SEPARATING MIULTIPI COMPONENTS OF A STREAM CROSS REFERENCE TO R,ELATED
APPLICATIONS 5 This is application based on U.S. Patent Application No. 11/057,900, filed February
15, 2005, now U.S. Patent No. 7,351,320 entitled "Multiple Frequency Electrostatic Coalescence",
which was a continuation-in-part application based on U.S. Patent Application No. 10/214,295, now
U.S. Patent No. 6,860,979 entitled "Dual Frequency Electrostatic Coalescence ". 10(1) FIELD OF THE
INVENTION  Iduseuavension is in the field of electrostatic coalescengerafsasdinagaiscible component
of an emulsion, and is particularly related to coalescence of water droplets in an oil emulsion as is
commonly encountered in crude oil. 15STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVESEYRMENRG MULEFHdCOBVEFONENPBKeBHoRTRE AW related to any subsisting
federally sponsored research on development said this application is not referenced in any microfiche
appendix. 1 (2) DESCRIPTION OF RELATED ART  Since the dawn of the petroleum industry, a
continuous problem has been separation of oil and water. Nearly all crude oil produced in the world

arrives at the earth's surface SBETBHIBHALON O Or-aHd W AHEF T YRR crude oil, water may be a
rather minor &onTp6HePREBFHESAB SR ArgimHea e oS fildEertrat 1 séffHration of oil and water
is made more diffiuiiSwisen e BHsaoftnidels Matinin Brsisrenreteity aaelseir sWath droplets suspended
in an oil base. whhechasicoriephtanigimtiybwkichiiaterisisehatiatdd. i@t EHSIedw the use of gravity.
Most oil productign, miienaresingratddieiearttc.aurta Grrispassattdnmeiigh a separator -- that is, a
vessel in which the crude oil is introduced. The vessel establishes a relative quiescence zone which 10

allows the water to settle to the botto Il aisRiRthedRP in the same way that cream rises in
milk. Water is drawn from the botto :%é

) : \

oll from the top of the separator. With some crude oils,
gravitational separation works eficienthy Bﬁ% 'é\'/al d cecf%:]?ﬁ: & ol T‘ﬁg”f‘rﬁg%"’dﬁ?ﬁ@ﬁﬁﬁg apparent that if
water and oil are*hEghISFEITRIERED THRE? 18 re sy P5VRST HOEEs 18R BRI PE &4l or even
microscopic dropfetsegy suiesriorar sefsafation is effective. However, in many 15 applications, water is
so finely dispersed in an oil base that gravitational separation is not completely effective, in which

case, additiofzal treatment techeITESTENT RERARNING FIDEBSANERANSSHAIque for improving the
effectiveness of oil/water separation iggey ihenise pkepadeseennce. By various techniques, small water

droplets suspended inygl Gan.be-GRVSERMAGOMScandaal isylainiioasihey tnanm larger water
deposits. As water dr%ple&sige incre o5 20 the dynamicsof Wg%g@g@@ration improve -- that
0 More Fé‘%ﬂﬁ/ ?ali out of

is, large water droplets more of an emulsion compared to small water droplets. Treating
oil and water emulsions by coalescence is a technique that has long been employed in the petroleum
industry. A basic coalescence concept is to pass an emulsion through an established electric field.



A typical way of establishing an electric field is to position spaced apart electrodes, normally 25 metal
plates, within the interior of a vessel located so that at least a portion of the emulsion passes between
them as the emulsion moves through the vessel. Some vessels constructed to augment separation by
electrostatic coalescence have a single input and a single output so that no actual separation occurs
within the vessel. Such equipment for coalescing can be used in advance of another piece of
equipment whewginsgivakseparation of water and oil takes place. Foriratsmaegsdfsan electrostatic
coalescer in which no separation takes place can be used in advance of a hydrocyclone, sometimes
referred to as a vortex tube. The emulsion is treated by subjection to an electric field to augment the
size of water droplets prior to pass&yRrSFHEERUA S4B AT drocyclone so that the increased size
droplets are more efficiently separated hy cyclonic action. 2 The same piece of eguipment can be
used for passing an ésl’ﬁcﬁlg%dﬁvﬁg‘%ge ﬂ%f\’?]%é‘]énc Re Tield berors. %%%ﬁéa%%%%mé?ﬁmﬁgﬁn into a separation
vessel wherein EbastoN R ST Dy By BBTEVEFHHE ME%: FFEhtERtSE fbloyed equipment
for treating an epaukBERAfe] ax BREELTR SHRIETS S PETITRRS PR BT ABEAT PYRRSETHRFR a vessel in which
the vessel hds amegiislsidgifisiet campSegp frrtiigrrereiormioient (o) burtdt ard dffeWer heavier
component (watekjnGistiet indhis: walsicoatescenads anthdcipatatiomradedachielbatin the same vessel.

