wo 2010/004259 A1 I 10K 0 RO 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization @T‘?‘S\
tellectual Property /,:‘. ) T O T A0 0
. .. _ S (10) International Publication Number
(43) International Publication Date \,!:,: o
14 January 2010 (14.01.2010) WO 2010/004259 Al
(51) International Patent Classification: (74) Agent: CURTIS, Philip, Anthony; A A Thornton & Co.,
CO9K 8/487 (2006.01) 235 High Holborn, London WC1V 7LE (GB).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/GB2009/001596 kind of national protection available). AE, AG, AL, AM,
(22) Imternational Filing Date: ég’ éﬁ’ ég’ CAI\ZI, CBS > CBRB’ CBI(J}, g;l’ DB]IE{ ? DBI\(V ’];313[{ ? ]];é’
24 June 2009 (24.06.2009) Dz, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: Enghsh ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
12/217,950 10 July 2008 (10.07.2008) Us SE, 5G, 8K, SL, SM, ST, 8V, 8Y, TJ, TM, TN, TR, TT,

TZ, UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): HAL- . o
LIBURTON ENERGY SERVICES, INC. [US/US]; (84) Designated States (unless otherwise indicated, for every

P.O. Box 1431, Duncan, OK 73536 (US). kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

(71) Applicant (for MW only): CURTIS, Philip, Anthony ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
[GB/GB]; A A Thornton & Co., 235 High Holborn, Lon- TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

don WC1V 7LE (GB). ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

MC, MK, MT, NL, NO, PL, PT, RO, SE, SL, SK, TR),

(75) Inventors/Applicants (for US only): SANTRA, Ashok, SI?{P;I(]]ES FS’I\]? J:FgFiF%?’ CL €M, GA, GN, GQ, GW, ML,
K. [IN/US]; 3422 Kacey Street, Duncan, OK 73533 (US). > '
GORDON, Christopher, L. [US/US]; 3401 Kacey Published:
Street, Duncan, OK 73533 (US). BOUR, Daniel, L. [US/
US]; 9523 149th Avenue NE, Granite Falls, WA (US).

(72) Inventors; and

—  with international search report (Art. 21(3))

PEWITT, Keith, D. [US/US]; 725 Carriage Drive, Dun- —  before the expiration of the time limit for amending the
can, OK 73533 (US). KING, Dwain [US/US]; 2206 claims and to be republished in the event of receipt of
Country Club Terrace, Duncan, OK 73533 (US). amendments (Rule 48.2(h))

(54) Title: SOREL CEMENTS AND METHODS OF MAKING AND USING SAME

10 SOLID RETARDER
+ e, socum
| hexametaghosphate|
COMPOSITION A 30
30 4
SOLUBLE SALT
COMPOSITION A e, MaClys6H,0

15

0

50
COMPOSITION B

60
&N
COMPOSITION B! + METAL OXIDE
l ie, MgO

SLURRY

FIG. 1

(57) Abstract: A method of servicing a wellbore comprising contacting a metal oxide, a soluble chloride or phosphate salt, water,
and a liquid retarder to form a cement composition via a continuous process, whetein the liquid retarder is an aqueous solution
having a concentration of less than about 25 w/v.%, placing the cement composition into the wellbore, and allowing the cement
composition to set. A method of servicing a wellbore comprising (a) contacting an aqueous solution with a soluble salt to form a
salt solution, (b) contacting an aqueous solution with a solid retarder to form a liquid retarder wherein the liquid retarder has con-
centration of less than about 25 w/v.%, (¢) contacting water, the salt solution, and the liquid retarder to form a mixture, (d) con-
tacting the mixture with a metal oxide to form a cement slurry, wherein the cement slurry is produced with an output rate of from
about 0.5 barrels per minute to about 20 barrels per minute, (e) placing the cement slurry into the wellbore, and (f) allowing the
cement slurry to set.
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SOREL CEMENTS AND METHODS OF MAKING AND USING SAME

BACKGROUND

Technical Field

[0001] The present disclosure generally relates to wellbore servicing fluids. More
particularly, this disclosure relates to cement compositions and methods of making and using
same.

Background

[0002] Natural resources such as gas, oil, and water residing in a subterranean formation or
zone are usually recovered by drilling a wellbore down to the subterranean formation while
circulating a drilling fluid in the wellbore. After terminating the circulation of the drilling fluid,
a string of pipe, e.g., casing, is run in the wellbore. The drilling fluid is then usually circulated
downward through the interior of the pipe and upward through the annulus, which is located
between the exterior of the pipe and the walls of the wellbore. Next, primary cementing is
typically performed whereby a cement slurry is placed in the annulus and permitted to set into a
hard mass (i.e., sheath) to thereby attach the string of pipe to the walls of the wellbore and seal
the annulus. The main objectives of primary cementing operations include zonal isolation to
prevent migration of fluids in the annulus, support for the casing or liner string, and protection
of the casing string from corrosive formation fluids. Subsequent secondary cementing
operations may also be performed to repair primary cementing problems or to treat conditions
arising after the wellbore has been constructed.

[0003] Fluids used in servicing a wellbore may sometimes be lost to the subterranean
formation while circulating the fluids in the wellbore. In particular, the fluids may enter the

subterranean formation via depleted zones, zones of relatively low pressure, lost circulation
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zones having naturally occurring fractures, weak zones having fracture gradients exceeded by
the hydrostatic pressure of the drilling fluid, and so forth. As a result, the service provided by
such fluids is more difficult to achieve. For example, a drilling fluid may be lost to the
formation, resulting in the circulation of the fluid in the wellbore being too low to allow for
further drilling of the wellbore. Also, a secondary cement/sealant composition may be lost to
the formation as it is being placed in the wellbore, thereby rendering the secondary operation
ineffective in maintaining isolation of the formation.

