% by Weight of cement. 

[0010] The features and advantages of the present inven 
tion Will be readily apparent to those skilled in the art upon 
a reading of the description of the embodiments that folloWs. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0011] The present invention provides cement composi 
tions having enhanced mechanical properties and compris 
ing microspheres and carbon ?bers, and methods for 
cementing in a subterranean formation using such cement 
compositions. The present invention provides cement com 
positions having improved mechanical properties, including 
tensile strength, and methods of utiliZing these cement 
compositions in subterranean cementing operations. While 
the compositions and methods are useful in a variety of 
subterranean applications, they are particularly useful in 
Well completion and remedial operations, including primary 
cementing, e.g., cementing casings and liners in Well bores, 
including those in multi-lateral subterranean Wells. 

[0012] The improved cement compositions of the present 
invention generally comprise a hydraulic cement, carbon 
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?bers, microspheres, and Water sufficient to form a pump 
able slurry. The cement compositions of the present inven 
tion generally have a density in the range of from about 5 
lb/gallon to about 15 lb/gallon, more preferably in the range 
of from about 6 lb/gallon to about 14 lb/gallon. Other 
additives suitable for use in subterranean cementing opera 
tions also may be added to those compositions if desired. 

[0013] Any cement suitable for use in subterranean 
cementing operations may be used in accordance With the 
present invention. In one embodiment, the cement compo 
sitions comprise a hydraulic cement. A variety of hydraulic 
cements are suitable for use in the compositions and meth 
ods of the present invention including those comprised of 
calcium, aluminum, silicon, oxygen, and/or sulfur, Which set 
and harden by reaction With Water. Such hydraulic cements 
include but are not limited to, Portland cements, poZZolana 
cements, gypsum cements, high alumina content cements, 
silica cements, and high alkalinity cements. 

[0014] The Water utiliZed in the cement compositions can 
be fresh Water, salt Water (e.g., Water containing one or more 
salts dissolved therein), brine, or seaWater. Generally, the 
Water can be from any source provided that it does not 
contain an eXcess of compounds that may adversely affect 
other components in the cement composition. The Water 
may be present in an amount suf?cient to form a pumpable 
slurry. Generally, the Water is present in the cement com 
positions in an amount in the range of from about 50% to 
about 350% by Weight of cement (“bWoc”) therein. In some 
embodiments, the Water is present in the cement composi 
tions in an amount in the range of from about 60% to about 
200% bWoc therein. 

[0015] The microspheres that may be used in the cement 
compositions of the present invention may be any micro 
sphere suitable for use in subterranean applications to, inter 
alia, reduce the density of the cement composition. As 
referred to herein, the term “microspheres” Will be under 
stood to mean any body having a loW speci?c gravity as 
compared With conventional ?ller, such that When used as a 
?ller in a cement composition, they contribute to reducing 
the Weight of the cement composition. In some embodi 
ments of the cement compositions of the present invention, 
the microspheres utiliZed are synthetic, non-porous micro 
spheres. The microspheres may be obtained from any suit 
able source. Particularly suitable microspheres are cenos 
pheres, Which are holloW microspheres that are formed as an 
industrial Waste by-product, and Which are commercially 
available from, for eXample, Halliburton Energy Services, 
Inc., of Duncan, Okla., under the tradename “SPHER 
ELITE.” Generally speaking, the microspheres are present 
in the cement compositions in the amount of from about 
10% to about 390% bWoc. In some embodiments, the 
microspheres are present in an amount in the range of from 
about 20% to about 100% bWoc. The microspheres may be 
added to a cement composition by any suitable method 
including 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 
microspheres may be pre-suspended in Water and injected 
into the cement miX ?uid or into the cement slurry as an 
aqueous slurry. Preferably, the microspheres are dry blended 
With the cement before the addition of Water. 
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[0016] It has been found that adding microspheres to a 
cement composition affects the mechanical properties of the 
cement composition, inter alia, by loWering the cement 
composition’s density. HoWever, When microspheres are 
added in quantities suf?cient to desirably affect the density 
of the cement, the mechanical properties of the cement are 
also affected, e.g., its tensile strength. The reduction in 
tensile strength can be particularly problematic because the 
risk of rupture of the cement sheath in response to a stressful 
condition is directly linked to the tensile strength of the 
cement. Moreover, the risk is attenuated When the ratio of 
the tensile strength of the cement to its Young’s Modulus is 
increased. Thus, adding carbon ?bers to a cement compo 
sition that comprises microspheres is desirable to enhance 
the mechanical properties including the tensile strength of 
such cement compositions. Also, adding carbon ?bers as 
opposed to other additives, such as polypropylene, has the 
added bene?t of providing increased temperature stability to 
the cement composition. This makes the cement composi 
tions of the present invention especially suitable for use in 
or in conjunction With hostile Well bore conditions, such as 
high temperatures and/or high pressures. 

