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COMPOSITIONS AND METHODS RELATED
TO MITIGATING ALUMINUM AND FERRIC
PRECIPITATES IN SUBTERRANEAN
FORMATIONS AFTER ACIDIZING
OPERATIONS

BACKGROUND

[0001] The present invention relates to compositions and
methods for the mitigation of aluminum and ferric precipi-
tates in subterranean formations during acidizing operations.
[0002] Acidizing operations may be used to cleanup a dam-
aged wellbore or subterranean formation (e.g., removal of
scale) and/or in fracturing a formation that is susceptible to
dissolution by the acid. One acidizing operation, known as
“matrix acidizing,” comprises injecting an acidizing fluid into
the formation at a pressure below the fracture gradient pres-
sure (i.e., below the pressure sufficient to create or extend a
fracture within the subterranean formation). Accordingly, in
matrix acidizing, the acid source within the acidizing fluid is
permitted to contact and react with the matrix of the subter-
ranean formation so as to enhance its permeability, but the
formation is not fractured. In some instances, after an acidiz-
ing treatment is completed, the water and salts dissolved
therein may be recovered by producing them to the surface,
e.g., “flowing back” the well, thereby leaving a desirable
amount of voids within the formation, which enhances the
formation’s permeability and increases the rate at which
hydrocarbons may subsequently be produced from the for-
mation.

[0003] In each instance, minerals are dissolved by the acid
into salts and removed from the subterranean formation,
thereby enhancing permeability therethrough. However,
when the concentration of salt ions in the acid is above satu-
ration, precipitates can form that plug the voids in the subter-
ranean formation. Therefore, acidizing operations often cir-
culate large volumes of fluid and minimize treatment times to
mitigate precipitate formation. In such acidizing operations,
several treatments may be required to achieve a desired
cleanup or fracturing result. Accordingly, acidizing opera-
tions are often energy intensive and costly, especially if mul-
tiple treatments are needed.

[0004] To mitigate precipitate formation and allow for
longer treatment times, traditional chelating agents like eth-
ylenediaminetetraacetic acid (“EDTA”) and nitrilotriacetic
acid (“NTA”) has been added to acidizing fluids. These
chelating agents sequester ions from the minerals and salts
dissolved in the acid, thereby allowing for higher concentra-
tions of ions to be dissolved in the acid. However, traditional
chelating agents decrease efficacy as the pH increases, and in
some instances, are ineffective above about pH 2.5-3. There-
fore, lower pHs and stronger acids are often required for
acidizing operations.

[0005] Further, in some subterranean formations, acidizing
operations can produce high concentrations of trivalent ions
like Fe** and AI**, which have lower saturation points than
Ca®*, Mg?*, K*, and Na* ions. Traditional chelating agents
often have higher binding energies to monovalent and diva-
lent ions like Ca**, Mg>*, K*, and Na*. Therefore, in the
presence of a diverse ion mixture often found in the acidic
dissolution of subterranean formations, monovalent and diva-
lent ions will preferentially be sequestered by traditional
chelating agents rendering them less effective to ineffective
for trivalent ions. Because the saturation point for trivalent
ions is often lower than monovalent and trivalent ions, triva-
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lent ions precipitate more readily and continue to be a hin-
drance in developing more efficient and effective acidizing
treatments.

SUMMARY OF THE INVENTION

[0006] The present invention relates to compositions and
methods for the mitigation of aluminum and ferric precipi-
tates in subterranean formations during acidizing operations.
[0007] One embodiment of the present invention provides
for a method that includes introducing an acidizing fluid into
a wellbore penetrating a subterranean formation, the acidiz-
ing fluid comprising an aqueous fluid, an acid source, and a
trivalent-ion chelating agent.

[0008] Another embodiment of the present invention pro-
vides for a method that includes introducing an acidizing fluid
into a wellbore penetrating a subterranean formation, the
acidizing fluid comprising an aqueous fluid, an acid source,
and a trivalent-ion chelating agent having a pKa between
about 0 an about 7; and flowing back a substantial portion of
the at least partially spent acidizing fluid from the subterra-
nean formation.

