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SORBENTS FOR HIGH DENSITY AQUEOUS WELL FLUIDS

RELATED APPLICATIONS

[0001] This application claims the benefit of United States Provisional Patent Application
Serial No. 63/526,280, filed July 12, 2023, the disclosure of which is incorporated by

reference herein in its entirety.

TECHNICAL FIELD
[0002] This invention relates to aqueous fluids comprising a halogen-containing sorbent and

a zinc-free aqueous brine.

BACKGROUND

[0003] Conventional aqueous brine fluids, like calcium bromide, which can have densities
up to about 14.2 pounds per gallon (1.70 kg/L), are widely used in oilfield production as clear
completion fluids, drilling fluids, packer fluids, and so forth. For some wells, downhole
pressures can reach 30,000 psi (2.1x10® Pa). Such high pressures occur downhole at least in
the Gulf of Mexico, and temperatures at the mud line in the Gulf of Mexico can reach 40°F
(4.4°C). As a general observation, each 10,000 pounds per square inch (6.9x107 Pa) increase
in pressure can increase the crystallization temperature of an aqueous brine by about ten
Fahrenheit degrees (about 5.6 Celsius degrees).

[0004] Typical aqueous brine fluids include calcium bromide having densities up to about
14.2 ppg (1.70 kg/L). A calcium bromide aqueous brine of about 14.2 ppg (1.70 kg/L) density
has a true crystallization temperature of 10°F (-=12.2°C). Calcium bromide aqueous brines
having densities as high as 15 ppg (1.8 kg/L) can be made; however, these solutions have a
true crystallization temperature of about 61°F (16.1°C). These higher density calcium bromide
aqueous brines are not suitable for use in some downhole applications, such as conditions often
found in the Gulf of Mexico, because precipitates will form in these higher density calcium
bromide aqueous brines due to their relatively high true crystallization temperatures.

[0005] Zinc-containing calcium bromide aqueous brines of high density, e.g., about 14.5
pounds per gallon (1.74 kg/L) or greater, are easily obtained by blending enough zinc bromide
into the calcium bromide aqueous brine to reach the desired density value. Zinc-containing

calcium bromide aqueous brines have true crystallization (emperatures that are usually aboul
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20°F (-6.7°C) or lower, making these zinc-containing brines more suitable for downhole use.
However, inclusion of zinc necessitates increased reporting to government agencies for
environmental reasons, resulting in more costly environmental mitigation measures. For
example, zinc is regulated as a Priority Pollutant by the United States Environmental Protection
Agency (EPA).

[0006] Co-produced water (often called produced water) from oil and gas drilling sometimes
contains substances that are environmentally regulated, such as mercury. It is believed that
these substances may originate in the hydrocarbons and migrate into the co-produced water.
See in this connection Darrell L. Gallup, Removal of Mercury from Water in the Petroleum
Industry, 21% International Petroleum Environmental Conference (IPEC), Houston, TX,
October 14-16, 2014: The University of Tulsa, Continuing Education for Science and
Engineering. The mercury may be present in multiple forms including elemental mercury,
organic mercury compounds, and inorganic mercury compounds. Other substances, including
halogenated organic compounds and/or other heavy elements, may also be present in the
hydrocarbons and/or produced water.

[0007] It would be desirable to have another method for removing mercury, halogenated
organic compounds, and/or other heavy elements from the hydrocarbons and/or produced water

from oil and gas drilling.

SUMMARY OF THE INVENTION
[0008] This invention provides aqueous fluids comprising a halogen-containing sorbent and
a zinc-free aqueous brine. These brines are suitable for use as wellbore fluids, such as
completion fluids, drilling fluids, packer fluids, workover fluids, and other fluids that employ
aqueous brines, particularly aqueous brines of high density. The aqueous brines of this
invention are well suited for offshore completion activities involving high pressure reservoirs,
such as oil and gas fields located in the Gulf of Mexico. A benefit provided by this invention
is a reduction in the amount of mercury, other heavy metals, and/or halogenated organic
compounds in the hydrocarbons and/or produced water from oil and gas drilling. The halogen-
containing sorbents used in the practice of this invention capture mercury in multiple forms
including elemental mercury, organic mercury compounds, and inorganic mercury compounds;
these halogen-containing sorbents can also capture halogenated organic compounds and other

heavy elements.
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[0009] An embodiment of this invention is a zinc-free aqueous well fluid. The zinc-free
aqueous well fluid comprises:
I) ahalogen-containing sorbent comprising one or more halogens selected from fluorine,
chlorine, bromine, and/or iodine, and one or more substrate materials, and
II) a zinc-free aqueous brine having
A) a density of about 14.3 pounds per gallon or more, and a true crystallization
temperature of about 20°F or less, which aqueous brine comprises water and one or
more inorganic bromide salts, with the provisos that:
when calcium bromide is present, one or more other water-soluble inorganic salts
are also present, wherein the other water-soluble inorganic salt is selected from
an inorganic bromide salt and manganese(Il) nitrate,
when lithium bromide is present, calcium bromide is absent,
when bismuth(IIl) bromide is present, one or more other water-soluble inorganic
salts are also present, and
for a true crystallization temperature of about 10°F or less, when manganese(Il)
bromide is present, one or more other water-soluble inorganic salts are also
present, or
B) a density of about 14.3 pounds per gallon to about 15.8 pounds per gallon, and a
true crystallization temperature of about 20° F or less, which aqueous brine
conmprises water and calcium bromide and cesium bromide, or
C) having a density of about 12.3 pounds per gallon or more, which aqueous brine
comprises sodium bromide,
wherein the halogen-containing sorbent is in an amount of about 0.1 wt% to about 30 wt%,
relative to the combined amount of the halogen-containing sorbent and the zinc-free
aqueous brine.
[0010] Another embodiment of this invention is a process for forming a zinc-free aqueous
well fluid comprising a halogen-containing sorbent comprising one or more halogens selected
from fluorine, chlorine, bromine, and/or iodine, and one or more substrate materials, and a
zinc-free aqueous brine.
[0011] Other embodiments of the invention include a method of treating a wellbore, said
method comprising introducing into the wellbore a zinc-free aqueous well fluid comprising a
halogen-containing sorbent comprising one or more halogens selected from fluorine, chlorine,

bromine, and/or iodine, and one or more substrate materials, and a zinc-free aqueous brine.
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[0012] These and other embodiments and features of this invention will be still further

apparent from the ensuing description and appended claims.

FURTHER DETAILED DESCRIPTION OF THE INVENTION
[0013] As used throughout this document, the phrase "halogenated sorbent" is sometimes
used to refer to a halogen-containing sorbent used in this invention.
[0014] As used throughout this document, the phrase "zinc-free" means that except for
adventitious impurities, neither zinc nor zinc compounds are present in, or introduced into, the
well fluids or processes of this invention. Generally, there is about 25 ppm or less of zinc
present in the aqueous brines of this invention.
[0015] The term ppm means parts per million (wt/wt), as used throughout this document,
unless specifically stated otherwise herein. Throughout this document, both "ppg" and “Ib/gal”
are abbreviations for pounds per gallon as used throughout this document.
[0016] The abbreviation "TCT" stands for true crystallization temperature (or true
crystallization point) as used throughout this document. True crystallization temperature is the
temperature at which precipitate begins to form in the absence of supercooling. A method for
determining true crystallization temperature is described hereinbelow.
[0017] The phrases "inorganic bromide salt", "inorganic bromide", and "bromide salt" are
used interchangeably throughout this document.
[0018] As used throughout this document, the phrase "halogenated organic compounds"
refers Lo halogenated organic compounds that are environmentally regulated.
[0019] To be suitable for use as well fluids, the aqueous brines have little or no precipitate
formation over time (e.g., about one week) at ambient temperature and pressure (e.g., 17 to
25°C and 14 to 15 psi (9.65x10* to 1.03x10° Pa)) or at elevated temperature (e.g., about 60°C)

and ambient pressure.

Halogen-Containing Sorbents

[0020] Halogen-containing sorbents are typically formed from one or more halogen-
containing compounds and one or more substrate materials. Many substrate materials,
especially activated carbons, are available or obtainable in a wide range of parlicle sizes, from
nanometer to centimeter.

[0021] Substrate materials include carbonaceous materials and inorganic materials. Suitable

carbonaceous materials that can be used as sorbents in the practice of this invention include,
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for example, without limitation, activated carbon, carbon black, char, and coke. A preferred
carbonaceous material is activated carbon, which can be used in many forms including, for
example, without limitation, powdered, granular, microspherical, pelleted, or extruded; and
high specific surface area.

