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METHODS AND SYSTEMS FOR PROCESSING
CRUDE OIL USING CROSS-FLOW FILTRATION

BACKGROUND OF THE INVENTION

[0001] During some crude oil refinery processes, an emmlalso known as a “rag layer”
or “slop” may form. This rag layer may include asrye or more of several substances,
including, for example, oil and/or other hydrocarbpbrine, asphaltenes, and/or solids. The
solids may include small solid particles of metabot as well as colloidal particles, and the
rag layer may cause fouling and corrosion in refirsystems, which may disadvantageously
reduce the efficiency and capacity of the refirgrgtem.

[0002] Accordingly, there is a need for improved systems @methods for processing

crude oil.
BRIEF SUMMARY OF THE INVENTION

[0003] An embodiment of the invention provides a methogrotessing crude oil
comprising adding water to the crude oll to prodoit@nd brine and a rag layer including an
emulsion comprising brine and oil and solids; safag oil from brine including producing
brine comprising the rag layer; separating thelaggr into a hydrocarbon emulsion having
finer solids and brine comprising larger solidsg @assing the hydrocarbon emulsion and
finer solids along a cross-flow filter to producestentate comprising brine and solids and a
permeate comprising hydrocarbon.

[0004] Another embodiment of the invention provides a rmodtbf processing crude oll
comprising passing the crude oil and water intesatter, including separating oil from brine
comprising a rag layer and removing the brine cosimy a rag layer from the desalter via a
first port and removing the oil via a second ppéssing the brine comprising a rag layer
through a separator including separating the rggy lmto a hydrocarbon emulsion having
finer solids and brine comprising larger solidgliling removing the brine comprising
larger solids from the separator via a third pad eemoving the hydrocarbon emulsion and
finer solids from the separator via a fourth partd filtering the hydrocarbon emulsion and
finer solids using a cross-flow filter to produceetentate comprising brine and solids and a
permeate comprising hydrocarbon, including removimggretentate from the cross-flow filter

via a fifth port and removing the permeate fromchess-flow filter via a sixth port.
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[0005] Still another embodiment of the invention providesystem for processing crude
oil, the system comprising a desalter that sepa@tdrom brine comprising a rag layer; at
least one port directing the oil from the desal&ipast one port directing the brine
comprising the rag layer from the desalter; a sepathat separates the rag layer into a
hydrocarbon emulsion having finer solids and bdamprising larger solids; at least one port
directing the rag layer into the separator; attleag port directing the hydrocarbon emulsion
and finer solids from the separator; at least arégirecting the brine and larger solids from
the separator; a housing including a cross-floterfithat separates the hydrocarbon emulsion
and finer solids into a permeate comprising hydioga and a retenate comprising brine and
solids; at least one port directing permeate froentousing; at least one port directing
retentate from the housing; and at least one paattthg the hydrocarbon emulsion and finer
solids into the housing.

[0006] The methods and systems of the invention provideynaglvantages. For
example, the methods and systems of the inventdeardageously reduce or eliminate
fouling and/or corrosion in oil refinery systemsreynoving solids that would otherwise
damage the components of the refinery system.héynmethods and systems of the
invention allow the rag layer to be effectively agfticiently processed, recovering much of
the hydrocarbon, including oil, that would otheravlze lost to the rag layer. Accordingly,
the methods and systems of the invention may adganusly increase the reliability,
efficiency, and capacity of oil refinery processes.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWGS

[0007] Figurel is a representative schematic view, not to scdlene embodiment of a
system for processing crude oil.

[0008] Figure2 is a representative schematic view, not to scdlanother embodiment
of a system for processing crude oil.

[0009] Figure3 is a representative schematic view, not to sacdilstill another
embodiment of a system for processing crude oil.

[0010] Figure4 is a representative schematic view, not to scdilstill another

embodiment of a system for processing crude oil.
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DETAILED DESCRIPTION OF THE INVENTION

[0011] Methods and systems for processing crude oil usiogs-flow filtration may be
configured in any of a wide variety of ways. Orieh® many different examples of a system
for processing crude oil is shown in FigdreThe system may comprise, for example, a
desalter; a bulk separator; at least one inletglicetting one or more of additional
hydrocarbon, a demulsifier, a reverse demulsifiarpagulant, and a flocculant into the rag
layer; a mixer; a separator; a working tank; amdoss-flow filter.

[0012] The components of the system may be variously gordd. For example, the
desalter may be configured in any of a varietyitietent ways. The desalter may take any
form and may have any shape, including, for exanthbg of a tank or receptacle. The
desalter may remove metals and/or salts and otbsoldables from crude oil by combining
crude oil and water to produce oil, brine, andglager. Crude oil and water may be
supplied to the desalter separately, or crudenoilv@ater may be mixed together upstream of
the desalter and the mixture may be supplied taésalter. The desalter may also function
as a coalescer, e.g., an electrostatic coalesutig aeparator. Within the desalter, the crude
oil and the brine may separate from one another aaiag layer comprising an emulsion
including brine and oil and solids and other sulista, such as asphaltenes, may form, for
example, on top of the brine and/or at an intertaeteveen the oil and brine. The rag layer
may also be entrained as droplets or masses, &n@e, within the brine.

[0013] The desalter may also include at least one partmdny embodiments, the
desalter may include two or more ports. For examgs shown in Figurk the desalter may
include three port8a, 3b, and3c. Any port may be positioned anywhere on the desal
including the top, bottom, or sides of the desaltdore than one port may be positioned on
the same side of the desalter or on different sifi¢ise desalter. For example, as shown in
Figurel, a port3a may be positioned on the top of the desd}ex port3b may be positioned
on the top of the desalt8r and a por8c may be positioned on the bottom of the desalter
[0014] The ports may include at least one inlet port dingccrude oil (or a mixture of
crude oil and water) into the desalter. The iplat directing the crude oil (or mixture of
crude oil and water) into the desalter may be most anywhere on the desalter. For
example, as shown in Figutethe inlet porBa directing the crude oil (or mixture of crude
oil and water) into the desalter may be positiooedhe top of the desalter. The inlet port
directing the crude oil (or mixture of crude oildawater) into the housing may fluidly

communicate between the interior of the desaltdrtha interior of an external crude oil
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source (not shown). For example, as shown in Eifjudesalte? may include at least one
inlet port3a fluidly communicating between an exterior crudesource and the interior of
the desalteR. Crude oil (or mixture of crude oil and water)yrEass through the inlet port
and enter the desalter from an external sourch@srs e.g., by arrow.

[0015] In some embodiments, the system may further comprisonduit directing crude
oil into the desalter. The conduit directing crudlento the desalter may fluidly
communicate between the interior of the desaltdrtha interior of an external crude oll
source. For example, as shown in Figlrsysteml may include at least one conduit
directing crude oil into the desaltfluidly communicating between an external crude oi
source and the interior of the desalter via intet Ba. Although Figurel shows the conduit

in fluid communication with an inlet po8a located at the top of the desalter, the conduit ma
be in fluid communication with an inlet port locdtanywhere on the desalter, including the
top, bottom, or sides of the desalter. Crude @iy pass through the conduit directing crude
oil into the desalter and enter the desalter franadernal source as shown, e.g., by arow
[0016] In some embodiments, the system may comprise o water inlet ports for
directing water into the desalter. For examplestasvn in Figurel, the system may include
one water inlet po®. Although Figurel shows one water inlet pdf the system may
comprise any number of ports directing water il desalter. The water inlet port may be
positioned anywhere on the system, for exampleéhemlesalter or on the conduit directing
crude oil into the desalter. The water inlet poaty fluidly communicate between the interior
of the conduit directing crude oil into the desatiethe desalter and an exterior water source
(not shown). For example, as shown in Figlreysteml may include at least one water inlet
port 8 fluidly communicating between an external waterrse and the interior of the conduit
7 directing crude oil into the desaltgr Water may pass through the water inlet portemtdr
the conduit directing crude oil into the desalteni an external source as shown, e.g., by
arrow9. Although Figurel shows the water inlet pd8tpositioned on the conduitdirecting
crude oil into the desalter, the water inlet poaymadditionally or alternatively, be positioned
anywhere on the desalter itself. Accordingly, Wser may pass through the water inlet port
positioned on the desalter and directly enter #satier from an external source.

[0017] Various other chemicals, including, for examplendssifiers and/or corrosion
inhibitors, may be supplied to the desalter, @ig. additional inlet ports or a common inlet
port. Further, a heater (not shown) may be aswatiaith the desalter or the sources of
crude oil and water to heat the crude oil and wsti@plied to the desalter. The heater may

be variously configured, for example, as a heaharger or a steam injector.
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[0018] The ports of the desalter may include at leastautket port directing desalted ol
from the desalter. The outlet port directing dieshbil from the desalter may be positioned
anywhere on the desalter in fluid communicatiorhwiite desalted oil within the desalter.
For example, as shown in Figukethe outlet por8b directing desalted oil from the desalter
may be positioned on the top of the desalter. dutket port directing desalted oil from the
desalter may fluidly communicate between the ioteof the desalter and the exterior of the
desalter. For example, as shown in Figyrdesalte2 may include at least one outlet port
3b fluidly communicating between the interior of tthesalter2 and the exterior of the
desalter. A fluid comprising, for example, des@itd, may pass through the outlet port and
exit the desalter as shown, e.g., by arbow

[0019] The outlet ports may include at least one outlet gioecting brine comprising a
rag layer from the desalter. The brine comprisiregrag layer that is directed from the
desalter may include varying amounts of brine awdlayer, from mostly brine with the rag
layer to mostly the rag layer with some brine. ®léet port directing brine comprising a
rag layer from the desalter may be positioned amye/bon the desalter in fluid
communication with the brine and/or the rag layéhiw the desalter. For example, as
shown in Figurdl, the outlet porBc directing brine comprising a rag layer from thealter
may be positioned on the bottom of the des&lteFhe outlet port directing brine comprising
a rag layer from the desalter may fluidly commutedaetween the interior of the desalter
and the interior of the bulk separator. For exanas shown in Figurk desalte2 may
include at least one outlet p&« fluidly communicating between the interior of tthesalter2
and the interior of the bulk separaf@. A fluid comprising, for example, brine comprigia
rag layer, may pass through the outlet port antite&idesalter as shown, e.g., by arw
Although Figurel shows the outlet poBc positioned on the bottom of the desalter, theedutl
port may, additionally or alternatively, be positgal on the side of the desalter. Accordingly,
the brine comprising a rag layer may pass throbgtottlet port positioned on the side of the
desalter and exit the desalter.