A typical system for cAgiaseingHaeaVieRaRItWIgH SlrRBPRAE IS0 aB Kmelser.isduistrated in U. S.
Patent No. 4,400,253 entitlag:.-Yallane. Goantalaysiomlonklgsiasiatic Qikdiealar) having issued on
August 23, 1983, I S ASAOSH ICnbREIeCHC, Lels sy K incteRagadhan dagreases periodicall
to augment coalescence. U'S ."Patent No. 4,417,971 enttgled: "Circuit for Maalntalnl,pg the Strength of an

Electrostatic Eieti et i e R MR e 5 Wahing Dhalectne SHrangt

aM T
%]ﬁwlssued on November

29, 1983 teache® By HehiyrERiamdAn g ton s eb it BehR EReCRTEI L Wi BH Fectifiers are
arranged to mairiaieratietiorreseprion wrke itrodtatc il efas il efldidohoe StHFHtH ST the liquid mixture
changes. 15Thezpresenittifiventioicibaa midititcavciadsybteim ibfdadrme migfdreeEeparation of
immiscible heavigkiaadelightareapanendssakiareimwsieiving citing:th8steps ofdatroducing the
emulsion intg a ysssebhaving aneleeliafeiddhereisitewhich shaemelsionds.sabjected while varying
the electric field gt abase-frequency.and madulating.the.figidlo.enbange coalescence. Modulation
may be in the form Ofo%'g“s%]g&“ %Lﬂ&{ﬂ%'%}ign“ J&%qﬁgg{%&%ggsg@k%%f%ﬁﬂﬁ&ﬁg wamplitude and

itiona [ [ h '
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frequency modulation: ackgroun alpformd%tl?n reIatl‘gcgi;[io gnﬁdg aration of heavier and
|

lighter componefits BIamsmuRI A S P HE B AT e o the folowin nited States patents: Patent

no. Inventor' coalesce - that is, to join together to form larger water deposits. As water droplet size mmoreases,

20  the dynamics of gravitational separation fmprove - that is, large water droplets more freely fall

out of an emulsion compared to small water droplets. Treating oil and water emulsions by
coalescence is a technique that has long been employed in the petroleum industry.

A basic coalescence concept is to pass an emulsion through an established electric field.

A typical way of establishing an ¢lectric field is to position spaced apart electrodes, normally

25  metal plates, within the mterior of 2 vessel located so that at least a portion of the emulsion passes

between them as the emnlsion moves fharough the vessel. Some vessels constructed to angment

separation by electrostatic coalescence have a single input and a single output so that no actual

separation oceurs within the vessel. Such equipment for coalescing can be used in advance of

another piece of equipment wherein actual separation of water and oil takes place. For instance,

30 an slectrostatic coalescer in which no separation takes place can be used in advance of a

hydrocyclone, sometimes referred to as a vortex tube. The enulsion is freefed by sabjection to an

electric field to augment the size of water droplets prior to passage of the emulsion into the

hydrocyclone so that the increased size droplets are more efficiently separated by cyclonic action.
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Title 1,1_16,299 La_ird et ql. Process of Treating Petroleum Emulsions 1,276,387 McKibben Method of
Sgparatlng As_souated Liquids 1,838,931 Fisher Apparatus For Connecting Commercial Frequency
Circuits Into High Frequency Circuits 2,120,932 Dillon High Frequency Induction Dehydrator 2,849,395

Wintermute Method and Apparatus for Electrical Separation of Emulsions 3,772,180 Prestridge
Electric Treater 3

WO 2009/114449 PCT/US2069/G36475

The same piece of equipment can be used for passing an emulsion through an electric field before

conveying the emulsion into a separtion vessel wherein separation takes place by gravity.

However, the most frequently employed equipment for treating an emulsion with an elecfric field

is to provide spaced apart plates within 2 vessel in which the vessel has an emulsion inlet, an

5  upper lighter component (oil) outlet and a lower heavier component {water) ocutlet. In this way,
coalescence and separation are achieved in the same vessel.

