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(57) Abrégé/Abstract:

A demulsifying additive comprising a branched aliphatic compound may be introduced to a stream containing mixtures of or
emulsions of oil and water in an effective amount to separate water from the oil in the stream, such as separating oil from emulsified
oil-in-water and/or separating water from emulsified water-in-oil in a production fluid. The branched aliphatic compound may be
grafted with a polyether via a crosslinking reaction. Alternatively, branched aliphatic compounds may be crosslinked together.
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Abstract:

A demulsifying additive comprising a branched aliphatic compound may be introduced to a stream
containing mixtures of or emulsions of oil and water in an effective amount to separate water from
the oil in the stream, such as separating oil from emulsified oil-in-water and/or separating water from
emulsified water-in-oil in a production fluid. The branched aliphatic compound may be grafted with
a polyether via a crosslinking reaction. Alternatively, branched aliphatic compounds may be
crosslinked together.
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DEMULSIFYING ADDITIVE FOR SEPARATION OF QlL. AND WATER

CROSS REFERENCE TO RELATED APPLICATION
This application claims priority to U.S. Application No. 16/521,204, filed on July 24,
2019, the content of which is incorporated hereby by reference in its entirefy.

TECHNICAL FIELD
{0001] The present invention relates to an addilive usefud for separating
mixtures of or emuisions of oil and water in a fluid stream, and more particularly relates
o introducing a demulsifying additive comgrising a branched aliphatic compound to
an oilfield fluid stream containing a mixture of oil and watet, such as emulsions of oil
and water, o separate the water from the oil within the stream.

BACKGROUND
{0602] To date, a variety of methods have been developed to help break
oit/water emuisions and separate the water from the oil in fluid streams accompanying
the production and refining of oif from sublerranean reservoirs to improve the guality
of the olf recoverad from sublerranean reservoirs and the quality of the separated
water.
[0003] The most common method of emulsion treatment in production and
refining operations is adding chemical demulsifiers to the oilfield fluid stream. These
chemicais are designed {o neutratize the stabilizing effect that the natural surfactants
found in crude oil, such as asphaltenes and paraffing, have on oilfleld emulsions.
Chemical demulsifiers are surface-active compounds that, when added fo the
emulsion, migrate 1o the oilfwater interface, rupture or weaken the rigid film, and
enhance water droplet coalescence for easier removal of water from oit in a fluid
siream containing mixtures or emulsions of oil and water.
[0084] Given the increasing global demands for oil and tightening environmental
requiremants for disposal of water, there is an ongoing nead o develop more efficiant
and cost-effective {reatments for separating oil from water in streams containing
pitfwater mixtures and emulsions in order to optimize oil recovery and to make sure
that such streams may be properly processed and meset the standards set for
discharge or reuse.
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SUMMARY
{60aS5] There is provided, in one form, method for separating oil and water in a
stream containing a mixture of oif and water, in which an sffective amount of a
demulsifying additive comprising a branched aliphatic compound (o the sfream
containing the mixture of 0il and water to separate the water from the all in the stream,
and separating water from the oil. The branched aliphatic compound may contain 20
or more carbon atoms.
{000E) There is further provided in ancther non-limiting foim, a treated stream
comprising a stream containing a mixture of oil and water and a demulsifying additive
comprising a branched atiphatic compound. The amount of demulsifying additive may
range from about 1 ppm to about 3000 ppm of the treated stream.
{0007] in ohe non-limiting ambodiment, the branchad aliphatic compound is
grafied with a polyather via a crosslinking reaction, wherein the polyether is a polymer
of ethylene oxide, propylene oxide, butylene oxide, and combinations thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
{0608) FiG. 1 is a graghic Hustration comparing the Basic Sediment percentage
{B3%) & Water percentage (W%) of laboratory-fested samples of: crude oi from the
Gulf of Mexico {("GoM”) containing a branched aliphatic demulsifyving additive of the
kind discliosed herein, the GoM crude oil containing a linear aliphatic demuisifiying
additive, the GoM crude oil contalning an incumbent demulsifying additive, and the
GoM crude oit containing no treatment additive.
[0009] FIGS. 2A and 2B are photographic illustrations comparing the bottle
performance of a demuisifier package containing an incumbent demulsifying additive
and a demulsifier package containing a branched aliphatic demulsifying additive of the
kind disciosed herein whan applied to a GoM crude oil raw emulsion.
[0010] F1G. 3 is a graphic illustration of comparing the Basic Sediment
percentage (BS%) & Water percentage (W%) of laboratory-prepared samples of: a
GoM crude raw emulsion containing a demuisifier package with an incumbent
demulsifying additive and a GoM crude raw emuision containing a demulsifier package
with a branched aliphatic demulsifying additive of the kind disclosed herein.
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{0011] FIG. 4 is a graphic illustration comparing the Basic Sediment & Waler
percentage (BSAW%) of field-tested samples of: a California crude oit containing a
branched aliphatic demulsifying additive of the kind disclosed hergin, the California
crude oll containing a linear aliphatic demulsifying additive, the California crude oil
containing various incumbent demuisifying additives, and the California crude oil
containing no {reatmeant additive.

