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LIQUID ADDITIVE FOR REDUCING WATER-SOLUBLE CHROMATE

Background

The present embodiment relates generally to cement compositions and methods for
cementing an area using such cement compositions. In certain examples, methods for
cementing in a subterranean zone are described.

In the drilling and completion of an oil or gas well, a cement composition is often
introduced in the wellbore for cementing pipe string or casing. When the desired drilling
depth of the well is reached, a cement composition is pumped into the annular space between
the walls of the wellbore and the casing. The cement composition sets in the annular space,
supporting and positioning the casing, and forming a substantially impermeable barrier, or
cement sheath, which isolates the wellbore from subterranean zones.

Most cements contain chromium compounds because the raw material (typically
shale) from which cements are made usually contains chromium compounds. When the
cements are mixed with water, the chromium compounds appear as Cr'® (chromate)
dissolved in the water. The dissolved chromate presents a health risk to humans, for
example, allergic reactions.

Ferrous sulfate is known to reduce Cr'® to Cr*, which is less soluble in cement-water
mixtures. Ferrous sulfate has been dry blended with cement during the manufacturing of the
cement, but in such a blend, the ferrous sulfate remains effective for only a limited period of
time. In addition, the solubility of ferrous sulfate is such that it will settle out of solution if
formulated as a liquid additive.

Description

According to embodiments described herein, methods of cementing an area are
provided. Certain methods include preparing a cement composition by mixing a cementitious
material with water and an aqueous suspension comprising water, zeolite and a chromate
reducing agent, placing the cement composition in the area, and allowing the cement
composition to set therein.

According to some embodiments, the aqueous suspension comprises zeolite in an

amount of from about 67 weight percent to about 100 weight percent by weight of the water,
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and chromate reducing agent in an amount that is from about 42 weight percent to about 167
weight percent by weight of the zeolite and from about 28 weight percent to about 111
weight percent by weight of the water in the aqueous suspension.

According to other embodiments, the aqueous suspension comprises zeolite in an
amount of more than about 56 weight percent to less than about 111 weight percent of the
weight of the water, and chromate reducing agent in an amount that is about 111 weight
percent of the weight of the water, and more than about 100 weight percent to about 167
weight percent of the weight of the zeolite.

According to still other embodiments, the aqueous suspension comprises zeolite in an
amount of about 67 weight percent to about 100 weight percent of the weight of the water,
and chromate reducing agent in an amount that is from more than about 100 weight percent
to about 111 weight percent of the weight of the water, and about 167 weight percent of the
weight of the zeolite.

According to still further embodiments, the aqueous suspension comprises zeolite in
an amount of about 67 weight percent of the weight of the water, and chromate reducing
agent in an amount that is from about 56 weight percent to about 111 weight percent of the
weight of the water, and from about 83 weight percent to about 167 weight percent of the
weight of the zeolite.

According to certain embodiments described herein, an aqueous suspension
comprises water, zeolite and stannous sulfate or ferrous sulfate as a chromate reducing agent.

The ferrous sulfate can be any of the hydrates of ferrous sulfate, such as the monohydrate
(FeSO4-H,0), the tetrahydrate (FeSO,-4H,0), the pentahydrate (FeSO,-5H,0), and the
heptahydrate (FeSO, 7H,0). Hydrated forms of stannous sulfate, if any, could also prove to
be suitable.

According to certain embodiments, the zeolite in the aqueous suspension is one or
more of analcime (hydrated sodium aluminum silicate), bikitaite (lithium aluminum silicate),
brewsterite (hydrated strontium barium calcium aluminum silicate), chabazite (hydrated
calcium aluminum silicate), clinoptilolite (hydrated sodium aluminum silicate), faujasite
(hydrated sodium potassium calcium magnesium aluminum silicate), harmotome (hydrated

barium aluminum silicate), heulandite (hydrated sodium calcium aluminum silicate),



WO 2007/054666 PCT/GB2006/004074

laumontite (hydrated calcium aluminum silicate), mesolite (hydrated sodium calcium
aluminum silicate), natrolite (hydrated sodium aluminum silicate), paulingite (hydrated
potassium sodium calcium barium aluminum silicate), phillipsite (hydrated potassium
sodium calcium aluminum silicate), scolecite (hydrated calcium aluminum silicate), stellerite
(hydrated calcium aluminum silicate), stilbite (hydrated sodium calcium aluminum silicate)
and thomsonite (hydrated sodium calcium aluminum silicate).

Zeolites are porous alumino-silicate minerals that may be either a natural or manmade
material. Manmade zeolites are based on the same type of structural cell as natural zeolites
and are composed of aluminosilicate hydrates having the same basic formula as given below.

It is understood that as used in this application, the term “zeolite” means and encompasses
all natural and manmade forms of zeolites. All zeolites are composed of a three-dimensional
framework of SiO, and AlQO, in a tetrahedron, which creates a very high surface area.
Cations and water molecules are entrained into the framework. Thus, all zeolites may be

represented by the crystallographic unit cell formula:
Man[(AlO,),(Si0,)s] + xH,O

where M represents one or more cations such as Na, K, Mg, Ca, Sr, Li or Ba for natural
zeolites and NH,, CH;NH;, (CH;);NH, (CH;),N, Ga, Ge and P for manmade zeolites; n
represents the cation valence; the ratio of b:a is in a range of from greater than or equal to 1
to less than or equal to 5; and x represents the moles of water entrained into the zeolite
framework.

