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wellbore from corrosion may comprise a variety of constituent compo-
nents. Exemplary guard bed compositions may include: one or more sur-
factants selected from the group comprising amine surfactants; one or
more co-surfactants selected from the group comprising C3 to C15 alco-
hols; and one or more non-surfactant amines. Other exemplary guard bed
compositions may comprise: a hydrocarbon fluid and an overbased deter-
gent. Still other exemplary guard bed compositions may comprise: a hy-
drocarbon fluid; one or more surfactants; one or more co-surfactants; and
one or more non-surfactant amines. The one or more surfactants may be
selected from the group comprising alkyl alkoxylated surfactants. Still fur-
ther, exemplary guard bed compositions may comprise: a hydrocarbon flu-
id and one or more associating surface active polymers selected from the
group comprising amphiphilic polymers.
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COMPOSITIONS AND METHODS FOR PROTECTING METAL
SURFACES FROM CORROSION

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Patent Application
61/368,975, filed July 29, 2010 entitted COMPOSITIONS AND METHODS FOR
PROTECTING METAL SURFACES FROM CORROSION, the entirety of which is

incorporated by reference herein.

FIELD OF THE INVENTION

[0002] The present disclosure relates generally to compositions and methods for
protecting metal surfaces in a wellbore. More particularly, the present disclosure relates to
compositions and methods for protecting metal surfaces from the corrosive effects of

prolonged contact with at least one of water and hydrogen sulfide.

BACKGROUND

[0003] This section is intended to introduce the reader to various aspects of art, which
may be associated with embodiments of the present invention. This discussion is believed to
be helpful in providing the reader with information to facilitate a better understanding of
particular techniques of the present invention. Accordingly, it should be understood that

these statements are to be read in this light, and not necessarily as admissions of prior art.

[0004] As is well understood, hydrocarbon resources have been utilized for many years
for a diversity of purposes. In recent years, those seeking to recover and use hydrocarbon
resources have turned to more challenging reserves to meet the continuing and increasing
demand. For example, many hydrocarbon reserves are in regions in which operations are
complicated by political, environmental, or geological issues, rendering wells into those
reserves more costly and complicated to drill, complete, and operate. A wide variety of
geological issues can affect the complexity and cost of hydrocarbon recovery operations, to
the point of making production from some reserves uneconomical. One example of a
geological condition that can limit the viability of a proposed hydrocarbon recovery operation
is the composition of the material to be produced. For example, subsurface reservoirs may
comprise a wide variety of components in a diversity of states. For example, hydrocarbons

may be present as liquids, gases, and/or solids. Similarly, other liquids, gases, and solids may
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be present in the subsurface reservoir or may otherwise be produced through the production

wells.

[0005] For the purpose of the present background discussion, the term “hydrocarbon
components” refers to the various forms in which hydrocarbons may be present. “Diluent
components” refers to the various components that reduce the concentration of hydrocarbon
components in the produced fluids. For example, diluent components may include water,
carbon dioxide, hydrogen sulfide, helium, sand, and other common components. In different
ways, each of these diluents can reduce the economy of a proposed hydrocarbon recovery
operation. Technologies are continually advancing for addressing the various challenges or

complications presented by each of these diluent compositions.

[0006] One exemplary limitation in hydrocarbon recovery operations is the interaction
between the formation, including the produced fluids, and the completion equipment and/or
the production equipment. As is well understood, wells associated with hydrocarbon
recovery operations are exceedingly costly to construct (e.g., drill and complete). The
equipment installed in a well, such as the completion equipment, is optimally able to
withstand the operating conditions of the well for an extended time to maximize the recovery
on the capital invested to construct the well. While material properties are continually
advancing, the harsh conditions of downhole operations make material selection difficult and

costly.

[0007] One exemplary challenge presented by the interaction between formation fluids
and the completion equipment is corrosion or other degradation or weakening of the tubulars.
A conventional well includes a variety of tubulars, including casing strings of differing types,
injection tubulars, and production tubulars. Each of these tubulars present different types of
failure risks, which are presented by different conditions. One exemplary tubular failure that
complicates hydrocarbon recovery operations is acid corrosion. Acid corrosion of metal
tubulars occurs when aqueous fluids containing gases such as hydrogen sulfide and/or carbon
dioxide contact the metal surface. Another exemplary contributor to tubular failure is
common oxidation or rusting of the metal surface, which can occur when the metal surface is

exposed to water.

[0008] Conventional operations utilize packer fluids between tubulars to provide various
benefits, including pressure stabilization and balancing across the tubulars and corrosion

resistance. Conventional packer fluids are oil-based systems owing to the increased risk of
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oxidative corrosion of an aqueous environment. These packer fluids often are disposed
between casing strings and production and/or injection tubulars. Presuming the packer fluids
themselves are non-corrosive and presuming the casing strings and the production/injection
tubulars maintain their integrity, the inner surfaces of the annulus between the casing and the
tubulars should not be subject to corrosion related failures. However, it is not uncommon for
one or more tubular or casing to develop a small leak. For example, the fluids in the
produced fluids in the production tubular may create an opening in the production tubular and
begin to leak into the annulus where the packer fluid is disposed. Additionally or
alternatively, the formation fluids may enter through the casing string. In either event, the
introduction of formation or production fluids into the packer fluid of the annulus exposes the
interior surfaces of these tubulars to corrosive components, such as water, carbon dioxide,
and/or hydrogen sulfide. While a single, small leak in the production tubular presents a
number of risks, those risks can be contained for a significant time. However, long-term

exposure to corrosive materials in the annular space risks corrosive failure of the tubular.

[0009] While the use of oil-based packer fluids presents a non-corrosive environment, it
does not facilitate sequestration or containment of aqueous fluids that may enter the annulus.
For example, the aqueous fluids will remain separate from the oil-based fluids and will tend
to stay on the periphery of the oil-based composition, which positions the aqueous fluids
against the tubulars. Moreover, in the event that the incoming fluids contain hydrogen sulfide
and/or carbon dioxide, such components are typically contained in the aqueous phase and will

similarly be positioned near the tubulars where their corrosive effects will be most damaging.

[0010] Sulfide stress cracking is one common failure when hydrogen sulfide gas and
water are allowed to contact tubulars for extended periods. While various amine-based
scavengers have been used in other industries to scavenge or sequester the hydrogen sulfide
gas away from the aqueous streams, such scavengers are water soluble only and not suitable

for use in the conventional oil-based packer fluids.

[0011] Accordingly, the need exists for systems and methods to protect the tubular goods
from corrosion and/or failure induced by contact with one or more harmful compositions.
For example, systems or methods to protect casing strings from produced hydrogen sulfide

and/or from produced or injected water would prolong the viable life of the casing string.

[0012] Other related material may be found in at least the following patents: US4359391,
US4718942, US5169598, US5174913, USS5250225, US5336441, US5411670, US5456767,

-3-
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US5637557, US5759966, US5945164, US6197075, US7216710, US7407915, US7615516,
and JP54102253A. Further, additional information may also be found in the following patent
publications: WO08030758 A1, WO04059037 A2, US20060194700, US2009002915S5, and
US20090236263.

SUMMARY

[0013] In some implementations of the present disclosure, the inventions included herein
are directed to guard bed compositions for protecting metal surfaces in a wellbore from
corrosion. The guard bed compositions may comprise a variety of constituent components.
Exemplary guard bed compositions may include: one or more surfactants selected from the
group comprising amine surfactants; one or more co-surfactants selected from the group

comprising C3 to C15 alcohols; and one or more non-surfactant amines.

[0014] Additionally or alternatively, exemplary guard bed compositions may comprise: a
hydrocarbon fluid and an overbased detergent. In such compositions, the overbased detergent
may be selected to form a colloidal coating on the metal surface upon contact with hydrogen

sulfide and water.

[0015] Additionally or alternatively, exemplary guard bed compositions may comprise: a
hydrocarbon fluid; one or more surfactants; one or more co-surfactants; and one or more non-
surfactant amines. The one or more surfactants may be selected from the group comprising
alkyl alkoxylated surfactants. The one or more co-surfactants may be selected from the

group comprising C3 to C15 alcohols.

[0016] Still additionally or alternatively, exemplary guard bed compositions may
comprise: a hydrocarbon fluid and one or more associating surface active polymers selected
from the group comprising amphiphilic polymers. In such compositions, wherein the
associating surface active polymers may comprise a hydrocarbon backbone with pendant

polar groups.

[0017] The present disclosure is further directed to methods of preparing guard bed
compositions and methods of protecting metal surfaces in a wellbore using guard bed
compositions. Such methods may be adapted depending on the nature of the guard bed

composition, as will be better understood from the discussion herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The foregoing and other advantages of the present technique may become
apparent upon reading the following detailed description and upon reference to the drawings

in which:

[0019] Fig. 1 is a schematic representation of a completed wellbore showing various

tubulars installed therein.

DETAILED DESCRIPTION

[0020] In the following detailed description, specific aspects and features of the present
invention are described in connection with several embodiments. However, to the extent that
the following description is specific to a particular embodiment or a particular use of the
present techniques, it is intended to be illustrative only and merely provides a concise
description of exemplary embodiments. Moreover, in the event that a particular aspect or
feature is described in connection with a particular embodiment, such aspects and features
may be found and/or implemented with other embodiments of the present invention where
appropriate. Accordingly, the invention is not limited to the specific embodiments described
below, but rather; the invention includes all alternatives, modifications, and equivalents

falling within the scope of the appended claims.

[0021] The present disclosure provides guard bed compositions for use in hydrocarbon
recovery operations and associated methods for using the same. As such, Fig. 1 provides a
schematic view of a completed wellbore, such as may be used in hydrocarbon recovery
operations. While Fig. 1 illustrates the wellbore in operation as a production well, the
functionality of the present compositions and the methods of using the present compositions
are applicable to wellbores in any operating condition, such as during production operations,
during treatment or workover operations, or during injection operations. Fig. 1 represents the
wellbore somewhat schematically as the interrelationships between the hardware components
in the wellbore are not critical to the compositions disclosed herein or the methods of using
the present compositions. Nevertheless, to provide a context for discussion purposes, the

general components of a wellbore are described here.

[0022] Fig. 1 illustrates a wellbore 100 has been drilled and completed into a subsurface
formation 102. As used herein, the term wellbore 100 refers to the multitude of components

and cavities extending into the subsurface, including the equipment associated therewith. In
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the schematic illustration of Fig. 1, the wellbore 100 includes a borehole 104 through which
production fluids 106 travel to the surface 108, which may be any surface of the earth (e.g.,
land, sea bed, etc.). The borchole 104 is defined in Fig. 1, but a production tubular 110 that
extends from the surface 108 to the beginning of an open-hole section 112, at which point the
formation itself defines the borehole 104. The wellbore 100 further includes multiple casing
strings 114 extending from the surface to varying depths, as is customary in drilling
operations. Of course the number and relative length of casing strings 114 and production
tubulars 110 in Fig. 1 are representative only and are not drawn to scale. Accordingly, many
variations on the schematic of Fig. 1 are within the scope of the present disclosure. For
example, the schematic of Fig. 1 is intentionally simplified and omits the multitude of
equipment that may be included in a conventional wellbore, such as the surface equipment,
packers, connections, etc. The simplified illustration of Fig. 1 is used to more clearly
illustrate an exemplary use of the present compositions, which may be extended to uses in

connection with many of the pieces of equipment used in hydrocarbon recovery operations.

[0023] In the exemplary wellbore 100 of Fig. 1, casing strings 114a and 114b are
cemented in place with cement 116, in any conventional manner. Similarly, casing string
114c is cemented in place with cement 116 in the lower region thereof. Additionally, Fig. 1
illustrations at least two possible uses of the guard bed compositions 118 disclosed herein. As
illustrated, the guard bed composition 118 may be disposed between the production tubular
110 and the innermost casing string 114c. Additionally or alternatively, the guard bed
composition 118 may be disposed between two adjacent casing strings, such as casing strings
114c and 114b. As illustrated, the guard bed composition 118 and the cement 116 is
vertically stacked in the annulus between casing strings 114c and 114b, with the guard bed
composition 118 being positioned vertically above the cement 116. Depending on the
wellbore and the relationships between the various components in the wellbore, the guard bed
composition 118 and the cement 116 may be disposed in an annulus, or in annuli, in virtually
in any manner. For example, guard bed compositions disposed in vertical sections of a
wellbore may have different implementations than guard bed compositions disposed in
horizontal or deviated sections of the wellbore. However, as will be understood by the
description herein, the guard bed composition 118, regardless of where in the wellbore it is
implemented, will be disposed in fluid communication with at least one metal surface, such
as metal surfaces of the casing strings, production tubulars, or other metal surfaces that may

be associated with the hydrocarbon recovery operations and/or equipment. For example, in
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the event that a packer is incorporated in the wellbore completion equipment, the guard bed
composition may be disposed adjacent to the packer, whether the packer is between casing
strings, between a casing string and a production/injection tubular, between a
production/injection tubular and a formation surface, between a liner and a formation surface,
or in any other conventional manner. The guard bed compositions of the present disclosure
may be utilized in association with any metal surface where the functionality of the guard bed
composition may prove useful, such as by preventing or delaying acid-induced or oxidation-

induced corrosion.

[0024] Additionally, it will be noted that Fig. 1 is schematic as to how the guard bed
composition is injected or otherwise provided to the wellbore. Still further, Fig. 1 is
schematic with respect to containment devices or structures that may be utilized to keep the
guard bed composition 118 in its intended location. It should be understood that any variety
of wellbore tools, structures, and/or devices may be utilized in positioning and/or maintaining
the guard bed composition in is intended location. Those of ordinary skill in the art will
recognize the applicability and adaptations that may be necessary to provide the present

guard bed compositions into the wellbore where desired.

[0025] Accordingly, it should be understood that the present disclosure is directed to
compositions configured and selected to prevent corrosion or at least substantially reduce
corrosion rates of metal surfaces in hydrocarbon recovery operations. Moreover, the present
disclosure is directed to methods of preparing such compositions and fluids and to methods of
utilizing such compositions and fluids in hydrocarbon recovery operations. The present
disclosure encompasses a diversity of compositions having the desired functionality of
reducing corrosion of the metal surfaces. However, all of these compositions may be
understood to be related in a variety of manners, such as the manner of utilization, the manner
of preparation, and the functionality thereof. Accordingly, the commonalities of the various
compositions will be described at the outset followed by more particular attention to specific
fluid compositions that may be prepared and/or used within the scope of the present

disclosure.