DETAILED DESCRIPTION

{0012) it has been discovered that a demuisifying additive comprising a long-
chain branched aliphalic compound grafted with a polyether is useful for separating oil
from water in an oiffieid fluid stream containing a mixture of oil and water or emulsions
of oit and water. In particular, the branched and graffed polymer architecture of such
a demulsifying additive has been shown to confer a wider array of properties and
functionality that makes it more effective in breaking emulsions and separating water
and oil in cilfield fluid streams.

[0013] in a non-imiting embodiment, demudsifying additive comprises a
branched aliphatic compound having 20 or more carbon atoms. The branches of the
aliphatic chain may be composed functional groups made up of 2 to 28 carbon atoms
each. The branches may have differant carbon numbers from each other. Examples
of such functional groups include, bt are not kmited to, alky! groups having 2 to 28
carbon atoms, arylaiky! groups having 2 o 28 carbon atoms, cycloalkyl groups having
2 1o Z8 carbon atoms, and combinations thereof. The long-chain branched aliphatic
compound may additionally, or in the altermnative, comprise branches having functional
groups selected from the group consisting of oxygen funclional! groups, nitrogen
functional groups, sulfur functional groups, phosphorous functional groups, and
combinations thereof. In one non-restrictive embodiment, the branched aliphatic
compound may be crosslinked with one or more other branched aliphatic compound
o give a dendrimer or hyperbranched aliphatic compoundd. It is appreciated by one of
ordinary skill in the an that 2 hyperbranched aliphatic may have a random or defined
higrarchical structure, A dendrimer may be considerad {o be a hyperbranched aliphatic
compound with a defined hierarchical structure.

{0014] Iir another non-limiting embodiment, the demulsifying additive comprises
a branched aliphatic compound having 20 or more carbon atoms that is grafted with a
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polyether. The polyethers that may be grafted upon the long chain branched aliphatic
compourd include, without imitation, polymers of ethylene oxide ("EQ™), polymers of
propyleneg oxide {“PO”), polymers of hutylene oxide, and combinations thereof. The
polysther-grafted branchad aliphatic compound may be {ormead through a crossiinking
reaction involving an spoxide opening fo achieve the desired archifecture. The
crosslinking reaction may be base-catalyzed, acid-catalyzed, or uncatalyzed. The
crosslinkers useful in forming the polyether-grafted branched aliphatic compound may
include one or more of the foliowing: an epoxide, an isotyanate, a carboxylic acid, an
acyl halide, an aldehyde, a hitrile, a halide, an ester, an anhydride, an alcohol, an
amine, and an amide.

