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SET RETARDER COMPOSITIONS, CEMENT

COMPOSITIONS, AND ASSOCIATED METHODS

BACKGROUND

The present invention relates to cementing operations, and more
particularly, tol set retarder compositions that comprise ethylenediamine tetra acetic acid
and/or nitrilotriacetic acid, cement compositions that comprise the set retarder compositions,
and associated methods. '

Cement compositions are commonly utilized in subterranean operations,
particularly subterranean well completion and remedial operations. For example, cement
compositions are used in primary cementing operations whereby pipe strings such as casings
and liners are cemented in well bores. In performing primary cementing, cement
compositions are pumped into the annular space between the walls of a well bore and the
exterior surface of a 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 supports and positions the pipe string in the well bore and
bonds the exterior surface of the pipe string to the walls of the well bore. Cement
compositions also are used in remedial cementing operations such as plugging highly
permeable zones or fractures in well bores, plugging cracks and holes in pipe strings, and the
like.

These cementing operations generally occur under a wide variety of well
bore conditions, for example, ranging from shallow wells (less than about 1,000 feet) to
extremely deep wells (greater than about 35,000 feet). Generally, the cement composition
should remain in a pumpable state until the cement composition has been placed into the
desired location. To retard the set time of the cement composition, conventional set retarder
compositions have been included therein. As used herein, the phrase “conventional set
retarder compositions™ refers to a wide variety of compositions commonly used in cementing
operations for delaying the set time of a cement composition, including lignosulfates,
hydroxycarboxy acids, phosphonic acid derivatives, synthetic polymers (e.g., copolymers of
2-acrylamido-2-methylpropane sulfonic acid (“AMPS”)), borate salts, and combinations
thereof. As used herein, the term “copolymer” refers to a polymer comprising two or more
different monomers. Certain of these conventional set retarder compositions (e.g., synthetic

polymers) may be costly to produce, which may add an undesired expense to the cementing
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operation. Further as temperatures encountered downhole increase, higher concentrations of
the conventional set retarder compositions may be required to achieve a desirable level of set
retardation, which, in turn, may lead to additional undesired expense to the cement operation.
Even further, these conventional set retarder compositions may not provide a desired level of
set retardation, for example, in wells having bottom hole circulating temperatures (“BHCT”)
above about 450°F. Therefore, these temperatures limit the temperatures at which a cement
composition may be pumped using conventional set retarder compositions and, thus, limit the
depths and associated temperatures at which well bores may be drilled and isolated with a
cement composition placed in the annulus.
SUMMARY

The present invention relates to cementing operations, and more
particularly, to set retarder compositions that comprise ethylenediamine tetra acetic acid
and/or nitrilotriacetic acid, cement compositions that comprise the set retarder compositions,
and associated methods.

In one embodiment, the present invention provides a method of cementing
in a subterranean formation penetrated by a well bore that comprises providing a cement
composition comprising water, a cement, a strength-retrogression additive, and an acid,
wherein the acid comprises ethylenediamine tetra acetic acid, nitrilotriacetic acid, or a
combination thereof, introducing the cement composition into the subterranean formation;
and allowing the cement composition to set therein.

In another embodiment, the present invention provides a method of
retarding the set time of a cement composition that comprises adding to the cement
composition an acid, wherein the acid comprises ethylenediamine tetra acetic acid,
nitrilotriacetic acid, or a combination thereof.

In another embodiment, the present invention provides a cement
composition that comprises water, a cement, a strength-retrogression additive, an acid,
wherein the acid comprises ethylenediamine tetra acetic acid, nitrilotriacetic acid, or a
combination thereof.

In yet another embodiment, the present invention provides a set retarder
composition that comprises an acid, wherein the acid comprises ethylenediamine tetra acetic

acid, nitrilotriacetic acid, or a combination thereof,
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The objects, features and advantages of the present invention will be
readily apparent to those skilled in the art upon a reading of the description of the specific
embodiments that follows.

DESCRIPTION

The present invention relates to cementing operations, and more
particularly, to set retarder compositions that comprise ethylenediamine tetra acetic acid
and/or nitrilotriacetic acid, cement compositions that comprise the set retarder compositions,
and associated methods. While the methods and compositions of the present invention may
be useful in a variety of subterranean cementing operations, they are particularly useful for
cementing operations in well bores having BHCTSs greater than about 450°F, among other
things, due to desirable properties (e.g., placement time) of the cement compositions of the
present invention.

The cement compositions of the present invention generally comprise
water, a cement, a strength-retrogression additive, and an acid, wherein the acid comprises
ethylenediamine tetra acetic acid (“EDTA”™), nitrilotriacetic acid (“NTA™), or a combination
thereof. In some embodiments, the cement compositions of the present invention further may
comprise a conventional set retarder composition and/or a copolymer that comprises
olefinically unsaturated non-acrylate sulfonate (“OUS”) monomers and olefinically
unsaturated carboxylic acid (“OUC”) monomers (e.g., styrene sulfonic acid and maleic
anhydride). As used herein, the phrase “strength-retrogression additive” refers to materials
(e.g., crystalline silica) that are capable of preventing the strength retrogression of a set
cement composition when exposed to high temperatures.  Generally, the cement
compositions of the present invention should be useful in cementing operations in well bores
having a BHCT of up to about 700°F. In some embodiments, the cement compositions of the
present invention may be used in well bores where some delay in the set time of the cement
composition is desired, for example, in well bores having a BHCT of greater than about
200°F. In some embodiments, the cement compositions of the present invention may be used
in well bores having a BHCT in the range of from about 450°F to about 700°F. The inclusion
of copolymers comprising OUS monomers and OUC monomers in the cement compositions
of the present invention may provide desirable levels of set retardation in well bores having
BHCTs above about 525°F.
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Generally, the cement compositions of the present invention may have a
density suitable for a particular application. In one embodiment, the cement compositions of
the present invention may range in density from about 12 pounds per gallon (“ppg”) to about
30 ppg. In yet another embodiment, the cement compositions of the present invention may
range in density from about 17 ppg to about 21 ppg.

