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(57) Abréegée/Abstract:

Methods are provided for treating a portion of a well. The method according to this aspect comprises the steps of. (A) forming a
treatment fluid, the treatment fluid comprising: (1) water; (il) a water-soluble polymer; (i) a complexed metal cation that: (a) has a
valence state of at least three; and (b) Is capable of cross-linking the water-soluble polymer; and (lv) an aromatic compound that Iis
capable of dissolving, melting, or chemically decomposing, dissociating, or reacting, to form a chelating agent, wherein the
chelating agent comprising vicinal substituents containing donor heteroatoms, and wherein the chelating agent i1s capable of
chelating the metal cation; and (B) introducing the treatment fluid into the well.
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(57) Abstract: Methods are provided for treating a portion of a well. The method according to this aspect comprises the steps of:
(A) forming a treatment tluid, the treatment fluud comprising: (1) water; (1) a water-soluble polymer; (111) a complexed metal
cation that: (a) has a valence state of at least three; and (b) 1s capable of cross-linking the water-soluble polymer; and (1v) an aro-
matic compound that 1s capable of dissolving, melting, or chemically decomposing, dissociating, or reacting, to form a chelating
agent, wheren the chelating agent comprising vicinal substituents containing donor heteroatoms, and wherein the chelating agent
1s capable of chelating the metal cation; and (B) introducing the treatment fluid into the well.
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Methods for Treating a Well with a Cross-linked Water-Soluble Polymer-Complexed
Metal Cation Network and an Aromatic Compound Forming a Chelating Agent to
Uncross-link the Polymer

Summary

10001] Methods according to the invention are directed to treating a
subterranean formation for producing o1l or gas.

(0002] According to the invention, a method for treating a portion of a well 1s
provided. The method according to this aspect comprises the steps of: (A) forming a
treatment fluid, the treatment fluid comprising: (i) water; (ii) a water-soluble polymer; (i11) a
complexed metal cation that: (a) has a valence state of at least three; and (b) 1s capable of
cross-linking the water-soluble polymer; and (iv) an aromatic compound that is capable of
dissolving, melting, or chemically decomposing, dissociating, or reacting, to form a chelating
agent, wherein the chelating agent comprising vicinal substituents containing donor
heteroatoms, and wherein the chelating agent is capable of chelating the metal cation;
wherein a test fluid consisting essentially of, in the same proportions as in the treatment fluid:
(i) the water; (ii) the water-soluble polymer; (iii) the complexed metal cation; and (1v) the
aromatic compound, wherein the aromatic compound is non-encapsulated in the test fluid, 1s
capable of: (i) increasing from an initial viscosity to a maximum viscosity that is greater than |
the initial viscosity; and then (ii) decreasing to a decreased viscosity that is less than the
maximum viscosity, when tested by heating the test fluid at a constant rate from an 1mitial
temperature of 25°C to at least one elevated temperature in the range of 50°C - 100°C over
the course of 10 minutes and then maintained at that elevated temperature; and (B)
introducing the treatment fluid into the well. Further features are defined in the dependent
claims.

[0003] The features and advantages of the inventions will be more readily
appreciated when considered in conjunction with the accompanying drawing.

[0004] As used herein, the words “comprise,” “have,” “Include,” and all
grammatical variations thereof are each intended to have an open, non-limiting meaning that

does not exclude additional elements or steps.
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[0005] As used herein, the words “consisting essentially of,” and all
grammatical variations thereof are intended to limit the scope of a claim to the specified
materials or steps and those that do not materially affect the basic and novel characteristic(s)
of the invention. For example, the test fluid consists essentially of water, a water-soluble
polymer, a complexed metal cation, and an aromatic compound; however, if the complexed
metal cation is obtained in the form of an alcoholic solution for use in the formation of the
treatment fluid, then the use and presence of the alcoholic solution of the cross-linker in the
test fluid does not materially affect the basic and novel characteristics of the invention. By
way of another example, the addition of a pH adjuster to the test fluid in the same manner and
concentration as it is employed in forming the treatment fluid would not matenally affect the

basic and novel characteristics of the 1invention.

Brief Description of the Drawing

[0006] The accompanying drawing is incorporated into the specification to
help illustrate examples according to the presently most-preferred embodiment of the
invention. The drawing is not to be construed as limiting the invention.

[0007] The experiments for the data contained in the drawing were performed
with 53 mls of a base solution containing: 0.5% by weight of carboxymethyl
hydroxypropylguar (CMHPG); 2% by weight of potassium chlonde (KCl); and 0.1% by
weight of a complexed zirconium metal cation cross-linker solution at a pH of 5.2 to 5.5. The
figures are graphs of experiments on various test solutions plotting data for viscosity (cP
[0.001 Pa.s]) versus time (minutes). The viscosity was measured at a shear rate of 40 1/sec.

The drawing includes the following figures:

[0008] Figure 1 is a graph of viscosity and temperature vs. time for the base
solution.
[0009] Figure 2 is a graph of viscosity vs. time for the base solution

additionally containing 0.1 g of salicylic acid.

[0010] Figure 3 is a graph of viscosity vs. time for the base solution
additionally containing 0.324 g of acetylsalicylic acid.

[0011] Figure 4 is a graph of viscosity vs. time for the base solution

additionally containing 0.22 g of acetylsalicylic acid.
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[0012] Figure 5 1s a graph of viscosity vs. time for the base solutioh
additionally containing 0.066 g of methyl salicylate.

[0013] Figure 6 i1s a graph of viscosity vs. time for the base solution
additionally containing 0.2 g of methyl acetylsalicylate, at temperatures of 50°C and 60°C.

[0014] Figure 7 1s a graph of viscosity vs. time for the base solution
additionally containing 0.1 g of anthranilic acid.

[00135] Figure 8 1s a graph of viscosity vs. time for three different solutions of
the base solution additionally containing 0.1 g, 0.2 g, and 0.3 g of acetylated indulin amine,
respectively.

[0016] Figure 9 is a graph of viscosity vs. time for two different solutions of
the base solution additionally containing 0.1 g and 0.5 g of trimethyl acetylated indulin
amine, respectively.

[0017] Figure 10 1s a graph of viscosity and temperature vs. time for the base
solution additionally containing 0.51 g of trimethyl acetylated indulin amine.

[0018] Figure 11 is a graph of viscosity and temperature vs. time for the base
solution additionally containing 0.2 g of phthalic anhydride.

[0019] Figure 12 is a graph of viscosity and temperature vs. time for the base
solution additionally containing 0.23 g of phthalic acid monopotassium salt.

[0020] Figure 13 1s a graph of viscosity and temperature vs. time for the base
solution additionally containing 0.23 g of catechol.

[0021] Figure 14 is a graph of viscosity and temperature vs. time for the base

solution additionally containing 0.21 g of ortho-phenylenediamine.

Detailed Description of the Invention
10022] Oi1l and gas hydrocarbons are naturally occurring in some subterranean
formations. A subterranean formation containing oil or gas 1s sometimes referred to as a
reservoir. A reservoir may be located under land or off shore. Reservoirs are typically
located in the range of a few hundred feet (30.5 metres) (shallow reservoirs) to a few tens of
thousands of feet (3050 metres) (ultra-deep reservoirs). In order to produce oil or gas, a well

1s drilled into a subterranean formation.
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[0023] As used herein, a “well” includes at least one wellbore drilled into a
subterranean formation, which may be a reservoir or adjacent to a reservoir. A wellbore can
have vertical and horizontal portions, and it can be straight, curved, or branched. As used
herein, the term “wellbore” refers to a wellbore itself, including any uncased, openhole
portion of the wellbore. A near-wellbore region is the subterranean material and rock of the
subterranean formation surrounding the wellbore. The near-wellbore region is normally
considered the region within about 100 feet (30.5 metres) of the wellbore. As used herein, a
“well” also includes the near-wellbore region. As used herein, “into a well” means and
includes into any portion of the well, including into the wellbore or into the near-wellbore
region via the wellbore.