[0020] In some embodiments, the system may further comprisulk separator that
separates much of the brine from the brine comyitie rag layer which is discharged from
the desalter. The bulk separator may be configureay of a variety of different ways. The
bulk separator may take any form and may have hapges including, for example, that of a
tank or receptacle. The bulk separator may begxample, a settling tank, a gravity separator,

or a plate separator, e.g., a coalescing plateceweor (CPI) separator. An exemplary bulk
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separator suitable for use in the inventive systerag include a plate separator available from
Pall Corporation, Port Washington, NY, USA under ttade designation LUCID.

[0021] The bulk separator may be positioned at a varielyaations in the system. The
bulk separator may be positioned, for example, &®ye downstream of the desalter and
anywhere upstream of the cross-flow filter, an@foywhere downstream of the desalter and
anywhere upstream of the separator. Preferablhasn in Figurd, the bulk separatdr2

is positioned downstream of the desalempstream of the separa2s, and upstream of the
cross-flow filter31.

[0022] The bulk separator may also include at least ome po many embodiments, the
bulk separator may include three or more portssoime embodiments, the bulk separator
includes three ports. For example, as shown inrEity the bulk separator may include three
ports13a, 13b, and13c. Any port may be positioned anywhere on the Iselarator,
including the top, bottom, or sides of the bulkagpor. More than one port may be
positioned on the same side of the bulk separatonalifferent sides of the bulk separator.
For example, as shown in Figukea portl3a may be positioned on the side of the bulk
separatofi2, a portl3b may be positioned on the bottom of the bulk sepad2, and a port
13c may be positioned on the top of the bulk separior

[0023] The ports may include at least one inlet port diingcthe brine comprising a rag
layer into the bulk separator. The inlet port Mlaidly communicate with the desalter outlet
port for brine comprising the rag layer, eitheredity or indirectly via one or more system
components. The inlet port directing the brine paeing a rag layer into the bulk separator
may fluidly communicate between the interior of theék separator and the interior of the
desalter. For example, as shown in Figyreulk separatot?2 may include at least one inlet
port 13a fluidly communicating between the interior of tthesalte2 and the interior of the
bulk separatot2. Brine comprising a rag layer may pass throughinifet port and enter the
bulk separator from the desalter as shown, e.gastmwe6.

[0024] The ports may include at least one outlet portctiing the brine, e.g., brine
largely or substantially free of the rag layernfrthe bulk separator. The outlet port
directing the brine from the bulk separator maydiycommunicate between the interior of
the bulk separator and the exterior of the bullasgjor. For example, as shown in Figlye
bulk separatot2 may include at least one outlet pt8b fluidly communicating with brine
below the rag layer and between the interior oftihik separatot2 and the exterior of the
bulk separator. Brine without the rag layer magsodarough the outlet port and exit the bulk

separator as shown, e.g., by arrbw
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[0025] The ports may include at least one outlet portctiing brine comprising the rag
layer from the bulk separator. The outlet port rflaily communicate with the brine
comprising the rag layer within the bulk separatdhe outlet port may also fluidly
communicate between the interior of the bulk sepat@nd the interior of the mixer. For
example, as shown in Figutebulk separatot2 may include at least one outlet pb8t

fluidly communicating between the interior of thelloseparatod2 and the interior of the
mixer 20. Brine comprising the rag layer may pass thrabghoutlet port and exit the bulk
separator as shown, e.g., by arrthy

[0026] The system may further comprise a conduit diredbirige comprising the rag

layer from the bulk separator to the mixer. Thedwot directing brine comprising the rag
layer from the bulk separator to the mixer maydlyicommunicate between the interior of
the bulk separator and the interior of the mixéor example, as shown in Figukesysteml
may include at least one condiid fluidly communicating between the interior of tinelk
separatofl2 and the interior of the mix&O0 via outlet portl3c and inlet por2la. Although
Figurel shows the conduit in fluid communication with afet port13c located at the top of
the bulk separator, the conduit may be in fluid ocmication with an inlet port located
anywhere on the bulk separator, including the baptom, or sides of the bulk separator. The
brine comprising the rag layer may exit the bulgasator, pass through the conduit, and
enter the mixer as shown, e.g., by ard®yv

[0027] The composition of the rag layer may vary dependimigexample, on the nature
of the crude oil supplied to the desalter. Fomeple, some rag layers may comprise water-
in-oil emulsions, while other rag layers may coraproil-in-water emulsions. Further, some
rag layers may be chemically-stabilized by stainijzagents such as asphaltenes, and some
rag layers may be particulate-stabilized by varsnigls in the emulsion and may include
little or no asphaltenes in the emulsion. One ahynexamples of a rag layer may comprise
about 30% to about 40% hydrocarbon such as oil dight, about 30% to about 40% brine by
weight, about 5% to about 10% solids by weight, apdo about 10% asphaltenes by weight.
Varying amounts of these substances may be boumdtbpne another in the rag layer.
[0028] To allow some of these rag layers to be more e¥felgtfiltered, one or more of
additional hydrocarbon, a demulsifier, a reversaulsifier, a coagulant, and a flocculant may
be added to the rag layer. Adding one or moré@fidditional hydrocarbon, the demulsifier,
the reverse demulsifier, the coagulant, and/ofltdeeulant to the rag layer may promote
destabilization of the rag layer and at least phréind even substantial, disintegration and

decomposition of the rag layer and/or substancéseimag layer, facilitating removal and
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recovery of the oil and other hydrocarbons boundhupe rag layer. For example, the
additional hydrocarbon may dissolve stabilizingrdgesuch as asphaltenes, in the rag layer.
The additional hydrocarbon may also reduce theogisg of the rag layer and/or establish the
oil or other hydrocarbon as the continuous phasheofag layer. The demulsifier may help
break down oil-in-water emulsions, while the reeedlemulsifier may break down water-in-
oil emulsions. The coagulant and flocculant magragate and agglomerate dispersed
particles in the rag layer, forming larger aggregahat settle out of the rag layer.

[0029] Consequently, in some embodiments, the system urthef comprise at least

one port directing one or more of additional hydmbon, a demulsifier, a reverse
demulsifier, a coagulant, and a flocculant intortg layer. In this regard, the system may
include separate ports or, as shown in Figui@common pori6 for directing the additional
hydrocarbon, the demulsifier, the reverse demelsithe coagulant, and/or the flocculant
into the brine comprising the rag layer.

[0030] Any port directing one or more of additional hydndaon, a demulsifier, a reverse
demulsifier, a coagulant, and a flocculant intollhee comprising the rag layer may be
positioned at a variety of locations in the systdmsome embodiments, the at least one port
directing one or more of additional hydrocarbodganulsifier, a reverse demulsifier, a
coagulant, and a flocculant into the brine compgshe rag layer is positioned anywhere
downstream of the desalter and anywhere upstredahedfousing including the cross-flow
filter. For example, the at least one port diregtone or more of additional hydrocarbon, a
demulsifier, a reverse demulsifier, a coaguland, aflocculant into the brine comprising the
rag layer may be positioned anywhere downstreatheoflesalter and upstream of the bulk
separator, anywhere downstream of the bulk sepgaaatbanywhere upstream of the mixer,
anywhere downstream of the bulk separator and aengulpstream of the separator, and/or
anywhere downstream of the separator and anywipsteeam of the cross-flow filter. For
example, as shown in Figutea common pori6 directing one or more of additional
hydrocarbon, a demulsifier, a reverse demulsiierpagulant, and a flocculant into the brine
comprising the rag layer is positioned downstreamh® desalteR, downstream of the bulk
separatofl2, upstream of the mix&0, upstream of the separa%, and upstream of the
cross-flow filter.

[0031] Any port directing one or more of additional hydadmon, a demulsifier, a reverse
demulsifier, a coagulant, and a flocculant intollhee comprising the rag layer may be
positioned anywhere on any component of the systenan embodiment, the at least one

port directing one or more of additional hydrocarpa demulsifier, a reverse demulsifier, a
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coagulant, and a flocculant into the brine compgshe rag layer is positioned anywhere on
the desalter, the bulk separator, the mixer, tharsgor, or the working tank, or on a conduit
directing the brine comprising the rag layer frdrma tesalter and/or the bulk separator. For
example, as shown in Figutethe common port6 directing one or more of additional
hydrocarbon, a demulsifier, a reverse demulsifiempagulant, and a flocculant into the brine
comprising the rag layer is positioned on a confidirecting the brine comprising the rag
layer from the desalter and/or the bulk separator.

[0032] The ports may include at least one inlet port dingcone or more of additional
hydrocarbon, a demulsifier, a reverse demulsiiempagulant, and a flocculant into the brine
comprising the rag layer. The inlet port(s) dinegtone or more of additional hydrocarbon, a
demulsifier, a reverse demulsifier, a coaguland, aflocculant into the brine comprising the
rag layer may fluidly communicate between an egtest a source of hydrocarbon and/or
deemulsifers (not shown) and the interior of a esindirecting the brine comprising the rag
layer from the desalter and/or the bulk separakar. example, as shown in Figuresystem

1 may include a common inlet pdi® fluidly communicating between an exterior sourte(s
of the additional hydrocarbon, the demulsifier, teeerse demulsifier, the coagulant, and/or
the flocculant and the interior of a condi@®directing the brine comprising the rag layer
from the desalte? and/or the bulk separatb?2. The additional hydrocarbon, demulsifier,
reverse demulsifier, coagulant, and/or flocculaaympass through the inlet port(s) and enter
the system from the exterior sourcelga-17e, respectively.

[0033] In some embodiments of the invention, the system coanprise a mixer which
mixes one or more of additional hydrocarbon, a dsifier, a reverse demulsifier, a
coagulant, and a flocculant in the brine comprighegrag layer. The mixer may be
configured in any of a variety of different wayEhe mixer may take any form and may have
any shape, including, for example, that of a tankdine receptacle. The mixer may be, for
example, a static mixer or a mixing tank.