{0015] Specific examples of branched saliphatic compounds grafted with a
polyether through a crosslinking reaction, which may be useful in a demuisifying
additive for separating oif from water in an oilfield fluid stream containing a mixture of
oil and water or emuisions of olf and water, include, withouwt limitation, an EQ-PO
grafted C20+ branched aliphatic.

[00186] The stream 10 be treated with the demulsifying additive of the present
disclosure may be any stream containing a mixture of oll and water or emulsions of oil
and water. In one non-limiting embodiment, the oll may be dispersed within the water
phase of the stream or the water may be dispersed within the oil phase of the stream.
Stated another way, the water or oif may be amuisified within the other phase such
that the stream contains oll-in-water {o/w) emulgions and/or water-in-oil (w/o)
emiilsions. The water phase of the stream may be comprised of brine, seawater,
andfor fresh water. Examiples of such streams in the oilfield enwvirtonment in which #
would be beneficial to separate the nil from the water include, but are not limited fo,
crude oil, a production fluid, a drilling flisd, a completion fluid, a fracturing fluid, an
injection fluid, a flowback fluid, and combinations thereof. in another non-restrictive
embodiment, the stream is a fluid produced from a subterransan reservair comprising
mixtures or emuisions of oll and water. in an alternative, non-restrictive varsion, the
stream contalning oil and waler is generatad in the refining of crude ofl or natural gas.
{o017] A goal of the method is fo separate the olf from the water (or the water
from the oilj in the stream to maximize oil recovery and to clarify the water in the stream
o an acceptable lavel for the separated water to be discharged to the environment or
reused. While complete separation of the oil from the water is desirable, it shouid be

4

CA 03144591 2022- 1-18



WO 2021/015904 PCT/US20207/038608

appreciated that complete separation is not necessary for the methods and additives
discussed herein to be considered effective.  Success is oblained i more water is
separated from the oil or vice versa using an effective amount of the demuisifying
additive of the present disclosure than in the absence of an effective amountofit. Ina
non-limiting embodiment, the effecltive amount of the single-phase microemulsion
additive that may be introduced t¢ the stream for purposes of separating ol from water
or separating the water from the oil in the stream, as these terms are defined herein,
ranges from about 1 ppm independently to about 3,000 ppm independently, or from
about 10 ppm independently to about 250 ppm independently, based on the total
voiume of the stream. As used herein with respect o a range, “independently” means
that any threshold given may be used together with any other threshold given to
provide a suitabie aiternative range.

{06018] in another non-limiting embodiment, ather additives may bs added to the
stream for treatment including, but not necessarily limited to, coaguiants, flocculants,
corrosion inhibitors, and/or viscosity modifiers. In addition or aliemnatively, other
chemicals, such as friction reducers, scale inhibitors, paraffin inhibitors, pour point
depressants, asphaltene inhibitors, clay swelling inhibitors, biocides, antifoulants, flow
back aids, and/or surfactants, may be added during Ueatment with the branched
demuisifying additive of the kind disclosed herein.

{0019] The invention will be further described with respect 1o the following
Examples, which is not meant to imit the invention, but rather to further liusirate some

embodiments.
EXAMPLES
Example 1
{0020] FI1G. 1 is a graphic lllustration comparing the Basic Sadiment percentage

{B5%} & Water percentage (W%) of laboratory-tested samples of the following: Crude
oif from the Guif of Mexico (GoM) containing a EO-PO grafied C20+ branched aliphatic
{“Branched™), the same GoM crude ol containing EO-PO grafied C20+ linear aliphatic
(“Linear”), the GoM crude oil containing an EQ-PO-based incumbent demulsifying
additive (Incumbent”), and the GoM crude oil containing no treatment additive
{"Blank™}.
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{0021] The GoM crude oil in each sample is known to contain 50-80 vol% water.
The performance of the demuisifying additive in each sample was evaluated by
detarmining the % Basic Sediment & Water ("BS8W?"), which is & measure of how
mzch water, starting out either in free or emulsion farm, was separated from the crude
oil. The lower the % BS&W, the betier the water removal.

