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METHOD FOR PREVENTING CALCIUM CITRATE PRECIPITATION DURING
- CITRIC ACID ACIDIZING TREATMENTS

PATENT APPLICATION

Inventor: Mohammed H. Al-Khaldi (Saudi Arabia) Attorney Docket No.: 04159.001782

‘Assignee: Saudi Arabian Oil Company

BACKGROUND OF THE INVENTION

Field of the Invention
[0001] The present invention relates to acidic treatment fluids used in subterranean
operations, and more.specifically, to acidic treatment fluids including citric acid and salts of

cthylene di-amine tetra-acetic (EDTA), and methods of use in subterranean operations.

Descriptiorn of the Related Art

[0'002] It is 2 common practice to acidize subterranéan formations in order to increase the
permeability thereof. For example, in the petroleum industry, it i$ conventional to inject an
acidizing fluid into a well in order to increase the permeability of a surrounding hydrocarbon-
bearing formation, thereby facilitating the flow -of hydrocarbons into the well from the
formation. Such aciciizing techniques are generally referred to as "matrix acidizing”

treatments.

[0003]  In matrix acidizing, the acidizing ﬂui& is passed into the formation from the well at
‘a pressure below the breakdown préssure of the. formation. In this case, increase in
permeability is affected primarily By the chemical reaction of the acid .wi.thin the formation
with l_ittle or no permeability increase beingl due to mechanicél disruptions wit.h_in tfle

formation as in fracturing.
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[0004] In acidizing treatments, various acid solutions are used to dissolve deposits of
calcium compounds in order to increase the permeability of subterranean well formations.
For example, hydrochloric acid (HCI), acetic acid, formic acid, and différ’enf mixtures of
these acids are commonly used. Although hydrochloric acid is the most common used acid,
acetic and formic acids are excellent alternatives to HCI in deep hot formations due to their

retarded reaction rates.

[0005] Citric acid (C¢HgO7), which is an o-hydroxy carboxylic acid with three-carboxylic
(-COOH), and one hydroxyl (-OH) groups, has been sparingly used as an alternétive to
common Weaﬂ; acids in acidizing treatments of deep hot reservbirs. Citric acid has been used
in methods of acidizing a reservoir while steadily sequestering iron in order ._to prevent
precipitation of different iron scales, such iron sulfide and iron oxide. Compared to HCI acid
systems, citric acid is iess corrosive to tubulars and can be inhibited by the use of iﬁexpensive
corrosion inhibitors, resulting' in a cost saving per treatment. On.e of the main obstacles
involved with the u.se of cifric acid, howgver, is the re-precipitation of calcium ions as
: ca_lciﬁm citrate, which is the reaction product that has a low solubility in water, when the pH
value of reﬁction solution exceeds 3. This precipitation can réduce the permeability of the-

treated formation.

[0006]  Besides calcium citrate, during acidizing treatments, various compounds, such as
iron and other metallic compoun_ds, tend to precipitate in the spent acidic treatment fluids.
| Various types of sequestering additives have been used to alleviate this problem. None of the
known additives, however, have been successfﬁl at preventing precipitation of calcium citrate

‘during acidizing treatments utilizing citric acid.

[0007] A need exists for effective sequestering additives that are capable of

simultancously preventing precipitation of both iron-based compounds and calcium citrate
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during acidizing treatments. It would be helpful if such additives were effective when used

_with citric acid based acidizing treatment fluids.
SUMMARY OF THE INVENTION

[0008] In view of the fore‘goihg, methods of preventing precipitation of cal¢ium citrate
and iron-based scale during acidizing treatments and related compositions are provided as

embodiments of the present invention.

[0009] For example, as an embodiment, a method of preventing precipitation of calcium
.citrate during acidizing treatments is provided. In this embodiment, a formation is contécted
‘with an acidi'zin_g treatment fluid comprising citric acid and tetra-salts of EDTA. The tetra-

salfs of EDTA are present in an amount sufficient to prevent formation ‘of calcium citrate

precipitation and iron-based scale in the acidizing treatment fluid.

