METHODS AND SYSTEMS FOR PROCESSING CRUDE OIL

Disclosure of the Invention

[0001] During some crude oil refinery processes, an emilalso known as a “rag layer”
or “slop” may form. This rag layer may include @mulsion comprising any one or more of
several substances, including, for example, oilyairocarbons, brine, asphaltenes, and/or
solids. The solids may include small solid paetscbf metal or grit or other substances as well
as colloidal particles, and the rag layer may cdoskng and corrosion of the refinery system.
Accordingly, there is a need for improved methaoadd systems for processing crude oil.
[0002] In accordance with one aspect of the inventionhouaig for processing crude oll
may comprise adding water to crude oil to produgirdcarbon and brine and a rag layer
emulsion. The methods may further comprise moaiifyhe rag layer emulsion, including
adding one or more of additional hydrocarbon, awlstiter, a reverse demulsifier, a
coagulant, and a flocculant to the emulsion, anecting the modified emulsion through a
dead-end filter assembly to remove solids. A derdifilter assembly is one in which all

fluid entering the filter assembly passes througleraneable or porous filter medium. As the
modified emulsion passes through the filter medaifrthe dead-end filter assembly, all or a
substantial portion of the solids are removed ftbexmodified emulsion.

[0003] In accordance with another aspect of the invensgatems for processing crude
oil may comprise a desalter, a mixer, and a dealdfi#ar assembly. The desalter may
include one or more inlets for introducing crudieamd water into the desalter. The crude oil
and water combine within the desalter to produterdiaydrocarbon and brine and a rag layer
emulsion. The desalter may also include a firgliedor discharging at least a portion of the
hydrocarbon and one or more additional outletslischarging the rag layer emulsion. The
mixer, which may be coupled to the desalter, medithe rag layer emulsion, including
mixing the emulsion and one or more of additionalrbcarbon, a demulsifier, a reverse
demulsifier, a coagulant, and a flocculant addetthéoemulsion. The dead-end filter
assembly may be coupled to the mixer to filterdsofrom the modified emulsion.

[0004] Methods and systems embodying the invention prowidey advantages. For
example, methods and systems embodying the inventay advantageously reduce or
eliminate fouling and/or corrosion in oil refinesystems by removing solids that would

otherwise damage the components of the refinetgsysFurther, methods and systems of



the invention allow the rag layer to be effectivahd efficiently processed, recovering much
of the rag layer hydrocarbon, including oil, thaiwd otherwise be lost if the rag layer were
not processed. Accordingly, the methods and systdrthe invention may advantageously
increase the reliability, efficiency, and capaafyoil refinery processes.

Brief Disclosure of the Drawings

[0005] Figurel is a representative schematic view, not to scdlene embodiment of a
system for processing crude oil.

[0006] Figure2 is a representative schematic view, not to scdlanother embodiment
of a system for processing crude oil.

[0007] Figure3 is a representative schematic view, not to scdlanother embodiment
of a system for processing crude oil.

[0008] Figure4 is a representative schematic view, not to scdlanother embodiment

of a system for processing crude oil.
Description of Embodiments

[0009] Systems and methods for processing crude oil iardenice with the invention
may be configured in a wide variety of ways. Ohenany different examples of a systdt
for processing crude oil within a refinery systemshown in Figurd. Generally, the system
10 may comprise a desaltét, a mixerl3, and a dead-end filter assemiyy In the

illustrated embodiment, the system 10 may also cm@@ separatdr2 fluidly coupled
between the desaltéfl and the mixefl3. The desaltetl removes metals and/or salts and
other dissolvables from crude oil by combining @wd and water to produce oil or
hydrocarbon, brine, and a rag layer. The rag lay&y be located on top of the brine, e.g., at
the interface between the brine and the hydrocarda/or entrained as droplets or masses
within the brine. The rag layer comprises an emualsf at least hydrocarbon, brine, and
solids and may also include other substances siak@haltenes. Some or all of the rag layer
emulsion and brine may be directed to the sepat@iawhich may remove a significant
portion of the brine. The rag layer emulsion mayphassed to the mix&8 from the desalter
11 and/or the separat@P. In the mixerl3 one or more of additional hydrocarbon, a
demulsifier, a reverse demulsifier, a coaguland, aflocculant may be mixed with the

emulsion to produce a modified emulsion that magfbectively filtered by the dead-end



filter assemblyl4. The modified emulsion may be passed to a deddiéer assemblyl4 to
filter solids from the modified emulsion.

[0010] The components of the systdilmay be variously configured. For example, the
desalterll may be configured in any of numerous ways. Tlealier may take a variety of
forms and shapes, including, for example, that @ik, vessel, or receptacle, and may
generally function as a coalescer, e.g., an eltettic coalescer. The desalter may include
ports for supplying substances to, and removingtsuges from, the desalter, and these ports
may be positioned at a variety of locations ondésalter, e.g., on the top, bottom, or side of
the desalter. For example, the desdlfemay include one or more inlet pofs, 16 for
introducing crude oil and water into the desaltefrom a sourc0 of the crude oil and a
source2l of water, respectively. Alternatively, the crugleand water may be combined
upstream of the desalter and introduced into tisalter via a single inlet port. A heater (not
shown) may be associated with the desalter andlocss of the crude oil and water to heat
the crude oil and water supplied to the desaliére heater may be variously configured,
including, for example, as a heat exchanger or ehar@sm for injecting steam, e.g., directly
into the desalter. Various other chemicals, inclgdfor example, demulsifiers and/or
corrosion inhibitors, may be supplied to the desalta additional inlet ports or a common
inlet port.

[0011] Within the desaltetl, the water washes metals and/or salts and othgolgdables
from the oil, forming brine. The denser coalesbede separates toward the lower region of
the desaltetl away from the less dense hydrocarbon at the upgén of the desaltdr,

and a rag layer may form on top of the brine andtdhe interface between the brine and the
hydrocarbon. The rag layer may also be entraisatt@plets or masses within the brine.
The rag layer may comprise an emulsion of hydramarbrine, and solids and may include
other substances such as asphaltenes.