[0022] Suitable inorganic materials include inorganic oxides such as alumina (amorphous
and crystalline), silica, magnesia and titania; natural zeolites such as chabazite, clinoptilolite,
and faujasite; synthetic zeolites such as synthetic chabazite, zeolites with high Si:Al ratios
(such as ZSM-35, beta zeolites), zeolites with moderate Si:Al ratios (such as Y zeolites,
mordenite), zeolites with low Si:Al ratio (such as A zeolites, X zeolites:, silica alumina
phosphate (SAPO) zeolites, ion exchanged zeolites, uncalcined zeolites with or without organic
structure directing agents, aluminosilicates with ordered pore structures (such as MCM-41,
MCM-48, SBA-15, HMS, MSU-X), clay minerals such as kaolin, kaolinite, bentonite, and
montmorillonite; synthetic clays such as laponite, saponite, sauconite, stevensite, kaolinite, and
hectorite; organo-clays such as montmorillonite that has been treated with a trimethyl stearyl
ammonium salt, a dimethyl dialkyl (C14-Cis) ammonium salt, a methyl dihydroxy ethyl
ammonium salt and a hydrogenated tallow ammonium salt, and aminopropyltriethoxysilane
and octadecylamine; bentonite, hectorite, and attapulgite that have been treated with a
quaternary ammonium salt; and zeolites that have been treated with N,N,N-trimethyl-I-
hexadecanaminium chloride; inorganic hydroxides such as iron hydroxide; mixed metal oxides
such as hydrotalcites and metallated double layered clays; diatomaceous earth; cement dust;
hydroprocessing catalysts including those on substrates comprising alumina, silica, and/or
titania, inorganic carbonates, such as alkali metal carbonates (e.g., sodium carbonate and
potassium carbonate) and alkaline earth carbonates (e.g., calcium carbonate); and mixtures of
any two or more of the foregoing. Preferred inorganic materials include inorganic oxides,
especially silica, natural zeolites, especially chabazite, and clay minerals, especially kaolinite
and bentonite; CaCQOs is also a preferred substrate material.

[0023] The halogen element in the halogen-containing sorbent is fluorine, chlorine, bromine,
iodine, or a mixture of any two or more of these halogens. Bromine and iodine are preferred
halogens; bromine is a more preferred halogen. Suitable halogen-containing substances for
forming a halogen-containing sorbent include, for example, without limitation, elemental
iodine and/or iodine compounds, elemental bromine and/or bromine compounds, elemental
chlorine and/or chlorine compounds, elemental fluorine and/or fluorine compounds, and other

suitable halogen compounds, as will be known to those skilled in the art. Types of halogen-
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containing compounds that are used include hydrohalic acids, alkali metal halides, alkaline
earth halides, and ammonium halides. Mixtures of any two or more halogen-containing
substances can be used; the mixtures may contain the same or different halogens.

[0024] Hydrohalic acids include hydrogen fluoride, hydrogen chloride, hydrogen bromide,
and hydrogen iodide. Bromides and iodides are preferred halides; more preferred are bromides.
Alkali metal halides include lithium halides, sodium halides, potassium halides, rubidium
halides, and cesium halides; sodium halides and potassium halides are preferred, and include
sodium fluoride,

sodium chloride, sodium bromide, sodium iodide, potassium fluoride, potassium chloride,
potassium bromide, and potassium iodide; more preferred are sodium bromide, potassium
bromide, and potassium iodide. Alkaline earth halides include magnesium halides, calcium
halides, strontium halides, and barium halides; magnesium halides and calcium halides are
preferred, and include magnesium fluoride, magnesium chloride, magnesium bromide,
magnesium iodide, calcium fluoride, calcium chloride, calcium bromide, and calcium iodide;
more preferred are magnesium bromide and calcium bromide. Ammonium halides include
ammonium fluoride, ammonium chloride, ammonium bromide, and ammonium iodide; a
preferred ammonium halide is ammonium bromide. More preferred halogen-containing
substances include elemental bromine, hydrogen bromide, sodium chloride, sodium bromide,
potassium bromide, potassium iodide, and calcium bromide. Bromine-containing compounds
are preferred halogen-containing compounds; more preferred are hydrogen bromide and
elemental bromine, especially elemental bromine.

[0025] Halogen-containing sorbents are often made from a substrate material and one or more
halogen-containing substances, especially for bromine-containing sorbents, as described in
U.S. Pat. Nos. 6,953,494 and 9,101,907, and in International Patent Pub. No. WO 2012/071206.
In some embodiments, preferred halogen-containing sorbents are bromine-containing sorbents.
In some embodiments, preferred halogen-containing sorbents are halogen-containing activated
carbons. In other embodiments, preferred halogen-containing activated carbons are chlorine-
containing activated carbons, bromine-containing activated carbons, and iodine-containing
activated carbons. In preferred embodiments, the halogen-containing sorbents are iodine-
containing activated carbons and bromine-containing activated carbons. In more preferred
embodiments, the halogen-containing sorbents are bromine-containing activated carbons.
Bromine-containing activated carbons are available commercially from Albemarle

Corporation.
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[0026] In other embodiments, preferred halogen-containing sorbents are chlorine-containing
activated carbons and iodine-containing activated carbons. In still other embodiments,
preferred halogen-containing sorbents are halogen-containing chabazites, halogen-containing
bentonites, halogen-containing kaolinites, and halogen-containing silicas; more preferred
halogen-containing sorbents are iodine-containing chabazites, bromine-containing chabazites,
iodine-containing bentonites, bromine-containing bentonites, iodine-containing kaolinites,
bromine-containing kaolinites, iodine-containing silicas, and bromine-containing silicas; still
more preferred are bromine-containing silica, bromine-containing kaolinite, and bromine-
containing bentonites.

[0027] In another embodiment, preferred halogen-containing sorbents include bromine-
containing silica, bromine-containing kaolinite, and bromine-containing bentonite.

[0028] The amount of halogen (or halogen content) on the substrate material is typically
equivalent to a total bromine content (or calculated as bromine) in the range of about 0.1 wt%
to about 50 wt%, preferably equivalent to a total bromine content in the range of about 0.25
wt% to about 40 wt%, more preferably about 0.5 wt% to about 35 wt%, even more preferably
about 1 wt% to about 20 wt%, still more preferably about 2 wt% to about 12 wt%, and yet
more preferably about 3 wt% to about 8 wt%, based on the total weight of the halogen-
containing sorbent.

"o

[0029] As used throughout this document, the phrases "as bromine," "reported as bromine,"
“calculated as bromine" and analogous phrases for the halogens refer to the amount of halogen,
where the numerical value is calculated for bromine, unless otherwise noted. For example,
chlorine may be used, but the amount of halogen in the halogen-containing sorbent is stated as
the value for bromine.

[0030] Halogen-containing activated carbons suitable for use in processes of this invention
can have a wide range of particle sizes and distributions, from nanometer to centimeter; and
can be formed from activated carbon forms including, for example, without limitation,
powdered, granular, microspherical, pelleted, or extruded; high specific surface area, a variety
of unique pore structures; and other features as will be familiar to those skilled in the art.
[0031] The amount of halogen-containing sorbent in the aqueous well fluid is about 0.1 wt%
to about 30 wi%, relative to the combined amount ol the halogen-containing sorbent and the
zinc-free aqueous brine; when more than one halogen-containing sorbent is used, the amount

refers to the total amount of halogen-containing sorbents. Preferred amounts of halogen-

containing sorbent depend on the desired density of the aqueous well fluid, and there is
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typically about 0.1 wt% to about 30 wt% halogen-containing sorbent in a mixture with a zinc-
free aqueous brine, more often about 0.1 to about 15 wt%, preferably about 2 wt% to about 10
wt% halogen-containing sorbent. Mixtures of zinc-free aqueous brines and halogen-containing

sorbents are sometimes suspensions or slurries.

Zinc-free Aqueous Brines

[0032] The zinc-free aqueous brines generally have a density about 14.3 ppg (1.71 kg/L) or
more, and a true crystallization temperature of about 20 F° (—6.7 °C) or less.

[0033] The zinc-free aqueous brines are aqueous brine solutions comprising one or more
inorganic bromide salts other than zinc bromide. In some embodiments, the aqueous brines
may contain one or more other salts in addition to one or more inorganic bromide salts.
Although it is convenient to refer to compounds of bromide salts and to metal cations and
bromide anions, the species in the zinc-free aqueous brines may be complexed with water, or
in some other form. Similarly, the other water-soluble inorganic salts which are comprised in
the aqueous brine solutions that are referred to as salts or their respective cations and/or anions

may be complexed with water, or in some other form.