A typical system for coalescing heavier and lighter components of an emulsion is

illustrated in U. S. Patent No, 4,400,253 entitled: *“Voltage Control System for Electrostatic Ol

Treater”, having issued on August 23, 1983. In this disclosure, the electric field imtensity

10 increases then decreases periodically to augment coalescence. U.S. Patent No. 4,417,971 entitled:
“Cirouit for Maintaining the Strength of an Electrostatic Field Genperated in 2 Fluid Mixture of
Varying Dielectric Strength” issued on November 29, 1983 teaches a system of enbancing
coalescence using electric fields in which rectifiers are arranged to maintain the strength of an
electrostatic field as the dielectric strength of the liguid mixiure changes.

15 The present invention is a method and a system of augmenting the separation of
immiscible heavier and lighter components of an emulsion including the steps of introducing the
emulsion into a vessel having zn electric field therzin to which the emulsion is subjected while
varying the electric ficld at a base frequency and modulafing the field to enhance coalescence.
Modulation may be in the form of amplitude modulation, frequency modulation or combined

20  amplitude and frequency modulation:

Additional background information relating to the separation of heavier and lighter
cormponents of an emulsion can be obtained from the following United States patents:

Patent no.. I-m_r‘eﬁtor ' ‘ . - Tifle

1,116,299 . Laird et al. Process of Treaﬁng Petrolenm Emulsions

1,276,387 McKibben Method of Separating Associated Liquids

1,838,931 Fisher Apparatus For Connecting Commercial Frequency Cirouits
Into High Frequency Circuits

2,120,932 Dillon High Frequency Induction Dehydrator

2,849,395 Wintermute Method and Apparatus for Electrical Separation of
Emulsions

3,772,180 Prestridgs Electric Treater




Patent no. Inventor Title 3,839,176 McCoy et al. Method and Apparatus for Removing Contaminants
from Liquids 3,847,775 Prestridge Process for Electrical Coalescing of Water 4,126,537 Prestridge
Method and Apparatus for Separation of Fluids with an Electric Field 4,161,439 Warren at al.
Apparatus for application of Electrostatic Fields to Mixing and Separating Fluids 4,200,516 Pope
Electrostatic Coalescing System 4,204,934 Warren et al. Process for Application of Electrostatic Fields
to Mixing and Sgpasaiigdsluids PCT/US2009/036475

Patent no. Invemtor | 7 - Hde
3,839,176 MeCoy z;zt al, — Meﬂmd and Appamms for Zé!bmoving Contaminants from
Liquids
384777158 Prestridge Process for Electrical Coalescing of Watex
4,126,537 Prestridge Method and Apparatus for Separation of Fluids with an
Rlectrdc Field
4,161,439 Warren of al. Apparatus for application of Electrostatic Fislds to Mixing
and Separating Fluids
4,200,516 Pope Electrostatic Cozlescing System
4,204,934 Warren et al. Process for Application of Electrostatic Fields to Mixing and
Separating Fluids
4,224,124 Pope Electrostztic Coalescing System
4,283,290 Davies Purification Utilizing Liguid Membrane with Electrostatic
Coalescence
-4,290,882 Dempsey Electrostatic Separation of Impurities Phase from Liquid-
Liquid Extraction
4,308,127 Prestridge etal. | Separation of Emulsions with Electric Field
4,400,253 Prestridpe et al. Voltaée Control Syster: for Electzostatic (Of] Treater
4415426 Hsu et al, Tlectrodes for Electrical Coalesoense of Liquid Ereulsions
4,417,971 Ferrin et al. Circuit for Maintaiming the Strength of an Electrostatic Field
Generated in a Fiuid Mixtare of Varying Dielectric Strength
4,469,582 Sublette et al. Riecirically Enbanced Inciined Plaie Separator
4,479,164 Siegel Control for an Elecirostatic Treater
4,581,119 Rajani et al. Apparatus for Separating a Dispersed Liquid Phase froma
Continuous Liquid Phase by Electrostatic Cozlescence
4,581,120 Sublette Method and Apparatus for Separating Oilfield Emulsions
4,601,834 Bailes et gl Settling of Ligquid Dispersions
4,606,801 Prestridge etal. | Electrostatic Mixer/Separator




4,224,124 Pope Electrostatic Coalescing System 4,283,290 Davies Purification Utilizing Liquid
Membrane with Electrostatic Coalescence 4,290,882 Dempsey Electrostatic-Separation of Impurities
Phase from Liquid-Liquid Extraction 4,308,127 Prestidge at al. Separation of Emulsions with Electric
Field 4,400, 253 Prestridge et al. Voltage Control System for Electrostatic Oil Treater 4,415,426 Hsu
etal. Electrodes for Electrical Coalescense of Liquid Emulsions 4,417,971 Perrin at al. Circuit for