[0024] As used herein, a “fluid” is an amorphous substance having a
continuous phase that tends to flow and to conform to the outline of its container (as a liquid
or a gas) when tested at a temperature of 25°C (77°F) and a pressure of 1 atmosphere. A
heterogeneous fluid has an external phase and at least one internal phase. By contrast, a
homogenous fluid does not have distinct phases. Examples of a heterogenous fluid include,
for example, a slurry or sol, which is a suspension of solid particles (such as sand) in a
continuous liquid phase; an emulsion, which is a dispersion of two or more immiscible
liquids where droplets of at least one liquid phase are dispersed in a continuous liquid phase
of another; or a foam, which is a dispersion of gas bubbles in a continuous liquid phase.
Further, as used herein, a “fluid” should be pumpable.

10025] As used herein, the words “treatment” and “treating” mean an effort
used to resolve a condition of a well. Examples of treatments include, for example,
stimulation, isolation, or control of reservoir gas or water. The word “treatment” 1n the term
“treatment fluid” does not necessarily imply any particular action by the fluid, but merely
means that the fluid is to be used in a treatment of a well.

[0026] Stimulation treatments fall into two main categories, hydraulic
fracturing and matrix treatments. In a hydraulic fracturing treatment, a treatment fluid is
injected into a wellbore and into a near-wellbore region at a pressure that is above the fracture
pressure of the subterranean formation. The higher fluid pressure fractures the formation to
create a flow path between the subterranean formation and the wellbore. Hydraulic fracturing
is described in more detail below. In a matrix treatment, a treatment fluid i1s injected 1nto a

wellbore and into a near-wellbore region at a pressure that is below the fracture pressure of
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the subterranean formation. The lower fluid pressure is sufficient to force the treatment fluid
into the matrix of the formation but not sufficient to fracture the subterranean formation.

[0027] As mentioned above, “hydraulic fracturing” 1s a common stimulation
treatment. A treatment fluid adapted for this purpose sometimes is referred to as a “fracturing
fluid.” The fracturing fluid is pumped at a sufficiently high flow rate and pressure into the
wellbore and into the subterranean formation to create or enhance a fracture in the
subterranean formation. Creating a fracture means making a new fracture in the formation.
Enhancing a fracture means enlarging a preexisting fracture in the formation.

[0028] Fracturing a subterranean formation typically requires many thousands
of gallons of fracturing fluid. Further, it is often desirable to fracture at more than one
downhole location of a well. Thus, a high volume of fracturing fluid 1s usually required to
treat a well, which means that a low-cost fracturing fluid 1s desirable. Because of the ready
availability and relative low cost of water compared to other liquids, a fracturing fluid is
usually water based. As used herein, a “water-based” fluid means a homogenous fluid of
water or an aqueous solution or a heterogeneous fluid comprising water or an aqueous
solution as the continuous phase.

(0029] After the pumping of the fracturing fluid is stopped, the fracture will
tend to close. To prevent the fracture from closing, a material, called proppant, 1s placed 1n
the fracture to keep the fracture propped open. Proppant is usually 1n the form of an insoluble
particulate, which is suspended in the fracturing fluid, carried downhole, and deposited in the
fracture. The proppant holds the fracture open while still allowing fluid flow through the
permeability of the proppant. When deposited in the fracture, the proppant forms a “proppant
pack,” and, while holding the fracture open, provides conductive channels through which
fluids can flow towards the wellbore. These channels provide an additional flow path for the
oil or gas to reach the wellbore, which increases oil and gas production from the well.

[0030]} As used herein, “proppant” means and refers to an insoluble particulate
material that is suitable for use as a proppant pack, including without limitation, sand,
synthetic materials, manufactured materials, and any combination thereof in any proportion.
For this purpose, “proppant” does not mean or refer to suspended solids, silt, fines, or other
types of insoluble particulate smaller than 0.0625 mm. Further, it does not mean or refer to

insoluble particulates larger than 2 mm.
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[0031] Suitable proppant materials include, but are not limited to, sand
(silica), walnut shells, sintered bauxite, glass beads, plastics, nylons, resins, other synthetic
materials, and ceramic materials. Mixtures of proppants can be used as well. If sand 1s used,
it typically will be from about 20 (0.85 mm) to about 100 (0.15 mm) U.S. Standard Mesh 1n
size. For a synthetic proppant, mesh sizes from about 8 (2.36 mm) — 100 (0.15 mm) typically
are used. The concentration of proppant in a fracturing fluid can be in any concentration
known in the art, and preferably will be in the range of from about 0.01 kilograms to about 3
kilograms of proppant per liter of continuous liquid phase (about 0.1 1b/gal — 25 Ib/gal).

[0032] An insoluble particulate also can be used for “gravel packing”
operations. The insoluble particulate, when used for this purpose, is referred to as “gravel.”
More particularly in the oil and gas field and as used herein, the term “gravel” is sometimes
used to refer to relatively-large insoluble particles in the sand size classification, that 1s,
particles ranging in diameter from about 0.5 mm up to about 2 mm.

[0033] Proppant or gravel can have a different specific gravity than the
homogenous treatment fluid or continuous phase of the treatment fluid. For example, sand
(silica) has a specific gravity of about 2.7, whereas deionized water has a specific gravity of
1.0 (measured at 25°C (77°F) and 1 atmosphere pressure). Sand that is mixed with water will
tend to settle out from the water. To help suspend a particulate, such as proppant or gravel,
having a substantially different density than the treatment fluid, it is desirable to increase the
viscoelasticity of the treatment fluid. A suspending agent can be used to increase the
viscoelasticity of a treatment fluid.

[0034] A suspending agent tends to cause a fluid to gel or viscosity, which can
be useful in suspending proppant or gravel in the fluid. Historically, the gel characteristics of
a fluid have not been easy to measure directly; however, a viscosity measurement can be used
as an indicator of the capacity of a fluid to suspend and transport a particulate. Accordingly,
a suspending agent has often been referred to as a viscosity-increasing agent. Viscosity 1s the
resistance of a fluid to flow, defined as the ratio of shear stress to shear rate. The viscosity of
a treatment fluid is usually expressed in the unit centipoise (“cP” [0.001 Pa.s]). Viscosity
must have a stated or an understood shear rate and measurement temperature in order to be
meaningful. As used herein, if not otherwise specifically stated, the viscosity of a fluid 1s
measured with a Fann Model 50 or a Brookfield type viscometer at a shear rate of 40 1/s and

at a temperature of 25°C (77°F).



CA 02765123 2011-12-09
WO 2010/149954 PCT/GB2010/001211

7

[0035] While viscosity tends to correlate with the suspending capability' of a
fluid, viscosity is the resistance of a liquid to flow, which is not necessarily a measure of the
suspending ability of a fluid. Even if the viscosity of a treatment fluid 1s high, that does not
mean the treatment fluid can suspend an insoluble particulate such as proppant or gravel.
Preferably, the treatment fluid has a sufficient viscosity and suspending capability to suspend
proppant or gravel in the treatment fluid.

[0036] A suspending agent for a water-based fluid preferably comprises a
water-soluble polymer.  More preferably, the water-soluble polymer comprises a
polysaccharide such as guar, xanthan, or diutan, or a modified polysaccharide such as
hydroxyl ethyl guar hydroxypropyl guar, carboxymethylhydroxyethyl guar, carboxymethyl
hydroxypropyl guar, hydroxyethylcellulose, carboxymethylhydroxyethyl cellulose, and
carboxymethyl starch. The water-soluble polymer can comprise a synthetic polymer, such as
a copolymer of 2-acrylamido-2methyl-propane sulfonic acid and acrylamide or a terpolymer
of 2-acrylamido-2methyl-propane sulfonic acid, acrylic acid, and acrylamide.