[0034] The mixer may be positioned at a variety of logaim the system. In some
embodiments, the mixer may be positioned anywhevendtream of the desalter, anywhere
downstream of the at least one inlet port directing or more of additional hydrocarbon, a
demulsifier, a reverse demulsifier, a coaguland, aflocculant into brine comprising the rag
layer, and anywhere upstream of the cross-flowrfiltFor example, the mixer may be
positioned anywhere downstream of the desalteiuastteam of the bulk separator,
anywhere downstream of the bulk separator and aenguipstream of the separator, and/or

anywhere downstream of the separator and anywipstesam of the cross-flow filter.



10

Preferably, as shown in Figutethe mixer20 is positioned downstream of the common inlet
port 16 directing one or more of additional hydrocarbodganulsifier, a reverse demulsifier,
a coagulant, and a flocculant into brine comprishgrag layer and upstream of the
separatop5.

[0035] The mixer may also include at least one port. &mynembodiments, the mixer
may include two or more ports. For example, asvshio Figurel, the mixer20 may

include two port2la and21b. Any port may be positioned anywhere on the mixer
including the top, bottom, or sides of the mix&tore than one port may be positioned on the
same side of the mixer or on different sides ofrttieer. For example, as shown in Figadre
ports2la and21b may be positioned on opposite sides of the mixer.

[0036] The ports may include at least one inlet port diingcbrine comprising the rag
layer and one or more of additional hydrocarbotemulsifier, a reverse demulsifier, a
coagulant, and a flocculant into the mixer. THetiport of the mixer may fluidly
communicate between the interior of the mixer drgdinterior of the desalter or the bulk
separator and may fluidly communicate with the etytlort of the desalter or the bulk
separator, either directly or indirectly via onenmore components of the system. For
example, as shown in Figutemixer20 may include at least one inlet p@tia fluidly
communicating between the interior of the mi@rand the interior of the bulk separaf@x
Brine comprising the rag layer, as well as one orawf additional hydrocarbon, a
demulsifier, a reverse demulsifier, a coaguland, @aflocculant, may pass through the inlet
port and enter the mixer from the bulk separata@tasvn, e.g., by arrods. Within the
mixer, the brine comprising the rag layer and onmore of additional hydrocarbon, a
demulsifier, a reverse demulsifier, a coaguland, aflocculant are mixed with one another.
[0037] The ports may include at least one outlet portctiing the mixture from the
mixer. The outlet port may fluidly communicateweén the interior of the mixer and the
interior of the separator. For example, as shawkigurel, mixer20 may include at least
one outlet por21b fluidly communicating between the interior of timéxer 20 and the
interior of the separat@5. The mixture may pass through the outlet portexitithe mixer
as shown, e.qg., by arro2®.

[0038] The system may further comprise, for example, arsepr that separates the rag
layer into a hydrocarbon emulsion and finer soéidd brine comprising larger solids. Larger
solids may include solid particles having a sizefaf example, about 40 microns or more.
Finer solids may include solid particles havingze ®f, for example, less than about 40

microns. The separator may be configured in arg/\riety of different ways. The



11

separator may take any form and may have any shagheding, for example, that of a tank
or receptacle. For example, the separator maydegtleng tank or a mixing tank. Brine and
larger solids may collect in the bottom of the safm and the hydrocarbon emulsion and
finer solids may, along with any added hydrocarbams dissolved asphaltenes, collect in the
top of the separator.

[0039] The separator may also include at least one pomany embodiments, the
separator may include two or more ports. For exangs shown in Figurg the separator
may include three por6a, 26b, and26¢c. Any port may be positioned anywhere on the
separator, including the top, bottom, or sidesefdeparator. More than one port may be
positioned on the same side of the separator difterent sides of the separator. For
example, as shown in Figuteports26a and26¢c may be positioned on the top of the
separatoR5 and a por26b may be positioned on the bottom of the sepa2ior

[0040] The ports may include at least one inlet port dingcat least brine comprising the
rag layer, including, for example, the mixture loé torine comprising a rag layer and one or
more of the additional hydrocarbon, the demulsitiee reverse demulsifier, the coagulant,
and the flocculant, into the separator. The iptet may fluidly communicate between the
interior of the separator and the interior of th@enand may fluidly communicate with the
outlet port of the mixer, either directly or viaeoor more components of the system. For
example, as shown in Figuteseparato25 may include at least one inlet p@6a fluidly
communicating between the interior of the separ2and the interior of the mix&0. The
mixture of the brine comprising a rag layer and oneore of the additional hydrocarbon,
the demulsifier, the reverse demulsifier, the cdagfy and the flocculant, may pass from the
mixer through the inlet port and enter the sepam@shown, e.g., by arro.

[0041] The ports may include at least one outlet portctiing the brine comprising solids
from the separator. The outlet port directing er@omprising solids may be positioned
anywhere on the separator in fluid communicatiotinhe brine comprising solids within the
separator. For example, as shown in Fiduthe outlet por26b directing brine comprising
solids from the separator may be positioned orbdteom of the separat@b. The outlet

port directing the brine comprising solids from #eparator may fluidly communicate
between the interior of the separator and the iextef the separator. For example, as shown
in Figurel, separatoR5 may include at least one outlet p28b fluidly communicating
between the interior of the separa2érand the exterior of the separator. Brine compgisi

solids may pass through the outlet port and eriséparator as shown, e.g., by arw
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[0042] The ports may include at least one outlet portctiing the hydrocarbon emulsion
and finer solids from the separator. The outlet dwecting the hydrocarbon emulsion from
the separator may be positioned anywhere on theratep in fluid communication with the
hydrocarbon emulsion within the separator. Fongxa, as shown in Figurk the outlet
port 26¢ directing hydrocarbon emulsion from the separatay be positioned on the top of
the separata25. The outlet port directing the hydrocarbon enauisrom the separator may
fluidly communicate between the interior of the agpor and the interior of the working
tank. For example, as shown in FiglreseparatoR5 may include at least one outlet port
26c¢ fluidly communicating between the interior of theparatoR5 and the interior of the
working tank37. The hydrocarbon emulsion and finer solids, alaith any added
hydrocarbons and dissolved asphaltenes, may pasgththe outlet port and exit the
separator as shown, e.g., by ar28v

[0043] In many embodiments, the system may further cora@riworking tank. The
working tank may be configured in any of a varietyifferent ways. The working tank may
take any form and may have any shape, includirrggXample, that of a tank or receptacle.
The working tank may be positioned at a varietioohtions in the system. The working
tank may be positioned, for example, anywhere dtneas of the desalter and anywhere
upstream of the housing including the cross-fldterj or anywhere downstream of the
separator and anywhere upstream of the housingdimg the cross-flow filter. For example,
as shown in Figur#, the working tank37 is positioned downstream of the separa®and
upstream of the housir8) including the cross-flow filter.

[0044] The working tank may also include at least one.pbrtimany embodiments, the
working tank may include two or more ports. Foammple, as shown in Figufie the working
tank may include three por88a, 38b, and38c. Any port may be positioned anywhere on the
working tank, including the top, bottom, or sidésh® working tank. More than one port
may be positioned on the same side of the working or on different sides of the working
tank. For example, as shown in Figargorts38a, 38c may be positioned on the top of the
working tank and por38b may be positioned on the bottom of the workindtan

[0045] The ports may include at least one inlet port dingcthe hydrocarbon emulsion
and finer solids, along with any added hydrocaréoa dissolved asphaltenes, into the
working tank. The inlet port directing the hydrdean emulsion and finer solids into the
working tank may fluidly communicate between theerior of the working tank and the
interior of the separator and may fluidly commuiecaith the outlet port for the

hydrocarbon emulsion of the separator, either tir@e via one or more components of the
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system. For example, as shown in Figliresorking tank37 may include at least one inlet
port 38a fluidly communicating between the interior of therking tank37 and the interior

of the separatd?5. The hydrocarbon emulsion and finer solids magsghrough the inlet
port and enter the working tank from the separasasshown, e.g., by arro28.

[0046] The ports may include at least one outlet portctiing the hydrocarbon emulsion
and finer solids, along with any added hydrocarlod dissolved asphaltenes, from the
working tank. The outlet port may be positioneghaimere on the working tank in fluid
communication with the hydrocarbon emulsion witthia working tank. The outlet port
directing the hydrocarbon emulsion and finer solidsn the working tank may fluidly
communicate between the interior of the workingktand the interior of the housing
including the cross-flow filter. For example, &®wn in Figurel, working tank37 may
include at least one outlet p@&b fluidly communicating between the interior of the
working tank37 and the interior of the housird including the cross-flow filter. A
hydrocarbon emulsion may pass through the outletgmm exit the working tank as shown,
e.g., by arrowso.

[0047] The ports may also include at least one inlet givetcting retentate from the
cross-flow filter into the working tank. The inlgort directing the retentate into the working
tank may fluidly communicate between the interibth@ working tank and the retentate
region on the feed side of the cross-flow filt&or example, as shown in Figukgworking
tank37 may include at least one inlet p88ac fluidly communicating between the interior of
the working tank37 and the retentate region on the feed side ofrib&seflow filter31 on the
interior of the housin@0. The retentate may pass through the inlet pattesmer the

working tank from the retentate region on the felelé@ of the cross-flow filter as shown, e.g.,
by arrow40.