Maintaining thevdrangth®ef an Electrostatic Field Generated in a Fluigddhsiuseafs)/arying Dielectric
Strength 4,469,582

Patent no. Taventor e Title

4,702,815 Prestridge etal. | Distributed Charge Composition Electrodes and Desalting

System
4,747,921 Bailes ot al. Liquid-Liquid Contacting
4,767,515 Scott et al. Surface Area Generation and Droplet Size Control in Solvent

Extraction Systems Utilizing High Intensity Electric Fields

4,804,453 Subletfe et al. Resolution of Emulsions with Multiple Flectric Fields

5,147,045 Chi et al. Perticulate Separations by Electrostatic Coalescence

5,411,651 Vamaguchi et al. | Method for Electrostatic Liguid/Liguid Contractor

5,421,972 Hickey et al. Process and Apparatus for Removing Soluble Contaminants
from Hydrocarbon Streams

5,464,522 MacEdmondson | Electrostatic Oil Emulsion and Treating Method and
Apparatus

3,543,027 Yamaguchi etal. | Apparatus for Electrostatic Liquid/Liquid Contactor

5,565,078 Sams st al. Apparatus for Augmenting the Coalescence of Waterina
Water-Fn-Qil Bmulsion

5,575,896 Sams et al. Method and Apperatus for QilfWater Separation Using a
Dual Blectrode Centrifugal Coalescer

5,643,431 Sams et al. Method for Angmenting the Coalescence of Water In A
Water-In-Oil Emulsion

5,824,203 Remo Method and Means for Chenging Characteristics of
Substances

6,010,634 Samsetal. Systern and Method For Separating Mingled Heavier And

Lighter Components Of A Liquid Stream

6,113,765 Wagner et al. Methods for Brhanced Resolution of Hydrocarbon
Continuous Emulsions or Dispersions with Conductivity
Modifiers

GB Theomton et al. Licuid/Fluid Bxtraction Process
1,205,562




Sublette et al. Electrically Enhanced Inclined Plate Separator 4,479,164 Siegel Control for an
Electrostatic Treater 4,581,119 Rajani at al. Apparatus for Separating a Dispersed Liquid Phase from a
Continuous Liquid Phase by Electrostatic Coalescence 4,581,120 Sublette Method and Apparatus for
Separating Oilfield Emulsions 4,601,834 Ethics et al. Settling of Liquid Dispersions 4,606,801

Prestridge et al. Electrostatic Mixer/Separator 4 Patent no.
: BRIEF SUMMARY OF THE INVENTION

The invention herein provides a method and a system for augmenting the separation of an
emulsion - that is, the separation of immiscible heavier and lighter components of an emulsion.
The method includes the step of passing the emulsion into a treatment vessel. An electric field is

5 established within the vessel. The electric field is varied at a preselected base frequency FF;. The
intensity of the electric field is modulated. The method of modulation may be selected from: (a)
amplitude modulation; (b) frequency modulation; and (¢) combined amplitude and frequency
modulation. Thus the field is of multiple frequency and the method may be considered multiple
frequency electrostatic coalescence,

10 The basic system of this invention includes a vessel having an emulsion injet and at least
one fluid outlet, Electrodes established within the vessel provide a treatment area therebetween
through which at least some of the emulsion passes as it flows between the emulsion inlet and the
fluid 6ut§et. Circuifry connected to the electrodes provides at least one electric field within the
treatment area, the circuitry serving to vary the electric field at a base frequency F; that is

15 modulated in amplitude, in frequency or is modulated both in amplitude and frequency.

According to a first aspect of the invention, there is provided a method of separating
gaseous components, heavier liquid components and lighter liquid components of a stream,
comprising: conducting the stream between spaced apart electrodes in a treatment vessel; supplying
from a voltage source an AC voltage of at least one base frequency Fy to at least one of said

20 elecirodes to establish an electric field within said vessel through which the stream passes;
modutating the frequency F; of said AC voltage at a modulation freguency F, ; withdrawing
separated gaseous components from an upper portion of said vessel, heavier stream components
from a lower portion of said vessel, and lighter liquid components from an infermediate portion of
said vessel.