[0026] As illustrated in Fig. 1, the guard bed composition 118 fills the annulus between
two metal surfaces to protect the metal surfaces from corrosion. The metal surfaces in Fig. 1
are generally made of steel, as is customary in hydrocarbon recovery operations. As
described above, the guard bed composition 118 of the present disclosure may protect against

corrosion induced by water contact, hydrogen sulfide contact, or contact with both water and
-7 -



10

15

20

25

30

WO 2012/015512 PCT/US2011/035715

hydrogen sulfide. The water and/or hydrogen sulfide may be carried into the annulus by
produced fluids, such as oil, water, gas, etc. While every effort is made to prevent leaks in

the casing strings 114 and production tubular 110, such leaks occur from time-to-time.

[0027] A leak of water and/or hydrogen sulfide gas into the annulus, such as may be
carried in the produced fluid, can be taken up by the guard bed composition 118 of the
present disclosure. The uptake of water by the present compositions may prevent the water
from contacting the metal surface. In many implementations of the present disclosure, the
guard bed compositions 118 may be adapted to micro-emulsify aqueous fluids in contact with
the compositions 118. In some implementations, the guard bed compositions 118 are
selected to at least substantially instantaneously micro-emulsify the aqueous fluids entering
the annulus. For example, greater than about 95% of the aqueous fluid may be micro-
emulsified in less than about 5 seconds. Additionally or alternatively, greater than about 95%
of the aqueous fluid may be micro-emulsified in less than about 1 second. Still further, in
some implementations, the guard bed compositions of the present disclosure may be selected
to micro-emulsify greater than about 95% of the entering aqueous fluid in less than about 0.1
seconds. While all micro-emulsifying compositions will have an upper limit to the amount
emulsified fluid that can be taken up, the guard bed compositions 118 of the present
disclosure may be adapted to micro-emulsify aqueous fluid up to an aqueous fluid to guard
bed composition ratio of about 3:1. As used herein, micro-emulsification refers to any
process by which the entering fluids or gases, such as water or hydrogen sulfide, are formed
into droplets having a diameter less than about 5 microns. In some implementations, the
droplets may range from about 100 nanometers to about 5 micrometers in diameter.
Additionally or alternatively, the micro-emulsified droplets may range between about 100
nanometers and about 1000 nanometers in diameter. Other diameter ranges within these

exemplary ranges are also available.

[0028] The guard bed compositions 118 of the present disclosure may take up brine
compositions containing other components. For example, the brine compositions may
contain water and NaCl in the range of about 1 to about 12wt%. The total dissolved solids in
the brine composition may range between about 0.01 wt% and about 30 wt% based upon the
weight of the brine composition. Exemplary dissolved solids that may be found in the brine
compositions include those solids common in produced water, such as chloride salts of

sodium, calcium, magnesium, potassium, lithium, or cesium. Additionally or alternatively,
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the dissolved solids may include sulfate, carbonate, and bicarbonate salts of sodium, calcium,

magnesium, potassium, lithium, or cesium.

[0029] Additionally or alternatively, hydrogen sulfide may also be taken up by the
present compositions, thereby preventing contact between the hydrogen sulfide and the metal
surface. Accordingly, in some implementations, the present compositions may be said to
scrub hydrogen sulfide from the incoming fluids. Depending on the specific components of
the compositions described herein, the present compositions may protect the metal surfaces
from hydrogen sulfide by reacting with or otherwise binding the hydrogen sulfide directly or
by emulsifying the water in which the hydrogen sulfide is carried. Regardless of the
mechanism, the hydrogen sulfide, or at least a majority of the hydrogen sulfide, is kept away

from the metal surface and is unable to corrode the metal surface.

[0030] One exemplary composition within the scope of the present disclosure is an amine
surfactant based composition. For example, a guard bed composition within the scope of the
present disclosure may comprise: one or more surfactants selected from the group comprising
amine surfactants; one or more co-surfactants selected from the group comprising C3 to C15

alcohols; and one or more non-surfactant amines.

[0031] In some implementations, the guard bed composition may further include a
hydrocarbon fluid. In implementations including a hydrocarbon fluid, the hydrocarbon fluid
may comprise between about 0 wt% and about 90 wt% based on the weight of the guard bed
composition. The hydrocarbon fluid may comprise hydrocarbons selected from the group of
normal and branched alkane hydrocarbons having between 8 and 20 carbons. In some
implementations, the hydrocarbon fluid may comprise an ultra low aromatic fluid. For
example, the hydrocarbon fluid of the guard bed composition may comprise less than about 1
wt% aromatic compounds. One non-limiting example of a preferred hydrocarbon fluid is an
oil sold by ExxonMobil Chemical Company under the name Escaid. Escaid 110 and 240 oils
may be preferred. Other suitable hydrocarbon fluids that may be used include cyclic
saturated and unsaturated hydrocarbons and synthetic oils, such as poly alpha olefins

(PAO'S).

[0032] Additionally or alternatively, in some implementations, the guard bed composition
may further comprise water. The water may comprise between about 0 wt% and about 50

wt% based on the weight of the guard bed composition.
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[0033] As described above, the guard bed composition may include amine surfactants,
which may include at least one amine surfactant selected from the group comprising primary,
second, tertiary, and quaternary amine surfactants. Preferably, a mixture of surfactants may
be used wherein the mixture comprises a mixture of alkyl groups and mixture of alkoxylate
groups. The amine surfactants may comprise alkyl amine ethoxylate surfactants. As a more
specific example, the alkyl amine ethoxylate surfactants may include an alkyl group selected
from the group comprising normal alkyl groups, branched alkyl groups, and alkyl aromatic
groups. In some implementations, alkyl amine ethoxylate surfactants wherein the alkyl group
comprises 6 to 20 carbons and the number of ethoxy groups vary from 2 to 50 may be

utilized.

[0034] Additionally or alternatively, the amine surfactants may comprise at least one
surfactant selected from the group comprising polymeric amine surfactants. For example, the
polymeric amine surfactants may comprise compounds of the general structure R-X, wherein
R is a hydrocarbon alkyl group and wherein X is an oligomeric amine or a polymeric amine
having at least two amine functionality. Exemplary polymeric amine surfactants may be
selected from the group of oligomeric surfactants comprising oleyl diethylene triamine, oleyl
tetracthylene pentamine, dodecyl diethylene triamine, and dodecyl tetracthylene pentamine.
Additionally or alternatively, the polymeric amine surfactant may be selected from the group
of polymeric surfactants comprising polyisobutylene polyamine and polypropylene
polyamine. In some implementations, the polymeric amine surfactant may have a molecular

weight ranging from about 800 to about 3500.

[0035] In some implementations, the polymeric amine surfactant of the guard bed
composition may be selected to bind to hydrogen sulfide to form a polyamine-hydrogen
sulfide complex when contacted by hydrogen sulfide. Additionally, the polymeric amine
surfactant may be selected to provide a polyamine-hydrogen sulfide complex that is adapted

to capture water as a polyamine-hydrogen sulfide-water complex when contacted by water.

[0036] Co-surfactants suitable for use in amine surfactant based guard bed compositions
may include alcohols selected from the group consisting of C3 to C15 alcohols. The alcohols

can be linear or branched hydrocarbon chain alcohols or mixtures thereof.

[0037] As described above, the guard bed compositions of the present disclosure include
non-surfactant amines. The non-surfactant amines may be selected from the group

comprising alkyl primary amines, alkyl secondary amines, and alkyl tertiary amines. In some

- 10 -
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implementations, the non-surfactant amines may be hindered. The non-surfactant amine may
be a hydrogen sulfide scrubber. For example, the non-surfactant amine may be tertiary butyl

diethanol amine. Any amine capable of selectively scrubbing hydrogen sulfide is preferred.

[0038] While the emulsification rates described above may be accomplished in a number
of manners utilizing the amine surfactant based guard bed compositions, in some
implementations the one or more amine surfactants and the one or more co-surfactants are
selected to at least substantially instantaneously micro-emulsify aqueous fluids in contact
with the composition. The amine surfactant based guard bed compositions may be

configured to provide the functionality described above.

[0039] The amine surfactant based guard bed compositions described above may be
prepared in a number of manners. An exemplary method of preparing a suitable guard bed
composition may comprise: obtaining one or more surfactants selected from the group
comprising amine surfactants; obtaining one or more co-surfactants selected from the group
comprising C3 to C15 alcohols; obtaining one or more non-surfactant amines; and mixing the
surfactants, the co-surfactants, and the non-surfactant amines. The surfactants, co-
surfactants, and non-surfactant amines obtained in the method of preparing the guard bed
compositions may be as described above. Moreover, the methods of preparing an amine
surfactant based guard bed composition may further include obtaining a hydrocarbon fluid
and/or water and mixing the surfactants, co-surfactants, and non-surfactant amines in the
water and/or hydrocarbon fluid. @ When water is incorporated into the guard bed

compositions, the water may be micro-emulsified by the surfactants and the co-surfactants.

[0040] Additionally or alternatively, the amine surfactant based guard bed compositions
described above may be incorporated in a method of protecting a metal surface in a wellbore.
The method may include obtaining an amine surfactant based guard bed composition as
described above and disposing the guard bed composition adjacent to a metal surface in a

wellbore. The method may further include producing hydrocarbons through the wellbore.

[0041] Additionally or alternatively guard bed compositions within the scope of the
present disclosure may be described summarily as overbased detergent based guard bed
compositions. Overbased detergent based guard bed compositions may be prepared and
configured to provide the functionality described above. Specifically, the overbased
detergent based guard bed compositions may be adapted to protect a metal surface in a

wellbore from corrosion related to contact with water and/or hydrogen sulfide. In the interest
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of brevity, and as described above, the functionality of the guard bed compositions will not
be repeated here but is understood to be provided by the overbased detergent based guard bed
compositions, mutatis mutandis, as well as to the remaining guard bed compositions

described herein.

[0042] Overbased detergent based guard bed compositions include a hydrocarbon fluid;
and an overbased detergent. The overbased detergent is selected to form a colloidal coating
on the metal surface upon contact with hydrogen sulfide and water. The relative
concentrations of hydrocarbon fluid and overbased detergent may be measured by weight.
The overbased detergent may comprise greater than about 20 wt% of the guard bed
composition based on the weight of the guard bed composition. For example, the overbased
detergent may comprise between about 20 wt% and about 99 wt% of the guard bed
composition. In some implementations, the guard bed composition may further comprise at
least one co-surfactant selected from the group comprising C3 to C15 alcohols. The co-
surfactant alcohols may be selected from the group comprising branched alcohols, linear

alcohols, and mixtures thereof.

[0043] The hydrocarbon fluid of the overbased detergent based guard bed composition
may comprise hydrocarbons selected from the group comprising normal and branched alkane
hydrocarbons having C8 to C20 carbons, cyclic alkanes, synthetic oils, and mixtures thercof.
As one example, the hydrocarbon fluid may comprise an ultra low aromatic fluid. For
example, the hydrocarbon fluid may comprise less than about 1 wt% aromatic compounds.
One non-limiting example of a preferred hydrocarbon fluid is a hydrocarbon fluid sold by
ExxonMobil Chemical Company under the name Escaid. Escaid 110 and 240 hydrocarbon
fluids are preferred. Escaid 110 is more preferred and comprises a mixture of linear
hydrocarbons with C12 hydrocarbons being the major component of the mixture. Cyclic
saturated and unsaturated hydrocarbons may also be used. Synthetic oils such as poly alpha

olefins (PAQ's) may also be used.

[0044] The guard bed compositions referred to herein as overbased detergent based guard
bed compositions incorporate detergent compounds of the structure R-My, wherein N is
greater than about 1. In some implementations, M is an inorganic compound. In exemplary,
non-limiting implementations, the inorganic compound is a metal base selected from the
group comprising CaO, MgO, BaO, ZnO, CaCO3, MgCO3, BaCO3, and ZnCO3. In some
implementations, R is a linear or branched surfactant selected to stabilize the metal base. R

may comprise surfactant having the structure S-Y, wherein S is a linear or branched C8 to
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C24 alkyl hydrocarbon group and Y is a polar group selected from the group comprising
arylamines, phenates, salicylates, amines, and hydroxides. In this context, for example, the
term "overbased" is meant to signify that the amount of base in the composition is greater
than the stoichiometric equivalent required to neutralize the arylamines, phenates, salicylates,
amines, and hydroxides and mixtures thereof. The overbased detergent may be selected to at
least substantially instantaneously micro-emulsify aqueous fluids that come into contact with

the guard bed composition.

[0045] For illustrative purposes, several more specific examples of overbased detergent
guard bed compositions are described herein. While these examples are suitable and
numerous, they are not intended to be an exhaustive listing of the overbased detergent guard
bed compositions within the scope of the present disclosure. One illustrative composition
may include CaO as the base and dodecyl benzene sulfonic acid as the stabilizer with Escaid
110 as the hydrocarbon fluid. Other suitable examples may include: 1) CaO as the base and
dodecyl salicylic acid as the stabilizer with Escaid 110 as the hydrocarbon fluid; 2) CaO as
the base and nonyl phenol as the stabilizer with Escaid 110 as the hydrocarbon fluid; 3) CaO
as the base and dodecyl carboxylic acid as the stabilizer with Escaid 110 as the hydrocarbon
fluid; 4) MgO as the base and dodecyl benzene sulfonic acid as the stabilizer with Escaid 110
as the hydrocarbon fluid; 5) MgO as the base and dodecyl salicylic acid as the stabilizer with
Escaid 110 as the hydrocarbon fluid; 6) MgO as the base and nonyl phenol as the stabilizer
with Escaid 110 as the hydrocarbon fluid; 7) wherein MgO as the base and dodecyl
carboxylic acid as the stabilizer with Escaid 110 as the hydrocarbon fluid; 8) MgO as the
base and dodecyl benzoic acid as the stabilizer with Escaid 110 as the hydrocarbon fluid; or
9) CaO as the base and dodecyl benzoic acid as the stabilizer with Escaid 110 as the
hydrocarbon fluid. As still further examples, any of the guard bed compositions described
above may be prepared by replacing the Escaid 110 with Escaid 240 or a poly alpha olefin
(PAO) as the hydrocarbon fluid.

