
(19) DANMARK (1θ) DK/EP 3180408 T3
Jg| (12) Oversættelse af

europæisk patentskrift

Patent- og
Varemærkestyrelsen

(51) Int.CI.: C 09 K 8/05(2006.01) C 02 F 1/00(2006.01)

(45) Oversættelsen bekendtgjort den: 2019-03-25

(80) Dato for Den Europæiske Patentmyndigheds 
bekendtgørelse om meddelelse af patentet: 2018-12-12

(86) Europæisk ansøgning nr.: 15744840.8

(86) Europæisk indleveringsdag: 2015-07-23

(87) Den europæiske ansøgnings publiceringsdag: 2017-06-21

(86) International ansøgning nr.: US2015041662

(87) Internationalt publikationsnr.: WO2016025137

(30) Prioritet: 2014-08-13 US 201462036912 P 2015-01-15 US 201562103668 P
2015-06-26 US 201562185171 P

(84) Designeredestater: AL AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR HR HU IE IS IT LI LT LU LV 
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: Albemarle Corporation, 451 Florida Street, Baton Rouge, LA 70801-1765, USA

(72) Opfinder: NALEPA, Christopher, J., 2340 Saint Andrews Avenue, Zachary, LA 70791, USA 
LIU, Yunqi, 3828 Twelve Oaks Avenue, Baton Rouge, LA 70820, USA
LAMBETH, Gregory, Η., 18226 Creek Hollow Road, Baton Rouge, LA 70817, USA 
GODAVARTHY, Srinivasa, S., 20051 Old Scenic Highway 1405, Zachary, LA 70791, USA 
COPPOLA, Kevin, 437 LSU Avenue, Baton Rouge, LA 70808, USA
LOUWEN, Jacobus, N., Klipper 38,1625 EK Hoorn, Holland

(74) Fuldmægtig i Danmark: AWA Denmark A/S, Strandgade 56,1401 København K, Danmark

(54) Benævnelse: VANDIGE BOREHULSFLUIDER MED HØJ DENSITET

(56) Fremdragne publikationer:
W0-A1 -99/23188
W0-A1 -2004/050557
US-A1-2005 101 490



DK/EP 3180408 T3



DK/EP 3180408 T3

DESCRIPTION
TECHNICAL FIELD

[0001] This invention relates to high density aqueous brines suitable for use as well fluids.

BACKGROUND

[0002] 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 (2.1x108 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).

[0003] 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.

[0004] 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 temperatures that are usually about 
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). Document W02004/050557 discloses aqueous brines comprising CaBr2 mixed 

with CaCl2 and brines comprising mixtures of CaBr2 and calcium bromide hydrates.

[0005] Hence, there is a need to develop high density aqueous brine fluids that are zinc-free,
and that have true crystallization temperatures that are suitably low for downhole use.

SUMMARY OF THE INVENTION
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[0006] This invention provides aqueous brines of high density and low crystallization 
temperature that are zinc-free. It has been discovered, for example, that a high density, zinc- 
free aqueous brine can be prepared from a combination of water and one or more inorganic 
bromide salts such as calcium bromide, manganese bromide (MnBr2) tin bromide (SnBr2 or 

SnBr4), bismuth bromide, and/or indium bromide; calcium bromide is used in combination with 

one or more other water-soluble inorganic salts, selected from an inorganic bromide salt and 
manganese(ll) nitrate; lithium bromide is used in combination with an alkali metal polytungstate 
salt; bismuth(lll) bromide is used in combination with one or more other water-soluble 
inorganic salts, preferably selected from an inorganic bromide salt; when lithium bromide is 
present, calcium bromide is absent. Such brines can exhibit densities of 15.0 ppg (1.78 kg/L) 
or greater, and have crystallization temperatures of 20°F (-6.7°C) or less, often 10°F (-12.2°C) 
or less. These brines are suitable for use as wellbore fluids, such as completion fluids, 
especially clear 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.

[0007] An embodiment of this invention is a zinc-free aqueous brine composition. The 
composition has a density of 14.3 pounds per gallon (1.71 kg/L) or more, and a true 
crystallization temperature of 20°F (-6.7°C) or less, preferably 10°F (-12.2°C) or less, and 
comprises water and one or more inorganic bromide salts, with the proviso that when calcium 
bromide is present, one or more other water-soluble inorganic salts is also present, selected 
from an inorganic bromide salt and manganese(ll) nitrate; with the proviso that when 
bismuth(lll) bromide is present, one or more other water-soluble inorganic salts is also present, 
preferably selected from an inorganic bromide salt, with the proviso that when lithium bromide 
is present, calcium bromide is absent, and with the proviso that for true crystallization 
temperatures of-12.2°C (10°F) or less, when manganese(ll) bromide is present, one or more 
other water-soluble inorganic salts are also present. Processes for forming these aqueous 
brine compositions are also provided.

[0008] 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

[0009] 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
compositions or processes of this invention. Generally, there is 25 ppm or less of zinc present
in the aqueous brines of this invention.
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[0010] 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 "1b/gal" 
are abbreviations for pounds per gallon.

[0011] 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.

[0012] The phrases "inorganic bromide salt", "inorganic bromide", and "bromide salt" are used 
interchangeably throughout this document.

[0013] Solutions comprising one or more inorganic bromide salts and manganese(ll) nitrate or 
a water-soluble polytungstate are aqueous brines of the present invention.

[0014] Because the compositions of the invention can be used as clear completion fluids, 
precipitates and/or cloudiness in the aqueous brines of the invention are undesirable. To be 
suitable for use as well fluids, the aqueous brines of the invention have little or no precipitate 
formation over time (e.g., one week) at ambient temperature and pressure (e.g., 17 to 25°C 
and 14 to 15 psi) or at elevated temperature (e.g., 60°C) and ambient pressure.

[0015] The compositions of the invention are aqueous brine solutions comprising one or more 
inorganic bromide salts other than zinc bromide. Although it is convenient to refer to 
compounds of bromide salts and to metal cations and bromide anions, the species in the 
compositions 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 of the invention that 
are referred to as salts or their respective cations and/or anions may be complexed with water, 
or in some other form.

[0016] In the practice of this invention, the inorganic bromide salts are selected from calcium 
bromide, manganese(ll) bromide, tin(ll) bromide, tin(IV) bromide, bismuth(lll) bromide, 
indium(lll) 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 is selected from an inorganic 
bromide salt, manganese(ll) nitrate; when bismuth(lll) bromide is used, one or more other 
water-soluble inorganic salts is also used, and preferably is selected from an inorganic bromide 
salt. Manganese(ll) 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 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 
only one bromide salt is present include tin(IV) bromide and indium(lll) bromide, especially 
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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(ll) bromide and tin(IV) bromide, or a 
combination of calcium bromide, manganese(ll) bromide, and bismuth(lll) bromide.

[0017] In some preferred embodiments, the inorganic bromide salt is manganese(ll) bromide, 
tin (I I) bromide, tin(IV) bromide, indium(lll) 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(ll) bromide, 
tin(IV) bromide, bismuth(lll) bromide, indium(lll) bromide, or a mixture of any two or more of 
these. In another preferred embodiment, the inorganic bromide salt is a combination of 
bismuth(lll) bromide and one or more inorganic bromide salts selected from manganese(ll) 
bromide, tin(ll) bromide, tin(IV) bromide, indium(lll) 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(lll) bromide.

[0018] 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.

[0019] 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.

[0020] 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 40 wt% to 75 wt%, relative to the total weight of the composition. Preferred total amounts of 
inorganic bromide salt(s) are from 45 wt% to 75 wt%, relative to the total weight of the 
composition.

[0021] In some embodiments, the total amount of inorganic bromide salt(s) in the aqueous 
brine is preferably in the range of 45 wt% to 65 wt%, more preferably 55 wt% to 65 wt%, 
relative to the total weight of the composition, especially when calcium bromide and one other 
inorganic bromide salt are used, and the other inorganic bromide salt is selected from tin(ll) 
bromide, tin(IV) bromide, bismuth(lll) bromide, and indium(lll) bromide.
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[0022] In other embodiments, the total amount of inorganic bromide salt(s) in the aqueous 
brine is preferably in the range of 55 to 70 wt%, relative to the total weight of the composition, 
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(ll) bromide, tin(IV) bromide, 
bismuth(lll) bromide, and indium(lll) bromide.

[0023] 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 15 wt% to 60 wt%, 
preferably 20 wt% to 55 wt%, more preferably 25 wt% to 55 wt%, relative to the total weight of 
the composition. The total amount of the other water-soluble inorganic salt(s) varies, 
depending on the identity of the inorganic salt. For manganese(ll) nitrate, the total amount in 
the aqueous brine is usually in the range of a 5 wt% to 75 wt%, sometimes preferably 35 wt% 
to 70 wt%, sometimes preferably 10 wt% to 50 wt%, relative to the total weight of the 
composition; for water-soluble polytungstate salts, the total amount in the aqueous brine is 
typically in the range of 5 wt% to 40 wt%, preferably 10 wt% to 35 wt%, relative to the total 
weight of the composition.

[0024] 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 
60 wt% to a 85 wt%, sometimes preferably in the range of 65 wt% to 85 wt%, relative to the 
total weight of the composition when the other water-soluble inorganic salt is manganese(ll) 
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 50 wt% to 75 wt%, 
preferably in the range of 55 wt% to 70 wt%, relative to the total weight of the composition.