[0004] Lost circulation treatments involving various plugging materials such as walnut
hulls, mica, and cellophane have been used to prevent or lessen the loss of fluids from
wellbores. The disadvantages of such treatments include the potential for damage to
subterranean formations as a result of the inability to remove the plugging materials therefrom
and the dislodgement of the plugging materials from highly permeable zones whereby fluid
losses subsequently resume. One technique for preventing lost circulation problems has been to
temporarily plug voids or permeable zones with Sorel cement compositions. Sorel cement
compositions typically comprise magnesium oxide and a chloride or phosphate salt and water
which together form for example magnesium oxychloride. Sorel cements can be removed with
minimal damage to subterranean zones or formations by dissolution in acids. One challenge to
the use of Sorel cements is that in order to control the rheology of the cement and achieve
process-desired properties such as predictable thickening times and right angle set, the
components of the cement are contacted in an obligatory sequence. This obligatory sequence
introduces undesirable process limitations and impacts the cost and efficiency of wellbore
servicing operations utilizing these types of cements. Accordingly, it would be desirable to
develop Sorel cement compositions that can retain process-desired properties while having a

flexible preparation sequence.
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SUMMARY
[0005] Disclosed herein is a method of servicing a wellbore comprising contacting a metal
oxide, a soluble chloride or phosphate salt, water, and a liquid retarder to form a cement
composition via a continuous process, wherein the liquid retarder is an aqueous solution having
a concentration of less than about 25 w/v%, placing the cement composition into the wellbore,
and allowing the cement composition to set.
[0006] Also disclosed herein is a method of servicing a wellbore comprising (a) contacting
an aqueous solution with a soluble salt to form a salt solution, (b) contacting an aqueous
solution with a solid retarder to form a liquid retarder wherein the liquid retarder has
concentration of less than about 25 w/v%, (c) contacting water, the salt solution, and the liquid
retarder to form a mixture, (d) contacting the mixture with a metal oxide to form a cement
slurry, wherein the cement slurry is produced with an output rate of from about 0.5 barrels per
minute to about 20 barrels per minute, () placing the cement slurry into the wellbore, and (f)
allowing the cement slurry to set.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] For a more complete understanding of the present disclosure and the advantages
thereof, reference is now made to the following brief description, taken in connection with the
accompanying drawings and detailed description:
[0008] Figure 1 is a schematic of a conventional contacting sequence for the preparation of
a Sorel cement composition.
[0009] Figure 2 depicts embodiments of contacting sequences for the preparation of a
continuous process cement composition.

[0010] Figure 3 depicts embodiments of a continuous process for preparing a cement

composition.
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[0011] Figure 4 is a plot of percentage R-TEK solution as a function of thickening time for
the samples from Example 1.
[0012] Figure 5 is a graph of slurry viscosity as a function of temperature.
DETAILED DESCRIPTION
[0013] It should be understood at the outset that although an illustrative implementation of
one or more embodiments are provided below, the disclosed systems and/or methods may be
implemented using any number of techniques, whether currently known or in existence. The
disclosure should in no way be limited to the illustrative implementations, drawings, and
techniques illustrated below, including the exemplary designs and implementations illustrated
and described herein, but may be modified within the scope of the appended claims along with
their full scope of equivalents.
[0014] Disclosed herein are wellbore servicing fluids comprising a Sorel cement, a liquid
retarder (LR), and sufficient water to form a pumpable slurry. Typically, a Sorel cement and a
solid retarder are contacted in an obligatory sequence in order for the retarder to effectively
modulate the thickening and set time of the composition. Hereinafter this obligatory contacting
sequence is referred to as a conventional contacting sequence. In an embodiment, the Sorel
cement and the LR of this disclosure may be contacted in any sequence and retain the
effectiveness of the retarder in modulating the thickening and set time of the composition. This
flexible mixing sequence may allow for the production of large volumes of such cements via a
continuous process. Hereinafter, such compositions that may be prepared by a continuous
process are termed continuous process cement compositions, (CPCCs).
[0015] In various embodiments, Sorel cements comprise a metal oxide such as magnesium
oxide, and a soluble salt such as a chloride or phosphate salt. In an embodiment, the CPCC

comprises a Sorel cement wherein the Sorel cement comprises 2 magnesia based cement. A
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discussion of various magnesia-based cements can be found in Lea’s Chemistry of Cement and

Concrete by Peter Hewlett: Fourth Edition, pages 813-820: 1998: Elsevier Publishing which is
by reference herein. Specifically, Lea discloses as follows.

[0016] Magnesium oxychloride or Sorel cement is made by contacting powdered
magnesium oxide (magnesia) with a concentrated solution of magnesium chloride. The
principal phases formed are Mg3(OH)sCl4H,O and Mg,(OH);Cl4H,0. With atmospheric
CO, attack,- two other phases are formed MgOHCICO;-H,O and Mgs(OH)y(CO3)ye4H,0.
Dissolution of MgO in the MgCl, solution leads to formation of a gel (setting) and occurs
before the crystallization of the other hydrates takes place. Sorel cements have, for a given
porosity, better mechanical strengths than ordinary Portland cements. The bonding mechanism
in this cement is similar to that of gypsum cement. Sorel cements also have a noteworthy
adhesion to salt (sodium chloride).

[0017] The che;mical reaction of these materials is affected by the quality of the magnesia
which may have been produced by consistent, adequate burning. Underburning produces an
excessively reactive product and overburning an insufficiently reactive material. The hydration
reactions are complex and can be represented basically as follows:

5MgO + MgCl, + 13H,0 — 2{Mg3(OH)sCl.4H,0}

3MgO+ MgCl, + 11H,0 — {Mg,(OH);Cl.4H,0}

3MgO + MgCl, + 2CO; + 7H,0 — 2{Mgy(OH);Cl4H,0}

SMgO +4CO; + 5H,0 — Mgs(OH)2(CO;3)404H,0

Mg3(OH);CledH,O + 2CO, — MgzOHClCO3.3HzO + MgCO5+3H,0

MgO + MgCl, + 2MgCO; +7H,0 — 2Mg:OHCICO3H,0

Mg,(OH);Cl-4H,0 + CO, — Mg, OHCICO3.3H,0 + 2H,0

MgO + 4MgCO; + SHy0 — Mes(OH)(CO3)4edH,0
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[0018] Resistance to water depends upon the transformation of the hydroxychloride
hydrates to the insoluble carbonates and can be improved by the incorporation of certain
additives. These additives can be inorganic, such as phosphates, borax and calcium sulfate-
silicate mixtures, or organic, such as resins, melamine urea and formaldehyde. Such
additions normally cause a slowing down in compressive strength development. Sorel cements
have high early strengths and can be used with many different kinds of aggregates in large
quantities, such as glass fibres, wood and expanded clays.
[0019] Sorel cement, particularly with siliceous and aluminous aggregates, has been used
as a refractory oilwell cement at up to 850 °C. The principal binder at 300-450 °C had been
identified as a hydrated magnesium aluminosilicate having the composition
3Mg0.A1,03¢0.5Si0,.nH,0.
[0020] Sorel cements are most commonly employed for industrial flooring, due to their
elastic properties and resistance to accumulated static loads. Their main disadvantages are
dimensional instability, poor freeze-thaw resistance, and lack of resistance to atmospheric
agents- they are significantly water soluble and release corrosive solutions.
[0021] There have been various developments of Sorel cements. For example, one product
consists of Sorel cement with up to 10 percent of a water-soluble ammonjum salt such as
ammonium chloride and sometimes also similar quantities of an aminoplast. These additives
are included to give the Sorel cement better resistance against magnesium sulfate present in the
inflow of water or brine to be sealed and also better setting priorities. Another Sorel cement
product consists of a stoichiometric mixture of magnesium and calcium oxides, carbonates and
sulfates, which is hydrated in chloride-containing waters. This particular cement mix is
described as reacting by polymerization to form a magnesium hydroxy-sulfate/chloride