[0046] As with the amine surfactant based guard bed compositions, the overbased
detergent guard bed compositions may be prepared in any suitable manner. For example, a
suitable hydrocarbon fluid and a suitable overbased detergent may be mixed in suitable
proportions to prepare the guard bed composition. The method may further include adding
suitable co-surfactant(s) to the mixture. In preparing the guard bed composition, the
overbased detergent and the quantity thereof may be selected to form a colloidal coating a
metal surface when the guard bed composition is contacted by water and hydrogen sulfide.
- 13-
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[0047] Still further, the overbased detergent based guard bed compositions may be
utilized in methods of protecting metal surfaces in a wellbore. For example, the overbased
detergent based guard bed composition described above may be obtained and disposed
adjacent to a metal surface in a wellbore. Hydrocarbons may then be produced through the
wellbore. The overbased detergent forming a colloidal coating on the surface and the
overbased detergent in solution are both available to provide protection to the metal surface.
The overbased detergent in solution provides the first layer of protection and the overbased

detergent on the surface provides the second layer of protection.

[0048] As with the other guard bed compositions described herein, the overbased
detergent based guard bed compositions described above may be adapted to take up large
amounts of water, or to have a high water uptake property. The water uptake ability
described herein, in the context of all of the guard bed compositions described herein, is
intended to encompass water uptake by way of its ability to solubilize, disperse, emulsify,
micro-emulsify, and combinations thereof the water coming into contact with the guard bed
composition, such as through a leak in a casing string, production tubular, or other

component of the well completion equipment.

[0049] Additionally or alternatively guard bed compositions within the scope of the
present disclosure may be described summarily as alkyl alkoxylated surfactant based guard
bed compositions. Alkyl alkoxylated surfactant based guard bed compositions may be
prepared and configured to provide the functionality described above. Specifically, the alkyl
alkoxylated surfactant based guard bed compositions may be adapted to protect a metal
surface in a wellbore from corrosion related to contact with water and/or hydrogen sulfide. In
the interest of brevity, and as described above, the functionality of the guard bed
compositions will not be repeated here but is understood to be provided by the alkyl
alkoxylated surfactant based guard bed compositions, mutatis mutandis, as well as to the

remaining guard bed compositions described herein.

[0050] Exemplary alkyl alkoxylated surfactant based guard bed compositions for
protecting a metal surface in a wellbore from corrosion comprises: a hydrocarbon fluid; one
or more surfactants selected from the group comprising alkyl alkoxylated surfactants; one or
more co-surfactants selected from the group comprising C3 to C15 alcohols; and one or more
non-surfactant amines. The hydrocarbon fluid may be present in a suitable amount, measured
by weight, to constitute between about 0 wt% and about 90 wt% of the guard bed

composition. The co-surfactant alcohols can be linear or branched hydrocarbon chain
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alcohols or mixtures thereof. In some implementations, the alkyl alkoxylated surfactant
based guard bed compositions may further comprise water, such as between about 0 wt% and

about 50 wt% based on the total weight of the guard bed composition.

[0051] The hydrocarbon fluid of the alkyl alkoxylated surfactant based guard bed
composition may comprise hydrocarbons selected from the group comprising normal and
branched alkane hydrocarbons having C8 to C20 carbons, cyclic alkanes, synthetic oils, and
mixtures thereof. As one example, the hydrocarbon fluid may comprise an ultra low aromatic
fluid. For example, the hydrocarbon fluid may comprise less than about 1 wt% aromatic
compounds. One non-limiting example of a preferred hydrocarbon fluid is a hydrocarbon
fluid sold by ExxonMobil Chemical Company under the name Escaid. Escaid 110 and 240
hydrocarbon fluids are preferred. Escaid 110 is more preferred and comprises a mixture of
linear hydrocarbons with C12 hydrocarbons being the major component of the mixture.
Cyclic saturated and unsaturated hydrocarbons may also be used. Synthetic oils such as poly

alpha olefins (PAQO's) may also be used.

[0052] The alkyl alkoxylated surfactants of the alkyl alkoxylated surfactant based guard
bed compositions may comprise at least one surfactant selected from the group comprising
alkyl and alkyl aromatic alkoxylated surfactants. The alkyl group may preferably have C8 to
C20 carbons and mixtures thereof, or more preferably between C12 and C18 carbons and
mixtures thereof. The alkoxylate group may be selected from the group comprising ethylene
oxide, propylene oxide, butylene oxide and mixtures thereof. The alkoxide group may be
ethoxylate. In some implementations, it may be preferred to use a mixture of surfactants
wherein the mixture comprises a mixture of alkyl groups and mixture of alkoxylate groups.
Exemplary alkyl alkoxylated surfactants include alkyl ethoxylate surfactants wherein the
alkyl group comprises 6 to 20 carbons and the number of ethoxy groups varies from 2 to 50.
Other illustrative examples of alkyl alkoxylated surfactants are alkyl sorbitan alkoxylates,
alkyl alcohol ethoxylates, alkyl acid ethoxylates and alkyl nonylphenol ethoxylates. The alkyl
alkoxylated surfactant based guard bed composition may comprise mixtures of the illustrative
examples provided herein or other alkyl alkoxylate surfactants fitting the descriptions
provided herein. While many examples of alkyl alkoxylated surfactants are provided
herein, some implementations may select the one or more alkyl alkoxylated surfactants and
the one or more co-surfactants to form an oil continuous surfactant liquid crystalline

mesophase upon interaction of the guard bed composition with aqueous fluids.
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[0053] As introduced above, the alkyl alkoxylated surfactant based guard bed
compositions within the scope of the present disclosure comprise non-surfactant amines.
Exemplary non-surfactant amines may be selected from the group comprising alkyl primary
amines, alkyl secondary amines, and alkyl tertiary amines. The non-surfactant amines may
be hindered or non-hindered. Hindered amines may be preferred in some implementations.
Still further, some implementations may prefer alkoxylated amines. The non-surfactant
amine may be a hydrogen sulfide scrubber. One exemplary non-surfactant amine suitable for

use in the present compositions is tertiary butyl diethanol amine.

[0054] As with the other guard bed compositions described herein, the alkyl alkoxylated
surfactant based guard bed compositions may be prepared in any suitable manner. For
example, suitable hydrocarbon fluids, suitable alkyl alkoxylated surfactants, suitable co-
surfactants, and suitable non-surfactant amines may be mixed in suitable proportions to
prepare the guard bed composition. In preparing the guard bed composition, the one or more
alkyl alkoxylated surfactants and the one or more co-surfactants and the quantity thereof may
be selected to form an oil continuous surfactant liquid crystalline mesophase upon interaction

of the guard bed composition with aqueous fluids.

[0055] Still further, the alkyl alkoxylated surfactant based guard bed compositions may
be utilized in methods of protecting metal surfaces in a wellbore. For example, the alkyl
alkoxylated surfactant based guard bed composition described above may be obtained and
disposed adjacent to a metal surface in a wellbore. Hydrocarbons may then be produced

through the wellbore.

[0056] As with the other guard bed compositions described herein, the alkyl alkoxylated
surfactant based guard bed compositions described above may be adapted to take up large
amounts of water, or to have a high water uptake property. The water uptake ability
described herein, in the context of all of the guard bed compositions described herein, is
intended to encompass water uptake by way of its ability to solubilize, disperse, emulsify,
micro-emulsify, and combinations thereof the water coming into contact with the guard bed
composition, such as through a leak in a casing string, production tubular, or other

component of the well completion equipment.

[0057] Additionally or alternatively guard bed compositions within the scope of the
present disclosure may be described summarily as surface active polymer based guard bed

compositions. Surface active polymer based guard bed compositions may be prepared and
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configured to provide the functionality described above. Specifically, the surface active
polymer based guard bed compositions may be adapted to protect a metal surface in a
wellbore from corrosion related to contact with water and/or hydrogen sulfide. In the interest
of brevity, and as described above, the functionality of the guard bed compositions will not
be repeated here but is understood to be provided by the surface active polymer based guard
bed compositions, mutatis mutandis, as well as to the remaining guard bed compositions

described herein.

[0058] Exemplary surface active polymer based guard bed compositions for protecting a
metal surface in a wellbore from water and/or hydrogen sulfide induced corrosion include a
hydrocarbon fluid and one or more associating surface active polymers selected from the
group comprising amphiphilic polymers. The surface active polymer based guard bed
composition may include between about 0.1 wt% and about 10 wt% surface active polymer

based on the total weight of the guard bed composition.

[0059] The hydrocarbon fluid of the surface active polymer based guard bed composition
may comprise hydrocarbons selected from the group comprising normal and branched alkane
hydrocarbons having C8 to C20 carbons, cyclic alkanes, synthetic oils, and mixtures thercof.
As one example, the hydrocarbon fluid may comprise an ultra low aromatic fluid. For
example, the hydrocarbon fluid may comprise less than about 1 wt% aromatic compounds.
One non-limiting example of a preferred hydrocarbon fluid is a hydrocarbon fluid sold by
ExxonMobil Chemical Company under the name Escaid. Escaid 110 and 240 hydrocarbon
fluids are preferred. Escaid 110 is more preferred and comprises a mixture of linear
hydrocarbons with C12 hydrocarbons being the major component of the mixture. Cyclic
saturated and unsaturated hydrocarbons may also be used. Synthetic oils such as poly alpha

olefins (PAQ's) may also be used.

[0060] The associating surface active polymers of the guard bed composition may
comprise a hydrocarbon backbone with pendant polar groups. One feature of these polymers
is that they associate or aggregate in the oily continuous phase such that the polar groups are
attracted towards each other and form micro-domains of polarity in an oil continuous
medium. These micro-domains of polarity provide the sites for micro-emulsification of water.
The associating surface active polymers may be selected from the group comprising poly
acrylic acid, partially hydrolyzed poly acryl amide, poly ethylene glycol, and mixtures
thereof. Other suitable associating surface active polymers useful in the present disclosure

include polymeric amine surfactants comprising compounds of general structure R-X
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wherein, R is a hydrocarbon alkyl group that is linear or branched, and X is a polymeric
amine with at least two amine functionality. Some non-limiting examples of preferred
polymeric amine surfactants are oleyl diethylene triamine, oleyl tetracthylene pentamine,
dodecyl diethylene triamine, dodecyl tetracthylene pentamine, and polyisobutylene
polyamine (also known as PIB-Amine, apolypropylene polyamine (also known as PP-

Amine). The molecular weight of the polymeric amine can vary from 800 to 3500.

[0061] In some implementations, the surface active polymer based guard bed
composition may further comprise surfactants selected from the group comprising alkyl
sorbitans and alkyl sorbitan alkoxylated surfactants. For example, the surfactant may
comprise a surfactant from the group comprising alkyl sorbitan ethoxylates. Additionally or
alternatively, in some implementations, the surface active polymer based guard bed
compositions may further comprise co-surfactants selected from the group comprising C3 to

C15 linear and branched alcohols.

[0062] While surface active polymer based guard bed compositions may be prepared
utilizing any suitable components fitting the descriptions provided herein, non-limiting
representative surface active polymer based guard bed compositions may include
compositions wherein: 1) the hydrocarbon oil is Escaid 110 and the associating surface active
polymer is a polyisobutylene polyamine at 3 wt% concentration; 2) the hydrocarbon oil is
Escaid 110 and the associating surface active polymer is a polypropylene polyamine at 3 wt%
concentration; 3) the hydrocarbon oil is Escaid 110 and the associating surface active
polymer is a 1:1 mixture of polyisobutylene polyamine and polypropylene polyamine; or 4)
the hydrocarbon oil is Escaid 110 and the associating surface active polymer is a 1:1:1
mixture of polyisobutylene polyamine, polypropylene polyamine and polyethylene glycol.
Additionally or alternatively, surface active polymer based guard bed compositions may be
prepared as in examples 1-4 above, but may replace the Escaid 110 with Escaid 240 or with

poly alpa olefin (PAO) synthetic oil.

[0063] As described above, the surface active polymer based guard bed compositions of
the present disclosure may be configured to micro-emulsify water coming into contact with
the guard bed compositions. In some implementations, interaction between the guard bed
composition and leaked aqueous fluids substantially immediately encapsulates substantially
all of the aqueous fluids in micro-domains formed by the associating surface active polymers.

The formation of micro-domains by the surface active polymers may form a gel-like
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structure. Such a gel formation ability may be particularly desirable for protecting a metal

surface from corrosion.

[0064] As with the other guard bed compositions described herein, the surface active
polymer based guard bed compositions may be prepared in any suitable manner. For
example, suitable hydrocarbon fluids and suitable surface active polymers may be mixed in
suitable proportions to prepare the guard bed composition. In preparing the guard bed
composition, the one or more associating surface active polymers and the quantity thereof
may be selected to form encapsulating micro-domains upon interaction of the guard bed
composition with aqueous fluids. Additionally or alternatively, the one or more associating
surface active polymers and the quantity thereof may be selected to form a gel-like structure

to protect the metal surface.

[0065] Still further, the surface active polymer based guard bed compositions may be
utilized in methods of protecting metal surfaces in a wellbore. For example, the surface
active polymer based guard bed composition described above may be obtained and disposed
adjacent to a metal surface in a wellbore. Hydrocarbons may then be produced through the

wellbore.

[0066] As with the other guard bed compositions described herein, the surface active
polymer based guard bed compositions described above may be adapted to take up large
amounts of water, or to have a high water uptake property. The water uptake ability
described herein, in the context of all of the guard bed compositions described herein, is
intended to encompass water uptake by way of its ability to solubilize, disperse, emulsify,
micro-emulsify, and combinations thereof the water coming into contact with the guard bed
composition, such as through a leak in a casing string, production tubular, or other

component of the well completion equipment.

