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SYSTEMS AND PROCESSES FOR
SEPARATING EMULSIFIED WATER FROM
A FLUID STREAM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of U.S. Non-Pro-
visional patent application Ser. No. 14/874,501, filed Oct. 5,
2015, which claims the benefit of U.S. Provisional Appli-
cation No. 62/060,239, filed Oct. 6, 2014, the entire disclo-
sures of which are hereby incorporated.

FIELD OF THE INVENTION

[0002] The invention relates to a system and process for
reducing the water content of water-in-organic emulsions,
and, more specifically, to a system and process for conduct-
ing high-flux separation of emulsified water from an organic
component, such as a water-in-oil emulsion.

BACKGROUND OF THE INVENTION

[0003] Many liquid-liquid separation processes involve
the separation of water from an organic phase. In such
liquid-liquid separation processes, the formation of an aque-
ous phase that is immiscible with the organic phase allows
for separation of the two phases to take place from one
another by a variety of means. In particular, the immisci-
bility of water with the organic phase promotes partitioning
between the aqueous phase and the organic phase.

[0004] The separation of water from an organic phase can
be much more complicated when the water is present in an
emulsified form within the organic phase, particularly when
processing a water-in-oil emulsion. In such an emulsion,
normal gravitational separation of the two phases does not
occur by partitioning, or the partitioning process is so slow
that it is operationally limiting.

[0005] One way to promote breaking of emulsions so that
partitioning occurs more readily is through adding various
emulsion-breaking substances, such as surfactants, pH
modifiers, salts and the like, to the emulsion. Using these
substances, however, increases the cost of processing the
emulsion and impacts downstream operations. For example,
using a surfactant to break water-in-oil emulsions may
require removal of the surfactant from the organic phase
before the organic phase is further processed. In another
example, the use of a pH modifier to break a water-in-oil
emulsion can also require further modifying the pH of the
separated aqueous phase so that it may be suitably disposed
of or further processed.

[0006] It is also costly to break emulsions using heat.
Heating approaches are prohibitively expensive for many
applications in which large fluid volumes are processed.
[0007] Other techniques for breaking emulsions include
applying a centrifugal force to the emulsion. The application
of centrifugal force to an emulsion results in coalescence of
the small water droplets in the emulsion until the coalesced
droplets increase sufficiently in size to form a bulk aqueous
phase, also referred to as a continuous aqueous phase.
[0008] Because of water’s high mobility, it proceeds read-
ily to the outer walls of a vessel in which a centrifugal force
is being applied, while a water-depleted and less mobile
organic phase remains more toward the longitudinal center
of the vessel. This allows for a location-based separation of
the two phases to take place.
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[0009] The application of an electric field to an emulsion
also promotes the coalescence of small water droplets into
larger water droplets that more readily form a bulk aqueous
phase. U.S. Pat. Nos. 6,136,174 and 8,591,714 describe
processes and equipment for separating emulsions through
application of an electric field to the emulsion. The dewa-
tering processes disclosed in these patents, however, are
limited in the extent of dewatering that they provide.
[0010] Many applications and processes can benefit from
utilizing organic phases having lower water contents than
presently available high-flux dewatering techniques provide.
Lower flux and more costly dewatering techniques are
typically required when an organic phase having a particu-
larly low water content is needed for a specific application
or process.

SUMMARY OF THE INVENTION

[0011] Accordingly, provided is a process for separating
the components of a water-in-oil emulsion from one another.
The process comprises: introducing a fluid stream compris-
ing an organic component and emulsified water to a vessel
defining a coalescence zone. The vessel is configured to
simultaneously apply a centrifugal force and an electric field
to the fluid stream within the coalescence zone. The cen-
trifugal force and the electric field are simultaneously
applied to the fluid stream within the coalescence zone so as
to coalesce a portion of the emulsified water into a bulk
aqueous phase. A biphasic mixture comprising continuous
phases of the organic component and the bulk aqueous phase
is then removed from the coalescence zone of the vessel.
[0012] Further provided is a system for separating the
components of a water-in-oil emulsion from one another.
The system comprises: a vessel having a fluid inlet and an
underside fluid outlet. The vessel defines a coalescence zone
and is configured to apply a centrifugal force to a fluid
stream in the coalescence zone. An electrically insulated
electrode having an elongated body is located within the
vessel. The electrically insulated electrode is configured to
simultaneously apply an electric field to a fluid stream in the
presence of the centrifugal force. The underside fluid outlet
is configured to remove at least one component of the fluid
stream from an underside of the vessel after the centrifugal
force and the electric field have been applied to the fluid
stream. The vessel has a longitudinal axis and is inclined
with respect to the earth’s surface. The longitudinal axis
makes an incident angle with the earth’s surface ranging
between 20 degrees and 60 degrees.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a schematic illustrating a system config-
ured for separating water from an emulsified fluid stream.
[0014] FIGS. 2-4 are schematics of a vessel configured for
the simultaneous application of an electric field and a
centrifugal force to an emulsified fluid stream.

