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Abstract of the Disclosure
It has been discovered that ammonia and amines are useful to increase the pH
and corrosion resistance of high density brines, such as zinc bromide brines, without
significantly reducing their densities. The ammonia or amine additive 1s preterably
incorporated by contacting the brine with the additive which 1s in the vapor phase.
Optionally, a substituted carboxylic acid, such as hydroxy carboxylic acid, may be
used to increase the amount of ammonia or amine that can be included 1n the high

density brine without precipitation of salts.
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BRINE FLUIDS WITH IMPROVED CORROSION PROPERTIES

Field of the Invention

The 1nstant invention relates to brine fluids, such as those used in
recovering hydrocarbons, and more particularly relates, in one embodiment, to high

density brine fluids with improved corrosion resistance.

Background of the Invention

High density brine fluids are known to be applied in situations where
control of pressure in a well is needed. Many soluble salts may be used to achieve the
desired density of the aqueous solution. The more common salts used include, but are
not necessarily limited to, chloride and/or bromide salts of the following cations:
sodium, potassium, calcium and zinc. These salts impart density to the aqueous fluid
by dissolving in the medium. A high density fluid may be understood as one of
greater than about 8.4 pounds/gallon (1.0 kg/l) density, preferably from about 8.4 to
about 22.5 lbs/gal. (1.0-2.7 kg/l), most preferably from about 9.0 to about 22.0
Ibs/gal. (1.1-2.6 kg/l).

The density of these solutions made by dissolving these salts in water
are limited by the molecular weight and the solubility of that salt. Zinc is a preferred
cation. Zinc salts are desired as components of high density brines because of their
relatively high molecular weight and great solubility in water.

Brines, including zinc-containing brines, have low pH in aqueous
solutions inherently. The acid content of these fluids give the brines undesirable
characteristics, one of the greatest of which are high corrosion losses that limit the
uses and applications of these fluids.

A method and composition that would overcome some of the problems

in the conventional brines would be desirable.

Summary of the Invention

An object ot the present invention is to provide a method to raise the
pH and thus raise the corrosion resistance of high density brine fluids.
Another object of the present invention 1s to provide high density

brines having an increased pH and improved corrosion resistance through the em-

ployment of readily available agents.
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In carrying out these and other objects of the invention, there is
provided, in one form, a corrosion resistant brine fluid which contains water; a source
of water soluble cations where the cations are selected from the group consisting of
lithium, sodium, potassium, calcium, zinc, ammonium, cesium, rare earths, and
mixtures thereof to form a brine with the water; and an additive selected from the
group consisting of ammonia, an amine, a salt thereof, a compound capable of
generating ammonia, an amine, and salts thereof, and mixtures thereof where the
ammonia, amine or salt thereof is present in an amount effective to raise the pH of

and decrease the corrosion of the brine.

Detailed Description of the Invention
The addition of an amine or ammonia (or compound capable of

generating amine or ammonia) to a high density brine of sufficient salt content, e.g.
zinc bromide, in a controlled manner has been discovered to reduce the acidity of the
zinc solution.

The 1invention is expected to be useful for any high density fluid
having a density of greater than about 8.4 pounds/gallon (1.0 kg/l), preferably from
about 8.4 to about 22.5 Ibs/gal (1.0-2.7 kg/l), most preferably from about 9.0 to about
22.0 Ibs/gal (1.1-2.6 kg/l) and which has low pH, i.e., which is less than neutral. The
salt in the water to make the brine may be a chloride, bromide, formate or acetate salit.
The salt cations may be lithium, sodium, potassium, calcium, zinc, ammonium,
cesium, and rare earths. Mixtures of salts may also be employed. In one non-limiting
embodiment, zinc sources are preferred, and zinc chloride and zinc bromide are
particularly preferred zinc sources. Rare earths have their common definition of one
or more of a group of 14 chemically related elements in row 6 of the Periodic Table
ranging from lanthanum to ytterbium, inclusive.