[0025] Compositions of the invention have densities of 14.3 pounds per gallon (1.71 kg/L) or 
more. Preferably, the compositions have densities of 14.6 ppg (1.75 kg/L) or more. In some 
embodiments, the compositions preferably have densities of 14.8 ppg (1.77 kg/L) or more, or 
preferably a 15.0 ppg (1.80 kg/L) or more, or more preferably a 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(lll) bromide, the compositions preferably have densities of 16.0 ppg (1.92 kg/L) or 
more.

[0026] Density ranges for the compositions of this invention are preferably 14.3 ppg (1.71 
kg/L) to 19.0 ppg (2.28 kg/L), more preferably 14.6 ppg (1.75 kg/L) to 18.0 ppg (2.16 kg/L). In 
some embodiments, preferred densities are 14.8 ppg (1.77 kg/L) to 16.0 ppg (1.92 kg/L),more 
preferably 15.0 ppg (1.80 kg/L) to 16.0 ppg (1.92 kg/L), and still more preferably 15.1 ppg 
(1.81 kg/L) to 15.6 ppg (1.87 kg/L). In other embodiments, preferred densities are 14.6 ppg 
(1.75 kg/L) to 15.0 ppg (1.80 kg/L), more preferably 14.6 to about 14.8 ppg (1.77 kg/L). In still 
other embodiments, preferred densities are 15.0 ppg (1.80 kg/L) to 18.0 ppg (2.16 kg/L), more
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preferably 15.5 ppg (1.86 kg/L) to 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 from tin(IV) bromide, bismuth(lll) bromide, or indium(lll) bromide, preferred densities 
are 16.0 ppg (1.92 kg/L) to 17.5 ppg (2.10 kg/L), more preferably 16.2 ppg (1.94 kg/L) to 17.2 
ppg (2.06 kg/L). In another embodiment, especially when the inorganic bromide salt is calcium 
bromide and manganese(ll) nitrate is the other water-soluble inorganic salt, preferred densities 
are 14.5 ppg (1.74 kg/L) to 16.0 ppg (1.92 kg/L). In yet another embodiment, preferred 
densities are 14.5 ppg (1.74 kg/L) to 17.5 ppg (2.10 kg/L), more preferably 14.5 ppg (1.74 
kg/L) to 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.

[0027] For the compositions of the invention, the true crystallization temperatures are 
generally 20°F (-6.7°C) or less, preferably 10°F (-12.2°C) or less, more preferably 8°F 
(-13.3°C) or less, and still more preferably 7.5°F (-13.6°C) or less.

[0028] Aqueous brine compositions of the invention have preferred pH values are in the range 
of 0 to 7; more preferred are pH values in the range of 1 to 6; still more preferred are pH 
values in the range of 1.5 to 5, especially 2.5 to 5. Even more preferred are pH values in the 
range of 3 to 4.

[0029] 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.

[0030] In some preferred zinc-free aqueous brine compositions of the invention, only water, 
inorganic bromide salts, one or more other water-soluble inorganic salts, and species derived 
from these components are present in the composition; 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(ll) nitrate, and a water-soluble polytungstate salt, and more preferably, one of the 
inorganic bromide salts is calcium bromide.

[0031] In other preferred zinc-free aqueous brine compositions of the invention, only water, 
inorganic bromide salts, and species derived from these components are present in the 
composition; in some of these preferred embodiments, one of the inorganic bromide salts is 
calcium bromide. In other preferred zinc-free aqueous brine compositions of the invention, only 
water, tin(IV) bromide, and species derived from these components are present in the 
composition.

[0032] Preferred compositions of this invention include zinc-free aqueous brines which
comprise water; calcium bromide; and one or more other inorganic bromide salts, preferably
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selected from manganese(ll) bromide, tin(ll) bromide, tin(IV) bromide, bismuth(lll) bromide, 
indium(lll) bromide, and mixtures of any two or more of these; wherein the composition has a 
density of 14.3 ppg (1.71 kg/L) or more, preferably 14.6 ppg (1.75 kg/L) or more, more 
preferably 15.0 ppg (1.80 kg/L) or more; and a true crystallization temperature of 20°F (-6.7°C) 
or less, preferably 10°F (-12.2°C) or less, more preferably 8°F (-13.3°C) or less. In these 
calcium bromide-containing compositions, the inorganic bromide salt(s) other than calcium 
bromide is preferably in an amount of 3.0 wt% to 40 wt%, relative to the total weight of the 
composition; preferably, these calcium bromide-containing compositions have a pH in the 
range of a 0 to 8, more preferably 1 to 7.

[0033] Additional preferred compositions of this invention include zinc-free aqueous brines 
which comprise water and one inorganic bromide salt selected from tin(IV) bromide and 
indium(lll) bromide; more preferably tin(IV) bromide; wherein the composition has a density of 
15.0 ppg (1.80 kg/L) or more, preferably 16.0 ppg (1.92 kg/L) or more, more preferably 18.0 
ppg (2.16 kg/L) or more.

[0034] In a preferred embodiment, the inorganic bromide salts are calcium bromide and 
manganese(ll) bromide, and the composition has a density of 14.6 ppg (1.75 kg/L) or more 
and a true crystallization temperature at atmospheric pressure of 20°F (-6.7°C) or less, 
preferably 10°F (-12.2°C) or less. Particularly preferred are compositions containing calcium 
bromide and manganese(ll) bromide which have densities of 15 1 b/gal (1.8 kg/L) or more, and 
true crystallization temperatures at atmospheric pressure of 8°F (-13.3°C) or less. Preferably, 
these compositions containing calcium bromide and manganese(ll) bromide have pH values in 
the range of 2.5 to 5, more preferably 3 to 4.

[0035] In some preferred embodiments, the inorganic bromide salts are calcium bromide and 
manganese(ll) bromide in combination with another inorganic bromide salt selected from 
tin(IV) bromide, tin(ll) bromide, bismuth(lll) bromide, and indium(lll) bromide.

[0036] In another preferred embodiment, the inorganic bromide salts are calcium bromide, 
manganese(ll) bromide, and tin(IV) bromide, and the composition has a density of 15.0 ppg 
(1.80 kg/L) or more. Particularly preferred compositions containing calcium bromide, 
manganese(ll) bromide, and tin(IV) bromide as the inorganic bromide salts have densities of 
16.0 ppg (1.92 kg/L) or more, more preferably densities of 16.5 ppg (1.98 kg/L) or more.

[0037] In still another preferred embodiment, the inorganic bromide salts are calcium bromide, 
manganese(ll) bromide, and bismuth(lll) bromide, and the composition has a density of 16.0 
ppg (1.92 kg/L) or more. Particularly preferred compositions containing calcium bromide, 
manganese(ll) bromide, and bismuth(lll) bromide as the inorganic bromide salts have 
densities of 16.3 ppg (1.95 kg/L) or more.

[0038] In another preferred embodiment, the inorganic bromide salt is calcium bromide, and
manganese(ll) nitrate is present; preferably, the composition has a density of 14.5 ppg (1.74
kg/L) or more, more preferably 14.8 ppg (1.77 kg/L) or more.
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[0039] 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 
composition has a density of 14.5 ppg (1.74 kg/L) or more, more preferably 14.8 ppg (1.77 
kg/L) or more,

[0040] 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 
composition has a density of 14.5 ppg (1.74 kg/L) or more, more preferably 14.8 ppg (1.77 
kg/L) or more.

[0041] Zinc-free aqueous brines having a density of 14.3 pounds per gallon (1.71 kg/L) or 
more and a true crystallization temperature of 20°F (-6.7°C) or less are formed by processes 
which comprise combining, in any order, components comprising water and one or more 
inorganic bromide salts, with the proviso that when calcium bromide is present, one or more 
other water-soluble inorganic salts is also present, and is selected from an inorganic bromide 
salt, manganese(ll) nitrate; with the proviso that when lithium bromide is present, calcium 
bromide is absent; with the proviso that when bismuth(lll) bromide is present, one or more 
other water-soluble inorganic salts are also present; and with the proviso that, for a true 
crystallization temperature of 10°F or less, when manganese(ll) bromide is present, one or 
more other water-soluble inorganic salts are also present.

[0042] The inorganic bromide salt(s) include calcium bromide, manganese(ll) bromide, tin(ll) 
bromide, tin(IV) bromide, bismuth(lll) bromide, indium(lll) bromide, and mixtures of any two or 
more of these. When calcium bromide is used, one or more other water-soluble inorganic salts, 
selected from an inorganic bromide salt, manganese(ll) nitrate, is also used. When bismuth(lll) 
bromide is used, one or more other water-soluble inorganic salts, preferably selected from an 
inorganic bromide salt, is also used. When lithium bromide is used, an alkali metal 
polytungstate salt is also used. Manganese(ll) 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 10°F (-12.2°C) or less is needed; in preferred embodiments, the 
other inorganic salt is an inorganic bromide, manganese(ll) nitrate, or a water-soluble 
polytungstate salt; the inorganic bromide is preferably calcium bromide or a combination of 
calcium bromide and one or more other inorganic bromide salts. When one inorganic bromide 
salt is used, it is preferably tin(IV) bromide or indium(lll) bromide, more preferably, tin(IV) 
bromide. Manganese(ll) bromide is preferred as an inorganic bromide salt to use with calcium 
bromide, especially when calcium bromide and one other bromide salt are present; when two 
bromide salts are used with calcium bromide, they are preferably a combination of 
manganese(ll) bromide and tin(IV) bromide, or a combination of manganese(ll) bromide and 
bismuth(lll) bromide.