Zinc-free Aqueous Brines — Group A

[0034] In the zinc-free aqueous brines of this group, the inorganic bromide salts are selected
from calcium bromide, manganese(Il) bromide, tin(Il) bromide, tin(IV) bromide, bismuth(IIl)
bromide, indium(Ill) bromide, and mixtures of any two or more of these; when calcium
bromide is used, one or more other water-soluble inorganic salts is also used, and preferably is
selected from an inorganic bromide salt, manganese(Il) nitrate, and a water-soluble
polytungstate salt; when bismuth(Ill) bromide is used, one or more other water-soluble
inorganic salts is also used, and preferably is selected from an inorganic bromide salt.
Manganese(1l) bromide is preferably used in combination with one or more other water-soluble
inorganic salts, especially when a brine with a true crystallization temperature of about 10°F
(—12.2°C) or less is needed; in preferred embodiments, the other inorganic salt is preferably
selected from an inorganic bromide salt, manganese(ll) nitrate, and a water-soluble
polytungstate salt, more preferably an inorganic bromide, which inorganic bromide is
preferably calcium bromide or a combination of calcium bromide and one or more other
inorganic bromide salts. In some embodiments, the inorganic bromide salt is lithium bromide

in combination with an alkali metal polytungstate salt. Preferred inorganic bromide salts when
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only one bromide salt is present include tin(IV) bromide and indium(IIl) bromide, especially
tin(IV) bromide. When two bromide salts are used, they are preferably a combination of
calcium bromide and manganese(ll) bromide; when three bromide salts are used, they are
preferably a combination of calcium bromide, manganese(Il) bromide and tin(IV) bromide, or
a combination of calcium bromide, manganese(Il) bromide, and bismuth(IIl) bromide.

[0035] Insome preferred embodiments, the inorganic bromide salt is manganese(Il) bromide,
tin(Il) bromide, tin(IV) bromide, indium(IIl) bromide, or a mixture of any two or more of these.
In other preferred embodiments, the inorganic bromide salt is a combination of calcium
bromide and one or more inorganic bromide salts selected from manganese(ll) bromide, tin(11)
bromide, tin(IV) bromide, bismuth(Ill) bromide, indium(IIl) bromide, or a mixture of any two
or more of these. In another preferred embodiment, the inorganic bromide salt is a combination
of bismuth(Ill) bromide and one or more inorganic bromide salts selected from manganese(Il)
bromide, tin(Il) bromide, tin(IV) bromide, indium(IIl) bromide, or a mixture of any two or
more of these. In still another preferred embodiment, one inorganic bromide salt is present,
and the inorganic bromide salt is tin(IV) bromide or indium(III) bromide.

[0036] When the other water-soluble inorganic salt is a water-soluble polytungstate salt, it
can be an alkali metal polytungstate, an alkaline earth metal polytungstate, manganese
polytungstate, and the like. Alkali metal polytungstates include lithium polytungstate, lithium
metatungstate, sodium polytungstate, sodium metatungstate, potassium polytungstate,
potassium metatungstate, and the like; preferred alkali metal polytungstates include sodium
metatungstate and potassium metatungstate. Alkaline earth metal polytungstates include
calcium polytungstate, magnesium polytungstate, and strontium polytungstate; preferred
alkaline earth polytungstates include calcium polytungstate. The term "metatungstate” often
refers to a hydrated form of a polytungstate salt.

[0037] For the combination of lithium bromide with an alkali metal polytungstate salt, the
alkali metal polytungstate salts include lithium polytungstate, lithium metatungstate, sodium
polytungstate, sodium metatungstate, potassium polytungstate, potassium metatungstate, and
the like; preferred alkali metal polytungstates include lithium metatungstate and sodium
metatungstate.

[0038] When the inorganic salts of the aqueous brine are comprised only of inorganic
bromide salts, the total amount of inorganic bromide salt(s) in the aqueous brine is typically in

the range of about 40 wt% to about 75 wt%, relative to the total weight of the aqueous brine.
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Preferred total amounts of inorganic bromide salt(s) are from about 45 wt% to about 75 wt%,
relative to the total weight of the aqueous brine.

[0039] In some embodiments, the total amount of inorganic bromide salt(s) in the aqueous
brine is preferably in the range of about 45 wt% to about 65 wt%, more preferably about 55
wt% to about 65 wt%, relative to the total weight of the aqueous brine, especially when calcium
bromide and one other inorganic bromide salt are used, and the other inorganic bromide salt is
selected from tin(Il) bromide, tin(IV) bromide, bismuth(III) bromide, and indium(III) bromide.
[0040] In other embodiments, the total amount of inorganic bromide salt(s) in the aqueous
brine is preferably in the range of about 55 to about 70 wt%, relative to the total weight of the
aqueous brine, especially when the inorganic bromide salts are calcium bromide and two other
inorganic bromide salts, which other inorganic bromide salts are a combination of
manganese(ll) bromide and one other metal bromide selected from tin(Il) bromide, tin(IV)
bromide, bismuth(III) bromide, and indium(II) bromide.

[0041] When the inorganic salts of the aqueous brine are comprised of one or more inorganic
bromide salts and one or more other water-soluble inorganic salts, the total amount of inorganic
bromide salt(s) in the aqueous brine is typically in the range of about 15 wt% to about 60 wt%,
preferably about 20 wt% to about 55 wt%, more preferably about 25 wt% to about 55 wt%,
relative to the total weight of the aqueous brine. The total amount of the other water-soluble
inorganic salt(s) varies, depending on the identity of the inorganic salt. For manganese(Il)
nitrate, the total amount in the aqueous brine is usually in the range of about 5 wt% to about
75 wi%, sometimes prelerably about 35 wi% to about 70 wi%, sometimes prelerably about 10
wt% to about 50 wt%, relative to the total weight of the aqueous brine; for water-soluble
polytungstate salts, the total amount in the aqueous brine is typically in the range of about 5
wt% to about 40 wt%, preferably about 10 wt% to about 35 wt%, relative to the total weight
of the aqueous brine.

[0042] The total amount of inorganic salts in an aqueous brine comprised of one or more
inorganic bromide salts and one or more other water-soluble inorganic salts is in the range of
about 60 wt% to about 85 wt%, sometimes preferably in the range of about 65 wt% to about
85 wt%, relative to the total weight of the aqueous brine when the other water-soluble inorganic
salt is manganese(Il) nitrate. When the other water-soluble inorganic salt is a water-soluble
polytungstate, the total amount of inorganic salts in an aqueous brine comprised of one or more

inorganic bromide salts and one or more other water-soluble inorganic salts is in the range of

10
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about 50 wt% to about 75 wt%, preferably in the range of about 55 wt% to about 70 wt%,
relative to the total weight of the aqueous brine.

[0043] The zinc-free aqueous brines have densities of about 14.3 pounds per gallon (1.71
kg/L) or more. Preferably, the aqueous brines have densities of about 14.6 ppg (1.75 kg/L) or
more. In some embodiments, the aqueous brines preferably have densities of about 14.8 ppg
(1.77 kg/L) or more, or preferably about 15.0 ppg (1.80 kg/L) or more, or more preferably
about 15.1 ppg (1.81 kg/L) or more. In other embodiments, especially when the inorganic
bromide salt is calcium bromide and one or more inorganic bromide salts selected from tin(IV)
bromide, bismuth(lll) bromide, or indium(Ill) bromide, the aqueous brines preferably have
densities of about 16.0 ppg (1.92 kg/L) or more.

[0044] Density ranges for the zinc-free aqueous brines used in this invention are preferably
about 14.3 ppg (1.71 kg/L) to about 19.0 ppg (2.28 kg/L.), more preferably about 14.6 ppg (1.75
kg/L) to about 18.0 ppg (2.16 kg/L). In some embodiments, preferred densities are about 14.8
ppg (1.77 kg/L) to about 16.0 ppg (1.92 kg/L),more preferably about 15.0 ppg (1.80 kg/L) to
about 16.0 ppg (1.92 kg/L), and still more preferably about 15.1 ppg (1.81 kg/L) to about 15.6
ppg (1.87 kg/L). In other embodiments, preferred densities are about 14.6 ppg (1.75 kg/L) to
about 15.0 ppg (1.80 kg/L), more preferably about 14.6 to about 14.8 ppg (1.77 kg/L). In still
other embodiments, preferred densities are about 15.0 ppg (1.80 kg/L) to about 18.0 ppg (2.16
kg/L), more preferably about 15.5 ppg (1.86 kg/L) to about 17.75 ppg (2.13 kg/L). In yet other
embodiments, especially when the inorganic bromide salt is calcium bromide and one other
inorganic bromide salt selected [rom tin(IV) bromide, bismuth(Ill) bromide, or indium(IIl)
bromide, preferred densities are about 16.0 ppg (1.92 kg/L) to about 17.5 ppg (2.10 kg/L), more
preferably about 16.2 ppg (1.94 kg/L) to about 17.2 ppg (2.06 kg/L). In another embodiment,
especially when the inorganic bromide salt is calcium bromide and manganese(I]) nitrate is the
other water-soluble inorganic salt, preferred densities are about 14.5 ppg (1.74 kg/L) to about
16.0 ppg (1.92 kg/L). In yet another embodiment, preferred densities are about 14.5 ppg (1.74
kg/L) to about 17.5 ppg (2.10 kg/L.), more preferably about 14.5 ppg (1.74 kg/L) to about 16.5
ppg (1.98 kg/L), especially when the inorganic bromide salt is calcium bromide or
manganese(ll) bromide and the other water-soluble inorganic salt is a water-soluble
polytungstate salt, or when the inorganic bromide salt is lithium bromide in combination with

an alkali metal polytungstate salt.
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[0045] For the zinc-free aqueous brines, the true crystallization temperatures are generally
about 20°F (=6.7°C) or less, preferably about 10°F (-12.2°C) or less, more preferably about
8°F (-13.3°C) or less, and still more preferably about 7.5°F (-13.6°C) or less.