Suitable water for use in the cement compositions of the present invention
includes fresh water, saltwater (e.g., water containing one or more salts dissolved therein),
brine (e.g., saturated saltwater), or seawater. Generally, the water may be from any source
provided that it does not contain an excess of compounds that adversely affect the cement
compositions. The water maybe present in an amount sufficient to form a pumpable slurry.
Generally, the water is present in the cement compositions of the present invention in an
amount in the range of from about 33% to about 200% by weight of cement (“bwoc™) therein.
In certain embodiments, the water is present in the cement compositions of the present
invention in an amount in the range of from about 35% to about 60% bwoc therein.

Any cements suitable for use in subterranean applications are suitable for
use in the present invention. In one embodiment, the improved cement compositions of the
present invention comprise a hydraulic cement. A variety of hydraulic cements are suitable
for use 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, pozzolanic cements, gypsum cements, high alumina content
cements, silica cements, combinations thereof, and the like.

Any strength-retrogression additive suitable for use in subterranean
applications may be included in the cement compositions of the present invention. Strength
retrogression agents generally are included in the cement composition of the present
invention, among other things, to prevent high-temperature strength retrogression that occurs
to set cement compositions in high-temperature wells, for example, wells with a BHCT that
exceeds about 230°F. Examples of suitable strength-retrogression additives include
crystalline silica, such as, e.g., coarse grain crystalline silica, fine grain crystalline silica, or a
combination thereof. An example of a suitable fine grain crystalline silica is “SSA-1”
strength stabilization agent, commercially available from Halliburton Energy Services, Inc.,
Duncan, Oklahoma. An example of a suitable course grain crystalline silica is “SSA-2”

strength stabilization agent, commercially available from Halliburton Energy Services, Inc.,
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Duncan, Oklahoma. Generally, a strength-retrogression additive may be included in the
cement compositions of the present invention in an amount sufficient to provide the desired
level of strength retrogression prevention. In some embodiments, a strength-retrogression
additive may be included in the cement compositions of the present invention in an amount in
the range of from about 30% to about 80% bwoc. Those of ordinary skill in the art, with the
benefit of this disclosure, will be able to select the appropriate type and amount of the
strength regression additive to include in the cement compositions of the present invention
for a particular application.

The conventional set retarder composition that may be included in the
cement compositions of the present invention may include any conventional set retarder
composition suitable for use in subterranean operations. Conventional set retarder
compositions are generally included in the cement compositions of the present invention to
retard the set time thereof. Examples of suitable conventional set retarder compositions
include lignosulfates (“LS”), hydroxycarboxy acids, phosphonic acid derivatives, borate salts,
synthetic polymers, and combinations thereof. Examples of suitable hydroxycarboxy acids
include tartaric acid, gluconic acid, citric acid, gluconoheptanoic acid, combinations thereof,
and the like. An example of a suitable hydroxycarboxy acid is commercially available as
“HR®-25” retarder from Halliburton Energy Services, Inc., Duncan, Oklahoma. Suitable
synthetic polymers include a wide variety of synthetic polymers that may be used to delay the
set time of a cement composition in cementing operations, including copolymers comprising
an AMPS monomer and at least one monomer chosen from acrylic acid, methacaylic acid,
itaconic acid, or maleic acid. Examples of suitable synthetic polymers are commercially
available as “SCR™-100” retarder from Halliburton Energy Services, Inc., Duncan,
Oklahoma, which is described in U.S. Pat. Nos. 4,941,536; 5,049,288; 5,472,051, the relevant
disclosures of which are incorporated herein by reference, and as “SCR™-500" retarder from
Halliburton Energy Services, Inc., Duncan, Oklahoma, which is described in U.S. Pat. No.
5,536,311, the relevant disclosure of which is incorporated herein by reference. In some
embodiments, the conventional set retarder composition comprises borate salts. Examples of
suitable borate salts include potassium pentaborate, sodium tetraborate, borax, combinations
thereof, and the like. An example of a suitable borate salt is commercially available as
“COMPONENT R™” additive from Halliburton Energy Services, Inc., Duncan, Oklahoma.

An example of a conventional set retarder composition comprising a phosphonic acid
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derivative is commercially available as “Micro Matrix™” cement retarder from Halliburton
Energy Services, Inc., Duncan, Oklahoma, which is described in U.S. Pat. Nos. 5,340,397
and 5,484,478, the relevant disclosures of which are incorporated herein by reference. In
some embodiments, the conventional set retarder composition comprises combinations of the
above-listed compositions. An example of a suitable combination is a conventional set
retarder composition that comprises calcium LS and gluconic acid, an example of which is
commercially available as “HR-12T™” retarder, from Halliburton Energy Services, Inc.,
Duncan, Oklahoma, in a 75:25 calcium LS to gluconic acid weight ratio. One of ordinary
skill in the art will be able to determine other suitable conventional set retarder compositions
that may be used in the cement compositions of the present invention.

The amount of a particular conventional set retarder composition to
include generally depends on a number of factors, including the BHCT and bottom hole
pressure of the well bore, the particular conventional set retarder composition chosen, the
cement composition of the present invention containing the conventional set retarder
composition, and other factors known to those of ordinary skill in the art. As those of
ordinary skill in the art, with the benefit of this disclosure, will appreciate higher
concentrations of the conventional set retarder composition may be needed with increasing
BHCT. In some embodiments, the quantity of the conventional set retarder composition to be
included in a cement composition of the present invention may be determined prior to
preparation of the cement composition. For example, the quantity of a conventional set
retarder composition to be included in a cement composition of the present invention may be
determined by performing thickening time tests of the type described in API Recommended
Practices 10B, Procedure 9, Twenty-Second Edition, December 1997. More particularly, in
certain embodiments, a conventional set retarder composition is present in the cement
compositions of the present invention in an amount in the range of from about 0.01% to about
10% bwoc. In some embodiments, a conventional set retarder composition is present in the
cement compositions of the present invention in an amount in the range of from about 0.1%
to about 6% bwoc.

