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PCT PATENT APPLICATION

BUAL-PHASE ACID-BASED FRACTURING COMPOSITION WITH CORROSION
INHIBITORS AND METHOD OF USE THEREQOF

Field of the Invention

160601 This invention relates to a composition and method for inhibiting corrosion during
acid stimulation freatments in oil and gas wells, More specifically, the invention relates to a
fluid composition and method of using the fluid composition to coat the metal tubing and

downhole equipment of the well during both the injection and the flowback phases.

Backsround of the Invention

8603} During well operations, “matrix acidizing” and “acid fracturing” methods are
employed to enhance the productivity of hydrocarbon wells. In general, acid or acid-based
fhuids are mjected into the well tubing (the “injection phase™) and into the formation rock.
These acids dissolve or partially dissolve the formation rock, creating alternative flow paths
for hydrocarbons., After the acids are “spent” in the formation rock, they are refurned to the

surface through the same well tubing during the “flowback phase™.

[8684] One of the ditficulties encountered when acid-based fracturing methods are employed
is that most of the well wibing and downhole equipment is made of metal. Tn traditional acid-
based fracturing methods utilized in oil wells, particularly as temperatures and pressures
imcrease, the mjected acids are corrosive to the metal tubing and in the downhole equipment.
To help prevent this, corrosion inhibitors are typically added to the acids. The corrosion
mhibitors act to coat the metal and minimize the corrosive effect of the acids. As
temperatures and pressures mcrease, acid reactivity also increases and increased amounts of

mhibttor are needed to compensate for the increased reactivity.

[3805] Another difficulty encountered in typical acid-based fracturing methods is that after

the acid is “spent” — injected into the formation rock tor acid fracturing purposes - the acid
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still retains corrosive properties that will damage metal on its return to the surface during the
“tlowback phase”. Most prior art corrosion inhibitors work by coating the metal tubing
during the “injection phase,” and the inhibitors typically are then consumed during this phase
of the operation. After the acids have passed through the formation rock, little fo no
inhibttion content is avatlable to protect the well equipment during the “flowback phase” of

the operation.

[6806] The cost of corrosion inhibitors in acid-based operations is a major contributor to the
overali cost of the fracturing operation. Because of their corrosive properties, the most
effective acids for fracturing require inhibitor dosages that He outside economic feasibility.
Additionally, the “spent acids” can damage the well equipment during the “flowback phase”.
Therefore, it would be advantageous o use a composition capable of protecting the well
equipment, inchuding pipes, eleciric submersible pumps (ESPs), and other downhole tools, in

both the injection and flowback phase.

Summary

8687} The current invention provides a dual-phase acid-based fracturing composition with
cotrosion inhibitors and method for mixing and using the composition such that the metal
parts of the well tubing and downhole equipment are protected from the corvosive effects of
the acid, during both the injection and flowback phases. The composition consists of a dual-
phase acid-in-hydrocarbon emulsion, with a separate corrosion inhibitor present in each of
the different phases. When the composition is injected into the formation rock during the
“injection phase”, the hydrocarbon-soluble corrosion inhibitor coats the nterior of the metal
tubing, forming a protective film. The acid-soluble corrosion inhibitor remains present in the
acid fluids during the injection phase and stirmilation of the formation, and is not spent undil

the flowback phase.

18668} Tn one aspect, the dual-phase acid-based fracturing composition inclades an acid, a
hiquid hydrocarbon, an eowlsifier, a hydrocarbon-soluble corrosion inhibitor, and an acid-
soluble corrosion inhibitor. The combination of the acid, a liquid hydrocarbon, an emulsifier,
a hyvdrocarbon-scluble corrosion inhibitor, and the acid-soluble corrosion inhibitor is operable
to protect the metal fubing and equipment of an oil and gas well during both the mjection and

flowback phases of acid-based fracturing operations.