Compositions for cementing are also described herein. According to certain
embodiments, the compositions comprise cementitious material and an aqueous suspension
of water, zeolite and a chromate reducing agent. According to certain embodiments, the
aqueous suspension is present in the cement composition in an amount sufficient to provide
the cement composition with a chromate reducing agent content of up to about 0.5% by
weight of the cementitious material.

A variety of cementitious materials can be used with the present embodiments,
including but not limited to hydraulic cements. Hydraulic cements set and harden by reaction

with water, and are typically comprised of calcium, aluminum, silicon, oxygen, and/or sulfur.
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Hydraulic cements include Portland cements, pozzolan cements, gypsum cements,
aluminous cements, silica cements, and alkaline cements. According to certain examples,
the cementitious material comprises at least one API Portland cement. As used herein, the
term API Portland cement means any cement of the type defined and described in API
Specification 104, 23rd Edition, October 1, 2002, of the American Petroleum Institute,
(ANSI/API 10A/ISO 10426-1-2001) such as Classes A, B, C, G, and H.

Water in the cement compositions according to the present embodiments is present in
an amount sufficient to make a slurry of a desired density. The water used to form a slurry
can be fresh water, unsaturated salt solution, including brines and seawater, and saturated salt
solution. Generally, any type of water can be used, provided that it does not contain an
excess of compounds that are well known to those skilled in the art to adversely affect
properties of the cement composition. In certain embodiments, the water is present in an
amount of about 20% to about 150% by weight of the cementitious material in the cement
composition.

A variety of additives may be added to a cement composition that includes an
aqueous suspension of zeolite and a chromate reducing agent. Such additives include density
modifying materials (e.g., fly ash, silica flour, sodium silicate, microfine sand, iron oxides
and manganese oxides), dispersing agents, set retarding agents, set accelerating agents, fluid
loss control agents, strength retrogression control agents, and viscosifying agents, all of
which are well known to those of ordinary skill in the art.

The following examples are illustrative of the methods and compositions discussed

above,

Example 1

Components of the types and amounts reported in Table 1A were mixed to form
Sample Nos. 1 —45. The chromate reducing agent (“CRA™) was SnSO, or FeSO,.7H,0 as
indicated in the table. SnSO, and FeSO,.7H,O were each obtained from Fisher Laboratory
Chemicals. The zeolite used in Sample Nos. 1 — 45 was chabazite, which was mined from
Bowie, Arizona, USA and obtained from C2C Zeolite Corporation, Calgary, Canada. The

water used to form the suspensions was tap water.
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The reported amount of chromate reducing agent and the reported amount of zeolite
were weighed and added to a glass beaker. The reported amount of water (grams) was added
to the beaker, and the chromate reducing agent, zeolite and water in the beaker were hand
mixed with a stirring rod at room temperature. The amounts of chromate reducing agent and
zeolite are reported in grams, and also in a weight percent of the total weight of the mixture
(chromate reducing agent, zeolite and water).

Also reported in Table 1A are: the percentage of zeolite in the mixture, expressed as
a weight percentage of the weight of water in the mixture, and the percentage of reducing
agent in the mixture, expressed as a weight percentage of the weight of water in the mixture,
and as a weight percentage of the weight of zeolite in the mixture.

The notes reported in Table 1A indicate whether the samples settled within 24 hours

of visual observation.
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The settling observations reported in Table 1A indicate that with sufficient zeolite to
water ratios, chromate reducing agent to water ratios and chromate reducing agent to zeolite
ratios, a chromate reducing agent can be formulated as an aqueous suspension having
sufficient suspension and thixotropic properties for use in preparing cement compositions as
will be described further in Example 2.

In particular, Sample Nos. 8 — 18 reported in Table 1A illustrate that aqueous
suspensions of a chromate reducing agent can be made with zeolite in an amount of from
about 67 weight percent to about 100 weight percent of the weight of the water, and
chromate reducing agent in an amount that is from about 42 weight percent to about 167
weight percent of the weight of the zeolite, and from about 28 weight percent to about 111
weight percent of the weight of the water in the aqueous suspension.

Sample Nos. 3, 8 - 11, 16 and 21 illustrate that aqueous suspensions of a chromate
reducing agent can be made with zeolite in an amount of more than about 56 weight percent
to less than about 111 weight percent of the weight of the water, and chromate reducing
agent in an amount that is about 111 weight percent of the weight of the water, and more than
about 100 weight percent to about 167 weight percent of the weight of the zeolite.

Sample Nos. 2, 8,9, 22 and 39 illustrate that aqueous suspensions of a chromate
reducing agent can be made with zeolite in an amount of about 67 wei ght percent to about
100 weight percent of the weight of the water, and chromate reducing agent in an amount
that is from more than about 100 weight percent to about 111 weight percent of the weight of
the water, and about 167 weight percent of the weight of the zeolite.

Sample Nos. 8,9, 13, 18, 23, 25 and 27 illustrate that aqueous suspensions of a
chromate reducing agent can be made with zeolite in an amount of about 67 weight percent
of the weight of the water, and chromate reducing agent in an amount that is from about 56
weight percent to about 111 weight percent of the weight of the water, and from about 83
weight percent to about 167 weight percent of the weight of the zeolite.