polyhydrate of high compressive strength. A water resisting Sorel cement was obtained by
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including a suitable additive containing H3PO; to the MgO-MgCl;-H,O-fly ash system. This
allowed the formation of a stable phase SMg(OH),-MgCL«8H,0, together with the insoluble
phase Mg,P.0, in the hardened magnesium oxychloride matrix.
[0022] Magnesium oxysulfate cements can be produced by adding magnesium chloride
solutions to calcium sulfates or calcium phosphate-sulphate mixtures. The magnesium
oxysulfate cements formed can be regarded as variants of Sorel cements. The phosphates,
where present, improve the rheological properties of the cement pastes and their water resistance.
Alternatively, magnesium oxide can be treated with sulfuric acid to form magnesium
oxysulfate cements. The following phases have been identified in the latter instance depending
upon the temperature and pressure conditions.
3Mg(OH)2eMgSO4e8H,O
5SMg(OH),eMgSO43H,0
Mg(OH),eMgS04.5H,0
Mg(OH)202MgSO43H,O
2Mg(OH),.3MgS04+5H,0
MgSO4eH,0 SO43H,0
3Mg(OH)eMgSO,4+4H,0
[0023] In an embodiment, the CPCC comprises a Sorel cement. The Sorel cement may
comprise a metal oxide, alternatively an alkaline earth metal oxide, alternatively magnesium
oxide. In an embodiment, the Sorel cement comprises MgO. MgO may be prepared by
calcination of Mg(OH), as depicted in Reaction 1:

heat
Mg(OH), — MgO + H,0 (Reaction 1)
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[0024] The calcination of Mg(OH), results in what is commonly referred to as “burned”
MgO. Three basic grades of burned MgO are typically produced with the differences between
each grade related to the degree of reactivity remaining after being exposed to a range of high
temperatures. The original magnesium hydroxide particle is usually a large and loosely bonded
particle. Exposure to thermal degradation by calcination causes the Mg(QH), to alter its
structure so that the surface pores are slowly filled in while the particle edges become more
rounded. This results in MgO with varying degrees of crystallinity and consequently varying
degrees of reactivity. When the MgO is produced by calcining to temperatures ranging
between 1500 °C to 2000 °C, the MgO is referred to as "dead-burned" since the majority of the
reactivity has been eliminated. Dead-burned MgO has the highest degree of crystallinity of the
three grades of burned MgO. An example of a dead-burned MgO includes without limitation
THERMATEK™ HT additive, which is commercially available from Halliburton Energy
Services, Inc. A second type of MgO produced by calcining at temperatures ranging from 1000
°C to 1500 °C is termed "hard-burned" and displays an intermediate crystallinity and reactivity
when compared to the other two grades of burned MgO. An example of a hard-burned MgO
includes without limitation THERMATEK™ LT additive, which is commercially available
from Halliburton Energy Services, Inc. The third grade of MgO is produced by calcining at
temperatures ranging from 700 °C to 1000 °C and is termed "light-burned" or “caustic"
magnesia. Light-burned MgO is characterized by a high surface area, a low crystallinity and a
high degree of reactivity when compared to the other grades of burned MgO.
[0025] In an embodiment, the MgO for use in the Sorel cement comprises 100% dead-
burned MgO (e.g., THERMATEK™ HT additive), 100% hard-burned MgO (e.g.,
THERMATEK™ LT additive), 100% light-burned MgO, or a combinations thereof. In other

embodiments, the MgO for use in the Sorel cement comprises combinations of hard-burned
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MgO, light-burned MgO and/or dead-burned MgO. One of ordinary skill in the art with the aid
of this disclosure may select the ratio of hard-burned MgO, light-burned MgO, and/or dead-
burned MgO to achieve one or more user desired properties. For example, the MgO may
comprise a combination of 90% to 80% dead-burned and 10% to 20% light-burned,
alternatively the MgO may comprise a combination of 90 to 80% hard-burned and 10 to 20%
light-burned.
{0026} In an embodiment, the Sorel cement comprises a soluble salt. The soluble salt may
include a chloride salt, a phosphate salt, or combinations thereof.
[0027] In an embodiment, the Sorel cement comprises a phosphate salt such as for example
potassium dihydrogen phosphate, sodium dihydrogen phosphate, ammonium dihydrogen
phosphate, or combinations thereof. In such embodiments, the ratio of MgO: phosphate salt
may be from about 1:4 alternatively from about 1:3, alternatively from about 1:2, alternatively
from about 1:1.
[0028] In an embodiment, the Sorel cement comprises a chloride salt. In such an
embodiment, the Sorel cement may comprise an alkaline eaﬁh metal chloride, for example a
magnesium chloride (MgCl) such as magnesium chloride hexahydrate, MgCly.6H;O.
MgClLe6H,0 is well known and available from a wide variety of sources. A MgClye6H.0
suitable for use in this disclosure includes without limitation C-TEK magnesium chloride salt,
which is MgCl,»6H,O commercially available from Halliburton Energy Services, Inc. In an
embodiment, the soluble salt may be incorporated into the Sorel cement as the solid material
(e.g., C-TEK). Alternatively, the soluble salt may be dissolved in an aqueous solution to form a
salt solution at least a portion of which may be used to prepare the Sorel cement. The
concentration of the salt solution may be selected by one of ordinary skill in the art with the aid