[0048] The system may further comprise a housing includicgoss-flow filter that
separates the hydrocarbon emulsion and finer silidsa permeate comprising filtered
hydrocarbon, including oil and/or other hydrocarbcend a retentate comprising oil, brine,
undissolved asphaltenes, and/or solids. The hgusay be configured in any of a variety of
different ways. The housing may take any form ax&y have any shape, including, for
example, that of a casing, capsule, or receptaldte housing may be made of any of a
variety of different materials suitable for the hydarbon being separated. For example, for
the separation of brine from hydrocarbon, the hagisnay be made of any material suitable
for contacting the hydrocarbon being filtered. Eypdéary materials for the housing may

include metal and plastic.
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[0049] The housing may also include at least one poritndny embodiments, the
housing may include three or more ports. For exangs shown in Figurg the housing

may include three por@2a, 32b, and32c. Any port may be positioned anywhere on the
housing, including the top, bottom, or sides ofltbesing. More than one port may be
positioned on the same side of the housing or fierdnt sides of the housing. For example,
as shown in Figur#, inlet port32a may be positioned on the bottom of the houS@ygoutlet
port32b may be positioned on the side of the houSdgand outlet por82c may be
positioned on the top of the housiB@

[0050] The ports may include at least one inlet port, @deed port, directing the
hydrocarbon emulsion and finer solids as feed fioid the housing. The inlet port directing
the hydrocarbon emulsion into the housing may Ruadmmunicate between the interior of
the working tank and the interior of the housing amay fluidly communicate with the outlet
port for the hydrocarbon emulsion of the workingkiaeither directly or via one or more
components of the system. For example, as showigurel, housing30 may include at
least one inlet poR2a fluidly communicating between the interior of twerking tank37

and the upstream or feed side of the cross-flaerfdl on the interior of the housirg). A
hydrocarbon emulsion including, for example, bamel hydrocarbon and finer solids, may
pass through the inlet port and enter the housmg the working tank as shown, e.g., by
arrow39. The hydrocarbon emulsion may pass along thedekdof the cross-flow filter,
and a portion of the hydrocarbon emulsion, e.¢amil other hydrocarbons, may pass
through the cross-flow filter as permeate.

[0051] The ports may include at least one outlet port, @.germeate outlet, directing
permeate from the housing. The outlet port dirgcpermeate from the housing may fluidly
communicate between the interior of the housingthadexterior of the housing. For example,
as shown in Figurg, housing30 may include at least one outlet p82b fluidly
communicating between the permeate side of thesdtow filter 31 on the interior of the
housing30 and the exterior of the housing. A permeate casimy, for example, filtered
hydrocarbon, may pass through the outlet port aitdlee housing as shown, e.g., by arrév
[0052] The portion of the hydrocarbon emulsion that dagspass through the cross-flow
filter, i.e., the retentate, may pass to a retentagion on the feed side of the cross-flow filter.
The ports may include at least one outlet port, e.getentate outlet, directing retentate from
the housing. The outlet port directing retentadvenfthe housing may fluidly communicate
between the interior of the housing and the intesfdhe working tank. For example, as

shown in Figurdl, housing30 may include at least one outlet p82t fluidly communicating
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between the retentate region on the feed sideeotribss-flow filter31 on the interior of the
housing30 and the interior of the working tank via inlet p88c, e.g., between the retentate
outlet port of the housing and the retentate ipdet of the working tank. A retentate
comprising, for example, residual oil, brine, adpdrees, and/or solids, may pass through the
outlet port, exit the housing, and pass into thekimg tank as shown, e.g., by arrd@.

[0053] The cross-flow filter may be configured in any ofaxiety of different ways.
Exemplary configurations for the cross-flow fili@ay include, for example, a hollow,
generally cylindrical configuration, such as a bwalllog or hollow pleated configuration.
Alternatively, the cross-flow filter may comprisellow fiber membranes. Any suitable
cross-flow filter configuration or cross-flow filtenedia may be selected. One material for
the cross-flow filter media may include a ceramdmother material for the cross-flow filter
may include a metal. Another material for the srlew filter may include one or more
polymers. In many embodiments, the material ferdioss-flow filter may be hydrophobic.
Exemplary cross-flow filter media suitable for usehe inventive system may include
MEMBRALOX ceramic membrane filter elements, SCHUMXSeramic membrane filter
elements, and ACCUSEP metal filter elements, avi@liom Pall Corporation, Port
Washington, NY, USA. The cross-flow filter advaggausly removes solids and facilitates
removal of hydrocarbon from the hydrocarbon emulsio

[0054] The cross-flow filter or filter medium may be perabée and may have any of a
wide range of molecular cutoffs or removal ratingsjuding, for example, from
microporous or coarser to ultraporous or finerr &ample, the filter medium may have a
removal rating in the range from about 0.005 misronless to about 100 microns or more.
Without being bound to a particular theory or metsia, it is believed that the brine may be
in the form of emulsified drops and/or encapsula@dis, and the separation of the brine
from the hydrocarbon may occur by size exclusisnmany embodiments, the cross-flow
filter or filter medium may be hydrophobic or wetteith hydrocarbon and may, for
example, also separate brine from the hydrocarlyaejbcting aqueous drops.

[0055] The system may further comprise a pump. The puplme configured in a
variety of different ways. The pump may fluidlyromunicate between the interior of the
working tank and the interior of the housing inéhgithe cross-flow filter. As shown in
Figurel, for example, pumg0 may fluidly communicate between the downstreara sid
the working tank37 and the upstream side of cross-flow filBdrvia, for example, inlet port
32a and outlet porB8b. The pump may increase the pressure and/or tbevaf the

hydrocarbon emulsion entering the housing on trstrepm side of cross-flow filt&1 and
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may circulate fluid between the working tank ane tiousing and along the feed side of the
cross-flow filter.

[0056] Another example of a system embodying the invengs@hown in Figur@. The
system may comprise, for example, a desalter, aratw, a working tank, and a housing
including a cross-flow filter.

[0057] The system may comprise, for example, a desalisttparates oil from brine
comprising a rag layer. The desalter may be cardid)in any of a variety of different ways.
For example, the desalter, including the inlet(s) the outlets, may be configured and may
function as described herein with respect to ctispects of the invention. For example, as
shown in Figure, the system may comprise desalier

[0058] The system may, or may not, include an inlet partlie one or more of the
additional hydrocarbon, demulsifier, reverse deifials coagulant, and flocculant and a
mixer which may be positioned, for example, betwisendesalter and the separator as
described herein with respect to other aspectseoinvention.

[0059] The system may further comprise, for example, arsepr that separates the brine
comprising the rag layer into brine with largeridsland the hydrocarbon emulsion with finer
solids. The separator may be configured in arg/ driety of different ways. For example,
the separator may be configured and may functiateasribed herein with respect to other
aspects of the invention. For example, as shovigare2, the system may comprise
separatop5.

[0060] The separator may also include at least one pomany embodiments, the
separator may include two or more ports. For exangs shown in Figur2 the separator

25 may include three por6a, 26b, and26c¢c. Any port may be positioned anywhere on the
separator, for example, as described herein wipee to other aspects of the invention.
[0061] The ports may include at least one inlet @6 directing brine comprising the
rag layer into the separator. The inlet port mailfy communicate with the desalter outlet
port for brine comprising the rag layer, eitheredity or via one or more system components.
The inlet port directing the brine comprising tlag tayer into the separator may fluidly
communicate between the interior of the separatdrtiae interior of the desalter. For
example, as shown in FiguPeseparatoR5 may include at least one inlet p@6a fluidly
communicating between the interior of the separ2éand the interior of the desalt2r The
brine comprising a rag layer may pass throughritet port and enter the separator from the

desalter as shown, e.g., by arréw
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[0062] The ports may include at least one outlet g6kt directing the brine comprising
larger solids from the separator and at least oletgoort26c¢ directing the hydrocarbon
emulsion and finer solids from the separator. Glet port directing the brine comprising
lager solids from the separator and the at leastootiet port directing the hydrocarbon
emulsion and finer solids from the separator magddigured in any of a variety of different
ways, for example, as described herein with resjpeather aspects of the invention.

[0063] The system may further comprise a working tankpasing including a cross-

flow filter, and a pump. For example, as showkigure2, systeml may comprise a

working tank37, a housing0 including a cross-flow filteB1, and a pumg@0, which may be
similar to those of Figur&é. The working tank, housing, cross-flow filter,dgoump may be
configured and may function in any of a varietyddferent ways, for example, as described
herein with respect to other aspects of the ineanti

[0064] Many systems embodying the invention may recireullaé hydrocarbon

emulsion and finer solids along a cross-flow filt&ome recirculating systems, including the
systems shown in Figurdsand2, may include both a separai and a separate working
tank37. Other recirculating systems may be differentgfigured. For example, the
functions of the separator and working tank magdrabined in a single vessel, e.g., a single
separator. For example, brine comprising the aggrimay be supplied to the separator from
the desalter or the bulk separator and retentayeb@aupplied to the separator from the
cross-flow filter via one or two inlet ports. Theparator may separate the hydrocarbon
emulsion having finer solids from brine and largelids in a variety of ways. For example,
the brine and larger solids may settle below thgrdgarbon emulsion and finer solids. Brine
and larger solids may be taken from the separfitiogxample, from an outlet port in a lower
portion of the separator. The hydrocarbon emulammhfiner solids may be taken from the
separator, for example, from another outlet podrirupper portion of the separator and
supplied to the cross flow filter, with or withoaipump.

[0065] Still other systems embodying the invention mayneetrculate the retentate
along the cross flow filter. An example of a seglass system embodying of the invention
is shown in Figur&. The system may comprise, for example, a desalteulk separator, a
separator, and a housing including a cross-floterfil

[0066] The system may comprise, for example, a desal#isgparates oil from brine
comprising a rag layer. The desalter may be cardig)in any of a variety of different ways.

For example, the desalter, including the inlet(s) autlets, may be configured and may
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function as described herein with respect to céispects of the invention. For example, as
shown in Figure, the system may comprise desalier

[0067] The system may further comprise a bulk separatirsparates brine from the
brine comprising the rag layer. The bulk separatay be configured and may function in
any of a variety of different ways. For example bulk separator, including the inlet and
outlets, may be positioned, may be configured aag function as described herein with
respect to other aspects of the invention. Fomg@, as shown in Figu® the system may
comprise bulk separatd®.

[0068] The system may, or may not, include an inlet parttie one or more of the
additional hydrocarbon, demulsifier, reverse deifials coagulant, and flocculant and a
mixer which may be positioned, for example, betwdendesalter or the bulk separator and
the separator as described herein with resped¢hey aspects of the invention.

[0069] The system may further comprise, for example, arsepr that separates the brine
comprising the rag layer into brine with largeridsland the hydrocarbon emulsion with finer
solids. The separator may be configured in arg/ \wdriety of different ways. For example,
the separator may be configured and may functiateasribed herein with respect to other
aspects of the invention. For example, as shovidigare3, the system may comprise
separatoR5.

[0070] The separator may also include at least one ponmnany embodiments, the
separator may include two or more ports, e.g. example, as shown in FiguBethe
separatoR5 may include three por26a, 26b, and26c. Any port may be positioned
anywhere on the separator, for example, as deslichieesin with respect to other aspects of
the invention.