[0012] The desaltet1l may further include one or more outlet ports,,eag.outlet port

22 for discharging desalted oil or hydrocarbon anauathet port23 for discharging some or
all of the rag layer emulsion and the brine. Th#et port22 for discharging desalted
hydrocarbon may be positioned, for example, inujyger region of the desaltét, and may
fluidly communicate with the desalted hydrocarbathin the desaltetl. From the desalted
hydrocarbon outlet po2, the desalted hydrocarbon may be directed to atbraponents of
the refinery system for further processing, inahggifor example, a fractionator. The outlet

port 23 for discharging the rag layer emulsion and briregyiine positioned, for example, in
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the lower region of the desaltet and may fluidly communicate with the brine and the
layer emulsion within the desaltét. The discharged brine and rag layer emulsion may
include varying amounts of brine and rag layer amnoul, from mostly brine with some of the
rag layer emulsion to mostly rag layer emulsiorhveibme brine. For some embodiments,
the desaltetl may include an outlet po24 for discharging at least a portion of the rag taye
emulsion. This outlet po#4 may be positioned, for example, in the side ofdésalterll,
near the level of the rag layer emulsion, and nhaglfy communicate with the rag layer
emulsion within the desaltéd.

[0013] The separatat2 may also be configured in a variety of ways. many
embodiments, the separafi@ may be configured as a bulk separator and may &ayef
several shapes or forms including that of a taeksel, or receptacle. For example, the
separator may comprise a settling tank, a graeipasator, or a plate separator such as a
coalescing plate interceptor (CPI) separator. mkany embodiments, the separatdmay
comprise a plate separator available from Pall Gaton of Port Washington, NY, USA
under the trade designation LUCID.

[0014] The separator may be positioned at a variety @tlons in the system. For
example, the separatb? may be positioned downstream of the desalteand upstream of
the filter assembl{4, e.g., upstream of the mix&B. The separator may include one or more
inlet ports positioned at a variety of locationstbe separator and may be coupled to the
desalter either directly or indirectly via one com® intervening components. For example,
the separatal2 may include an inlet po#5 for receiving brine and the rag layer emulsion
from the brine/emulsion outlet pd8 of the desaltetl via a brine/emulsion feed lirgs.
Within the separatdll, a significant portion of the brine may be sepatdtom the rag layer
emulsion. The separator may also include one germuotlet ports positioned at a variety of
locations on the separator. For example, an ogotlg®7 for discharging brine largely or
substantially free of any emulsion may be positibimea lower region of the separafi® and
may fluidly communicate with the separated brinthimi the separatd2. The brine
discharged from the separator may be returnedetdésalter and/or treated to remove
harmful substances before discharge or reuse.s@paratod2 may further include an outlet
port 28 fluidly communicating with the rag layer emulsiaithin the separatat2 and
positioned, e.g., in an upper region of the sepaf&, for discharging the rag layer emulsion
with less brine. For some, but not all, embodiree¢hé brine depleted emulsion may

comprise up to about 50% water or brine.



[0015] The mixerl3 may be configured in any of a wide variety of eiffnt ways and
may take any of a variety of shapes and forms. ekample, the mixer may comprise an in-
line mixer or a mixing tank. Further, the mixeryrze positioned in a variety of locations in
the system. For example, the mixer may be positiafownstream of the desalter and
upstream of the dead-end filter assembly. Inltbstrated embodiment, the mix& may be
positioned downstream of the desaltér downstream of the separaf®; and upstream of
the filter assembly4. In addition, the mixer may be fluidly coupleddne or more
components of the system, either directly or inttlyevia one or more other components.
For example, the mixel3 may be fluidly coupled to the separal@ e.g., directly coupled

to the separatdi2. For some embodiments, the mid8rmay, alternatively or additionally,
be fluidly coupled directly to the desaltk.

[0016] The mixer may have one or more inlet ports posgbat a variety of locations on
the mixer. For example, the mix&8 may include an inlet po9, e.g., on top of the mixds3,
for introducing the brine depleted rag layer emarignto the mixed3, e.g., via a brine/
emulsion feed lin@0 extending between the brine/emulsion outlet @8mdf the separatat2
and the brine/emulsion inlet p&® of the mixerl3. For some embodiments, the mit8rmay
alternatively or additionally include an inlet p8it positioned, e.g., on top of the mixi3, for
introducing into the mixet3 at least some of the rag layer emulsion directynfthe desalter
11, for example, via a rag layer emulsion feed B@eextending between a rag layer emulsion
outlet port24 of the desaltetl and the rag layer emulsion inlet p8itof the mixerl3.

[0017] To modify the rag layer emulsion and allow the estan to be effectively filtered,
one or more of additional hydrocarbon, a demulsifereverse demulsifier, a coagulant, and
a flocculant may be added to the rag layer emuls@mmn the separatdi2 and/or the desalter
11. For example, the mixdB may include one or more inlet poB3 positioned, e.g., in the
upper region of the mixel3, for introducing the additional hydrocarbon frorsaurce34 of

the additional hydrocarbon, the demulsifier frosoarce35 of the demulsifier, the reverse
demulsifier from a sourc86 of the reverse demulsifier, the coagulant frono@rse37 of the
coagulant, and/or the flocculant from a so38@f the flocculant. Alternatively, the
additional hydrocarbon, demulsifier, reverse deifials coagulant, and/or flocculant may be
added to the emulsion upstream from the mixer. ildixhe emulsion and one or more of the
additional hydrocarbon, the demulsifier, the regetemulsifier, the coagulant, and the
flocculant may promote destabilization of the ragelr emulsion and at least partial, and even

substantial, disintegration and decomposition efémulsion and/or substances within the



emulsion, facilitating removal and recovery of thyrocarbon bound up in the emulsion.
For example, the additional hydrocarbon may digsstabilizing agents, such as asphaltenes,
in the emulsion. The additional hydrocarbon map akduce the viscosity of the emulsion
and/or establish the hydrocarbon as the continpbase in the emulsion. The demulsifier
may break down oil-in-water emulsions, while theerse demulsifier may break down
water-in-oil emulsions. The coagulant and thedidant may aggregate and agglomerate
dispersed particles in the emulsion, forming la@ggregates that settle out of the emulsion.
By mixing one or more of the additional hydrocarpttre demulsifier, the reverse
demulsifier, the coagulant, and the flocculant wfith rag layer emulsion, the mix& may
produce a modified emulsion including a substagti@ikintegrated, decomposed, and less
emulsified mixture of hydrocarbon, brine, and salidcor some, but not all, embodiments the
modified emulsion may comprise up to about 5% watdrine.