The cement compositions of the present invention further comprise EDTA
and/or NTA. Among other things, EDTA and/or NTA may be included in the cement
compositions of the present invention so the cement compositions may have desirable levels

of set retardation, for example, in well bores having a BHCT of greater than about 450°F.
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Further, inclusion of EDTA and/or NTA may reduce the amount of a conventional set
retarder composition that may be needed to achieve a desired level of set retardation, thereby
possibly reducing the expense associated with the cementing operation, for example, where a
synthetic polymer is included in the conventional set retarder composition.

Generally, the EDTA and/or NTA should be included in the cement
compositions of the present invention in an amount sufficient to provide the desired level of
set retardation in the cement compositions of the present invention, based on a number of
factors including the amount and composition of the convention set retarder compositions,
desired placement time, and the BHCT and bottom hole pressure of the well bore. As those
of ordinary skill in the art, with the benefit of this disclosure, will appreciate higher
concentrations of the conventional EDTA and/or NTA may be needed with incfeasing
BHCT. In some embodiments, the quantity of the EDTA and/or NTA to be included in a
cement composition of the present invention may be determined prior to preparation of the
cement composition. For example, the quantity of a conventional set retarder composition to
be included in a cement composition of the present invention may be determined by
performing thickening time tests of the type described in API Recommended Practices 10B,
Procedure 9, Twenty-Second Edition, December 1997. In some embodiments, the EDTA
may be present in the cement compositions of the present invention in an amount in the range
of from about 0.01% to about 10% bwoc. In some embodiments, the EDTA may be present
in the cement compositions of the present invention in an amount in the range of from about
0.01% to about 6% bwoc. In some embodiments, the NTA may be present in the cement
compositions of the present invention in an amount in the range of from about 0.01% to about
10% bwoc. In some embodiments, the NTA may be present in the cement compositions of
the present invention in an amount in the range of from about 0.01% to about 6% bwoc. In
some embodiments, where used in combination, the EDTA and the NTA may be present in
the cement compositions of the present invention in an amount in the range of from about
0.01% to about 10% bwoc. In some embodiments, where used in combination, the EDTA
and NTA may be present in the cement compositions of the present invention in an amount in
the range of from about 0.01% to about 6% bwoc. Generally, where used in combination, the
ratio of the EDTA to the NTA may vary based on a number of factors including, the desired
set time, desired placement time, BHCT, and a variety of other factors known to those of

ordinary skill in the art. In some embodiments, the ratio of the EDTA to the NTA may be in
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the range of from about 1:5 by weight to about 5:1 to weight. In some embodiments, the ratio
of the EDTA to the NTA may be in the range of from about 1:2 by weight to about 2:1 to
weight.

The cement compositions of the present invention optionally may
comprise a copolymer that comprises OUS monomers and OUC monomers. Inclusion of
these copolymers in the cement compositions of the present invention, among other things,
may provide desirable levels of set retardation in well bores having BHCTSs over about 525°F.
A specific example of a suitable copolymer that comprises OUS monomers and OUC
monomers is a styrene sulfonic acid and maleic anhydride (“SSMA”™) copolymer. An
example of a suitable SSMA copolymer having a styrene monomer to maleic anhydride mole
ratio of about 1:1 is commercially available as “NARLEX® D-72” polymer. In another
embodiment, aqueous solutions of the above polymers containing up to about 50% polymer
by weight are used. Further, numerous salts of the copolymer may be made by methods well
known in the art. As used herein, the term “copolymer” is intended to include the acid form
of the copolymer as well as its various salts.

The OUS monomers suitable for use in the present invention include
sulfonated monomers that do not contain base-degradable functional groups, for example
amides or esters. Examples of suitable OUS monomers include sulfonated styrene,
vinyltoluenesulfonic acid, vinylnapthalenesulfonic acid, allyloxylbenzenesulfonic acid, 3-
allyloxy-2-hydroxypropane sulfonic acid, and allylsulfonic acid. These monomers may used
in the acid or salt form. In some embodiments, when the monomers are used in the acid
form, the final copolymer may be neutralized prior to use.

As used herein, an OUC monomer is intended to include aliphatic,
branched or cyclic, mono-, di-, or tri- carboxylic acids, the alkali or alkaline earth metal salts
thereof, and the amides, esters, imides and anhydrides thereof. Suitable OUC monomers
should be copolymerizable with an OUS monomer. Examples of suitable OUC monomers
include acrylic acid, alkyl acrylic acids, for example methacrylic acid and ethacrylic acid,
alpha-chloro-acrylic acid, alpha-cyano acrylic acid, alpha-chloro-methacrylic acid, alpha-
cyano methacrylic acid, crotonic acid, alpha-phenyl acrylic acid, beta-acryloxy propionic
acid, sorbic acid, alpha-chloro sorbic acid, angelic acid, cinnamic acid, p-chloro cinnamic
acid, beta-styryl acrylic acid (1-carboxy-4-phenyl butadiene-1,3), itaconic acid, maleic acid,

citraconic acid, mesaconic acid, glutaconic acid, aconitic acid, fumaric acid, and tricarboxy
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ethylene. Of these, maleic acid; maleimide; diesters, monoester, and amide derivatives of
maleic acid; unsubstituted acrylic acid and derivatives thereof: and alkyl acrylic acid and
derivatives thereof are preferred.

The ratio of the OUS monomers to the OUC monomers in the copolymer
may vary dependent on a number of factors, including the particular monomers chosen and
the desired level of set retardation. In some embodiments, the mole ratio of the OUS
monomers to OUC monomers may be in the range of from about 100:1 to about 1:100. In
some embodiments, the mole ratio of the OUS monomers to OUC monomers may be in the
range of from about 3:1 to about 1:3. In some embodiments, the mole ratio of the QUS
monomers to OUC monomers may be about 1:1.