Sample Nos. 8, 9 and 36 were visually observed for a period of 14 days to determine
whether settling would occur over time. The results of the observations are reported in Table

1B, where “n/a” indicates that no observation was recorded.
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Table 1B
Sample Time (days)
No.
0 2 4 5 7 8 10 11 14

8 No No No No n/a n/a n/a n/a Slight

seftling | settling | settling | settling settling
9 No n/a n/a n/a n/a No n/a n/a Slight

settling settling settling
36 Slight n/a n/a Slight n/a n/a Slight | Viscous n/a

settling settling settling

Table 1B indicates that aqueous suspensions of chromate reducing agent as described

herein are stable.

Example 2

Cement compositions comprising a cementitious material, a chromate reducing agent

and water were prepared. The water used in this example was distilled and deionized. For

certain compositions, the chromate reducing agent was included in the composition as an

aqueous suspension that included zeolite. The type and amount of cementitious material, the

type and amount of chromate reducing agent, and whether the chromate reducing agent was

formulated as an aqueous suspension is reported in Table 2.

Table 2

No. | Cementitious | Reducing Agent Type Reducing Agent Type Water Cr*®
Material Type | (dry) and Amount (40% by weight of an (mL) content
and Amount aqueous suspension) and (mgL™)

Amount

1 A 0 0 25 5.68
25g

2 A SnSO; (0.35% bwoc) 0 25 0.032
25g

3 A 0 SnSO4 (0.35% bwoc) 25 0.030
25¢g

4 A FeSO47H,0 (0.5% bwoc) | 0 25 0.016
25g

5 A 0 FeSO47H,0 (0.5% bwoc) | 25 0.012
25¢g

6 B 0 0 25 2.65
25g

7 B SnSO, (0.35% bwoc) 0 25 0.019
25g
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Table 2

No. | Cementitious | Reducing Agent Type Reducing Agent Type Water Cr'®
Material Type | (dry) and Amount (40% by weight of an (mL) content
and Amount aqueous suspension) and (mgL™)

Amount

8 B 0 SnSO;, (0.35% bwoc) 25 0.030
25g

9 B FeSO47Hx0 (0.5% bwoc) |0 25 0.020
25¢g

10 | B 0 FeSO47H,0 (0.5% bwoc) | 25 0.005
25g

11 | C 0 0 25 5.19
25g

12 | C SnSO; (0.35% bwoc) 0 25 0.067
25¢g

13 | C 0 SnSO4 (0.35% bwoc) 25 0.017
25g

14 | C FeSO,; 7H;0 (0.5% bwoc) | 0 25 0.013
25¢g

15 | C 0 FeSO,7H,0 (0.5% bwoc) | 25 0.013
25g

Cementitious material A = API Class G cement from Lafarge Corp.
Cementitious material B = API Class G cement from Dyckerhoff AG
Cementitious material C = API Class G cement from Norcem AS

Composition Nos. 2, 4, 7,9, 12 and 14 were prepared with the reported amount and
type of cementitious material, and the reported amount and type of chromate reducing agent,
which was mixed with the cementitious material as a “dry” additive, rather than as an
aqueous suspension. The cementitious material, chromate reducing agent and water were
measured into a glass jar, and mixed by hand at room temperature. The amount of chromate
reducing agent is reported as a percent based on the total weight of the cementitious material
(bwoc), or in other words, an amount that is 0.35% or 0.5% of the 25 grams of cementitious
material.

Composition Nos. 3, 5, 8, 10, 13 and 15 were prepared using aqueous suspensions
that included zeolite in an amount of about 67 percent by weight of water in the suspension,
and the reported chromate reducing agent in an amount that was about 167 percent by weight

of the zeolite and about 111 percent by weight of the water in the suspension (which is an
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aqueous suspension of about 40 weight percent chromate reducing agent, about 24 weight
percent zeolite and about 36 weight percent water).

The zeolite used in the aqueous suspensions was chabazite, which was mined from
Bowie, Arizona, USA and obtained from C2C Zeolite Corporation, Calgary, Canada. The
suspensions were mixed according to the methods described in Example 1. Namely, the
reported chromate reducing agent, zeolite and water were mixed with a stirring rod in a glass
beaker at room temperature.

The aqueous suspensions were mixed with the reported amounts of cementitious
material and water to form the compositions. The water was measured into a glass jar, and
the aqueous suspension was added to the jar in an amount of 0.218 grams (which, when
expressed as a volume, is about 0.15 mL of the ferrous sulfate suspension and about 0.12 mL
for the stannous sulfate suspension, or when expressed by the weight of the cementitious
material (bwoc) to be added (25 grams), is about 0.35% for the ferrous sulfate suspension and
about 0.5% for the stannous sulfate suspension.) After addition of the suspension, the
mixture was stirred for about one minute at room temperature. The reported amount of
cementitious material (25 grams) was then added to the jar and mixing continued.

Composition Nos. 1, 6 and 11 did not contain a chromate reducing agent, and served
as a control for the remaining compositions.

The Cr*® content of each composition was determined using a Hach DR 4000
Spectrometer and 1,5-diphenylcarbohydrazide reagent. To prepa're the samples for spectral
analysis, each composition was stirred with a magnetic stirring bar for about 15 minutes,
followed by filtering and acidification of the filtrate with sulfuric acid to a pH of about 2.