[0009] Yet another embodiment of the present invention
provides for an acidizing fluid that includes an aqueous fluid;
an acid source; and a trivalent-ion chelating agent.

[0010] The features and advantages of the present invention
will be readily apparent to those skilled in the art upon a
reading of the description of the preferred embodiments that
follows.

DETAILED DESCRIPTION

[0011] The present invention relates to compositions and
methods for the mitigation of aluminum and ferric precipi-
tates in subterranean formations during acidizing operations.
[0012] The compositions and methods ofthe present inven-
tion may, in some embodiments, utilize trivalent-ion chelat-
ing agents for sequestering or chelating to trivalent ions like
Fe** and A1**. As used herein, the term “trivalent-ion chelat-
ing agent” refers to chemicals that preferentially chelate with
trivalent ions as compared to monovalent and divalent ions.
For example, hydroxamates may be suitable trivalent-ion
chelating agents. As used herein, the term “hydroxamates”
refer to compounds that comprise at least one functional
group of Formula I, and more preferably two or more func-
tional groups of Formula I.

Formula I
(€]
|
OH
[0013] Additionally, trivalent-ion chelating agents

described herein provide a larger operating pH window than
traditional chelating agents, e.g., in some instances as large as
about pH 0 to about pH 10 where the efficacy from about pH
0 to about pH 5 are useful in acidizing operations.

[0014] As described further herein, the use of trivalent-ion
chelating agents (optionally in combination with traditional
chelating agents) in the acidizing fluids and related methods
of the present invention may, in some embodiments, advan-
tageously enable longer in-formation residence times for
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acidizing fluids with minimal to no precipitate formation,
which, in turn, may reduce the cost, energy requirements, and
time associated with acidizing operations.

[0015] In some embodiments, an acidizing fluid of the
present invention may comprise an aqueous fluid, an acid
source, and a trivalent-ion chelating agent. In some embodi-
ments, the pH of the acidizing fluid may range from a lower
limit of about 0, 1, 2, or 3 to an upper limit of about 7, 6, 5, 4,
or 3, and wherein the pH may range from any lower limit to
any upper limit and encompasses any subsets therebetween.
For example, the pH of the acidizing fluid may be between
about 2.5 and about 5.

[0016] Aqueous fluids suitable for use as an acidizing fluids
and related methods of the present invention may, in some
embodiments, include, but are not limited to, fresh water,
saltwater (e.g., water containing one or more salts dissolved
therein), brine (e.g., saturated salt water), seawater, and any
combination thereof. Generally, the water may be from any
source, provided that it does not contain components that
might significantly adversely affect the stability and/or per-
formance of the acidizing fluid or any other fluid used in
conjunction with acidizing operations described herein, e.g.,
produced water may not be suitable as a base fluid. In some
embodiments, the acidizing fluid may be foamed.

[0017] As used herein, the term “acid source” refers to a
chemical or series of chemicals that are acids or acid gener-
ating compounds. Acid sources preferable for use in acidizing
fluids and related methods of the present invention may
include, but are not limited to, hydrofluoric acid, hydrofluoric
acid generating compounds, and hydrochloric acid, and
optionally further comprise acids like sulfuric acid, methane-
sulfonic acid, nitric acid, citric acid, lactic acid, glycolic acid,
sulfamic acid, tartaric acid, acetic acid, formic acid, chloro-
acetic acid, dichloroacetic acid, trichloroacetic acid, and any
combination thereof. Examples of suitable hydrofluoric acid
generating compounds include, but are not limited to, fluo-
roboric acid, fluorosulfuric acid, hexafluorophosphoric acid,
hexafluoroantimonic  acid,  difluorophosphoric  acid,
hexafluorosilicic acid, potassium hydrogen difluoride,
sodium hydrogen difluoride, boron trifluoride acetonitrile
complex, boron trifluoride acetic acid complex, boron trifluo-
ride phosphoric acid complex, boron trifluoride dihydrate,
polyvinylammonium fluoride, polyvinylpyridinium fluoride,
pyridinium fluoride, imidazolium fluoride, ammonium fluo-
ride, ammonium bifluoride, tetrafluoroborate salts, hexafluo-
roantimonate salts, hexafluorophosphate salts, bifluoride
salts, and any combination thereof.