[0037] To further increase the gelling of a fluid, the polymer can be cross-
linked. As used herein, a “cross-link” or “cross-linking” is a connection between two or
more polymer molecules. A cross-linking agent can be added to a treatment flmd to croés-
link the polymer molecules. The cross-linking of the polymer molecules can form a network
of the polymer molecules. This network can increase the viscosity of a treatment fluid and
also increase the suspending capability of the treatment fluid to help suspend proppant or
gravel present in the treatment fluid. In some cases, it is desirable to have sufficient cross-
linking of the polymer to form a gel.

[0038] A cross-linking agent can be a complexed metal cation having a
valence state of at least three. Examples of such a complexed metal cation include
hydroxycarboxylates, aminocarboxylates, trialkanolamine, amines, and/or beta-diketone
complexes of iron (III), chromium (III), aluminum (III), zirconium (IV), titanium (IV), and
hafthium (IV). The number in the parenthesis represents valence state, also referred to as
oxidation state or oxidation number, of the metal in the complex. Specific examples of
complexed metal cations include zirconium ammonium lactate, zirconium lactate
triethanolamine, zirconium carbonate, zirconium acetyl acetonate, zirconium malate, and
zirconium citrate. The complexing metal cations listed above presumably form coordination

complexes with the metal ions, and allow the complexed metal ion to form chelated
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structures selectively. Such complexes are described in: US Patent No. 7,297,665, having for
named inventors Phillip C. Harris and Stanley J. Heath, issued on Nov. 20, 2007; US Patent
No. 7,345,013, having for named inventors Greig Fraser, issued on Mar. 18, 2008; US Patent
No. 6,737,386, having for named inventors Ralph Moorehouse and Lester E. Matthews,
1ssued on May 18, 2004; and US Patent No. 6,214,773, having for named inventors Phillip C.
Harris, Stanley J. Heath, David M. Barrick, Ron J. Powell, Billy F. Slabaugh, Shane L.
Milson, Gregory L. Tanaka, and Harold G. Walters, issued on Apr. 10, 2001. If there is any
conflict between a reference incorporated by reference and the present disclosure, the present
disclosure will control. Examples of commercially available complexed metal cations suitable
tfor cross-linking polymers include "CL-23", "CL-40", "CL-37", and "CL- 18" available from
Halliburton Energy Services in Duncan, Oklahoma.

10039] The metal cation of the complexed metal cation is selected for being capable
of cross-linking the water-soluble polymer molecules together to form a metal cation-polymer
network. The complexed metal cation can be in the form of a salt of the cationic metal
complex and a counter anion, or of the anionic metal complex and a counter cation depending
on the number of the complexed groups per metal and their charges. The counter anion can be
inorganic or organic. As used herein, an "inorganic" anion can be an anion such as cyanate,
thiocyanate, and oxychloride or an anion that is formed when a mineral acid is neutralized
such as carbonate, bicarbonate, sulfate, bisulfate, chloride, bromide, and nitrate. As used
herein, an "organic" anion can be a carboxylate ion such as an acetate, a propionate ion, or a
sulfonate 1on such as benzene sulfonate. Examples of counter cations include ammonium ions
and alkali metal 10ns, such as sodium and potassium ions. A partial description of the breadth
of chemical structures useful for the present invention are provided in the publication (Society
of Petroleum Engineers (SPE) paper 50731 presented at the 1999 SPE International
Symposium on Oilfield Chemistry held in Houston, Texas, 16-19 February 1999).

10040] A treatment fluid can include a breaker. A breaker is a chemical used for the
purpose of "breaking", i.e., reducing the viscosity of the treatment fluid so that the fluid can
be recovered more easily from the formation during cleanup. Generally, oxidizing chemicals
such as inorganic persulfates and hydrogen peroxide generating chemicals are used as

breakers, which are believed to function by oxidatively degrading the polymer backbone
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into smaller fragments. In order to prevent premature viscosity reduction, the oxidizers are
encapsulated for slow release of the oxidizer breaker. The oxidizers inherently are hazardous
materials, and encapsulation adds to the cost of the materials. Additionally, their
effectiveness is reduced at lower temperatures. Thus, there is a need for breakers which are
less hazardous, do not require encapsulation, and are active even at low temperatures.

[0041] A chelating agent can be used as a breaker. A chelating agent can
compete with the polymer for the metal cation under suitable conditions, especially at
downhole temperatures. The metal cation and the chelating agent preferably have a stronger
affinity for each other compared to the affinity between the metal cation and the polymer
molecules. Therefore, the chelating agent can compete with the polymer for the metal cation
to displace the metal cation from the metal cation-polymer complex to form a chelate
complex with the metal cation under downhole temperatures. The metal-chelate complex 1s
formed when the bonds between the metal cation and the polymer molecules are broken and
the metal cation bonds with the chelating agent. If the cross-links of the metal cation-
polymer network are broken, then the viscosity of the treatment fluid can be reduced. The
breaking of, i.e., the reduction in, the viscosity allows the polymer of the treatment tluid to be
removed more easily from the well.

[0042] A chelating agent, also called a ligand, is either an ion or molecule that
bonds via coordinate covalent bonds to a central metal to produce a coordination complex,
called a chelate. As used herein, a “chelating agent” is a Lewis base, i.e., the chelating agent
contains at least at least two donor atoms in the same molecule capable of donating electrons
to the metal cation). Preferred donor atoms are heteroatoms and include nitrogen, oxygen,
and sulfur. The central metal is a Lewis acid, i.e., the central metal can accept pairs of
electrons from the chelating agent. A chelating agent that bonds through two coordinating
atoms is called bidentate; one that bonds through three 1s called tridentate, and so on. '

[0043] A coordinate covalent bond 1s a covalent bond 1n which one atom (i.e.,
the donor atom) supplies both electrons. This type of bonding 1s different from a normal
covalent bond in which two atoms each supply one electron. If the coordination complex
carries a net charge, the complex is called a complex ion. Compounds that contain a
coordination complex are called coordination compounds. Coordination compounds and
complexes are distinct chemical species, for example, their properties and behavior are

different from the metal ion and ligands from which they are composed.:
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10044 ] According to the invention, the treatment fluid includes an aromatic
compound that is capable of dissolving, melting, or chemically decomposing, dissociating, or
reacting, to form a chelating agent, and where the chelating agent is capable of chelating the
metal cation. The test fluid includes the aromatic compound in a non-encapsulated form.
The test fluid can be the same or different from the treatment fluid. Preferably, the aromatic
compound, in the treatment fluid or in the test fluid, does not interfere with the cross-linking
reaction of the metal cation and polymer molecules to viscosify the treatment fluid. For
example, the aromatic compound allows the metal cation-polymer network to form in order
for the initial viscosity of the treatment fluid or test fluid to increase to a maximum viscosity.
Some of the aromatic compound can form the chelating agent before or during the formation
of the metal cation-polymer network. Preferably, at least some of the chelating agent that is
formed during this timeframe does not substantially interfere with the formation of the metal
cation-polymer network. For example, the chelating agent that may be formed does not
interfere to such a degree as to inhibit the treatment fluid or test fluid from developing the
maximum viscosity. Hence, the aromatic compound is delayed from forming the chelating
agent without the need for encapsulating the aromatic compound.