EXAMPLES

[0067] Without limiting the generality of the foregoing discussion, the following
numbered paragraphs, or the claims of the present application, the following examples are
provided to illustrate exemplary details of various implementations that have been conducted

based on the principles discussed above.
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EXAMPLE 1
[0068] 100g of a first composition was prepared with the following components;

monoethanol ammonium dodecylbenzene sulfonate (52.8g), dodecyl diethanol ammonium
dodecylbenzene sulfonate (27.2g) and n-butanol (20.0g). A 20g of the first composition was
mixed with 80g of Escaid 110 to provide a guard bed composition, referred to herein as
COMPOSITION-I.  Several properties of the guard bed composition, COMPOSITION-I
were experimentally determined and compared to Escaid 110. The experimentally determined
properties of Escaid 110 and COMPOSITION-I are provided in Table 1 below. It can be
observed that the guard bed composition of the instant invention has superior properties

compared to Escaid 110 alone.

TABLE 1

Properties Escaid 110 COMPOSITION-I
Physical Appearance Clear Liquid Clear Yellowish Liquid
Density @ 25C 0.8 g/cc 0.8 g/cc
Viscosity @ 25C 1.9 cSt 5.2 ¢St
Stability 70C to -70C 70C to -70C
Emulsification Rate None Instantaneous

+ O‘11/W ater Interfacial 55 mN/m <0.01 mN/m
Tension
Emulsification Range None 0.1% to 10 % NaCl
Emulsification Capacity None 811151Br1ne Ratio =1: 0.05
Emulsion Stability N/A 70C to -70C

J'r Dispersed Brine Droplet N/A <1 micron
Size
Emulsion Continuity N/A Oil Continuous

+ Emulsion Character

Phase Separated Water and
0Oil

Water-in-Oil Micro-
emulsion

- Emulsion Conductivity

N/A

10 mho's

Phase Sepatered Water

Emulsified Water Does not

- Wettability on Glass Wets Glass Wet Glass
EXAMPLE 2
[0069] 100g of a first composition was prepared with the following components: sorbitan

mono-oleate (31.25g), sorbitan mono-oleate [20] ethoxylate, which is a C18 alkyl sorbitan
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with 20 ethoxylate groups (62.5g), and tertiary amyl alcohol (6.25g). A 20g of the first
composition was mixed with 80g of Escaid 110 to provide a guard bed composition, referred
to herein as COMPOSITION-II.

COMPOSITION-II were experimentally determined and compared to Escaid 110. The

Several properties of the guard bed composition,

experimentally determined properties of Escaid 110 and COMPOSITION-II are provided in

Table 2 below. It can be observed that the guard bed composition of the instant invention has

10

superior properties compared to Escaid 110 alone.

TABLE 2
Properties Escaid 110 COMPOSITION-IT
Physical Appearance Clear Liquid Clear Yellowish Liquid
Density @ 25C 0.8 g/cc 0.8 g/cc
Viscosity @ 25C 1.9 cSt 6.9 cSt
Stability 70C to -70C 70C to -70C
Emulsification Rate None Instantaneous
TJ;n(Ziié/r\lV ater Interfacial 55 mN/m <0.01 mN/m
Emulsification Range None 0.1% to 10 % NaCl
Emulsification Capacity None (())3 5 ]?Ori?i)iatio s
Emulsion Stability N/A 70C to -70C
S;rz (I?ispersed Brine Droplet N/A < 1 micron
Emulsion Continuity N/A Oil Continuous

+ Emulsion Character

Phase Separated Water and
0Oil

Water-in-Qil

- Emulsion Conductivity N/A 10 mho's
o Phase Separated Water Wets | Emulsified Water Does
- Wettability on Glass Glass ot Wet Glass
[0070] While the present techniques of the invention may be susceptible to various

modifications and alternative forms, the exemplary systems, methods, implementations, and
embodiments discussed above have been shown by way of example. However, it should
again be understood that the invention is not intended to be limited to the particular

embodiments disclosed herein. Indeed, the present techniques of the invention are to cover
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all modifications, equivalents, and alternatives falling within the spirit and scope of the

invention as defined by the following appended claims.

[0071] In the present disclosure, several of the illustrative, non-exclusive examples of
methods and systems have been discussed and/or presented in the context of flow diagrams,
or flow charts, in which the methods and/or systems are shown and described as a series of
blocks, or steps. Unless specifically set forth in the accompanying description, it is within the
scope of the present disclosure that the order of the blocks may vary from the illustrated order
in the flow diagram, including with two or more of the blocks (or steps) occurring in a

different order and/or concurrently.

[0072] As used herein, the term “and/or” placed between a first entity and a second entity
means one of (1) the first entity, (2) the second entity, and (3) the first entity and the second
entity. Multiple entities listed with “and/or” should be construed in the same manner, i.e.,
“one or more” of the entities so conjoined. Other entities may optionally be present other
than the entities specifically identified by the “and/or” clause, whether related or unrelated to
those entities specifically identified. Thus, as a non-limiting example, a reference to “A
and/or B”, when used in conjunction with open-ended language such as “comprising” can
refer, in one embodiment, to A only (optionally including entities, other than B); in another
embodiment, to B only (optionally including entities other than A); in yet another
embodiment, to both A and B (optionally including other entities). These entities may refer

to elements, actions, structures, steps, operations, values, and the like.

[0073] As used herein, the phrase “at least one,” in reference to a list of one or more
entities should be understood to mean at least one entity selected from any one or more of the
entity in the list of entities, but not necessarily including at least one of each and every entity
specifically listed within the list of entities and not excluding any combinations of entities in
the list of entitics. This definition also allows that entitics may optionally be present other
than the entities specifically identified within the list of entities to which the phrase “at least
one” refers, whether related or unrelated to those entities specifically identified. Thus, as a
non-limiting example, “at least one of A and B” (or, equivalently, “at least one of A or B,” or,
equivalently “at least one of A and/or B”) can refer, in one embodiment, to at least one,
optionally including more than one, A, with no B present (and optionally including entities
other than B); in another embodiment, to at least one, optionally including more than one, B,
with no A present (and optionally including entities other than A); in yet another

embodiment, to at least one, optionally including more than one, A, and at least one,
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optionally including more than one, B (and optionally including other entities). In other
words, the phrases “at least one”, “one or more”, and “and/or” are open-ended expressions
that are both conjunctive and disjunctive in operation. For example, each of the expressions
“at least onec of A, B and C”, “at least one of A, B, or C”, “one or more of A, B, and C”, “one
or more of A, B, or C” and “A, B, and/or C” may mean A alone, B alone, C alone, A and B
together, A and C together, B and C together, A, B and C together, and optionally any of the

above in combination with at least one other entity.

[0074] [lustrative, non-exclusive examples of systems and methods according to the
present disclosure are presented in the following enumerated paragraphs. It is within the
scope of the present disclosure that the individual steps of the methods recited herein,
including in the following enumerated paragraphs, may additionally or alternatively be

referred to as a “step for” performing the recited action.

[0075] Al. A guard bed composition for protecting a metal surface in a wellbore from

corrosion, the composition comprising:
one or more surfactants selected from the group comprising amine surfactants;

one or more co-surfactants selected from the group comprising C3 to C15

alcohols; and
one or more non-surfactant amines.

[0076] A2. The guard bed composition of paragraph Al further comprising a
hydrocarbon fluid.

[0077] A3. The guard bed composition of paragraph A2 wherein the hydrocarbon
fluid comprises between about 0 wt% and about 90 wt% based on the weight of the guard bed

composition.

[0078] A4. The guard bed composition of paragraph A3 further comprising water,
wherein the water comprises between about 0 wt% and about 50 wt% based on the weight of

the guard bed composition.

[0079] AS5.  The guard bed composition of paragraph A2 wherein the hydrocarbon
fluid comprises hydrocarbons selected from the group of normal and branched alkane

hydrocarbons having C8 to C20 carbons.
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[0080] A6. The guard bed composition of paragraph A5 wherein the hydrocarbon

fluid comprises an ultra low aromatic fluid.

[0081] A7. The guard bed composition of paragraph A6 wherein the hydrocarbon

fluid comprises less than about 1 wt% aromatic compounds.

[0082] AS8.  The guard bed composition of paragraph A1 wherein the amine surfactants
comprise at least one amine surfactant selected from the group comprising primary, second,

tertiary, and quaternary amine surfactants.

[0083] A9.  The guard bed composition of paragraph A8 wherein the amine surfactants

comprise alkyl amine ethoxylate surfactants.

[0084] A10. The guard bed composition of paragraph A9 wherein the alkyl amine
ethoxylate surfactants include an alkyl group selected from the group comprising normal

alkyl groups, branched alkyl groups, and alkyl aromatic groups.

[0085] All. The guard bed composition of paragraph A1 wherein the amine surfactants
comprise at least one surfactant selected from the group comprising polymeric amine

surfactants.

[0086] Al12. The guard bed composition of paragraph All wherein the polymeric
amine surfactants comprise compounds of the general structure R-X, wherein R is a
hydrocarbon alkyl group and wherein X is an oligomeric amine or a polymeric amine having

at least two amine functionality.

[0087] Al13. The guard bed composition of paragraph A12 wherein the polymeric
amine surfactant is selected from the group of oligomeric surfactants comprising oleyl
diethylene triamine, oleyl tetracthylene pentamine, dodecyl diethylene triamine, and dodecyl

tetracthylene pentamine.

[0088] Al4. The guard bed composition of paragraph A12 wherein the polymeric
amine surfactant is selected from the group of polymeric surfactants comprising

polyisobutylene polyamine and polypropylene polyamine.

[0089] Al5. The guard bed composition of paragraph A12 wherein the polymeric

amine surfactant has a molecular weight ranging from about 800 to about 3500.
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[0090] A16. The guard bed composition of paragraph All wherein the polymeric
amine surfactant binds to hydrogen sulfide to form a polyamine-hydrogen sulfide complex

when contacted by hydrogen sulfide.

[0091] Al7. The guard bed composition of paragraph A16 wherein the polyamine-
hydrogen sulfide complex is adapted to capture water as a polyamine-hydrogen sulfide-water

complex when contacted by water.

[0092] Al18. The guard bed composition of paragraph Al wherein the non-surfactant
amines are selected from the group comprising alkyl primary amines, alkyl secondary

amines, and alkyl tertiary amines.

[0093] A19. The guard bed composition of paragraph A18 wherein the non-surfactant

amines are hindered.

[0094] A20. The guard bed composition of paragraph A18 wherein the non-surfactant

amine is a hydrogen sulfide scrubber.

[0095] A21. The guard bed composition of paragraph A20 wherein the non-surfactant

amine is tertiary butyl diethanol amine.

[0096] A22. The guard bed composition of paragraph Al wherein the one or more
surfactants and the one or more co-surfactants are selected to at least substantially

instantaneously micro-emulsify aqueous fluids in contact with the composition.

[0097] A23. The guard bed composition of paragraph A22 wherein the aqueous fluid is
a brine composition, and wherein brine compositions introduced into the guard bed
composition are micro-emulsified into droplets having a diameter less than about five

microns in less than about five seconds.

[0098] A24. The guard bed composition of paragraph A23 wherein the droplets are

between about 10 nanometers and about 5 micrometers in diameter.

[0099] A25. The guard bed composition of paragraph A24 wherein the droplets are

between about 100 nanometers and about 1000 nanometers in diameter.

[00100] A26. The guard bed composition of paragraph A23 wherein the brine
composition is between about 0.01 wt% and about 30 wt% dissolved solids based on the
weight of the brine composition, wherein the dissolved solids are selected from the group

comprising chloride salts, carbonate salts, bicarbonate salts, and sulfate salts.
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[00101] A27. The guard bed composition of paragraph A26 wherein the dissolved solids
are selected from the group comprising salts of sodium, calcium, magnesium, potassium,

lithium, and cesium.

[00102] A28. The guard bed composition of paragraph A22 wherein greater than about

95% of the aqueous fluid is micro-emulsified in less than about 5 seconds.

[00103] A29. The guard bed composition of paragraph A28 wherein greater than about

95% of the aqueous fluid is micro-emulsified in less than about 1 second.

[00104] A30. The guard bed composition of paragraph A29 wherein greater than about

95% of the aqueous fluid is micro-emulsified in less than about 0.1 seconds.

[00105] A31. The guard bed composition of paragraph A22 wherein the guard bed
composition is adapted to micro-emulsify aqueous fluid up to an aqueous fluid:guard bed

composition ratio of about 3:1.

[00106] BI1. A method of preparing a guard bed composition adapted for the protection

of a metal surface in a wellbore from sulfide stress cracking, the method comprising:

obtaining one or more surfactants selected from the group comprising

amine surfactants;

obtaining one or more co-surfactants selected from the group comprising

C3 to C15 alcohols;
obtaining one or more non-surfactant amines; and
mixing the surfactants, the co-surfactants, and the non-surfactant amines.

[00107] B2. The method of paragraph B1 further comprising obtaining a hydrocarbon
fluid, and wherein the surfactants, the co-surfactants, and the non-surfactant amines are

mixed in the hydrocarbon fluid.

[00108] B3. The method of paragraph B2 wherein the hydrocarbon fluid comprises
between about 0 wt% and about 90 wt% based on the weight of the guard bed composition.

[00109] B4. The method of paragraph B2 wherein the hydrocarbon fluid comprises
hydrocarbons selected from the group of normal and branched alkane hydrocarbons having

C& to C20 carbons.

[00110] BS. The method of paragraph B4 wherein the hydrocarbon fluid comprises an

ultra low aromatic fluid.
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[00111] B6.  The method of paragraph B2 further comprising obtaining water, wherein
the water is mixed in the hydrocarbon fluid and is micro-emulsified by the surfactants and the

co-surfactants.

[00112] B7. The method of paragraph B6, wherein the water comprises between about
0 wt% and about 50 wt% based on the weight of the guard bed composition.

[00113] BS8. The method of paragraph Bl wherein the amine surfactants comprise at
least one amine surfactant selected from the group comprising primary, second, tertiary, and

quaternary amine surfactants.

[00114] B9. The method of paragraph B8 wherein the amine surfactants comprise alkyl

amine ethoxylate surfactants.