of this disclosure to meet the needs of the process. For example, the C-TEK may be dissolved
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in the aqueous solution to its saturation point. In an embodiment, the soluble salt may be
dissolved in an aqueous solution and may have a concentration of from about 10 wt.% to about
70 wt.% by total weight of the aqueous solution, alternatively from about 20 wt.% to about 70
wt.% alternatively from about 40 wt.% to about 67 wt.%.
[0029] In an embodiment, the Sorel cement is formed through contacting MgQO with
MgCl«6H,0 in the presence of other components to be described in more detail later herein.
In such an embodiment, the Sorel cement may comprise metal oxide (e.g., MgO) and soluble
salt (e.g., MgCl6H;0) present in a ratio of from about 2:1 to about 1:1 MgO:MgCly+6H,0,
alternatively from about 1.5:1 to about 1:1 MgO:MgCl«6H,0, and, alternatively about 1:1
MgO:MgCl»6HO. Examples of Sorel cements comprising MgO and MgCl,.6H,0 (e.g., C-
TEK) include without limitation THERMATEK™ fluid invasion control treatment, which is
commercially available from Halliburton Energy Services Inc.
[0030] In an embodiment, the CPCC comprises an LR. The LR may comprise a retarder
dissolved in an aqueous solution. Retarders, also referred to as inhibitors, may be used to
adjust the time required for setting of the slurry. Retarders suitable for use in this disclosure
include without limitation polyphosphate salts such as sodium hexametaphosphate (technical
grade granular), potassium magnesium phosphate hexahydrate, potassium magnesium
hexametaphosphate, or combinations thereof. Other examples of set retarders suitable for use in
this disclosure include boric acid and salts of boric acid such as sodium borate. An example of
a retarder suitable for use in this disclosure includes without limitation R-TEK retarder, which
is sodium hexametaphosphate commercially available from Deepearth Solutions.
[0031] In an embodiment, the LR comprises an aqueous solution of sodium
hexametaphosphate. In an embodiment, the LR is prepared by dissolving the retarder (e.g.,

sodium hexametaphosphate) in an aqueous solution to produce a final concentration of equal to
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or less than about 25 wt.%, alternatively 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11,
10,9,8,7,6,5,4, 3,2, 1 wt.%. In an embodiment, the LR may be present in the CPCC such
that the amount of retarder in the composition is from about 0.05 wt.% to about 15 wt.% by
weight of the MgO, alternatively from about 0.1 wt.% to about 12 wt.%, alternatively from
about 0.2 wt.% to about 10 wt.%.
[0032] The CPCC may include a sufficient amount of water to form a pumpable slurry.
The water may be fresh water or salt water, e.g., an unsaturated aqueous salt solution or a
saturated aqueous salt solution such as brine or seawater. The water may be present in the
amount from about 10 wt.% to about 200 wt.% by weight of cement (bwoc) wherein the cement
comprises both the MgO and the soluble salt, alternatively from about 50 wt.% to about 200
wt.%, alternatively from about 50 wt.% to about 180 wt.%, alternatively from about 20 wt.% to
about 60 wt.%, alternatively from about 30 wt.% to about 70 wt.% by weight of MgO.
[0033] In some embodiments, additives may be included in the CPCC for improving or
changing the properties thereof. Examples of such additives include but are not limited to
accelerants, fluid loss agents, weighting materials, dispersants, vitrified shale, formation
conditioning agents, viscosifiers, waterproofing agents, or combinations thereof. Other
mechanical property modifying additives, for example, carbon fibers, glass fibers, metal fibers,
minerals fibers, and the like can be added to further modify the mechanical properties. These
additives may be included singularly or in combination. Methods for introducing these
additives and their effective amounts are known to one of ordinary skill in the art with the aid
of this disclosure.
[0034] In an embodiment, a CPCC of the type disclosed herein may comprise MgO in an
amount of from about 30 wt.% to about 70 wt.% by total weight of the CPCC, wherein the

MgO may comprise dead-burned MgO and hard-burned MgO wherein the ratio of dead-burned
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MgO:hard-burned MgO is from about 05:95 to about 50:50, MgCl, which may be present in an
amount of from about 25 wt.% to about 70 wt.% by weight of MgO; liquid retarder which may
be present in an amount of from about 0.01 wt.% to about 15 wt.% by weight of MgO, and
aqueous fluid (i.e., water) which may be present in an amount of from about 50 wt.% to about
200 wt.% by weight of MgO.

[0035) Referring to Figure 1, a cement composition comprising a Sorel cement, a solid
retarder, and water may be prepared by contacting the components in the conventional
contacting sequence wherein: (a) water 10 is first contacted with a solid retarder 15 such as
sodium hexametaphosphate (e.g., R-TEK) to form a first composition, Composition A 30; (b)
Composition A 30 is then contacted with a soluble salt 40 such as MgCl,.6H,0 (e.g., C-TEK)
to form a second mixture, Composition B 50; and (c) Composition B 50 is then contacted with
a metal oxide 60 such as MgO (e.g., T-TEK) to form a slurry 70. The soluble salt may be either
a dry salt or a predissolved salt solution. Hereinafter, the disclosure will refer to the use of a
concentrated solution of the soluble salt. The conventional contacting sequence employed
ensures the effectiveness of the retarder (e.g., sodium hexametaphosphate) in controlling the
thickening and setting time of the slurry. Alteration of the conventional contacting sequence
may result in a cementitious slurry having a thickening time comparable to that of a slurry
lacking a retarder. The thickening time refers to the time required for the slurry to achieve 70
Bearden units of Consistency (Bc). In order words, alterations in the conventional contacting
sequence may nullify the function of the retarder.

[0036] In an embodiment, a methodology for the preparation of cementitious slurry of the
type described herein (i.e., a CPCC) comprising a Sore] cement and a liquid retarder having a
concentration of less than about 25 w/v% comprises contacting the components of the CPCC in

any order compatible with the needs of the process. Possible contacting sequences are
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schematized in Figure 2. For example, referring to Figure 2A, the CPCC may be prepared by
contacting water 10 with a concentrated solution of the soluble salt 40 (e.g., MgClae6H,O +
H;0) to form a first composition, Composition C 80, followed by contacting Composition C 80
with the liquid retarder 20 (e.g., less than 25 w/v% solution of R-TEK) to form a second
composition, Composition D 90, which may then be contacted with the metal oxide 60 (e.g., T-
TEK) to form a CPCC 200. Alternatively, referring to Figure 2B, the CPCC 200 may be
prepared by contacting water 10 with a concentrated solution of the soluble salt 40 (e.g., C-
TEK + H0) to form a first composition, Composition E 100, followed by contacting
Composition E 100 with the metal oxide 60 (e.g., T-TEK) to form a second composition,
Composition F 110, which may subsequently be contacted with the liquid retarder 20 (e.g., less
than 25 w/v% solution of R-TEK) to form a CPCC 200. Alternatively, the CPCC 200 may be
prepared by precontacting the concentrated solution of a soluble salt 40 (e.g., C-TEK + H-0),
the liquid retarder 20 (e.g., less than 25 w/v% solution of R-TEK), and the metal oxide 60 (e.g.,
T-TEK) to form a premixture, Composition G 120; and subsequently contacting Composition
G 120 with water 10 to form a CPCC 200. In an embodiment, the CPCC may be prepared by
contacting the liquid retarder 20 with the remaining components in any order compatible with
the needs of the process resulting in a cementitious composition having the properties to be
described later herein.