[0018] Trivalent-ion chelating agents suitable for use in the
acidizing fluids and related methods of the present invention
may, in some embodiments, have a pKa below about 7. Triva-
lent-ion chelating agents suitable for use in the acidizing
fluids and related methods of the present invention may, in
some embodiments, have a pKa ranging from a lower limit of
about 0, 1, 2, or 3 to an upper limit of about 7, 6, 5, 4, or 3, and
wherein the pH may range from any lower limit to any upper
limit and encompasses any subsets therebetween. For
example, the pKa of a suitable trivalent-ion chelating agent
may be between about 2.5 and about 5.

[0019] Trivalent-ion chelating agents suitable for use in the
acidizing fluids and related methods of the present invention
may, in some embodiments, be hydroxamates (e.g., monohy-
droxamic acids, dihydroxamic acids, trihydroxamic acids,
tetrahydroxamic acids, and so on), 6,7-dihydroxyquinoline,
3-hydroxy-4-pyridinones, and the like, and any combination
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thereof. Examples of hydroxamates suitable for use as an
acidizing fluids and related methods of the present invention
may, in some embodiments, include, but are not limited to,
desferioxamine, acetohydroxamic acid, and the like, any
derivative thereof, and any combination thereof. Examples of
3-hydroxy-4-pyridinones suitable for use as an acidizing flu-
ids and related methods of the present invention may, in some
embodiments, include, but are not limited to, 1-(3-benzy-
lamino-propyl)-3-hydroxy-2-methyl-1H-pyridin-4-one,
3-hydroxy-2-methyl-1-[3-(4-nitrobenzylamino)-propyl]-
1H-pyridin-4-one, 3-hydroxy-2-methyl-1-[3-(4-phenyl-pip-
erazin-1-yl)-propyl]-1H-pyridin-4-one, 1-{3-[4-(4-chloro-
phenyl)-piperazin-1-yl]-propyl}-3-hydroxy-2-methyl-1H-
pyridin-4-one, 3-hydroxy-2-methyl-1-(3-carboxyl propyl)-
1H-pyridin-4-one, and the like, any derivative thereof, and
any combination thereof.

[0020] In some embodiments, the trivalent-ion chelating
agent may be present in an acidizing fluid described herein in
an amount ranging from a lower limit of about 1%, 3%, or 5%
to an upper limit of about 40%, 30%, 15%, 10%, or 5% by
weight of the acidizing fluid, and wherein the amount of
trivalent-ion chelating agent may range from any lower limit
to any upper limit and encompasses any subset therebetween.
[0021] In some embodiments, the trivalent-ion chelating
agent described herein may be chemically bound to a poly-
mer, thereby yielding a trivalent-ion chelating agent-deriva-
tized polymer. For example, desferioxamine may be reacted
with a polymer comprising a carboxylic group to yield a
polymer with pendent desferioxamine groups. Such trivalent-
ion chelating agent-derivatized polymers may increase the
concentration of trivalent-ion chelating agent functionality in
an acidizing fluid, thereby increasing the efficacy of the
acidizing treatment and/or operation. Examples of polymers
suitable for use in trivalent-ion chelating agent-derivatized
polymers may include, but are not limited to, polymers that
comprise monomers like acrylic acid, acrylate, and the like,
and any combination thereof.

[0022] In some embodiments, the trivalent-ion chelating
agent-derivatized polymers may be present in an acidizing
fluid described herein in an amount ranging from a lower limit
of'about 0.01%, 0.1%, or 1% to an upper limit of about 5%,
3%, or 1% by weight of the acidizing fluid, and wherein the
amount of trivalent-ion chelating agent-derivatized polymers
may range from any lower limit to any upper limit and encom-
passes any subset therebetween.