[0043] The combining of the water and inorganic bromide salt(s), and, when used, other
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water-soluble inorganic salts can be conducted in any manner used to mix inorganic salts and 
water. Normally and preferably, concentrated solutions of the inorganic salts can be mixed with 
addition or removal of water to provide the composition desired. Alternatively, the inorganic 
bromide salt(s) are added to the water. When there are two or more inorganic bromide salts, 
the inorganic bromide salts can be mixed with a portion of water before being combined with 
each other and, if needed, more water. When cofeeding the components or mixtures thereof, 
there is no requirement that the feeds be entirely coextensive in time, and each feed may be 
interrupted at one or more points during the cofeeding. Another preferred way of operating 
when there are two or more inorganic bromide salts is to introduce one or more of the 
inorganic bromide salt(s) as a solid into a preformed aqueous solution of the other inorganic 
bromide salts(s). A combination of methods can be used as desired.

[0044] One or more of the inorganic bromide salts can be formed during the process. 
Formation of an inorganic bromide salt during the process can be used to form a portion of, or 
all of, the inorganic bromide salt. When an inorganic bromide salt is formed during the process, 
it can be formed in water before some or all of any other inorganic bromide(s) are introduced, 
or, preferably, in an aqueous solution of the other inorganic bromide(s).

[0045] An inorganic bromide salt can be formed during the process in various ways. In some 
embodiments, an inorganic bromide salt can be formed from the metal in elemental form and 
elemental bromine (Br2), especially where the metal is calcium, manganese, tin, bismuth, 

and/or indium. For example, manganese metal and elemental bromine can be used to form 
manganese(ll) bromide. In other embodiments, an inorganic bromide salt can be formed from 
an inorganic oxide and/or hydroxide and a bromide source which is hydrogen bromide and/or 
elemental bromine. In preferred embodiments, the inorganic bromide salt is formed from (i) an 
inorganic oxide and/or hydroxide and (ii) hydrogen bromide and/or bromine.

[0046] Inorganic oxides and/or hydroxides that can be used to form an inorganic bromide salt 
during the process include one or more of calcium oxide and/or hydroxide, manganese oxides 
and/or hydroxides, tin(ll) oxide and/or hydroxide, tin(IV) oxide and/or hydroxide, bismuth(lll) 
oxide and/or hydroxide, indium(lll) oxide and/or hydroxide, or mixtures of any two or more of 
the foregoing. Preferred inorganic oxides and hydroxides include one or more manganese 
oxides and/or hydroxides, tin(IV) oxide and/or hydroxide, and bismuth(lll) oxide and/or 
hydroxide. Of the manganese oxides and/or hydroxides, more preferred are manganese(ll) 
oxide, manganese(ll) hydroxide, and mixtures thereof; even more preferred is manganese(ll) 
oxide.

[0047] When one or more inorganic oxides and/or hydroxides are used, the bromide source 
for forming an inorganic bromide during the process is hydrogen bromide, bromine, or a 
mixture thereof. Preferably, the bromide source is hydrogen bromide or a mixture of hydrogen 
bromide and bromine; more preferred is a mixture of hydrogen bromide and bromine. In these 
mixtures, the hydrogen bromide and bromine can be in any desired proportions from 100% 
hydrogen bromide to 100% Br2, or at any relative proportion therebetween. For convenience, it 

may be preferable to employ a mixture in which hydrogen bromide is present. When bromine 
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(elemental bromine, Br2) is used, either alone or in admixture with hydrogen bromide, a 

reducing agent is also present, and is typically methanol, ethanol, formic acid, hydrazine.

[0048] For the combination of lithium bromide and an alkali metal polytungstate salt, the lithium 
bromide can be made by any of the methods described above, including from lithium metal 
and elemental bromine, and from lithium oxide and/or hydroxide and a bromide source 
(typically hydrogen bromide or elemental bromine).

[0049] In some preferred processes, the inorganic bromide salt is manganese(ll) bromide, 
tin (I I) bromide, tin(IV) bromide, indium(lll) bromide, or a mixture of any two or more of these. In 
other preferred processes, the inorganic bromide salt is a combination of calcium bromide and 
manganese(ll) bromide, tin(ll) bromide, tin(IV) bromide, bismuth(lll) bromide, indium(lll) 
bromide, or a mixture of any two or more of these. In another preferred embodiment, a 
combination of bismuth(lll) bromide and manganese(ll) bromide, tin(ll) bromide, tin(IV) 
bromide, indium(lll) bromide, or a mixture of any two or more of these, is used. In still another 
embodiment, only one inorganic bromide salt is used, and the inorganic bromide salt is tin(IV) 
bromide or indium(lll) bromide.

[0050] When one inorganic bromide salt is used to form a zinc-free aqueous brine of the 
invention, the inorganic bromide is typically in an amount in the range of 40 wt% to 75 wt%, 
preferably 45 wt% to 75 wt%, relative to the total weight of the aqueous brine composition 
being formed. When there are two or more inorganic bromide salts, this range refers to the 
combined weight of all of the inorganic bromide salts. When the composition contains calcium 
bromide, preferred amounts of inorganic bromide salts other than the calcium bromide in the 
aqueous brine are from 5 wt% to 35 wt%; more preferably 6 wt% to 30 wt%, relative to the total 
weight of the composition.

[0051] When an inorganic bromide and one or more other water-soluble inorganic salts are 
used to form a zinc-free aqueous brine of the invention, especially manganese(ll) nitrate or a 
water-soluble polytungstate salt, the inorganic bromide is typically 15 wt% to 60 wt%, 
preferably 20 wt% to 55 wt%, more preferably 25 wt% to 55 wt%, relative to the total weight of 
the composition. When the other water-soluble inorganic salt is manganese(ll) nitrate, the 
manganese(ll) nitrate is generally in the range of 5 wt% to 75 wt%, sometimes preferably 35 
wt% to 70 wt%, sometimes preferably 10 wt% to 50 wt%, relative to the total weight of the 
composition. When the other water-soluble inorganic salt is a water-soluble polytungstate salt, 
the polytungstate salt is usually in the range of wt% to 40 wt%, preferably 10 wt% to 35 wt%, 
relative to the total weight of the composition.

[0052] When an inorganic bromide salt is formed during the process, the amount of that 
inorganic bromide salt is calculated as if the inorganic bromide salt had been added. Amounts 
of inorganic bromide salt will vary, depending to some extent on the amount(s) of other 
inorganic bromide(s), because less inorganic bromide salt is needed to reach a particular 
density value as the amount of other inorganic bromide salt(s) increases.
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[0053] In some embodiments, when forming a zinc-free aqueous brine of the invention, the 
amount of inorganic bromide salt in the aqueous brine is preferably in the range of 45 wt% to 
65 wt%, more preferably 55 wt% to 65 wt%, relative to the total weight of the composition, 
especially when calcium bromide and one other inorganic bromide salt are used, and the other 
inorganic bromide salt is selected from tin(ll) bromide, tin(IV) bromide, bismuth(lll) bromide, 
and indium(lll) bromide.

[0054] In other embodiments, when forming a zinc-free aqueous brine of the invention, the 
amount of inorganic bromide salt in the aqueous brine is preferably in the range of 55 to 70 
wt%, relative to the total weight of the composition, especially when the inorganic bromide salts 
are calcium bromide and two other inorganic bromide salts, which are a combination of 
manganese(ll) bromide and another metal bromide selected from tin(ll) bromide, tin(IV) 
bromide, bismuth(lll) bromide, and indium(lll) bromide.

[0055] The amount of water and/or the inorganic bromide salt(s) and/or other water-soluble 
inorganic salt(s) used to form the aqueous brines of the invention can be adjusted to reach the 
desired density. Removal of water, for example by heating and/or applying a vacuum, can be 
employed to reach the desired density for the zinc-free aqueous brine composition.

[0056] The zinc-free aqueous brine can be heated during combination of the components 
and/or after the components are combined, to ensure dissolution of the components. In this 
optional heating step, the mixture being formed during the process and/or the aqueous brine 
formed by the process is heated at a temperature of 40°C or above to form a heated solution. 
Elevated temperatures can increase the rate of dissolution of the inorganic bromide salt(s). 
Such elevated temperatures for heating the aqueous brine are typically in the range of 40°C up 
to the boiling point of the mixture, preferably 45°C to 100°C, more preferably 50°C to 95°C, 
and still more preferably 60°C to 95°C. In some embodiments, it is preferred to operate under 

increased pressure, typically 20 psi to 40 psi (1.4x105 to 2.77x105 Pa), because higher 
temperatures can be achieved. Upon cooling the aqueous brine to ambient temperatures 
(typically 15°C to 25°C, often 17°C to 23°C), the inorganic bromide salt(s) usually remain 
dissolved.

[0057] Optionally, the pH of the zinc-free aqueous brine can be adjusted by adding an acid or 
a base as needed. Suitable acids include mineral acids and water-soluble organic acids; 
suitable bases are usually inorganic oxides and/or hydroxides. In some instances, upon 
introduction of an inorganic oxide and/or hydroxide to the zinc-free aqueous brine, a precipitate 
may form; after filtration, a clear aqueous brine is obtained.

[0058] For pH adjustment, suitable inorganic oxides and hydroxides which include oxides and 
hydroxides of manganese(ll), tin(ll), tin(IV), bismuth(lll), indium(lll), alkali metals including 
lithium, sodium, and potassium, alkaline earth metals including calcium and magnesium, and 
mixtures of any of these oxides and/or hydroxides, may be used. Preferred inorganic oxides 
and hydroxides include those of manganese, tin, calcium, and sodium. In some preferred 
embodiments, the inorganic oxide(s) and/or hydroxide(s) has one or more of the same cations
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already present in the aqueous brine. In some embodiments, a small amount of precipitate 
forms when an inorganic oxide and/or hydroxide is used to increase the pH. Once the 
precipitate has been removed, e.g., by filtration, additional precipitate formation usually does 
not occur.