[00115] BI10. The method of paragraph B9 wherein the alkyl amine ethoxylate
surfactants include an alkyl group selected from the group comprising normal alkyl groups,

branched alkyl groups, and alkyl aromatic groups.

[00116] BI11. The method of paragraph Bl wherein the amine surfactants comprise at

least one surfactant selected from the group comprising polymeric amine surfactants.

[00117] BI12. The method of paragraph B11 wherein the polymeric amine surfactants
comprise compounds of the general structure R-X, wherein R is a hydrocarbon alkyl group
and wherein X is an oligomeric amine or a polymeric amine having at least two amine

functionality.

[00118] BI13. The method of paragraph B12 wherein the polymeric amine surfactant is
selected from the group of oligomeric surfactants comprising oleyl diethylene triamine, oleyl

tetracthylene pentamine, dodecyl diethylene triamine, and dodecyl tetracthylene pentamine.

[00119] B14. The method of paragraph B12 wherein the polymeric amine surfactant is
selected from the group of polymeric surfactants comprising polyisobutylene polyamine and

polypropylene polyamine.

[00120] BI15. The method of paragraph B12 wherein the polymeric amine surfactant has

a molecular weight ranging from about 800 to about 3500.

[00121] BI16. The method of paragraph B11 wherein the polymeric amine surfactant
binds to hydrogen sulfide to form a polyamine-hydrogen sulfide complex when contacted by

hydrogen sulfide.
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[00122] BI17. The method of paragraph B16 wherein the polyamine-hydrogen sulfide
complex is adapted to capture water as a polyamine-hydrogen sulfide-water complex when

contacted by water.

[00123] BI18. The method of paragraph Bl wherein the non-surfactant amines are
selected from the group comprising alkyl primary amines, alkyl secondary amines, and alkyl

tertiary amines.

[00124] B19. The method of paragraph B18 wherein the non-surfactant amines are
hindered.

[00125] B20. The method of paragraph B18 wherein the non-surfactant amine is a
hydrogen sulfide scrubber.

[00126] B21. The method of paragraph B20 wherein the non-surfactant amine is tertiary

butyl diethanol amine.

[00127] B22. The method of paragraph B1 wherein the one or more surfactants and the
one or more co-surfactants are selected to at least substantially instantaneously micro-

emulsify aqueous fluids in contact with the composition.

[00128] B23. The method of paragraph B22 wherein the aqueous fluid is a brine
composition, and wherein brine compositions introduced into the guard bed composition are
micro-emulsified into droplets having a diameter less than about five microns in less than

about five seconds.

[00129] B24. The method of paragraph B22 wherein the guard bed composition is
adapted to micro-emulsify aqueous fluid up to an aqueous fluid:guard bed composition ratio

of about 3:1.

[00130] C1. A method of protecting a metal surface in a wellbore from corrosion, the

method comprising:
obtaining a guard bed composition comprising:

one or more surfactants selected from the group comprising amine

surfactants;

one or more co-surfactants selected from the group comprising C3 to C15

alcohols; and

one or more non-surfactant amines;
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disposing the guard bed composition adjacent to a metal surface in a wellbore;

and
producing hydrocarbons through the wellbore.

[00131] C2. The method of paragraph C1 wherein the guard bed composition

comprises a hydrocarbon fluid.

[00132] C3. The method of paragraph C2 wherein the hydrocarbon fluid comprises
between about 0 wt% and about 90 wt% based on the weight of the guard bed composition.

[00133] C4. The method of paragraph C3 wherein the guard bed composition further
comprises water, wherein the water comprises between about 0 wt% and about 50 wt% based

on the weight of the guard bed composition.

[00134] C5. The method of paragraph C2 wherein the hydrocarbon fluid comprises
hydrocarbons selected from the group of normal and branched alkane hydrocarbons having

C& to C20 carbons.

[00135] C6. The method of paragraph C5 wherein the hydrocarbon fluid comprises an

ultra low aromatic fluid.

[00136] C7. The method of paragraph C6 wherein the hydrocarbon fluid comprises less

than about 1 wt% aromatic compounds.

[00137] C8. The method of paragraph C1 wherein the amine surfactants comprise at
least one amine surfactant selected from the group comprising primary, second, tertiary, and

quaternary amine surfactants.

[00138] C9. The method of paragraph C8 wherein the amine surfactants comprise alkyl

amine ethoxylate surfactants.

[00139] C10. The method of paragraph C9 wherein the alkyl amine ethoxylate
surfactants include an alkyl group selected from the group comprising normal alkyl groups,

branched alkyl groups, and alkyl aromatic groups.

[00140] C11. The method of paragraph C1 wherein the amine surfactants comprise at

least one surfactant selected from the group comprising polymeric amine surfactants.

[00141] C12. The method of paragraph C11 wherein the polymeric amine surfactants

comprise compounds of the general structure R-X, wherein R is a hydrocarbon alkyl group
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and wherein X is an oligomeric amine or a polymeric amine having at least two amine

functionality.

[00142] C13. The method of paragraph C12 wherein the polymeric amine surfactant is
selected from the group of oligomeric surfactants comprising oleyl diethylene triamine, oleyl

tetracthylene pentamine, dodecyl diethylene triamine, and dodecyl tetracthylene pentamine.

[00143] C14. The method of paragraph C12 wherein the polymeric amine surfactant is
selected from the group of polymeric surfactants comprising polyisobutylene polyamine and

polypropylene polyamine.

[00144] C15. The method of paragraph C12 wherein the polymeric amine surfactant has

a molecular weight ranging from about 800 to about 3500.

[00145] C16. The method of paragraph C11 wherein the polymeric amine surfactant
binds to hydrogen sulfide to form a polyamine-hydrogen sulfide complex when contacted by

hydrogen sulfide.

[00146] C17. The method of paragraph C16 wherein the polyamine-hydrogen sulfide
complex is adapted to capture water as a polyamine-hydrogen sulfide-water complex when

contacted by water.

[00147] C18. The method of paragraph Cl wherein the non-surfactant amines are
selected from the group comprising alkyl primary amines, alkyl secondary amines, and alkyl

tertiary amines.

[00148] C19. The method of paragraph C18 wherein the non-surfactant amines are
hindered.

[00149] C20. The method of paragraph C18 wherein the non-surfactant amine is a
hydrogen sulfide scrubber.

[00150] C21. The method of paragraph C20 wherein the non-surfactant amine is tertiary

butyl diethanol amine.

[00151] C22. The method of paragraph C1 wherein the guard bed composition is

disposed in an annulus between two metal surfaces in a wellbore.

[00152] C23. The method of paragraph C1 wherein the guard bed composition is

disposed in an annulus between an inner casing and an outer casing.
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[00153] C24. The method of paragraph C23 wherein the inner casing is production
casing and wherein the outer casing is selected from one or more of intermediate casing and

surface casing.

[00154] C25. The method of paragraph C23, wherein the guard bed composition is
adapted to protect a metal surface of at least one casing from fluids leaking into the annulus,
wherein the one or more surfactants and the one or more co-surfactants are sclected to at least

substantially instantaneously micro-emulsify aqueous fluids in contact with the composition.

[00155] C26. The method of paragraph C25 wherein the aqueous fluid is a brine
composition, and wherein brine compositions leaked into the annulus are micro-emulsified

into droplets having a diameter less than about five microns in less than about five seconds.

[00156] C27. The method of paragraph C26 wherein the droplets are between about 10

nanometers and about 5 micrometers in diameter.

[00157] C28. The method of paragraph C27 wherein the droplets are between about 100

nanometers and about 1000 nanometers in diameter.

[00158] C29. The method of paragraph C26 wherein the brine composition is between
about 0.01 wt% and about 30 wt% dissolved solids based on the weight of the brine
composition, wherein the dissolved solids are selected from the group comprising chloride

salts, carbonate salts, bicarbonate salts, and sulfate salts.

[00159] C30. The method of paragraph C29 wherein the dissolved solids are selected
from the group comprising salts of sodium, calcium, magnesium, potassium, lithium, and

cesium.

[00160] C31. The method of paragraph C25 wherein greater than about 95% of the

aqueous fluid is micro-emulsified in less than about 5 seconds.

[00161] C32. The method of paragraph C31 wherein greater than about 95% of the

aqueous fluid is micro-emulsified in less than about 1 second.

[00162] C33. The method of paragraph C32 wherein greater than about 95% of the

aqueous fluid is micro-emulsified in less than about 0.1 seconds.

[00163] C34. The method of paragraph C25 wherein the guard bed composition is
adapted to micro-emulsify aqueous fluid up to an aqueous fluid:guard bed composition ratio

of about 3:1.
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[00164] DI1. A guard bed composition for protecting a metal surface in a wellbore from

corrosion, the composition comprising:
a hydrocarbon fluid; and

an overbased detergent; wherein the overbased detergent is selected to form a

colloidal coating on the metal surface upon contact with hydrogen sulfide and water.

[00165] D2. The guard bed composition of paragraph D1 wherein the overbased
detergent comprises greater than about 20 wt% based on the weight of the guard bed

composition.

[00166] D3. The guard bed composition of paragraph D2 wherein the overbased
detergent comprises between about 20 wt% and about 99 wt%.

[00167] D4. The guard bed composition of paragraph D1 further comprising at least
one co-surfactant selected from the group comprising C3 to C15 alcohols, wherein the
alcohols are selected from the group comprising branched alcohols, linear alcohols, and

mixtures thereof.

[00168] DS. The guard bed composition of paragraph D1 wherein the hydrocarbon
fluid comprises hydrocarbons selected from the group comprising normal and branched
alkane hydrocarbons having C8 to C20 carbons, cyclic alkanes, synthetic oils, and mixtures

thereof.

[00169] D6. The guard bed composition of paragraph DS wherein the hydrocarbon

fluid comprises an ultra low aromatic fluid.

[00170] D7. The guard bed composition of paragraph D6 wherein the hydrocarbon

fluid comprises less than about 1 wt% aromatic compounds.

[00171] D&. The guard bed composition of paragraph D1 wherein the overbased

detergent comprises compounds of the structure R-My, wherein N is greater than about 1.

[00172] D9. The guard bed composition of paragraph D8 wherein M is an inorganic

compound.

[00173] DI10. The guard bed composition of paragraph D9 wherein the inorganic
compound is a metal base selected from the group comprising CaO, MgO, BaO, ZnO,
CaCO03, MgCO03, BaCO3, and ZnCO3.
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[00174] DI11. The guard bed composition of paragraph D9 wherein R is a linear or

branched surfactant selected to stabilize the metal base.

[00175] DI12. The guard bed composition of paragraph D11 wherein R comprises
surfactant having the structure S-Y, wherein S is a linear or branched C8 to C24 alkyl
hydrocarbon group and Y is a polar group selected from the group comprising arylamines,

phenates, salicylates, amines, and hydroxides.

[00176] DI13. The guard bed composition of paragraph D1 wherein the overbased
detergent is selected to at least substantially instantaneously micro-emulsify aqueous fluids in

contact with the composition.

[00177] DIl14. The guard bed composition of paragraph D13 wherein the aqueous fluid is
a brine composition, and wherein brine compositions introduced into the guard bed
composition are micro-emulsified into droplets having a diameter less than about five

microns in less than about five seconds.

[00178] D15. The guard bed composition of paragraph D14 wherein the droplets are

between about 10 nanometers and about 5 micrometers in diameter.

[00179] D16. The guard bed composition of paragraph D15 wherein the droplets are

between about 100 nanometers and about 1000 nanometers in diameter.

[00180] D17. The guard bed composition of paragraph D14 wherein the brine
composition is between about 0.01 wt% and about 30 wt% dissolved solids based on the
weight of the brine composition, wherein the dissolved solids are selected from the group

comprising chloride salts, carbonate salts, bicarbonate salts, and sulfate salts.

[00181] DI18. The guard bed composition of paragraph D17 wherein the dissolved solids
are selected from the group comprising salts of sodium, calcium, magnesium, potassium,

lithium, and cesium.

[00182] D19. The guard bed composition of paragraph D13 wherein greater than about

95% of the aqueous fluid is micro-emulsified in less than about 5 seconds.

[00183] D20. The guard bed composition of paragraph D19 wherein greater than about

95% of the aqueous fluid is micro-emulsified in less than about 1 second.

[00184] D21. The guard bed composition of paragraph D20 wherein greater than about

95% of the aqueous fluid is micro-emulsified in less than about 0.1 seconds.
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[00185] D22. The guard bed composition of paragraph D1 wherein the guard bed
composition is adapted to micro-emulsify aqueous fluid up to an aqueous fluid:guard bed

composition ratio of about 3:1.

[00186] D23. The guard bed composition of paragraph D1 wherein the guard bed

composition is adapted to scrub hydrogen sulfide.

[00187] El1. A method of preparing a guard bed composition adapted for the protection

of a metal surface in a wellbore from corrosion, the method comprising;:
obtaining a hydrocarbon fluid;

obtaining an overbased detergent; wherein the overbased detergent is selected
to form a colloidal coating on the metal surface upon contact with hydrogen sulfide and

water; and
mixing the hydrocarbon fluid and the overbased detergent.

[00188] E2.  The method of paragraph E1 wherein the overbased detergent comprises
greater than about 20 wt% based on the weight of the guard bed composition.

[00189] E3. The method of paragraph E2 wherein the overbased detergent comprises
between about 20 wt% and about 99 wt%.

[00190] E4.  The method of paragraph E1 further comprising:

obtaining at least one co-surfactant selected from the group comprising C3 to
CI15 alcohols, wherein the alcohols are selected from the group comprising branched

alcohols, linear alcohols, and mixtures thereof; and
mixing the at least one co-surfactant .

[00191] ES5. The method of paragraph El wherein the hydrocarbon fluid comprises
hydrocarbons selected from the group comprising normal and branched alkane hydrocarbons

having C8 to C20 carbons, cyclic alkanes, synthetic oils, and mixtures thereof.

[00192] E6. The method of paragraph ES wherein the hydrocarbon fluid comprises an

ultra low aromatic fluid.

[00193] E7. The method of paragraph E6 wherein the hydrocarbon fluid comprises less

than about 1 wt% aromatic compounds.