Generally, the copolymer that comprises OUS monomers and QUC
monomers should be included in the cement compositions of the present invention in an
amount sufficient to provide a desired level of set retardation. In some embodiments, the
copolymer that comprises OUS monomers and OUC monomers is included in the cement
compositions of the present invention in an amount in the range of from about 0.01% bwoc to
about 10% bwoc. In some embodiments, the copolymer that comprises OUS monomers and
OUC monomer is included in the cement compositions of the present invention in an amount
in the range of from about 0.01% bwoc to about 6% bwoc.

Optionally, the cement compositions of the present invention further may
comprise a dispersant. Where present, the dispersant acts, among other things, to control the
rheology of the cement composition. While a variety of dispersants known to those skilled in
the art may be used in accordance with the present invention, a suitable dispersant comprises
a water-soluble polymer prepared by the condensation of formaldehyde with acetone and
sodium bisulfite. Such a dispersant is commercially available as “CFR™-3" dispersant from
Halliburton Energy Services, Inc., Duncan, Oklahoma. Another suitable dispersant
comprises a sodium salt of naphthalene sulfonic acid condensed with formaldehyde, an
example of which is commercially available as “CFR™-2” dispersant also from Halliburton
Energy Services, Inc., Duncan, Oklahoma. Another suitable dispersant comprises gluconic
acid, an example of which is commercially available as “CFR™.-1” dispersant also from
Halliburton Energy Services, Inc., Duncan, Oklahoma. Where used, the dispersant should be
present in the cement compositions of the present invention in an amount sufficient to

improve the rheology of the cement composition. In some embodiments, the dispersant is
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present in the cement compositions of the present invention in an amount in the range of from
about 0.1% to about 5% bwoc. In some embodiments, the dispersant is present in the cement
compositions of the present invention in an amount in the range of from about 0.1% to about
3% bwoc.

As will be recognized by those skilled in the art, the cement compositions
of this invention also may include additional suitable additives, such as, for example,
defoamers, fibers, fluid loss control additives, weighting materials, salts, vitrified shale, fly
ash, combinations thereof, and the like. Weighting materials may be included in the cement
compositions of the present invention to provide a desired density. Examples of suitable
weighting materials include iron oxides and oxides of manganese. An example of a suitable
weighting material comprising oxide of manganese is commercially available as
“MICROMAX®” from Elkem Materials, Inc., Pittsburgh, Pennsylvania. An example of a
suitable weighting material comprising iron oxide is commercially available as “Hi-Dense”™
No. 4” cement weighting additive from Halliburton Energy Services, Inc., Duncan,
Oklahoma. One of ordinary skill in the art with the benefit of this disclosure will be able to
recognize where a particular additive is suitable for a particular application.

The cement compositions of the present invention may be prepared using
any suitable technique for the preparation of cement compositions. In some embodiments,
the EDTA and/or NTA may be dry blended with the cement together with other additives
(e.g., the conventional set retarder composition, the copolymer comprising OUS monomers
and OUC monomers, and the like). In other embodiments, salts of EDTA and/or NTA may
be added to the water used to make the cement composition. In yet other embodiments, the
EDTA and/or NTA may be dry blended with the silica and then combined with the cement by
any suitable technique. One of ordinary skill in the art, with the benefit of this disclosure,
will be able to prepare a cement composition suitable for use in a particular application.

In one embodiment, the present invention provides a method of cementing
in a subterranean formation penetrated by a well bore that comprises providing a cement
composition comprising water, a cement, a strength-retrogression additive, and an acid,
wherein the acid comprises EDTA, NTA, or a combination thereof; introducing the cement
composition into the subterranean formation; and allowing the cement composition to set

therein.
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In another embodiment, the present invention provides a method retarding
the set time of a cement composition that comprises adding to the cement composition an
acid, wherein the acid comprises EDTA, NTA, or a combination thereof.

In another embodiment, the present invention provides a cement
composition that comprises water, a cement, a strength-retrogression additive, an acid,
wherein the acid comprises EDTA, NTA, or a combination thereof.

In yet another embodiment, the present invention provides a set retarder
composition that comprises an acid, wherein the acid comprises EDTA, NTA, or a
combination thereof In some embodiments, the set retarder composition may further
comprise a copolymer that comprises OUS monomers and OUC monomers.

To facilitate a better understanding of the present invention, the following
illustrative example of some of the certain embodiments are given. In no way should such
example be read to limit, or define, the scope of the invention.

EXAMPLE

Sample compositions were prepared according to the following procedure.
Each sample was dry blended, then blended with water for 15 seconds at 4,000 rpm in a
Waring Blendor, and then mixed for 35 seconds at 12,000 rpm in the Waring Blendor. After
sample preparation, thickening time tests were performed on each of the samples using a
High-Temperature/High-Pressure consistometer according to API Recommended Practices
10B, Procedure 9, Twenty-Second Edition, December 1997. While the thickening time test
was being performed, each sample composition was brought up to Tres and 32,000 psi, unless
otherwise noted, in the time listed in the tables below.

For each of Test Nos. 1-3, a summary of the sample composition and
thickening times at Tres between 500°F and 545°F is provided below in Table 1. The sample
compositions utilized in Test Nos. 1-3 are comparative cement compositions that comprise a

conventional set retarder composition.
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TABLE 1
500°F to 545°F Tests
TEST NO. Test Test Test
No. 1 Ne. 2 No. 3
Class H Cement (Ibs/sack) 94 94 94
% SSA-1 bwoc 10 10 10
% SSA-2 bwoc 30 30 30
Hi-Dense® No. 4 Ibs/sk 65 0 0
MicroMax" Ibs/sk 0 100 75
% NaCl bwow 18 18 18
% SCR™.500 bwoc 5 5 5
% HR"-25 bwoc 5 5 5
% CFR™.1 bwoc 0 5 0
% Gasstop™ HT' bwoc 0.8 0 0.8
% EZ-FLO™' bwoc 0.07 0.07 0.07
Water (gal/sack) 6.16 7.46 6.51
Density (Ib/gal) 19 19 19
Yield (ft’/sack) 1.88 225 1.98
Minutes t0 Trest 90 90 90
Trest (°F) 500 500 545
Thickening Time (hr:min) 6:38 1:38 1:51

'Gasstop™ HT cement additive is a gas migration and fluid loss control additive
that is commercially available from Halliburton Energy Services, Inc., Duncan,
Oklahoma.