[0045] One example of how the aromatic compound is delayed from forming
the chelating agent is that the aromatic compound can be insoluble at a typical pre-
introduction temperature (which is generally less than or equal to 25°C), but dissolves in the
treatment fluid to form the chelating agent after the treatment fluid is introduced into the
downhole temperatures of the well (typically in the range of 50°C — 200°C, though some
wells, particularly ultra-deep wells, can be up to 300°C or even hotter). This delay allows
time for the complexed metal cation to first cross-link the polymer to increase the viscosity of
the treatment fluid, and then, after the aromatic compound dissolves to form the chelating
agent, the chelating agent can compete with and displace the metal cation from the metal
cation-polymer complex, thereby at least helping to break the viscosity of the treatment fluid.
In addition to the delay in the formation of the chelating agent, the rate of the metal-chelate
reaction will vary based on the affinity the particular chelating agent has for the metal cation
and the particular downhole temperature. For example, if the affinity 1s high, then the metal-
chelate complex can be formed at lower temperatures. Conversely, if the affimty 1s low, then
higher temperatures might be required to form the metal-chelate complex. One of ordinary

skill in the art can select the aromatic compound by taking into account the downhole
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temperatures for a given oil or gas operation and the affinity the chelating agent will have for
the metal at those given temperatures.

[0046] The test fluid i1s capable of increasing from an imitial viscosity to a
maximum viscosity that is greater than the initial viscosity and then decreasing to a decreased
viscosity that 1s less than the maximum viscosity when tested by heating the test fluid at a
constant rate from an initial temperature of 25°C to at least one elevated temperature in the
range of 50°C — 100°C over the course of 10 minutes and then maintained at that elevated
temperature. Preferably, the treatment fluid exhibits the same capabilities as the test fluid.
Preferably, the treatment fluid has the same initial viscosity, maximum viscosity, and reduced
viscosity as the test fluid. The initial viscosity is the viscosity of the test or treatment fluid
upon the formation of the test or treatment fluid, prior to cross-linking of the polymer. The
maximum viscosity is the viscosity of the test or treatment fluid before the viscosity begins to
decrease.

[0047] Preferably, the complexed metal cation cross-links the polymer such
that the initial viscosity of the test or treatment fluid increases to a maximum viscosity that 1s
at least four times the initial viscosity. Preferably, the maximum viscosity 1s at least 200 cP
(0.2 Pa.s) at the downhole temperatures and shear rates expected in the well treatment. After
allowing the test or treatment fluid to develop the maximum viscosity, the maximum
viscosity is then preferably reduced to less than 50% of the maximum viscosity by the
formation of the metal-chelate complex. The aromatic compound can be used selectively to
help control the timing for breaking the cross-links of the metal cation-polymer network. It 1s
not necessary for the aromatic compound to be encapsulated; however, encapsulation of some
or all of the aromatic compound can provide additional control of the timing of breaking the
VISCOSIty.

[0048] A treatment fluid according to the invention can include additional
breakers which can also help decrease the maximum viscosity of the treatment fluid. For
example, it is preferable that the chelating agent decrease the maximum viscosity of the
treatment fluid to less than 50% of the maximum; however, more than one chelating agent or
additional breakers can help achieve this decrease. The treatment fluid can also include a
surfactant. For example, a surfactant can be used for its ability to aid the dispersion and/or
stabilization of a gas component into the fluid. Further, a treatment fluid can contain other

materials, additives, and chemicals that are used in oil field applications. These include, but
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are not necessarily limited to, a breaker aid, a co-surfactant, an oxygen scavenger, alcohol, a
scale inhibitor, a corrosion inhibitor, a fluid-loss additive, an oxidizer, a bactericide, a
biocide, a microemulsion, and the like. The treatment fluid can also include a gas for
~ foaming the fluid.

[0049] More than one treatment fluid may be used during the course of a
treatment operation. For example, one treatment fluid may require a higher concentration of
proppant, and another treatment fluid may require a lower concentration of proppant.
Changes in the treatment fluids used may be made in stepped changes of concentrations or

ramped changes of concentrations.

Preferred Embodiment of the Invention

[0050] According to the invention, a method for treating a portion of a well 1s
provided. The method according to this aspect comprises the steps of: (A) forming a
treatment fluid, the treatment fluid comprising: (i) water; (i1) a water-soluble polymer; (111) a
complexed metal cation that: (a) has a valence state of at least three; and (b) is capable of
cross-linking the water-soluble polymer; and (iv) an aromatic compound that 1s capable of
dissolving, melting, or chemically decomposing, dissociating, or reacting, to form a chelating
agent, wherein the chelating agent comprising vicinal substituents containing donor
heteroatoms, and wherein the chelating agent is capable of chelating the metal cation;
wherein a test fluid consisting essentially of, in the same proportions as in the treatment tlud:
(1) the water; (i1) the water-soluble polymer; (iii) the complexed metal cation; and (1v) the
aromatic compound, wherein the aromatic compound is non-encapsulated in the test fluid, 1s
capable of: (i) increasing from an initial viscosity to a maximum viscosity that 1s greater than
the initial viscosity; and then (i1) decreasing to a decreased viscosity that 1s less than the
maximum viscosity, when tested by heating the test fluid at a constant rate from an 1mitial
temperature of 25°C to at least one elevated temperature in the range of 50°C — 100°C over
the course of 10 minutes and then maintained at that elevated temperature; and (B)
introducing the treatment fluid into the well.

[0051] The treatment fluid preferably has a continuous phase of an aqueous
fluid. The treatment fluid may include proppant or gravel. The treatment fluid may include a
surfactant, a cross-linking initiator, a breaker aid, a co-surfactant, an oxygen scavenger, a

scale inhibitor, a corrosion inhibitor, a fluid-loss additive, an oxidizer, a bactericide, a
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biocide, or additional breakers. The treatment fluid can include dissolved inorganic salts. If
the treatment fluid includes salts, then preferably the salts are in a concentration of at least
1% by weight of the water in the treatment fluid. Further, the treatment fluid can include a
gas for foaming the fluid.

[0052] The treatment fluid includes water. The water can be selected from the
group consisting of freshwater, seawater, brine, and any combination thereof in any
proportion.

[0053] The treatment fluid includes a water-soluble polymer. The polymer
can be selected from: a polymer comprising one or mofe polysaccharides; one or more
chemically-modified polysaccharides; one or more synthetic polymers; and any combination
thereof in any proportion. The polysaccharide can be selected from the group consisting of
guar, xanthan, diutan, starch, and any combination thereof in any proportion. The polymer
comprising chemically-modified polysaccharides can be selected from the group consisting
of hydroxyl ethyl guar hydroxypropyl guar, carboxymethylhydroxyethyl guar, carboxymethyl
hydroxypropyl guar, hydroxyethylcellulose, carboxymethylhydroxyethyl cellulose,
carboxymethyl starch, and any combination thereof in any proportion. The synthetic polymer
can be selected from the group consisting of: a copolymer of 2-acrylamido-2methyl-propane
sulfonic acid and acrylamide; a terpolymer of 2-acrylamido-2methyl-propane sultonic acid,
acrylic or itaconic acid, and acrylamide, and any combination thereof in any proportion.
Preferably, the polymer is at a concentration of at least 0.1% by weight of the water in the
treatment fluid. More preferably, the polymer is at a concentration in the range of 0.2% to 5
% by weight of the water in the treatment fluid.

[0054] As used herein, the term “water-soluble” means that more than 0.1 g of
a substance dissolves in one liter of deionized water at a temperature of 77°F (25 °C) and a
pressure of 1 atmosphere.