Per Method 8023 of the manufacturer’s procedures for operation of the Hach DR
4000 Spectrometer, sample cells were then filled with the acidified filtrate, and a 65 mg
powder pillow of the 1,5-diphenylcarbohydrazide reagent (available under the tradename
“ChromaVer 3” Reagent Powder Pillow) was added to each cell. The Cr'® concentration of
the reacted filtrate was then determined by ultraviolet-visible spectroscopy, per Method 8023
of the manufacturer’s procedures for operation of the Hach DR 4000 Spectrometer.

The concentrations of Cr'® reported in Table 2 indicate that aqueous suspensions of

chromate reducing agent are effective for reducing the Cr'® content of cement compositions.
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In addition, as described in Example 3, the inclusion in cement compositions of chromate
reducing agents formulated in an aqueous suspension included zeolite does not adversely
affect the suitability of such cement compositions for use in sealing in a subterranean zone

penetrated by a well bore.

Example 3 ~

Referring now to Table 3A, various properties of cement compositions that include a
chromate reducing agent formulated as an aqueous suspension as described herein are
reported. In particular, Table 3A describes rheological data, thickening times and free water
data of cement compositions comprising stannous sulfate or ferrous sulfate, each of which is
formulated as an aqueous suspension comprising zeolite.

The rheological data reported in Table 3A was obtained generally according to the
procedures set forth in Section 12 of the API Specification RP 10B, 22nd Edition, 1997, of
the American Petroleum Institute. Generally according to such procedure, dial readings on a
Fann Model 35 viscometer were read at the different rotational speeds and temperatures
reported in Table 3A. For example, the Fann viscometer is rotated at 300 RPM (revolutions
per minute) for 60 seconds and a value on the dial is read, the speed is then changed to 200
RPM and the new value on the dial reading taken,

Thickening times (“TT”) were determined using a Well Simulation Thickening Time
test described in API Specification 10B 22nd Edition, 1997, of the American Petroleum
Institute. The thickening time reported in Table 3A is that amount of time (hours:minutes)
that it took the composition to attain 70 Bearden units of consistency (B,) in a high pressure
consistometer, as described in API Specification 10B noted above.

Free water data was gathered according to Section 15.5 of Addendum 2 of the API
Specification 10B 22nd Edition, 1997, of the American Petroleum Institute. Generally
according to this API Specification, 250 ml of each cement composition was poured into its
own 250 ml graduated glass cylinder and then sealed with a plastic film wrap to prevent
evaporation. A two-hour test period was then initiated, in which the graduated cylinders
were left standing. After two hours, the free fluid that had gathered on top of each cement

composition inside the cylinder was measured. The percent of free fluid was calculated as
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the measured milliliters of free fluid multiplied by 100 and then divided by the initial 250
milliliters of the cement composition.

“n/a” indicates that the particular measurement was not recorded.

The cementitious material used to prepare each of Composition Nos. 1A — 7B
reported in Table 3A was API Class G cement from Dyckerhoff AG. The water used to
prepare the compositions was tap water.

The amount of the aqueous suspension of a chromate reducing agent used to form the
compositions is reported in Table 3A in “L/100Kg”, which describes the volume of the
aqueous suspension used in the composition per 100 Kg of cementitious material used in the
composition. The amount of the aqueous suspension to form the compositions is also
reported in % bwoc, which describes the percent of the aqueous suspension used in the
composition, by weight of the cementitious material used in the composition.

Certain of the cement compositions, as reported below, included dispersants, retarders
and viscosifiers. In particular, additives bearing the tradenames CFR-3™, Econolite™
liquid, SSA-1™ and HR-4L™ were used in certain compositions of this Example 3.
Bentonite was also used in certain compositions. CFR-3™ is the tradename for a dispersant
commercially available from Halliburton Energy Services, Duncan, Oklahoma, and
comprises a condensation product of formaldehyde, acetone and a sulfite. Econolite™ liquid
is the tradename for a lightweight additive commercially available from Halliburton Energy
Services, Duncan, Oklahoma, and comprises sodium silicate. SSA-1™ is the tradename for a
strength retrogression additive commercially available from Halliburton Energy Services,
Duncan, Oklahoma, and comprises silica flour. HR-4L™ is the tradename for a retarder
commercially available from Halliburton Energy Services, Duncan, Oklahoma, and
comprises an aqueous solution of an unrefined lignosulfonate. Bentonite is a
montmorillonite clay commercially available from Halliburton Energy Services, Duncan,

Oklahoma. Bentonite was used in the examples herein as a viscosifier.
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The density for each of Comp. Nos. 1A and 1B was 1.91 Kg/L. The yield for each of
Comp. Nos. 1A and 1B was 0.75 L/Kg, which describes the volume of slurry that would be
obtained per Kg of cementitious material. The water requirement for each of Comp. Nos. 1A
and 1B was 0.44 L/Kg, which describes the total water in the slurry per Kg of cementitious
material.

Comp. No. 1A was prepared by adding 794 g of cementitious material to 350 gof
water being stirred in a Waring blender at 4000 rpm at room temperature. The cementitious
material was added to the water over a 15 second period. When all of the cementitious
material was added to the water, a cover was placed on the blender and mixing was
continued at about 12,000 RPM for 35 seconds.