DETAILED DESCRIPTION OF THE
INVENTION

[0015] The present invention is related to systems and
processes for conducting high-flux separation of emulsified
water contained in an organic component, including the
high-flux separation of water from water-in-oil emulsions.
[0016] Electrostatic-based or centrifugal force-based
separation processes are often used independently in high-
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flux processes (defined in terms of bbl/day/fi2 or similar
units) for removing water from water-in-oil emulsions hav-
ing a high water content in the range, for example, of from
30 vol. % to 80 vol. % water. With these processes, the final
water content of the recovered organic phase is typically
lowered to within a range of from 1 vol. % to 10 vol. %. A
flux rate is considered to be high when it is in the range of
from 1,000 to 4,000 bbl/day/fi2. Further dewatering of the
emulsion to a concentration below 1 vol. %; however, is
much more difficult to achieve by using these and other
existing techniques, even with iterative processing.

[0017] When processing an organic component having a
low content of emulsified water, the water droplets in the
emulsion are too far apart from one another to undergo ready
coalescence under the influence of either an electrostatic-
based process or a centrifugal force-based process. Because
of this deficiency, techniques used to achieve further dewa-
tering of water-in-oil emulsions having a low water content
typically require operation at a much lower flux rate, such as
a flux rate in the range of less than 150 bbl/day/ft2, or less
than 100 bbl/day/ft2.

[0018] As indicated above, techniques for promoting sepa-
ration of an aqueous phase from a water-in-oil emulsion
(e.g., an organic emulsion comprising a continuous organic
phase and a discontinuous aqueous phase) having a high
initial water content are generally limited in the extent of
dewatering that they can provide at a high flux rate. Simi-
larly, these separation techniques are much less effective
when the initial water content of the emulsion is low, such
as less than 10 vol. % water, particularly when the water
content is in the range from 1 vol. % to 10 vol. %. As a result,
even when cycling an emulsified water-in-oil fluid stream
through multiple high-flux dewatering operations, it is dif-
ficult to reduce the water content of the emulsion to the less
than 1 vol. % required for some applications. Because
high-flux dewatering processes are typically unable to pro-
vide a dewatered organic phase having a desired low water
content, more costly lower flux dewatering techniques are
required to provide the dewatered organic phase.

[0019] To address the ongoing need for separation of
water from an emulsified fluid stream, particularly a water-
in-oil emulsion, the present inventors discovered that vari-
ous synergistic combinations of emulsion coalescence tech-
niques are more effective in promoting the formation of a
bulk aqueous phase from emulsified water droplets than the
application of any of the techniques individually. The
described techniques and systems of the present disclosure
provide for the processing of a water-in-oil emulsion under
a high flux rate to yield a dewatered organic component
having a very low water content.

[0020] As used herein, the terms “emulsified water,”
“emulsified water droplets” and related variants thereof refer
to a fine dispersion of water droplets suspended in a con-
tinuous organic phase, such as a hydrocarbon or hydrocar-
bon mixture, wherein the water droplets do not separate
from the organic phase or do so only very slowly over time.
[0021] As used herein, the term “bulk aqueous phase”
refers to a continuous phase comprising water.

[0022] The inventive systems and processes simultane-
ously apply both a centrifugal force and an electric field to
a fluid stream comprising emulsified water within an organic
component. In particular, the fluid stream comprises a water-
in-oil emulsion, such as emulsified water in a continuous
hydrocarbon phase. The simultaneous application of the
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forces within a vessel promotes coalescence of the emulsi-
fied water into a bulk aqueous phase within the vessel’s
coalescence zone. The resulting biphasic mixture, compris-
ing continuous phases of a bulk aqueous phase and an
organic phase, subsequently undergoes a separation step to
yield separate organic and aqueous components from the
emulsion.

[0023] The simultaneous application of a centrifugal force
and an electric field makes the inventive systems and
processes particularly useful in separating, under higher flux
rates than are conventionally feasible, emulsified water from
emulsified fluid streams having low initial water contents.
Thus, the inventive systems and processes allow for de-
emulsification of inadequately dewatered emulsified fluid
streams, such as water-in-oil emulsions having a low water
content, at high flux rates to produce a dewatered organic
component. It should also be recognized that these systems
and processes can be used for dewatering emulsified fluid
streams having high initial water contents as well, such as
emulsified fluid streams containing more than 20 vol. %
water. In either case, the systems and processes are config-
ured for producing at high flux rates an organic component
having a low emulsified water content from an emulsified
fluid stream. This feature advantageously facilitates various
subsequent high-volume applications that benefit from a
low-water content organic component, such as petroleum
refining.