[0023] In some embodiments, an acidizing fluid of the
present invention may optionally further comprise a tradi-
tional chelating agent, which may be useful in chelating
monovalent and divalent ions while the trivalent-ion chelat-
ing agents described herein chelate trivalent ions. Such a
combination may advantageously enable longer in-formation
residence times for acidizing fluids with minimal to no pre-
cipitate formation, which, in turn, may reduce the cost and
time associated with acidizing operations.

[0024] Examples of traditional chelating agents suitable for
use in the acidizing fluids and related methods of the present
invention may, in some embodiments, include, but are not
limited to, a polyhydroxycarboxylic acid, a polyaminocar-
boxylic acid, a phosphonate, a polymeric phosphonate, an
aminopolyphosphate, an aminopolycarboxylic acid, any
derivative thereof, and any combination thereof. More spe-
cific examples of traditional chelating agents suitable for use
in acidizing fluids and related methods of the present inven-
tion may, in some embodiments, include, but are not limited
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to, ethylenediaminetetraacetic acid (“EDTA”), diethylenetri-
aminepentaacetic acid (“DTPA”), nitrilotriacetic acid
(“NTA”), ethylenediamine-N,N'-bis(2-hydroxyphenylacetic
acid) (“EDDHA”), 1,4,7,10-tetraazacyclododecane-1,4,7,
10-tetraacetic acid (“DOTA”), methylglycinediacetic acid
(“MGDA”), hydroxyethylethylenediaminetriacetic  acid
(“HEDTA”), diethylenetriaminepentaacetic acid, ethylenedi-
aminedi(o-hydroxyphenylacetic) acid, glucoheptonic acid,
gluconic acid, glutamic acid diacetic acid, methylglycine
diacetic acid, f-alanine diacetic acid, ethylenediaminedisuc-
cinic acid, S,S-ethylenediaminedisuccinic acid, iminodisuc-
cinic acid, hydroxyiminodisuccinic acid, polyamino disuc-
cinic acids, N-bis[2-(1,2-dicarboxyethoxy)ethyl]glycine,
N-bis[2-(1,2-dicarboxyethoxy) ethyl]aspartic acid, N-bis[2-
(1,2-dicarboxyethoxy) ethyllmethylglycine, N-tris[(1,2-di-
carboxyethoxy)ethyl]amine, N-methyliminodiacetic acid,
iminodiacetic acid, N-(2-acetamido)iminodiacetic acid,
hydroxymethyl-iminodiacetic ~ acid,  2-(2-carboxyethy-
lamino) succinic acid, 2-(2-carboxymethylamino) succinic
acid, diethylenetriamine-N,N"-disuccinic acid, triethylene-
tetrarnine-N,N""-disuccinic  acid, 1,6-hexamethylenedi-
amine-N,N'-disuccinic acid, tetracthylenepentamine-N,N""'-
disuccinic acid, 2-hydroxypropylene-1,3-diamine-N,N'-
disuccinic acid, 1,2-propylenediamine-N,N'-disuccinic acid,
1,3-propylenediamine-N,N'-disuccinic acid, cis-cyclohex-
anediamine-N,N'-disuccinic  acid, trans-cyclohexanedi-
amine-N,N'-disuccinic acid, ethylenebis(oxyethyleneni-
trilo)-N,N'-disuccinic acid, glucoheptanoic acid, cysteic
acid-N,N-diacetic acid, cysteic acid-N-monoacetic acid, ala-
nine-N-monoacetic acid, N-(3-hydroxysuccinyl) aspartic
acid, N-[2-(3-hydroxysuccinyl)|-L-serine, aspartic acid-N,
N-diacetic acid, aspartic acid-N-monoacetic acid, any salt
thereof, any derivative thereof, and any combination thereof.
[0025] In some embodiments, an acidizing fluid of the
present invention may optionally further comprise an addi-
tive, e.g., salts, weighting agents, inert solids, fluid loss con-
trol agents, emulsifiers, dispersion aids, corrosion inhibitors,
emulsion thinners, emulsion thickeners, viscosifying agents,
gelling agents, surfactants, particulates, proppants, gravel
particulates, lost circulation materials, foaming agents, gases,
pH control additives, breakers, biocides, crosslinkers, stabi-
lizers, chelating agents, scale inhibitors, gas hydrate inhibi-
tors, mutual solvents, oxidizers, reducers, friction reducers,
clay stabilizing agents (e.g., to inhibit mineral swelling), and
any combination thereof.