{0037} The components of the CPCC may be contacted using any mixing device
compatible with the composition, for example a batch mixer, or a recirculating cement mixer
(RCM) having continuous feedlines for high volume cement production. In an embodiment,
the CPCC may be prepared by a continuous process. Figure 3A is a schematic of a system
300A wherein the CPCC 200 is prepared by a continuous process. Referring to Figure 3A, the

system 300A comprises four feeds: the soluble salt 40 which may be solid or predissolved in an
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aqueous solution to form a concentrated salt solution, the metal oxide 60, the liquid retarder 20,
and water 10, all of which are in fluid communication with a container 310, which is in fluid
communication with the resultant CPCC 200.

[0038] The four feeds may be introduced to the container 310: the concentrated solution of
soluble salt 40 via flowline 42, the metal oxide 60 via flowline 62, the liquid retarder 20 via
flowline 22, and water 10 via flowline 12. The four feeds may be continuously introduced
into the container 310 to form the CPCC 200 at such a rate that amounts of the mixture’s
components are maintained in the ranges disclosed herein. The system 300A may further
comprise devices for agitating the mixture’s components in the container 310 such as for
example an agitator 320. Additional devices or components (e.g., pumps) may regulate the
components supply rates in such a way that a given level of filling 330 of the container 310 is
constantly maintained and at least a portion of the resultant CPCC 200 may be continuously
removed via flowline 202. The system 300A may comprise additional devices such as
heaters/coolers, pumps, centrifuge units, drying units, process controllers, and the like as
desired to meet the needs of the process. As such, the process conditions of the system 300A
(e.g., time period, agitation methods, etc) may be selected by one of ordinary skill in the art
with the aid of this disclosure to meet the needs of the process.

[0039] In another embodiment, the components used to prepare the CPCC may be stored
in separate storage units and some of the components may be precontacted prior to being fed
to the container 310. An example of such an embodiment is illustrated in Figure 3B. Figure
3B is a schematic of a system 300B wherein the CPCC 200 is prepared by a continuous process
and wherein the components used to prepare the CPCC 200 are precontacted. In embodiments,

the system 300B is used to implement the combinations shown in Fig. 2A, 2B, or 2C.
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[0040] Referring to Figure 3B, the system 300B comprises four feeds 1, 2, 3, and 4. Feeds
1 and 2 are in fluid communication with container 310A via flowlines 11 and 12 respectively.
The container 310A and feed 3 are in fluid communication with a container 310B, which is
disposed downstream of Container 310A, via flowlines 15 and 13 respectively. Container
310B and feed 4 are in fluid communication with a container 310C, which is disposed
downstream of container 310B, via flowlines 16 and 14 respectively, which in turn is in fluid
communication with the resultant CCPC 200. The feeds 1, 2, 3, and 4 may interchangeably be
a concentrated solution of a soluble salt 40, the metal oxide 60, the liquid retarder 20, and water
10. In alternatively embodiments, feeds 1, 2, 3, and 4 may be split and fed to more than one
container, and more than two feeds may be fed to any given container. Likewise, less than or
greater than three containers may be used, and again the feeds 1, 2, 3, and 4 may be split and
fed to any number and/or combination of containers consistent with the disclosure herein.
[0041] Feeds 1 and 2 may be introduced to a container 310A and form a composition 15.
Composition 15 and feed 3 may be introduced to a container 310B via flowlines 15 and 13
respectively to form a composition 16. Composition 16 and feed 4 may be introduced to a
container 310C via flowlines 16 and 14 and may form the resultant CCPC 200. The resultant
CCPC 200 may be continuously removed via flowline 202. Similar to system 3004, agitators
320 may be employed in containers 310A, 310B, and 310C. The feeds 1, 2, 3, and 4, may be
continuously introduced to the respective containers at such a rate that the amount of each
component is maintained at the ranges disclosed herein. Further, the rate of flow of a mixture
from one container to another with which it is fluid communication may be continuous.
Additional aevices or components may be included as described previously.

[0042] In an embodiment, a CPCC of the type disclosed herein may be prepared via a

continuous process with an output rate of from about 0.5 barrels per minute (BPM) to about 20
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BPM, alternatively from about 1 BPM to about 9 BPM, alternatively from about 3 BPM to
about 6 BPM.
[0043] In an embodiment, the CPCC comprises a liquid retarder, a concentrated soluble
salt, and a magnesium oxide, all of the type and in the amounts described herein. In an
embodiment, the CPCCs disclosed herein are produced in larger volumes than cement
compositions prepared using a conventional contacting sequence and a solid retarder. When
batch mixing, the amount of slurry needed, also termed the treatment volume, is limited to the
volume of the batch mixing equipment. Further, the conventional contacting sequence involves
process delays as there are production lags corresponding to the time required for contacting
and dissolution of the solid components in aqueous fluids.
[0044] In an embodiment, a large treatment volume may be desired in order to carry out a
process with a single treatment as opposed to employing multiple smaller treatments in order to
carry out the same process. Thus, a single treatment volume may be a sufficient volume to
complete the wellbore service as a continuous service, for example continuously preparing and
pumping a stream offservice fluid into the wellbore. CPCCs prepared as described herein may
allow for the on-site production of large treatment volumes which may allow for a wellbore
servicing process to be carried out using a single treatment thus improving the overall process
efficiency and economics by for example, by decreasing the on-site preparation time and labor.
CPCCs may be prepared in treatment volumes of greater than about 25 barrel (bbl),
alternatively greater than about 50 bbl, alternatively greater than about 100 bbl. For example,
using a CPCC of the type described herein, the liquid retarder and concentrated salt solution
may be prepared and transported to the well site. At the well site, the use of a liquid retarder
and a concentrated salt \solution reduces the overall process time by obviating the time required