[0018] The mixer may have one or more outlet ports pasdiibat a variety of locations
on the mixer. For some embodiments, the mi8amay include a recirculation outlet port
40, e.g., in the lower region of the mix&3, for discharging the modified emulsion to a
recirculation pumpll in a recirculation lin@2. The recirculation pumgl and recirculation
line 42 may recirculate the modified emulsion to a redatian inlet port43, e.g., in the

upper region, of the mixds3, facilitating further disintegration and decompiosi of the rag
layer emulsion within the mixe3. To further promote disintegration and decompasiof

the emulsion within the mixel3, a heater (not shown) may be associated with tkerrh3

or the recirculation lind2. For many embodiments, the heater may heat thisen to a
temperature up to about 300° F or more. The nii@enay also include a modified emulsion
outlet port44, e.g., in the lower region of the mix&3, for discharging the modified

emulsion from the mixet3 to the dead-end filter assemidl, for example, via a feed pump
48 in a modified emulsion feed lirdb.

[0019] The dead-end filter assembly may be configuredinad numerous ways and
may have any of several shapes or forms includiagdf a tank, vessel, or receptacle. For
many embodiments, the filter assemblymay include one or more filter elemen&; e.qg.,

an array of several filter elements, contained withhousingl7. The housing7 may

include an inlet pors0 positioned, e.g., at one end region of the houdmdor receiving the
modified emulsion and one or more outlet p&dpositioned, e.g., at an opposite end region
of the housingl7, for discharging the filtrate. The housiigmay define a fluid flow path

between the inlet and outlet poB¥ 51 within the housingt7. One or more filter elements



46, e.g., a plurality of filter elemen#6, may be positioned within the housifigacross the
fluid flow path, and the filter elemend$ may be variously configured. For many
embodiments each filter element may have a holimerally cylindrical body which
includes a permeable filter medium for removingdsofrom fluids flowing inside-out or
outside-in through the filter element. Any of adeivariety of filter media may be included
in the filter element, including permeable metaltieramic, or polymeric media. The filter
media may be in the form of a pleated or spiralbund sheet or a hollow, cylindrical mass
or sleeve and may be fashioned from a permeablebnaem®, a fibrous or sintered sheet or
mass, or a mesh sheet. The filter medium may hayef variety of filtering characteristics.
For example, the filter medium may have a remoatihg in the range from about 1 micron
or less to about 100 microns or more. Each fétement may further include an end
element, e.g., an end cap, on each axial end aiirerical body to direct fluid into or out
of the hollow interior of the filter element andngeally radially through the filter medium.
For some embodiments, the dead-end filter assemalycomprise filter elements having a
polymeric fibrous filter medium available from P&lbrporation of Port Washington, New
York USA under the trade designation Profile AS.

[0020] The dead-end filter assembly may be positionedvariaty of locations in the
system. For example, the filter assembiymay be positioned downstream of the desalter
11, downstream of the separaf@®; and/or downstream of the mix&s. In the illustrated
embodiment, the dead-end filter assentiglynay be fluidly coupled to the mix&8. For
example, the modified emulsion outlet pdB8tof the mixerl3 may be coupled to the
modified emulsion inlet po&0 of the filter assembl{5, e.g., via the modified emulsion feed
line 45 and feed pumpgs, to direct the modified emulsion into the dead-&her assembly
15. Within the filter assembl$5 the modified emulsion of hydrocarbon, brine, aolkids

may be filtered by the filter element6, removing the solids, including colloids and
undissolved asphaltenes. A substantial portigdh@imodified emulsion, including the
hydrocarbon, brine, and dissolved asphaltenesepdabsough the filter medium as filtrate.
The filtrate may be discharged from the filter asbby 15 via the filtrate outlet por$1.

From the filtrate outlet port the filtrate may hieedted to any of numerous components. For
example, the filtrate may be directed to a dowmstreeparator for separating the filtered
hydrocarbon from the brine. In the illustrated edliment, the filtrate may be recirculated to
the desaltetl, e.g., from the filtrate outlet posil of the dead-end filter assemidly to a

filtrate inlet port52 of the desaltetl via a filtrate recirculation lin&3. Within the desalter



11, the filtrate mixture of the hydrocarbon and briwgh the dissolved asphaltenes, may
separate into the hydrocarbon, which can be digeliavia the desalted hydrocarbon outlet
port22, and brine, which can be discharged via the bemelsion outlet por23.

[0021] Embodiments of the invention further include nunusranethods for processing
crude oil. For example, methods for processingemil may comprise adding water to
crude oil to produce hydrocarbon and brine andydayer, the rag layer including an
emulsion comprising hydrocarbon and brine and solithe methods may further comprise
modifying the emulsion, including adding one or mof additional hydrocarbon, a
demulsifier, a reverse demulsifier, a coaguland, aflocculant to the emulsion, and then
directing the modified emulsion through a dead-#ier assembly to remove the solids.
[0022] Water may be added to crude oil in a variety of svalyor example, water may be
added to the crude oil before the water and crulcs® supplied to a desalter, or the water
may be added to the crude oil in the desaltethérillustrated systert0, the oil and water
may be introduced into the desaltdrseparately, e.g., through separate inlet [idt46.
Alternatively, the crude oil and water may be siggpkequentially or simultaneously to the
desalter through a common inlet port. Within tesalter, the water and crude oil combine,
and the water may remove metals and/or salts drat dissolvables from the crude oill,
forming brine. The nature of the crude oil, inchglthe chemical composition of the crude
oil itself and the amount and chemical compositbthe solids and other substances
entrained and/or dissolved in the crude oil, may vadely depending on many factors,
including the geological source of the crude ol #me substances added to extract the crude
oil from the geological source. Water may be addettie crude oil in varying amounts
sufficient to remove the metals and/or salts ahemdissolvables. For example, water may
be added to the crude oil in an amount from ab&tut&ter or less to about 10% water or
more by volume. Various other chemicals, includilog example, demulsifiers and/or
corrosion inhibitors, may be added to the crudetbé water, and/or the mixture of oil or
hydrocarbon and water (brine) in the desalter tthér treat the crude oil.