[0026] For example, surfactant and polymer additives may
be clay-wetting surfactants and clay-wetting polymers that
interact with the subterranean formation to convert a hydro-
phobic (or oil-wet) surface to a hydrophilic surface that is
more susceptible to interaction and dissolution by the acidiz-
ing fluid.

[0027] Some embodiments of the present invention may
involve introducing an acidizing fluid described herein into a
wellbore penetrating a subterranean formation below the
fracture gradient pressure, e.g., during a matrix acidizing
operation.

[0028] Some embodiments of the present invention may
optionally further involve introducing a preflush fluid into the
wellbore before introduction of the acidizing fluid. Preflush
fluids may be useful in treating the subterranean formation to
enhance the efficacy of the subsequent acidizing fluid. For
example, preflush fluids may comprise additives described
herein like clay-wetting surfactants, clay-wetting polymers,
and clay stabilizing agents. In another example, preflush flu-

May 1, 2014

ids may comprise acids described herein (e.g., the same or a
different acid as used in the corresponding acidizing fluid)
and be used to substantially remove calcium salts from the
subterranean formation.

[0029] Some embodiments of the present invention may
optionally further involve introducing a displacement fluid
into the wellbore after introduction of acidizing fluid. Dis-
placement fluids, e.g., brines and aqueous fluids, may be
useful in pushing the acidizing fluid further into the subter-
ranean formation.

[0030] Some embodiments of the present invention may
optionally further involve flowing back or retrieving a sub-
stantial portion of the at least partially spent acidizing fluid
from the subterranean formation.

[0031] Some embodiments of the present invention may
optionally further involve producing hydrocarbons from the
subterranean formation.

[0032] Some embodiments of the present invention may
involve introducing an acidizing fluid described herein into a
wellbore penetrating a subterranean formation and optionally
further involve at least one of introducing a preflush fluid,
introducing a displacement fluid, flowing back the at least
partially spent acidizing fluid, producing hydrocarbons from
the subterranean formation, and any combination thereof.
[0033] Acidizing fluids and related methods of the present
invention may be useful in conjunction with subterranean
formations comprising minerals that when treated with acid
yield trivalent ions like A** and Fe**. Examples of such
minerals may include, but are not limited to, sandstone,
kaolinite, diaspore, bauxite, boehmite, gibbsite, basaltic lat-
erite, olivine, plagioclase feldspar, augite, hematite, goethite,
anatase, halloysite, and any combination thereof

[0034] Therefore, the present invention is well adapted to
attain the ends and advantages mentioned as well as those that
are inherent therein. The particular embodiments disclosed
above are illustrative only, as the present invention may be
modified and practiced in different but equivalent manners
apparent to those skilled in the art having the benefit of the
teachings herein. Furthermore, no limitations are intended to
the details of construction or design herein shown, other than
as described in the claims below. It is therefore evident that
the particular illustrative embodiments disclosed above may
be altered, combined, or modified and all such variations are
considered within the scope and spirit of the present inven-
tion. The invention illustratively disclosed herein suitably
may be practiced in the absence of any element that is not
specifically disclosed herein and/or any optional element dis-
closed herein. While compositions and methods are described
in terms of “comprising,” “containing,” or “including” vari-
ous components or steps, the compositions and methods can
also “consist essentially of” or “consist of”” the various com-
ponents and steps. All numbers and ranges disclosed above
may vary by some amount. Whenever a numerical range with
a lower limit and an upper limit is disclosed, any number and
any included range falling within the range is specifically
disclosed. In particular, every range of values (of the form,
“from about a to about b,” or, equivalently, “from approxi-
mately a to b,” or, equivalently, “from approximately a-b”)
disclosed herein is to be understood to set forth every number
and range encompassed within the broader range of values.
Also, the terms in the claims have their plain, ordinary mean-
ing unless otherwise explicitly and clearly defined by the
patentee. Moreover, the indefinite articles “a” or “an,” as used
in the claims, are defined herein to mean one or more than one
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of'the element that it introduces. If there is any conflict in the
usages of'a word or term in this specification and one or more
patent or other documents that may be incorporated herein by
reference, the definitions that are consistent with this speci-
fication should be adopted.