The additive may be an amine or ammonia or mixtures thereof, or base
releasing compound, e.g. a compound which can generate amine or ammonia, where
the additive 1s present in an amount effective to raise the pH of and increase the
corrosion 1nhibition of a brine. Generally, the additive may be any neutralizing
compound containing amine functionality, or capable of releasing a neutralizing
compound. While not wishing to be limited to a particular mechanism or explanation

of how the invention operates, the amine may be understood as one which is capable
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of absorbing some of the acid. As non-limiting examples, the additive may include,
but 1s not limited to ammonia, alkyl, aryl or alkylaryl amines of the formula
R'R°R°N, where R', R?, and R’ are independently selected from the group consisting
of hydrogen, or hydrocarbon radical or substituted hydrocarbon radical, where the
substituent is selected from the group consisting of oxygen, sulfur, nitrogen, halogen
and mixtures thereof. It 1s to be understood that any non-interfering substituent may
be placed on the hydrocarbon radical. Substituents such as halides are not reactive in
the system and may also be included. In one embodiment, R! Rz, and R’ are
independently selected from the group consisting of hydrogen, or alkyl, aryl, alkylaryl
or alkyl, aryl, alkylaryl groups having hydroxyl substituents. The alkyl, aryl, or
alkylaryl groups may have from 1 to 12 carbon atoms. In another non-limiting
embodiment, the sum of the total carbon atoms of R', R*, and R, if present, 1s 20 or
less, preferably 10 or less, and in another preferred embodiment is 6 or less. Amines
which are suitable include, but are not necessarily limited to, methylamine,
ethylamine, dimethylamine, trimethylamine, ethylmethylamine, ethyldimethylamine,
ethylenediamine, aniline, and the like.

In a preferred embodiment, the additive should have sufficient vapor
pressure to permit its incorporation into the brine by passing the additive vapor over
the brine. Thus, 1f the carbon number of the additive, i.e., the molecular weight of the
additive, 1s too high, it will not readily be present as a vapor. In another embodiment,
ammonia 1s a preferred additive, for example in its anhydrous form. Anhydrous
ammonia 1S economical and by passing its vapor over the brine, its addition may be
controlled to prevent precipitation. Ammonia has high solubility in heavy brine; and
1t causes minimal reduction in brine density. Ethanolamines serve to lower pH and
inhibit corrosion, but are less desirable because they cause a reduction in brine
density. For example, the addition of, for example, triethanolamine to 17.0 ppg (2.04
kg/l) ZnBr;-CaBr;, brine yields a brine of relatively higher pH, but of lower density.

As noted, compounds capable of releasing or generating a
neutralizing compound, such as ammonia, an amine, or a salt thereof, are suitable
additives as well. Such compounds may be liquids or solids which release the base
relatively slowly. Examples of such compounds include, but are not limited to,
hydroxylamine, hydrazine, amides, azoles, piperidines, piperizines, aziridines, azides,

betaines, amino acids, ureas, guanidines, tetramethylenehexamine, and salts thereof,
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1n short any compound that can release or generate ammonia, an amine, or a salt
thereof that can neutralize acid.

The difficulty of incorporating the additive in liquid form involves a
high localized concentration of the additive which causes precipitates which do not
readily redissolve into the brine. If the liquid is diluted sufficiently to prevent
precipitation, then the brine 1s dilute enough to cause undesired reduction in brine
density. Thus, it is preferred to incorporate the additive in vapor form or in some
other form or by some other technique that would make the introduction gradual
without high local concentrations, and without reducing brine density. While not
wishing to be limited to any one theory, in one non-limiting embodiment, the
precipitates are presumed to contain the cations, such as zinc e.g., but this is
uncertain.

Also 1n a preferred, but non-limiting embodiment, the additive is
present in a concentration ranging from about 0.05 moles additive per mole of cation
(e.g. Zn™") to about 2.0 moles additive per mole of cation, preferably from about 0.05
moles additive per mole of cation to about 1.5 moles additive per mole of cation.
These ranges may be different for cations other than Zn"". Too much of any additive,
such as ammonia, causes a precipitate, which is undesirable. As noted, a preferred
method of incorporating the ammonia or amine into the brine is to pass vapor
containing the additive over the brine solution. In this way, the incorporation of the
additive can be done in a controlled manner. Other ways of contacting the brine with
the additive which is in the vapor phase can be devised. For instance, the additive-
containing vapor can be bubbled up through the brine, or the brine could be sprayed
Into a vessel containing the vaporized additive. In some instances, an inert gas may be
part of the vapor used to contact the brine.