[0046] Aqueous brines preferred pH values are in the range of about 0 to about 7; more
preferred are pH values in the range of about 1 to about 6; still more preferred are pH values in
the range of about 1.5 to about 5, especially about 2.5 to about 5. Even more preferred are pH
values in the range of about 3 to about 4.

[0047] As is known in the art, it is often useful to include one or more optional additives in
an aqueous brine, and the inclusion of such additives is within the scope of this invention.
Optional additives can include, for example, corrosion inhibitors, lubricants, pH control
additives, surfactants, and/or solvents. Glycerol and formic acid are preferred optional
additives.

[0048] In some preferred zinc-free aqueous brines, only water, inorganic bromide salts, one
or more other water-soluble inorganic salts, and species derived from these components are
present in the zinc-free aqueous brine; in some of these preferred embodiments, one of the
inorganic bromide salts is calcium bromide. In some of these preferred embodiments, the other
water-soluble inorganic salts are selected from manganese(Il) nitrate, and a water-soluble
polytungstate salt, and more preferably, one of the inorganic bromide salts is calcium bromide.
[0049] In other preferred zinc-free aqueous brines, only water, inorganic bromide salts, and
species derived from these components are present in the zinc-free aqueous brine; in some of
these preferred embodiments, one of the inorganic bromide salts is calcium bromide. In other
preferred zinc-free aqueous brines, only water, tin{IV) bromide, and species derived from these
components are present in the zinc-free aqueous brine.

[0050] Preferred zinc-free aqueous brines in the practice of this invention include zinc-free
aqueous brines which comprise water; calcium bromide; and one or more other inorganic
bromide salts, preferably selected from manganese(Il) bromide, tin(I) bromide, tin(IV)
bromide, bismuth(III) bromide, indium(III) bromide, and mixtures of any two or more of these;
wherein the -free aqueous brine has a density of about 14.3 ppg (1.71 kg/L) or more, preferably
about 14.6 ppg (1.75 kg/L) or more, more preferably about 15.0 ppg (1.80 kg/L) or more; and
a true crystallization temperature ol about 20°F (-6.7°C) or less, prelerably about 10°F
(—12.2°C) or less, more preferably about 8°F (—13.3°C) or less. In these calcium bromide-
containing zinc-free aqueous brines, the inorganic bromide salt(s) other than calcium bromide

is preferably in an amount of about 3.0 wt% to about 40 wt%, relative to the total weight of the
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zinc-free aqueous brine; preferably, these calcium bromide-containing zinc-free aqueous brines
have a pH in the range of about 0 to about 8, more preferably about 1 to 7.

[0051] Additional preferred zinc-free aqueous brines in the practice of this invention include
zinc-free aqueous brines which comprise water and one inorganic bromide salt selected from
tin(IV) bromide and indium(IIl) bromide; more preferably tin(IV) bromide; wherein the zinc-
free aqueous brine has a density of about 15.0 ppg (1.80 kg/L) or more, preferably about 16.0
ppg (1.92 kg/L) or more, more preferably about 18.0 ppg (2.16 kg/L) or more.

[0052] In a preferred embodiment, the inorganic bromide salts are calcium bromide and
manganese(ll) bromide, and the zinc-free aqueous brine has a density of about 14.6 ppg (1.75
kg/L) or more and a true crystallization temperature at atmospheric pressure of about 20°F
(—6.7°C) or less, preferably about 10°F (-12.2°C) or less. Particularly preferred are zinc-free
aqueous brines containing calcium bromide and manganese(ll) bromide which have densities
of about 15 Ib/gal (1.8 kg/L) or more, and true crystallization temperatures at atmospheric
pressure of about 8°F (—=13.3°C) or less. Preferably, these zinc-free aqueous brines containing
calcium bromide and manganese(Il) bromide have pH values in the range of about 2.5 to 5,
more preferably about 3 to 4.

[0053] In some preferred embodiments, the inorganic bromide salts are calcium bromide and
manganese(Il) bromide in combination with another inorganic bromide salt selected from
tin(I'V) bromide, tin(Il) bromide, bismuth(III) bromide, and indium(III) bromide.

[0054] In another preferred embodiment, the inorganic bromide salts are calcium bromide,
manganese(1l) bromide, and tin(IV) bromide, and the zinc-[ree aqueous brine has a density of
about 15.0 ppg (1.80 kg/L) or more. Particularly preferred zinc-free aqueous brines containing
calcium bromide, manganese(Il) bromide, and tin(IV) bromide as the inorganic bromide salts
have densities of about 16.0 ppg (1.92 kg/L) or more, more preferably densities of about 16.5
ppg (1.98 kg/L) or more.

[0055] In still another preferred embodiment, the inorganic bromide salts are calcium
bromide, manganese(Il) bromide, and bismuth(III) bromide, and the zinc-free aqueous brine
has a density of about 16.0 ppg (1.92 kg/L) or more. Particularly preferred zinc-free aqueous
brines containing calcium bromide, manganese(Il) bromide, and bismuth(IIl) bromide as the
inorganic bromide salts have densities of about 16.3 ppg (1.95 kg/L) or more.

[0056] In another preferred embodiment, the inorganic bromide salt is calcium bromide, and
manganese(I]) nitrate is present; preferably, the zinc-free aqueous brine has a density of about

14.5 ppg (1.74 kg/L) or more, more preferably about 14.8 ppg (1.77 kg/L) or more.
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[0057] In yet another preferred embodiment, the inorganic bromide salt is calcium bromide
or manganese(ll) bromide, and a water-soluble polytungstate, preferably an alkali metal
polytungstate, more preferably sodium metatungstate, is present; more preferably, the zinc-free
aqueous brine has a density of about 14.5 ppg (1.74 kg/L) or more, more preferably about 14.8
ppg (1.77 kg/L) or more.

[0058] In a further preferred embodiment, the inorganic bromide salt is lithium bromide in
combination with an alkali metal polytungstate salt; more preferably the alkali metal
polytungstate salt is lithium metatungstate or sodium metatungstate; more preferably, the zinc-
free aqueous brine has a density of about 14.5 ppg (1.74 kg/L) or more, more preferably about
14.8 ppg (1.77 kg/L) or more.

[0059] Zinc-free aqueous brines used in this invention having a density of about 14.3 pounds
per gallon (1.71 kg/L) or more and a true crystallization temperature of about 20°F (-6.7°C)
or less are typically formed by processes as described in International Patent Pub. No. WO
2016/025137. Preferences for salts, combinations of salts, and densities are as described above.
[0060] Under storage conditions, aqueous brines having a density of about 15.0 ppg (1.80
kg/L) or greater often form a precipitate. Stabilization of these dense aqueous brines can be
achieved by adjusting the pH of the aqueous brine. Adjustment of the pH value is accomplished
by adding an inorganic hydroxide and/or oxide and/or by adding an acid, preferably hydrogen
bromide, usually to a value in the range of about 1 to about 7, more preferably about 1 to about

6; still more preferably about 2.5 to about 5.

Zinc-free Aqueous Brines — Group B

[0061] In the zinc-free aqueous brines of this group, the inorganic bromide salts are selected
from calcium bromide and cesium bromide. One or more other water-soluble inorganic salts
can be used, and preferably are selected from an inorganic bromide salt.

[0062] When the inorganic salts of the aqueous brine are comprised only of inorganic
bromide salts, the total amount of inorganic bromide salts in the aqueous brine is typically in
the range of about 50 wt% to about 60 wt%, relative to the total weight of the zinc-free aqueous
brine. Preferred total amounts of inorganic bromide salts are from about 53 wt% to about 58
wi%, relative Lo the total weight ol the zinc-[ree aqueous brine.

[0063] Zinc-free aqueous brines of this group have densities of about 14.3 pounds per gallon
(1.71 kg/L) to about 15.8 pounds per gallon (1.89 kg/L.). Preferably, the zinc-free aqueous

brines have densities of about 14.6 ppg (1.75 kg/L) or more. In some embodiments, the zinc-
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free aqueous brines preferably have densities of about 14.8 ppg (1.77 kg/L) or more, or
preferably about 15.0 ppg (1.80 kg/L) or more, or more preferably about 15.1 ppg (1.81 kg/L)
or more.

[0064] Density ranges for the zinc-free aqueous brines of this group are preferably about 14.3
ppg (1.71 kg/L) to about 15.8 ppg (1.89 kg/L), more preferably about 14.6 ppg (1.75 kg/L) to
about 15.6 ppg (1.87 kg/L). In some embodiments, preferred densities are about 14.8 ppg (1.77
kg/L) to about 15.4 ppg (1.85 kg/L), more preferably about 15.0 ppg (1.80 kg/L) to about 15.6
ppg (1.87 kg/L).