for dissolution of a solid retarder and/or a solid soluble salt. This may decrease the rig time
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necessary for the operator to carry out the treatment resulting in an improved overall process
economics.
[0045] Furthermore, CPCCs when produced as described herein may display an increased
utility in wellbore servicing operations due to their ability to be produced via a continuous
process. For example, a wellbore servicing operation seeking to utilize a large treatment
volume may require the use of equipment and supplies that require a significant amount of
space. Many wellbore servicing operations occur at sites (e.g., an offshore platform, hillsides)
that impose physical limitations on the type and number of equipment/devices utilized in the
operation. CPCCs prepared as described herein may be produced using equipment that has a
smaller footprint when compared to an otherwise similar composition prepared via a batch
process.
[0046] The CPCCs of this disclosure may display expanded and improved utility as
wellbore servicing fluids when compared to a Sorel cement and solid retarder prepared by a
conventional contacting sequence.
[0047] The CPCCs of this disclosuré¢ also exhibit a relatively constant viscosity for a period
of time after they are initially prepared and while they are being placed in their intended
locations in the wellbore, i.e., during the period when the slurry is in motion. Eventually, the
CPCCs quickly set such that the viscosity of the placed slurry increases from about 35 Be to
equal to or higher than 70 Be in equal to or less than about 60 minutes, alternatively equal to or
less than about 50 minutes, alternatively equal to or less than about 40 minutes, alternatively
equal to or less than about 30 minutes, alternatively equal to or less than about 20 minutes,
alternatively equal to or less than about 10 minutes, alternatively equal to or less than about 1
minute. In an embodiment, the set time corresponds to the exothermic hydration of the CPCC

after which the strength development is faster than when the composition sets or becomes
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unpumpable due to gelation. This sudden jump in viscosity (i.e., from 35 Bc to 70 Bc after
placement of the slurry) may be very desirable in preventing unwanted events such as gas or
water migration into the slurry because it indicates the quick formation of an impermeable mass
from a gelled state after placement. This behavior is often referred to as “Right Angle Set” and
such cement compositions are termed “Right Angle Set Cement Compositions™ in reference to
the near right angle increase shown in a plot of viscosity over time.

[0048] The CPCCs of this disclosure may display a desirable thickening time that allows
| the composition to remain pumpable without gelling during downhole placement before
setting. ~ The thickening time refers to the time required after contacting of the shury
components for the composition to achieve 70 Bearden units of Consistency (Bc). At about 70
Bc, the slurry undergoes a conversion from a pumpable fluid state to a non-pumpable paste. In
an embodiment, the CPCCs of this disclosure may have a thickening time of greater than about
40 min, alternatively greater than about 1 hour, alternatively greater than about 5 hours,
alternatively greater than about 10 hours, alternatively greater than about 15 hours, alternatively
greater than about 20 hours at temperatures of from about 50 °F to about 400 °F, alternatively
from about 120 °F to about 300 °F, alternatively greater than about 200 °F.

[0049] The CPCCs of this disclosure may develop an appreciable compressive strength
when placed downhole. Herein the compressive strength is defined as the capacity of a
material to withstand axially directed pushing forces. The maximum resistance of a material to
an axial force is determined in accordance with API Recommended Practices 10B, Twenty-
Second Edition, December 1997. Beyond the limit of the compressive strength, thé material
becomes irreversibly deformed and no longer provides structural support and/or zonal isolation.
The compressive strength a set cement attains is a function of both the cement maturity (or cure

time) and the temperature at which setting occurs. Herein the cement maturity or cure time is the
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time for required for hydration of the cementitious material. The cement maturity specifically
refers to the time the cement formulation is allowed to set. In an embodiment, the CPCC may
develop a compressive strength of from about 50 psi to about 20,000 psi, ‘altematively from
about 100 psi to about 10,000 psi, alternatively from about 1000 psi to about 10,000 psi. The
compressive strength of the CPCC may develop in from about 15 minutes to equal to or greater
than about 24 hours, alternatively from about 20 minutes to about 10 hours, alternatively from
about 30 minutes to about 8 hours.

[0050] The CPCC may be placed into a wellbore as a single stream and activated by
downhole conditions to form a set rigid mass. In such an embodiment, the CPCC may be
placed downhole through the drill bit forming a composition that substantially eliminates lost
circulation. In yet another embodiment, the CPCC is formed downhole by the mixing of a first
stream comprising one or more CPCC components such as for example MgO and chloride or
phosphate salt and a second stream comprising additional CPCC components such as for
example an LR. Alternatively, the CPCC may be formed downhole by the mixing of a first
stream comprising MgO and a second stream comprising the chloride or phosphate salt, the LR,
and optional additives. Methods for introducing compositions into a wellbore to seal
subterranean zones are described in U.S. Patent Nos. 5,913,364; 6,167,967; and 6,258,757,
each of which is incorporated by reference herein in its entirety.

[0051] The CPCC disclosed herein may be used as a wellbore servicing fluid. As used
herein, a “servicing fluid” refers to a fluid used to drill, complete, work over, fracture, repair, or
in any way prepare a wellbore for the recovery of materials residing in a subterranean
formation penetrated by the wellbore. It is to be understood that “subterranean formation”
encompasses both areas below exposed earth and areas below earth covered by water such as

ocean or fresh water. Examples of servicing fluids include, but are not limited to cement
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slurries, drilling fluids or muds, spacer fluids, fracturing fluids or completion fluids, and the
like. Without limitation, servicing the wellbore includes positioning the CPCC in the wellbore
to isolate the subterranean formation from a portion of the wellbore; to support a conduit in the
wellbore; to plug a void or crack in the conduit; to plug a void or crack in a cement sheath
disposed in an annulus of the wellbore; to plug an opening between the cement sheath and the
conduit; to prevent the loss of aqueous or non-aqueous drilling fluids into loss circulation zones
such as a void, vugular zone, or fracture; to be used as a fluid in front of cement slurry in
cementing operations; to seal an annulus between the wellbore and an expandable pipe or pipe
string; or combinations thereof.

[0052] In an embodiment, the CPCC may be introduced to the wellbore to prevent the loss
of aqueous or non-aqueous drilling fluids into loss-circulation zones such as voids, vugular
zones, and natural or induced fractures while drilling. The CPCC may forn;z a non-flowing,
intact mass inside the loss-circulation zone which plugs the zone and inhibits loss of
subsequently pumped drilling fluid, which allows for further drilling. For example, the CPCC
may function as a plug that is placed into an annulus of the wellbore and prepares the formation
for placement of a second (e.g. cementitious) composition.