[0023] Adding water to the crude oil may also include ptezing and/or heating the
crude oil and/or water, for example, in the desalteor many embodiments, the hydrocarbon
and brine may be heated in the desalter to a teanperin the range from about 200° F or
less to about 300° F or more, e.g., in the ramya fibout 225° F to about 275° F. The
hydrocarbon and brine may be pressurized withirddsalter to a pressure in the range from



about 10 psig or less to about 200 psig or manesome embodiments, the crude oil and/or
water may not be heated or may not be pressurized.

[0024] Adding water to the crude oil may further compsggarating hydrocarbon or oll
from brine within the desalter and producing aleggr. Separating the brine and the
hydrocarbon may include coalescing brine droplethé desalter. For example, an electrical
field may be applied to the mixture of oil and lerim the desalter, the electric field inducing
a dipole in droplets of the brine and coalescirgglithne droplets. The denser coalesced brine
droplets may then collect as an aqueous phasejretge lower region of the desalter, and
the less dense desalted oil or hydrocarbon magatadubstantially or largely brine-free, e.g.,
in the upper region of the desalter. The rag layay collect on top of the brine, e.g., at the
interface between the hydrocarbon and the brind/oamay be entrained as small droplets or
masses, for example, in the brine. The rag laysr comprise any of several substances,
including an emulsion of oil, brine, and solidsvael as asphaltenes. The composition of
the rag layer emulsion may vary depending, for gdanon the nature of the crude oll
supplied to the desalter. For example, some n&y kemulsions may comprise water-in-oil
emulsions, while other rag layer emulsions may awgepoil-in-water emulsions. Further,
some rag layer emulsions may be chemically-staullizy stabilizing agents such as
asphaltenes, and some rag layer emulsions mayrteupete-stabilized by particulates in the
emulsion and may include little or no asphaltenethe emulsion. One of many examples of
a rag layer emulsion may comprise about 30% to @ oil or hydrocarbon by weight,
about 30% to about 40% brine by weight, about 5%biout 20% solids by weight, and up to
about 10% asphaltenes by weight. These substamgbe bound up with one another in
the emulsion of the rag layer.

[0025] The desalted hydrocarbon and the brine comprisiagdg layer emulsion may be
separately discharged from the desalter. The weshydrocarbon may be discharged at a
flow rate in the range from about 20,000 bbl/dajess to about 100,000 bbl/day or more,
where one barrel equals 42 U.S. gallons (159 )iteF&ie brine comprising the rag layer may
be discharged at a flow rate in the range from 8600 bbl/day or less to about 6000 bbl/day
or more. The desalted hydrocarbon may be discddrgen the desaltetl via the desalted
hydrocarbon outlet po2 and may be further processed, e.qg., fractionaiéa: brine
comprising the rag layer may be discharged frondtsalterll via the brine/emulsion outlet
port23. The brine and rag layer emulsion that are diggthfrom the desaltdl may



10

include varying amounts of brine and emulsion, frowstly brine with the rag layer
emulsion to mostly rag layer emulsion with someéri

[0026] For some embodiments, methods for processing tleeail may further comprise
separating at least some of the brine from theshaimd rag layer emulsion discharged from
the desaltetl. For example, in embodiments where a signifieembunt of brine is removed
from the desaltetl along with the rag layer emulsion, it may be banafto further separate
some of the brine in a separal@ e.g., a bulk separator as previously descridét brine
and rag layer emulsion may, for example, be diggdhfrom the brine/emulsion outlet port
23 of the desaltetl and supplied to the brine/emulsion inlet @&tof the separatdt2 via

the brine/emulsion feed lir26. Within the separatdi2, at least some of the denser brine
may separate from the less dense rag layer emuts@nariety of ways. For example, the
brine may settle from the rag layer emulsion iettliag zone, or the brine may diverge from
the rag layer emulsion along a plate separatopai@éng the brine from the rag layer
emulsion may also include separating larger sdim® the rag layer. The larger solids, e.g.,
solids having a patrticle size of about 20 micronsore, may settle into the brine from the
emulsion, leaving the rag layer emulsion in theasajor with finer solids and less brine. The
brine with or without larger solids may be disclatdrom the separatd®, for example, via
the brine outlet por27. The larger solids may then be removed, e.¢erét, from the brine,
and some of the clean brine, e.g., up to about 508y, be returned to the desalidr while

the reminder of the clean brine may be treatedransled or discharged from the refinery
system. The brine-depleted rag layer emulsion beagischarged from the separat@rand
supplied to the mixet3. For example, a brine depleted rag layer emulsamprising up to
about 50% water or brine by volume may be dischhxig the brine/emulsion outlet p&3

of the separatal2 and supplied via the brine/emulsion feed BOeo the brine/emulsion inlet
port29 on the mixel3. The flow rate into the mixel3 from the separatd2 may be in the
range from about 6 bbl/day or less to about 600dalglor more.

[0027] In the illustrated embodiment, the rag layer enamsnay be supplied to the mixer
13 from the desaltetl after removing some of the brine in the separi2orin other
embodiments, the rag layer emulsion, for examptagdayer emulsion with little brine, may
additionally or alternatively be supplied to thexsridirectly from the desalter. For example,
the rag layer emulsion may be discharged fromdhdayer emulsion outlet pdzt on the
desalterll and supplied via the rag layer emulsion feed 32&o a rag layer inlet poB81 of