[0065] For the zinc-free aqueous brines of this group, the true crystallization temperatures
are generally about 20°F (-6.7°C) or less, preferably about 15°F (-9.4°C) or less, more
preferably about 10°F (—12.2°C) or less, and still more preferably about 5°F (—15.0°C) or less.
[0066] Zinc-free aqueous brines of this group normally have pH values of about 2 or more,
preferably about 4 or more, and can range from about 2 to about 10. Preferred pH values are
in the range of about 4 to about 8; more preferred are pH values in the range of about 6 to about
8.

[0067] As is known in the art, it is often useful to include one or more optional additives in
an aqueous brine, and the inclusion of such additives is within the scope of this invention.
Optional additives can include, for example, corrosion inhibitors, lubricants, pH control
additives, surfactants, and/or solvents.

[0068] In some preferred zinc-free aqueous brines, only water, inorganic bromide salts, one
or more other walter-soluble inorganic salts, and species derived {rom these components are
present in the zinc-free aqueous brine; in these preferred embodiments, the inorganic bromide
salts include calcium bromide and cesium bromide.

[0069] In other preferred zinc-free aqueous brines, only water, inorganic bromide salts, and
species derived from these components are present in the aqueous brine; the inorganic bromide
salts include calcium bromide and cesium bromide.

[0070] Preferred zinc-free aqueous brines of this group comprise water, calcium bromide,
and cesium bromide; wherein the zinc-free aqueous brine has a density of about 14.3 ppg (1.71
kg/L) or more, preferably about 14.6 ppg (1.75 kg/L) or more, more preferably about 15.0 ppg
(1.80 kg/L) or more; and a true crystallization temperature of about 20°F (—6.7°C) or less,
preferably about 15°F (-=9.4°C) or less, more preferably about 10°F (—=12.2°C) or less. In these
zinc-free aqueous brines, the calcium bromide is preferably in an amount of about 45 wt% to

about 60 wt%, relative to the total weight of the zinc-free aqueous brine. The cesium bromide
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in these zinc-tfree aqueous brines is preferably in an amount of about 3.0 wt% to about 15 wt%,
preferably about 3 wt% to about 12 wt%, relative to the total weight of the zinc-free aqueous
brine; preferably, these zinc-free aqueous brines have a pH in the range of about 4 to about 8,
more preferably about 6 to 8.

[0071] In a preferred embodiment, the inorganic bromide salts are calcium bromide and
cesium bromide, and the zinc-free aqueous brine has a density of about 14.6 ppg (1.75 kg/L)
or more and a true crystallization temperature at atmospheric pressure of about 20°F (—6.7°C)
or less, preferably about 15°F (=9.4°C) or less. Particularly preferred are zinc-free aqueous
brines containing calcium bromide and cesium bromide which have densities of about 15 1b/gal
(1.8 kg/L) to 15.6 ppg (1.87 kg/L), and true crystallization temperatures at atmospheric pressure
of about 15°F (-9.4°C) or less, more preferably about 10°F (—12.2°C) or less. Preferably, these
zinc-free aqueous brines containing calcium bromide and cesium bromide have pH values in
the range of about 4 to 8, more preferably about 6 to 8.

[0072] The zinc-free aqueous brines used in this invention having a density of about 14.3
pounds per gallon (1.71 kg/L) or more and a true crystallization temperature of about 20°F
(—=6.7°C) or less and comprising calcium bromide and cesium bromide are typically formed by
processes as described in U.S. Pat. No. 10,759,985. Preferences for salts, combinations of
salts, and densities are as described above.

[0073] Under storage conditions, zinc-free aqueous brines having a density of about 15.0 ppg
(1.80 kg/L) or greater often form a precipitate. Stabilization of these dense aqueous brines can
be achieved by adjusting the pH of the aqueous brine. Adjustment of the pH value is
accomplished by adding an inorganic hydroxide and/or oxide and/or by adding an acid,
preferably hydrogen bromide, usually to a value in the range of about -2 to about 10, more

preferably about 4 to about 8; still more preferably about 6 to about 8.

Zinc-free Aqueous Brines — Group C

[0074] In the zinc-free aqueous brines of this group, the inorganic bromide salt is sodium
bromide. Zinc-free aqueous brines of this group have densities of about 12.3 pounds per gallon
(1.47 kg/L) or more. Preferably, the zinc-free aqueous brines have densities of about 12.5
pounds per gallon (1.50 kg/L)) or more. In some embodiments, the zinc-[ree aqueous brines
preferably have densities of about 14.2 pounds per gallon (1.70 kg/L) or more. In other
embodiments, density ranges for the zinc-free aqueous brines of this group are preferably about

12.3 ppg (1.47 kg/L) to about 12.5 pounds per gallon (1.50 kg/L).
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[0075] As is known in the art, it is often useful to include one or more optional additives in
an aqueous brine, and the inclusion of such additives is within the scope of this invention.
Optional additives can include, for example, corrosion inhibitors, lubricants, pH control
additives, surfactants, and/or solvents.

[0076] Insome preferred zinc-free aqueous brines of this group, only water, sodium bromide,
and species derived from these components are present in the zinc-free aqueous brine.

[0077] Preferred zinc-free aqueous brines of this group comprise water and sodium bromide;
wherein the zinc-free aqueous brine has a density of about 12.3 pounds per gallon (1.47 kg/L)
or more, preferably about 12.3 pounds per gallon (1.47 kg/L.) to about 12.5 pounds per gallon
(1.50 kg/L) or more, or preferably about 14.2 pounds per gallon (1.70 kg/L) or more.

Formation of aqueous well fluids

[0078] When forming an aqueous well fluid of the invention comprising a halogen-containing
sorbent and a zinc-free aqueous brine, the process comprises contacting the zinc-free aqueous
brine and the halogen-containing sorbent in any order. For example, a zinc-free aqueous brine
and the halogen-containing sorbent can be added sequentially, or they can be introduced to a
vessel or location simultaneously. In these processes, the halogen-containing sorbent is in an
amount of about 0.1 wt% to about 30 wt%, relative to the combined amount of the halogen-
containing sorbent and the zinc-free aqueous brine; when more than one halogen-containing
sorbent is used, the amount refers to the total amount of halogen-containing sorbents. Preferred
amounts of halogen-containing sorbent in the zinc-free aqueous brine depend on the desired
density of the aqueous well fluid, and there is typically about 0.1 wt% to about 30 wt% halogen-
containing sorbent, more often about 0.1 to about 15 wt%, preferably about 2 wt% to about 10
wt% halogen-containing sorbent relative to the combined amount of the halogen-containing
sorbent and the zinc-free aqueous brine.

[0079] Any optional additives that are included can be combined with the halogen-containing
sorbent and/or the zinc-free aqueous brine in any convenient manner. When the halogen-
containing sorbent is in a mixture with a zinc-free aqueous brine, optional additives can be
added before, during, and/or after formation of the mixture of a zinc-free aqueous brine and
the halogen-containing sorbent.

[0080] The halogen-containing sorbents can be combined with the well fluid alone or in

admixture with one or more other additives and/or in a mixture with a zinc-free aqueous brine.
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[0081] Further embodiments of the invention include, without limitation:
[0082] a) An aqueous well fluid which comprises
I) a halogen-containing sorbent comprising one or more halogens selected from fluorine,
chlorine, bromine, and/or iodine, and one or more substrate materials, and
II) a zinc-free aqueous brine having
A) a density of about 14.3 pounds per gallon or more, and a true crystallization
temperature of about 20°F or less, which aqueous brine comprises water and one or
more inorganic bromide salts, with the provisos that:
when calcium bromide is present, one or more other water-soluble inorganic salts
are also present, wherein the other water-soluble inorganic salt is selected
from an inorganic bromide salt and manganese(Il) nitrate,
when lithium bromide is present, calcium bromide is absent,
when bismuth(III) bromide is present, one or more other water-soluble inorganic
salts are also present, and
for a true crystallization temperature of about 10°F or less, when manganese(II)
bromide is present, one or more other water-soluble inorganic salts are also
present, or
B) a density of about 14.3 pounds per gallon to about 15.8 pounds per gallon, and a true
crystallization temperature of about 20° F or less, which aqueous brine comprises
water and calcium bromide and cesium bromide, or
C) having a density of about 12.3 pounds per gallon or more, which aqueous brine
comprises sodium bromide,
wherein the halogen-containing sorbent is in an amount of about 0.1 wt% to about 30 wt%,
relative to the combined amount of the halogen-containing sorbent and the zinc-free aqueous
brine.
[0083] b) An aqueous well fluid according to a) wherein the halogen-containing sorbent
comprises a substrate material selected from one or more carbonaceous materials and/or
selected from one or more inorganic materials.
[0084] c¢) An aqueous well fluid according to b) wherein the carbonaceous material is
activated carbon, and/or wherein the inorganic material is selected {rom inorganic oxides,
natural zeolites, inorganic carbonates, and clay minerals.
[0085] d) An aqueous well fluid according to any of b)-c) wherein the inorganic material is