[0055] The treatment fluid includes a complexed metal cation. The metal
cation has a valence state of at least three. The metal cation can be selected from the group
consisting of trivalent metal cations, tetravalent metal cations, and any combination thereof 1n
any proportion. Examples of suitable metal cations include Fe(3+), Cr(3+), Al(3+), Ti(4+),
Zr(4+), and Hf(4+). The number in the parenthesis indicates the 1onic charge on the metal
cation used in forming the complexed metal cation. Examples of complexed metal cations

include: hydroxycarboxylates such as lactates; aminocarboxylates such as iminodiacetate;
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trialkanolamines such as triethanolamine; amines such as triisopropylamine; and beta-
diketones such as acetylacetonate complexes of Fe(3+), Cr(3+), Al(3+), Ti(4+), Zr(4+), and
Hf(4+). The complexed metal cation can be in the form of a salt of the cationic metal
complex and a counter anion, or of the anionic metal complex and a counter cation depending
on the number of the complexed groups per metal and their charges. The counter anion may
be inorganic or organic. Examples of inorganic counter anions include, but are not limited to,
carbonate, bicarbonate, sulfate, bisulfate, chloride, bromide, nitrate, cyanate, thiocyanate, and
oxychloride. Examples of organic counter anions include, but are not limited to: carboxylate
ions, e.g., acetate; propionate ions; and sulfonate ions, e.g., benzene sulfonate. Examples of
counter cations include ammonium ions and alkali metal ions, such as sodium and potassium
10nS.

[0056] The complexed metal cation is added as an aqueous or alcoholic cross-
linker solution to the water and polymer in a concentration in the range of 0.01% to 1% by
weight of the polymer-water solution (0.1 to about 10 gallons per thousand gallons, or 0.1 to
about 10 litres per thousand litres). The aqueous or alcoholic cross-linker solution may
contain the actual metal ion concentration in the range of 2% — 20% by weight of the cross-
linker solution. The pH of the treatment fluid may be adjusted to be in the range of about 3.5
to about 9.5.

[0057] The polymer and complexed metal cation are capable of cross-linking
to form a metal cation-polymer network. The complexed metal cation is a cross-linking
agent for the polymer. The polymer is preferably at least partially cross-linked with the
complexed metal cation prior to the step of introducing the treatment fluid into the well. The
complexed metal cation-polymer network is capable of increasing the viscosity of the
treatment fluid, wherein at at least one time during the step of introducing the treatment fluid
into the well, the initial viscosity of the treatment fluid increases to a maximum viscosity.

[0058] The treatment fluid comprises an aromatic compound that is capable of
dissolving, melting, or chemically decomposing, dissociating, or reacting, to.form a chelating
agent, wherein the chelating agent comprising vicinal substituents contaiming donor
heteroatoms, and wherein the chelating agent is capable of chelating the metal cation. The
aromatic compound in the treatment fluid is preferably non-encapsulated; however, all or a
portion of the aromatic compound can be encapsulated. The treatment fluid can include more

than one aromatic compound. Preferably, the aromatic compound forms: the-chelating agent
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after the treatment fluid has been introduced into the well. According to one preferred
embodiment of the invention, the aromatic compound dissolves to form the chelating agent.
According to another embodiment, the aromatic compound reacts to torm the chelating agent
via hydrolysis, for example, the compound may react with the water of the treatment fluid to
form the chelating agent. As an example, the hydrolysis of acetyl groups in acetyl salicylic
acid or methyl salicylate can form a chelating agent of salicylic acid. In another embodiment,
the aromatic compound forms the chelating agent when the pH of the treatment fluid
changes. For example, the pH of the treatment fluid can be controlled to increase from an
initial, low pH to an increased pH of 5.0 or higher, at which increased pH the aromatic
compound hydrolyzes to form the chelating agent.

[0059] The test fluid consists essentially of: (i) the water; (1) the water-
soluble polymer; (iii) the complexed metal cation; and (1v) the aromatic compound, wherein
the aromatic compound is non-encapsulated in the test fluid. These components of the test
fluid are in the same proportion as these four components in the treatment fluid. The test
fluid can contain other ingredients as in the treatment fluid that do not matenally affect the
basic and novel characteristic(s) of the invention. For example, the test fluid can include the
complexed metal cation in an alcoholic solution, if that 1s how the complexed metal cation is
obtained for use in the treatment fluid. The test fluid is capable of: (1) increasing from an
initial viscosity to a maximum viscosity that 1s gfeater than the initial viscosity; and then (11)
decreasing to a decreased viscosity that is less than the maximum viscosity, when tested by
heating the test fluid at a constant rate from an initial temperature of 25°C to at least one
elevated temperature in the range of 50°C — 100°C over the course of 10 minutes and then
maintained at that elevated temperature; and (B) introducing the treatment fluid into the well.

[0060] Preferably, the treatment fluid has the same capabilities as the test
fluid. The treatment fluid will have an initial, maximum, and decreased viscosity.
Preferably, the treatment fluid has the same initial viscosity, maximum viscosity, and
decreased viscosity as the test fluid.

[0061] Preferably, the aromatic compound allows the metal cation to cross-
link the polymer such that the initial viscosity of the test fluid increases to a maximum
viscosity. Some of the chelating agent may start forming a metal-chelate complex before the
viscosity of the test fluid is increased to the maximum viscosity. Preferably, the aromatic

compound and the chelating agent that may be formed from the-aromatic compound -are not
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capable of cross-linking the polymer. Preferably, the maximum viscosity of the test fluid is
at least four times the initial viscosity of the test fluid. Preferably, the maximum viscosity 1s
at least four times the initial viscosity and the decreased viscosity is less than 50% of the
maximum viscosity. (It should be understood that the decreased viscosity can be higher than
the initial viscosity.) More preferably, the test fluid reaches a maximum viscosity in the
range of 10 to 500 times the initial viscosity of the test fluid. The specified viscosity values
are measured under a shear rate of 40 1/sec. Preferably, the test fluid is maintained at the
maximum viscosity for a desired time before the viscosity of the test fluid 1s reduced. More
preferably, the desired time is at least 30 minutes. Preferably, the maximum viscosity of the
treatment fluid is capable of suspending the aromatic compound (if in a solid form), proppant,
or gravel in the treatment fluid prior to the step of introducing.

[0062] According to a preferred embodiment of the invention, the complexed
metal cation and the chelating agent are capable of forming a metal-chelate complex that 1s
more thermodynamically stable than the cross-linked metal cation-polymer network. Thus,
the chelating agent favorably competes with the polymer for the metal cation to form the
metal-chelate complex at downhole temperature and pH. Accordingly, at least some of the
chelating agent breaks at least some of cross-links of the metal cation-polymer network 1n the
formation of the metal-chelate complex, which reduces the viscosity of the test or treatment
flud.

[0063] Preferably, the viscosity of the test fluid is reduced to less than 50% of
the maximum viscosity. More preferably, the viscosity of the test fluid 1s reduced to less than
10% of the maximum viscosity. Most preferably, the viscosity of the treatment fluid 1s
reduced to the initial viscosity. Preferably, the viscosity of the test fluid 1s reduced to at most
100cP (0.1 Pa.s) after the step of introducing the treatment fluid into the well. Preferably, the
viscosity of the treatment fluid is reduced such that the treatment fluid 1s capable of being
removed from the well after the metal-chelate complex 1s formed.

[0064] Preferably, the metal-chelate complex formed includes at least one ring
of at least five atoms including the metal cation. For example, the metal-chelate complex can
include a ring with the metal cation of five, six, or seven atoms. It is understood that the
metal chelate complex may contain two or more rings with each ring containing five, six, or
seven atoms including the metal ion. A representative metal chelate structure is shown

below, wherein: n is 1 — 4; M represents the metal cation; m represents: the-charge on the -
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metal ion prior to complexation with the ligand and may range from 3 — 4; and X and Y are
vicinal substituents containing donor heteroatoms. The “wiggly line” coming out of the

aromatic ring represents other substituents or nonessential components of the molecule.

. X .
vt
| Y
n
[0065] The chelating agent contains vicinal substituents containing donor

heteroatoms. Preferably, the chelating agent is not an oxidizer. The chelating agent can

comprise any of the following chemical structures, wherein X and Y are vicinal:

y |

Y Y X .
wherein X and Y each independently is selected from the group consisting of —OH, —O-, —
COR, —-O'A", -NR;R,, —OR, —COOH, -COOA", -C(R)O, -CONR;R,, -CR;R;0H, -C
R;R,NH2, -CR;R,-COOH, -CR;R,COOR, -CR;R,COOA*, -C(R)=NR, SR, and SA";
wherein R, R1, and R2 are independently H, or alkyl groups containing 1 — 4 carbons;
wherein A" is an alkali metal ion or an ammonium ion; and wherein Z can be S, O, or NH (in
which case the aromatic rings are named as being derivatives of thiophene, furan or pyrrole,
respectively).