Comp. No. 1B further included a chromate reducing agent formulated as an aqueous
suspension that included zeolite, namely, an aqueous suspension having the concentrations of
zeolite, water, and stannous sulfate as reported for Sample No. 8 in Table 1A.

Comp. No. 1B was prepared by adding the reported amount of the aqueous
suspension of stannous sulfate to 347 g of water in a Waring blender at 4000 rpm at room
temperature. Cementitious material in an amount of 789 g was added to the mixing fluid
(water and aqueous zeolite suspension of stannous sulfate) being maintained in the Waring
Blender at 4000 rpm. The cementitious material was added to the mixing fluid over a 15
second period. When all of the cementitious material was added to the water, a cover was
placed on the blender and mixing was continued at about 12,000 RPM for 35 seconds.

A comparison of Comp. Nos. 1A and 1B illustrates that cement compositions
comprising a chromate reducing agent that was added to the composition as an aqueous
suspension are rheologically comparable to cement compositions that do not include a
chromate reducing agent.

Composition Nos. 2A and 2B included a lightweight additive (Econolite™ liquid) in
an amount of about 4.439 L/100Kg of cementitious material, a dispersant (CFR-3L™) in an
amount of about 0.266 L/100Kg of cementitious material, and a retarder (HR-4L™) in an
amount of about 2.308 L/100Kg of cementitious material. The density for each of Comp.
Nos. 2A and 2B was 1.44 Kg/L. The yield for each of Comp. Nos. 2A and 2B was 1.36 L/Kg,

which describes the volume of slurry obtained per Kg of cementitious material. The water
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requirement for each of Comp. Nos. 2A and 2B was 1.68 L/Kg, which describes the total
water in the slurry per Kg of cementitious material.

Comp. No. 2A was prepared by adding the reported amounts of lightweight additive,
dispersant and retarder to 473 g of water being stirred in a Waring blender at 4000 RPM at
room temperature. Cementitious material in an amount of 360 g was then added to the
mixing fluid (the water, lightweight additive, dispersant and retarder) at 4000 RPM over a 15
second period. When all of the cementitious material was added to the mixing fluid, a cover
was placed on the blender and mixing continued at about 12,000 RPM for 35 seconds.

Comp. No. 2B further included a chromate reducing agent formulated as an aqueous
suspension that included zeolite, namely, an aqueous suspension having the concentrations of
zeolite, water, and stannous sulfate as reported for Sample No. 8 in Table 1A.

Comp. No. 2B was prepared by adding the reported amount of the aqueous
suspension to 472 g of water being stirred in a Waring blender at 4000 rpm at room
temperature. The lightweight additive, dispersant and retarder were then added to the
Waring blender. Cementitious material in an amount of 358 g was added to the mixing fluid
(the water, aqueous suspension of chromate reducing agent, lightweight additive, dispersant
and retarder) at 4000 RPM over a 15 second period. When all of the cementitious material
was added to the mixing fluid, a cover was placed on the blender and mixing was continued
at about 12,000 RPM for 35 seconds.

A comparison of Comp. Nos. 2A and 2B illustrates that cement compositions
comprising a chromate reducing agent that was added to the composition as an aqueous
suspension have rheology, thickening times and free water data comparable to cement
compositions that do not include a chromate reducing agent.

Each of Comp. Nos. 3A and 3B included a chromate reducing agent formulated as an
aqueous suspension that included zeolite, namely, an aqueous suspension having the
concentrations of zeolite, water, and stannous sulfate as reported for Sample No. 8 in Table
1A.

Each of Comp. Nos. 3A and 3B also included a strength retrogression agent (SSA-

1™) in an amount of 35% by weight of cementitious material (bwoc), bentonite in an amount
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of 2.5% bwoc, and a retarder (HR-4L™) in an amount of 0.533 L/100 Kg of cementitious
material.

The density for each of Comp. Nos. 3A and 3B was 1.62 Kg/L. The yield for each of
Comp. Nos. 3A and 3B was 1.49 L/Kg, which describes the volume of slurry obtained per Kg
of cementitious material. The water requirement for each of Comp. Nos. 3A and 3B was
1.03 L/Kg, which describes the total water in the slurry per Kg of cementitious material.

Comp. Nos. 3A and 3B were prepared by adding the reported amounts of the aqueous
suspension to 412 g of water being stirred in a Waring blender at 4000 RPM at room
temperature. The retarder was then added to the Waring blender. Four hundred and four
(404) g of cementitious material was dry blended in a jar with the strength retrogression
agent and bentonite. The dry blended mix was added to the mixing fluid (the aqueous
suspension of chromate reducing agent, water and retarder) at 4000 RPM over a 15 second
period. When all of the cementitious material was added to the mixing fluid, a cover was
placed on the blender and mixing was continued at about 12,000 RPM for 35 seconds.

A comparison of Comp. Nos. 3A and 3B illustrates that cement compositions
comprising a chromate reducing agent that was added to the composition as an aqueous
suspension have acceptable rheology and thickening times at a variety of temperatures.