[0053] Alternatively, the CPCC when placed in a wellbore may be allowed to set such that
it isolates the subterranean formation from a different portion of the wellbore. The CPCC thus
forms a barrier that prevents fluids in that subterranean formation from migrating into other
subterranean formations. In an embodiment, the wellbore in which the composition is
positioned belongs to a multilateral wellbore configuration. It is to be understood that a
multilateral wellbore configuration includes at least two principal wellbores connected by one

or more ancillary wellbores.



WO 2010/004259 PCT/GB2009/001596
-21 -

[0054] In an embodiment, the CPCC may serve as a gravel packing fluid in gravel-packing
operations. Herein gravel packing refers to a method commonly utilized to prevent migration
of sand into wells and to maintain the integrity of subterranean formations. In gravel packing, a
permeable screen is placed against the face of a subterranean formation, followed by packing
gravel against the exterior of the screen. The size of the gravel particles used for this purpose
are larger than the sand particles but are also small enough to ensure that sand cannot pass
through voids between the particles. The gravel is typically carried to the subterranean
formation by suspending the gravel in a so-called gravel packing fluid and pumping the fluid to
the formation. The screen blocks the passage of the gravel but not the fluid into the
subterranean formation such that the screen prevents the gravel from being circulated out of the
hole, which leaves it in place. The gravel is separated from the fluid as the fluid flows through
the screen leaving it deposited on the exterior of the screen.
[0055] In an embodiment, the CPCC may be used for plug and abandonment of a well, i.e.,
to prepare a well to be shut in and permanently isolated. A series of plugs comprising the
CPCC may be set in the wellbore and tested at each stage for hydraulic isolation.
[0056] In an embodiment, the CPCC may serve as a spot fluid. A spot fluid herein refers to
a small volume or pill of fluid placed in a wellbore annulus that may displace another wellbore
servicing fluid such as for example a mud. The spot fluid may act as a settable fluid that when
used will displace another wellbore servicing fluid from a crack or crevice in the wellbore and
solidify to prevent flow of other wellbore servicing fluids into said cracks or crevices.
[0057] In an embodiment, the CPCC may display an increased resistance to carbon dioxide
(CO,). Without wishing to be limited by theory, contacting of CO, present in the wellbore with
the CPCC may result in the formation of insoluble carbonate species that provide a barrier to

CO; attack. CO, may be used in wellbore servicing operations to enhance oil recovery by
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injecting CO; (usually in supercritical or liquefied condition) into an adjacent to the wellbore.
CO; reduces oil viscosity resulting in the miscible or partially miscible displacement of the oil.
[0058] In an embodiment, a method of servicing a wellbore comprises providing a liquid
retarder (e.g., a less than about 25 wt.% aqueous solution of sodium hexametaphosphate), a
soluble chloride salt (e.g., a saturated solution of MgCle6H,0), and solid MgO (e.g.,
THERMATEK LT additive or THERMATEK HT additive) at the site of the wellbore. The
components of the slurry may be introduced to a recirculating mixer in order to generate via a
continuous process a CPCC which is placed downhole in order to provide one or more user-
desired services.
EXAMPLES
[0059] The disclosure having been generally described, the following examples are given
as particular embodiments of the disclosure and to demonstrate the practice and advantages
thereof. It is understood that the examples are given by way of illustration and are not intended
to limit the specification or the claims in any manner.
EXAMPLE 1
[0060] The effect of the contacting sequence on the thickening time of three CPCC samples
(Samples 4-6), were compared to a Sorel cement lacking a retarder (Sample 1) and two Sorel
cements mixed with a solid retarder (Samples 2 and 3). The Sorel cement used was
THERMATEK™ fluid invasion control treatment which is a mixture of MgO (i.e., T-TEK)
and MgCl«6H,O (i.e., C-TEK) commercially available from Halliburton Energy Services, Inc.
The retarder used was sodium hexametaphosphate (i.e., R-TEK) commercially available from
Deepearth Solutions. For samples 4 to 6, R-TEK was added as a 15-50 wt.% aqueous solution

(i-e., liquid retarder).
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[0061] Samples 1 and 2 were prepared using a conventional contacting sequence wherein
water was first contacted with solid R-TEK, followed by C-TEK, and T-TEK, which is
schematically shown in Figure 1. Samples 4-6 were prepared by contacting water with C-TEK
first, followed by R-TEK which was introduced as the liquid retarder, and then T-TEK, which
is schematically shown in Figure 2A. Herein, the sequence of Figure 2A is referred to as a
reverse contacting sequence. Sample 3 was prepared using a modified reverse contacting
sequence wherein water was contacted with C-TEK first, followed by solid R-TEK, and then
T-TEK. The amounts of each component for each sample are presented in Table 1.

[0062] The thickening time for each sample was determined while continuously shearing at
a shear rate of 150RPM. The thickening time was measured according to the API procedure

using a ramp time of 35 minutes at 80°F and 8000 psi. The results of these thickening time

measurements are shown in Table 1.

Table 1
Sturry Composition P
Sample [Water | R-TEK | C-TEK | T-TEK-LT Contacting order Thickening Time
(& (2 (g (g ]

i 200 - 300 300 Conventional No retarder was used 1:48

2 200 3 300 300 Conventional | solid R-TEK was added before C-TEK 543

3 200 3 300 300 Reverse C-TEK was added before solid R-TEK 1:51

4 197 6 {50% liquid) 300 300 Reverse C-TEK was added before liquid R-TEK 1:44

5 191 12 (25% liquid) 300 300 Reverse C-TEK was added before liquid R-TEK 2:04

6 183 | 20 (15% liquid) 300 300 Reverse C-TEK was added before liquid R-TEK 3:52
[0063] The results demonstrate that when a modified reverse contacting sequence was used

in Sample 3 which was prepared using a solid retarder, the effect of R-TEK as a retarder was
nullified. However, by using a liquid retarder, which was a solution comprising less than about
25 wiv% R-TEK (Samples 5 and 6), the effectiveness of the retarder is maintained when using
a reverse contacting sequence.