8609} In certain embodiments, the acid can be selected from HCI (hydrochloric acid)

concentrations ranging up to 28 % by weight and present ju the ennilsion in concentrations

e
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ranging from 50-80% by volume. In certain embodiments, the hvdrocarbon can be a low-
viscosity low-sulfur diesel, alternatively having a diesel mixture that includes hydrocarbons
ranging between 10-13 carbon atoms. In alternative erobodiments, the bydrocarbon-soluble
mhibifor can be prosent in concentrations ranging from .01 to 3% by volume, relative to the
amount of hydrocarbon present in the composition, and the acid-soluble inhibitor can be
present in concentrations ranging from .01 to 3% by volume, relative to the acid present in
the composition. In other embodiments, the acid can inchide at least one strong acid at any
concentration, and the hydrocarbon can be any liquid hydrocarbon with more than 5 carbon

atoms.

18618} Tn one aspect, the present juvention relates to a method of preparing a corrosion
mhibiting fracturing composition. The corrosion inhibifing composition includes a dual-
phase acid-in-hydrocarbon emulsion with two corrosion inhibitors, such that a hydrocarbon-
soluble corrosion inhibitor is present in the hydrocarbon phase, and an acid-soluble mhibitor
is present in the acid phase. The method imcludes the steps of preparing the hydrocarbon
phase and acid phase separately before mixing with an emulsifier. In one embodiment, the
emulsifier can be an amine-based surfactant. In certain embodiments, the emuisifier is

dissolved in an organic solvent.

13611} In one embodiment, the hydrocarbon phase can be prepared by adding the emulsifie
and the hydrocarbon-soluble corrosion inhibitor to the hydrocarbon in a mixing device. In
sther embodiments, the hydrocarbon phase can be prepared by any mixing technique. The
acid phase can be prepared by adding an acid-soluble corrosion inhibitor to the acid.

[B8612] In one embodiment, an acid-soluble corrosion inhibifor aid 1s added to the acid phase
in concentrations ranging between 0.1 to 3% by volume, relative to the amount ot acid

present in the composition.

18613} Tn one embodiment, the acid-in-hydrocarbon emulsion is prepared by adding the acid
phase to the emulsified hydrocarbon drop wise, at a constant speed, to ensure the emulsion 8
uniform. In other embodiments, the acid can be added to the hydrocarbon using any mixing

technique.
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BRIEF DESCRIPTION OF THE DRAWINGS

18614} Figure | provides scanning electron microscope analysis of the surface of a metal
coupon after being treated with the dual-phase corrosion inhibitor during the injection phase

according to embodiments of the present invention,

{3615} Figure 2 provides scanning electron microscope analysis of the surface of a metal
coupon after being treated with the “spent” acid, during the flowback phase according to

embodiments of the present invention,

DETAHLED DESCRIPTION OF THE INVENTION

8616} Although the following detailed description contains many specific details for
purposes of illustration, it is understood that one of ordinary skill in the art will appreciate
that many examples, variations and alterations to the following details are all within the scope
and spirit of the mvention.  Accordingly, the exemplary embodiments of the iovention
described hercin are set forth without any loss of generality, and without imposing

limitations, relating to the claimed invention.

16617} The present invention addresses problems associated with prior art methods and
compositions used in acid-based fracturing operations to effectively fracture the formation

rock while at the same time preventing acid corrosion in oil and gas wells.

(8618} As used herecin, “formation” and “formation rock”™ refers to the rock around the

borehole of an ol and gas well, including formations comprised of calcium carbonate rock,

16619 The dual-phase acid-based fracturing composition described herein generally includes
an acid, a hquid hydrocarbon, an emulsifier, a hydrocarbon-soluble corrosion inhibitor, and
an acid-soluble corrosion inhibitor. In addition to being used for fracturing the formation
rock, the composition fluids form a proteciive film that coats metal tubing and downhole
equipment during both the injection and flowback phases of acid fracturing operations.
Theretfore, in certain embodiments, the dual-phase acid-based fracturing composition thuids
exist in an acid-in-hydrocarbon enulsion, with a separate corrosion inhibitor present in each
phase. In the mjection phase, the dual-phase acid-based fracturing coraposition s injected
mto the formation rock. During injection, the hydrocarbon-soluble corrosion inhibitor
present in the composition acts to coat the interior of the metal tubing and downhole
equipment, protecting their surfaces from the corrosive effects of the injected acid.  After

mjection, the composifion cnters the formation rock to part or open fractures in the formation
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and to etch pathways in the formation rock. The acid-soluble corrosion inhibitor remains

present in the acid thuids during injection and is not spent until the flowback phase.