[0059] Acids suitable for pH adjustment include mineral acids and organic acids that are water­
soluble. Suitable mineral acids include hydrogen chloride, hydrogen bromide, hydrogen iodide, 
nitric acid, sulfuric acid, phosphoric acid, and the like. Suitable organic acids include formic 
acid, tartaric acid, citric acid, gluconic acid, lactic acid, malic acid, maleic acid, malonic acid, 
oxalic acid, and the like. Mixtures of any two or more acids can be employed if desired. 
Hydrogen bromide is a preferred acid, and can be used in gaseous form, or, preferably, as an 
aqueous solution.

[0060] Any optional additives that are included in the aqueous brines can be introduced in any 
of the ways that the inorganic bromide salt(s) are introduced, or in any other convenient 
manner.

[0061] Under storage conditions, aqueous brines having a density of 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 1 to 7, more preferably 1 to 6; still more preferably 
2.5 to 5.

[0062] Small amounts of fine precipitates are sometimes formed in aqueous brine 
compositions of the invention which have a pH of 3.5 or higher, and in which the inorganic 
bromide salts are calcium bromide and manganese(ll) bromide. In particular, it has been 
discovered that decreasing the pH of the aqueous brine compositions may minimize or prevent 
further precipitate formation in the aqueous brine. In such instances, the pH can be adjusted 
as described above.

[0063] In some embodiments of this invention, the presence of glycerol and/or formic acid in 
the composition is preferred. Glycerol can be introduced at any point during the process of the 
invention by any convenient method for combining the glycerol and/or formic acid with the 
components of the process. A preferred method for inclusion of glycerol and/or formic acid is 
by adding glycerol and/or formic acid to the aqueous brine. When present, the amount of 
glycerol is preferably 3 wt% to 15 wt%, more preferably about 5 wt% to 10 wt%, relative to the 
total weight of the composition. The amount of formic acid, when present, is typically 500 ppm 
to 5000 ppm, preferably 750 ppm to 3000 ppm, more preferably 1000 ppm to 2500 ppm, 
relative to the total weight of the composition. It has been observed that the presence of 
glycerol in manganese-containing aqueous brines of the invention may prevent or minimize 
precipitation in the aqueous brines, especially at pH values of 3.5 or above.

[0064] In some preferred processes of this invention, only water, one or more inorganic
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bromide salts, and one or more other water-soluble inorganic salts are combined to form the 
zinc-free aqueous brines of this invention. In some of these preferred embodiments, the other 
water-soluble inorganic salts are selected from manganese(ll) nitrate and a water-soluble 
polytungstate salt.

[0065] In some preferred processes of this invention, only water, one or more inorganic 
bromide salts, one or more inorganic oxides and/or hydroxides, and/or hydrogen bromide 
and/or bromine are combined to form the zinc-free aqueous brines of this invention.

[0066] Preferred processes of this invention comprise combining, in any order, components 
comprising water and one or more inorganic bromide salts preferably selected from the group 
consisting of calcium bromide, manganese(ll) bromide, tin(ll) bromide, tin(IV) bromide, 
bismuth(lll) bromide, indium(lll) bromide, and mixtures of any two or more of these; when 
calcium bromide is present, one or more other water-soluble inorganic salts, selected from an 
inorganic bromide salt, manganese(ll) nitrate, is also present. When bismuth(lll) bromide is 
present, one or more other water-soluble inorganic salts, preferably selected from an inorganic 
bromide salt, is also present. Lithium bromide is used in combination with one or more alkali 
metal polytungstate salts. Manganese(ll) bromide is preferably used in combination with one or 
more other water-soluble inorganic salts preferably selected from an inorganic bromide salt, 
manganese(ll) nitrate, and a water-soluble polytungstate salt; in preferred embodiments, the 
other inorganic salt is a bromide, and is calcium bromide or a combination of calcium bromide 
and one or more other inorganic bromide salts. When only one bromide salt is present, 
preferred inorganic bromide salts include tin(IV) bromide and indium(lll) 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(ll) bromide and tin(IV) bromide, or a 
combination of calcium bromide, manganese(ll) bromide, and bismuth(lll) bromide.

[0067] The composition formed has a density of 14.3 ppg (1.71 kg/L) or more, preferably of 
14.6 ppg (1.75 kg/L) or more; and a true crystallization temperature of 20°F (-6.7°C) or less, 
preferably 1.0°F (-12.2°C) or less. An aqueous brine in which the only salt is manganese(ll) 
bromide at a density of 15.0 ppg (1.80 kg/L) has a true crystallization temperature of-10.3°C. 
In some embodiments, the compositions formed preferably have densities of 14.8 ppg (1.77 
kg/L) or more, or preferably 15.0 ppg (1.80 kg/L) or more, or more preferably 15.1 ppg (1.81 
kg/L) or more. In other embodiments, especially when the inorganic bromide salts are calcium 
bromide and another inorganic bromide selected from tin(IV) bromide, bismuth(lll) bromide, or 
indium(lll) bromide, the compositions preferably have densities of 16.0 ppg (1.92 kg/L) or 
more. When in combination with calcium bromide, the other inorganic bromide salt is usually in 
an amount of 3.0 wt% to 45 wt%, preferably 5 wt% to 40 wt%; more preferably 6 wt% to 35 
wt%, relative to the total weight of the composition formed. When calcium bromide is used in 
combination with manganese(ll) nitrate, the manganese(ll) nitrate is usually in the range of 30 
wt% to 75 wt%, sometimes preferably 35 wt% to 70 wt%, sometimes preferably 10 wt% to 50 
wt%, relative to the total weight of the composition formed. When calcium bromide or 
manganese(ll) bromide is used in combination with a water-soluble polytungstate salt, the
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water-soluble polytungstate salt is typically in the range of 5 wt% to 40 wt%, preferably 10 wt% 
to 35 wt%, relative to the total weight of the composition formed. When a combination of lithium 
bromide and one or more alkali metal polytungstate salts is used, the alkali metal polytungstate 
salt is generally in the range of 5 wt% to 40 wt%, preferably 10 wt% to 35 wt%, relative to the 
total weight of the composition formed.

[0068] In some preferred processes, the water, inorganic bromide salt(s) and, when used, one 
or more other water-soluble inorganic salts are combined to form an aqueous solution. In other 
preferred processes, one or more inorganic bromide salts are formed during the process from 
hydrogen bromide and/or bromine and an inorganic oxide and/or hydroxide. The inorganic 
oxide and/or hydroxide is preferably selected from oxides and/or hydroxides of calcium, 
manganese(ll), tin(ll), tin(IV), bismuth(lll), indium(lll), and mixtures of any two or more of the 
foregoing. When oxides and/or hydroxides of calcium are used, one or more other water­
soluble inorganic salts, preferably selected from an inorganic bromide salt, manganese(ll) 
nitrate, and a water-soluble polytungstate salt, are also included. When oxides and/or 
hydroxides of manganese are used, they are preferably used in combination with one or more 
other water-soluble inorganic salts preferably selected from an inorganic bromide salt, 
manganese(ll) nitrate, and a water-soluble polytungstate salt. For lithium bromide in 
combination with a water-soluble polytungstate salt, lithium bromide can be formed from lithium 
oxide and/or hydroxide with hydrogen bromide and/or bromine.

[0069] Preferred combinations of inorganic oxides and/or hydroxides are oxides and/or 
hydroxides of manganese(ll), tin(ll), tin(IV), indium(lll), and/or bismuth(lll), in combination with 
calcium bromide or oxides and/or hydroxides of calcium. Also preferred as the inorganic oxides 
and/or hydroxides are combinations of calcium bromide or oxides and/or hydroxides of calcium 
with oxides and/or hydroxides of manganese(ll); and/or tin(IV); combinations of calcium 
bromide or oxides and/or hydroxides of calcium with oxides and/or hydroxides of 
manganese(ll) and oxides and/or hydroxides of tin(IV), or a combination of calcium bromide 
with oxides and/or hydroxides of manganese(ll) bromide and oxides and/or hydroxides 
bismuth(lll) bromide. When only one inorganic bromide salt is present, preferred inorganic 
oxides and/or hydroxides are oxides and/or hydroxides of tin(IV), and oxides and/or hydroxides 
of indium(lll), especially oxides and/or hydroxides of tin(IV).

[0070] Optionally, the processes further comprise heating the aqueous brine during and/or 
after combining the components; temperatures and preferences therefor are as described 
above.

[0071] These preferred processes can further comprise adjusting the pH to a value in the 
range of 1 to 7 by adding an acid and/or an inorganic oxide and/or hydroxide to the aqueous 
brine composition; preferably, the inorganic oxide and/or hydroxide is an oxide and/or 
hydroxide of calcium, manganese(ll), or tin(ll), tin(IV), bismuth(lll), indium(lll), or mixtures of 
any two or more of these. Preferred pH ranges are as described above.

[0072] Naturally-occurring manganese is present in manganese nodules, more accurately
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called polymetallic nodules, on the seabed. These nodules are formed in oceans throughout 
the world, and the most abundant metals in these nodules are manganese and iron.

[0073] The following examples are presented for purposes of illustration, and are not intended 
to impose limitations on the scope of this invention.

[0074] In the following Examples, the densities of the solutions were determined by the 
oscillating U-tube technique, which measures the frequency of the oscillation of the liquid 
sample.