[0024] Substantially vertical vessel orientations are usu-
ally used in conventional separator designs in order to
minimize their lateral footprint. Lateral footprint minimiza-
tion is usually desirable in plant settings where physical
space is at a premium. The inventors have further discovered
that the inventive systems and processes benefit from having
anon-vertical disposition of a vessel in which the centrifugal
force and the electric field are applied to the emulsified fluid
stream.

[0025] As used herein, the terms “non-vertical” or
“inclined” refer to the deviation of the longitudinal axis of
an elongated vessel from a 90° incident angle with a plane
parallel to the earth’s surface.

[0026] Despite the usual desirability of a substantially
vertical vessel orientation, the benefits of a deviation from
verticality can supersede the benefits of lateral footprint
minimization. Specifically, the inventors recognized that
having a non-vertical or inclined surface within the vessel
better promotes coalescence of emulsified water droplets
into a bulk aqueous phase and lowers the time required to
separate the organic component from the bulk aqueous
phase. The benefits of a deviation from verticality are
particularly realized in combination with application of a
simultaneously acting electric field and centrifugal force.

[0027] The inventors believe that using an inclined vessel
instead of a vertical vessel to define the coalescence zone
into which an emulsion is introduced enhances the coales-
cence rate of water droplets within the coalescence zone.
This is thought to be due to the inclined vessel providing for
a shorter settling distance of the water droplets before they
strike the inside wall of the inclined vessel. In addition,
inclination also provides a larger inside wall contact area.

[0028] Moreover, the use of an inclined vessel increases
the interfacial contact area between two immiscible phases
and promotes better phase separation once de-emulsification
has taken place, as compared with the use of a vertical
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vessel. A vertical vessel configuration minimizes both the
contact area at the vessel wall and the interfacial contact
area.

[0029] The inventors also identified alternative configu-
rations in which the vessel itself is vertically oriented but has
an inclined surface feature present within its coalescence
zone. For example, an electrode providing the electric field
within the vessel can be oriented at an angle with respect to
the longitudinal axis of the vessel in order to provide an
inclined surface within the vessel. Inclined features within a
substantially vertical vessel configuration produce similar
benefits to those provided by an inclined vessel.

[0030] Another advantageous feature of the invention is
that, upon formation of a biphasic mixture from an emulsi-
fied fluid stream, the biphasic mixture undergoes a separa-
tion step that is discrete from the formation of the biphasic
mixture. This discrete separation step provides for separat-
ing the two continuous phases of the biphasic mixture to
yield a bulk aqueous phase and a dewatered organic phase.
Specifically, the biphasic mixture, comprising a continuous
aqueous phase and a continuous organic phase, separately
undergoes a gravitational separation or any other suitable
phase separation process after de-emulsification occurs in
the coalescence zone of the vessel (i.e., downstream of the
vessel in which the centrifugal force and the electric field are
applied).

[0031] The independent separation of the biphasic mixture
greatly simplifies both design and operational considerations
of the equipment for carrying out the inventive process.
Accordingly, the systems and processes provide for remov-
ing a biphasic mixture from the coalescence zone of the
vessel but without attempting to further separate the con-
tinuous phases of the biphasic mixture from one another
within the vessel. Any suitable means or method known to
those skilled in the art can be used for separating the
biphasic mixture into the continuous aqueous phase and the
continuous organic phase.

[0032] Although the systems and processes can advanta-
geously provide for separating emulsified water from crude
oil or other hydrocarbon resources under high-flux condi-
tions, they are also applicable to separating emulsified water
contained within an organic component that comprises
hydrocarbons found in various crude oil cuts. Examples of
crude oil cuts that can be processed according to the inven-
tion include gasoline, diesel, kerosene, fuel oil, light vacuum
gas oil, heavy vacuum gas oil, and any other mixture of
hydrocarbon compounds.

[0033] In the co-production of water and oil from oil-
bearing formations, the presence of water in the oil, par-
ticularly as emulsified water, generally requires separation to
provide a crude oil component suitable for further process-
ing in refinery operations. The generation of oil having a
water content that is as low as possible is advantageous in
further refining of the oil. Residual water in oil can be
exceedingly detrimental to the refinery equipment. More-
over, contaminants carried by the residual water can also be
detrimental to the refinery equipment by causing corrosion
and scaling, and the contaminants can detrimentally affect
the quality of products formed from the refined organic
component.