[0010] As an embodiment of the pfe;sent invention, another method of acidizing a
subterranean formation is provided. In this embodiment, ﬁ sequestering additive is combined
with an aqueous citric acid solution to form an acid treatment fluid. The additive is present in
an amount sufficient to prevent formation of calcium citrate precipitation and iron-based
scale in the acidizing treatment ﬂﬁid. A formation is then contacted with the acid treatment

fluid,

[0011] Besides the method embodiment provided herein, compositional embbdiments are
also provided. For example, as an embodimenf, an acid treatment fluid comprising citric acid
and te_tra~salts ﬁf ethyfenc diamine tetra-acetic acid (EDTA) is provided. The éitric acid and
the tetra-salts of EDTA are present in a ratio of citric gcid to tetra-salts of EDTA that ranges

from about 1:1 to about 1:2 to prevent formation of calcium citrate precipitation and iron- |
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based scale in the acid treatment fluid. The acid treatment fluid is suitable for acidizing a

formation.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0012] | Methods of preventing precipitation of calcium citrate and iron-based scale.dm‘*ing
acidizing treatmeﬁts and related clompositions are provided as embodiments of the present
invention. Embodiments of the present invention relate to well .trcatment proce.sses for
acidizing subterranean reservoir formations, and, more partioularly,_ to methods for treating

carbonate reservoirs using citric acid whereby calcium citrate precipitation is prevented.

[0013]  For example, as an embodiment, a method of preventing i)recipitation of calcium
citrafe during acidizing treatments is provided. In this embodiment, a fonnaﬁon is contacted
with an acidizing treatment fluid comprising ciﬁic acid and tetra-salts of EDTA. | The tetra-
salts of EDTA are present in an amount sufficient to prevent formation of caIcium citrate

precipitation and iron-based scale in the acidizing treatment fluid.

[0014] As an embodimentl of the present invention, another method of ‘acidizing' a
subterranean formation is provided. In this embodiment, a sequestering additive is combined
with an aqueous citric acid solution to form an acid tréatment ﬂ'uid. The additive is pfesent in
an amount sufficient to prevent formation of calciﬁm citrate precipitation and iron-based
scale in the acidizing treatmént ﬂuid.. A formation is then contac_ted with the acid' treatment

fluid.

[0015]  Besides the method embodiments provided herein, compositional embodiments are
also provided. For example, as an embodiment, an acid treatment fluid comprising citric acid
and tetra-salts of ethylene diamine tetra-acetic acid (EDTA) is provided. The citric acid and
the tetra-salts of EDTA are present in a ratio of citric acid to tetra-salts of EDTA that ranges

from about 1:1 to about 1:2 to prevent formation of calcium citrate precipitation and iron-
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based scale in the acid treatment fluid. The acid treatment fluid is suitable for acidizing a

formation.

[00.1 6]  The amounts of the components contained within the acidizing treatment ﬂui.d and
that can be uéed in the acidizing treatments can vary. In as aspect, the citric acid and the
tetra-sélts of EDTA éan be present in a ratio of citric acid to tetra-salts of EDTA that ranges
from about 1:1 to about 1:2. Other suitable amounts of each component will be a]sbarent to

those of skill in the art and are to be considered within the scope of the present invention.

[0017]  One of the components of the acidizing treatment fluid is tetra-salts of EDTA. In
well acidizing treatments in which citric acid is used as a stand-alone fluid, dissolved éalcium
ions tend to re-precipitate as calcium citrafe when the pH value of the reaction solution
exceeds a pH of about 3. This precipitation can be pre\}ented by dissolving a sequestering
additive that includes different teﬁra—salts of ethylene di-amine tetra-acetic acid (EDTA)
within the citric acid solution to be injected. The types of tetra-salts that can be used in

- embodiments of the present invention can vary. For example, the tetra-salts of EDTA can

include tetra-sodium EDTA, tetra—potassi.um EDTA, _tétra-ammonium- EDTA, or

conibinations thereof, Other suitable salts of EDTA will be apparent to those of skill in the

art and are to be considered within the scope of the present invention.