[0075] True crystallization temperature determinations in the Examples were determined by 
one of the two the procedures described here.
Classical procedure. A jacketed glass tube containing 50 mL of sample was mechanically 
stirred while being cooled using a recirculating bath containing a cooling fluid (for example, 
glycol). When the sample reached a temperature about 10°C above the expected first crystal 
to appear (FCTA) temperature, the sample was cooled at a rate of approximately 0.5°C/min. or 
a smaller temperature increment until the TCT (true crystallization temperature) is observed. 
The FCTA temperature was recorded at the lowest temperature reached before precipitation, 
and the TCT was recorded at the highest temperature achieved immediately after precipitation 
started. The sample was removed from the recirculating bath and warmed; when all of the 
precipitate had disappeared, the last crystal to dissolve (LCTD) temperature was recorded. 
Each determination was run with a seed crystal of silica (< 50 μm, -0.03 g) in the sample.
Instrument procedure. A sample cup containing 0.25 mL of the sample was placed in a 
Cloud, Pour, and Freeze Point Lab Analyzer (model no. 70Xi; Phase Technology, Richmond, 
Canada), and the sample was cooled at 0.5 degrees Celsius per minute until freezing was 
detected by diffusive light-scattering.

COMPARATIVE EXAMPLE 1

[0076] Measurements of the true crystallization temperature (TCT) were made on three 
samples of calcium bromide aqueous solutions. These samples contained only water and 
calcium bromide. Results are summarized in Table 1 below.

COMPARATIVE EXAMPLE 2

[0077] Two samples were prepared starting from 50.0 g of an aqueous CaBr2, solution having 

a density of 14.2 ppg (1.70 kg/L). To one sample more CaBr2 (4.32 g) was added; to the other 

sample, ZnBr2 (3.19 g) was added. Results are summarized in Table 1 below.

COMPARATIVE EXAMPLE 3
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[0078] Two samples were prepared starting from 40.0 g of an aqueous CaBr2 solution having 

a density of 12.8 ppg (1.53 kg/L). To one sample more CaBr2 (13.18 g) was added; to the 

other sample, ZnBr2 (11.90 g) was added. Results are summarized in Table 1 below.

COMPARATIVE EXAMPLE 4

[0079] A series of samples was prepared starting from 50.0 g of an aqueous CaBr2 solution 

having a density of 14.2 ppg (1.70 kg/L). The salts LiBr (4.18 g), SrBr2*6H 2O (7.01 g), and 

BaBr2 (2.21 g) were added to separate CaBr2 solutions. Testing of the strontium-containing 

and barium-containing samples was discontinued due to solubility and density issues.

[0080] Another series of samples was prepared, starting from 40.0 g of an aqueous CaBr2 

solution having a density of 12.8 ppg (1.53 kg/L). The salts LiBr (15.18 g), and MgBr2*6H 2O 

were added to separate CaBr2 solutions. Testing of the magnesium-containing sample was 

discontinued due to solubility and density issues. Results are summarized in Table 1 below.
TABLE 1

Compar. 
Ex. Run Inorganic 

bromides

Non-CaBr2 i 
bromide 
amount3

Total 
bromide 
amount3

Density TCTb

1

a CaBr2 none 56.3 wt%
14.76 ppg 

(1.769 
kg/L)

35.6°F (2.0°C)

b CaBr2 none 56.0 wt%
14.68 ppg 

(1.759 
kg/L)

32.9°F (0.5°C)

c CaBr2 none 55.4 wt%
14.58 ppg 

(1.747 
kg/L)

24.8°F (-4.0°C)

2

a CaBr2 none 56.9 wt%
14.54 ppg 

(1.742 
kg/L)

22.1 °F(-5.5°C)

b
CaBr2,
ZnBr2 6.0 wt% 56.0 wt%

14.57 ppg 
(1.746 
kg/L)

<-5.8°F(<-21,0°C)

3

a CaBr2 none 58.5 wt%
14.63 ppg 

(1.753 
kg/L)

26.6°F (-3.0°C)

b
CaBr2,
ZnBr2 22.9 wt% 57.5 wt%

14.67 ppg 
(1.757 
kg/L)

<-5.8°F(<-21,0°C)
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Compar. 
Ex. Run Inorganic 

bromides

Non-CaBr2 
bromide 
amount3

Total 
bromide 
amount3

Density TCTb

a CaBr2, 
LiBr 7.7 wt% 56.8 wt%

14.55 ppg 
(1.743 
kg/L)

33.8°F(1.0°C)

b
CaBr2, 

LiBr 27.5 wt% 66.1 wt%
14.60 ppg 

(1.749 
kg/L)

39.2°F (4.0°C)

3Relative to total weight of solution.
bTrue crystallization temperature; determined by the classical procedure.

EXAMPLE 1

[0081] A sample was prepared starting from 50.0 g of an aqueous CaBr2 solution having a 

density of 14.2 ppg (1.70 kg/L). MnBr2 (3.27 g) was added to the CaBr2 solution. Results are 

summarized in Table 2 below.

EXAMPLE 2

[0082] A sample was prepared starting from 40.0 g of an aqueous CaBr2 solution having a 

density of 12.8 ppg (1.53 kg/L). MnBr2 (10.18 g) was added to the CaBr2 solution. Results are 

summarized in Table 2 below.

EXAMPLE 3

[0083] Five separate samples were prepared by adding an amount of MnBr2 to aqueous 

CaBr2 solutions of densities ranging from 13.4 to 14.0 ppg (1,61 to 1.68 kg/L) to obtain 

aqueous brines with densities of about 14.6 to 15.1 ppg (1.75 to 1.81 kg/L). Some of the 
samples were filtered to remove haziness. All of the samples were then analyzed to determine 
their density and true crystallization temperature (TCT). Results are summarized in Table 2 
below.

EXAMPLE 4

[0084] Into a 500 ml flask was placed 160 grams of a CaBr2 solution having a density of 14.2
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ppg (1.70 kg/L). The solution was heated to 60°C and then 30 grams of SnBr2 powder was 

added with stirring. After stirring for about 1 hour at 60°C, all of the SnBr2 had dissolved, to 

give a hazy light tan solution. The solution was cooled to ambient temperature and then 
vacuum filtered through a 1 micron filter medium, to give a clear colorless solution having a 
density of 16 ppg (1.9 kg/L). To a portion (about 90 g) of this solution, deionized water (9 g) 
was added to give, after mixing, a solution with a density of 15 ppg (1.8 kg/L). Both samples 
were stored in a 6 to 7°F (-14.4 to -13.9°C) freezer overnight, and after 24 hours remained 
clear and colorless with no precipitate. Results are summarized in Table 2 below.

EXAMPLE 5

[0085] Into a 3 L jacketed round-bottom flask equipped with a mechanical stirrer, a 
thermocouple, and an addition funnel was charged aqueous CaBr2 (14.2 ppg; 673.68 g), 

deionized water (126.32 g), and MnO powder (99 wt%, 67.92 g). While mixing, this slurry was 
heated at 67°C, and aqueous HBr (48 wt%; 320.96 g) was added over 1 hour via the addition 
funnel. After holding at 67°C for 40 minutes, aqueous NaOH (50 wt%) or aqueous HBr (48 
wt%) was used to titrate the pH to 4.89; some solid formation was observed. The total amount 
of HBr and/or NaOH solution added was less than 10 g. After cooling to room temperature, the 
mixture was filtered under vacuum, more aqueous HBr (48 wt%) was added to adjust the pH to 
3.0 to 3.5. A total of 2.04 g of NaOH solution was added; less than 5 g of aqueous HBr were 
added. Water (159 g) was removed under weak vacuum at 54°C to give a clear pink solution 
(1004 g) with a density of 1.78 g/mL (14.8 ppg) and a pH of 3.4. Results are summarized in 
Table 2 below.

EXAMPLE 6

[0086] Into a 3 L jacketed round-bottom flask equipped with a mechanical stirrer, a 
thermocouple, and an addition funnel was charged aqueous CaBr2 (14.2 ppg; 673.68 g), 

deionized water (126.32 g), and MnO powder (99 wt%, 67.92 g). While mixing, this slurry was 
heated at 67°C and aqueous HBr (48 wt%; 320.96 g) was added over 1 hour via the addition 
funnel. After holding at 67°C for 35 minutes, aqueous HBr (48 wt%; 0.12 g) was added to 
titrate the pH to 3.18; some solid formation was observed. After cooling to room temperature, 
the mixture was filtered under vacuum. Water (165.6 g) was removed under weak vacuum at 
54°C to give a clear pink solution (1010 g) with a density of 1.78 g/mL (14.9 ppg) and a pH of 
3.03. Results are summarized in Table 2 below.
TABLE 2
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EXAMPLE 7

Ex. Run Inorganic 
bromides

Non-CaBr2 
bromide 
amount3

Total bromide ί 
amount3 Density TCTb

1
CaBr2,
MnBr2 6.1 wt% 56.1 wt% 14.76 ppg 

(1.769 kg/L)
10.4°F

(-12.0°C) I

2
CaBr2,
MnBr2 20.3 wt% 56.0 wt% 14.63 ppg 

(1.753 kg/L) <-13°F (-25°C)

3
a

CaBr2,
MnBr2 9.3 wt% 56.5 wt% 14.89 ppg 

(1.784 kg/L)
<-7.6°F
(-22°C)

b
CaBr2,
MnBr2 14.4 wt% 56.5 wt% 15.01 ppg 

(1.799 kg/L)
-9.4°F

(-23.0°C) I

c
CaBr2,
MnBr2 13.6 wt% 55.3 wt% 15.10 ppg 

(1.809 kg/L)
7.7°F

(-13.5°C) I

d
CaBr2,
MnBr2 13.6 wt% 57.6 wt% 14.67 ppg 

(1.758 kg/L)
<-13°F
(-25°C)

e
CaBr2,
MnBr2 20.1 wt% 57.2 wt% 14.63 ppg 

(1.753 kg/L)
<-13°F
(-25°C)

4
a

CaBr2,
SnBr2 15.8 wt% 60.6 wt% 16 ppg (1.9 

kg/L) lowc

b
CaBr2,
SnBr2 6.4 wt% 47.1 wt% 15 ppg (1.8 

kg/L) lowc

5 - CaBr2, 
MnO/HBr 20.0 wt%d 55.7 wt% 14.8 ppg 

(1.78 kg/L) -14.8°F(-26°C)

6 --
CaBr2, 

MnO/HBr 20.1 wt%d 55.6 wt% 14.9 ppg 
(1.78 kg/L) -13°F (-25°C)

a Relative to total weight of solution.
b True crystallization temperature; determined by the classical procedure.
c Below the temperature of the freezer (6 to 7°F; -14.4 to -13.9°C); no precipitate 
had formed in the samples after 1 week in the freezer.
d Calculated as MnBr2.