’EZ-FLO™ cement additive is a flow enhancer that is commercially available
from Halliburton Energy Services, Duncan, Oklahoma.

For each of Test Nos. 4-9, a summary of the sample composition and
thickening times at a Tes; of 575°F is provided below in Table 2. The sample compositions
utilized in Test Nos. 4-9 are comparative cement compositions that comprise a conventional

set retarder composition.
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TABLE 2
575°F Tests
TEST NO. Test Test Test Test Test Test
No. 4 No. 5 No.6 | No.7' | No.8 No. 9
Class H Cement 94 94 94 94 94 94
(Ibs/sack)
% SSA-1 bwoc 0 0 0 10 10 10
% SSA-2 bwoc 35 40 0 30 30 30
Hi-Dense® No. 4 1bs/sk 68.8 70 0 0 0 0
MicroMax" Ibs/sk 0 0 0 75 80 35
% NaCl bwow 0 0 0 18 55 18
% SCR™-500 bwoc 0 0 0 5 5 3
% HR"®-12 bwoc 6 6 6 0 0 0
% HR®-25 bwoc 0 0 0 5 5 0
% COMPONENT R™ 6 3 6 0 0 3
bwoc
Micro Matrix™ Cement 0 0 0 0 0 2
Retarder (gal/sk)
% Gasstop™ HT % 0 0.8 0 0.8 0.8 0.8
bwoc
% EZ-FLO™ bwoc 0 0.07 0 0.07 0.07 0.07
% Diacel® LWL bwoc? 0 1 0 0 0 0
Water (gal/sack) 6 6 4.15 6.51 6.79 2.85
Density (1b/gal) 19 19 16.2 19 19 19
Yield (ft’/sack) 1.79 1.84 1.15 1.98 2.18 1.25
Minutes t0 Trest 90 90 90 90 90 90
Trest (°F) 575 575 575 575 575 575
Thickening Time 1:45 1:08 1:19 1:55 1:10 3:12°
(hr:min)

IThe sample composition used in Test No. 7 was the same as the sample composition used in Test No.
3

Diacel® LWL Cement Fluid-Loss/Retarder Additive is a bi-functional additive that may be effective
as both a fluid loss control additive and a set retarder composition. It is commercially available from
Chevron Philips Chemical Company LP, The Woodlands, Texas.

3Test No. 9 was performed at 22,500 psi.

For each of Test Nos. 10-15, a summary of the sample composition and
thickening times at a Trest between 475°F and 525°F is provided below in Table 3. The
sample compositions utilized in Test Nos. 10-15 are cement compositions of the present

invention that comprise a conventional set retarder composition and EDTA or NTA.
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TABLE 3
475°F to 525°F Tests
TEST NO. Test Test Test Test Test Test
No.10' | No.11' | No.12 | No.13 | No.14 | No.15
Class H Cement (Ibs/sack) 94 94 94 94 - 94 94
% SSA-1 bwoc 10 10 10 10 10 10
% SSA-2 bwoc 30 30 30 30 30 30
MicroMax® Ibs/sk 90 90 75 90 90 90
% NaCl bwow 18 18 18 18 18 18
% EDTA bwoc 0 0 2.4 6 5 5
% NTA bwoc 6 6 0 0 0 0
% SCR™.500 bwoc 5 5 0 5 0 5
% HR-25 bwoc 5 5 5 5 5 5
% CFR™.3 bwoc 0 0 0 2 0 0
% CFR™..1 bwoc 0 0 0 0 0 0
% Gasstop™ HT bwoc 0 0 0 0.8 0 0.8
% EZ-FL.O™ bwoc 0.07 0.07 0.07 0.07 0.07 0.07
Water (gal/sack) 7.37 7.37 6.56 73 7.39 7.36
Density (Ib/gal) 19 19 19 19 18 19
Yield (ft’/sack) 2.18 2.18 1.99 2.18 2.17 2.17
Minutes t0 Trest 90 90 90 100 90 100
Test (°F) 475°F 500°F 500 500 500 525
Thickening Time (hrmin) | 6:00+° | 6:00+ | 1:28 445 | 8:00+ | 3:58

"Tests No. 10 and No. 11 were performed at 27,000 psi.
*For Test Nos. 10, 11, and 14, the heat was turned off at the indicated time and cooled overnight
(about 12 hours). When the slurry cap was opened, the sample was set hard.

For each of Test Nos. 16-19, a summary of the sample composition and
thickening times at a Trey between 550°F and 575°F is provided below in Table 4. The
sample compositions utilized in Test Nos. 16-19 are cement compositions of the present
invention that comprise a conventional set retarder composition and acid, wherein the acid

comprises EDTA, NTA, or a combination thereof.
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TABLE 4
550°F to S75°F Tests
TEST NO. Test Test Test Test
No.16' | No.17 | No.18 | No.19?
Class H Cement (Ibs/sack) 94 94 94 94
% SSA-1 bwoc 10 10 10 25
% SSA-2 bwoc 30 30 30 30
MicroMax" lbs/sk 90 90 90 90
% NaCl bwow 18 18 18 18
% EDTA bwoc 0 6 5 5
% NTA bwoc 6 0 1 0
% SCR™.-500 bwoc 5 5 0 0
% HR®-25 bwoc 5 5 5 5
% COMPONENT R® bwoc 0 0 0 0
%CFR™-3 bwoc 0 2.5 0 0
% Gasstop™ HT bwoc 0 0.8 0.8 0
% EZ-FLO™ bwoc 0.07 0.07 0.07 0.07
Water (gal/sack) 7.37 7.2 7.37 7.39
Density (1b/gal) 19 19 19 18
Yield (ft'/sack) 2.18 2.18 2.18 2.17
Minutes 10 Trest 100 100 100 90
Test (°F) 550 550 550 575
Thickening Time (hr:min) 1:37 1:46 1:46 1:52

"The sample composition used in Test No. 16 was the same as the sample compositions used
in Test Nos 10 and 11.