The greater the amount of ammonia (or amine, or salt thereof) added
to the brine, the better the corrosion properties of the brine will be. However,
Increasing proportions of ammonia or amine tends to decrease the stability of the
brine. In some instances, as the concentration of ammonia approaches 1% w/w, the
solution may begin to precipitate. The degree of precipitation is directly proportional

to the amount of ammonia added. This precipitation results in loss of density, which

reduces its utility.
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It has been additionally discovered that blending complexing agents in
the brine before ammonia or amine treatment will suppress the precipitation of salts.
By this mechanism increased amounts of ammonia may be added to the brine (e.g.
zinc) system further reducing acidity without concomitant loss in density.

The complexing agents are substituted carboxylic acids. The
substituted carboxylic acids may include diacids and triacids as well. In a preferred
embodiment, the complexing agents are hydroxy carboxylic acids, and specific
examples include, but are not limited to, tartaric acid, citric acid, gluconic acid, N-(2-
hydroxyethyl)ethylenediaminetriacetic acid (HEDTA), and salts thereof. It is
expected that any hydroxy acid which does not adversely affect the high density
characteristics or corrosion characteristics of the brine would be suitable. More
specifically, the hydroxy acid should have at least one hydroxyl group and at least
one carboxylic acid group. The substituted carboxylic acid may be substituted with
amine groups, keto groups, aldehyde groups, and mixtures thereof, and the like. In
one embodiment, the hydroxy acid has 8 carbon atoms or less, preferably 6 carbon
atoms or less.

The amount of hydroxy acid relative to the amount of ammonia,
amine, or salt thereof present ranges from about 1:100 to about 100:1 on a molar
basis.

The lower acidity achieved by the invention may result from simple
acid-base neutralization, or may possibly arise from ammonia forming complexes
with zinc suppressing the hydrolysis of the complexed water molecules. However, it
will be understood that the invention is not limited to any particular explanation of the

mechanism by which it might work.

The method and additives of this invention are useful to inhibit the
corrosion of iron-based metals and alloys such as steels. The additives and methods of
the present invention would also be expected to be effective in inhibiting the
corroston of low alloy steels, carbon steels, stainless steels, nickel-based alloys, and
the like. The corrosion of copper alloys may also be inhibited by the compositions
and methods of this invention, but there is a possibility that the nitrogen-containing
materials may cause stress cracking in copper alloys.

Using the compositions and methods of this invention, corrosion rates

with N-80 steel may be reduced by two orders of magnitude and more in comparison



10

15

20

CA 02302062 2000-03-23

-6 -

with corrosion rates in conventional zinc-based brine of the same density. It is further
expected that the thermal stability of viscosifiers in zinc-brine-based brines should be
enhanced significantly. Conventional viscosifiers include, for example,
polysaccharides. Low pH brines reacts with the polysaccharide by acid hydrolysis of
the polymer linkages, which thus reduces the viscosity and stability of the fluid.

Optionally, one or more conventional corrosion inhibitors may be used
in the brines of this invention to further improve their corrosion properties. In another
embodiment of the invention, the additives are used in the absence of other, added
corrosion inhibitors.

The invention is further illustrated by the following Examples, which

are only meant to illuminate the invention and not limit it in any way.

Examples 1-4

Zinc and calcium bromide brine solutions of varying ammonia
contents were prepared. The starting density of the solutions was 19.2 1b/gal (2.3
kg/l). These solutions were prepared by passing ammonia gas over the surface of the
high density brines. The resultant solutions were tested at 350°F (177°C) for 64 hours
on N-80 tubing steel, and the results are presented in Table I. Example 1 is the

comparative control incorporating no ammonia. pH values were obtained in 1 to 100

distilled water diluted solutions.

TABLE I
Raising pH and Corrosion Resistance using Ammonia

ratio Density Density  Corrosion Corrosion

[NH;5] #/gal, kg/l, L osses, Losses,
Ex. pH* [Zn™] % NH3*  after after Ib/ft? kg/m°
1 5.5 — none 19.2 2.30 0.054 0.264
2 6.8 0.54 2.15 17.9° 2.14 0.001 0.005
3 6.7 0.33 1.34 19.0 2.28 0.002 0.010
4 6.2 0.14 0.55 19.2 2.30 0.007 0.034

' The pH values of the brines were obtained in distilled water: composition is 1 ml of brine and 99 ml
DI water.
* Ammonia concentrations were determined by weight difference from the ammonia cylinder.