[0087] Several CaB^/MnB^ aqueous brine samples with different pH values were prepared

starting from a CaB^/MnB^ aqueous brine prepared as in Example 5. The pH value of each

sample was adjusted by adding aqueous HBr (48 wt%) and/or aqueous NaOH (50%) until the
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desired pH value was reached. In each sample, the total amount of HBr and/or NaOH solution 
added was less than 5 g. Some of the samples to which NaOH was added formed a small 
amount of precipitate; these samples were filtered. These samples with different pH values 
were placed in a 60°C oven to heat-age for one week. The turbidity and presence or absence 
of a precipitate were observed visually and recorded at the end of the week. Results are 
summarized in Table 3 below.

EXAMPLE 8

[0088] Several CaB^/MnB^ aqueous brine samples with different pH values were prepared 

starting from a CaB^/MnB^. aqueous brine prepared as in Example 5. The pH value of each 

sample was adjusted by adding aqueous HBr (48 wt%) and/or aqueous NaOH (50%) until the 
desired pH value was reached. In each sample, the total amount of HBr and/or NaOH solution 
added was less than 10 g. Some of the samples to which NaOH was added formed a small 
amount of precipitate; these samples were filtered. To some of the samples, enough glycerol 
was added to make a solution containing either 5 wt% or 10 wt% glycerol. These samples were 
placed in a 60°C oven to heat-age for one week. The turbidity and presence or absence of a 
precipitate were observed visually and recorded at the end of the week. Results are 
summarized in Table 3 below.

EXAMPLE 9

[0089] Example 8 was repeated, except that the samples were allowed to sit at ambient 
temperature rather than oven-aging. Results are summarized in Table 3 below.

EXAMPLE 10

[0090] Several CaB^/MnB^ aqueous brine samples having a pH of about 3.5 or less as in 

Example 5 were used. To these samples, enough glycerol was added to make a solution 
containing either 5 wt% or 10 wt% glycerol. All of these solutions remained clear; no precipitate 
was observed in any of the solutions over time at room temperature.
TABLE 3

Ex. Inorganic bromides
Glycerol 

amt.a pH Turbidity Precip. Aging temp.

1.00 clear none
1.99 clear none
3.00 clear none
3.16 clear none
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Ex. Inorganic bromides Glycerol 
amta pH Turbidity Precip. Aging temp.

7 CaBr2, MnBr2 0 3.30 clear none 60°C
3.40 clear none
3.62 cloudy none
3.99 cloudy yes
4.28 cloudy yes

8 CaBr2, MnBr2 θ 4.58 cloudy yes
60°C

5% 4.58 cloudy none

0 4.28 cloudy yes
5% 4.28 clear none
10% 4.28 clear none

9 CaBr2, MnBr2

0 4.58 cloudy yes

ambient
5% 4.58 clear none

o 4.28 cloudy yes
5% 4.28 clear none
10% 4.28 clear none

a Relative to total weight of solution.

EXAMPLE 11

[0091] A sample was prepared starting from 100.0 g of an aqueous CaBr2/MnBr2 (1.75:1 

(wt:wt) CaBr2:MnBr2) clear brine fluid having a density of 15.0 ppg (1.80 kg/L). SnBr2 (7.00 g) 

was mixed with the CaBr2/MnBr2 clear brine fluid at 48°C. After the solids had dissolved, the 

mixture was cooled to room temperature and then vacuum filtered through a 2 micron glass 
filter, to give a clear liquid having a density of 15.8 ppg (1.89 kg/L). Some of the water was 
removed under vacuum at 54°C to give a clear brine fluid with a density of 16.0 ppg (1.92 
kg/L). A sample of this clear brine fluid was analyzed to determine its true crystallization 
temperature (TCT), which was below -23°C. Results are summarized in Table 4 below.

[0092] In Examples 12, 13, 14, 15 and 16, the densities were measured with calibrated 
graduated cylinders. In this method, a 50 mL graduated cylinder was calibrated using 30.000 g 
of deionized water. The volume (29.7 mL) was recorded to calibrate the scale on the 
graduated cylinder. Each well fluid sample (29.7 mL) was weighed, and the density was 
calculated by using the following formula: density (g/mL) = mass (g)/29.7 mL. For smaller 
sample sizes, a 10 mL graduated cylinder was calibrated and used in the same manner to 
determine the densities.



DK/EP 3180408 T3

EXAMPLE 12

[0093] Several samples were prepared by mixing an amount of either SnBr4 (4.00 g; 9.00 g) or 

BiBrß (4.00 g; 6.00 g) with 27.00 g of an aqueous CaBr2/MnBr2 (1.75:1 (wt:wt) CaB^MnB^) 

clear brine fluid having a density of 14.8 ppg (1.77 kg/L). All of the samples were then analyzed 
to determine their density. Each sample was filtered through a 1 micron syringe filter, and a 
portion of each sample was placed in a freezer at -16°C, and another portion of each sample 
was placed in an oven at 60°C. All of the samples in both the oven and the freezer remained 
clear after 3 days or longer. Results are summarized in Table 4 below.
TABLE 4

3 Relative to total weight of solution.

Ex.
Run

Inorganic 
bromides

Non-CaBr2 
bromide 
amount3

MnBr2 
amount3

Total 
bromide 
amount3

Density Soln, remained 
clear at-16°C

11 ■■
CaBr2, 
MnBr2, 
SnBr2

26.3 wt% 19.6 
wt% 60.6 wt%

16.0 i 
ppg : 

(1.92 i 
kg/L) j

at least one 
week

12

θ
CaBr2, 
MnBr2, 
SnBr4

30.6 wt% 17.7 
wt% 61.5 wt%

16.1 I 
ppg 

(1.93 
kg/L)

at least one 
weekb

b
CaBr2, 
MnBr2, 
SnBr4

40.3 wt% 15.3 
wt% 66.9 wt%

17.5
ppg 

(2.10 i 
kg/L) I

at least 3 daysc

c
CaBr2, 
MnBr2, 
SnBr4

34.9 wt% 16.7
wt% 64.0 wt%

16.7 
ppg : 

(2.00 i 
kg/L) I

at least one day

d
CaBr2, 
MnBr2,
BiBr3

30.6 wt% 17.7 
wt% 61.5 wt%

16.3 ί 
ppg : 

(1.95 i 
kg/L) j

at least one 
weekc

e
CaBr2, 
MuBr2,
BiBr3

41.0 wt% 20.7
wt% 61.5 wt%

16.5 I 
ppg 

(1.98 
kg/L)

at least one 
week

b True crystallization temperature -34.95°C; determined by the instrument
procedure.
c True crystallization temperature below -32°C; determined by the instrument
procedure.
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EXAMPLE 13

[0094] Two samples were prepared by mixing an amount of SnBr2 (1.30 g; 4.00 g) with 27.00 

g of an aqueous CaBr2/MnBr2 (1.75:1 (wt:wt) CaB^MnB^) clear brine fluid having a density of 

15.3 ppg (1.83 kg/L). Both of the samples were then analyzed to determine their density. Each 
sample was filtered through a 1 micron syringe filter, then enough formic acid to make a 
concentration of 2000 ppm in the solution was added. Then a portion of each sample was 
placed in a freezer at -16°C, and another portion of each sample was placed in an oven at 
60°C. The samples in both the oven and the freezer remained clear after one week. Results 
are summarized in Table 5 below.

EXAMPLE 14

[0095] Two separate samples were prepared by mixing either SnBr2 (6.00 g) or BiBr3 (6.00 g) 

with an aqueous CaBr2 solution containing formic acid (2000 ppm) and having a density of 

14.2 ppg (1.70 kg/L). Both of the samples were then analyzed to determine their density. Each 
sample was filtered through a 1 micron syringe filter, then enough formic acid to make a 
concentration of 2000 ppm in the solution was added. Then a portion of each sample was 
placed in a freezer at -16°C, and another portion of each sample was placed in an oven at 
60°C. The samples in both the oven and the freezer remained clear overnight or longer. 
Results are summarized in Table 5 below.
TABLE 5

Ex. Run Inorganic 
bromides

Non-CaBr2 | 
bromide 
amount3

MnBr2 
amount3

Total 
bromide 
amount3

Density
Soln, 

remained 
clear at -16°C

13

a
MnBr2,
SnBr2 24.0 wt% 19.4 

wt% 57.9 wt%
15.9 ppg

(1.90 
kg/L)

at least one 
week

b
CaBr2, 
MnBr2, 
SnBr2

30.6 wt% 17.7 
wt% 61.5 wt%

16.3 ppg
(1.95 
kg/L)

at least one 
week

14

a
CaBr2,
SnBr2 18.2 wt% none 61.7 wt%

16.2 ppg
(1.94 
kg/L)

at least 
overnight

b
CaBr2,
BiBr3 18.2 wt% none 61.7 wt%

16.6 ppg
(1.99 
kg/L)

at least 2 
days

a Relative to total weight of solution.
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EXAMPLE 15

[0096] Several samples were prepared by mixing an amount of one or more inorganic bromide 
salts, and in some instances deionized water and formic acid, with an amount of an aqueous 
calcium bromide solution having a density of 14.2 ppg (1.70 kg/L; WellBrom®, Albemarle 
Corporation). Each mixture was heated to dissolve the solids. Details for each solution are as 
follows:

formic acid (80.0 mg) and lnBr3 (6.00 g); deionized water (0.50 g) had been added to 27.00 g 

of the calcium bromide solution; heating was at 50°C;

lnBr3 (6.90 g) and 27.00 g of the calcium bromide solution; heating was at 48 to 50°C;

an aqueous solution of MnBr2 (14.10 g; 50.3 wt%) and lnBr3 (6.96 g); 13.15 g of the calcium 

bromide solution; heating was at 48 to 50°C; and

formic acid (80.0 mg) and SnBr4 with 27.00 g of the calcium bromide solution, to which 

deionized water (0.73 g) had been added; heating was at 49°C.