the mixerl3.
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[0028] Methods for processing crude oil may further cosgadding one or more of
additional hydrocarbon, a demulsifier, a reversaulsifier, a coagulant, and a flocculant to
the rag layer emulsion from the desalter or thesspr to modify the emulsion and prepare
the emulsion for filtration. For example, any ofaxiety of hydrocarbons may be added to
dissolve substances, including asphaltenes, witl@remulsion. Asphaltenes, which help to
stabilize the emulsion, can quickly foul most filteedia. The added hydrocarbon may
dissolve the asphaltenes and other substanceswhihiemulsion and enhance the
decomposition of the emulsion, allowing the modifeamulsion to be effectively filtered.
The additional hydrocarbon may also reduce theogisg of the rag layer emulsion, allowing
the liquid components of the emulsion to move Hgguhss through the filter elements, and
may establish the hydrocarbon as the continuousepbiathe emulsion. The added
hydrocarbon, which may be aromatic or nonaromatay include, for example, one or more
of reformate, naphtha, gas oil and hydrocarbon ensate. Any of a variety of demulsifiers
and/or reverse demulsifiers may be added to at peasally break down the emulsion and
further facilitate filtration of the emulsion. Tlaelded demulsifiers may include, for example,
one or more of ethoxylated or propoxylated acidba@se-catalyzed phenol-formaldehyde
resins, ethoxylated or propoxylated polyaminespxgtated or propoxylated di-epoxides, and
ethoxylated or propoxylated polyols. The addecrse demulsifiers may include, for
example, organic polymers, such as liquid catiacrylamides. Any of numerous
coagulants and/or flocculants may also be addedgdgoegate and agglomerate solids in the
emulsion, allowing the larger agglomeration of dslio settle from the emulsion. The
coagulant may include liquid inorganic or orgamagulating polymers, including, for
example, a liquid, organic, water-soluble, low @ait quaternary ammonium polyelectrolyte.
The flocculant may include, for example, a liqurganic acrylic acid/acrylamide copolymer
with a high molecular weight and/or a low-to-mediamonic charge.

[0029] The amount of the additional hydrocarbon, demwssfireverse demulsifiers,
coagulants, and/or flocculants added to the ragrlagnulsion from the desalter or separator
may vary depending on a variety of factors, inahggifor example, one or more of
temperature; pressure; pH; amount of shear; cortipogif the organic and inorganic solids;
concentration of asphaltenes, well-treating chelmigaraffins, or sulfur; API gravity of the
crude oll, the difference in density between thadand the crude oil, and the composition
and stability of the emulsion. For many embodirmghydrocarbon may be added to the

emulsion in an amount up to about ten or more tithesolume of emulsion. For some
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embodiments, the amount of stabilizing agents, agphaltenes, in the rag layer emulsion
may be small and less hydrocarbon may be addedpeagjto two to more times the volume
of the emulsion. The demulsifier, reverse demmisitoagulant, and/or flocculant may be
added in an amount in the range from 0% to aboubdbore of the rag layer.

[0030] The additional hydrocarbon, deemulsifier, reversedlsifier, coagulant, and
flocculant may be added to the rag layer emulsiomfthe desalter or the separator in any of
a variety of different ways. For many embodimetits,additional hydrocarbon,
deemulsifier, reverse demulsifier, coagulant, antlé@culant may be added to the rag layer
emulsion within the mixet3. Within the mixer one or more of the additiongtifocarbon,
demulsifier, reverse demulsifier, coagulant, amddulant are mixed with the rag layer
emulsion to produce a modified emulsion that idiciehtly broken down into its
constituents, including hydrocarbon, brine, solals] dissolved asphaltenes to allow the
solids to be effectively filtered from the hydrolsan and brine. Mixing one or more of the
additional hydrocarbon, demulsifier, reverse deifials coagulant, and flocculant with the
rag layer emulsion may then comprise substantthfigolving one or more substances,
including asphaltenes, from the rag layer emulsiotVor destabilizing or decomposing the
rag layer emulsion. For example, a modified enonlsiomprising up to about 5% water by
volume may be discharged from the modified emulsiothet port.

[0031] For many embodiments, mixing one or more of thatemtal hydrocarbon,
deemulsifier, reverse demulsifier, coagulant, dadculant with the rag layer emulsion may
further comprise recirculating the modified emutstbrough the mixer. For example, the
modified emulsion may be discharged from the mix3evia the recirculation outlet po4D

and recirculated through the mixEs via the recirculation pumyl in the recirculation line
42, reentering the mixet3 at the recirculation inlet po83. Recirculating the modified
emulsion allows asphaltenes and other substandesdgen more completely dissolved and
even more thoroughly destabilizes and decomposesrtiulsion, facilitating the recovery of
an even greater amount of the hydrocarbon in thedssom.

[0032] Heating the emulsion may further promote dissohgnbstances such as
asphaltenes and destabilizing and decomposingiiiésisn. The emulsion may be heated to
a temperature in a range up to about 300 ° F oe nfiar example, in the mixds, in the
recirculation line42, or en route to the dead-end filter assenidly

[0033] After mixing, the modified emulsion may be directadough a dead-end filter

assembly to remove solids and produce a filtratecgrally comprising filtered hydrocarbon
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and brine. The modified emulsion may be dischafgad the mixer and supplied to the
dead-end filter assembly either directly or indilgia one or more additional components.
For example, in the illustrated embodiment, the rinediemulsion may be discharged from
the mixerl3 via the modified emulsion outlet pa4 and supplied to the dead-end filter
assemblyi4 via a feed pumg@8 in the modified emulsion feed i, entering the dead-end
filter assemblyl4 via the modified emulsion inlet pds0. The modified emulsion may be
supplied to the dead-end filter assembly at a tyageflow rates and pressures, depending,
for example, on the size of the dead-end filteeadsy and the amount of the modified
emulsion to be processed. For some embodimemt$loth rate of the modified emulsion
into the dead-end filter assembly may be in thgeanom about 12 bbl/day gpm or less to
about 6000 bbl/day gpm or more. The pressure reag the range from about 10 psig or
less to about 200 psig or more.

[0034] Within the dead-end filter assemtdly, all of the modified emulsion passes
through one or more filter elemer8. Passing the modified emulsion through the filter
elements16 includes directing all of the modified emulsiomahgh the filter media of the
filter elements16, where at least a substantial portion of the sait removed. For many
embodiments, directing the modified emulsion thiotle filter medium may include
directing the modified emulsion through a filteranem having a removal rating in the range
from about 1 micron or less to about 100 micronsiore, e.g., from about 1 micron or less
to about 40 microns. Filtered hydrocarbon andeyras well as dissolved asphaltenes, may
then emerge as filtrate from the filter elemetsand may be directed by the hous#go

the filtrate outlet porbl. The filtrate may be discharged from the dead{dteadt assembly to
a variety of components for further processingr é&s@ample, the filtrate may be discharged
to a separator to separate the filtered hydrocaftoon the filtered brine. The filtered
hydrocarbon may then be further processed, eagtidnated, within the refinery system. In
the illustrated embodiment, the filtered hydrocarbod brine may be recirculated to the
desalter. For example, filtrate, including both thtered hydrocarbon and brine, and any
dissolved asphaltenes, may be discharged fromiltragd outlet por61 of the dead-end filter
assemblyi4 and returned to the desalidrvia the filtrate recirculation linB3, entering the
desalterl1 via one of the inlet ports, e.g., the filtratesinbort52. Within the desaltetl, the
filtered hydrocarbon and brine and any dissolvgzhabenes combine with the crude oil and

water in the desaltdrl, where they may begin the process of breaking dbwmag layer
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emulsion and dissolving substances, including dsgies, in the rag layer emulsion. The
filtered hydrocarbon and brine may separate withendesaltet1l and may be respectively
discharged from the desaltet along with the desalted hydrocarbon and the barge, via

the desalted hydrocarbon outlet p22tand the brine/emulsion outlet p@3.