> 92 grams of zinc oxide were recovered when the mixture cooled. The collected precipitate accounts
for the loss of density.
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Examples 2 and 3, incorporating 0.54 moles ammonia per mole of zinc
1on and 0.33 moles ammonia per mole of zinc ion respectively, demonstrate increased
pH at 6.8 and 6.7, respectively, over 5.5 for comparative Example 1 using no
ammonia, and greatly improved corrosion resistance, having 0.001 and 0.002 Ibs/ft’

(0.005 and 0.010 kg/m*®) respectively, over 0.054 lbs/ft* (0.264 kg/m?) for

comparative Example 1.

Examples 5-16
The addition of small amounts of hydroxy acids are shown to suppress

or prevent precipitation in ammonia-treated brines in accordance with this invention.
Results are shown in Table II. The complexing agents were added in the amounts

shown to the brine, which was then treated with ammonia vapor.
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TABLE II
Increasing Ammonia Content Using Hydroxy Carboxylic Acids
Ammonia Complexing
concentration in Complexing agent,
Ex. brine, % w/w agent amount Comments
5 2.08 tartaric acid 0.16% slight precipi-
tate in 24 hours
6 0.99 tartaric acid 0.16% no precipitate
7 0.78 tartaric acid 0.16% no precipitate
8 1.38 citric acid 0.30% no precipitate
9 0.89 citric acid 0.30% no precipitate
10 0.78 citric acid 0.30% very slight pre-
cipitate in 24
hours
11 | 1.68 sodium gluconate 0.28% very slight
precipitate
12 1.56 sodium gluconate 0.28% no precipitate
13 0.78 sorbitol 0.23% precipitate in 24
hours
14 1.00 HEDTA 0.20% precipitate in 96
hours
15 0.8 none precipitate in 16
hours
16 2.0 none precipitate in 4
hours

It may be seen that the hydroxy acid HEDTA was not an effective
complexing agent for this system at the concentration added (Example 14). Also,
sorbitol, which has six carbon atoms and six hydroxyl groups but no carboxylic acid
functionality, was ineffective in Example 13 at preventing precipitation.

In the foregoing specification, the invention has been described with
reference to specific embodiments thereof, and has been demonstrated as effective in
providing brine fluids having increased pH and corrosion resistance with little

decrease 1n density. However, it will be evident that various modifications and
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changes can be made thereto without departing from the broader spirit or scope of the
invention as set forth in the appended claims. Accordingly, the specification is to be
regarded 1n an 1llustrative rather than a restrictive sense. For example, specific
combinations of brines, specifically salts and additives, in other proportions or added
1n different ways, falling within the claimed parameters, but not specifically identified
or tried 1n a particular composition to improve the brines herein, are anticipated to be

within the scope of this invention.
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What is claimed is:
1. A corrosion resistant brine fluid comprising:
water;

a source of water soluble cations where the cations are selected from
the group consisting of lithium, sodium, potassium, calcium, zinc, ammonium,
cesium, rare earths, and mixtures thereof to form a brine with the water; and

an additive selected from the group consisting of ammonia, an amine,
a salt thereof, a compound capable of generating ammonia, an amine, and a salt

thereof, and mixtures thereof where the ammonia, amine, or salt thereof is present in

an amount etfective to raise the pH of and increase the corrosion inhibition of the

brine.

2. The corrosion resistant brine fluid of claim 1 where the density of the

brine ranges from about 8.4 to about 22.5 pounds/gal (about 1.0 to 2.7 kg/l).

3. The corrosion resistant brine fluid of claim 1 where the source of water
soluble cations 1s a salt selected from the group consisting of chloride, bromide,
acetate, and formate salts having cations selected from the group consisting of

lithtum, sodium, potassium, calcium, zinc, ammonium, cesium, and mixtures thereof.

4. The corrosion resistant brine fluid of claim 1 where the source of water

soluble cations 1s a source of water soluble zinc cations.