[0071] The ports may include at least one inlet port dingcbrine comprising the rag
layer into the separator. The inlet port may flyicommunicate with the bulk separator
outlet port for brine comprising the rag layerheitdirectly or via one or more system
components. The inlet port directing the brine paeing the rag layer into the separator
may fluidly communicate between the interior of feparator and the interior of the bulk
separator. For example, as shown in Fi@ieparatoR5 may include at least one inlet port
26a fluidly communicating between the interior of theparatof5 and the interior of the
bulk separatot2. The brine comprising a rag layer may pass thndbg inlet port and enter
the separator from the bulk separator as shown,l®.@rrow22.

[0072] The ports may include at least one outlet portctiing the brine comprising larger

solids from the separator and at least one oublgtdirecting the hydrocarbon emulsion and
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finer solids from the separator. The outlet parteting the brine comprising larger solids
from the separator and the at least one outletdia@tting the hydrocarbon emulsion from
the separator may be configured in any of a vaonétifferent ways, for example, as
described herein with respect to other aspectsedinvention. For example, as shown in
Figure3, the ports may include at least one outlet @6iot directing the brine comprising
solids from the separator and at least one oubligt26c¢ directing the hydrocarbon emulsion
from the separator.

[0073] The system may further comprise a housing includiegoss-flow filter. The
housing and the cross-flow filter each may be @anid in any of a variety of different ways,
for example, as described herein with respectheraspects of the invention. For example,
as shown in Figur8, the system may comprise housBthincluding cross-flow filte31.

[0074] The housing may also include at least one pormdny embodiments, the
housing may include three or more ports. For exengs shown in Figurg the housing

may include three por@2a, 32b, and32c. Any port may be positioned anywhere on the
housing, for example, as described herein witheesip other aspects of the invention.
[0075] The ports may include at least one inlet port, @deed port, directing the
hydrocarbon emulsion and finer solids into the lmays The inlet port directing the
hydrocarbon emulsion into the housing may fluidbyranunicate between the interior of the
separator and the interior of the housing and rhaglly communicate with the separator
outlet port for the hydrocarbon emulsion, eitheedily or via one or more components of the
system. For example, as shown in Figgireousing30 may include at least one inlet port
32a fluidly communicating between the interior of theparato5 and the upstream or feed
side of the cross-flow filteB1 on the interior of the housir8p). A pump which increases the
pressure and/or flow rate of the hydrocarbon eranlaiay, or may not, be included, for
example, between the separator and the housidgeaross-flow filter. The hydrocarbon
emulsion including, for example, brine and hydrbecar and finer solids, may pass through
the inlet port and enter the housing from the s#pams shown, e.g., by arr@8. The
hydrocarbon emulsion and finer solids may passgalbe feed side of the cross-flow filter,
and a portion of the hydrocarbon emulsion, e.garmd other hydrocarbons, may pass
through the cross-flow filter as permeate.

[0076] The ports may include at least one outlet port, @.germeate port, directing
permeate from the housing. The outlet port dirgcpermeate from the housing may fluidly
communicate between the interior of the housingthadexterior of the housing. For example,

as shown in Figur8, housing30 may include at least one outlet p82b fluidly
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communicating between the permeate side of thesdtow filter 31 on the interior of the
housing30 and the exterior of the housing. A permeate casimg, for example, filtered
hydrocarbon, may pass through the outlet port aitdlee housing as shown, e.g., by arrév
[0077] The portion of the hydrocarbon emulsion that dasspass through the cross-flow
filter, i.e., the retentate, may pass to the retentegion on the feed side of the cross-flow
filter. The ports may include at least one oyiett, e.g., a retentate port, directing retentate
from the housing. The outlet port directing reté@atfrom the housing may fluidly
communicate between the interior of the housingtaadexterior of the housing. For
example, as shown in FiguBehousing30 may include at least one outlet p82t fluidly
communicating between the retentate region ondbe $ide of the cross-flow filt&d on the
interior of the housin§0 and the exterior of the housing. A retentate aasiny, for

example, some oil, brine, asphaltenes, and/orsaingy pass through the outlet port and exit
the housing as shown, e.g., by ar@8v The feed fluid, i.e., the hydrocarbon emulsiod a
finer solids, may thus pass in a single pass withecirculation along the feed side of the
cross-flow filter.

[0078] Another example of a system embodying the invengs@hown in Figurd. The
system may comprise, for example, a desalter, aratg, and a housing including a cross-
flow filter.

[0079] The system may comprise, for example, a desal#isgparates oil from brine
comprising a rag layer. The desalter may be candidjand may function in any of a variety
of different ways. For example, the desalter,udolg the inlet(s) and outlets, may be
configured as described herein with respect torahpects of the invention. For example, as
shown in Figurel, the system may comprise desalier

[0080] The system may, or may not, include an inlet fmorthe one or more of the
additional hydrocarbon, demulsifier, reverse deifials coagulant, and flocculant and a
mixer which may be positioned, for example, betwdsendesalter and the separator as
described herein with respect to other aspectseoirtvention.

[0081] The system may further comprise a separator tipatrates the brine comprising
the rag layer into brine comprising larger solidsgl éhe hydrocarbon emulsion with finer
solids of the rag layer. The separator may beigordd in any of a variety of different ways.
For example, the separator may be configured agitded herein with respect to other
aspects of the invention. For example, as shoviigare4, the system may comprise

separatoR5.
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[0082] The separator may also include at least one pomany embodiments, the
separator may include two or more ports. For exangs shown in Figuré, the separator

25 may include three por6a, 26b, and26c. Any port may be positioned anywhere on the
separator, for example, as described herein wipee to other aspects of the invention.
[0083] The ports may include at least one inlet port dingcbrine comprising the rag
layer into the separator. The inlet port may figicommunicate with the desalter outlet port
for brine comprising the rag layer, either direatyia one or more system components. The
inlet port may fluidly communicate between the rideof the separator and the interior of
the desalter. For example, as shown in Figuseparato5 may include at least one inlet
port 26a fluidly communicating between the interior of theparatof5 and the interior of

the desalteR. The brine comprising a rag layer may pass thndhg inlet port and enter the
separator from the desalter as shown, e.g., bye2?o

[0084] The ports may include at least one outlet portctiing the brine comprising larger
solids from the separator and at least one oublgtdirecting the hydrocarbon emulsion and
finer solids from the separator. The outlet partating the brine comprising larger solids
from the separator and the at least one outletduatting the hydrocarbon emulsion and
finer solids from the separator may be configuredny of a variety of different ways, for
example, as described herein with respect to @seects of the invention. For example, as
shown in Figurel, the ports may include at least one outlet @6t directing the brine
comprising solids from the separator and at leastautlet por6c directing the

hydrocarbon emulsion from the separator.

[0085] The system may further comprise, for example, aimguincluding a cross-flow
filter. The housing and the cross-flow filter eanhy be configured and may function in any
of a variety of different ways, for example, asa#dsed herein with respect to other aspects
of the invention. For example, as shown in Figyréhe system may comprise housBty
including cross-flow filte31 and it may be similar to the housi8@ including the cross-flow
filter 31 of Figure3.

[0086] The housing may also include at least one pormdny embodiments, the
housing may include three or more ports. For exangs shown in Figuré, the housing
may include three por@2a, 32b, and32c. Any port may be positioned anywhere on the
housing, for example, as described herein witheesip other aspects of the invention.
[0087] The ports may include at least one inlet port, @deed port, directing the
hydrocarbon emulsion and finer solids into the lmays The inlet port directing the

hydrocarbon emulsion into the housing may fluidbyranunicate between the interior of the
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separator and the interior of the housing and rhagly communicate with the separator
outlet port for the hydrocarbon emulsion, eitheedily or via one or more system
components. For example, as shown in Figuteousing30 may include at least one inlet
port 32a fluidly communicating between the interior of theparatof5 and the upstream or
feed side of the cross-flow filt&1 on the interior of the housir&). A pump which

increases the pressure and/or flow rate of thedogitbon emulsion may, or may not, be
included, for example, between the separator amthdlusing of the cross-flow filter. A
hydrocarbon emulsion including, for example, bramel hydrocarbon and finer solids, may
pass through the inlet port and enter the housmg the separator as shown, e.g., by arrow
28. The hydrocarbon emulsion and finer solids magsdong the feed side of the cross-
flow filter, and a portion of the hydrocarbon emais e.g., oil and other hydrocarbons, may
pass through the cross-flow filter as permeate.

[0088] The ports may include at least one outlet port, @.germeate port, directing
permeate from the housing. The outlet port dirgcpermeate from the housing may fluidly
communicate between the interior of the housingthadexterior of the housing. For example,
as shown in Figurd, housing30 may include at least one outlet p82b fluidly
communicating between the permeate side of thesdtow filter 31 on the interior of the
housing30 and the exterior of the housing. A permeate casimg, for example, filtered
hydrocarbon, may pass through the outlet port aitdlee housing as shown, e.g., by arrév
[0089] The portion of the hydrocarbon emulsion that dasspass through the cross-flow
filter, i.e., the retentate, may pass to the retentegion on the feed side of the cross-flow
filter. The ports may include at least one oytiett, e.g., a retentate port, directing retentate
from the housing. The outlet port directing reté@atfrom the housing may fluidly
communicate between the interior of the housingtaadexterior of the housing. For
example, as shown in Figudehousing30 may include at least one outlet p82t fluidly
communicating between the retentate region ondleé $ide of the cross-flow filt&d on the
interior of the housin§0 and the exterior of the housing. A retentate awsiny, for

example, residual oil, brine, asphaltenes, anals may pass through the outlet port and
exit the housing as shown, e.g., by ar@8v The feed fluid, i.e., the hydrocarbon emulsion
and finer solids, may thus pass in a single pasowi recirculation along the feed side of the
cross-flow filter.

[0090] Embodiments of the invention further include nunusranethods of processing
crude oil. The methods may include processingthde oil in any of a variety of different

ways. For example, the methods may comprise addategr to the crude oil to produce brine
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and oil and a rag layer including an emulsion afidand oil and solids; separating oil from
brine including producing brine comprising a ragela separating the rag layer into a
hydrocarbon emulsion having finer solids and bdamprising larger solids; and passing the
hydrocarbon emulsion and finer solids along a cflosg filter to produce a retentate
comprising brine and solids and a permeate conmgrisydrocarbon.