*The sample composition used in Test No. 19 was the same as the sample composition used
in Test No. 14.

For each of Test Nos. 20-23, a summary of the sample composition and
thickening times at a Trest of 575°F is provided below in Table 5. Test Nos. 20 and 22-23 are
cement compositions of the present invention that comprise a conventional set retarder
composition, EDTA, and a SSMA copolymer. Sample No. 21 is a cement composition of the
present invention that comprises a conventional set retarder composition, NTA, and a SSMA

copolymer.
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TABLE 5
575°F Tests
TEST NO. Test Test Test Test
No. 20 No. 21 No. 22 No. 23
Class H Cement (Ibs/sack) 94 94 94 94
% SSA-1 bwoc 10 10 10 10
% SSA-2 bwoc 30 30 30 30
Hi-Dense® No. 4 Ibs/sk 65 65 65 65
% NaCl bwow 18 18 18 18
% Narlex” D-72 bwoc 4 4 5 5
% EDTA bwoc 1 0 5 5
% NTA bwoc 0 1 0 0
% HR®-25 bwoc 5 5 0 5
% CFR™.-3 bwoc 4 0 0 0
% EZ-FLO bwoc 0.07 0.07 0.07 0.07
Water (gal/sack) 6.03 6.08 6.22 6.09
Density (Ib/gal) 19 19 19 19
Yield (ft’/sack) 1.84 1.84 1.85 1.88
Minutes t0 Trpest 199 90 90 920
Trest °F) 575 575 575 575
Thickening Time (hr:min) 4:00 3:25 2:24 3:.01

Therefore, this example indicates, among other things, that the use of
cement compositions of the present invention, that comprise water, a cement, a strength-
retrogression additive, a conventional set retarder composition, and an acid, wherein the acid
comprises EDTA, NTA, or a combination thereof, may provide a desirable level of set
retardation.

Therefore, the present invention is well adapted to carry out the objects
and 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

encompassed within the spirit of this invention as defined by the appended claims.
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What is claimed is:
1. A method of cementing in a subterranean formation penetrated by a well bore
comprising:

providing a cement composition comprising water, a cement, a strength-
retrogression additive, and an acid, wherein the acid comprises ethylenediamine tetra acetic
acid, nitrilotriacetic acid, or a combination thereof;

introducing the cement composition into the subterranean formation; and

allowing the cement composition to set therein.

2. The method of claim 1 wherein the well bore has a bottom hole circulating

temperature of greater than about 200°F.

3. The method of claim 1 wherein the well bore has a bottom hole circulating
temperature in the range of from about 450°F to about 700°F.

4, The method of claim 1 wherein the cement comprises a Portland cement, a

pozzalonic cement, a gypsum cement, a high alumina content cement, a silica cement, or a

combination thereof.

5. The method of claim 1 wherein the strength retrogression agent comprises a
silica.

6. The method of claim 1 wherein the cement composition further comprises a

conventional set retarder composition.

7. The method of claim 6 wherein the conventional set retarder composition
comprises a lignosulfate, a hydroxycarboxy acid, a phosphonic acid derivative, a borate salt,

a synthetic polymer, or a combination thereof.

8. The method of claim 6 wherein the conventional set retarder composition
comprises a tartaric acid, a gluconic acid, a citric acid, a gluconoheptanoic acid, or a

combination thereof,

9. The method of claim 1 wherein the acid is ethylenediamine tetra acetic acid.
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10.  The method of claim 1 wherein the ethylenediamine tetra acetic acid is present
in the cement composition in an amount in the range of from about 0.01% to about 10% by

weight of the cement.
11. The method of claim 1 wherein the acid is nitrilotriacetic acid.

12.  The method of claim 1 wherein the nitrilotriacetic acid is present in the cement
composition in an amount in the range of from about 0.01% to about 10% by weight of the

cement.

13, The method of claim 1 wherein the acid comprises ethylenediamine tetra
acetic acid and nitrilotriacetic acid in an ethylenediamine tetra acetic acid to nitrilotriacetic

acid weight ratio in the range of from about 1:5 by weight to about 5:1 by weight.

14.  The method of claim 1 wherein the acid comprises ethylenediamine tetra
acetic acid and nitrilotriacetic acid in an ethylenediamine tetra acetic acid to nitrilotriacetic

acid weight ratio in the range of from about 1:2 by weight to about 2:1 by weight.

15.  The method of claim 1 wherein the cement composition further comprises a
copolymer comprising olefinically unsaturated non-acrylate sulfonate monomers and

olefinically unsaturated carboxylic acid monomers.

16.  The method of claim 15 wherein the well bore has a bottom hole circulating

temperature of greater than about 525°F.

17.  The method of claim 15 wherein the copolymer is a styrene sulfonic acid and

maleic anhydride copolymer.

18.  The method of claim 17 wherein the copolymer has a styrene monomer to a

maleic anhydride mole ratio of about 1:1.