[0035] Methods embodying the invention may further congdieaning and/or replacing
the filter elements in the dead-end filter assenalfiigr the filter elements become sufficiently
fouled to require cleaning or replacing. For exbanafter the pressure drop across the filter
elementsl6 rises to a predetermined level, or the flow rateugh the filter elemen#s falls

to a predetermined level, flow of the modified esnoh through the dead-end filter assembly
14 may be terminated. The filter elemeA@may then be cleaned in any of numerous ways.
For example, the filter elements may be cleanesittin i.e., within the filter housing, or ex
situ, i.e., outside the filter housing, using aietyrof solvent soaking techniques, including hot
hydrocarbon soaking, and/or washing or backwast@adigniques, with or without gas assist.
Alternatively, the fouled filter element® may be replaced with new filter elemedAé& Flow
of the modified emulsion may then be reestablighealigh the dead-end filter assemidy
[0036] Although the invention has been disclosed in thb@iiments previously
described and/or illustrated, the invention islimited to those embodiments. For instance,
one or more features of an embodiment may be altathor modified, one or more features
of one embodiment may be combined with one or featires of other embodiments, or
embodiments with very different features may besawmed, all without departing from the
scope of the invention. For example, the sepad@&onay be eliminated from the systdif

of Figurel, the remainder of the system including the preslipdescribed components
operating as previously described. The rag layerigion may be discharged from the rag
layer emulsion outlet po24 of the desaltetl and supplied directly or indirectly to the mixer
13, e.g., via the rag layer emulsion feed [8% Brine with little or no rag layer emulsion
may be removed from the desalidr e.g., via the brine/emulsion outlet p28; treated, and
then reused within the refinery system or dischéifgem the refinery system.

[0037] As another example, a system for processing crilcheay include a modified
dead-end filter assembiy, for example, as shown in Figuze The remainder of the system
may include the previously described componentsatingy as previously described. The
modified dead-end filter assemidyt may include a settling zortd within the housingt7
downstream of the filter element8. Within the settling zon®4, the less dense filtered

hydrocarbon, along with other substances sucheadiisolved asphaltenes, may separate,
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e.g., toward the upper region of the housliigaway from the denser filtered brine, e.g., in
the lower region of the housidy. The housing7 may further include a brine tr&d in the
lower region of the housingy/ to collect the brine. A filtered hydrocarbon etithort56 for
discharging the separated filtered hydrocarbomaaieith the dissolved asphaltenes, may be
positioned on the housirty, e.g., in the upper region, and a filtered brindet port57 for
discharging filtered brine may also be positionadte housing7, e.g., in the brine trapb.

All or a portion of the discharged filtered brin@ybe sent to the desalter or any other
component of the refinery system or may be treatetldischarged from the refinery system.
All or a portion of the discharged filtered hydrdoan may be returned to the desalter, e.g.,
via the filtrate recirculation lin&3, or may be directed to other components of theegf
system for further processing, e.g., fractionation.

[0038] As an alternative, the systetfl of Figurel may further include a separator (not
shown) downstream of the dead-end filter asserbhlyThe filtrate from the dead-end filter
assemblyi4, including the filtered hydrocarbon, the filtededne, and any dissolved
asphaltenes, may be discharged from the filtratkeipport51 and passed, directly or
indirectly, to the separator, where the filteredtmgarbon may be separated from the filtered
brine within the separator. The separator may cm®@ bulk separator as previously
described or any other separator suitable for sé¢ipgrthe filtered hydrocarbon from the
filtered brine. The filtered hydrocarbon may bsafliarged from the separator and sent to the
desalter or any other component of the refineryesys The filtered brine may be discharged
from the separator and sent to the desalter opdrer component of the refinery system or
treated and discharged from the refinery system.

[0039] Methods for processing crude oil may further cosgsgeparating the filtrate from
the dead-end filter assembly into filtered hydrbeer, along with other substances such as
the dissolved asphaltenes, and filtered brine, within the dead-end filter assembly or
within a separator. For example, in the illustdedéenbodiment separating the filtrate may
include passing the filtrate into a settling z&dan the housing!7 of the dead-end filter
assemblyi4 downstream of the filter elemert8. In the settling zonB4, the denser filtered
brine may settle in a lower region of the housliige.g., into the brine trafb, away from

the less dense filtered hydrocarbon in an uppeomegf the housing7. Methods may

further comprise separately discharging filteredrogarbon and the filtered brine from the
dead-end filter assemblyp, e.g., via the filtered hydrocarbon outlet patand the filtered

brine outlet porb7, respectively, as previously described.
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[0040] Another embodiment of a system for processing coild@ay further comprise a
coalescer assembbp, for example, as shown in Figuse The remainder of the system may
include the previously described components opegats previously described. The
coalescer assembly may be fluidly coupled, direatlindirectly, to a dead-end filter
assembly, for example, to the filtered hydrocarbottet port56 of the dead-end filter
assemblyi4 of the system of Figur2 or to the filtrate outlet po&l of the dead-end filter
assemblyi4 of the systemiO of Figurel. In both systems, the coalescer assembly mag serv
to break any remaining emulsion and/or to coaleseefiltered brine, including any small
droplets of filtered brine, as the discontinuouag#) entrained in the filtered hydrocarbon, as
the continuous phase. The coalesced filtered lamakethe filtered hydrocarbon may then be
separated from one another, for example, in theesoar assembi§O.