-34 -



10

15

20

25

WO 2012/015512 PCT/US2011/035715

[00194] E8.  The method of paragraph E1 wherein the overbased detergent comprises

compounds of the structure R-My, wherein N is greater than about 1.
[00195] E9.  The method of paragraph E8 wherein M is an inorganic compound.

[00196] E10. The method of paragraph E9 wherein the inorganic compound is a metal
base selected from the group comprising CaO, MgO, BaO, ZnO, CaCO3, MgCO3, BaCO3,
and ZnCO3.

[00197] EI11. The method of paragraph E9 wherein R is a linear or branched surfactant

selected to stabilize the metal base.

[00198] E12. The method of paragraph E11 wherein R comprises surfactant having the
structure S-Y, wherein S is a linear or branched C8 to C24 alkyl hydrocarbon group and Y is
a polar group selected from the group comprising arylamines, phenates, salicylates, amines,

and hydroxides.

[00199] E13. The method of paragraph E1 wherein the overbased detergent is selected
to at least substantially instantaneously micro-emulsify aqueous fluids in contact with the

composition.

[00200] E14. The method of paragraph E13 wherein the aqueous fluid is a brine
composition, and wherein brine compositions introduced into the guard bed composition are
micro-emulsified into droplets having a diameter less than about five microns in less than

about five seconds.

[00201] E15. The method of paragraph E14 wherein the brine composition is between
about 0.01 wt% and about 30 wt% dissolved solids based on the weight of the brine
composition, wherein the dissolved solids are selected from the group comprising chloride

salts, carbonate salts, bicarbonate salts, and sulfate salts.

[00202] E16. The method of paragraph E15 wherein the dissolved solids are selected
from the group comprising salts of sodium, calcium, magnesium, potassium, lithium, and

cesium.

[00203] E17. The method of paragraph El wherein the guard bed composition is
adapted to micro-emulsify aqueous fluid up to an aqueous fluid:guard bed composition ratio

of about 3:1.
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[00204] E18. The method of paragraph El1 wherein the guard bed composition is
adapted to scrub hydrogen sulfide.

[00205] FI1. A method of protecting a metal surface in a wellbore from corrosion, the

method comprising:
obtaining a guard bed composition comprising:
a hydrocarbon fluid; and

an overbased detergent; wherein the overbased detergent is selected to

form a colloidal coating on the metal surface upon contact with hydrogen sulfide and water;

disposing the guard bed composition adjacent to a metal surface in a wellbore;

and
producing hydrocarbons through the wellbore.

[00206] F2.  The method of paragraph F1 wherein the overbased detergent comprises
greater than about 20 wt% based on the weight of the guard bed composition.

[00207] F3.  The method of paragraph F2 wherein the overbased detergent comprises
between about 20 wt% and about 99 wt%.

[00208] F4.  The method of paragraph F1 further comprising:

obtaining at least one co-surfactant selected from the group comprising C3 to
CI15 alcohols, wherein the alcohols are selected from the group comprising branched

alcohols, linear alcohols, and mixtures thercof, and
mixing the at least one co-surfactant .

[00209] F5.  The method of paragraph F1 wherein the hydrocarbon fluid comprises
hydrocarbons selected from the group comprising normal and branched alkane hydrocarbons

having C8 to C20 carbons, cyclic alkanes, synthetic oils, and mixtures thereof.

[00210] F6.  The method of paragraph F5 wherein the hydrocarbon fluid comprises an

ultra low aromatic fluid.

[00211] F7.  The method of paragraph F6 wherein the hydrocarbon fluid comprises less

than about 1 wt% aromatic compounds.

[00212] F8.  The method of paragraph F1 wherein the overbased detergent comprises

compounds of the structure R-My, wherein N is greater than about 1.
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[00213] F9.  The method of paragraph F8 wherein M is an inorganic compound.

[00214] F10. The method of paragraph F9 wherein the inorganic compound is a metal
base selected from the group comprising CaO, MgO, BaO, ZnO, CaCO3, MgCO3, BaCO3,
and ZnCO3.

[00215] F11. The method of paragraph F9 wherein R is a linear or branched surfactant

selected to stabilize the metal base.

[00216] FI12. The method of paragraph F11 wherein R comprises surfactant having the
structure S-Y, wherein S is a linear or branched C8 to C24 alkyl hydrocarbon group and Y is
a polar group selected from the group comprising arylamines, phenates, salicylates, amines,

and hydroxides.

[00217] FI13. The method of paragraph F1 wherein the guard bed composition is

disposed in an annulus between two metal surfaces in a wellbore.

[00218] F14. The method of paragraph F1 wherein the guard bed composition is

disposed in an annulus between an inner casing and an outer casing.

[00219] FI15. The method of paragraph F14 wherein the inner casing is production
casing and wherein the outer casing is selected from one or more of intermediate casing and

surface casing.

[00220] F16. The method of paragraph F14, wherein the guard bed composition is
adapted to protect a metal surface of at least one casing from fluids leaking into the annulus,
wherein the overbased detergent is selected to at least substantially instantaneously micro-

emulsify aqueous fluids in contact with the composition.

[00221] FI17. The method of paragraph F16 wherein the aqueous fluid is a brine
composition, and wherein brine compositions introduced into the guard bed composition are
micro-emulsified into droplets having a diameter less than about five microns in less than

about five seconds.

[00222] FI18. The method of paragraph F17 wherein the brine composition is between
about 0.01 wt% and about 30 wt% dissolved solids based on the weight of the brine
composition, wherein the dissolved solids are selected from the group comprising chloride

salts, carbonate salts, bicarbonate salts, and sulfate salts.
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[00223] F19. The method of paragraph F18 wherein the dissolved solids are selected
from the group comprising salts of sodium, calcium, magnesium, potassium, lithium, and

cesium.

[00224] F20. The method of paragraph F1 wherein the guard bed composition is adapted
to micro-emulsify aqueous fluid up to an aqueous fluid:guard bed composition ratio of about

3:1.

[00225] F21. The method of paragraph F1 wherein the guard bed composition is adapted
to scrub hydrogen sulfide.

[00226] G1. A guard bed composition for protecting a metal surface in a wellbore from

corrosion, the composition comprising:
a hydrocarbon fluid;

one or more surfactants selected from the group comprising alkyl alkoxylated

surfactants;

one or more co-surfactants selected from the group comprising C3 to C15

alcohols; and
one or more non-surfactant amines.

[00227] G2. The guard bed composition of paragraph G1 wherein the hydrocarbon
fluid comprises between about 0 wt% and about 90 wt% based on the weight of the guard bed

composition.

[00228] G3. The guard bed composition of paragraph G1 wherein the hydrocarbon
fluid comprises hydrocarbons selected from the group of normal and branched alkane

hydrocarbons having C8 to C20 carbons.

[00229] G4. The guard bed composition of paragraph G1 wherein the hydrocarbon

fluid comprises cyclic hydrocarbons.

[00230] GS5. The guard bed composition of paragraph G1 wherein the hydrocarbon

fluid comprises an ultra low aromatic fluid.

[00231] G6. The guard bed composition of paragraph G5 wherein the hydrocarbon

fluid comprises less than about 1 wt% aromatic compounds.
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[00232] G7. The guard bed composition of paragraph G1 wherein the alkyl alkoxylated
surfactants comprise at least one alkyl alkoxylated surfactant selected from the group

comprising alkyl and alkyl aromatic alkoxylated surfactants.

[00233] G8. The guard bed composition of paragraph G7 wherein the alkoxylate group
is selected from the group comprising ethylene oxide, propylene oxide, butylene oxide and

mixtures thereof.

[00234] G9. The guard bed composition of paragraph G1 wherein the alkyl alkoxylated
surfactants comprise at least one surfactant selected from the group comprising alkyl sorbitan
alkoxylates, alkyl alcohol ethoxylates, alkyl acid ethoxylates and alkyl nonylphenol

ethoxylates.

[00235] G10. The guard bed composition of paragraph Gl wherein the non-surfactant
amines are selected from the group comprising alkyl primary amines, alkyl secondary

amines, and alkyl tertiary amines.

[00236] G11. The guard bed composition of paragraph G10 wherein the non-surfactant

amines are hindered.

[00237] Gl12. The guard bed composition of paragraph G10 wherein the non-surfactant

amine is a hydrogen sulfide scrubber.

[00238] G13. The guard bed composition of paragraph G10 wherein the non-surfactant

amine is tertiary butyl diethanol amine.

[00239] Gl14. The guard bed composition of paragraph G1 wherein the one or more
surfactants and the one or more co-surfactants are selected to form an oil continuous
surfactant liquid crystalline mesophase upon interaction of the guard bed composition with

aqueous fluids.

[00240] G15. The guard bed composition of paragraph G14 wherein the aqueous fluid is
a brine composition, and wherein brine compositions introduced into the guard bed
composition are micro-emulsified into droplets having a diameter less than about five

microns in less than about five seconds.

[00241] G16. The guard bed composition of paragraph G15 wherein the brine
composition is between about 0.01 wt% and about 30 wt% dissolved solids based on the
weight of the brine composition, wherein the dissolved solids are selected from the group

comprising chloride salts, carbonate salts, bicarbonate salts, and sulfate salts.
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[00242] G17. The guard bed composition of paragraph G16 wherein the dissolved solids
are selected from the group comprising salts of sodium, calcium, magnesium, potassium,

lithium, and cesium.

[00243] G18. The guard bed composition of paragraph G14 wherein the guard bed
composition is adapted to micro-emulsify aqueous fluid up to an aqueous fluid:guard bed

composition ratio of about 3:1.

[00244] G19. The guard bed composition of paragraph G14 wherein the aqueous fluid
comprises hydrogen sulfide, and wherein the non-surfactant amines are selected to scrub the

hydrogen sulfide.

[00245] HI1. A method of preparing a guard bed composition adapted for the protection

of a metal surface in a wellbore from corrosion, the method comprising;:
obtaining a hydrocarbon fluid;

obtaining one or more surfactants selected from the group comprising alkyl

alkoxylated surfactants;

obtaining one or more co-surfactants selected from the group comprising C3

to C15 alcohols;
obtaining one or more non-surfactant amines; and

mixing the surfactants, the co-surfactants, and the non-surfactant amines in the

hydrocarbon fluid.

[00246] H2. The method of paragraph H1 wherein the hydrocarbon fluid comprises
between about 0 wt% and about 90 wt% based on the weight of the guard bed composition.

[00247] H3. The method of paragraph H1 wherein the hydrocarbon fluid comprises
hydrocarbons selected from the group of normal and branched alkane hydrocarbons having

C& to C20 carbons.

[00248] H4. The method of paragraph H3 wherein the hydrocarbon fluid comprises an

ultra low aromatic fluid.

[00249] HS. The method of paragraph H1 wherein the alkyl alkoxylated surfactants
comprise at least one alkyl alkoxylated surfactant selected from the group comprising alkyl

and alkyl aromatic alkoxylated surfactants.
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[00250] H6. The method of paragraph H5 wherein the alkoxylate group is selected
from the group comprising ethylene oxide, propylene oxide, butylene oxide and mixtures

thereof.

[00251] H7. The method of paragraph H1 wherein the alkyl alkoxylated surfactants
comprise at least one surfactant selected from the group comprising alkyl sorbitan
alkoxylates, alkyl alcohol ethoxylates, alkyl acid ethoxylates and alkyl nonylphenol
ethoxylates.

[00252] H8. The method of paragraph H1 wherein the non-surfactant amines are
selected from the group comprising alkyl primary amines, alkyl secondary amines, and alkyl

tertiary amines.

[00253] HY9. The method of paragraph H8 wherein the non-surfactant amines are
hindered.

[00254] H10. The method of paragraph H8 wherein the non-surfactant amine is a
hydrogen sulfide scrubber.

[00255] HI11. The method of paragraph H10 wherein the non-surfactant amine is tertiary

butyl diethanol amine.

[00256] HI12. The method of paragraph H1 wherein the one or more surfactants and the
one or more co-surfactants are selected to form an oil continuous surfactant liquid crystalline

mesophase upon interaction of the guard bed composition with aqueous fluids.

[00257] HI13. The method of paragraph H12 wherein the guard bed composition is
adapted to micro-emulsify aqueous fluid up to an aqueous fluid:guard bed composition ratio

of about 3:1.

[00258] HI14. The method of paragraph H12 wherein the aqueous fluid is a brine
composition, and wherein brine compositions introduced into the guard bed composition are
micro-emulsified into droplets having a diameter less than about five microns in less than

about five seconds.

[00259] HI15. The method of paragraph H14 wherein the brine composition is between
about 0.01 wt% and about 30 wt% dissolved solids based on the weight of the brine
composition, wherein the dissolved solids are selected from the group comprising chloride

salts, carbonate salts, bicarbonate salts, and sulfate salts.
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[00260] HI16. The method of paragraph H15 wherein the dissolved solids are selected
from the group comprising salts of sodium, calcium, magnesium, potassium, lithium, and

cesium.

[00261] HI17. The method of paragraph H14 wherein the aqueous fluid comprises
hydrogen sulfide, and wherein the non-surfactant amines are selected to scrub the hydrogen

sulfide.

[00262] 1. A method of protecting a metal surface in a wellbore from corrosion, the

method comprising:
obtaining a guard bed composition comprising:
a hydrocarbon fluid;

one or more surfactants selected from the group comprising alkyl

alkoxylated surfactants;

one or more co-surfactants selected from the group comprising C3 to

C15 alcohols; and
one or more non-surfactant amines;

disposing the guard bed composition adjacent to a metal surface in a

wellbore; and
producing hydrocarbons through the wellbore.

[00263] J2. The method of paragraph J1 wherein the hydrocarbon fluid comprises
between about 0 wt% and about 90 wt% based on the weight of the guard bed composition.

[00264] J3. The method of paragraph J1 wherein the hydrocarbon fluid comprises
hydrocarbons selected from the group of normal and branched alkane hydrocarbons having

C& to C20 carbons.

[00265] J4. The method of paragraph J3 wherein the hydrocarbon fluid comprises an

ultra low aromatic fluid.