[0091] Still other embodiments of the invention providetheogls of processing crude oil
comprising passing the crude oil through a desalteluding separating oil from brine
comprising a rag layer and removing the brine cosimy a rag layer from the desalter via a
first port and removing the oil via a second ppéssing the rag layer through a separator
including separating the rag layer into a hydrooaremulsion having finer solids and brine
comprising larger solids, including removing thenbrcomprising larger solids from the
separator via a third port and removing the hydioma emulsion and finer solids from the
separator via a fourth port; and filtering the loahrbon emulsion using a cross-flow filter to
produce a retentate comprising brine and solidsagoefmeate comprising hydrocarbon,
including removing the retentate from the crossvffdter via a fifth port and removing the
permeate from the cross-flow filter via a sixthtpor

[0092] In many embodiments, methods may comprise addiigri@the crude oil to
remove metals and/or salts and other dissolvales the crude oil and to produce an
emulsion of brine and oil. The nature of the cradgincluding the chemical composition of
the crude oil itself and the amount and compositibthe solids and other substances
entrained and/or dissolved in the crude oil, may védely depending on many factors,
including the geological source of the crude ol #ime substances added to extract the crude
oil from the geological source. In addition to amtvarious other chemicals, including, for
example, demulsifiers and/or corrosion inhibitongy be added to the crude oil, the water, or
the mixture of oil and water (brine) to furtheratehe crude oil.

[0093] Water may be added to the crude oil in any of &etaof different ways. For
example, the method may comprise adding waterudecoil prior to, during, and/or after
directing the crude oil to the desalter. With refece to the Figures, adding water to the
crude oil may comprise adding water to crude @lwater inlet por8 positioned on a
conduit7 for directing crude oil into a desalt2r In other embodiments, methods may
comprise adding water to crude oil via a watertiplat positioned anywhere on the desalter
itself. The water and the crude oil may be comthimethe conduit or in the desalter.

[0094] Water may be added to the crude oil in varying amuln many embodiments,

methods may comprise adding water to the crudi@ aih amount sufficient to form brine
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and oil and a rag layer comprising an emulsionrofeband hydrocarbon, including oil, and
solids. Water may be added to the oil in an ameufiicient to remove metals and/or salts
and other dissolvables from the oil. For examible,methods may comprise adding water to
the crude oil in an amount of about 5% water os tesabout 10% water or more by volume.
[0095] In some embodiments of the invention, adding wiatéhe crude oil to produce
brine, oil, and an emulsion of brine and oil mastier comprise pressurizing and/or heating
the crude oil and/or the water. For example, exdbsalter the crude oil and water (brine)
may be heated to a temperature in the range fraut&®90° F or less to about 300° F or

more. For some embodiments the crude oil and whategre) may be heated in the range

from about 225° F to about 275° F. In some embedis) the crude oil and water (brine)

may not be heated. The crude oil and water (bnmey be pressurized within the desalter to
a pressure in the range from about 10 psig ortteabout 200 psig or more. In some
embodiments, the crude oil and water (brine) mayegressurized.

[0096] In many embodiments of the invention, adding weddehe crude oil comprises
combining the water and the crude oil. The water @ude oil may be combined in any of a
variety of different ways. In some embodimentshefinvention, adding water to the crude oill
comprises directing crude oil (or a mixture of el and water) into a desalter. Crude oil (or
a mixture of crude oil and water) may be direct&d a desalter in any of a variety of different
ways. For example, with reference to the Figuites method may comprise directing crude
oil (or a mixture of crude oil and water) from catd? into desaltel via inlet3a.

[0097] Methods may further comprise separating oil fromévincluding producing brine
comprising a rag layer. Oil may be separated fooime in any of a variety of different ways.

In many embodiments of the invention, separatihdrom brine may include coalescing the
crude oil and water. In some embodiments of thention, coalescing may comprise applying
an electrical field to the emulsion in a desalitgeluding inducing a dipole in the brine
droplets, coalescing the brine droplets, and ctitigdhe brine droplets as an aqueous phase in
one portion (e.g., bottom) of the desalter. Sepayail from the brine may further comprise
forming an oil phase and collecting the desaltéthaanother portion (e.g., top) of the desalter.
[0098] Separating oil from the brine may include forminghb comprising a rag layer.

A rag layer may be formed in any of a variety dfatent ways. For example, the rag layer
may be formed on top of the brine, e.g., at arrfiate of the brine and the oil, or may be
entrained as droplets or masses, for examplegibiine. The rag layer may include any of
several substances, including one or more of ailebasphaltenes, and solids. The

composition of the rag layer may vary dependinggf@ample, on the nature of the crude oil.
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For example, some rag layers may comprise wateiti@mnulsions, while other rag layers
may comprise oil-in-water emulsions. Further, soagelayers may be chemically-stabilized
by stabilizing agents such as asphaltenes, and sarlayers may be particulate-stabilized
by particles in the emulsion and may include littteno asphaltenes in the rag layer. One of
many examples of a rag layer may comprise up tota®@ to about 40% oil by weight
about 5% to about 20% solids by weight, about 30%out 40% brine by weight, and about
0% to about 10% asphaltenes by weight. Theseaulet may be bound up with one
another in the hydrocarbon emulsion of the ragrlaye

[0099] A method may further comprise separately directirggdesalted oil and brine
comprising a rag layer from the desalter. The ldesa@il may be directed from the desalter
in any of a variety of different ways. For exampléth reference to the Figures, desalted oil
may be directed from the desalBvia outlet por3b as shown, e.g., by arrdsv Once
discharged, the desalted oil may be further preckssg., fractionated. The brine
comprising a rag layer may be directed from thaldesin any of a variety of different ways.
For example, with reference to the Figures, brovaprising a rag layer may be directed
from the desalte? via outlet porBc as shown, e.g., by arrody22. The brine comprising

the rag layer which is directed from the desaltaymmclude varying amounts of brine and
rag layer, from mostly brine along with the ragdayo mostly the rag layer with some brine.
[0100] In some embodiments of the invention, the methoag further comprise
separating brine from the brine comprising thelaggr. For example, in embodiments where
a significant amount of brine is removed from tlesalter along with the rag layer, it may be
beneficial to further separate much of the brimenfibrine comprising the rag layer. Brine
may be separated from the brine comprising théayggy in any of a variety of different ways.
For example, separating brine from brine comprisirggrag layer may comprise directing the
brine comprising the rag layer through a bulk safmar The bulk separator may be
configured in any of a variety of different wayBor example, the bulk separator may be
configured as described herein with respect torabpects of the invention.

[0101] Excess brine may be separated from brine compribmgag layer in a bulk
separator in a variety of ways, including settlifug,example, much of the brine below the
rag layer. For example, with reference to Figuresd3, separating brine from brine
comprising the rag layer may comprise directinglihee comprising a rag layer into a bulk
separatof2 via inlet portl3a (as shown, e.g., by arrdsy, directing brine from the bulk
separatof2 via lower outlet pori3b (as shown, e.g., by arrais), and directing brine

comprising the rag layer from the bulk separatarupper outlet port3c (as shown, e.g., by
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arrow22). The method may comprise directing the brine thiedorine comprising a rag

layer out of the bulk separator. For example, wéfierence to Figuresand3, separating
brine from brine comprising the rag layer may cosgdirecting the brine comprising a rag
layer from the bulk separat@® via outlet portl3c (as shown, e.g., by arrc2®) and

directing additional brine, i.e., brine without tfag layer, out of the bulk separai@ via

outlet portl3b (as shown, e.g., by arroi).

[0102] In many embodiments, methods comprise separateathlayer into a
hydrocarbon emulsion with finer solids and brinenpoising larger solids. The rag layer
may be separated into a hydrocarbon emulsion witr 6olids and a brine comprising larger
solids in any of a variety of different ways incing settling the brine and larger solids below
the hydrocarbon emulsion and finer solids. In seméodiments of the invention,
separating the rag layer into a hydrocarbon emulaith finer solids and brine comprising
larger solids comprises directing the brine conmipgishe rag layer through a separator. The
separator may be, for example, a settling tank. ekample, with reference to the Figures,
separating the rag layer into a hydrocarbon emulaith finer solids and brine comprising
larger solids may comprise directing the brine cosipg the rag layer through separa2ér

via inlet port26a, as shown, e.g., by arra2. The brine comprising the rag layer may be
provided to the separator from the desalter, fangxe, either directly or via one or more
other system components, including the bulk sepaatthe mixer.

[0103] In many embodiments of the invention, separatiegrély layer into a

hydrocarbon emulsion with finer solids and brinenpoising larger solids may comprise
settling brine and the larger solids out of theleggr at the bottom of a separator and
collecting a hydrocarbon emulsion and finer solitlthe top of a separator. For example,
with reference to the Figures, the method may caamettling brine and larger solids out of
the rag layer at the bottom of a separ&tand collecting a hydrocarbon emulsion and finer
solids at the top of a separaih.

[0104] In many embodiments of the invention, separatiegrély layer into a

hydrocarbon emulsion with finer solids and brinenpoising larger solids may comprise
directing the brine comprising larger solids ouths separator. Brine comprising larger
solids may be directed out of the separator inareyvariety of different ways. For example,
with reference to the Figures, the method may c@aeptirecting brine comprising larger
solids out of separat@5 via outlet por6b, as shown, e.g., by arrdv.