[0034] Since the systems and processes of the invention
provide for high-flux de-emulsification of water-in-oil emul-
sions to form a biphasic mixture, they are particularly
suitable for coupling to a continuous or semi-continuous
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refining process. Particularly, these systems and processes
can facilitate refining processes by providing a low-water
containing crude oil feed while also offering improved
product quality and protecting the refinery equipment from
fouling by contaminants. In addition, they can operate at
high flux rates while still providing extensive dewatering of
an organic feed. For example, the inventive systems and
processes provide for a dewatered organic stream having a
water content less than 1 vol. % when processing the
water-in-oil emulsion at a high flux rate of at least 1,000
bbl/day/ft2.

[0035] The inventive systems and processes will now be
described with reference to the drawings.

[0036] FIG. 1 shows a general schematic of system 100
configured for separating emulsified water from an emulsi-
fied fluid stream. As depicted in FIG. 1, an emulsified fluid
stream enters vessel or hydrocyclone 110 of system 100 via
fluid inlet line 120. Hydrocyclone 110 defines coalescence
zone 122 and provides means for inducing rotational motion
within the emulsified fluid stream introduced into coales-
cence zone 122. This promotes the separation of the heavy
(water) and light (oil) components of the introduced emul-
sified fluid stream by applying a centrifugal force.

[0037] Hydrocyclone 110 is configured to provide means
for providing the simultaneous application of a centrifugal
force and an electric field to the emulsified fluid stream
while it is within coalescence zone 122. Hydrocyclone 110
can have either a cylindrical or conical design or any other
design that suitably provides for coalescence of water drop-
lets contained in the water-in-oil emulsion. The FIGS. and
description below further describe particularly suitable con-
figurations for hydrocyclone 110 and structures for produc-
ing an electric field E within hydrocyclone 110.

[0038] Within coalescence zone 122, the emulsified fluid
stream undergoes separation into a biphasic mixture com-
prising an organic component, such as crude oil or a
component of crude oil, and a bulk aqueous phase, both of
which progress toward the bottom of hydrocyclone 110
under the influence of gravity. Upon reaching the bottom of
hydrocyclone 110, the biphasic mixture exits hydrocyclone
110 by way of underside fluid outlet line 140. The organic
component and the bulk aqueous phase can exit hydrocy-
clone 110 at the same time, or they can exit separately from
one another at different times in a random fashion. Remov-
ing the biphasic mixture from hydrocyclone 110 at a single
location desirably avoids having to separate the components
of the biphasic mixture within hydrocyclone 110.

[0039] The biphasic mixture removed from hydrocyclone
110 is then conveyed to separator 160, also referred to as a
separation apparatus, which is fluidly coupled to hydrocy-
clone 110 via underside fluid outlet line 140. Separator 160
defines separation zone 162 and provides means for sepa-
rating the biphasic mixture to yield a separate organic
component and a separate bulk aqueous phase. The removal
of the bulk aqueous phase from separation zone 162 via
outlet line 180 and the organic component via outlet line 190
provides for separating the continuous phases of the biphasic
mixture from one another.

[0040] Separator 160 includes any separation apparatus or
means that provides for separating the biphasic mixture into
an organic component and a bulk aqueous phase. Separator
160 is not particularly limited in structure or function. A
settling tank can suitably be used as separator 160, thereby
defining a separation zone 162 that provides for gravitational
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separation of the biphasic mixture in conjunction with
settling of any particulate matter that may be present in the
emulsified fluid stream. Other suitable separators 160
include, for example, API separators, parallel plate separa-
tors, tilted plate separators, corrugated plate separators, air
floatation separators, centrifuges, hydrocyclones, membrane
separators, the like, and any combination thereof.

[0041] Still other suitable separators 160 include compo-
nents of the separators described in U.S. Pat. No. 8,591,714,
which is incorporated herein by reference. As described in
this patent, elongated passageways provide for downward
flow of water and upward flow of an organic component,
such as oil. A feed to the elongated passageways passes
through an elongated inlet vessel containing an electrode.
Such separators may operate in a continuous mode or in a
semi-batch mode.

[0042] Solids can also be removed from the biphasic
mixture downstream from hydrocyclone 110. This is per-
formed in conjunction with separation of the continuous
phases of the biphasic mixture from one another. In this
regard, many separation means and apparatuses described
above can effectively promote separation of solids from the
aqueous phase or the organic component.

[0043] Further description follows, with reference to
FIGS. 2-4, of how the invention simultaneously applies an
electric field and a centrifugal force to an emulsified fluid
stream in a coalescence zone. The discussion first addresses
the application of a centrifugal force to an emulsified fluid
stream in a vessel.

[0044] System 200 of FIG. 2 shows hydrocyclone 210 that
defines coalescence zone 212. Hydrocyclone 210 is
equipped with fluid inlet line 220 that is fluidly connected to
upper portion 230 and provides for tangentially introducing
an emulsified fluid into coalescence zone 212. Alternatively,
fluid inlet line 220 is fluidly connected to conical section 235
of hydrocyclone 210, again with a tangential connection for
promoting rotational motion within coalescence zone 212.
The emulsified fluid stream undergoes rotational motion
within conical section 235 to produce a biphasic mixture that
exits hydrocyclone 210 through underside fluid outlet line
240.