[0066] According to one aspect of the invention, the aromatic ring can contain

additional substituents. For example, the aromatic ring can be a substituted benzene ring, a

pyridine ring, a thiophene ring, a pyrrole ring, a naphthalene ring, an anthracene ring, a

phenanthrene ring, or part of a lignin.
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[0067] In a most-preférred embodiment, the aromatic ring is a benzene ring.
If the aromatic ring is a benzene ring, then, preferably, the compound can be selected from
the group consisting of salicyladehyde, salicyladimine, salicylic acid, sodiufn salicylate,
acetyl salicylic acid, methyl salicylic acid, methyl acetylsalicylic acid, anthranilic acid, acetyl
anthranilic acid, eugenol, vanillin, derivatized 1,2-dihydroxybenzene (catechol), derivatized
or unsubstituted phthalic acid, ortho-phenylenediamine, ortho-aminophenol, and ortho-
hydroxyphenylacetic acid.

- [0068] According to another preferred embodiment, the aromatic ring can be
part of a lignin structure. If the aromatic ring is part of a lignin, then, preferably, the lignin 1s
water insolubilized at room temperature by suitable chemical means such that it becomes
soluble after allowing the polymer to be cross-linked by the complexed metal cation by any
of the paths described earlier. The insolubilized lignin 1s selected from the group consisting
of sulfonated lignins and sulfonated amino lignins. The insolubilized sulfonated lignins can
be selected from the group consisting of sulfomethylated lignins and lignosulfonates.
Sulfomethylated amino lignins can be modified chemically, for example by acetylation, to
render them insoluble in the fluids prior to cross-linking. Sulfomethylated lignins and
lignosulfonates may be insolubilized by controlling the degree of sulfonation.

[0069] Preferably, the aromatic compound is at a concentration sufficient to
form a sufficient concentration of the chelating agent to react with all of or a significant
portion of the complexed metal cation in the treatment fluid. For example, the aromatic
compound is at a concentration in the treatment fluid such that it is capable of forming a
chelating agent in the water in a concentration sufficient to chelate at least 25% of the mole
concentration of the metal cation. More preferably, the aromatic compound 1s at a
concentration in the treatment fluid such that it is capable of forming a chelating agent 1n the
water in a concentration sufficient to chelate in the range of 50% — 100% of the mole
concentration of the complexed metal cation.

[0070] The method can further include the step of removing at least a portion
of the polymer from the well. The polymer can be removed after the chelating agent reduces
the maximum viscosity of the treatment fluid to less than the maximum viscosity. For
example, the polymer can be removed by flowing the polymer from the well. Alternatively,

for example, the polymer can be introduced via an injection well, and the polymer can be

removed via a production well.
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Examples:
[0071] To facilitate a better understanding of the present invention, the

following examples of certain aspects of preferred embodiments are given. The tollowing
examples are not the only examples that could be given according to the present invention
and are not intended to limit the scope ot the invention.

[0072] The treatment fluid according to the experiments was heated from an
imtial temperature of 25°C to an elevated temperature as specified in the Figures and then
maintained at the elevated temperature for a predetermined duration in one set of
experiments, or the temperature was then increased to a next higher temperature and
maintained at that temperature for a predetermined duration. The viscosity for the
experiments was measured during the entire duration ot the experiment.

[0073] The experiments for the data contained in the following Figures were
performed in a base solution containing: 0.5% by weight of carboxymethyl
hydroxypropylguar (CMHPG); 2% by weight of potassium chloride (KCl); and 0.1% by
weight of a complexed zirconium metal cation cross-linker solution, CL-23 available from
Halliburton Energy Services, at a pH of 5.2 to 5.5. A typical procedure used for all the
experiments utilizing viscosity measurements is as follows: the polymer was gradually added
to a 2% KCI1 solution in tap water while stirring in a Waring blender; the polymer was
allowed to hydrate with stirring for 30 minutes; the pH of the solution was adjusted to the
desired range using a pH buffer solution; and the cross-linker solution was added. The
aromatic compound was added either beforé or after the addition of the cross-linker. It 1s
preferable that the aromatic compound is added after the addition of cross-linker. A
measured volume of the solution was added to the viscometer cup and attached to the
instrument. The viscosity was measured with a shear rate of 40 1/sec and expressed in units
of cP (0.001 Pa.s). The Figures include graphs of viscosity (cP [0.001 Pa.s]) versus time
(min).

[0074] The experiments were performed either at a constant temperature to
measure the time required for the chelating agent to reduce the viscosity to desired levels, or
at variable temperatures with a step-wise increase in temperature at regular intervals to
identify the temperature at which the chelating agent Begins to decrease the viscosity actively.

The latter experiments allow selection of suitable chemicals for viscosity reduction 1n a
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desired temperature range. A Brookfield PVS viscometer was used to measure the viscosity
of the fluid. The viscosity was measured at a pressure of 200 psi (1.38 MPa) using a B2 bob
with an annulus gap of 0.242 and a fluid volume of 53 mils.

[0075] Figure 1 is a graph of viscosity vs. time for a control experiment of the
base solution. The graph includes additional temperature information. The graph shows no
reduction in the viscosity of the solution over time.

[0076] Figure 2 is a graph of viscosity vs. time for the base solution
additionally containing 0.1 g of salicylic acid. Salicylic acid contains hydroxyl and carboxyl
groups in a vicinal relationship on a benzene ring. The graph shows that salicylic acid can act
as a breaker, even though the final viscosity of the solution is higher than desired. It may be
that a higher concentration of salicylic acid would lead to a more desirable reduction in
viscosity. Salicylic acid can be derivatized by acetylation of the alcohol group to produce
acetylsalicylic acid, thus reducing the water solubility of the salicylic acid. Figures 3 and 4
are graphs of viscosity vs. time for the base solution additionally containing 0.324 g and 0.22
g respectively, of acetylsalicylic acid. Both graphs show that acetylsalicylic acid, in these
concentrations, is an effective breaker that reduced the viscosity of the solution to a desirable
V1SCOsity.

[0077] Figure 5 is a graph of viscosity vs. time for the base solution
additionally containing 0.066 g of methyl salicylate. The carboxylic group of salicylic acid 1s
derivatized to form the methyl ester, methyl salicylate. The graph does not show a reduction
in viscosity because it is believed that the concentration of methyl salicylate was too low, the
methyl salicylate has high volatility due to low boiling point, or because the temperature of
the solution was too low. Figure 6 is a graph of viscosity vs. time for the base solution
additionally containing 0.2 g of methyl acetylsalicylate. Both the carboxylic group and the
alcohol groups of salicylic acid can be derivatized to form methyl acetylsalicylate. The graph
shows that the viscosity of the solution does not break at a temperature of 50°C, but a
complete viscosity breakdown occurs at a temperature of 60°C.

[0078] Figure 7 is a graph of viscosity vs. time for the base solution
additionally containing 0.1 g of anthranilic acid. Anthranilic acid contains an amino group
and a carboxylic acid in a vicinal relationship on a benzene ring. The graph shows the

viscosity of the solution was not reduced to a desired viscosity because it is believed that the
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concentration of anthranilic acid was insufficient or the temperature was not high enough for
the anthranilic acid to uncross-link the polymer at an ‘adequate reaction rate.