[00266] JS. The method of paragraph J1 wherein the alkyl alkoxylated surfactants
comprise at least one alkyl alkoxylated surfactant selected from the group comprising alkyl

and alkyl aromatic alkoxylated surfactants.
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[00267] J6. The method of paragraph J5 wherein the alkoxylate group is selected from

the group comprising ethylene oxide, propylene oxide, butylene oxide and mixtures thereof.

[00268] J7. The method of paragraph J1 wherein the alkyl alkoxylated surfactants
comprise at least one surfactant selected from the group comprising alkyl sorbitan
alkoxylates, alkyl alcohol ethoxylates, alkyl acid ethoxylates and alkyl nonylphenol
ethoxylates.

[00269] J8. The method of paragraph J1 wherein the non-surfactant amines are
selected from the group comprising alkyl primary amines, alkyl secondary amines, and alkyl

tertiary amines.

[00270] J9. The method of paragraph J8 wherein the non-surfactant amines are
hindered.

[00271] J10. The method of paragraph J8 wherein the non-surfactant amine is a
hydrogen sulfide scrubber.

[00272] J11. The method of paragraph J10 wherein the non-surfactant amine is tertiary

butyl diethanol amine.

[00273] J12. The method of paragraph J1 wherein the one or more surfactants and the
one or more co-surfactants are selected to form an oil continuous surfactant liquid crystalline

mesophase upon interaction of the guard bed composition with aqueous fluids.

[00274] J13. The method of paragraph J12 wherein the guard bed composition is
adapted to micro-emulsify aqueous fluid up to an aqueous fluid:guard bed composition ratio

of about 3:1.

[00275] J14. The method of paragraph J12 wherein the aqueous fluid is a brine
composition, and wherein brine compositions introduced into the guard bed composition are
micro-emulsified into droplets having a diameter less than about five microns in less than

about five seconds.

[00276] J15. The method of paragraph J14 wherein the brine composition is between
about 0.01 wt% and about 30 wt% dissolved solids based on the weight of the brine
composition, wherein the dissolved solids are selected from the group comprising chloride

salts, carbonate salts, bicarbonate salts, and sulfate salts.
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[00277] J16. The method of paragraph J15 wherein the dissolved solids are selected
from the group comprising salts of sodium, calcium, magnesium, potassium, lithium, and

cesium.

[00278] J17. The method of paragraph J14 wherein the aqueous fluid comprises
hydrogen sulfide, and wherein the non-surfactant amines are selected to scrub the hydrogen

sulfide.

[00279] J18. The method of paragraph J1 wherein the guard bed composition is

disposed in an annulus between two metal surfaces in a wellbore.

[00280] J19. The method of paragraph J1 wherein the guard bed composition is

disposed in an annulus between an inner casing and an outer casing.

[00281] J20. The method of paragraph J19 wherein the inner casing is production
casing and wherein the outer casing is selected from one or more of intermediate casing and

surface casing.

[00282] J21. The method of paragraph J19, wherein the guard bed composition is
adapted to protect a metal surface of at least one casing from fluids leaking into the annulus,
wherein the one or more surfactants and the one or more co-surfactants are sclected to at least

substantially instantaneously micro-emulsify aqueous fluids in contact with the composition.

[00283] KI. A guard bed composition for protecting a metal surface in a wellbore from

corrosion, the composition comprising:
a hydrocarbon fluid; and

one or more associating surface active polymers selected from the group
comprising amphiphilic polymers.
[00284] K2. The guard bed composition of paragraph K1 wherein the polymer

comprises between about 0.1 wt% and about 10 wt% of the guard bed composition.

[00285] K3. The guard bed composition of paragraph K1 wherein the hydrocarbon
fluid comprises hydrocarbons selected from the group of normal and branched alkane

hydrocarbons having C8 to C20 carbons.

[00286] K4. The guard bed composition of paragraph K1 wherein the hydrocarbon

fluid comprises cyclic hydrocarbons.
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[00287] KS. The guard bed composition of paragraph K1 wherein the hydrocarbon

fluid comprises synthetic oils.

[00288] K6. The guard bed composition of paragraph K1 wherein the hydrocarbon

fluid comprises an ultra low aromatic fluid.

[00289] K7. The guard bed composition of paragraph K6 wherein the hydrocarbon

fluid comprises less than about 1 wt% aromatic compounds.

[00290] K&. The guard bed composition of paragraph K1 wherein the associating

surface active polymers comprise a hydrocarbon backbone with pendant polar groups.

[00291] K9. The guard bed composition of paragraph K8 wherein the associating
surface active polymers are selected from the group comprising poly acrylic acid, partially

hydrolyzed poly acryl amide, poly ethylene glycol, and mixtures thereof.

[00292] KI10. The guard bed composition of paragraph K1 wherein the composition
further comprises surfactants selected from the group comprising alkyl sorbitans and alkyl

sorbitan alkoxylated surfactants.

[00293] KI11. The guard bed composition of paragraph K10 wherein the surfactant

comprises a surfactant from the group comprising alkyl sorbitan ethoxylates.

[00294] KI12. The guard bed composition of paragraph K10 wherein the composition
further comprises co-surfactants selected from the group comprising C3 to C15 linear and

branched alcohols.

[00295] KI13. The guard bed composition of paragraph K1 wherein interaction between
the composition and leaked aqueous fluids substantially immediately encapsulates
substantially all of the aqueous fluids in micro-domains formed by the associating surface

active polymers.

[00296] KI14. The guard bed composition of paragraph K13 wherein the formation of

micro-domains forms a gel-like structure.

[00297] KI15. The guard bed composition of paragraph K13 wherein the aqueous fluid is
a brine composition, and wherein brine compositions introduced into the guard bed
composition are encapsulated into micro-domains having a diameter less than about five

microns in less than about five seconds.
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[00298] K16. The guard bed composition of paragraph K15 wherein the brine
composition is between about 0.01 wt% and about 30 wt% dissolved solids based on the
weight of the brine composition, wherein the dissolved solids are selected from the group

comprising chloride salts, carbonate salts, bicarbonate salts, and sulfate salts.

[00299] KI17. The guard bed composition of paragraph K16 wherein the dissolved solids
are selected from the group comprising salts of sodium, calcium, magnesium, potassium,

lithium, and cesium.

[00300] KI18. The guard bed composition of paragraph K13 wherein the guard bed
composition is adapted to encapsulate aqueous fluid up to an aqueous fluid:guard bed

composition ratio of about 3:1.

[00301] KI19. The guard bed composition of paragraph K13 wherein the aqueous fluid

comprises hydrogen sulfide.

[00302] L1. A method of preparing a guard bed composition adapted for the protection

of a metal surface in a wellbore from corrosion, the method comprising;:
obtaining a hydrocarbon fluid;

obtaining one or more associating surface active polymers selected from

the group comprising amphiphilic polymers; and
mixing the surface active polymers in the hydrocarbon fluid.

[00303] L[2. The method of paragraph L1 wherein the surface active polymer comprises
between about 0.1 wt% and about 10 wt% of the guard bed composition.

[00304] L[3. The method of paragraph L1 wherein the hydrocarbon fluid comprises
hydrocarbons selected from the group of normal and branched alkane hydrocarbons having

C& to C20 carbons.

[00305] L4. The method of paragraph L3 wherein the hydrocarbon fluid comprises an

ultra low aromatic fluid.

[00306] L5. The method of paragraph L1 wherein the associating surface active

polymers comprise a hydrocarbon backbone with pendant polar groups.

[00307] Lo6. The method of paragraph L5 wherein the associating surface active
polymers are selected from the group comprising poly acrylic acid, partially hydrolyzed poly

acryl amide, poly ethylene glycol, and mixtures thereof.
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[00308] L7. The method of paragraph L1 wherein the composition further comprises
surfactants selected from the group comprising alkyl sorbitans and alkyl sorbitan alkoxylated

surfactants.

[00309] L8  The method of paragraph L7 wherein the surfactant comprises a surfactant

from the group comprising alkyl sorbitan ethoxylates.

[00310] L9. The method of paragraph L7 wherein the composition further comprises

co-surfactants selected from the group comprising C3 to C15 linear and branched alcohols.

[00311] L10. The method of paragraph L1 wherein interaction between the composition
and leaked aqueous fluids substantially immediately encapsulates substantially all of the

aqueous fluids in micro-domains formed by the associating surface active polymers.

[00312] L11. The method of paragraph L10 wherein the formation of micro-domains

forms a gel-like structure.

[00313] L12. The method of paragraph L10 wherein the aqueous fluid is a brine
composition, and wherein brine compositions introduced into the guard bed composition are
encapsulated into micro-domains having a diameter less than about five microns in less than

about five seconds.

[00314] L13. The method of paragraph L12 wherein the brine composition is between
about 0.01 wt% and about 30 wt% dissolved solids based on the weight of the brine
composition, wherein the dissolved solids are selected from the group comprising chloride

salts, carbonate salts, bicarbonate salts, and sulfate salts.

[00315] L14. The method of paragraph L13 wherein the dissolved solids are selected
from the group comprising salts of sodium, calcium, magnesium, potassium, lithium, and

cesium.

[00316] L15. The method of paragraph L10 wherein the guard bed composition is
adapted to encapsulate aqueous fluid up to an aqueous fluid:guard bed composition ratio of

about 3:1.

[00317] L16. The method of paragraph L10 wherein the aqueous fluid comprises
hydrogen sulfide.

[00318] MI1. A method of protecting a metal surface in a wellbore from corrosion, the

method comprising:

_47 -



WO 2012/015512 PCT/US2011/035715

obtaining a guard bed composition comprising:
a hydrocarbon fluid; and
one or more associating surface active polymers selected from the
group comprising amphiphilic polymers.
disposing the guard bed composition adjacent to a metal surface in a
wellbore; and

producing hydrocarbons through the wellbore.

[00319] M2. The method of paragraph M1 wherein the polymer comprises between
about 0.1 wt% and about 10 wt% of the guard bed composition.

[00320] M3. The method of paragraph M1 wherein the hydrocarbon fluid comprises
hydrocarbons selected from the group of normal and branched alkane hydrocarbons having

C& to C20 carbons.

[00321] M4. The method of paragraph M3 wherein the hydrocarbon fluid comprises an

ultra low aromatic fluid.

[00322] MS. The method of paragraph M1 wherein the associating surface active

polymers comprise a hydrocarbon backbone with pendant polar groups.

[00323] M6. The method of paragraph M5 wherein the associating surface active
polymers are selected from the group comprising poly acrylic acid, partially hydrolyzed poly

acryl amide, poly ethylene glycol, and mixtures thereof.

[00324] M7. The method of paragraph M1 wherein the composition further comprises
surfactants selected from the group comprising alkyl sorbitans and alkyl sorbitan alkoxylated

surfactants.

[00325] M. The method of paragraph M7 wherein the surfactant comprises a surfactant

from the group comprising alkyl sorbitan ethoxylates.

[00326] M9. The method of paragraph M7 wherein the composition further comprises

co-surfactants selected from the group comprising C3 to C15 linear and branched alcohols.

[00327] MI10. The method of paragraph M1 wherein interaction between the composition
and leaked aqueous fluids substantially immediately encapsulates substantially all of the

aqueous fluids in micro-domains formed by the associating surface active polymers.
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[00328] MI11. The method of paragraph M10 wherein the formation of micro-domains

forms a gel-like structure.

[00329] MI12. The method of paragraph M10 wherein the aqueous fluid is a brine
composition, and wherein brine compositions introduced into the guard bed composition are
encapsulated into micro-domains having a diameter less than about five microns in less than

about five seconds.

[00330] M13. The method of paragraph M12 wherein the brine composition is between
about 0.01 wt% and about 30 wt% dissolved solids based on the weight of the brine
composition, wherein the dissolved solids are selected from the group comprising chloride

salts, carbonate salts, bicarbonate salts, and sulfate salts.

[00331] MI14. The method of paragraph M13 wherein the dissolved solids are selected
from the group comprising salts of sodium, calcium, magnesium, potassium, lithium, and

cesium.

[00332] MI15. The method of paragraph M10 wherein the guard bed composition is
adapted to encapsulate aqueous fluid up to an aqueous fluid:guard bed composition ratio of

about 3:1.

[00333] MI16. The method of paragraph M1 wherein the guard bed composition is

disposed in an annulus between two metal surfaces in a wellbore.

[00334] M17. The method of paragraph M1 wherein the guard bed composition is

disposed in an annulus between an inner casing and an outer casing.

[00335] MI18. The method of paragraph M17 wherein the inner casing is production
casing and wherein the outer casing is selected from one or more of intermediate casing and

surface casing.

[00336] MI19. The method of paragraph M17, wherein the guard bed composition is
adapted to protect a metal surface of at least one casing from fluids leaking into the annulus,
wherein the one or more surfactants and the one or more co-surfactants are sclected to at least

substantially instantaneously micro-emulsify aqueous fluids in contact with the composition.
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INDUSTRIAL APPLICABILITY

[00337] The systems and methods described herein are applicable to the oil and gas
industry.

[00338] It is believed that the disclosure set forth above encompasses multiple distinct
inventions with independent utility. While each of these inventions has been disclosed in its
preferred form, the specific embodiments thereof as disclosed and illustrated herein are not to
be considered in a limiting sense as numerous variations are possible. The subject matter of
the inventions includes all novel and non-obvious combinations and subcombinations of the
various elements, features, functions and/or properties disclosed herein. Similarly, where the
claims recite “a” or “a first” clement or the equivalent thercof, such claims should be

understood to include incorporation of one or more such elements, neither requiring nor

excluding two or more such elements.

[00339] It is believed that the following claims particularly point out certain combinations
and subcombinations that are directed to one of the disclosed inventions and are novel and
non-obvious. Inventions embodied in other combinations and subcombinations of features,
functions, elements and/or properties may be claimed through amendment of the present
claims or presentation of new claims in this or a related application. Such amended or new
claims, whether they are directed to a different invention or directed to the same invention,
whether different, broader, narrower, or equal in scope to the original claims, are also

regarded as included within the subject matter of the inventions of the present disclosure.

-50 -



10

15

20

25

30

WO 2012/015512 PCT/US2011/035715

CLAIMS

What is claimed is:

L.

10.