5. The corrosion resistant brine fluid of claim 4 where the source of water

soluble zinc cations salt is selected from the group consisting of zinc chloride and

Zinc bromide.

6. The corrosion resistant brine fluid of claim 1 where the additive is
selected from the group consisting of ammonia, alkyl or aryl amines of the formula
R'R°R’N, where R' R® and R’ are independently selected from the group consisting
of hydrogen, or hydrocarbon radical or substituted hydrocarbon radical, where the

substituent is selected from the group consisting of oxygen, sulfur, nitrogen, halogen
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and mixtures thereof; where the sum of the number of carbon atoms in R', R?, and R’

b

if any, 1s 20 or less; ethylenediamine; aniline; and mixtures thereof.

7. The corrosion resistant brine fluid of claim 1 where the additive is
ammonia.
8. The corrosion resistant brine fluid of claim 1 where the additive is a

source capable of generating ammonia, an amine or a salt thereof, selected from the
group consisting of hydroxylamine, hydrazine, amides, azoles, piperidines,
piperizines, aziridines, azides, betaines, amino acids, ureas, guanidines,

tetramethylenehexamine, salts thereof, and mixtures thereof.

9. The corrosion resistant brine fluid of claim 1 where the additive is

present in a mole ratio to water soluble cation ranging from about 0.05/1 to about
2.0/1.

10. The corrosion resistant brine fluid of claim 1 further comprising at

least one additional corrosion inhibitor.

11. The corrosion resistant brine fluid of claim 1 further comprising at

least one hydroxy carboxylic acid complexing agent.

12. A method for increasing the corrosion resistance of a brine fluid
comprising:

providing a brine comprising:

water;

a source of water soluble cations where the cations are selected from
the group consisting of lithium, sodium, potassium, calcium, zinc, ammonium,
cesium, rare earths, and mixtures thereof to form a brine with the water; and

adding an additive selected from the group consisting of ammonia, an
amine, a salt thereotf, a compound capable of generating ammonia, an amine, and a
salt thereot, and mixtures thereof, to provide an amount of ammonia, amine, or salt

thereot, effective to raise the pH of and increase the corrosion inhibition of the brine.
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13. The method of claim 12 where in providing the brine, the density of
the brine ranges from about 8.4 to about 22.5 pounds/gal (about 1.0 to 2.7 kg/1).

14. The method of claim 12 where in providing the brine the source of
water soluble cations is a salt selected from the group consisting of chloride, bromide,
acetate, and formate salts having cations selected from the group consisting of

lithium, sodium, potassium, calcium, zinc, ammonium, cesium, and mixtures thereof.

15. The method of claim 12 where in providing the brine the source of

water soluble cations 1s a source of water soluble zinc cations.

16. The method of claim 15 where in providing the brine the source of

water soluble zinc cations salt is selected from the group consisting of zinc chloride

and zinc bromide.

17. The method of claim 12 where in adding the additive, the additive is
selected trom the group consisting of ammonia, alky! or aryl amines of the formula
R'R*R’N, where R!, R?, and R? are independently selected from the group consisting
of hydrogen, or hydrocarbon radical or substituted hydrocarbon radical, where the
substituent is selected from the group consisting of oxygen, sulfur, nitrogen, halogen

and mixtures thereof, where the sum of the number of carbon atoms in R', R?, and R>

if any, 1s 20 or less ethylenediamine; aniline; and mixtures thereof.

18. The method of claim 12 where in adding the additive, the additive is
ammonia.
19. The method of claim 12 where in adding the additive, the additive is a

source capable of generating ammonia, an amine, or a salt thereof, selected from the
group consisting of hydroxylamine, hydrazine, amides, azoles, piperidines,
piperizines, aziridines, azides, betaines, amino acids, ureas, guanidines,

tetramethylenehexamine, salts thereof, and mixtures thereof.
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20. The method of claim 12 where in adding the additive, the additive is

present in a mole ratio to water soluble cation ranging from about 0.05/1 to about
2.0/1.

21. The method of claim 12 further comprising adding at least one

additional corrosion inhibitor.

22. The method of claim 12 where in adding the additive, the additive is

added 1n a controlled manner by contacting the brine with the additive in a vapor.

23. The method of claim 12 further comprising adding at least one

hydroxy carboxylic acid complexing agent.
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