[0079] Figure 8 i1s a graph of viscosity vs. time for the base solution
additionally containing 0.1 g, 0.2 g, and 0.3 g of acetylated indulin amine. Acetylated indulin
amine 1s an acetylated sulfomethylated ligninamine. Lignins contain benzene rings with
hydroxyl and methoxy groups, or two hydroxyl groups, in a vicinal relationship. Acetylation
of sufomethylated indulin amine obtained from MeadWestvaco, Charleston, South Carolina,
USA under the trade name INDULIN W-1 was accomplished by stirring the material 1n
acetic anhydride and pouring the material onto solid ice. The solid was washed repeatedly
with water, and the washed solid was dried and used. The graph shbws that varying
concentrations can be used to control the amount of breaking desired and the time required
for the solution to break.

[0080] In order to extend the use of INDULIN W-1 as a way to reduce
viscosity at elevated temperatures, INDULIN W-1 was acetylated with a trimethylacetyl
group which requires higher temperatures to form the chelating agent, presumably by
hydrolysis. The reaction was carried out by dissolving INDULIN W-1 1in pyridine followed
by the addition of trimethylacetyl chloride. The reaction was allowed to proceed and the solid
isolated in a manner identical to that of the acetylated product. The polymer used in the
cross-linking reaction was a diesel oil suspension of CMHPG available commercially from
Halliburton as LGC VI. Figure 9 is a graph of viscosity vs. time at 90°C for the base
solution additionally containing 0.1 g and 0.5 g of trimethyl acetylated indulin amine. Figure
10 shows results at 100°C for the base solution additionally containing 0.51 .grams of
trimethyl acetylated induline amine. The results in Figures 9 and 10 show that by suitable
modification of sulfomethylated indulin amines to render them insoluble at room temperature
and hydrolyzable at higher temperatures, a reduction in the viscosity of the solution can be
accomplished at elevated temperatures, for example greater than 100°C.

[0081] Figure 11 is a graph of viscosity and temperature vs. time for the base
solution additionally containing 0.22 g of phthalic anhydrnide. Phthalic anhydride contains a
benzene ring that has two vicinal carboxylic acid groups which have been dehydrated to form
the anhydride group. The results show that the material effectively reduces viscosity at or
above 80°C. Figure 12 is a graph of viscosity and temperature vs. time for the base solution

additionally containing 0.23 g of phthalic acid monopotassium salt. This molecule-contains
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two carboxylic acids in a vicinal relationship on a benzene ring, whereby one carboxylic acid
is neutralized and the other carboxylic acid is in acid form. The results show that the material
eftectively reduces viscosity at or above 150°C.

[0082] Figure 13 is a graph of viscosity and temperature vs. time for the base
solution additionally containing 0.23 g of catechol. Catechol i1s an aromatic compound
containing two hydroxyl groups in a vicinal relationship on a benzene ring. The results show
that the material effectively reduces viscosity at or above 150°C.

[0083] Figure 14 is a graph of viscosity and temperature vs. time for the base
solution additionally containing 0.21 g of ortho-phenylenediamine. Ortho-phenylenediamine
is an aromatic compound containing two amine groups 1n a vicinal relationship on a benzene

ring. The results show that the material effectively reduces viscosity at or above 150°C.
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CLAIMS:
1. A method for treating a portion of a well, the method comprising the steps of:
(A) torming a treatment fluid, the treatment fluid comprising:

(1) water;
(11)  a water-soluble polymer;
(i)  a complexed metal cation:
(a) having a valence state of at least three; and
(b)  adapted to cross-link the water-soluble polymer; and

(iv) an aromatic compound for dissolving, melting, or chemically
decomposing, dissoctating, or reacting to form a chelating agent, wherein the
chelating agent comprising vicinal substituents containing donor heteroatoms,

and wherein the chelating agent provides chelation of the metal cation;

wherein a test fluid consisting essentially of, in the same proportions as in the

treatment fluid:

(1) the water;
(11)  the water-soluble polymer;
(111)  the complexed metal cation; and

(iv)  the aromatic compound, wherein the aromatic compound 1S non-

encapsulated in the test fluid;

the test fluid:

(1) Increasing from an initial viscosity to a maximum viscosity that is

greater than the initial viscosity; and then

(11)  decreasing to a decreased viscosity that is less than the maximum

VISCOSIty,
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when tested by heating the test fluid at a constant rate from an initial temperature of
25°C to at least one elevated temperature in the range of 50°C - 100°C over the course

of 10 minutes and then maintained at that elevated temperature; and

(B) introducing the treatment fluid into the well, wherein the chelating agent
comprises at least one of the following chemical structures having an aromatic ring and

wherein X and Y are vicinal:

wherein X and Y each independently is selected from the group consisting of -O-, -COR, -O
A", -NRR,, -OR, -COO'A™, -C(R)O, -CONR;R;, -CR;R,0H, -CR;R,;NH2, -CR,R,-COOH,
-CR;R>,COOR, -CRR,COOA™, -C(R)=NR, SR, and S’A": wherein R, Rl, and R2 are
independently H, or alkyl groups containing 1 - 4 carbons; wherein A™ is an alkali metal ion
or an ammonium ion; and wherein Z can be S, O, or NH, and wherein the aromatic ring 1s
selected from the group consisting of a benzene ring, a pyridine ring, a thiophene ring, a

pyrrole ring, a naphthalene ring, an anthracene ring, and a phenanthrene ring.

2. A method for treating a portion of a well, the method comprising the steps of:
(A)  forming a treatment fluid, the treatment fluid comprising:
(1) water;
(i1)  a water-soluble polymer;
(111)  a complexed metal cation:
(a) having a valence state of at least three; and
(b) adapted to cross-link the water-soluble polymer; and

(iv) an aromatic compound for dissolving, melting, or chemically

decomposing, dissociating, or reacting, to form a chelating agent, wherein the
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chelating agent comprising vicinal substituents containing donor heteroatoms,

and wherein the chelating agent provides for chelation of the metal cation;

wherein a test fluid consisting essentially of, in the same proportions as in the

treatment fluid:
(1) the water;
(11)  the water-soluble polymer;
(111)  the complexed metal cation; and

(tv)  the aromatic compound, wherein the aromatic compound is non-

encapsulated in the test tluid;
the test fluid:

(1) increasing from an initial viscosity to a maximum viscosity that is

greater than the initial viscosity; and then

(11) decreasing to a decreased viscosity that is less than the maximum

VISCOSItY,

when tested by heating the test fluid at a constant rate from an initial temperature ot
25°C to at least one elevated temperature in the range of 50°C - 100°C over the course

of 10 minutes and then maintained at that elevated temperature; and

(B) introducing the treatment fluid into the well, wherein the chelating agent

comprises at least one of the following chemical structures having an aromatic ring and

wherein X and Y are vicinal:

Y

wherein X and Y each independently is selected from the group consisting of -OH-,-O-,
-COR, -O°'A", -NR;R,, -OR, -COOH, -COO'A", -C(R)O, -CONR;R,;, -CR;R,OH,
-CR;R,NH2, -CR,R,-COOH, -CR;R,COOR, -CR;R,COO'A", -C(R)=NR, SR, and S'A™;
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wherein R, Ri, and R2 are independently H, or alkyl groups containing 1 - 4 carbons; wherein
A" is an alkali metal ion or an ammonium ion; and wherein Z can be S, O, or NH, wherein the
aromatic ring is selected from the group consisting of a pyridine ring, a thiophene ring, a

pyrrole ring, a naphthalene ring, an anthracene ring and a phenanthrene ring.