selected from chabazite, silica, kaolinite, and bentonite.
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[0086] e) An aqueous well fluid according to any of a)-d) wherein the halogen-containing
sorbent is a bromine-containing sorbent.
[0087] f) An aqueous well fluid according to a) wherein the halogen-containing sorbent is a
halogen-containing activated carbon sorbent.
[0088] g) An aqueous well fluid according to a) wherein the halogen-containing sorbent is a
bromine-containing activated carbon sorbent.
[0089] h) An aqueous well fluid according to any of a)-g) wherein the halogen-containing
sorbent has a halogen content of about 0.1 wt% to about 50 wt% calculated as bromine and
based on the total weight of the halogen-containing sorbent.
[0090] i) An aqueous well fluid as in any of a)-g) wherein the zinc-free aqueous brine has
the features of A).
[0091] j) Anaqueous well fluid as in h) wherein the inorganic bromide salt is:
manganese(Il) bromide, tin(II) bromide, tin{IV) bromide, indium(III) bromide, or a mixture
of any two or more of these; or
a combination of calcium bromide and one or more inorganic bromide salts selected from
manganese(Il) bromide, tin(Il) bromide, tin(IV) bromide, bismuth(Ill) bromide,
indium(I1l) bromide, or a mixture of any two or more of these; or
a combination of bismuth(IIl) bromide and one or more inorganic bromide salts selected
from manganese(Il) bromide, tin(Il) bromide, tin(IV) bromide, indium(IIl) bromide, or
a mixture of any two or more of these; or
wherein only one inorganic bromide salt is present, and the inorganic bromide salt is tin(IV)
bromide or indium(IIl) bromide.
[0092] k) An aqueous well fluid as in b) wherein the inorganic bromide salt is a combination
of calcium bromide and manganese(Il) bromide, a combination of calcium bromide,
manganese(ll) bromide, and tin(IV) bromide, or a combination of calcium bromide,
manganese(1l) bromide, and bismuth(IIl) bromide.
[0093] D An aqueous well fluid as in i) wherein the other water-soluble inorganic salt present
with bismuth(IIl) bromide is an inorganic bromide salt.
[0094] m) An aqueous well fluid as in i) wherein the inorganic bromide salt is manganese(Il)
bromide, wherein one or more other water-soluble inorganic salts is present, and wherein the
one or more other water-soluble inorganic salts is manganese(1l) nitrate or a water-soluble

polytungstate salt.
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[0095] n) An aqueous well fluid as in any of i)-k) wherein the aqueous brine has a density of
about 14.6 pounds per gallon or more.
[0096] o) An aqueous well fluid as in any of i)-k) wherein the aqueous brine has a density of
about 15.0 pounds per gallon or more.
[0097] p) An aqueous well fluid as in i) wherein:
the inorganic bromide salt is a combination of calcium bromide and manganese(Il) bromide,
and the aqueous brine has a density of about 14.6 pounds per gallon or more, and a pH
value in the range of about 2.5 to 5; or
the inorganic bromide salt is a combination of calcium bromide, manganese(ll) bromide, and
tin(IV) bromide, and the aqueous brine has a density of about 15.0 pounds per gallon
Or more; or
the inorganic bromide salt is a combination of calcium bromide, manganese(Il) bromide, and
bismuth(IIl) bromide, and the aqueous brine has a density of about 16.0 pounds per
gallon or more; or
the inorganic bromide salt is calcium bromide, and the other water-soluble inorganic salt is
manganese(Il) nitrate, and the aqueous brine has a density of about 14.5 pounds per
gallon or more; or
the inorganic bromide salt is manganese(Il) bromide, and the other water-soluble inorganic
salt is a water-soluble polytungstate salt, and the aqueous brine has a density of about
14.5 pounds per gallon or more.
[0098] ) Anaqueous well fluid as in any of m) or p) wherein the water-soluble polytungstate
salt is an alkali metal polytungstate, an alkaline earth metal polytungstate, or manganese
polytungstate.
[0099] 1) An aqueous well fluid in any of a)-h) wherein the zinc-free aqueous brine has the
features of B).
[00100] s) An aqueous well fluid as in r) wherein the inorganic bromide salts are in a total
amount of about 50 wt% to about 60 wt%, relative to the total weight of the aqueous brine.
[00101] t) An aqueous well fluid as in any of r)-s) wherein the calcium bromide is in an
amount of about 45 wt% to about 60 wt% relative to the total weight of the aqueous brine.
[00102] u) An aqueous well fluid as in any ol r)-s) wherein the cesium bromide is in an amount
of about 3.0 wt% to about 15 wt% relative to the total weight of the aqueous brine.
[00103] w) An aqueous well fluid as in q) wherein the aqueous brine has a density of about

14.6 pounds per gallon or more, and a pH value in the range of about 4 to about 8.
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[00104] x) An aqueous well fluid as in any of r)-w) wherein the aqueous brine has a true
crystallization temperature of about 15°F or less.
[00105] y) An aqueous well fluid in any of a)-h) wherein the zinc-free aqueous brine has the
features of C).
[00106] z) An aqueous well fluid as in y) wherein the zinc-free aqueous brine has a density
of about 12.5 pounds per gallon or more.
[00107] aa) An aqueous well fluid as in y) wherein the zinc-free aqueous brine has a density
of about 14.2 pounds per gallon or more.
[00108] ab) A process for forming an aqueous well fluid, which process comprises contacting
I) a halogen-containing sorbent comprising one or more halogens selected from fluorine,
chlorine, bromine, and/or iodine, and one or more substrate materials, and
I) a zinc-free aqueous brine having
A) a density of about 14.3 pounds per gallon or more, and a true crystallization
temperature of about 20°F or less, which aqueous brine comprises water and one or
more inorganic bromide salts, with the provisos that:
when calcium bromide is present, one or more other water-soluble inorganic salts
are also present, wherein the other water-soluble inorganic salt is selected
from an inorganic bromide salt and manganese(II) nitrate,
when lithium bromide is present, calcium bromide is absent,
when bismuth(IIl) bromide is present, one or more other water-soluble inorganic
salts are also present, and
for a true crystallization temperature of about 10°F or less, when manganese(1I)
bromide is present, one or more other water-soluble inorganic salts are also
present, or
B) adensity of about 14.3 pounds per gallon to about 15.8 pounds per gallon, and a true
crystallization temperature of about 20° F or less, which aqueous brine comprises
water and calcium bromide and cesium bromide, or
) having a density of about 12.3 pounds per gallon or more, which aqueous brine
comprises sodium bromide,
wherein the halogen-containing sorbent is in an amount of about 0.1 wt% to about 30 wt%,
relative to the combined amount of the halogen-containing sorbent and the zinc-free aqueous

brine.
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[00109] ac) A process according to ab) wherein the halogen-containing sorbent comprises a
substrate material selected from one or more carbonaceous materials and/or selected from one
or more inorganic materials.
[00110] ad) A process according to ac) wherein the carbonaceous material is activated carbon,
and/or wherein the inorganic material is selected from inorganic oxides, natural zeolites,
inorganic carbonates, and clay minerals.
[00111] ae) A process according to any of ac)-ad) wherein the inorganic material is selected
from chabazite, silica, kaolinite, and bentonite.
[00112] af) A process according to any of ab)-ae) wherein the halogen-containing sorbent is
a bromine-containing sorbent.
[00113] ag) A process according to ab) wherein the halogen-containing sorbent is a halogen-
containing activated carbon sorbent.
[00114] ah) A process according to ab) wherein the halogen-containing sorbent is a bromine-
containing activated carbon sorbent.
[00115] ai) A process according to any of ab)-ah) wherein the halogen-containing sorbent has
a halogen content of about 0.1 wt% to about 50 wt% calculated as bromine and based on the
total weight of the halogen-containing sorbent.
[00116] aj) A process as in any of ab)-ah) wherein the zinc-free aqueous brine has the features
of A).
[00117] ak) A process as in aj) wherein the inorganic bromide salt is
manganese(1l) bromide, tin(Il) bromide, tin(IV) bromide, indium(III) bromide, or a mixture
of any two or more of these; or
a combination of calcium bromide and manganese(Il) bromide, tin(Il) bromide, tin(IV)
bromide, bismuth(Ill) bromide, indium(Ill) bromide, or a mixture of any two or more of
these; or
a combination of bismuth(Ill) bromide and manganese(Il) bromide, tin(Il) bromide, tin(IV)
bromide, indium(IIl) bromide, or a mixture of any two or more of these; or
wherein only one inorganic bromide salt is present, and the inorganic bromide salt is tin(IV)
bromide or indium(III) bromide.
[00118] al) A process as in aj) wherein the inorganic bromide salt is a combination of calcium
bromide and manganese(Il) bromide, a combination of calcium bromide, manganese(II)
bromide, and tin(IV) bromide, or a combination of calcium bromide, manganese(Il) bromide,

and bismuth(III) bromide.
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[00119] am) A process as in aj) wherein when the inorganic bromide salt is bismuth(III)
bromide, the other water-soluble inorganic salt is an inorganic bromide salt.