[0017] The carbon ?bers that are present in the cement 
compositions of the present invention preferably have a 
relatively high tensile strength and/or a relatively high 
tensile modulus. In certain embodiments, to achieve certain 
speci?c/desired advantages associated With the present 
invention, the tensile modulus of the ?bers may eXceed 180 
GPa, and the tensile strength of the ?bers may eXceed 3000 
MPa. The ?bers preferably have a mean length of about 1 
mm or less. In certain embodiments, the mean length of the 
carbon ?bers is from about 50 to about 500 microns. Most 
preferably, the ?bers have a mean length in the range of 
about 100 to about 200 microns. Preferably, they are milled 
carbon ?bers. An eXample of suitable carbon ?bers includes 
“AGM-94” carbon ?bers commercially available from 
Asbury Graphite Mills, Inc., of Asbury, N.J. AGM-94 ?bers 
have a mean length of about 150 microns and a diameter of 
about 7.2 microns. Another eXample of suitable carbon 
?bers includes the “AGM-99” carbon ?bers, also available 
from Asbury Graphite Mills, Inc., Which have a mean length 
of about 150 microns and a diameter of about 7.4 microns. 
In some embodiments, the carbon ?bers are present in the 
cement compositions in an amount in the range of from 
about 1% to about 15% bWoc. 

[0018] Additional additives may be added to the cement 
composition as deemed appropriate by one skilled in the art 
for improving or changing the properties of the ensuing 
hardened cement. Examples of such additives include but 
are not limited to, inter alia, ?uid loss control additives, 
defoamers, surfactants, vitri?ed shale, mica, ?ber, ?y ash, 
bentonite, fumed silica, salts, dispersing agents, set accel 
erators, formation conditioning agents, and set retarders. An 
eXample of a suitable dispersing agent is a Water-soluble 
polymer prepared by the caustic catalyZed condensation of 
formaldehyde With acetone Wherein the polymer contains 
sodium sulfate groups. Such dispersing agent is commer 
cially available under the trade designation “CPR-3” from 
Halliburton Energy Services of Duncan, Okla. Another 
suitable dispersant is commercially available under the trade 
designation “CPR-2” from Halliburton Energy Services in 
Duncan, Okla. 
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[0019] An example of a preferred cement composition of 
the present invention comprises: Class G Portland cement; 
98% sea Water bWoc; 1% CPR-3 dispersant bWoc; 55% 
holloW microspheres bWoc; and 10% milled carbon ?bers 
bWoc having a mean length of 150 microns. 

[0020] To facilitate a better understanding of the present 
invention, the folloWing examples of speci?c embodiments 
are given. In no Way should the folloWing examples be read 
to limit, or de?ne, the entire scope of the invention. 

EXAMPLE 1 

[0021] Test samples of preferred exemplary embodiments 
of the cement compositions of the present invention Were 
made and the tensile strength of each composition Was 
determined. Comparative samples Were also made and simi 
larly tested. To prepare the samples of the cement compo 
sitions, Class G Portland cement Was mixed With 98% sea 
Water bWoc and 55% SPHERELITE bWoc, and cured for 72 
hours at 150° F. To certain sample cement compositions, 1% 
CPR-3 dispersant bWoc and carbon ?bers Were added in 
chosen ratios as described in Table 1. The carbon ?bers Were 
milled ?bers, speci?cally AGM-94 ?bers from Asbury 
Graphite Mills Inc., With a mean length of 150 microns and 
a diameter of 7.2 microns. The tensile strength of each 
cement composition Was then determined. All tests Were 
performed in accordance With ASTM C496-96. 

[0022] Table 1 beloW lists the percentage of carbon ?bers 
that Were added to each cement composition and the result 
ant tensile strength. 