3. A method for treating a portion of a well, the method comprising the steps of:
(A)  forming a treatment fluid, the treatment fluid comprising:
(1) water:;
(i1)  a water-soluble polymer;
(111)  a complexed metal cation:
(a) having a valence state of at least three; and

(b) which the complexed metal cation cross-links the water-soluble

polymer; and

(tv) an aromatic compound for dissolving, melting, or chemically
decomposing, dissociating, or reacting, to form a chelating agent, wherein the
chelating agent comprising vicinal substituents containing donor heteroatoms,

and wherein the chelating agent provides for the chelation of the metal cation;

wherein a test fluid consisting essentially of, in the same proportions as in the

treatment fluid:
(1) the water;
(11) the water-soluble polymer;
(111)  the complexed metal cation; and

(iv)  the aromatic compound, wherein the aromatic compound is non-

encapsulated in the test fluid;

the test fluid:
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(1) increasing from an initial viscosity to a maximum viscosity that is

greater than the initial viscosity; and then

(1)  decreasing to a decreased viscosity that is less than the maximum

VISCOSIty,

when tested by heating the test fluid at a constant rate from an initial temperature of
25°C to at least one elevated temperature in the range of 50°C - 100°C over the course

of 10 minutes and then maintained at that elevated temperature; and

(B) introducing the treatment fluid into the well, wherein the chelating agent
comprises at least one of the following chemical structures having an aromatic ring and

wherein X and Y are vicinal:

wherein X and Y each independently is selected from the group consisting of -OH-. -O-,
-COR, -O°A", -NR|R,;, -OR, -COOH, -COO'A", -C(R)O, -CONR,R,, -CR;R,OH,
-CR|R;NH2, -CR;R,-COOH, -CR;R,COOR, -CR;R,COO'A", -C(R)=NR, SR, and S'A™;
wherein R, Rl, and R2 are independently H, or alkyl groups containing 1 - 4 carbons; wherein
A" is an alkali metal ion or an ammonium ion: and wherein Z can be S, O, or NH, and
wherein the aromatic ring is a benzene ring, and the aromatic compound is selected from the
group consisting of salicyladehyde, salicylaldimine, acetyl salicylic acid, methyl salicylic
acid, methyl acetylsalicylic acid, anthrantlic acid, acetyl anthranilic acid, eugenol, vanillin,
derivatized 1,2-dihydroxybenzene (catechol), ortho-phenylenediamine, ortho-aminophenol,

and ortho-hydroxyphenylacetic acid.

43 A method according to Claim 1, wherein the polymer is selected from the group
consisting of guar, xanthan, diutan, hydroxyl ethyl guar hydroxypropyl guar,
carboxymethylhydroxyethyl guar, carboxymethyl hydroxypropyl guar, hydroxyethylcellulose,
carboxymethylhydroxyethyl cellulose, carboxymethyl starch, a copolymer of 2-acrylamido-

2methyl-propane sulfonic acid and acrylamide, a terpolymer of 2-acrylamido-2methyl-
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propane sulfonic acid, acrylic acid, and acrylamide, and any combination thereof in any

proportion.

5. A method according to Claim 1 or 2, wherein the polymer is at a concentration of at

least 0.1% by weight of the water in the treatment fluid.

6. A method according to any of Claims 1, 2, 3, 4, or 5, wherein the metal cation of the
complexed metal cation is selected from the group consisting of Fe(3+), Cr(3+), Al(3+),

T1(4+), Zr(4+), H{(4+), and any combination thercof in any proportion.

7. A method according to any one of Claims I to 6, wherein the polymer and complexed
metal cation cross-link to form a metal cation-polymer network prior to the step of

introducing.

8. A method according to any one of Claims 1 to 7, wherein the treatment fluid

comprises proppant.

9. A method according to any one of Claims | to 8, wherein the chelating agent chelates

the metal cation to form a metal-chelate complex with at least five atoms.

0. A method according to any one of Claims 1 to 9, wherein at least some of the

aromatic compound in the treatment fluid is encapsulated.

I1. A method according to any one of Claims 1 to 10, wherein the aromatic compound in

the treatment fluid 1s non-encapsulated.
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Graph of Viscosity vs. Time for Base Solution Additionally Containing
0.1 g Salicylic Acid
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Graph of Viscosity vs. Time for Base Solution Additionally Containing
0.22 ¢ Acetylsalicylic Acid

500 . LA AN e R AR e et e T, e e TR AT e e Rt MR iR At Al L Dl et A e SRR gt BT R e g T il Wi S e @G g e SN E T Wi A AR A e B T e A
L 4 . e

*

m O 0 ﬁ; .2 v—.‘.' .;..E:.: :.{' ':.:;:". #.l |
' » T

AAP o

Pl

W e 2

LAANE DI .yt Fe CNF F e ArA N e RN R RN A A g A A A YA gt ot a® T s I R TR R R i I A LR VY R g YA MKy Ay

o -'-1.'-\'-3.}'.'.'{,";

AT T

. AT REGT Rt i S A QN e N el N e - A Ly TR At o et Ca G cf':-t%:-:-}ff‘.dkwf-:’w:{qr-ﬂ-,;m,,g L b R

»

500 * OO
O 00 o208 W el KA NI A TR AR € g,
® W . i

L
EEESE BN N Y

"~

SR PR RETEG W, ca g L R R e e ey B AT T T e i e, € SR A s ST R R S R

N A Y

0t G I L e i T SRR T A

W

T R e A

-,
é' i

W oo mpsssnnannapasigp 4 B ann *"

o AR RS N ) i, P, X, X % - - . . - N . - b e e .. v =a- . . e . o o rTh . e
W VS PIENNE T g o ™Y BTkl 0T T KT @A e Meplicnh WGy WA D a7 4 et e e TALEEL e iy,

hoA arr ok ATy

TR Tl HREENY . g g RN Ry g oy R
. :

I o i TTATANSY K T DM s

>

-
-
.

- t ‘:‘.’-,ﬁ t“'*

et b L T R

o
. ::. .

F Y-

et A S AR B W A A g T R 'wwfiwms‘\ﬁ&wmk’ SRS

e A e T DA I A FATIE N Bl A MG B M TR0 e L L 0 MR A LA T0) AT D @ e A

Figure 4

oy

T

LR O

. g

2 e ] Nk;b,g.-:.

=
%
*

St

.
-

o

-t
h -_".

waaaa - -
.f:' \)-.\k; . g

S

e
7

Fany

™ dv ke

S

DN A

ARaann
A -a'a"y

LR SRR RE LY LT Y R

t

S, R P

LELLR
-

R I e

R TR T T KPS TSy SR RN VEYS? Jo7 SF AR CRURY SOTCLY Py TAp S LAy WA R LT o - S



.

gh b LAF N N .",':'*";'C_W\"-" vV ‘.y‘

VAW IARAVAP P LY Fh VP RAARN W P

- e

P Lt w I e

3 fAaEaal

R

K G a

14w - .
ot

.,

LA L e e -

T LT T NV AR R XN

CA 02765123 2011-12-09
WO 2010/149954

5/14
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Graph of Viscosity vs. Thiine for Base Solution
Additionallv Containing 0.1. 0.2, and 0.3 ¢
Acetvlated Indulin Amine
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Graph of Viscosity vs. Time for Base Solution
Additionally Containing 0.1 and 0.5 ¢
Trimethyl Acetylated Indulin Amine
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Graph of Viscosity vs. Time for Base
Solution Additionally Containing 0.51 g
Trimethyl Acetylated Indulin Amine
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Figure 10



CA 02765123 2011-12-09
WO 2010/149954 PCT/GB2010/001211

11/14

Graph of Viscosity and Temperature vs. Time for

Base Solution Additionally Containing
0.2 g Phthalic Anhydride
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Figure 11
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Graph of Viscosity and Temperature vs. Time for Base

Solution Additionally Containing 0.23 g Phthalic Acid
Monopotassium Sait
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Graph of Viscosity and Temperature vs. Time for
Base Solution Additionally Containing 0.23 g
Catechol
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Graph of Viscosity and Temperature vs. Time for
Base Solution Additionally Containing 0.21 g of
Ortho-Phenylenediamine
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Viscosity (cP)

Graph of Viscosity and Temperature vs. Time for
a Base Solution
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