[0022] The data in FIG. 1 indicate that the demulsifying additive comprising the
Branched aliphatic performed better than the demulsifying additive comprising the
Linear aliphatic and that the performance of the demulsifying additive comprising the
Branched aliphatic was comparabie to the Incumbent,

Example 2
{0023] The photographs in FIG. 2 show the bottle performance of a demulsifier

package confaining an EO-PO-based incumbent demulsifying additive {*incumbent
DMO”) and a demuisifier package containing £EQ-PO grafted C20+ branched aliphatic
{"Branched DMO") when applied to samples of GoM crude raw emulsion. For
purpuses of this disciosure, “DMO” is an acronym referring to demulsifiers that are oil-
soluble.

[0024) Photograph in FIG. 2A shows that the Branched DMO causes the water
1o drop out of a sample of raw emulsion from GoM crude equally as well as the
Incumbent DMO. Photograph in FIG. 2B shows that the Branched DMO dries the
sampia better than the Incumbent DMQ.

[0025] The same GoM crude raw emulsion samples were tested to determine
the BS8&W% measurement for each demulsifier package. The data in FIG. 3 indicate
that the Branched DMO performed much better than the Incumbernt DMO in removing
or separating water from the samples.

Example 3

[0026] FI1G. 4 is a graphic ilustration comparing the Basic Sediment percentage
{(BS%) & Water percentage (W%} of laboratory-tested sampies of the following: crude
oit from California containing a EQ-PO grafted C20+ branched aliphatic ("Branchad™),
the California crude oil containing EQ-PO grafted C20+ linaar aliphatic {"Linear™}, the
California crude oif confaining various EO-PO-hasad incumbent demulsifying addifives
{“Incumbents 1, 2, and 3"}, and the Catlifornia crude ol containing no treatment additive
{"Blank™).
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{0027] The data in FIG. 4 indicate that the demulsifying additive comprising the
Branched aliphatic performed better than the demulsifying additive comprising the
Linear aliphatic and that the performance of the demulsifying additive comprising the
Branched aliphatic was comparabia to the Incumbents.

[0028] in the foregoing spedcification, the invention has been described with
reference to specific embodiments thereof, and has been described as effective in
providing methods, additives, and treatmenis for separating oil and water from
miixtures thereof. However, it will be evident that various modifications and changes
can be made thereto without departing from the broader spirit or scope of the invention
as set forth in the appended claims. Accordingly, the spacification is {o be regarded in
an illustrative rather than a restrictive sense. For exampile, sfreams, demulsifiers,
branched aliphatic compounds, functional groups, crosslinkers, emulsions, mixtures,
and composition and amounts of additive falling within the claimed parameters, but
not specifically identifiad in this disclosure or evaiuated in a particular Exampie, are
expected to be within the scope of this invention.

{0029] The present invention may suitably comprise, consist or consist
essentially of the elements disclosed and may be practiced in the absence of an
elemant not disclosed. For instance, the method or treated stream may comprise,
consist essentially of, or consist of the steps or compaonants recited in the independent
claims, respectively.

[0030] The words “comprising” and “comprises” as used throughout the claims,
are to be interpreted to mean “including but not limited to” and “inciudes but not limited
10", respectively.

[0031] As used herein, the singular forms “a,” “an,” and “the” are intended to
include the plural forms as well, unless the context clearly indicates otherwise.

{0632] As used herein, the tarm “about” in reference {o a given parameter is
inclusive of the stated value and has the meaning dictated by the context {e.g., it
includes the degree of error associated with measurement of the given parameter},
[0033] As used herein, the term “and/or” includes any and all combinations of
ong or more of the associated listed items.
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CLAIMS

What is claimed is:

CA 03144591 2022- 1-18

A method for separating oil and water in a siream containing a mixture of oil and
water, the mathod comprising:

-introducing an effective amount of a demuisifying additive comprising a
branched aliphatic compound to the stream containing the mixture of oil and
water {0 separate the water from the oil in the stream; and

-separating the water from the ocil.