19.  The method of claim 15 wherein the olefinically unsaturated non-acrylate
sulfonate monomers comprise a sulfonated styrene, a vinyltoluenesulfonic acid, a
vinylnapthalenesulfonic acid, an allyloxylbenzenesulfonic acid, a 3-allyloxy-2-

hydroxypropane sulfonic acid, and or an allylsulfonic acid.
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20.  The method of claim 15 wherein the olefinically unsaturated carboxylic acid
monomers comprise an acrylic acid, a methacrylic acid, an ethacrylic acid, an alpha-chloro-
acrylic acid, an alpha-cyano acrylic acid, an alpha-chloro-methacrylic acid, an alpha-cyano
methacrylic acid, a crotonic acid, an alpha-phenyl acrylic acid, a beta-acryloxy propionic
acid, a sorbic acid, an alpha-chloro sorbic acid, an angelic acid,a cinnamic acid, a p-chloro
cinnamic acid, a beta-styryl acrylic acid, an itaconic acid, a citraconic acid, a mesaconic acid,

a glutaconic acid, an aconitic acid, a fumaric acid, or a tricarboxy ethylene.

21.  The method of claim 15 wherein the olefinically unsaturated carboxylic acid
monomers comprise a maleic acid, a maleimide, a diester of maleic acid, a monoester of
maleic acid, an amide derivative of maleic acid, an unsubstituted acrylic acid, an alkly acrylic

acid, or a derivative thereof,

22, The method of claim 15 wherein the mole ratio of the olefinically unsaturated
non-acrylate sulfonate monomers to the olefinically unsaturated carboxylic acid monomers is
in the range of from about 100:1 to about 1:100.

23.  The method of claim 15 wherein the mole ratio of the olefinically unsaturated
non-acrylate sulfonate monomers to the olefinically unsaturated carboxylic acid monomers is

in the range of from about 3:1 to about 1:3.

24.  The method of claim 15 wherein the copolymer is present in the cement
composition in an amount in the range of from about 0.01% to about 10% by weight of the

cement.

25.  The method of claim 15 wherein the copolymer is present in the cement
composition in an amount in the range of from about 0.1% to about 6% by weight of the

cement.

26.  The method of claim 1 wherein conventional set retarder composition
comprises a tartaric acid, and the cement composition further comprises a styrene sulfonic

acid and maleic anhydride copolymer.
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27. A method of retarding the set time of a cement composition comprising adding
to the cement composition an acid, wherein the acid comprises ethylenediamine tetra acetic

acid, nitrilotriacetic acid, or a combination thereof,
28.  The method of claim 27 wherein the acid is ethylenediamine tetra acetic acid.

29.  The method of claim 27 wherein the ethylenediamine tetra acetic acid is added
to in the cement composition in an amount in the range of from about 0.01% to about 10% by

weight of a cement present in the cement composition.
30.  The method of claim 27 wherein the acid is nitrilotriacetic acid.

31.  The method of claim 27 wherein the nitrilotriacetic acid is added to the cement
composition in an amount in the range of from about 0.01% to about 10% by weight of a

cement present in the cement composition.

32.  The method of claim 27 wherein the acid comprises ethylenediamine tetra
acetic acid and nitrilotriacetic acid in an ethylenediamine tetra acetic acid to nitrilotriacetic

acid weight ratio in the range of from about 1:5 by weight to about 5:1 by weight.

33.  The method of claim 27 further comprising adding a copolymer comprising
olefinically unsaturated non-acrylate sulfonate monomers and olefinically unsaturated

carboxylic acid monomers to the cement composition.

34.  The method of claim 33 wherein the copolymer is a styrene sulfonic acid and
maleic anhydride copolymer.

35.  The method of claim 27 wherein a conventional set retarder composition is

further added to the cement compositibn to retard the set time thereof.

36.  The method of claim 35 wherein the conventional set retarder composition
comprises a lignosulfate, a hydroxycarboxy acid, a phosphonic acid derivative, a borate salt,

a synthetic polymer, or a combination thereof.
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37.  The method of claim 27 wherein the cement composition further comprises a
conventional set retarder composition that comprises a tartaric acid, and the cement

composition comprises a styrene sulfonic acid and maleic anhydride copolymer.

38. A cement composition comprising water, a cement, a strength-retrogression
additive, and an acid, wherein the acid comprises ethylenediamine tetra acetic acid,

nitrilotriacetic acid, or a combination thereof.

39.  The cement composition of claim 38 wherein the cement comprises Portland
cement, a pozzalonic cement, a gypsum cement, a high alumina content cement, a silica

cement, or a combination thereof.

40.  The cement composition of claim 38 wherein the strength retrogression agent

comprises a silica.

41.  The cement composition of claim 38 wherein the cement composition further

comprises a conventional set retarder composition.

42.  The cement composition of claim 41 wherein the conventional set retarder
composition comprises a lignosulfate, a hydroxycarboxy acid, a phosphonic acid derivative, a

borate salt, a synthetic polymer, or a combination thereof.

43.  The cement composition of claim 41 wherein the conventional set retarder
composition comprises a tartaric acid, a gluconic acid, a citric acid, a gluconoheptanoic acid,

or a combination thereof.

44.  The cement composition of claim 38 wherein the acid is ethylenediamine tetra

acetic acid.

45.  The cement composition of claim 38 wherein the ethylenediamine tetra acetic
acid is present in the cement composition in an amount in the range of from about 0.01% to

about 10% by weight of the cement.

46.  The cement composition of claim 38 wherein the acid is nitrilotriacetic acid.
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47.  The cement composition of claim 38 wherein the nitrilotriacetic acid is present
in the cement composition in an amount in the range of from about 0.01% to about 10% by

weight of the cement.

48.  The cement composition of claim 38 wherein the acid comprises
ethylenediamine tetra acetic acid and nitrilotriacetic acid in an ethylenediamine tetra acetic
acid to nitrilotriacetic acid weight ratio in the range of from about 1:5 by weight to about 5:1

by weight.

49.  The cement composition of claim 38 wherein the cement composition further
comprises a copolymer comprising olefinically unsaturated non-acrylate sulfonate monomers

and olefinically unsaturated carboxylic acid monomers.

50.  The cement composition of claim 49 wherein the copolymer is a styrene

sulfonic acid and maleic anhydride copolymer.

51.  The cement composition of claim 50 wherein the copolymer has a styrene

monomer to a maleic anhydride mole ratio of about 1:1.