[0105] In many embodiments of the invention, separatirgrély layer into a

hydrocarbon emulsion with finer solids and brinenpoising larger solids may comprise
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directing the hydrocarbon emulsion and finer sotidsof the separator. The hydrocarbon
emulsion may be directed out of the separator ynodm variety of different ways. For
example, with reference to the Figures, the methag comprise directing the hydrocarbon
emulsion and finer solids out of separdbvia outlet por26c, as shown, e.g., by arrazg.
[0106] The methods further comprise passing the hydroceebaulsion and finer solids
as feed fluid along a cross-flow filter to produceetentate comprising mostly brine and
solids and a permeate comprising mostly hydrocarinatuding oil and other hydrocarbons.
The cross-flow filter may be configured in any ofaiety different ways. For example, the
cross-flow filter may be configured as describerkehrewith respect to other aspects of the
invention. The hydrocarbon emulsion and finerd®tnay be passed along a cross-flow
filter in any of a variety of different ways. Fexample, with reference to the Figures,
passing the hydrocarbon emulsion along a crossHiltar comprises directing the
hydrocarbon emulsion and finer solids through ashmB0 and along cross-flow filte31.
[0107] In many embodiments of the invention, passing gdrdcarbon emulsion and
finer solids as feed fluid along a cross-flow filmmprises passing the hydrocarbon
emulsion and finer solids along the upstream od &éde of a cross-flow filter. The
hydrocarbon emulsion may be passed along the apstsede of a cross-flow filter in any of
a variety of different ways. For example, witheneince to the Figures, passing the
hydrocarbon emulsion along the upstream side obsseflow filter comprises passing the
hydrocarbon emulsion into the housB@via inlet port32a (as shown, e.g., by arra28) and
along the upstream side of cross-flow filgdr

[0108] In some embodiments of the invention, methods meér comprise increasing
the pressure and/or flow rate of the hydrocarbounlsion and finer solids directed to the
upstream side of the cross-flow filter. The pressand/or flow rate of the hydrocarbon
emulsion directed to the upstream side of the eflogsfilter may be increased in any of a
variety of different ways. For example, directimgdrocarbon emulsion and finer solids
along the upstream side of the cross-flow filtelyroamprise directing the hydrocarbon
emulsion and finer solids through a pump that iases the pressure and/or flow rate. For
some embodiments, the pressure may be increasect¢ase the flow rate of the
hydrocarbon emulsion along the upstream side oftbes-flow filter. For example, the
pressure may be increased to a pressure in the feorg about 30 pounds per square inch
gauge (psig) or less to about 300 psig or moree gump may be positioned in a variety of
locations in the system to increase the pressutafiow rate of the hydrocarbon emulsion

and finer solids, including, for example, betwelea $eparator and the housing comprising
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the cross-flow filter. In other embodiments, thegsure and/or flow rate of the hydrocarbon
emulsion may not be increased, for example, beyioose at the hydrocarbon emulsion
outlet of the separator and no pump may be included

[0109] In many embodiments of the invention, passing tdrdcarbon emulsion and
finer solids as feed fluid along the upstream sitda cross-flow filter comprises forming a
permeate comprising hydrocarbon and a retentat@gsimy brine and solids. A permeate
comprising hydrocarbon and a retentate comprisimgland solids may be formed in any of
a variety of different ways. For example, a methwa/ comprise passing a portion of the
feed fluid as permeate from the upstream sideetthss-flow filter, through the cross-flow
filter, and to the downstream side of the crosslitter, and passing the remainder of the
feed fluid as retenate to a retentate region ompstream side of the cross-flow filter. In
many embodiments of the invention, the permeate coayprise filtered hydrocarbon,
including oil and other hydrocarbons, and the retienmay comprise any one or more of
residual oil, brine, asphaltenes, and solids.

[0110] In many embodiments of the invention, passing tdrdcarbon emulsion and
finer solids along a cross-flow filter comprisesgag the permeate out of the housing
comprising the cross-flow filter. The permeate rhaypassed out of the housing comprising
the cross-flow filter in any of a variety of diffamt ways. For example, with reference to the
Figures, the method may comprise passing the peéenoea of the housing0 comprising the
cross-flow filter31 via outlet por32b as shown, e.g., by arros4.

[0111] In many embodiments of the invention, passing gdrdcarbon emulsion and
finer solids along a cross-flow filter comprisesgiag the retentate out of the housing
comprising the cross-flow filter. The retentateyrba passed out of the housing comprising
the cross-flow filter in any of a variety of diffamt ways. For example, with reference to the
Figures, the method may comprise passing the eggeatt of the housing) comprising the
cross-flow filter31 via outlet port32c as shown, e.g., by arras8.

[0112] In some embodiments of the invention, methods mawyér comprise
recirculating the retentate along the feed sidthefcross-flow filter. Recirculating the
retentate may allow recovery of a greater percentdghe hydrocarbon from the
hydrocarbon emulsion of the rag layer. The retentaay be recirculated in any of a variety
of different ways. In some embodiments, recirgatathe retentate may comprise directing
the hydrocarbon emulsion and finer solids to tlessiflow filter via a working tank. The
hydrocarbon emulsion and finer solids may be de@¢d the working tank in any of a variety

of different ways. For example, with referencé-iguresl and2, directing the hydrocarbon
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emulsion to the cross-flow filter via a working kacomprises directing the hydrocarbon
emulsion from a separat@b into a working tank37 via inlet port38a as shown, e.g., by
arrow28.

[0113] Methods may also comprise directing the hydrocadrnlsion and finer solids
from the working tank to the housing comprisingass-flow filter. The hydrocarbon
emulsion may be directed from the working tankhi® housing comprising a cross-flow filter
in any of a variety of different ways. For exampléth reference to Figurelsand2, directing
the hydrocarbon emulsion from the working tankh® housing comprising a cross-flow filter
comprises directing the hydrocarbon emulsion amer fsolids from the working tar8¢ to the
housing30 comprising a cross-flow filte31 via outlet port38b and inlet porB2a.

[0114] In some embodiments of the invention, recirculatimgretentate may further
comprise increasing the pressure and/or flow rateeohydrocarbon emulsion and finer
solids directed to the upstream side of the crlusg-filter from the working tank. The
pressure and/or flow rate of the hydrocarbon eranldirected to the upstream side of the
cross-flow filter may be increased in any of a egriof different ways. For example, with
reference to Figuresand?2, the pressure of the hydrocarbon emulsion direictede
upstream side of the cross-flow filter may be iasex via pumg0 which may be located,
for example, upstream of the inlet p88a of the housing0. For some embodiments, the
pressure may be increased to a pressure in the feorg about 30 psig or less to about 300
psig or more. Flow rates of the hydrocarbon emoulsind finer solids may vary based on,
for example, the size of the refinery and the anmofiemulsion or rag layer formed. For
some embodiments, the flow rate of the hydrocadunlsion and finer solids may be in the
range of from about 10 gallons per minute (gpmgss to about 1,000 gpm or more.

[0115] Directing the hydrocarbon emulsion and finer sofrdsn the working tank
through the housing of the cross-flow filter maythier include passing the hydrocarbon
emulsion and finer solids along the cross-flowefilto produce a retentate comprising brine
and solids and a permeate comprising hydrocarinciyding oils and other hydrocarbons.
The hydrocarbon emulsion and finer solids may Iss@a along a cross-flow filter to produce
a retentate comprising brine and solids and a pater@mprising hydrocarbon in any of a
variety of different ways. For example, the hydnion emulsion may be passed along a
cross-flow filter to produce a retentate compridimgne and solids and a permeate
comprising hydrocarbon as described herein witheetsto other aspects of the invention.
For example, with reference to Figufieand2, passing the hydrocarbon emulsion and finer

solids from the working tank along the upstreane sifla cross-flow filter may comprise
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passing the hydrocarbon emulsion into the hou3ihga inlet port32a and along the
upstream side of cross-flow filt&8d, passing the permeate out of the houSihh\gomprising

the cross-flow filtel31 via outlet por832b as shown, e.g., by arro®4, and passing the
retentate out of the housi8§ comprising the cross-flow filte31 via outlet por32c as

shown, e.g., by arrovO.

[0116] Recirculating the retentate to the cross-flow mathier include directing the
retentate from a retentate region on the feeddfidlee cross-flow filter to the working tank

in any of a variety of different ways. For examplath reference to Figurelsand?2,
recirculating the retentate to the cross-flow filiea a working tank comprises directing the
retentate from the housir8§ comprising the cross-flow filter to the workingka37 via

outlet port32c and inlet porB8c and directing the retentate from the working td8ako the
housing30 comprising the cross-flow filte31 via outlet porB8b and inlet porB2a.

[0117] In any embodiment of the invention, the methods fayer comprise adding

one or more of additional hydrocarbon, a demulsifeeverse demulsifier, a coagulant, and
a flocculant to promote destabilization of the lpahrbon emulsion, to facilitate at least
partial decomposition of the emulsion and/or suixsta in the emulsion, and/or to facilitate
separation of the substances from the emulsior tyjie and amount of the additional
hydrocarbon, demulsifier, reverse demulsifier, edagt, and/or flocculant added to the
emulsion may vary depending on a variety of factmduding, for example, one or more of
temperature; pressure; pH; amount of shear; corigosif the organic and inorganic solids;
concentration of asphaltenes, well-treating chelmigaraffins, or sulfur; API gravity of the
crude oil; the difference in density between thaedand crude oil; and the composition and
stability of the emulsion.