13620} Tn one aspect, the present mvention s directed to a dual-phase acid-based fracturing
composition that includes at least two corrosion inhibitors for use in fracturing the formation
rock while also preventing the corrosion of metal tubing and downheole equipment in the
wells, In certain embodiments, the composition exists as a doal-phase acid-in-hydrocarbon
enulsion.  Advantageously, the dual-phase composition includes at least two separate
corrosion inhibitors, at least one present in the acid phase, and at least one present in the

hydrocarbon phase.

186211 As used herein, “acid” refers to any group of strong acids that jonize completely in an
aqueous solution by losing one proton.  Furthermore, “acid fracturing operations” refers to
the process of using acid to part or open fracturcs in formation rock and to etch pathways
along the fractures, for the purpose of mcreasing rock permeability near the welibore. When
the acid comes into contact with the metal tubing and equipmoent present in the well,

corrosion of the metal occurs.

[8622] As used herein, “corrosion inhibitor” refers to a chemical additive used in acid-based
treatments to protect metal components in the wellbore and treating equipment from the
corrosive offects of the acid fluids. As used herein, corrosion inhibitors generally adsorb on

the metal surface and form a protective film.

16623} As used herein “spent acid” refers the composition fluids that remain after the

composition has reacted with formation rock.

[6024] As used herein, “njection phase” refers to the first phase of acid fracturing
operations, in which the acid-based composition fluids are first injected into the well tubing,
before they reach the formation rock. Additionally “flowback phase” refers to the last phase
of acid fracturing operations in which tluids that remain in the formation rock after acid

fracturing return back up the raetal tubing, towards the surface of the well,

16625] In certain embodiments, the corrosion inhibitor present n the hydrocarbon phase is
used during the injection phase to coat and protect the metal tubing and well equipment. The
corrosion inhubitor present in the acid phase is not generally used or spent during the injection
phase, and is available to form the protective coating on the metal tubing and equiproent

during the flowback phase.
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16626} In certain embodiments, the hydrocarbon can be selected from any class of liquid
hydrocarbons having more than 5 carbon atoms, aliernatively in a range of 10-15 carbon
atoms, or 15-20 carbon atoms, Certain preterred hydrocarbons can include diesels and low-
ulfur diesels.  The hydrocarbon-soluble corrosion inhibitor can be present in the
hydrocarbon phase in an amount which ranges between .01% to 3% by volume, relative to
the amount of hydrocarbon present. In certain cmbodiments, the hydrocarbon-soluble
corrosion inhibifor can be obtained from a commercial supplier. In certain preferred
embodiments, the hvdrocarbon-soluble corrosion inhibitor can be Champion Nalco’s COAT-
Bi400. In other embodiments, the hydrocarbon-soluble corrosion inhibitor can be selected

from standard methanols.

{8027 In certain embodiments, the emulsifier selected can be an anime-based surfactant
dissolved in an organic solvent. “Amine-based surfactant” refers to a group of cationic
surfactants that have a positively charged head group. The emulsifier can be present in the
composition by .05 to 1.5% by volume, relative to the volume of the hydrocarbon present. In
certain preferred embodiments, the emulsifier can be Schiumberger’s U108 enmulsifier. In
other embodiments, the emulsifier can be a cationie surfactant selected from a group of linear

atkvl-anunes and alkyl-anwmoniures.

16628} The acid can include one or more members selected from the group of strong acids.
The acid component of the dual-phase acid-based fracturing composition will typically be
present in high concentrations, such as 50-80% by volume of the composition. In certain

embodiments, the acid can be highly concentrated hydrochloric acid (HCI).