[0097] After the solids had dissolved, the mixture was cooled to room temperature. After 
cooling to room temperature, each solution was analyzed to determine its density. A sample 
from each solution was placed in a freezer at -16°C, and another sample from each solution 
was placed in an oven at 60°C. Results are summarized in Table 6 below.

EXAMPLE 16

[0098] A sample was prepared by mixing SnBr4 (10.17 g) and deionized water (4.11 g) 

containing HBr (0.02 g; 48%). The mixture was heated at 35°C to dissolve the solids. After the 
solids had dissolved, the mixture was cooled to room temperature, yielding a clear liquid 
having a density of 18.8 ppg (2.25 kg/L). A sample from the solution was placed in a freezer at 
-16°C, and another sample from the solution was placed in an oven at 60°C. The samples in 
both the oven and the freezer remained clear after 72 hours. Results are summarized in Table 
6 below.

EXAMPLE 17

[0099] A sample was prepared by mixing lnBr3 and deionized water in amounts to form a clear
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solution having a density of 16.0 ppg (1.92 kg/L), a sample of which was placed in a freezer at 
-16°C. Results are summarized in Table 6 below.

EXAMPLE 18

a Relative to total weight of solution.
b True crystallization temperature below -32°C; determined by the instrument 
procedure.

Ex. Run Inorganic 
bromide(s)

Non-CaBr2 
bromide 
amount3

Total 
bromide 
amount3

Formic 
acid3

Density Soln, remained : 
clear at-16°C

15

a
CaBr2, 
lnBr3 17.9 wt% 60.8 wt% 2280

PPm

16.0 
PP9 

(1.92 
kg/L)

at least 6 days

b
CaBr2, 
MnBr2, 
lnBr3

36.6 wt% 64.9 wt% none

17.2 
ppg 

(2.06 
kg/L)

at least 72 hrs.b

c
CaBr2, 
MnBr2, 
lnBr3

41.0 wt% 61.5 wt% none

16.6 
ppg 

(1.99 
kg/L)

at least 96 hrs.

d
CaBr2,
SnBr4 24.5 wt% 63.7 wt% 2700 

ppm

16.5 
ppg 

(1.98 
kg/L)

at least 6 days

16 — SnBr4 71.1 wt% 71.1 wt% none

18.8 
ppg 

(2.25 
kg/L)

at least 72 hrs.

17 — lnBr3 60 wt% 60 wt% none

16.0 
ppg 

(1.92 
kg/L)

at least 24 hrs.

[0100] Several samples were prepared by dissolving an amount of Μη(Νθ3)2·Η2θ in deionized 

water at ambient temperature, adding CaBr2 to the solution, and in some instances also adding 

HNO3 or HCI. Each mixture was heated to dissolve the solids. Details for each solution are as 

follows:

1. a) Μη(ΝΟ3)2·Η2Ο (24.4 g) and deionized water (10.70 g), CaBr2 (20.45 g) added at
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56°C;
2. b) Μη(Νθ3)2’Η2θ (12.20 g) and deionized water (5.35 g), CaBr2 (10.23 g), HNO3 (cone., 

65 mg) was then added;
3. c) Mn(NO3)2’H2O (12.20 g) and deionized water (2.09 g), CaBr2 (5.02 g);

4. d) Mn(NO3)2’H2O (12.20 g) and deionized water (5.35 g), then added HCI (cone.; 58 

mg), then CaBr2 (10.23 g).

[0101] After the solids had dissolved, each mixture was cooled to room temperature. The 
cooled solutions were clear. After cooling to room temperature, each sample was filtered 
through a 1 micron syringe filter and analyzed to determine its density. A portion of each 
sample was placed in a freezer at -16°C. All of the samples in the freezer remained crystal-free 
for at least one week. Results are summarized in Table 7 below.

EXAMPLE 19

[0102] A sample was prepared by adding Mn(NO3)2’H2O (3.00 g) to an aqueous CaBr2 

solution (57.6 wt%, 25.05 g). The mixture was heated to 50°C and then cooled to room 
temperature to give a clear, light pink solution with a density of 15.3 ppg (1.83 kg/L). After 
filtration through a 1-micron syringe filter, a portion of the sample was placed in a freezer at 
-16°C, and another portion of the sample was placed in an oven at 60°C. Both samples remain 
clear after 24 hours. Results are summarized in Table 7 below.
TABLE 7

Ex. Run Inorganic 
bromide

Total 
bromide 
amount3

Total 
Mn(NO3)2 
amount3

Acid Density Soln, remained 
clear at-16°C

18 θ CaBr2 36.8 wt% 43.9 wt% —
14.9 ppg

(1.79 
kg/L)

at least one 
week

18 b CaBr2 36.7 wt% 43.8 wt% HNO3
14.9 ppg

(1.79 
kg/L)

at least one 
week

18 c CaBr2 26.0 wt% 57.2 wt% —
15.1 ppg

(1.81 
kg/L)

at least one 
week

18 d CaBr2 36.7 wt% 39.7 wt% HCI
15.0 ppg

(1.80 
kg/L)

at least one 
week

19 CaBr2 51.4 wt% 10.7 wt% —
15.3 ppg

(1.83 
kg/L)

at least 24 hrs.
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a Relative to total weight of solution

EXAMPLE 20

[0103] Several samples were prepared by diluting an aqueous solution of either CaBr2 or 

MnBr2 with deionized water and adding an amount of sodium metatungstate to the diluted 

solution at ambient temperature. Each mixture was then heated. Details for each solution are 
as follows:

1. a) CaBr2 (aq., 53.2 wt%, 15.05 g), deionized water (2.81 g), sodium metatungstate 

hydrate (4.50 g); heating was at 54-56°C;
2. b) MnBr2 (aq., 50 wt%, 15.00 g), deionized water (2.00 g), sodium metatungstate 

hydrate (3.29 g); heating was at 35°C;
3. c) MnBr2 (aq., 50 wt%, 15.00 g), deionized water (2.00 g), sodium metatungstate 

hydrate (6.00 g); heating was at 50 to 58°C.

[0104] After the solids had dissolved, each mixture was cooled to room temperature. After 
cooling to room temperature, each sample was filtered through a 1 micron syringe filter, and 
clear, colorless solutions were obtained. Each sample was then analyzed to determine its 
density. A portion of each sample was placed in a freezer at -16°C. All of the samples in the 
freezer remained clear at least overnight. Results are summarized in Table 8 below.

EXAMPLE 21

[0105] Two samples were prepared by mixing an amount of lithium bromide with a 
metatungstate salt. Details for each solution are as follows:

1. A) LiBr (8.00g) was dissolved in deionized water (12.04 g). Into this solution was added 
sodium metatungstate hydrate (8.33 g), to give a colorless solution with a density of 15.0 
ppg (1.80 kg/L); and

2. B) LiBr (10.00g) was dissolved in deionized water (10.00 g). Into this solution was added 
an aqueous lithium metatungstate solution (p = 2.95 g/mL) to give a colorless solution 
with density of 16.3 ppg (1.95 kg/L).

[0106] Each solution was filtered through a 1-micron syringe filter, after which a portion of each
sample was placed in a freezer at -16°C, and another portion of each sample was placed in an
oven at 60°C. Both the freezer and oven samples from run A remained clear after one week.
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Both the freezer and oven samples from run B remained clear after at least 20 hours. Results 
are summarized in Table 8 below.
TABLE 8

Ex. Run Inorganic 
bromide

Total bromide 
amount3

Total metatungstate 
salt amount3

Density TCTb

20 a CaBr2 35.8 wt% 20.0 wt% 14.9 ppg 
(1.79 kg/L) -27.8°C

20 b MnBr2 37.0 wt% 18.8 wt% 15.3 ppg 
(1.83 kg/L)

—c

20 c MnBr2 32.6 wt% 25.9 wt% 16-4 ppg 
(1.97 kg/L) -31,01°C

21 A LiBr 28.2 wt% 29.4 wt% 15.0 ppg 
(1.80 kg/L) -29.8°C

21 B LiBr 16.3 ppg 
(1.95 kg/L)

„d

a Relative to total weight of solution.
b True crystallization temperature; determined by the instrument procedure.
c Solution remained clear at -16°C overnight.
d Solution remained clear at -16°C for at least 20 hours.
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PATENTKRAV

1. Sammensætning, der er zinkfrit, vandigt saltvand med en densitet på 1,71 kg/L 

(14,3 pund pr. gallon) eller mere, og en sand krystallisationstemperatur på -6,7°C (20°F) 

eller mindre, hvilken sammensætning omfatter vand og ét eller flere uorganiske bromidsal- 

te, med betingelserne at:

når calciumbromid foreligger, er der også ét eller flere andre vandopløselige uorgani­

ske salte foreliggende, hvor det andet vandopløselige uorganiske salt er valgt fra uorganisk 

bromidsalt og mangan(II)nitrat,

når lithiumbromid foreligger, er calciumbromid undladt,

når bismuth(III)bromid foreligger, foreligger der også ét eller flere andre vandoplø­

selige uorganiske salte, og

for en sand krystallisationstemperatur på -12,2°C (10°F) eller mindre, når man- 

gan(II)bromid foreligger, foreligger der også én eller flere andre vandopløselige uorganiske 

salte.