[0045] Upon exiting hydrocyclone 210, the biphasic mix-
ture is conveyed to separator 260 that defines separation
zone 262 and provides means for separating the biphasic
mixture to yield a bulk aqueous phase and a continuous
organic phase. The bulk aqueous phase is removed from
separation zone 262 through fluid outlet line 290, and the
organic phase is removed from separation zone 262 through
fluid outlet line 290.

[0046] As shown in the FIGS., electrode 250 is disposed
within coalescence zone 212. Electrode 250 provides means
for conveying an electric field to the emulsified fluid stream
introduced into and contained within coalescence zone 212.
Electrode 250 conveys the electric field to the emulsified
fluid stream while the emulsified fluid stream is experienc-
ing or is subjected to a centrifugal force. Preferably, elec-
trode 250 is elongated and is configured so that it extends
along or coincident to longitudinal axis 255. Accordingly,
electrode 250 extends through a substantial portion of the
longitudinal length of hydrocyclone 210 as depicted in
FIGS. 2 and 4.

[0047] In FIG. 3, electrode 250 is shown to deviate from
longitudinal axis 255, such that electrode 250 is inclined
with respect to the earth’s surface. Electrode 250 can also be
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parallel to and laterally offset from longitudinal axis 255.
Further, multiple electrodes 250 can be used even though
FIGS. 2-4 depict a single electrode 250. Electrode 250 is
operatively connected to either an AC or DC power source
(not shown).

[0048] Electrical insulation can be provided on the exte-
rior of electrode 250. Electrode 250 can be insulated so that
it applies an electric field to the emulsified fluid stream
without directly applying a current to it. Electrode 250 can
also have a substantially linear geometry, such as depicted in
FIGS. 2-4. Accordingly, electrode 250 can have a non-
concave exterior. The geometry of electrode 250 minimizes
channeling of the emulsified fluid stream and its components
within coalescence zone 212. Electrode 250 can be either
solid or tubular.

[0049] The insulation of electrode 250 is any suitable
dielectric coating material, including polymers that are typi-
cally used for providing electrical insulation. It is preferred
for electrode 250 to have a coating of the dielectric coating
material when electrode 250 is used in processing an emul-
sified fluid stream having a high emulsified water content or
an emulsified fluid stream having a high conductivity due to
the presence of a dissolved salt. When these conditions are
not present, electrode 250 may be left uncoated, if desired.
When electrode 250 is uncoated, it directly conveys both an
electric current and an electric field to the emulsified fluid
stream.

[0050] Another feature of system 200 that can provide
coalescence and separation benefits is the placement of
electrode 250 within coalescence zone 212. Electrode 250
can be parallel to or coincident with longitudinal axis 255.
Alternatively, electrode 250 can be oriented or disposed
within hydrocyclone 210 at an oblique angle with respect to
the earth’s surface (or a plane situated parallel to the earth’s
surface). Accordingly, when hydrocyclone 210 is vertically
disposed as depicted in FIGS. 2 and 3, electrode 250 is
inclined with respect to the earth’s surface.

[0051] In the configuration of system 200 shown in FIG.
3, electrode 250 is non-parallel to longitudinal axis 255.
Specifically, electrode 250 is disposed at angle 6 with
respect to plane 300. Plane 300 is parallel to the earth’s
surface, and angle 0 is less than 90 degrees. Preferably, angle
0 is in a range from 20 degrees to 60 degrees, or in a range
from 22 degrees to 45 degrees.

[0052] In addition, both hydrocyclone 210 and electrode
250 can be oriented at an oblique angle with respect to plane
400. FIG. 4 illustrates this geometry. The oblique angle
between longitudinal axis 255 and plane 400 is less than 90
degrees with respect to the earth’s surface.

[0053] As depicted in FIG. 4, hydrocyclone 210 and
coalescence zone 212 are disposed at angle 01 with respect
to plane 400 and electrode 250 is disposed at angle 62 with
respect to plane 400. Plane 400 is parallel to the earth’s
surface. When electrode 250 is disposed coincident with or
parallel to longitudinal axis 255, angle 61 and angle 62 are
equal to one another. However, if electrode 250 is not
coincident with or parallel to longitudinal axis 255, angle 61
and angle 02 differ.

[0054] Particularly, angle 01 is in a range from 20 degrees
to 60 degrees. More preferably, angle 61 is in a range from
22 degrees to 45 degrees. Still more preferably, angle 01 is
an angle greater than 30 degrees.