6829} The acid-soluble corrosion inhibitor can be obtained from a conunercial supplier and
can be present in the acid phase in an amount which ranges between .01 to 3% by volume,
relative to the amount of acid present. In certain preferred embodiments, the acid-soluble
inhibitor is Schlumberger’s corrosion inhibitor A262. In certain embodiments, the acid-

soluble corrosion inhibitor does not have surfactant properties.

{6838} In certain embodiments, an acid-soluble corrosion inhibitor aid can be added to the
acid phase. The inhibitor aid can be selected from a commercial supplier and can be present
m the acid phase m an amount which ranges between 0 and 3% by volume. In other

embodiments, it can be selected from formic acid.

8631} In another aspect, the present invention provides a method for making the dual-phase

acid-based fracturing composition such that an acid-in-hydrocarbon emulsion with two
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cotrosion inhibitors is prepared.  In certain embodiments, the two phases are prepared
separately and then mixed together. To prepare the acid phase according to the present
mvention, an acid is chosen and diluted with treatroent water to a preforred concentration.
An acid-soluble corrosion inhibitor is then selected and added to the acid and mixed
thoroughly to produce the acid phase of the emulsion. In certain embodiments, an inhibitor
aid can be added to the acid phase in order to increase the effectiveness of the acid-phase

imhibitor during the flowback phase of acid based fracturing operations.

[8632] To prepare the hydrocarbon phase, an amine-based emulsifier is selected and then
dissolved in an organic solvent such as acetone or methanol. A lquid hvdrocarbon is
selected to which the emulsifier is added until the two compounds are thoroughly mixed. A
hydrocarbon-soluble corrosion inhibitor is then selected and added to the liguid hydrocarbon
to produce the emulsitied hydrocarbon phase. The acid phase is then added to the emulsified

hydrocarbon phase.

6833} The acid phase and the emulsified hydrocarbon phase of the present invention are
combined and mixed, preferably drop wise. Adding the acid phase to the hydrocarbon phase
drop wise creates a more uniform acid-in-hydrocarbon emulsion and produces the highest
amount of inhibition activity in the composition of the present mvention. In other
embodiments, the acid phase and the hydrocarbon phase can be mixed together at once and

shaken by hand.

18634} The mixing of the acid phase and hydrocarbon phase produces a dual-phase acid-in-
hydrocarbon emulsion with two corresion nhibitors. In certain embodiments, the acid-in-

hydrocarbon emulsion is not a microemulsion,

8635} In certain embodiments, the dual-phase acid-in-hydrocarbon enmulsion can then be
used in acid fracturing operations to fracture the formation rock while at the same time
protecting the metal tubing and equipment in oil wells during both the imjection and flowback

phases.

w

16636] In certain embodiments, the composition and methods described herein are effective
for protecting tubulars, particularly Chrome 13 and superchrome tubing during acid

fracturing operations employing highly corrosive strong acids.

[B8637] In certain ermbodiments, the composition and methods described herein are effective

for protection of metal tubing and downhole equipment during acid fracturing operations
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employing concentrated hydrochloric acid (HCHY; such as HCI solutions greater than 20%

concentration by weight, or alternatively greater than 25% concentration by weight.

13638} In another embodiment, the dual-phase acid-based fracturing coroposttion with two
corrosion inhibitors can be injected into a formation. In certain embodiments, the
hydrocarbon-soluble corrosion inhibitor forms a protective film on the metal tubing and
downhole equipment of the oil and gas well. In certain embodiments, the hydrocarbon-
soluble corrosion nhibitor filra protects the metal tubing and downhole equipment from the
corrosiveness of the acid in the composition during the injection phase. In certain
embodiments, the acid-soluble corrosion inhibitor remains dissolved in the dual-phase acid-

based fracturing composition.

13639 In one embodiment, the dual-phase acid-based fracturing coraposition described
hercin is injected into the formation rock and the acid functions to dissolve, part or open
fractures in the formation rock. In certain embodiments, once the acid has been “spent” in
the formation rock, it can come back into contact with the metal wbing and downhole
equipment in the oil and gas well, In one embodiment, the acid-soluble corrosion inhibitor
can form a protective film on the metal tubing and downhole equipment. In certain
embodiments, the acid-soluble corrosion inhubitor film protects the metal tubing and
downhole equipment from the corrosiveness of the acid in the coroposition during the

flowback phase.