[0041] Any of numerous coalescer assemblies may be enghlogenerally, the
coalescer assembBp may include a housingl, e.g., a tank, a vessel, or any other
receptacle. The housitd may have an inlet po62 positioned, e.g., at one end of the
housing6l, and one or more outlet ports. For example, éniltbstrated embodiment, the
housing61 may include a hydrocarbon outlet p6& positioned, e.g., at the opposite end in
an upper region of the housiéd, and a brine outlet pod positioned, e.g., at the opposite
end in a lower region of the housiffy The housingl may include a brine trafb for
collecting the brine, and the brine outlet p&tmay be located on the brine trG

[0042] The coalescer housirgi defines a fluid flow path within the housiéd between
the inlet por62 and the outlet ports3, 64. One or more coalescer elemefise.g., a
plurality of coalescer elemend§, may be positioned within the housiégjacross the fluid
flow path. Each coalescer eleméftmay be variously configured. For many embodiments
each coalescer element may have a hollow, genemihdrical body which includes a
permeable arrangement for coalescing small filtéwrate droplets, as the discontinuous
phase, entrained in the filtered hydrocarbon, estntinuous phase. Each coalescer
element may further include end elements, e.genahcap, on each axial end of the
cylindrical body to direct fluid into or out of tHeollow interior of the coalescer element and
generally radially through the coalescing arrangamé&or some embodiments, the
coalescing assembly may comprise coalescing elsnagmailable from Pall Corporation of
Port Washington, New York USA under the trade design PhaseSep.

[0043] The coalescer assemi@@ may further include a separating region downstrem

the coalescer elemeri6 for separating the coalesced filtered brine fromfiltered
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hydrocarbon. The separating region may be varyoemhfigured. For example, the
separating region may include a permeable separatemium which allows passage of one
of the components, e.g., the filtered hydrocarlbon retards passage of the other component,
e.g., the filtered brine. The hydrocarbon outlat pnay then fluidly communicate with one
side, e.g., the downstream side, of the permea&plaration medium, while the brine outlet
port fluidly communicates with the other side, etige upstream side, of the separation
medium. In the illustrated embodiment, the sepayatgion may comprise a settling zone
67 within the housin®l downstream of the coalescer elemditits Within the settling zone
67, the less dense filtered hydrocarbon, along witielosubstances such as the dissolved
asphaltenes, may separate, e.g., toward the upgienrof the housingl, away from the
denser coalesced and filtered brine, e.g., indhei region of the housirgl. The

coalesced, filtered brine may be discharged froenctialescer asseml89, e.g., via the

brine outlet por64, and sent to the desalter or any other comporfegheaefinery system or
may be treated and discharged from the refinerterys The filtered hydrocarbon may have
less than about 25 ppmw free water and may be aligeld from the coalescer assentifly
e.g., via the hydrocarbon outlet p6& From the coalescer assemB0y some or all of the
discharged hydrocarbon may be sent to the deddlter to the mixed3. Returning some or
all of the discharged hydrocarbon to the mik&allows reuse of the hydrocarbon, reduces
the volume of fresh additional hydrocarbon to beeatito the mixet3, and helps establish
the hydrocarbon as the continuous phase in thefred@dimulsion. For many embodiments,
the coalescer assemlfl§ may so effectively break any oil/brine emulsioattthe
hydrocarbon may be directly sent to any other campbof the refinery system, e.g., a
fractionator, for further processing.

[0044] Methods for processing crude oil may further cosgioalescing filtered brine,
including any small droplets of filtered brine,tag discontinuous phase, entrained in the
filtered hydrocarbon, as the continuous phase galdth any dissolved asphaltenes, and then
separating the coalesced, filtered brine from ilteréd hydrocarbon. Coalescing the filtered
brine may include directing the filtered hydrocartand brine through one or more coalescer
element$6 within a coalescer assemldl, including aggregating small droplets of filtered
brine and producing larger droplets or massedtefdid brine. Separating the coalesced,
filtered brine filtered hydrocarbon may, for examphclude settling the denser coalesced
brine away from the less dense filtered hydrocaibansettling zoné7. Alternatively,

separating the brine from the hydrocarbon may c@egrassing one but not the other of the
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brine and hydrocarbon through a permeable separatemlium. Methods may further
comprise separately discharging the filtered hydroon and the filtered brine from the
coalescer assembdp, e.g., via the hydrocarbon outlet p68 and the brine outlet posd,
respectively, as previously described. Dischargimegfiltered hydrocarbon from the
coalescer assembBp may include returning some or all of the filtetgdirocarbon to the
desalterl1 or the mixerl3 or sending the filtered hydrocarbon to any otlmmponent of the
refinery system.

[0045] Another embodiment of a system for processing caild@ay comprise a
magnetic filter70, for example, as shown in Figute The remainder of the system may
include the previously described components of fe@u2 and/or3 operating as previously
described. The magnetic filter may serve to remmagnetic solids, e.g., magnetic particles,
and may be positioned at a variety of locationthesystem, including downstream of the
desalter, downstream of the separator, and/or dio@am of the mixer. In the illustrated
embodiment, the magnetic filtéd may be positioned upstream of the mik&to remove
magnetic solids from the emulsion entering the mi8sand inhibit fouling of mixed3.
Alternatively or additionally, a magnetic filter jnae located in the recirculation line of the
mixer or between the mixer and the dead-end fdssembly to remove magnetic solids from
the modified emulsion.

[0046] Any of a wide variety of magnetic filters may bem@oyed. Generally, the
magnetic filter70 may include a housingl having the shape, for example, of a tank, vessel,
or any other receptacle. The houstigmay include a fluid inlet poft2 and a fluid outlet