[0064] Figure 4 is a plot of %R-TEK solution as a function of thickening time for samples

prepared using a liquid retarder and either the conventional (i.e., liquid R-TEK / C-TEK / T-
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TEK) or reverse contacting sequence (i.e., C-TEK / liquid R-TEK / T-TEK). Three additional
samples were prepared as described previously with the exception that the liquid retarder was
either a 15 wt.%, 25 wt.%, or 50 wt.% R-TEK solution. Samples prepared by contacting the
components in the conventional contacting sequence displayed a similar thickening time of
about 5 hours and 50 minutes as shown in Figure 4, by the dotted line 300. However, the
thickening times of cement slurries prepared using a reverse contacting sequence and various
R-TEK stock solution concentrations was less than abut 2.5 hours. However, when less than a
25 wt. % R-TEK solution was used to prepare the cement slurries, the thickening time of the
cement slurries increased and approached the thickening time of the cement slurries prepared
using a conventional contacting sequence.
[0065] Collectively the results demonstrate the ability to vary the mixing order for the
preparation of a Sorel cement composition when using a liquid retarder comprising less than
about 25 w/v% sodium hexametaphosphate.
[0066] The thickening time and consistency of the slurry in Sample 6 were investigated and
showed a “Right Angle Set” behavior. The “Right Angle Set” behavior from Sample 6 was
similar to that observed for a composition comprising a Sorel cement and solid retarder
prepared by a conventional contacting sequence. This right angle set behavior is illustrated in
Figure 5 which is a graph of slurry viscosity as a function of temperature for a composition
comprising a Sorel cement and solid retarder prepared by a conventional contacting sequence.
[0067] While embodiments of the disclosure have been shown and described,
modifications thereof can be made by one skilled in the art without departing from the spirit
and teachings of the disclosure. The embodiments described herein are exemplary only, and
are not intended to be limiting. Many variations and modifications of the disclosure disclosed

herein are possible and are within the scope of the disclosure. Where numerical ranges or
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limitations are expressly stated, such express ranges or limitations should be understood to
include iterative ranges or limitations of like magnitude falling within the expressly stated
ranges or limitations (e.g., from about 1 to about 10 includes, 2, 3, 4, etc.; greater than 0.10
includes 0.11, 0.12, 0.13, etc.). For example, whenever a numerical range with a l‘ower limit,
Ry, and an upper limit, Ry, is disclosed, any number falling within the range is specifically
disclosed. In particular, the following numbers within the range are specifically disclosed:
R=R, +k* (Ry-Ry), wherein k is a variable ranging from 1 percent to 100 percent with a 1
percent increment, i.e., k is 1 percent, 2 percent, 3 percent, 4 percent, 5 percent, ...50 percent,
51 percent, 52 percent, ....., 95 percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100
percent. Moreover, any numerical range defined by two R numbers as defined in the above is
also specifically disclosed. Use of the term "optionally" with respect to any element of a claim
is intended to mean that the subject element is required, or alternatively, is not required. Both
alternatives are intended to be within the scope of the claim. Use of broader terms such as
comprises, includes, having, etc. should be understood to provide support for narrower terms
such as consisting of, consisting essentially of, comprised substantially of, etc.

[0068] Accordingly, the scope of protection is not limited by the description set out above
but is only limited by the claims which follow, that scope including all equivalents of the
subject matter of the claims. Each and every claim is incorporated into the specification as an
embodiment of the present disclosure. Thus, the claims are a further description and are an
addition to the embodiments of the present disclosure. The discussion of a reference is not an
admission that it is prior art to the present disclosure, especially any reference that may have a
publication date after the priority date of this application. The disclosures of all patents, patent

applications, and publications cited herein are hereby incorporated by reference, to the extent
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that they provide exemplary, procedural, or other details supplementary to those set forth

herein.
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What is claimed is:

I

A method of servicing a wellbore comprising:

contacting a metal oxide, a soluble chloride or phosphate salt, water, and a liquid
retarder to form a cement composition via a continuous process, wherein the liquid
retarder is an aqueous solution having a concentration of less than about 25 w/v%;
placing the cement composition into the wellbore; and

allowing the cement composition to set.

The method of claim 1 wherein the cement composition is placed in the wellbore in a
single treatment volume.

The method of claim 1 wherein the metal oxide, soluble chloride or phosphate salt,
water, and liquid retarder are contacted simultaneously.

The method of claim 1 wherein cement composition is formed as a continuous process
comprising the continuous addition of the metal oxide, soluble chloride or phosphate
salt, water, and liquid retarder to a mixing device and the continuous removal of the
cement composition from the mixing device and placement thereof into the wellbore.
The method of claim 1 wherein the liquid retarder comprises sodium
hexametaphosphate, potassium magnesium phosphate hexahydrate, potassium
magnesium hexametaphosphate, or combinations thereof.

The method of claim 1 wherein the liquid retarder comprises an aqueous solution of
sodium hexametaphosphate.

The method of claim 1 wherein the metal oxide comprises an alkaline earth metal

oxide.
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The method of claim 7 wherein the alkaline earth metal oxide comprises magnesium
oxide.

The method of claim 8 wherein the magnesium oxide comprises dead-burned
magnesium oxide, hard-burned magnesium oxide, light-burned magnesium oxide, or
combinations thereof.

The method of claim 1 wherein the soluble salt comprises an alkaline earth metal
chloride, magnesium chloride, magnesium chloride hexahydrate, sodium phosphate,
potassium phosphate, ammonium phosphate, or combinations thereof.

The method of claim 1 wherein the soluble salt is dissolved in an aqueous solution.

The method of claim 11, wherein the soluble salt has a concentration in the aqueous
solution of from about 10 wt.% to about 70 wt.% by total weight of the aqueous
solution.

The method of claim 1 wherein the liquid retarder is present in an amount of from about
0.05 wt.% to about 15 wt.% by weight of the magnesium oxide.

The method of claim 1 wherein the metal oxide and the soluble salt is present in the
cement composition in a ratio of from about 2:1 to about 1:1.

The method of claim 1 wherein the water is present in an amount of from about 10
wt.% to about 200 wt.% by weight of cement.

The method of claim 1 wherein the composition displays a right angle set.

The method of claim 1 wherein the composition has a compressive strength of from
about 50 psi to about 20,000 psi.

The method of claim 1 wherein the composition has a thickening time of greater than
about 40 minutes.

A method of servicing a wellbore comprising:
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(a) contacting an aqueous solution with a soluble salt to form a salt solution;
(b) contacting an aqueous solution with a solid retarder to form a liquid retarder
wherein the liquid retarder has concentration of less than about 25 w/v%:
(c) contacting water, the salt solution, and the liquid retarder to form a mixture;
(d) contacting the mixture with a metal oxide to form a cement slurry, wherein the
cement slurry is produced with an output rate of from about 0.5 barrels per minute to
about 20 barrels per minute;
(e) placing the cement slurry into the wellbore; and
() allowing the cement slurry to set.
The method of claim 19 wherein steps (c) and (d) are carried out simultaneously in a

recirculating mixer.
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