[0018] The methods and compositions of the present invention can be used in various
types of formations. The methods and compositioné of the present invention afe particularly
effective in carbonate fé@ations. Other types of formations in which the methods and
compositions of the present ﬁvention can be used will be apparent to those of skill in the art

and are to be considered within the scope of the present invention.

[0019] In embodiments of the present invention, the acidizing treatment fluid can include

water. The amount of water can vary, depending upon conditions of the acidizing treatment,
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as will be understood by those of skill in the art. When water is present, it is generally
present in a molar ratio about 1:1 to about 1:2 molar ratio of acid to water. Other suitable
amounts of water than can be used in embodiments of the present invention will be apparent

to those of skill in the art and are to be considered within the scope of the present invention.

[0020]  In an aspect, the acidizing treatme.nt fluid o‘f the present invention can also includé
other types of acids useful in aéidizir_lg treatments. For example, the acidizing treatment fluid
can élso include'hydrd_c-hloric acid (HCI), acetic acid, formic acid, or cbmbinations thereof.
Other suitable acids that can rbe used in embodiments of the present invention will be
apparent to those of skili in the art and are to be considered within the scope of the present

invention.

[0021] The methods and compositions of the pfesent invention can b.e used in formations
having a variety of operational conditions. For example, the methods and compositions of
the present invention can be used in -a.variety of temperatures. In an aspect, thé step of
contacting the formation with the acidizing treatment fluid occurs in a temperature range up
to about 300 °F (149 °C). Besides a wide temperature range, the contact time in which the
compositions are used can a.ls.o -be varied. For example, the step of contacting the formation
with the acidizing treatment fluid can occur in a .coﬁtact time that ranges from abbut one hour
to several hours; or alternatively, from about one hour to about gight hours. th_er process
conditions that can be varied will be apparent to those of skill in the art and are to be

considered within the scope of the present invention.
EXAMPLE

[0022]  As indicated previously and as can be seen in Table 1, when using citric acid alone,
- calcium citrate precipitates. When tetra-salts of EDTA, such as tetra-sodium EDTA, are

added to citric acid, there is unexpectedly no calcium citrate precipitation,
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Table 1
. . Amount of Calcium Precipitation of calcium
Reactive Fluid Carbonate added, g v citrate
0.026 M Citric Acid 4 Yes, white precipitate
0.026 M Tetra-Sodium EDTA {no dissolving power ) ' NA
0.026 M citric acid + 0.026 : 3 ' No precipitation
Tetra-Sodium EDTA _ - - o preeip

It is well documented that calcium citrate precipitates when citric acid is used for acidizing
treatments. Using embodiments of the present invention allows users to use citric acid
without the typical problems associated with precipitation of calcium citrate in the spent acid

solution.

[0023]  Besides controlling precipitation of calcium citrate, the methods and compositions
of the present invention also prevent the formation of iron-based scale in the acidizing
treatment fluid. Use of the methods ard compositions of the present invention can alleviate

the need for additional corrosion inhibi{ors that would typically be needed.

[0024] Althoﬁgh the present invention has been describeci in detail, it should be
understood that various changes, sﬁbstitutions, and alterations can be made hereupon without
departing from the principle and scope of the invention. Accordingly, the scope of the
present invention should be determined by ther following claims and their appropriate legal

equivalents.

-[0025]  The singular forms "a", "an" and "the" include plural referents, unless the context

clearly dictates otherwise.

[0026] Optional or optionally means that the subscquently 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.
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[0027] Ranges may be expressed herein as from about one particular value, and/or to
about another particular value. When such a range-is 'expres.sed, 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.