[0055] Angles 61 and 02 are chosen to promote coales-
cence of emulsified water droplets to a desired degree
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without requiring an overly large lateral footprint of hydro-
cyclone 210. As discussed above, configuring hydrocyclone
210, electrode 250, or both into a non-vertical orientation
can be particularly beneficial for promoting gravitational
coalescence of water droplets at the wall of hydrocyclone
210 or at electrode 250 to form a bulk aqueous phase. This
allows for an increase in the flux rate but without reducing
the amount of dewatering conveyed to the emulsified fluid
stream. Indeed, this configuration even provides for an
enhancement in the dewatering of the emulsified fluid
stream.

[0056] The inventive systems can further include pre-
conditioning separation means (not shown) for pre-condi-
tioning the emulsified fluid stream for separation. The pre-
conditioning separation means is selected from the group
consisting of a mechanical screen, an electrified screen, an
electrocoagulator, an electroprecipitator, and any combina-
tion thereof.

[0057] When a pre-conditioning separation means is used,
it is fluidly connected to fluid inlet line 120 of hydrocyclone
110 or to fluid inlet line 220 of hydrocyclone 210. This
provides upstream pre-conditioning of the emulsified fluid
stream before introducing it into either coalescence zone 122
or coalescence zone 212. Such pre-conditioning of the
emulsified fluid stream can further promote the coalescence
process within either coalescence zone 122 or coalescence
zone 212.

[0058] The inventive system, thus, comprises a vessel that
defines a coalescence zone and has a fluid inlet for receiving
and introducing an emulsified fluid stream into the coales-
cence zone. The vessel is a hydrocyclone. The hydrocyclone
is configured to apply a centrifugal force to the emulsified
fluid stream. An insulated, and usually elongated, electrode
is positioned within the coalescence zone of the hydrocy-
clone. The insulated electrode is disposed within the coales-
cence zone so as to apply an electric field to the emulsified
fluid stream in the presence of the centrifugal force. The
underside fluid outlet provides for removing a biphasic
mixture or a component of the biphasic mixture from the
underside of the vessel after applying the centrifugal force
and the electric field to the emulsified fluid stream. The
hydrocyclone can be inclined with respect to the earth’s
surface so that its longitudinal axis makes an incident angle
with the earth’s surface in a range from 20 degrees to 60
degrees, and, preferably, from 22 degrees to 45 degrees.
[0059] The inventive system further can comprise a sepa-
ration apparatus or separation means fluidly connected to the
underside fluid outlet. The separation apparatus defines a
separation zone and provides means for separating the
biphasic mixture into continuous phases of an organic com-
ponent and a bulk aqueous phase. Suitable separation appa-
ratuses or separation means include those described above.
In addition, the separation apparatus can also provide for
removing solids that may be present in the biphasic mixture.
[0060] The insulated electrode can be placed within the
vessel at an oblique angle with respect to the vessel’s
longitudinal axis. That is, the insulated electrode can deviate
from verticality in a substantially vertical vessel configura-
tion and make an oblique angle with the earth’s surface.
Thus, the insulated electrode makes an incident angle with
the earth’s surface in a range from 20 degrees to 60 degrees,
or from 22 degrees to 45 degrees.

[0061] As for the hydrocyclone, its longitudinal axis can
also be inclined with respect to the earth’s surface, such that
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it makes an incident angle with the earth’s surface in a range
of 20 degrees to 60 degrees, or from 22 degrees to 45
degrees. In addition, the insulated electrode is placed or
oriented within the coalescence zone of the hydrocyclone
parallel to or in any other suitable orientation with respect to
the longitudinal axis.

[0062] The inventive processes provide for converting an
emulsified fluid stream, such as a water-in-oil emulsion, into
a biphasic mixture. The biphasic mixture comprises mixed
continuous phases of the organic component and bulk aque-
ous phase that can then be separated. In a preferred process,
the emulsified fluid stream is an emulsified crude oil or an
emulsified fraction of crude oil.

[0063] The inventive process includes introducing an
emulsified fluid stream into a coalescence zone defined by a
hydrocyclone. The hydrocyclone provides means for simul-
taneously applying a centrifugal force and an electric field to
the emulsified fluid stream within the coalescence zone. This
simultaneous application of the centrifugal force and the
electric field to the emulsified fluid stream within the coales-
cence zone provides for coalescence of a portion of the
emulsified water into a bulk aqueous phase to provide a
biphasic mixture that is then removed from the hydrocy-
clone.

[0064] The components of the biphasic mixture are
removed, either together or separately, from the coalescence
zone of the hydrocyclone and transferred to a separation
apparatus that defines a separation zone and provides means
for separating the aqueous phase from the organic phase.
Typically, the biphasic mixture is removed from the coales-
cence zone through an opening or outlet on the underside of
the vessel.