port 73 and may define a fluid flow path between the ialed outlet port32, 73. In the fluid
flow path within the housin@l, one or more magnetic elemeiitsmay be arranged to attract
and remove magnetic solids from the emulsion, thg.rag layer emulsion or the modified
emulsion, flowing along the fluid flow path in tn@gagnetic filter70. In the illustrated
embodiment, the fluid inlet po2 of the magnetic filterO may be fluidly coupled, directly
or indirectly via one or more other componentghwbrine/emulsion outlet pa28 of the
separatofi2, e.g., via a first portioB0A of the brine/emulsion feed line. The fluid outeirt
73 of the magnetic filte7O may be fluidly coupled, directly or indirectly, the brine/
emulsion inlet porR9 of the mixerl3, e.g., via a second porti@B of the brine/emulsion
feed line. The rag layer emulsion may thus bectigkthrough the magnetic filt@0 to
remove magnetic solids as the emulsion is pasdagebe the separatdf and the mixefl3.
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[0047] Methods for processing crude oil may further cosgragnetically removing
solids from the emulsion, e.g., either the ragidayaulsion or the modified emulsion.
Magnetically removing the solids may comprise diregthe emulsion through a magnetic
filter, including passing the emulsion past magnelements that attract and remove
magnetic solids from the emulsion. In the illusgchembodiment, directing the emulsion
through the magnetic filtef0 may include passing the rag layer emulsion froen th
brine/emulsion outlet po&8 of the separatdt2 into the fluid inlet por#2 of the magnetic
filter 70, along the magnetic elemem&where the magnetic solids are removed, and from
the fluid outlet por73 of the magnetic filtev0 to the brine/emulsion inlet pa2® on the
mixer 13. In other embodiments, directing the emulsiooudlgh the magnetic filter may
include passing the modified emulsion through ame#g filter located in the recirculation
line of the mixer or located between the mixer Hreldead-end filter assembly.

[0048] Other embodiments of the system may include otberponents, such as one or
more additional separators, located elsewheregisystem. For example, the mixer may
comprise a static inline mixer which may be dingctbupled to a separator for separating
additional brine and/or solids from the modifiedudsion before the modified emulsion is
fed to the dead-end filter assembly.

[0049] In still other embodiments, the rag layer emulsiway be stored, e.g., in tanks or
other receptacles. The one or more of the ad@itiopdrocarbon, demulsifier, reverse
demulsifier, coagulant, and flocculant may be adoetie rag layer emulsion either before or
after storage. For example, the rag layer emulsiayp be directed from the rag layer
emulsion outlet port of the desalter or the brineilsion outlet port of the separator to a
storage tank, where the rag layer emulsion maydredfor a period of time. From the
storage tank, the rag layer emulsion may latewipplged, directly or indirectly via other
components of the system, to the mixer. The rggrlamulsion may then be modified and
filtered as previously described.

[0050] The present invention thus encompasses innumesatidediments and is not
restricted to the particular embodiments that Haeen described, illustrated, and/or
suggested herein. Rather, the present inventmuadas all embodiments and modifications
that may fall within the scope of the claims.

[0051] The use of the terms “a” and “an” and “the” andl&sst one” and similar
referents in the context of describing the invem{iespecially in the context of the following

claims) are to be construed to cover both the samgund the plural, unless otherwise
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indicated herein or clearly contradicted by contekihte use of the term “at least one”
followed by a list of one or more items (for examplat least one of A and B”) is to be
construed to mean one item selected from the ligteas (A or B) or any combination of two
or more of the listed items (A and B), unless othgee indicated herein or clearly

contradicted by context. The terms “comprisindgyaving,” “including,” and “containing”

are to be construed as open-ended terms (i.e.,ingeancluding, but not limited to,”) unless
otherwise noted. Recitation of ranges of valuesiheare merely intended to serve as a
shorthand method of referring individually to eagparate value falling within the range,
unless otherwise indicated herein, and each sepaahie is incorporated into the
specification as if it were individually recitedrieen. All methods described herein can be
performed in any suitable order unless otherwidecated herein or otherwise clearly
contradicted by context. The use of any and ahgXes, or exemplary language (e.g., “such
as” and “e.g.”) provided herein, is intended metelypetter illuminate the invention and does
not pose a limitation on the scope of the inventiatess otherwise claimed. No language in
the specification should be construed as indicamgnon-claimed element as essential to

the practice of the invention.

[0052] Preferred embodiments of this invention are desdriterein, 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 sHigtisans to employ such variations as
appropriate, and the inventors intend for the itleento be practiced otherwise than as
specifically described herein. Accordingly, tmsention includes all modifications and
equivalents of the subject matter recited in tlaéncs 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 for processing crude oil comprising:

adding water to crude oil to produce hydrocarbah latme and a rag layer including
an emulsion comprising hydrocarbon and brine atidso

modifying the emulsion, including adding one or mof additional hydrocarbon, a
demulsifier, a reverse demulsifier, a coaguland, afiocculant to the emulsion; and

directing the modified emulsion through a dead-#tel assembly to remove solids.

2. The method of claim 1, further comprising sepagaa portion of the brine from the

emulsion before modifying the emulsion.

3. The method of claim 1, wherein adding wateh®drude oil includes passing crude
oil and water into a desalter, the method furtlmenrising recirculating filtrate from the

filter assembly to the desalter.

4. The method of claim 1, further comprising dinegffiltrate from the filter assembly
to a coalescer assembly and separately extradfiegeél hydrocarbon and brine from the

coalescer assembly.

5. The method of claim 4, when the filtrate inclsididtered hydrocarbon and brine, the
method further comprising separating a portiorheflirine from the filtered hydrocarbon and

directing the filtered hydrocarbon to the coalesssembly.

6. The method of claim 1 further comprising diregtthe emulsion or the modified
emulsion through a magnetic filter before directing modified emulsion through the filter

assembly.

7. A system for processing crude oil, the systempmasing:
a desalter including one or more inlets for intraidg crude oil and water into the
desalter, the desalter producing hydrocarbon aimé land a rag layer including an emulsion

comprising hydrocarbon and brine and solids, trsaltier further including a first outlet for
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discharging at least a portion of the hydrocarbah @ne or more additional outlets for
discharging brine and the emulsion;

a mixer coupled to the desalter to modify the emualsncluding adding one or more
of additional hydrocarbon, a demulsifier, a revetesmulsifier, a coagulant, and a flocculant
to the emulsion; and

a dead-end filter assembly coupled to the mixdiiter solids from the modified

emulsion.

8. The system of claim 7, further comprising a safm coupled to the desalter to
separate at least a portion of the brine from theh@grged emulsion, wherein the mixer is

coupled to the separator.

9. The system of claim 7, further comprising a esakr assembly coupled to the dead-
end filter assembly to separate filtrate from titerfassembly into filtered hydrocarbon and

brine.

10.  The system of claim 7 further comprising a nedigrfilter positioned upstream of the

dead-end filter assembly to remove magnetic solids.