[0028] Throughout this application, where patents or publications are referenced, the
disclosures of these references in their entireties 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.
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What is claimed is: -

1. A method of preventing precipitation of calcium citrate during acidizing treatments

comprising the steps of:

contacting a formation with an acidizing treatment fluid comprising citric acid and
 tetra-salts of EDTA, the tetra-salts of EDTA being present in an amount sufficient
to prevent formation of calcium citrate precipitation and iron-based scale in the

acidizing treatment fluid.

2. The method of claim 1, wherein the citric acid and the tetra-salts of EDTA contact the

formation in a ratio of citric acid to tetra-salts of EDTA that ranges from 1:1 to 1:2.

3. The method of any of the preceding claims, wherein the tetra-salts of EDTA include
tetra-sodium EDTA, tetra-potassium EDTA, tetra-ammonium EDTA, or combinations

thereof.

4. The method of any of the preceding claims, wherein the formation comprises a

carbonate formation.

5 The method of any of the. preceding claims, wherein the acidizing treatment fluid
further includes water, the water being present in a molar ratio 1:1 to 1:2 molar ratio of

acid to water.

6. The method of any of the preceding elaims, wherein the step -of contacting' the
- formation with the acidizing treatment fluid occurs in a temperature range up to 300 °F

(149 °C) and in a coﬁtact time range of about one -hour to about eight hours. -
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7. The method of any of the preceding claims, wherein the acidizing treatment fluid
further comprises hydrochloric acid (HCD), acetic acid, formic acid, or combinations

thereof.
8. A method of acidizing a subterranean formation comprising the steps of:

a. combining a sequestering additive with an aqueous citric acid solution in an
amount sufficient to prevent formation of calcium citrate precipitation and

iron-based scale in the acidizing treatment fluid to form an acid treatment

fluid; and
b. contacting a formation with the acid treatment fluid.

9. The method of claim 8, wherein the sequestering additive comprises tetra-salts of

EDTA.

10.  The methed of claim 9, wherein the tetra-salts of EDTA include tetra-sodium EDTA,

tetra-potassium EDTA, tetra-ammonium EDTA, or combinations thereof,

11.  The method of any of claims 8 - 10, wherein the aqueous citric acid and the tetra-salts
of EDTA contact the formation in a ratio of citric acid to tetra-salts of EDTA that ranges

from 1:1 to 1:2.

12.  The method of any of claims 8 - 11, wherein the formation comprises a carbonate

formation.

“13.  The method of any of claims 8 - 12, wherein the aqueous citric acid having a molar

ratio ranging from 1:1 to I:2 molar ratio of acid to water,

10



WO 2012/082314 PCT/US2011/061392

14.  The method of any of claims 8§ - 13, wherein the step of contacting the formation with -
the acidizing treatment fluid occh_l's in a temperature range up to 300 °F (149 °C) and in a

contact time range of about one hour to about eight hours.

15.  The method of any of claims 8 - 14, wherein the acidizing treatment fluid further

comprises hydrochloric acid (HCI), acetic acid, formic acid, or combinations thereof.

16.  An acid treatment fluid comprising citric acid and tetra-salts of ethylene diamine
tetra-acetic acid (EDTA), the citric acid and the tetra-salts of EDTA.being present in a
ratio of citric acid to tetra-salts of EDTA that ranges from about 1:1. to about 1:2 to
prevent formation of calcium citrate precipitation and iron-based scale in the acid

treatment fluid, the acid treatment fluid being suitable for acidizing a formation.

17.  The fluid of claim 16, wherein the tetra-salts of EDTA include tetra~sodium EDTA,

tetra-potassium EDTA, tetra-ammonium EDTA, or combinations thereof.

18.  The fluid of any of claims 16 - 17, wherein the formation comprises a carbonate

formation.

19, The fluid of any of claims 16 - 18, wherein the acid ﬁeahnent fluid further includes

water, the water being present in a molar ratio of 1:1 to 1:2 molar ratio of acid to water.

20.  The fluid of any of claims 16 - 19, wherein the acidizing treatment fluid further

comprises hydrochloric acid (HCI), acetic acid, formic acid, or combinations thereof.

11
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