Examples
[8040] The cxamples below used certain exemplary  dual-phase  acid-in-hydrocarbon

cmulsions, as described herein.

[6041] Example 1. The corrosion inhibiting propertics of two acid-in-hydrocarbon
compositions were compared by immersing a metal coupon in cach composition and
measuring the amount of metal corrosion. Two dual-phase acid-in-hydrocarbon emulsions
were prepared - one with two corrosion mhibitors as described herein, and one with one
corrosion inhibitor in the acid phase only. Two metal coupons were immersed in both
emmlsions at 130° Celsius and 700 psi, for approximately 6 hours. After immersion, the
weight loss of both coupons was measure and calculated. The weight loss of the metal was
reduced by at least 30% when two corrosion inhibitors were used as compared to one. Table

i provides a comparison of the comrosion inhibition of an exemplary dual-phase acid-in-
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hydrocarbon emulsion against a composition that inciudes only one corrosion inhibitor

present in the acid phase.

Table 1

Temperature: | 130°C | Pressure | 700psi Temperature: | 130°C | Pressure | 700psi

Corvosion inhibitor in acid only Two corvosion inhibitors, in

hydrocarbon and acid phases

Weight before 37.3826 Weight before 3R.0302

soaking, g soaking, g

Weight atter soaking, 37.2209 Weight atter soaking, 379478
Weight loss, ¢ A617 Weight loss, ¢ 824
Weight loss, % A43% Weight loss, % 21%

6042} Example 2. Two metal coupons were immersed in freshly prepared dual-phase acid-
m-hydrocarbon emulsions. Figure 1 shows a scanning electron microscope analysis of the
surface of the metal coupon after immersion. The analysis of the fhud composition left on

the metal shows that only the hydrocarbon-sohible corrosion inhibitor was used.

16643} Exarople 3. Two metal coupons were iramersed, the first in freshly prepared dual-
phase acid-in-hydrocarbon enwlsion with two corrosion inhibition, and the second in spent
dual-phase acid-in-hydrocarbon emmulsion with two corrosion inhibition. The acid was spent
by adding calcium carbonate to freshly prepared dual-phase acid-in-hydrocarbon emulsion
with double corrosion indubition. Figwre 1 and Figure 2 show the scanning electron
microscope analysis of both metal coupons. Availability of nitrogen in Figure 2 shows that
the metal coupon was coated with an aqueous amine based corrosion inhubitor, Figure 1 does
not show nitrogen in the analysis which shows that the hydrocarbon-soluble corrosion

mhibitor was coating the metal coupon. These results show the role of cach corrosion
inhibitor in each phase.

[6044] Examples 1 and 2 show that in an acid fracturing operation, if the present invention
is utilized as described herein, the hydrocarbou-soluble corrosion inhibitor provides

protection against the corrosion of the metal tubing and downhole equipment tfrom the acid

)
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during the injection phase. The acid-soluble corrosion inhibitor will remain in the injected

(34

fhnds.  After the acid 1s injected into the formation rock and becomes “spent”, the acid-
soluble cotrosion inhibitor remains available to protect the metal tubing and downhole

equipment during the flowback phase of acid-based fracturing operations.

[8645] Although the present invention has been described in detail, it should be understood
that various changes, substitutions, and alterations can be made hereupon without departing
from the principle and scope of the mvention.  Accordingly, the scope of the present
mvention should be determined by the following claims and their appropriate legal
equivalents.

LIl

§646] The singular forms "a", "an" and "the" include plural referenis, unless the context
5 9 3

clearly dictates otherwise.

16647} Optional or optionally means that the subsequently described event or circumstances
may or may not occur. The description includes instances where the event or circumstance

occurs and instances where it does not occur.

[3048] Ranges may be cxpressed herem as from one particular value, and/or to another
particular value. When such 3 range is expressed, it is to be understood that another
embodiment is from the one particular value and/or to the other particular value, along with
all combinations within said range.