[0065] The water droplets or particles of the water-in-oil
emulsion are of a size in the range of from 10 nm to 100
microns. More typically, however, the water particles have
a size in the range of from 25 nm to 10 microns, and, most
typically, from 50 nm to 1 micron. Any combination or
subrange of these droplet sizes may be present. Water
droplet sizes above 100 microns in diameter are considered
to be a bulk aqueous phase for purposes of the present
disclosure.

[0066] The electric field applied in the inventive process
can vary in magnitude over a wide range, and the magnitude
of'the applied field can be varied to achieve a desired degree
of coalescence of emulsified water droplets. The applied
voltage producing the electric field can be in the range of
from 500 volts to 40,000 volts, and, more preferably, in a
range of from 15,000 volts to 20,000 volts. The electric field
is applied with either an alternating current or a direct
current.

[0067] The electric field is applied either continuously or
it is pulsed. When pulsed, the pulse rate is in a range of from
0.1 Hz to 50 Hz, or from 0.1 Hz to 10 Hz, or from 1 Hz to
5 Hz. Waveforms other than pulsing the applied voltage can
be used.

[0068] The rate at which the emulsified fluid stream is
introduced into the coalescence zone of the vessel is such as
to provide a flux rate of at least 1,000 bbl/day/ft2
(bbl=barrel=42 US gallons) while still providing an organic
component having a reduced water content below 1 vol. %.
The value used for the area term (ft2) of the flux formula is
the effective cross-sectional area of the vessel (i.e., of the
plane area that is perpendicular to the vertical axis of the
vessel) into which the emulsified fluid stream is introduced.
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[0069] It is desirable for the flux rate of the inventive
process to be as high as feasible. Thus, the flux rate can be
in a range of at least 1,500 bbl/day/ft2 or at least 2,000
bbl/day/ft2. Due to technical and practical limits of the
inventive process, there is a practical upper limit to the flux
rate. Therefore, the flux rate can be in the range from 1,000
bbl/day/t2 to 6,000 bbl/day/ft2, or from 1,500 bbl/day/{t2 to
5,000 bbl/day/ft2, or from 2,000 bbl/day/ft2 to 4,500 bbl/
day/ft2, or from 2,500 bbl/day/ft2 to 4,000 bbl/day/ft2, or
from 4,000 bbl/day/ft2 to 5,000 bbl/day/ft2. Conventional
dewatering operations that are capable of producing a water
content below 1 vol. %, in contrast, generally operate at
much lower flux rates that are typically less than 100
bbl/day/ft2.

[0070] As noted above, the inventive process provides a
dewatered organic component of the emulsified fluid stream
having a water content below 1 vol. % after separation of the
continuous phases of the biphasic mixture. It is preferred for
the water content to be below 0.7 vol. % after separation of
the biphasic mixture and less than 0.6 vol. % or even less
than 0.3 vol. %. It is even more preferred for the water
content to be below 0.1 vol. % or below 0.01 vol. % after
separation of the biphasic mixture. A practical lower limit
for the water content is greater than 10 ppmv or greater than
100 ppmv.

[0071] If, after separating the biphasic mixture to yield the
organic component and the bulk aqueous phase, the organic
component still contains an unacceptably high content of
emulsified water, the organic component can then be
recycled to the vessel for further dewatering or it can be
transferred to another vessel configured similarly to the ones
described above.

[0072] Thus, multiple vessels configured to apply a cen-
trifugal force and an electric field to an emulsified fluid
stream can be operatively connected in a series flow arrange-
ment such that the water content of the organic component
is decreased to a desired level. Alternatively, multiple ves-
sels configured to apply a centrifugal force and an electric
field to an emulsified fluid stream can be operatively con-
nected in a parallel flow arrangement to improve processing
throughput or flux rates. In addition, processing of the
emulsified fluid stream can take place in a continuous,
semi-continuous, or batch mode.

[0073] Not only can the inventive systems be used in
series or parallel flow arrangements, but they can also be
coupled with conventional separator units and processes. A
number of configurations are possible in this regard. Illus-
trative configurations include: the system connected in a
series flow arrangement with a conventional separator unit;
the system connected in a parallel flow arrangement with a
conventional separator unit in which the conventional sepa-
rator unit is the primary dewatering unit; or the system
connected in a parallel flow arrangement with a conven-
tional separator unit in which the conventional separator unit
is a secondary or backup dewatering system.

[0074] Although the inventive systems and processes can
be used for converting any emulsified fluid stream into a
biphasic mixture for subsequent separation, they are par-
ticularly applicable to emulsified fluid streams having a
relatively low initial content of emulsified water. In the
inventive process, the emulsified fluid stream can contain
emulsified water in an amount in a range from 0.5 vol. % to
less than 10 vol. %, based on the volume of the emulsified
fluid stream.
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[0075] It is especially significant aspect of the inventive
process that the emulsified fluid stream contains signifi-
cantly less emulsified water such as amounts greater than 0.7
vol. % and less than 8 vol. %, or amounts greater than 0.9
vol. % and less than 5 vol. %, or amounts greater than 1.2
vol. % and less than 3 vol. %.