[0118] Any of a variety of hydrocarbons may be added ssalve substances, including
asphaltenes, that help to stabilize the emulsiadgoathat foul the filter media. The
additional hydrocarbon may also reduce the visgadithe emulsion and/or establish an oil
or hydrocarbon as the continuous phase of the @onul§ he added hydrocarbon, which may
be aromatic or nonaromatic, may include, for examphe or more of reformate, naphtha,
gas oil and hydrocarbon condensdtesome embodiments, hydrocarbon of up to about ten
or more times the volume of the emulsion may beedddVhere the amount of stabilizing
agent, e.g., asphaltene, in the rag layer is steali,hydrocarbon may be added; for example,
hydrocarbon in an amount of about one to abouttinves the volume of the emulsion. In
some embodiments, hydrocarbon in the range fromtab&6 by weight or less to about 50

% by weight or more may be added. In some embatsn® hydrocarbon may be added.
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[0119] Further, any of a variety of demulsifiers and/orerese demulsifiers may be added
to at least partially break down the emulsion aaudlitate separation of the substances in the
emulsion. The added deemulsifers may includegxample, one or more of ethoxylated or
propoxylated acid- or base-catalyzed phenol-forefade resins, ethoxylated or
propoxylated polyamines, ethoxylated or propoxylateepoxides, and ethoxylated or
propoxylated polyols.The added reverse demulsifiers may include, formpte, organic
polymers, such as liquid cationic acrylamides. Ahyumerous coagulants and/or
flocculants may be added to aggregate and/or agghimsolids in the emulsion, allowing
the larger agglomerated solids to settle from thalsion. The added coagulants may
include liquid organic or inorganic coagulatingyukrs, including, for example, a liquid,
organic, water-soluble, low cationic quaternary ammm polyelectrolyte. The flocculant
may include, for example, a liquid organic acrgad/acrylamide copolymer with a high
molecular weight and/or a low-to-medium anionicrgea For many embodiments, the
demulsifier, reverse demulsifier, coagulant, anfitmrculant may be added in an amount in
the range from 0% to about 1% or more of the rggrlaln some embodiments, deemulsifers
may be added to a concentration in the range filomatal ppmw or less to about 200 ppmw
or more. In some embodiments none of the additioydrocarbon, demulsifiers, reverse
demulsifiers, coagulants, and flocculants may loedd

[0120] One or more of additional hydrocarbon, demulsifieeserse demulsifiers,
coagulants, and flocculants may be added to théaxeg in any of a variety of different
ways. Methods may comprise adding only one oramhree and not others, or all may be
added to the rag layer separately or in combinatlarsome embodiments, the one or more
of additional hydrocarbon, demulsifier, reverse disifier, coagulant, or flocculant may be
heated prior to, during, or after addition to thg fayer. The one or more of additional
hydrocarbon, demulsifier, reverse demulsifier, edagt, or flocculant may be heated to any
of a variety of temperatures. For example, thedwarbon may be heated to a temperature
of about 150° F or less to about 300° F or mottee f€mperature may be chosen based on a
variety of factors including, for example, one aone of temperature, pressure, pH, amount
of shear, concentration of asphaltenes, concemtrafi well-treating chemicals,
concentration of paraffins, concentration of sylPl gravity of the crude oil, the difference
in density between the brine and crude oil, andsthbility of the emulsion. In some
embodiments, the hydrocarbon and/or deemuslfieraair heated.
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[0121] The one or more of additional hydrocarbon, demigisifeverse demulsifier,
coagulant, and flocculant may be added to theagerlat any time during the method of
processing crude oil. For example, the one or mbeelditional hydrocarbon, demulsifier,
reverse demulsifier, coagulant, and flocculant in@ydded to the rag layer after adding
water to the crude oil and before passing the hoattmn emulsion along the cross-flow filter
or after separating oil from brine and before safiag the rag layer into a hydrocarbon
emulsion and brine comprising solids. In some edfithents, the one or more of additional
hydrocarbon, demulsifier, reverse demulsifier, edagt, and flocculant are added to the rag
layer after separating brine from the brine compgshe rag layer and before separating the
rag layer into a hydrocarbon emulsion with finelidsoand brine comprising larger solids.
For example, with reference to Figurethe one or more of additional hydrocarbon,
demulsifier, reverse demulsifier, coagulant, amddlulant may be added to the rag layer via
common inlet pori6 as shown, e.g., from sourcE&-e, downstream from the desal@or

the bulk separatdi2 and upstream of or within the separdtbr

[0122] In some embodiments of the invention, methods meyér comprise mixing the
hydrocarbon and/or deemulsifers in the rag layidre one or more of additional
hydrocarbon, demulsifier, reverse demulsifier, etdagt, and flocculant may be mixed in the
rag layer in any of a variety of different waysorlexample, the rag layer and the one or
more of additional hydrocarbon, demulsifier, reeedemulsifier, coagulant, and flocculant
may be mixed after adding the one or more of agldhti hydrocarbon, demulsifier, reverse
demulsifier, coagulant, and flocculant and bef@gasating the rag layer into the
hydrocarbon emulsion having fine solids and brioeprising larger solids. With reference
to Figurel, the one or more of additional hydrocarbon, derheisreverse demulsifier,
coagulant, and flocculant may be mixed in the eagt in mixer20. The method may
comprise directing the rag layer and the one orenodradditional hydrocarbon, demulsifier,
reverse demulsifier, coagulant, and flocculantuigiothe mixef0 via inlet port21a and
directing the mixed, treated rag layer out of thgenvia outlet por21b. Alternatively, the
rag layer may be mixed with the one or more of @olal hydrocarbon, demulsifier, reverse
demulsifier, coagulant, and flocculant within tleparator.

[0123] In all embodiments, methods may further comprisaming the filter media of the
cross-flow filters. The filter media may be cledne a variety of different ways. For
example, cleaning the filter media may compriseating a cleaning fluid tangentially along
the upstream side of the filter media and/or backwey the filter media by directing a

cleaning fluid from the downstream side to the gz side, or vice versa, through the filter
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media, with or without a gas assist. Any of aegrof cleaning fluids may be used and the
cleaning fluid may have one or more additives,uduig, for example, solvents and/or
surfactants. The filter media may also be soaf@dxample, in a hot hydrocarbon.

[0124] All references, including publications, patent agions, and patents, cited
herein are hereby incorporated by reference tednge extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.

[0125] The use of the terms “a” and “an” and “the” andianreferents in the context of
describing the invention (especially in the contaixthe following claims) are to be
construed to cover both the singular and the plurdess otherwise indicated herein or
clearly contradicted by context. The terms “comipig,” “having,” “including,” and
“containing” are to be construed as open-endedsére, meaning “including, but not
limited to,”) unless otherwise noted. Recitatidmanges of values herein are merely
intended to serve as a shorthand method of refemutividually to each separate value
falling within the range, unless otherwise indicbkerein, and each separate value is
incorporated into the specification as if it wemdividually recited herein. All methods
described herein can be performed in any suitatolerainless otherwise indicated herein or
otherwise clearly contradicted by context. Theafsgny and all examples, or exemplary
language (e.g., “such as”) provided herein, isridézl merely to better illuminate the
invention and does not pose a limitation on thgoeaaf the invention unless otherwise
claimed. No language in the specification sho@abnstrued as indicating any non-claimed
element as essential to the practice of the inganti

[0126] Preferred embodiments of this invention are deedrirerein, including the best
mode known to the inventors for carrying out theeimtion. Variations of those preferred
embodiments may become apparent to those of oydgkdt in the art upon reading the
foregoing description. The inventors expect sHietisans to employ such variations as
appropriate, and the inventors intend for the itloento be practiced otherwise than as
specifically described herein. Accordingly, thmsention includes all modifications and
equivalents of the subject matter recited in tlaenes appended hereto as permitted by
applicable law. Moreover, any combination of thewe-described elements in all possible
variations thereof is encompassed by the inventidass otherwise indicated herein or
otherwise clearly contradicted by context.
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CLAIMS:

1. A method of processing crude oil comprising:

adding water to the crude oil to produce oil anddand a rag layer including an
emulsion comprising brine and oil and solids;

separating oil from brine including producing brc@mprising the rag layer;

separating the rag layer into a hydrocarbon emulsaving finer solids and brine
comprising larger solids; and

passing the hydrocarbon emulsion and finer solioisgaa cross-flow filter to produce

a retentate comprising brine and solids and a pater@mprising hydrocarbon.

2. The method according to claim 1, further compgseparating brine from the brine

comprising the rag layer.

3. The method according to claim 1, further compgsdding one or more of additional
hydrocarbon, a demulsifier, a reverse demulsifiampagulant, and a flocculant to the rag

layer.

4, A method of processing crude oil comprising:

passing the crude oil through a desalter, includeyarating oil from brine
comprising a rag layer and removing the brine cosimy a rag layer from the desalter via a
first port and removing the oil via a second port;

passing the brine comprising the rag layer thraaugkparator including separating the
rag layer into a hydrocarbon emulsion having fis@ids and brine comprising larger solids,
including removing the brine comprising larger delfrom the separator via a third port and
removing the hydrocarbon emulsion and finer sdlids the separator via a fourth port; and

filtering the hydrocarbon emulsion and finer soliéng a cross-flow filter to produce
a retentate comprising brine and solids and a pater@mprising hydrocarbon, including
removing the retentate from the cross-flow filtea & fifth port and removing the permeate
from the cross-flow filter via a sixth port.

5. The method according to claim 4, further compgsdding one or more of additional
hydrocarbon, a demulsifier, a reverse demulsifiampagulant, and a flocculant to the rag

layer.
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6. The method according to claim 5, further compgsnixing the rag layer and the one
or more of the additional hydrocarbon, the demiglsithe reverse demulsifier, the coagulant,

and the flocculant in a mixer.

7. The method according to claim 1, further compgsecirculating the retentate to the

cross-flow filter.

8. The method according to claim 7, further compgslirecting the hydrocarbon
emulsion and finer solids from the separator taogkimg tank and recirculating the

hydrocarbon emulsion to the cross-flow filter i@ tworking tank.

9. A system for processing crude oil, the systempmasing:
a desalter that separates oil from brine compriaingg layer;
at least one port directing crude oil and/or watty the desalter;
at least one port directing the oil from the disal
at least one port directing the brine comprisimgag layer from the desalter;
a separator that separates the rag layer into @&gdbon emulsion having finer
solids and brine comprising larger solids;
at least one port directing the rag layer intogeparator;
at least one port directing the hydrocarbon emnlaind finer solids from the
separator;
at least one port directing the brine and largéds from the separator;
a housing including a cross-flow filter that sepesahe hydrocarbon emulsion into a
permeate comprising hydrocarbon and a retenate rigsingpbrine and solids;
at least one port directing the hydrocarbon emalaiad finer solids into the
housing;
at least one port directing permeate from the imgyisnd

at least one port directing retentate from theshay

10.  The system according to claim 9, further cosipg a bulk separator that separates
brine from the brine comprising the rag layereast one port directing the rag layer from the
desalter to the bulk separator, and at least ortedpecting brine from the bulk separator.
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11.  The system according to claim 9, further cosipg at least one port directing one or
more of additional hydrocarbon, a demulsifier, eerse demulsifier, a coagulant, and a

flocculant into the rag layer.

12.  The system according to claim 11, further casipg a mixer mixing the one or more
of the additional hydrocarbon, the demulsifier, teeerse demulsifier, the coagulant, and the

flocculant in the rag layer.

13. The system according to claim 9, further cosipg a working tank, at least one port
directing the hydrocarbon emulsion to the workiaglkt, at least one port directing the
hydrocarbon emulsion from the working tank to thesing, and at least one port directing

retentate from the housing to the working tank.