The method of claim 1, wherein the branched aliphatic compound has 20 or
moere carbon atoms.

The method of claim 2, wherein the branched aliphatic compound comprises
branches containing functional groups having 2 o 28 carbon atoms.

The method of claim 3, wherein the branched aliphatic compound comprises
branches containing functional groups selected from the group consisting of
alkyl groups, arylailkyl groups, cycioalkyl groups, and combinations thereof,

The method of ¢laim 1, wherein the branched aliphatic compound is grosslinked
to another branched aliphatic compound to form a hyperbranched aliphatic
compound.

The method of claim 5§, wherein the hyperbranched aliphatic compound is a
dendrimer.

The method of claim 2, wherein the branched aliphatic compound comprises
branches containing functional groups selected from the group consisting of
oxygen functional groups, nitrogen functional groups, suifur functional groups,
phosphorous functional groups, and combinations thereof.
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The method of claim 1, wherein the branched aliphatic compound is grafted with
a polyether.

The method of claim 8, wharein the polyether is selected from a group consisting
of a polymer of ethylene oxide, a polymer of propylene oxide, a polymer of
hutylene oxide, and combinations thereof.

The method of claim 8, wherain the branched aliphatic compound grafted with
a polyether is a crosslinked branched aliphatic compound formed by using a
crosslinker selected from the group consisting of an epoxide, an isocyanate, a
carboxylic acid, an acyl halide, an aldehyde, a nitrile, a halide, an ester, an
anhydride, an alcohol, an amine, an amide, and combinations thereof.

The method of claim 1, wherein the stream comprises emulsions of oil and

water.

The method of claim 1, wherein the stream containing a mixture of oil and water
is selected from a group consisting of crude oil, a production fluid, a drilling fluid,
a completion fluid, a fracturing fluid, an injection fluid, a fowback fluid, and
combinations thereof.

The method of claim 1, whetein the effective amount of the demulsifying additive
introduced {o the stream ranges from about 1 ppm to about 3600 ppm based on
volume of the stream.

A treated stream comprising:

a stream containing a mixture of oil and water; and

a demulsifying additive comprising & branched aliphatic compound, wherein the
branched is grafied with a polyether selected from a group consisting of a
polymer of eltpdene oxide ("EO”), a polymer of propylene oxide ("PO"), a
polymer of butylene oxide, and combinations thereof.
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The treated stream of claim 14, wherein the branched aliphatic compound
grafted with a polyether is a crosslinked branched aliphatic compound formed
by using a crosslinker selected from the group consisting of an epoxide, an
isocyanate, a carbaxylic acid, an acyl halide, an aldehyds, a nilrile, a halide, an
ester, an anhydride, an alcohol, an amine, an amide, and combinations thereof.

The treated stream of claim 14, wherein the demulsifying additive is present in
the stream in an amount ranging from about 10 ppm to about 250 ppm based
on the total volume of the stream.

The treated stream of claim 14, wherein the branched aliphatic compound
comprises branches containing functional groups selected from the group
consisting of alkyl groups having 2 to 28 carbon atoms, arvialkyl groups having
2 to 28 carbon atoms, cycloalkyl groups having 2 to 28 carbon atoms, oxygen
functional groups, nitrogen functional groups, sulfur funcltional groups.
phosphorous functionatl groups, and combinations thereof.

The freated stream of claim 14, wherein the stream is crude odl.

The treated stream of claim 14, wherein the branched aliphalic compound
grafted with a polyether is EQ-PO grafted C20+ branched aliphatic.

The treated stream of claim 14, wherein the treated stream further comprises a
freatment additive selected from a group consisting of coagulants, floccuiants,
corrosion inhibitors, viscosity modifiers, friction reducers, scale inhibitors,
paraffin inhibitors, pour point depressants, asphaltene inhibitors, clay swelling
inhibitors, biocides, antifoulants, flowback aids, surfactants, and combinations
thereof.
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