16649 Throughout this application, where patents, other products, or publications are
referenced, the disclosures of these references in their entiretics are intended to be
incorporated by reference into this application, in order to more fully describe the state of the
art to which the invention pertains, except when these reference contradict the statements

made herein,

10
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CLAIMS

That which is claimed is:

L.

6.

3

A dual-phase acid-based fracturing composition with for use in matrix acidizing and
acid-fracturing operations in 0il and gas wells for the prevention of corrosion of well

tubing and downhole equipment, the composition comprising;
an acid;
a liquid hydrocarbon;
an emulsifier;
a hydrocarbon-soluble corrosion inhibitor; and
an acid-soluble corrosion inhibitor,

wherein the composition, when used in acid-based oil well operations, is
operable (o coat the metal tubing and well equipment during both the injection and
flowback phases.
The dual-phase acid-based fracturing composition of claim 1 wherein the Hguid
hydrocarbon comprises 5 or more carbon atoms.
The dual-phase acid-based fracturing composition as defined in either of Claims 1 or
2, wherein the Hauid hydrocarbon comprises between 10 to 15 carbon atoms.
The dual-phase acid-based fracturing composition as defined in any of Claims 1-3,
wherein the emulsifier comprises an amine-based surfactant.
The dual-phase acid-based fracturing composition as defined in any of Claims 1-4,
wherein the emulsifier is present in concentrations between .05 and 1.5% by volume,
relative to the amount of hydrocarbon in the composition.
The dual-phase acid-based fracturing composition as defined in any of Claims -5,
wherein the hydrocarbon-soluble inhibitor is present in concentrations between .01 to
3% by volume, relative to the amount of hydrocarbon in the composition.
The dual-phase acid-based tracturing composition as defined in any of Claims 1-6,

wherein the acid comprises a strong acid.

13-
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The dual-phase acid-based fracturing composition as defined in any of Claims 1-7,
wherein the acid is present in an amount between 50-80 % by volume, relative to the

total volume of the composition.

9. The dual-phase acid-based fracturing composition as defined in any of Claims 1-8,
wherein the acid-soluble corrosion inhibitor is present in the acid in concentrations

between .01 to 3% by volume, relative o the amount of acid in the composition.

10. The dual-phase acid-based tracturing composition as defined in any of Claims -9,

wherein an acid-sohible corrosion inhibitor does not have surfactant properties.

11. The dual-phase acid-based fracturing composition as defined in any of Claims 1-10,
wherein an acid-sohuble corrosion inhibitor aid is present in the acid in concentrations
between (01 to 3% by volume, relative to the amount of acid in the composition.

12. A method for inhibiting acid corrosion in matrix acidizing and acid fracturin

g

applications in oil and gas wells, the method comprising the steps off
preparing an ernulsion comprising a hydrocarbon, an acid, and a first and
second corrosion inhubitor, such that the first and second corrosion inbibitors
are in separate phases of the emulsion
injecting the composition into an oif and gas well to cause fracturing and/or
etching in the formation rock; and
wherein the corrosion inhibitor present in the hydrocarbon phase will be spent
during the injection of stimulation fluids and the corrosion inhubifor present in
the acid phase will be spent during the flowback.

13. The method of claim 12, wherein the hydrocarbon phase s prepared by the steps of:

adding an emulsifier to the hydrocarbon in concentrations between .05 and 1.5
% by volume; and

further adding a hydrocarboun-soluble corrosion mhibitor in concentrations
between .01 to 3% by volume.

14. The method as defined in any of claims 12-13, wherein the acid phase is prepared by
adding an acid-soluble corrosion inhibitor to the acid in concenirations between .01 to

3% by volume,

“12-



WO 2013/078166 PCT/US2012/065999

16.

. The method as defined in any of claims 12-14, wherein the emulsion is prepared by

adding the acid phase to the hydrocarbon phase.

The method as detined 1n any of claims 12-18, wherein the emulsion has a

concentration of between 50-80% by acid by volume.

. The method as defined in any of claims 12-16, wherein the emulsion is nota

microemulsion.
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