TABLE 1 

Sample Dispersant Milled Carbon Fibers Tensile 
Description (bWoc) (bWoc) Strength (psi) 

Comparative None 0 183 
Sample No. 1 
Sample No. 2 1% CPR-3 10% 283 

[0023] Comparative Sample No. 1 illustrates the tensile 
strength of a cement composition comprising microspheres 
When no carbon ?bers have been added to the composition. 
The tensile strength Was 183 psi. 

[0024] Sample No. 2 illustrates the tensile strength of a 
cement composition of the present invention, comprising 
microspheres to Which carbon ?bers and a dispersant have 
been added. The tensile strength Was 283 psi, a 55% increase 
from Comparative Sample No. 1. 

[0025] Therefore, the present invention is Well adapted to 
attain the ends and advantages mentioned as Well as those 
that are inherent therein. While numerous changes may be 
made by those skilled in the art, such changes are encom 
passed Within the spirit of this invention as de?ned by the 
appended claims. 

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

hydraulic cement; 

Water; 

microspheres; and 
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carbon ?bers present in the cement composition in an 
amount in the range of from about 1% to about 15% by 
Weight of cement. 

2. The cement composition of claim 1 Wherein the 
hydraulic cement comprises at least one of the folloWing: a 
Portland cement; a poZZolana cement; a gypsum cement; a 
high alumina content cements; a silica cements; a high 
alkalinity cements; and a calcium phosphate cement. 

3. The cement composition of claim 1 Wherein the carbon 
?bers have a mean length of about 150 microns. 

4. The cement composition of claim 1 Wherein the carbon 
?bers have a mean length of about 1 mm or less. 

5. The cement composition of claim 1 Wherein the carbon 
?bers have a mean length of about 50 to about 500 microns. 

6. The cement composition of claim 1 Wherein the carbon 
?bers have a mean length of about 100 to about 200 microns. 

7. The cement composition of claim 1 Wherein the carbon 
?bers are milled. 

8. The cement composition of claim 1 Wherein the carbon 
?bers have a tensile modulus greater than about 180 GPa. 

9. The cement composition of claim 1 Wherein the carbon 
?bers have a tensile strength greater than about 3000 MPa. 

10. The cement composition of claim 1 Wherein the 
cement composition has a tensile strength greater than about 
183 psi. 

11. The cement composition of claim 1 Wherein the 
microspheres are present in the cement composition in an 
amount in the range of from about 10% to about 390% by 
Weight of cement. 

12. The cement composition of claim 1 Wherein the 
microspheres are present in the cement composition in an 
amount in the range of from about 20% to about 100% by 
Weight of the cement. 

13. The cement composition of claim 1 Wherein the Water 
is present in the cement composition in an amount in the 
range of from about 50% to about 350% by Weight of 
cement. 

14. The cement composition of claim 1 Wherein the 
density of the cement composition is in the range of from 
about 5 pounds per gallon to about 15 pounds per gallon. 

15. The cement composition of claim 1 Wherein the 
density of the cement composition is in the range of from 
about 6 pounds per gallon to about 14 pounds per gallon, 
Wherein the carbon ?bers have a mean length of about 100 
to about 200 microns, and Wherein the microspheres are 
present in an amount in the range of from about 20% to 
about 100% by Weight of cement. 

16. The cement composition of claim 1 Wherein the 
microspheres are pre-suspended in Water before being intro 
duced into the composition. 

17. The cement composition of claim 1 Wherein the 
microspheres are dry blended With the cement before the 
addition of Water. 

18. The cement composition of claim 1 further comprising 
at least one of the folloWing: a ?uid loss control additive, a 
defoamer, a surfactant, vitri?ed shale, mica, ?ber, ?y ash, 
bentonite, fumed silica, a salt, a dispersing agent, a set 
accelerator, a formation conditioning agent, and a set 
retarder. 

19. A cement composition comprising: 

hydraulic cement; 

Water; 
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microspheres present in the cement composition in an 
amount in the range of from about 10% to about 390% 
by Weight of cement; and 

carbon ?bers present in the cement composition in an 
amount in the range of from about 1% to about 15% by 
Weight of cement. 

20. A cement composition comprising: 

hydraulic cement; 

Water; 
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microspheres present in the cement composition in an 
amount in the range of from about 10% to about 390% 

by Weight of cement; and 

carbon ?bers having a mean length of about 1 mm or less 

present in the cement composition in an amount in the 
range of from about 1% to about 15% by Weight of 
cement. 