A guard bed composition for protecting a metal surface in a wellbore from corrosion,

the composition comprising:
one or more surfactants selected from the group comprising amine surfactants;

one or more co-surfactants selected from the group comprising C3 to C15 alcohols;

and
one or more non-surfactant amines.
The guard bed composition of Claim 1 further comprising a hydrocarbon fluid.

The guard bed composition of Claim 2 wherein the hydrocarbon fluid comprises
between about 0 wt% and about 90 wt% based on the weight of the guard bed

composition.

The guard bed composition of Claim 3 further comprising water, wherein the water
comprises between about 0 wt% and about 50 wt% based on the weight of the guard

bed composition.

The guard bed composition of Claim 2 wherein the hydrocarbon fluid comprises
hydrocarbons selected from the group of normal and branched alkane hydrocarbons

having 8 to 20 carbons.

The guard bed composition of Claim 5 wherein the hydrocarbon fluid comprises an

ultra low aromatic fluid.

The guard bed composition of Claim 6 wherein the hydrocarbon fluid comprises less

than about 1 wt% aromatic compounds.

The guard bed composition of Claim 1 wherein the amine surfactants comprise at least
one amine surfactant selected from the group comprising primary, second, tertiary, and

quaternary amine surfactants.

The guard bed composition of Claim 8 wherein the amine surfactants comprise alkyl

amine ethoxylate surfactants.

The guard bed composition of Claim 9 wherein the alkyl amine ethoxylate surfactants
include an alkyl group selected from the group comprising normal alkyl groups,

branched alkyl groups, and alkyl aromatic groups.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The guard bed composition of Claim 1 wherein the amine surfactants comprise at least

one surfactant selected from the group comprising polymeric amine surfactants.

The guard bed composition of Claim 11 wherein the polymeric amine surfactants
comprise compounds of the general structure R-X, wherein R is a hydrocarbon alkyl
group and wherein X is an oligomeric amine or a polymeric amine having at least two

amine functionality.

The guard bed composition of Claim 12 wherein the polymeric amine surfactant is
selected from the group of oligomeric surfactants comprising oleyl diethylene triamine,
oleyl tetracthylene pentamine, dodecyl diethylene triamine, and dodecyl tetracthylene

pentamine.

The guard bed composition of Claim 12 wherein the polymeric amine surfactant is
selected from the group of polymeric surfactants comprising polyisobutylene polyamine

and polypropylene polyamine.

The guard bed composition of Claim 12 wherein the polymeric amine surfactant has a

molecular weight ranging from about 800 to about 3500.

The guard bed composition of Claim 11 wherein the polymeric amine surfactant binds
to hydrogen sulfide to form a polyamine-hydrogen sulfide complex when contacted by

hydrogen sulfide.

The guard bed composition of Claim 16 wherein the polyamine-hydrogen sulfide
complex is adapted to capture water as a polyamine-hydrogen sulfide-water complex

when contacted by water.

The guard bed composition of Claim 1 wherein the non-surfactant amines are selected
from the group comprising alkyl primary amines, alkyl secondary amines, and alkyl

tertiary amines.

The guard bed composition of Claim 18 wherein the non-surfactant amines are

hindered.

The guard bed composition of Claim 18 wherein the non-surfactant amine is a hydrogen

sulfide scrubber.

The guard bed composition of Claim 20 wherein the non-surfactant amine is tertiary

butyl diethanol amine.
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22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

The guard bed composition of Claim 1 wherein the one or more surfactants and the one
or more co-surfactants are selected to at least substantially instantaneously micro-

emulsify aqueous fluids in contact with the composition.

The guard bed composition of Claim 22 wherein the aqueous fluid is a brine
composition, and wherein brine compositions introduced into the guard bed
composition are micro-emulsified into droplets having a diameter less than about five

microns in less than about five seconds.

The guard bed composition of Claim 23 wherein the droplets are between about 10

nanometers and about 5 micrometers in diameter.

The guard bed composition of Claim 24 wherein the droplets are between about 100

nanometers and about 1000 nanometers in diameter.

The guard bed composition of Claim 23 wherein the brine composition is between
about 0.01 wt% and about 30 wt% dissolved solids based on the weight of the brine
composition, wherein the dissolved solids are selected from the group comprising

chloride salts, carbonate salts, bicarbonate salts, and sulfate salts.

The guard bed composition of Claim 26 wherein the dissolved solids are selected from
the group comprising salts of sodium, calcium, magnesium, potassium, lithium, and

cesium.

The guard bed composition of Claim 22 wherein greater than about 95% of the aqueous

fluid is micro-emulsified in less than about 5 seconds.

The guard bed composition of Claim 28 wherein greater than about 95% of the aqueous

fluid is micro-emulsified in less than about 1 second.

The guard bed composition of Claim 29 wherein greater than about 95% of the aqueous

fluid is micro-emulsified in less than about 0.1 seconds.

The guard bed composition of Claim 22 wherein the guard bed composition is adapted
to micro-emulsify aqueous fluid up to an aqueous fluid:guard bed composition ratio of

about 3:1.

A method of preparing a guard bed composition adapted for the protection of a metal

surface in a wellbore from sulfide stress cracking, the method comprising:
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33.

34.

35.

36.

37.

38.

39.

40.

41.

obtaining one or more surfactants selected from the group comprising amine

surfactants;

obtaining one or more co-surfactants selected from the group comprising 3 to 15

alcohols;
obtaining one or more non-surfactant amines; and
mixing the surfactants, the co-surfactants, and the non-surfactant amines.

The method of Claim 32 further comprising obtaining a hydrocarbon fluid, and wherein
the surfactants, the co-surfactants, and the non-surfactant amines are mixed in the

hydrocarbon fluid.

The method of Claim 33 wherein the hydrocarbon fluid comprises between about 0

wt% and about 90 wt% based on the weight of the guard bed composition.

The method of Claim 33 wherein the hydrocarbon fluid comprises hydrocarbons
selected from the group of normal and branched alkane hydrocarbons having 8 to 20

carbons.

The method of Claim 35 wherein the hydrocarbon fluid comprises an ultra low aromatic
fluid.

The method of Claim 33 further comprising obtaining water, wherein the water is
mixed in the hydrocarbon fluid and is micro-emulsified by the surfactants and the co-

surfactants.

The method of Claim 37, wherein the water comprises between about 0 wt% and about

50 wt% based on the weight of the guard bed composition.

The method of Claim 32 wherein the amine surfactants comprise at least one amine
surfactant selected from the group comprising primary, second, tertiary, and quaternary

amine surfactants.

The method of Claim 39 wherein the amine surfactants comprise alkyl amine ethoxylate

surfactants.

The method of Claim 40 wherein the alkyl amine ethoxylate surfactants include an alkyl
group selected from the group comprising normal alkyl groups, branched alkyl groups,

and alkyl aromatic groups.
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42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

The method of Claim 32 wherein the amine surfactants comprise at least one surfactant

selected from the group comprising polymeric amine surfactants.

The method of Claim 42 wherein the polymeric amine surfactants comprise compounds
of the general structure R-X, wherein R is a hydrocarbon alkyl group and wherein X is

an oligomeric amine or a polymeric amine having at least two amine functionality.

The method of Claim 43 wherein the polymeric amine surfactant is selected from the
group of oligomeric surfactants comprising oleyl diethylene triamine, oleyl
tetracthylene pentamine, dodecyl diethylene triamine, and dodecyl tetracthylene

pentamine.

The method of Claim 43 wherein the polymeric amine surfactant is selected from the
group of polymeric surfactants comprising polyisobutylene polyamine and

polypropylene polyamine.

The method of Claim 43 wherein the polymeric amine surfactant has a molecular

weight ranging from about 800 to about 3500.

The method of Claim 42 wherein the polymeric amine surfactant binds to hydrogen
sulfide to form a polyamine-hydrogen sulfide complex when contacted by hydrogen
sulfide.

The method of Claim 47 wherein the polyamine-hydrogen sulfide complex is adapted to
capture water as a polyamine-hydrogen sulfide-water complex when contacted by

water.

The method of Claim 32 wherein the non-surfactant amines are selected from the group

comprising alkyl primary amines, alkyl secondary amines, and alky] tertiary amines.
The method of Claim 49 wherein the non-surfactant amines are hindered.

The method of Claim 49 wherein the non-surfactant amine is a hydrogen sulfide

scrubber.

The method of Claim 51 wherein the non-surfactant amine is tertiary butyl diethanol

amine.

The method of Claim 32 wherein the one or more surfactants and the one or more co-
surfactants are selected to at least substantially instantaneously micro-emulsify aqueous

fluids in contact with the composition.
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54.

55.

56.

57.

58.

59.

60.

61.

62.

The method of Claim 53 wherein the aqueous fluid is a brine composition, and wherein
brine compositions introduced into the guard bed composition are micro-emulsified into

droplets having a diameter less than about five microns in less than about five seconds.

The method of Claim 53 wherein the guard bed composition is adapted to micro-

emulsify aqueous fluid up to an aqueous fluid:guard bed composition ratio of about 3:1.

A method of protecting a metal surface in a wellbore from corrosion, the method

comprising:
obtaining a guard bed composition comprising:
one or more surfactants selected from the group comprising amine surfactants;

one or more co-surfactants selected from the group comprising 3 to 15 alcohols;

and
one or more non-surfactant amines;
disposing the guard bed composition adjacent to a metal surface in a wellbore; and
producing hydrocarbons through the wellbore.

The method of Claim 56 wherein the guard bed composition comprises a hydrocarbon
fluid.

The method of Claim 57 wherein the hydrocarbon fluid comprises between about 0

wt% and about 90 wt% based on the weight of the guard bed composition.

The method of Claim 58 wherein the guard bed composition further comprises water,
wherein the water comprises between about 0 wt% and about 50 wt% based on the

weight of the guard bed composition.

The method of Claim 57 wherein the hydrocarbon fluid comprises hydrocarbons
selected from the group of normal and branched alkane hydrocarbons having 8 to 20

carbons.

The method of Claim 60 wherein the hydrocarbon fluid comprises an ultra low aromatic
fluid.

The method of Claim 61 wherein the hydrocarbon fluid comprises less than about 1

wt% aromatic compounds.
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63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

The method of Claim 56 wherein the amine surfactants comprise at least one amine
surfactant selected from the group comprising primary, second, tertiary, and quaternary

amine surfactants.

The method of Claim 63 wherein the amine surfactants comprise alkyl amine ethoxylate

surfactants.

The method of Claim 64 wherein the alkyl amine ethoxylate surfactants include an alkyl
group selected from the group comprising normal alkyl groups, branched alkyl groups,

and alkyl aromatic groups.

The method of Claim 56 wherein the amine surfactants comprise at least one surfactant

selected from the group comprising polymeric amine surfactants.

The method of Claim 66 wherein the polymeric amine surfactants comprise compounds
of the general structure R-X, wherein R is a hydrocarbon alkyl group and wherein X is

an oligomeric amine or a polymeric amine having at least two amine functionality.

The method of Claim 67 wherein the polymeric amine surfactant is selected from the
group of oligomeric surfactants comprising oleyl diethylene triamine, oleyl
tetracthylene pentamine, dodecyl diethylene triamine, and dodecyl tetracthylene

pentamine.

The method of Claim 67 wherein the polymeric amine surfactant is selected from the
group of polymeric surfactants comprising polyisobutylene polyamine and

polypropylene polyamine.

The method of Claim 67 wherein the polymeric amine surfactant has a molecular

weight ranging from about 800 to about 3500.

The method of Claim 67 wherein the polymeric amine surfactant binds to hydrogen
sulfide to form a polyamine-hydrogen sulfide complex when contacted by hydrogen
sulfide.

The method of Claim 71 wherein the polyamine-hydrogen sulfide complex is adapted to
capture water as a polyamine-hydrogen sulfide-water complex when contacted by

water.

The method of Claim 56 wherein the non-surfactant amines are selected from the group

comprising alkyl primary amines, alkyl secondary amines, and alky] tertiary amines.
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74.

75.

76.

77.

78.

79.

0.

81.

82.

3.

&4.

85.

The method of Claim 73 wherein the non-surfactant amines are hindered.

The method of Claim 73 wherein the non-surfactant amine is a hydrogen sulfide

scrubber.

The method of Claim 75 wherein the non-surfactant amine is tertiary butyl diethanol

amine.

The method of Claim 56 wherein the guard bed composition is disposed in an annulus

between two metal surfaces in a wellbore.

The method of Claim 56 wherein the guard bed composition is disposed in an annulus

between an inner casing and an outer casing.

The method of Claim 78 wherein the inner casing is production casing and wherein the

outer casing is selected from one or more of intermediate casing and surface casing.

The method of Claim 78, wherein the guard bed composition is adapted to protect a
metal surface of at least one casing from fluids leaking into the annulus, wherein the
one or more surfactants and the one or more co-surfactants are selected to at least
substantially instantaneously micro-emulsify aqueous fluids in contact with the

composition.

The method of Claim 80 wherein the aqueous fluid is a brine composition, and wherein
brine compositions leaked into the annulus are micro-emulsified into droplets having a

diameter less than about five microns in less than about five seconds.

The method of Claim 81 wherein the droplets are between about 10 nanometers and

about 5 micrometers in diameter.

The method of Claim 82 wherein the droplets are between about 100 nanometers and

about 1000 nanometers in diameter.

The method of Claim 81 wherein the brine composition is between about 0.01 wt% and
about 30 wt% dissolved solids based on the weight of the brine composition, wherein
the dissolved solids are selected from the group comprising chloride salts, carbonate

salts, bicarbonate salts, and sulfate salts.

The method of Claim 84 wherein the dissolved solids are selected from the group

comprising salts of sodium, calcium, magnesium, potassium, lithium, and cesium.
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6.

87.

38.

9.

The method of Claim 80 wherein greater than about 95% of the aqueous fluid is micro-

emulsified in less than about 5 seconds.

The method of Claim 86 wherein greater than about 95% of the aqueous fluid is micro-

emulsified in less than about 1 second.

The method of Claim 87 wherein greater than about 95% of the aqueous fluid is micro-

emulsified in less than about 0.1 seconds.

The method of Claim 80 wherein the guard bed composition is adapted to micro-
emulsify aqueous fluid up to an aqueous fluid: guard bed composition ratio of about
3:1.
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