52.  The cement composition of claim 49 wherein the olefinically unsaturated non-
acrylate sulfonate monomers comprise a sulfonated styrene, a vinyltoluenesulfonic acid, a
vinylnapthalenesulfonic acid, an allyloxylbenzenesulfonic acid, a 3-allyloxy-2-

hydroxypropane sulfonic acid, and or an allylsulfonic acid.

53.  The cement composition of claim 49 wherein the olefinically unsaturated
carboxylic acid monomers comprise an acrylic acid, a methacrylic acid, an ethacrylic acid, an
alpha-chloro-acrylic acid, an alpha-cyano acrylic acid, an alpha-chloro-methacrylic acid, an
alpha-cyano methacrylic acid, a crotonic acid, an alpha-phenyl acrylic acid, a beta-acryloxy
propionic acid, a sorbic acid, an alpha-chloro sorbic acid, an angelic acid,a cinnamic acid, a
p-chloro cinnamic acid, a beta-styryl acrylic acid, an itaconic acid, a citraconic acid, a

mesaconic acid, a glutaconic acid, an aconitic acid, a fumaric acid, or a tricarboxy ethylene.

54.  The cement composition of claim 49 wherein the olefinically unsaturated

carboxylic acid monomers comprise a maleic acid, a maleimide, a diester of maleic acid, a
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monoester of maleic acid, an amide derivative of maleic acid, an unsubstituted acrylic acid,

an alkly acrylic acid, or a derivative thereof.

55.  The cement composition of claim 49 wherein the mole ratio of the olefinically
unsaturated non-acrylate sulfonate monomers to the olefinically unsaturated carboxylic acid

monomers is in the range of from about 100:1 to about 1:100.

56.  The cement composition of claim 49 wherein the mole ratio of the olefinically
unsaturated non-acrylate sulfonate monomers to the olefinically unsaturated carboxylic acid

monomers is in the range of from about 3:1 to about 1:3.

57.  The cement composition of claim 49 wherein the copolymer is present in the
cement composition in an amount in the range of from about 0.01% to about 10% by weight

of the cement.

58.  The cement composition of claim 38 wherein cement composition further
_comprises a conventional set retarder composition that comprises a tartaric acid, and the

cement composition further comprises a styrene sulfonic acid and maleic anhydride

copolymer.

59. A setretarder composition comprising an acid, wherein the acid comprises

ethylenediamine tetra acetic acid, nitrilotriacetic acid, ora combination thereof.

60.  The set retarder composition of claim 59 further comprising a conventional set

retarder composition.

61.  The set retarder composition of claim 60 wherein the conventional set retarder
composition comprises a lignosulfate, a hydroxycarboxy acid, a phosphonic acid derivative, a

borate salt, a synthetic polymer, or a combination thereof.

62.  The set retarder composition of claim 59 wherein the acid is ethylenediamine

tetra acetic acid.

63.  The set retarder composition of claim 59 wherein the acid is nitrilotriacetic

acid.
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64.  The set retarder composition of claim 59 wherein the acid comprises
ethylenediamine tetra acetic acid and nitrilotriacetic acid in an ethylenediamine tetra acetic
acid to nitrilotriacetic acid weight ratio in the range of from about 1:5 by weight to about 5:1
by weight.

65.  The set retarder composition of claim 59 wherein the set retarder composition
further comprises a copolymer comprising olefinically unsaturated non-acrylate sulfonate

monomers and olefinically unsaturated carboxylic acid monomers.

66.  The set retarder composition of claim 65 wherein the copolymer is a styrene

sulfonic acid and maleic anhydride copolymer.

67.  The set retarder composition of claim 66 wherein the copolymer has a styrene

monomer to a maleic anhydride mole ratio of about 1:1.

68.  The set retarder composition of claim 65 wherein the olefinically unsaturated
non-acrylate sulfonate monomers comprise a sulfonated styrene, a vinyltoluenesulfonic acid,
a vinylnapthalenesulfonic acid, an allyloxylbenzenesulfonic acid, a 3-allyloxy-2-

hydroxypropane sulfonic acid, and or an allylsulfonic acid.

69.  The set retarder composition of claim 65 wherein the olefinically unsaturated
carboxylic acid monomers comprise an acrylic acid, a methacrylic acid, an ethacrylic acid, an
alpha-chloro-acrylic acid, an alpha-cyano acrylic acid, an alpha-chloro-methacrylic acid, an
alpha-cyano methacrylic acid, a crotonic acid, an alpha-phenyl acrylic acid, a beta-acryloxy
propionic acid, a sorbic acid, an alpha-chloro sorbic acid, an angelic acid,a cinnamic acid, a
p-chloro cinnamic acid, a beta-~styryl acrylic acid, an itaconic acid, a citraconic acid, a

mesaconic acid, a glutaconic acid, an aconitic acid, a fumaric acid, or a tricarboxy ethylene.

70.  The set retarder composition of claim 65 wherein the olefinically unsaturated
carboxylic acid monomers comprise a maleic acid, a maleimide, a diester of maleic acid, a
monoester of maleic acid, an amide derivative of maleic acid, an unsubstituted acrylic acid,

an alkly acrylic acid, or a derivative thereof.
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71.  The set retarder composition of claim 65 wherein the mole ratio of the
olefinically unsaturated non-acrylate sulfonate monomers to the olefinically unsaturated

carboxylic acid monomers is in the range of from about 100:1 to about 1:100.

72.  The set retarder composition of claim 65 wherein the mole ratio of the
olefinically unsaturated non-acrylate sulfonate monomers to the olefinically unsaturated

carboxylic acid monomers is in the range of from about 3:1 to about 1:3.

73.  The set retarder composition of claim 65 wherein the set retarder composition
further comprises a conventional set retarder composition that comprises a tartaric acid, and

the set retarder composition further comprises a styrene sulfonic acid and maleic anhydride

copolymer.
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