2. Sammensætning ifølge krav 1, hvor det uorganiske bromidsalt er:

mangan(II)bromid, tin(II)bromid, tin(IV)bromid, indium(III)bromid, eller en blanding 

af hvilke som helst to eller flere af disse; eller

en kombination af calciumbromid og ét eller flere uorganiske bromidsalte valgt fra 

mangan(II)bromid, tin(II)bromid, tin(IV)bromid, bismuth(III)bromid, indium(III)bromid, 

eller en blanding af hvilken som helst to eller flere af disse; eller

en kombination af bismuth(III)bromid og ét eller flere uorganiske bromidsalte valgt 

fra mangan(II)bromid, tin(II)bromid, tin(IV)bromid, indium(III)bromid, eller en blanding af 

hvilke som helst to eller flere af disse; eller

hvor kun ét uorganisk bromidsalt foreligger, og det uorganiske bromidsalt er 

tin(IV)bromid eller indium(III)bromid.

3. Sammensætning ifølge krav 2, hvor det uorganiske bromidsalt er en kombination 

af calciumbromid og mangan(II)bromid, en kombination af calciumbromid, man- 

gan(II)bromid og tin(IV)bromid, eller en kombination af calciumbromid, mangan(II)bromid 

og bismuth(III)bromid.

4. Sammensætning ifølge krav 1, hvor det andet vandopløselige uorganiske salt, der 

er til stede med bismuth(III)bromid, er et uorganisk bromidsalt.

5. Sammensætning ifølge krav 1, hvor det uorganiske bromidsalt er man- 

gan(II)bromid, hvor ét eller flere andre vandopløselige uorganiske salte foreligger, og hvor 

det ene eller flere andre vandopløselige uorganiske salte er mangan(II)nitrat eller et vand­

opløseligt polywolframatsalt.

6. Sammensætning ifølge et hvilket som helst af kravene 1-3, hvor sammensætnin­

gen har en densitet på 1,75 kg/L (14,6 pund pr. gallon) eller mere.

7. Sammensætning ifølge et hvilket som helst af kravene 1-3, hvor sammensætnin­

gen har en densitet på 1,80 kg/L (15,0 pund pr. gallon) eller mere.
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8. Sammensætning ifølge krav 1, hvor:

det uorganiske bromidsalt er en kombination af calciumbromid og man- 

gan(II)bromid, og sammensætning har en densitet på 1,75 kg/L (14,6 pund pr. gallon) 

eller mere, og en pH-værdi i området 2,5 til 5; eller

det uorganiske bromidsalt er en kombination af calciumbromid, mangan(II)bromid 

og tin(IV)bromid, og sammensætningen har en densitet på 1,80 kg/L (15,0 pund pr. gal­

lon) eller mere; eller

det uorganiske bromidsalt er en kombination af calciumbromid, mangan(II)bromid 

og bismuth(III)bromid, og sammensætningen har en densitet på 1,92 kg/L (16,0 pund pr. 

gallon) eller mere; eller

det uorganiske bromidsalt er calciumbromid, og det andet vandopløselige uorganiske 

salt er mangan(II)nitrat, og sammensætningen har en densitet på 1,74 kg/L (14,5 pund pr 

gallon) eller mere; eller

det uorganiske bromidsalt er mangan(II)bromid, og det andet vandopløselige uorga­

niske salt er et vandopløseligt polywolframatsalt, og sammensætningen har en densitet på 

1,74 kg/L (14,5 pund pr. gallon) eller mere.

9. Sammensætning ifølge et hvilket som helst af kravene 5 eller 8, hvor det vandop­

løselige polywolframatsalt er en alkalimetal-polywolframat, jordalkalimetal-polywolframat 

eller mangan-polywolframat.

10. Fremgangsmåde at fremstille en zinkfri, vandig saltvandsammensætning med en 

densitet på 1,71 kg/L (14,3 pund pr. gallon) eller mere, og en sand krystallisationstempe­

ratur på -6,7°C (20°F) eller mindre, hvilken fremgangsmåde omfatter at kombinere, i en 

hvilken som helst rækkefølge, komponenter omfattende vand og ét eller flere uorganiske 

bromidsalte, med betingelserne at:

når det uorganiske bromidsalt er calciumbromid, foreligger også ét eller flere andre 

vandopløselige uorganiske salte, hvor det andet vandopløselige uorganiske salt er valgt fra 

et uorganisk bromidsalt og mangan(II)nitrat,

når det uorganiske bromidsalt er lithiumbromid, anvendes ikke calciumbromid,

når det uorganiske bromidsalt er bismuth(III)bromid, foreligger også ét eller flere 

andre vandopløselige uorganiske salte, og

for en sand krystallisationstemperatur på -12,2°C (10°F) eller mindre, når det uor­

ganiske bromid er mangan(II)bromid, foreligger også ét eller flere andre vandopløselige 

uorganiske salte.

11. Fremgangsmåde ifølge krav 10, hvor ét eller flere uorganiske bromidsalte frem­

bringes under fremgangsmåden med (i) en uorganisk oxid og/eller hydroxid og (ii) hydro- 

genbromid og/eller brom.

12. Fremgangsmåde ifølge krav 11, hvor den uorganiske oxid/eller hydroxid er

én eller flere oxider og/eller hydroxider af calcium, mangan(II), tin(II), tin(IV), indi-

um(III),
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eller en blanding af to eller flere af hvilke som helst af de ovenstående; eller

én eller flere oxider og/eller hydroxider af mangan(II), tin(IV), og/eller bismuth(III) i 

kombination med calciumbromid, og/eller oxider og/eller hydroxider af calcium.

13. Fremgangsmåde ifølge et hvilket som helst af kravene 10-12, hvor det uorgani­

ske bromidsalt er mangan(II)bromid, tin(II)bromid, tin(IV)bromid, indium(III)bromid, eller 

en blanding af hvilke som helst to eller flere af disse; eller

en kombination af calciumbromid og mangan(II)bromid, tin(II)bromid, 

tin(IV)bromid, bismuth(III)bromid, indium(III)bromid, eller en blanding af hvilke som helst 

to eller flere af disse; eller

en kombination af bismuth(III)bromid og mangan(II)bromid, tin(II)bromid, 

tin(IV)bromid, indium(III)bromid, eller en blanding af hvilke som helst to eller flere af dis­

se; eller hvor kun ét uorganisk bromidsalt foreligger, og det uorganiske bromidsalt er 

tin(IV)bromid eller indium(III)bromid.

14. Fremgangsmåde ifølge krav 13, hvor det uorganiske bromidsalt er en kombinati­

on af calciumbromid og mangan(II)bromid, en kombination af calciumbromid, man- 

gan(II)bromid og tin(IV)bromid, eller en kombination af calciumbromid, mangan(II)bromid 

og bismuth(III)bromid.

15. Fremgangsmåde ifølge krav 10, hvor det uorganiske bromidsalt er bis- 

muth(III)bromid, det andet vandopløselige uorganiske salt er et uorganisk bromidsalt.

16. Fremgangsmåde ifølge krav 10, hvor det uorganiske bromidsalt er man- 

gan(II)bromid, hvor ét eller flere andre vandopløselige uorganiske salte anvendes, og hvor 

det ene eller flere andre vandopløselige uorganiske salte er mangan(II)nitrat eller et vand­

opløseligt polywolframatsalt.

17. Fremgangsmåde ifølge krav 16, hvor det vandopløselige polywolframatsalt er et 

alkalimetal-polywolframat, en jordalkalimetal-polywolframat, eller mangan-polywolframat.

18. Fremgangsmåde ifølge et hvilket som helst af kravene 10-14, hvor sammensæt­

ningen har en densitet på 1,75 kg/L (14,6 pund pr. gallon) eller mere, og/eller hvor det 

uorganiske bromidsalt er i en total mængde på 40 vægt% til 75 vægt%, i forhold til sam­

mensætningens samlede vægt.

19. Fremgangsmåde ifølge et hvilket som helst af kravene 10-14, som yderlige om­

fatter opvarmning under og/eller efter kombineringen.

20. Fremgangsmåde ifølge et hvilket som helst af kravene 10-18, hvor dannet sam­

mensætningen har en sand krystallisationstemperatur på -12,2°C (10°F) eller mindre.

21. Anvendelse af en sammensætning som defineret i krav 1 som borehulfluid.

22. Anvendelse ifølge krav 21, hvor fluidet er en færdiggørelsesvæske (completion 

fluid), borevæske, pakningsvæske (packer fluid) eller arbejdsvæske (workover fluid).

23. Anvendelse ifølge krav 21, hvor fluidet er en klar færdiggørelsesfluid (completion 

fluid).

24. Anvendelse ifølge krav 21 i offshore-brøndkompletteringsaktiviteter med høj-
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tryksreservoirer.