The density for each of Comp. Nos. 4A and 4B was 1.91 Kg/L. The yield for each of
Comp. Nos. 4A and 4B was 0.76 L/Kg, which describes the volume of slurry obtained per Kg
of cementitious material. The water requirement for each of Comp. Nos. 4A and 4B was
0.45 L/Kg, which describes the total water in the slurry per Kg of cementitious material.

Comp. No. 4A was prepared by adding 793 g of cementitious material to 350 gof
water being stirred in a Waring blender at 4000 rpm at room temperature. The cementitious
material was added to the water over a 15 second period. When all of the cementitious
material was added to the water, a cover was placed on the blender and mixing coﬁtinued at
about 12,000 RPM for 35 seconds.

Comp. No. 4B further included a chromate reducing agent formulated as an aqueous
suspension that included zeolite, namely, an aqueous suspension having the concentrations of

zeolite, water, and ferrous sulfate as reported for Sample No. 9 in Table 1A,
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Comp. No. 4B was prepared by adding the reported amount of the aqueous
suspension of ferrous sulfate to 344 g of water being stirred in a Waring blender at 4000 rpm
at room temperature. Cementitious material in an amount of 789 g was added to the mixing
fluid (the water and the aqueous suspension of chromate reducing agent) at 4000 RPM over a
15 second period. When all of the cementitious material was added to the mixing fluid, a
cover was placed on the blender and mixing was continued at about 12,000 RPM for 35
seconds.

A comparison of Comp. Nos. 4A and 4B illustrates that cement compositions
comprising a chromate reducing agent that was added to the composition as an aqueous
suspension have rheology and thickening times comparable to cement compositions that do
not include a chromate reducing agent.

Composition Nos. 5A and 5B included a lightweight additive (Econolite™ liquid) in
an amount of about 4.439 L/100 Kg of cementitious material, a dispersant (CFR-3L™) jn an
amount of about 0.178 1/100 Kg of cementitious material, and a retarder (HR-4L™) in an
amount of about 2.308 L/100 Kg of cementitious material. The density for each of Comp.
Nos. 5A and 5B was 1.44 Kg/L. The yield for each of Comp. Nos. 2A and 2B was 1.60 L/Kg,
which describes the volume of slurry obtained per Kg of cementitious material. The water
requirement for each of Comp. Nos. 5A and 5B was 1.29 L/Kg, which describes the total
water in the slurry per Kg of cementitious material.

Comp. No. 5A was prepared by adding the reported amounts of lightweight additive,
dispersant and retarder to 454 g of water being stirred in a Waring blender at 4000 RPM at
room temperature. Cementitious material in an amount of 377 g was then added to the
mixing fluid (the water, lightweight additive, dispersant and retarder) at 4000 RPM over a 15
second period. When all of the cementitious material was added to the mixing fluid, a cover
was placed on the blender and mixing was continued at about 12,000 RPM for 35 seconds.

Comp. No. 5B further included a chromate reducing agent formulated as an aqueous
suspension that included zeolite, namely, an aqueous suspension having the concentrations of
zeolite, water, and ferrous sulfate as reported for Sample No. 9 in Table 1A.

Comp. No. 5B was prepared by adding the reported amount of the aqueous

suspension of ferrous sulfate to 451 g of water being stirred in a Waring blender at 4000 rpm
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at room temperature. The lightweight additive, dispersant and retarder were then added to the
Waring Blender. Cementitious material in an amount of 375 g was added to the mixing fluid
(the water, aqueous suspension of chromate reducing agent, lightweight additive, dispersant
and retarder) at 4000 RPM over a 15 second period. When all of the cementitious material
was added to the mixing fluid, a cover was placed on the blender and mixing was continued
at about 12,000 RPM for 35 seconds.

A comparison of Comp. Nos. 5A and 5B illustrates that cement compositions
comprising a chromate reducing agent that was added to the composition as an aqueous
suspension have rheology, thickening times and free water data comparable to cement
compositions that do not include a chromate reducing agent.

Composition Nos. 6A — 7B included a strength retrogression agent (SSA-1™) in an
amount of 35% by weight of the cement (bwoc), bentonite in an amount of 3.00% bwoc, and
a retarder (HR-4L™) in an amount of 0.533 L/100 Kg of cementitious material. The density
for each of Comp. Nos. 6A — 7B was 1.62 Kg/L. The yield for each of Comp. Nos. 6A — 7B
was 1.50 L/Kg, which describes the volume of slurry obtained per Kg of cementitious
material. The water requirement for each of Comp. Nos. 6A — 7B was 1.04 L/Kg, which
describes the total water in the slurry per Kg of cementitious material.

Comp. Nos. 6A and 7A were prepared by adding the retarder to 412 g of water being
stirred in a Waring blender at 4000 RPM at room temperature. Four hundred and four (404)
g of cementitious material was dry blended in a jar with the strength retrogression agent and
bentonite. The dry blended mix was added to the mixing fluid (the water and retarder) at
4000 RPM over a 15 second period. When all of the cementitious material was added to the
mixing fluid, a cover was placed on the blender and mixing was continued at about 12,000
RPM for 35 seconds.