[00120] an) A process as in ak) wherein the inorganic bromide salt is manganese(Il) bromide,
wherein one or more other water-soluble inorganic salts is present, and wherein the one or more
other water-soluble inorganic salts is manganese(II) nitrate or a water-soluble polytungstate
salt.

[00121] ao) A process as in an) wherein the water-soluble polytungstate salt is an alkali metal
polytungstate, an alkaline earth metal polytungstate, or manganese polytungstate.

[00122] ap) A process as in any of aj)-al) wherein the aqueous brine has a density of about
14.6 pounds per gallon or more, and/or wherein the inorganic bromide salt is in a total amount
of about 40 wt% to about 75 wt%, relative to the total weight of the aqueous brine.

[00123] ag) A process as in any of ai)-ap) wherein the aqueous brine has a true crystallization
temperature of about 10°F or less.

[00124] ar) A process as in any of ab)-ai) wherein the zinc-free aqueous brine has the features
of B).

[00125] as) A process as in ar) wherein the aqueous brine has a density of about 14.6 pounds
per gallon or more, and/or wherein the inorganic bromide salts are in a total amount of about
50 wt% to about 60 wt%, relative to the total weight of the aqueous brine.

[00126] at) A process as in ar) wherein the aqueous brine has calcium bromide in an amount
of about 45 wt% to about 60 wt% relative to the total weight of the aqueous brine.

[00127] au) A process as in ar) wherein the aqueous brine has cesium bromide in an amount
of about 3.0 wt% to about 15 wt% relative to the total weight of the aqueous brine.

[00128] av ) A process as in any of ar)-au) wherein the aqueous brine has a true crystallization
temperature of about 15°F or less.

[00129] aw) A process as in any of ab)-ai) wherein the zinc-free aqueous brine has the features
of C).

[00130] ax) A process as in aw) wherein the zinc-free aqueous brine has a density of about
12.5 pounds per gallon or more.

[00131] ay) A process as in aw) wherein the zinc-free aqueous brine has a density of about
14.2 pounds per gallon or more.

[00132] az) A method of treating a wellbore, said method comprising introducing into the

wellbore an aqueous well fluid as in any of a)-aa).
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[00133] ba) A method as in az) wherein the fluid is a completion fluid, drilling fluid, packer
fluid, or workover fluid.

[00134] bb) A method as in az) wherein the wellbore is connected to a high pressure reservoir.

[00135] Components referred to by chemical name or formula anywhere in the specification
or claims hereof, whether referred to in the singular or plural, are identified as they exist prior
to coming into contact with another substance referred to by chemical name or chemical type
(e.g., another component, a solvent, or etc.). It matters not what chemical changes,
transformations and/or reactions, if any, take place in the resulting mixture or solution as such
changes, transformations, and/or reactions are the natural result of bringing the specified
components together under the conditions called for pursuant to this disclosure. Thus the
components are identified as ingredients to be brought together in connection with performing
a desired operation or in forming a desired composition. Also, even though the claims
hereinafter may refer to substances, components and/or ingredients in the present tense
("comprises", "is", efc.), the reference is to the substance, component or ingredient as it existed
at the time just before it was first contacted, blended or mixed with one or more other
substances, components and/or ingredients in accordance with the present disclosure. The fact
that a substance, component or ingredient may have lost its original identity through a chemical
reaction or transformation during the course of contacting, blending or mixing operations, if
conducted in accordance with this disclosure and with ordinary skill of a chemist, is thus of no
practical concern.

[00136] The invention may comprise, consist, or consist essentially of the materials and/or
procedures recited herein.

[00137] As used herein, the term "about" modifying the quantity of an ingredient in the
compositions of the invention or employed in the methods of the invention refers to variation
in the numerical quantity that can occur, for example, through typical measuring and liquid
handling procedures used for making concentrates or use solutions in the real world; through
inadvertent error in these procedures; through differences in the manufacture, source, or purity
of the ingredients employed to make the compositions or carry out the methods; and the like.
The term about also encompasses amounts that dilfer due to different equilibrium conditions
for a composition resulting from a particular initial mixture. Whether or not modified by the

term "about", the claims include equivalents to the quantities.
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[00138] Except as may be expressly otherwise indicated, the article "a" or "an" if and as used
herein is not intended to limit, and should not be construed as limiting, the description or a
claim to a single element to which the article refers. Rather, the article "a" or "an" if and as
used herein is intended to cover one or more such elements, unless the text expressly indicates
otherwise.

[00139] This invention is susceptible to considerable variation in its practice. Therefore the
foregoing description is not intended to limit, and should not be construed as limiting, the

invention to the particular exemplifications presented hereinabove.
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THAT WHICH IS CLLAIMED 1S:

1. An aqueous well fluid which comprises
I) a halogen-containing sorbent comprising one or more halogens selected from fluorine,
chlorine, bromine, and/or iodine, and one or more substrate materials, and
I) a zinc-free aqueous brine having
A) adensity of about 14.3 pounds per gallon or more, and a true crystallization temperature
of about 20°F or less, which aqueous brine comprises water and one or more inorganic
bromide salts, with the provisos that:
when calcium bromide is present, one or more other water-soluble inorganic salts
are also present, wherein the other water-soluble inorganic salt is selected from
an inorganic bromide salt and manganese(Il) nitrate,
when lithium bromide is present, calcium bromide is absent,
when bismuth(IIT) bromide is present, one or more other water-soluble inorganic
salts are also present, and
for a true crystallization temperature of about 10°F or less, when manganese(Il)
bromide is present, one or more other water-soluble inorganic salts are also
present, or
B) a density of about 14.3 pounds per gallon to about 15.8 pounds per gallon, and a true
crystallization temperature of about 20° F or less, which aqueous brine comprises water
and calcium bromide and cesium bromide, or
C) having a density of about 12.3 pounds per gallon or more, which aqueous brine
comprises sodium bromide,
wherein the halogen-containing sorbent is in an amount of about 0.1 wt% to about 30 wt%,
relative to the combined amount of the halogen-containing sorbent and the zinc-free aqueous

brine.

2. An aqueous well fluid according to Claim 1 wherein the halogen-containing sorbent
comprises a substrate material selected from one or more carbonaceous materials and/or

selected from one or more inorganic materials.

3. An aqueous well fluid according to Claim 2 wherein the carbonaceous material is
activated carbon, and/or wherein the inorganic material is selected from inorganic oxides,

natural zeolites, inorganic carbonates, and clay minerals.
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4. An aqueous well fluid according to any of Claims 2-3 wherein the inorganic material

is selected from chabazite, silica, kaolinite, and bentonite.

5. An aqueous well fluid according to any of Claims 1-4 wherein the halogen-containing

sorbent is a bromine-containing sorbent.

6. An aqueous well fluid according to Claim 1 wherein the halogen-containing sorbent is

a halogen-containing activated carbon sorbent.

7. An aqueous well fluid according to Claim 1 wherein the halogen-containing sorbent is

a bromine-containing activated carbon sorbent.

8. An aqueous well fluid according to any of Claims 1-7 wherein the halogen-containing
sorbent has a halogen content of about 0.1 wt% to about 50 wt% calculated as bromine and

based on the total weight of the halogen-containing sorbent.

9. An aqueous well fluid as in any of Claims 1-7 wherein the zinc-free aqueous brine has

the features of A).

10. An aqueous well fluid as in Claim 8 wherein the inorganic bromide salt is:

manganese(Il) bromide, tin(I) bromide, tin(IV) bromide, indium(III) bromide, or a mixture of
any two or more of these; or

a combination of calcium bromide and one or more inorganic bromide salts selected from
manganese(Il) bromide, tin(Il) bromide, tin(IV) bromide, bismuth(Ill) bromide,
indium(III) bromide, or a mixture of any two or more of these; or

a combination of bismuth(III) bromide and one or more inorganic bromide salts selected from
manganese(ll) bromide, tin(I) bromide, tin(IV) bromide, indium(Ill) bromide, or a
mixture of any two or more of these; or

wherein only one inorganic bromide salt is present, and the inorganic bromide salt is tin{IV)

bromide or indium(III) bromide.

11. An aqueous well fluid as in Claim 2 wherein the inorganic bromide salt is a combination
of calcium bromide and manganese(Il) bromide, a combination of calcium bromide,
manganese(I) bromide, and tin(IV) bromide, or a combination of calcium bromide,

manganese(I]) bromide, and bismuth(IIl) bromide.
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12. An aqueous well fluid as in Claim 9 wherein the other water-soluble inorganic salt

present with bismuth(IIl) bromide is an inorganic bromide salt.

13. An aqueous well fluid as in Claim 9 wherein the inorganic bromide salt is
manganese(Il) bromide, wherein one or more other water-soluble inorganic salts is present,
and wherein the one or more other water-soluble inorganic salts is manganese(Il) nitrate or a

water-soluble polytungstate salt.

14. An aqueous well fluid as in any of Claims 9-11 wherein the aqueous brine has a density

of about 14.6 pounds per gallon or more.