The invention claimed is:

1. A method comprising:

introducing an acidizing fluid into a wellbore penetrating a

subterranean formation, the acidizing fluid comprising
an aqueous fluid, an acid source, and a trivalent-ion
chelating agent.

2. The method of claim 1, wherein the trivalent-ion chelat-
ing agent has a pKa between about pH 0 and about pH 7.

3. The method of claim 1, wherein the trivalent-ion chelat-
ing agent has a pKa between about pH 0 and about pH 4.5.

4. The method of claim 1, wherein the pH of the acidizing
fluid is between about pH 0 and about pH 7.

5. The method of claim 1, wherein the pH of the acidizing
fluid is between about pH 2.5 and about pH 4.5.

6. The method of claim 1, wherein the trivalent-ion chelat-
ing agent is in an amount ranging from about 1% to about
40% by weight of the acidizing fluid.

7. The method of claim 1, wherein the trivalent-ion chelat-
ing agent is in an amount ranging from about 3% to about
15% by weight of the acidizing fluid.

8. The method of claim 1, wherein the trivalent-ion chelat-
ing agent is at least one selected from the group consisting a
hydroxamate, 6,7-dihydroxyquinoline, a 3-hydroxy-4-pyri-
dinone, and any combination thereof.

9. The method of claim 1, wherein the trivalent-ion chelat-
ing agent is a trivalent-ion chelating agent-derivatized poly-
mer.

10. The method of claim 9, wherein the trivalent-ion chelat-
ing agent-derivatized polymer is in present in the acidizing
fluid in an amount ranging from about 0.01% to about 5% by
weight of the acidizing fluid.
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11. The method of claim 9, wherein the trivalent-ion chelat-
ing agent-derivatized polymer is in present in the acidizing
fluid in an amount ranging from about 0.1% to about 1% by
weight of the acidizing fluid.

12. The method of claim 1, wherein introducing the acidiz-
ing fluid is performed at a pressure below a fracture gradient
pressure in the subterranean formation.

13. The method of claim 1 further comprising:

introducing a preflush fluid into the wellbore before the

acidizing fluid.

14. The method of claim 1 further comprising:

introducing a displacement fluid into the wellbore after the

acidizing fluid.

15. The method of claim 1 further comprising:

flowing back a substantial portion of the at least partially

spent acidizing fluid from the subterranean formation.

16. The method of claim 1 further comprising:

producing hydrocarbons from the subterranean formation.

17. A method comprising:

introducing an acidizing fluid into a wellbore penetrating a

subterranean formation, the acidizing fluid comprising
an aqueous fluid, an acid source, and a trivalent-ion
chelating agent having a pKa between about 0 an about
7; and

flowing back a substantial portion of the acidizing fluid

from the subterranean formation.

18. The method of claim 17, wherein the trivalent-ion
chelating agent is at least one selected from the group con-
sisting a hydroxamate, 6,7-dihydroxyquinoline, a 3-hydroxy-
4-pyridinone, and any combination thereof.

19. The method of claim 17, wherein the trivalent-ion
chelating agent is a trivalent-ion chelating agent-derivatized
polymer.

20. An acidizing fluid comprising:

an aqueous fluid;

an acid source; and

a trivalent-ion chelating agent.

#* #* #* #* #*
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