Comp. Nos. 6B and 7B further included a chromate reducing agent formulated as an
aqueous suspension that included zeolite, namely, an aqueous suspension having the
concentrations of zeolite, water, and ferrous sulfate as reported for Sample No. 9 in Table
1A,

Comp. Nos. 6B and 7B were prepared by adding the reported amounts of the aqueous

suspension of ferrous sulfate to 410 g of water being stirred in a Waring blender at 4000
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RPM at room temperature. The retarder was then added to the Waring blender. Four
hundred and one (401) g of cementitious material was dry blended in a jar with the strength
retrogression agent and bentonite. The dry blended mix was added to the mixing fluid (the
aqueous suspension of chromate reducing agent, water and retarder) at 4000 RPM over a 15
second period. When all of the cementitious material was added to the mixing fluid, a cover
was placed on the blender and mixing was continued at about 12,000 RPM for 35 seconds.

A comparison of Comp. Nos. 6A — 7B illustrates that cement compositions
comprising a chromate reducing agent added to composition as an aqueous suspension that
includes zeolite have acceptable rheology and thickening times at a variety of temperatures.

The compressive strengths of Comps Nos. 5A, 5B, 7A and 7B were determined
according to Non-Destructive Sonic Testing as set forth in Section 7 of API Recommended
Practice 10B, 22nd Edition, 1997, of the American Petroleum Institute, which is a text known
and available to those of ordinary skill in the art. The results are reported in Table 3B.

Table 3B
Compressive No.5A at 123°C | No.5Bat 123 °C | No. 7A at 98 °C No. 7B at 98 °C
Strength (psi)
12hr 226 241 53 40
24hr 420 410 490 423

Comparisons of Comp. Nos. 5A to 5B, and 7A to 7B, illustrate that cement
compositions comprising a chromate reducing agent that was added to the composition as an
aqueous suspension can achieve compressive strengths, over a variety of temperatures, that
are comparable to compressive strengths achieved by cement compositions that do not
include a chromate reducing agent.

Although only a few exemplary embodiments of this invention have been described in
detail above, those skilled in the art will readily appreciate that many other modifications are
possible in the exemplary embodiments without materially departing from the novel
teachings and advantages of this invention. Accordingly, all such modifications are intended

to be included within the scope of this invention as defined in the following claims.
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What is claimed is:
1. A method of cementing an area comprising;

mixing a cementitious material with water and an aqueous suspension comprising
water, zeolite and a chromate reducing agent to form a cement composition, wherein the
aqueous suspension comprises zeolite in an amount of from about 67 weight percent to about
100 weight percent of the weight of the water, and chromate reducing agent in an amount
that is from about 42 weight percent to about 167 weight percent of the weight of the zeolite,
and from about 28 weight percent to about 111 weight percent of the weight of the water n
the aqueous suspension;

placing the cement composition in the area; and

allowing the cement composition to set therein.

2. The method of claim 1 wherein the zeolite is represented by the formula:
Mun[(AlO2),(Si0,)] « xH,O

where M represents one or more cations selected from the group consisting of Na, K, Mg, Ca

Sr, Li, Ba, NHy4, CH3NH3, (CH3)3NH, (CH3)4 N, Ga, Ge and P; n represents the cation

td

valence; the ratio of b:a is in a range from greater than or equal to 1 and less than or equal to
5; and x represents the moles of water entrained into the zeolite framework.

3. The method of claim 1 wherein the zeolite is selected from the group consisting of
analcime, bikitaite, brewsterite, chabazite, clinoptilolite, faujasite, harmotome, heulandite,
laumontite, mesolite, natrolite, paulingite, phillipsite, scolecite, stellerite, stilbite, and
thomsonite.

4. The method of claim 1 wherein the chromate reducing agent is selected from the
group consisting of stannous sulfate and ferrous sulfate, and hydrates thereof,

5. The method of claim 1 wherein the aqueous suspension comprises zeolite in an
amount of more than about 56 weight percent to less than about 111 weight percent of the

weight of the water, and chromate reducing agent in an amount that is about 111 weight
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percent of the weight of the water, and more than about 100 weight percent to about 167
weight percent of the weight of the zeolite.
6. The method of claim 1 wherein the aqueous suspension comprises zeolite in an
amount of about 67 weight percent to about 100 weight percent of the weight of the water,
and chromate reducing agent in an amount that is from more than about 100 weight percent
to about 111 weight percent of the weight of the water, and about 167 weight percent of the
weight of the zeolite.
7. The method of claim 1 wherein the aqueous suspension comprises zeolite in an
amount of about 67 weight percent of the weight of the water, and chromate reducing agent
in an amount that is from about 56 weight percent to about 111 weight percent of the weight
of the water, and from about 83 weight percent to about 167 weight percent of the weight of
the zeolite.
8. The method of claim 1 wherein the cement composition comprises up to about 0.5%
of the chromate reducing agent by weight of the cementitious material.
9. The method of claim 1 wherein the cementitious material comprises at least one
member selected from the group consisting of micronized cement, Portland cement, pozzolan
cement, gypsum cement, aluminous cement, silica cement, and alkaline cement.
10.  The method of claim 1 wherein the area comprises a wellbore penetrating a
subterranean zone.
11. A method of cementing an area comprising:

mixing a cementitious material with water and an aqueous suspension comprising
water, zeolite and a chromate reducing agent to form a cement composition, wherein the
aqueous suspension comprises zeolite in an amount of from about 48 weight percent to about
150 weight percent by weight of the water, and chromate reducing agent in an amount that is
from about 103 weight percent to about 167 weight percent by weight of the zeolite and from
about 49 weight percent to about 167 weight percent by weight of the water in the aqueous
suspension;

placing the cement composition in the area; and

allowing the cement composition to set therein.
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12. The method of claim 11 wherein the zeolite is represented by the formula:
Man[(AlO,),(Si0z)y] - xH,0

where M represents one or more cations selected from the group consisting of Na, K, Mg, Ca,

Sr, Li, Ba, NHy, CH3NH3, (CH3)3NH, (CH3)4 N, Ga, Ge and P; n represents the cation

valence; the ratio of b:a is in a range from greater than or equal to 1 and less than or equal to
5; and x represents the moles of water entrained into the zeolite framework.