15. An aqueous well fluid as in any of Claims 9-11 wherein the aqueous brine has a density

of about 15.0 pounds per gallon or more.

16. An aqueous well fluid as in Claim 9 wherein:

the inorganic bromide salt is a combination of calcium bromide and manganese(Il) bromide,
and the aqueous brine has a density of about 14.6 pounds per gallon or more, and a pH
value in the range of about 2.5 to 5; or

the inorganic bromide salt is a combination of calcium bromide, manganese(Il) bromide, and
tin(1V) bromide, and the aqueous brine has a density ol about 15.0 pounds per gallon or
more; or

the inorganic bromide salt is a combination of calcium bromide, manganese(Il) bromide, and
bismuth(IIl) bromide, and the aqueous brine has a density of about 16.0 pounds per gallon
Or more; or

the inorganic bromide salt is calcium bromide, and the other water-soluble inorganic salt is
manganese(1l) nitrate, and the aqueous brine has a density of about 14.5 pounds per gallon
or more; or

the inorganic bromide salt is manganese(Il) bromide, and the other water-soluble inorganic salt
is a water-soluble polytungstate salt, and the aqueous brine has a density of about 14.5

pounds per gallon or more.

17. An aqueous well fluid as in any of Claims 13 or 16 wherein the water-soluble
polytungstate salt is an alkali metal polytungstate, an alkaline earth metal polytungstate, or

manganese polytungstate.
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18. An aqueous well fluid in any of Claims 1-8 wherein the zinc-free aqueous brine has the

features of B).

19. An aqueous well fluid as in Claim 18 wherein the inorganic bromide salts are in a total

amount of about 50 wt% to about 60 wt%, relative to the total weight of the aqueous brine.

20. An aqueous well fluid as in any of Claims 18-19 wherein the calcium bromide is in an

amount of about 45 wt% to about 60 wt% relative to the total weight of the aqueous brine.

21. An aqueous well fluid as in any of Claims 18-19 wherein the cesium bromide is in an

amount of about 3.0 wt% to about 15 wt% relative to the total weight of the aqueous brine.

22. An aqueous well fluid as in any of Claims 18-19 wherein the aqueous brine has a pH in

the range of about 2 to about 10.

23. An aqueous well fluid as in Claim 17 wherein the aqueous brine has a density of about

14.6 pounds per gallon or more, and a pH value in the range of about 4 to about 8.

24. An aqueous well fluid as in any of Claims 18-23 wherein the aqueous brine has a true

crystallization temperature of about 15°F or less.

25. An aqueous well fluid in any of Claims 1-8 wherein the zinc-free aqueous brine has the

features of C).

26. An aqueous well fluid as in Claim 25 wherein the zinc-free aqueous brine has a density

of about 12.5 pounds per gallon or more.

27. An aqueous well fluid as in Claim 25 wherein the zinc-free aqueous brine has a density

of about 14.2 pounds per gallon or more.

28. A process for forming an aqueous well fluid, which process comprises contacting
I) a halogen-containing sorbent comprising one or more halogens selected from fluorine,
chlorine, bromine, and/or iodine, and one or more substrate materials, and
I) a zinc-free aqueous brine having
A) adensity of about 14.3 pounds per gallon or more, and a true crystallization temperature
of about 20°F or less, which aqueous brine comprises waler and one or more inorganic

bromide salts, with the provisos that:
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when calcium bromide is present, one or more other water-soluble inorganic salts
are also present, wherein the other water-soluble inorganic salt is selected from
an inorganic bromide salt and manganese(Il) nitrate,
when lithium bromide is present, calcium bromide is absent,
when bismuth(III) bromide is present, one or more other water-soluble inorganic
salts are also present, and
for a true crystallization temperature of about 10°F or less, when manganese(Il)
bromide is present, one or more other water-soluble inorganic salts are also
present, or
B) a density of about 14.3 pounds per gallon to about 15.8 pounds per gallon, and a true
crystallization temperature of about 20° F or less, which aqueous brine comprises water
and calcium bromide and cesium bromide, or
C) having a density of about 12.3 pounds per gallon or more, which aqueous brine
comprises sodium bromide,
wherein the halogen-containing sorbent is in an amount of about 0.1 wt% to about 30 wt%,
relative to the combined amount of the halogen-containing sorbent and the zinc-free aqueous

brine.

29. A process according to Claim 28 wherein the halogen-containing sorbent comprises a
substrate material selected from one or more carbonaceous materials and/or selected from one

Or more inorganic materials.

30. A process according to Claim 29 wherein the carbonaceous material is activated carbon,
and/or wherein the inorganic material is selected from inorganic oxides, natural zeolites,

inorganic carbonates, and clay minerals.

31. A process according to any of Claims 29-30 wherein the inorganic material is selected

from chabazite, silica, kaolinite, and bentonite.

32. A process according to any of Claims 28-31 wherein the halogen-containing sorbent is

a bromine-containing sorbent.

33. A process according to Claim 28 wherein the halogen-containing sorbent is a halogen-

containing activated carbon sorbent.
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34. A process according to Claim 28 wherein the halogen-containing sorbent is a bromine-

containing activated carbon sorbent.

35. A process according to any of Claims 28-34 wherein the halogen-containing sorbent
has a halogen content of about 0.1 wt% to about 50 wt% calculated as bromine and based on

the total weight of the halogen-containing sorbent.

36. A process as in any of Claims 28-34 wherein the zinc-free aqueous brine has the

features of A).

37. A process as in Claim 36 wherein the inorganic bromide salt is

manganese(1l) bromide, tin(Il) bromide, tin(I'V) bromide, indium(IIl) bromide, or a mixture of
any two or more of these; or

a combination of calcium bromide and manganese(Il) bromide, tin(Il) bromide, tin(IV)
bromide, bismuth(IIl) bromide, indium(IIl) bromide, or a mixture of any two or more of
these; or

a combination of bismuth(lll) bromide and manganese(ll) bromide, tin(1l) bromide, tin{IV)
bromide, indium(I1I) bromide, or a mixture of any two or more of these; or

wherein only one inorganic bromide salt is present, and the inorganic bromide salt is tin(I'V)

bromide or indium(III) bromide.

38. A process as in Claim 36 wherein the inorganic bromide salt is a combination of
calcium bromide and manganese(Il) bromide, a combination of calcium bromide,
manganese(ll) bromide, and tin(IV) bromide, or a combination of calcium bromide,

manganese(1l) bromide, and bismuth(IIl) bromide.

39. A process as in Claim 36 wherein when the inorganic bromide salt is bismuth(III)

bromide, the other water-soluble inorganic salt is an inorganic bromide salt.

40. A process as in Claim 36 wherein the inorganic bromide salt is manganese(I]) bromide,
wherein one or more other water-soluble inorganic salts is present, and wherein the one or more
other water-soluble inorganic salts is manganese(Il) nitrate or a water-soluble polytungstate

salt.

41. A process as in Claim 40 wherein the water-soluble polytungstate salt is an alkali metal

polytungstate, an alkaline earth metal polytungstate, or manganese polytungstate.
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42. A process as in any of Claims 36-38 wherein the aqueous brine has a density of about
14.6 pounds per gallon or more, and/or wherein the inorganic bromide salt is in a total amount

of about 40 wt% to about 75 wt%, relative to the total weight of the aqueous brine.

43, A process as in any of Claims 35-42 wherein the aqueous brine has a true crystallization

temperature of about 10°F or less.

44. A process as in any of Claims 28-35 wherein the zinc-free aqueous brine has the

features of B).

45. A process as in Claim 44 wherein the aqueous brine has a density of about 14.6 pounds
per gallon or more, and/or wherein the inorganic bromide salts are in a total amount of about

50 wt% to about 60 wt%, relative to the total weight of the aqueous brine.

46. A process as in Claim 44 wherein the aqueous brine has calcium bromide in an amount

of about 45 wt% to about 60 wt% relative to the total weight of the aqueous brine.

47. A process as in Claim 44 wherein the aqueous brine has cesium bromide in an amount

of about 3.0 wt% to about 15 wt% relative to the total weight of the aqueous brine.

48. A process as in any of Claims 44-47 wherein the aqueous brine has a true crystallization

temperature of about 15°F or less.

49. A process as in any of Claims 28-35 wherein the zinc-free aqueous brine has the

features of C).

50. A process as in Claim 49 wherein the zinc-free aqueous brine has a density of about

12.5 pounds per gallon or more.

51. A process as in Claim 49 wherein the zinc-free aqueous brine has a density of about

14.2 pounds per gallon or more.

52. A method of treating a wellbore, said method comprising introducing into the

wellbore an aqueous well fluid as in any of Claims 1-27.

53. A method as in Claim 52 wherein the fluid is a completion fluid, drilling fluid, packer

tluid, or workover fluid.
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54. A method as in Claim 52 wherein the wellbore is connected to a high pressure reservoir.
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to the invention first mentioned in the claims; it is covered by claims Nos.: 1-4, 6, 7, 11

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet) (July 2022)
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