[0076] Higher contents of emulsified water, such as
between 15 vol. % to 80 vol. % emulsified water can be
addressed through conventional systems and processes for
de-emulsifying emulsified fluid streams, although emulsi-
fied fluid streams having water contents within this range are
also suitably addressed with the inventive systems and
processes, as well. These emulsified fluid streams can be
initially dewatered through a conventional process to pro-
vide a partially dewatered fluid stream containing emulsified
water in the above-noted amounts or concentrations.
[0077] When the emulsified fluid stream comprises both
bulk water and emulsified water, it is more desirable to
remove the bulk water from the emulsified fluid stream
before further processing takes place. Separation of bulk
water is readily done by simpler, conventional processing
techniques. Accordingly, when an emulsified fluid stream
contains a significant amount of bulk water, it can first be
processed using conventional methods as described above to
lower its water content. The emulsified fluid stream is then
passed to the inventive systems for processing by the
methods.

[0078] The inventive processes can further comprise a step
of adding a chemical to the emulsified fluid stream to
promote further coalescence of the emulsified water into the
bulk aqueous phase. Suitable chemicals include, for
example, various polymers, surfactants, salts, de-emulsifi-
ers, acids, and bases. The chemicals can be introduced into
the coalescence zone of the vessel, or they can be added or
introduced directly into the emulsified fluid stream being
introduced into the coalescence zone of the vessel.

[0079] The organic component of the emulsified fluid
stream is typically a hydrocarbon or mixture of hydrocar-
bons. The preferred feed of the inventive process is a
water-in-crude oil emulsion or a water-in-crude oil fraction
emulsion. More specifically, the organic component of the
emulsion comprises crude oil or a partially dewatered crude
oil. Thus, the emulsified fluid stream can comprise as-
obtained crude oil or crude oil that has already been pro-
cessed in a manner to remove a portion of its water content.
[0080] When the emulsified fluid stream comprises crude
oil or a partially dewatered crude oil, the emulsified water
may comprise formation water, or water that was introduced
into a formation in conjunction with treating or producing
the formation, or any combination thereof. The emulsified
water associated with the crude oil can comprise a salt
solution or brine.

[0081] Other various components that can be present in
the emulsified water, either alone or in combination with a
salt, can include chemicals used in the course of treating or
producing a formation such as, for example, polymers,
breakers, gels, sealants, oxidants, anti-oxidants, amines and
the like. Metallic contaminants can also be present in the
emulsified water. Similarly, formation components such as
salts of naphthenic acids, for example, can be present in the
emulsified water.

[0082] Decreasing the content of emulsified water in a
crude oil improves the quality of the yielded organic com-
ponent. By practicing the invention, the amount of undesir-
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able substances carried with the emulsified water of a wherein the vessel has a longitudinal axis and is
water-in-organic component (e.g., oil) emulsion and even- inclined with respect to the earth’s surface, thereby
tually transferred to the processed organic component is making an incident angle with the earth’s surface in
lessened. Decreased contaminant quantities in the organic a range from 20 degrees to 60 degrees.
component can be beneficial for various processes, particu- 2. The system of claim 1, further comprising:
larly refining processes, where salt or other contaminants a separation apparatus fluidly connected to the underside
from residual emulsified water cause issues such as corro- bt PP Y .
. e . fluid outlet and downstream therefrom, the separation
sion, precipitation, and fouling. . . N
1. A system comprising: apparatus being configured to separate a biphasic mix-
a vessel having a fluid inlet and an underside fluid outlet, ture of an organic component and a bulk aqueous phase
. . from one another.
the vessel defining a coalescence zone and being con- ) ) )
figured to apply a centrifugal force to a fluid stream 3. The system of claim 2, wherein the vessel is a hydro-
introduced thereto; and cyclone.
an electrically insulated electrode having an elongated 4. The system of claim 3, wherein the vessel has a
body located within the coalescence zone of the vessel, longitudinal axis and the electrically insulated electrode is
the electrically insulated electrode being configured to non-parallel with respect to the longitudinal axis.

simultaneously apply an electric field to a fluid stream

in the presence of the centrifugal force;

wherein the underside fluid outlet is configured to
remove at least one component of the fluid stream
from an underside of the vessel, after the fluid stream
has had the centrifugal force and the electric field
applied thereto; and I T S

5. The system of claim 4, further comprising:

a mechanical screen, an electrified screen, an electroco-
agulator, an electroprecipitator, or any combination
thereof fluidly connected to the fluid inlet and upstream
therefrom.