13. The method of claim 11 wherein the zeolite is selected from the group consisting of
analcime, bikitaite, brewsterite, chabazite, clinoptilolite, faujasite, harmotome, heulandite,
laumontite, mesolite, natrolite, paulingite, phillipsite, scolecite, stellerite, stilbite, and
thomsonite.

14, The method of claim 11 wherein the chromate reducing agent is selected from the
group consisting of stannous sulfate and ferrous sulfate.

15. A composition comprising cementitious material and an aqueous suspension
comprising water, zeolite and a chromate reducing agent, wherein the aqueous suspension
comprises zeolite in an amount of from about 67 weight percent to about 100 weight percent
of the weight of the water, and chromate reducing agent in an amount that is from about 42
weight percent to about 167 weight percent of the weight of the zeolite, and from about 28
weight percent to about 111 weight percent of the weight of the water in the aqueous
suspension.

16.  The composition of claim 15 wherein the zeolite is represented by the formula:
Man[(AlO,).(SiOy)y] « xHO

where M represents one or more cations selected from the group consisting of Na, K, Mg, Ca

Sr, Li, Ba, NHy, CH3NH3, (CH3)3NH, (CHg )4 N, Ga, Ge and P; n represents the cation

?

valence; the ratio of ba is in a range from greater than or equal to 1 and less than or equal to
5; and x represents the moles of water entrained into the zeolite framework.
17.  The composition of claim 15 wherein the zeolite is selected from the group consisting

of analcime, bikitaite, brewsterite, chabazite, clinoptilolite, faujasite, harmotome, heulandite,
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laumontite, mesolite, natrolite, paulingite, phillipsite, scolecite, stellerite, stilbite, and

thomsonite.

18. The composition of claim 15 wherein the chromate reducing agent is selected from
the group consisting of stannous sulfate and ferrous sulfate, and hydrates thereof.

19. The composition of claim 15 wherein the aqueous suspension comprises zeolite in an
amount of more than about 56 weight percent to less than about 111 weight percent of the
weight of the water, and chromate reducing agent in an amount that is about 111 weight
percent of the weight of the water, and more than about 100 weight percent to about 167
weight percent of the weight of the zeolite.

20.  The composition of claim 15 wherein the aqueous suspension comprises zeolite in an
amount of about 67 weight percent to about 100 weight percent of the weight of the water,
and chromate reducing agent in an amount that is from more than about 100 weight percent
to about 111 weight percent of the weight of the water, and about 167 weight percent of the
weight of the zeolite.

21.  The composition of claim 15 wherein the aqueous suspension comprises zeolite in an
amount of about 67 weight percent of the weight of the water, and chromate reducing agent
in an amount that is from about 56 weight percent to about 111 weight percent of the weight
of the water, and from about 83 weight percent to about 167 weight percent of the weight of
the zeolite.

22, The composition of claim 15 wherein the cement composition comprises up to about
0.5% of the chromate reducing agent by weight of the cementitious material.

23.  The composition of claim 15 wherein the cementitious material comprises at least
one member selected from the group consisting of micronized cement, Portland cement,
pozzolan cement, gypsum cement, aluminous cement, silica cement, and alkaline cement.
24. A composition comprising cementitious material and an aqueous suspension
comprising water, zeolite and a chromate reducing agent, wherein the aqueous suspension
comprises zeolite in an amount of from about 48 weight percent to about 150 weight percent
by weight of the water, and chromate reducing agent in an amount that is from about 103

weight percent to about 167 weight percent by weight of the zeolite and from about 49
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weight percent to about 167 weight percent by weight of the water in the aqueous suspension.

25, The composition of claim 24 wherein the zeolite is represented by the formula:
Man[(AlO,)y(SiOy)p] - xH,O

where M represents one or more cations selected from the group consisting of Na, K, Mg, Ca
St, Li, Ba, NHy, CH3NH3, (CH3)3NH, (CH3)4 N, Ga, Ge and P; n represents the cation

4

valence; the ratio of b:a is in a range from greater than or equal to 1 and less than or equal to
5; and x represents the moles of water entrained into the zeolite framework.

26.  The composition of claim 24 wherein the zeolite is selected from the group consisting
of analcime, bikitaite, brewsterite, chabazite, clinoptilolite, favjasite, harmotome, heulandite,
laumontite, mesolite, natrolite, paulingite, phillipsite, scolecite, stellerite, stilbite, and
thomsonite.

27. The composition of claim 24 wherein the chromate reducing agent is selected from

the group consisting of stannous sulfate and ferrous sulfate, and hydrates thereof,
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