25 According fo a second aspect of the invention, there is provided a method of desalting 2
salty hydrocarbon stream having gaseous components, water components and oil components
comprising: flowing the salty hydrocarbon strearn into a separation vessel; providing a plurality of
substantially paralleled spaced apart electrodes within said vessel; providing an AC voltage source
of selectable frequency; in response to the characteristics of the stream employing from satd AC

30 voltage source an AC voltage of base frequency Fi; applying said AC voltage of frequency T to
said electrodes to thereby esiablish an electric field between adjacent electrodes; cyclically
modulating the frequency of F; at a modulation frequency Fu; conducting said salty hydrocarbon
stream between adjacent of said elecirodes; flowing fresh water info said vessel between adjacent
said electrodes counter current to the flow of said salty hydrocarbon stream; withdrawing separated

35 gaseous components from an upper portion of said vessel; withdrawing water components from a
tower portion of said vessel; and withdrawing reduced salty oil components from an intermediate
portion of said vessel.

Further objects and features of the present invention will be apparent to those skilled in
the art upon reference to the accompanying drawings and upon reading the following deseription of

40 the preferred embediments.



Inventor Title 4,702,815 Prestridge eta]. Distributed Charge Composition Electrodes and Desalting
System 4,747,921 Belles et al. Liquid-Liquid Contacting 4,767,515 Scott eta]. Surface Area Generation
and Droplet Size Control in Solvent Extraction Systems Utilizing High Intensity Electric Fields
4,80_4,453 Sublette etal. Resolution of Emulsions with Multiple Electric Fields 5,147,045 Chi eta].
Particulate Separations by Electrostatic Coalescence 5,411,651 Yamaguchi etal. Method for
Electrostatic LigugdidebasdehdContractor 5,421,972 Hickey etal. PCT/US2009/036475

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing a circuit for supplying electrical energy to speoed
apart ¢lectrodes positioned in a treatment vessel. As emulsion flows in the treatment vessel, at
feast a portion thereof passes within the electric field created between the electrodes. The vessel

5 includes a heavier component (watez) outlst that is positioned in a lower portion of the vessel and
a lighter component {oil) outlet positioned in an upper portion of the vessel. The circuitry of FIG.
1 varies the electric field established within the vessel between the electrodes at a base frequency
Fy that is modulated in multipic ways.

FIG. 2 is a representative wave form pattern of an electric potential applied to electrodes
10 in a trestment vessel as used for practicing a method of this invertion for awgmenting the
geparation of immiscible heavier and lighter components of an emulsion. The graph of FIG. 2
shows a pattern of voltage that can be applied to spaced slectrodes 1o create an electric field. The

voltage pastern has a base frequency Fy modulated in amplitede at & frequency Fa.

FIG. 2A shows the waveform of positive voltage provided at the secondary of a high

15  voltage transformer for use in practicing the invention.

YIG. 2B shows the waveform of negative voltage at the secondary of a high voltage
transformer as used in practicing the invention. FIGS. 2A and 2B illustrate waveform pattemns
that are obtained when a rectifier 1s used in series with each electrode.

FIG. 2C is similar to FIG. 2 except it shows a voltage pattern applied t0 2 transformer

20  primary when the modulation frequency Iz is & square wave.

FIG. 3 is an altered embodiment of the basic concept of the invention as shown in Figure
1. In this embodiment 2 diode is tu series with each electrode so that the voltage waveform, with
respect to ground, is & half wave cycle with one electrode having a positive half wave cycle and
the other electrode a negative half wave cycle. Purther, FIG. 3 shows the invention adaptable for

25  use for desalting an emulsion in which fresh water is injected juto the system for use in carrying
away excessive salt from the emulsion while 2t the same time the electrostatic coalescing feature
of the system reduces the amount of water contained in oil passing from the system.

FIG. 4 discloses the method of this imvention as applied particularly to & desalting
application as has been referenced with respect to RIG. 3 in which fresh water is used in a

30  coalescing enviromment to reduce the selt content of the oil cutlet. A phuralify of vertically-
positioned, spaced-apart plates provide areas in which electrostatic fields are created by fhe
application of voltage having a base wave form with 2 besic frequency of Fy is that is modulated

in & mannet to atgment coalescence of droplets of water contained in the emulsion.

7



Process and Apparatus for Removing Soluble Contaminants from Hydrocarbon Streams 5,464,522

“MacEdmondson Electrostatic Oil Emulsion and Treating Method and Apparatus 5,543,027 Yamaguchi
eta]. Apparatus for Electrostatic Liquid/Liquid Contactor 5,565,078 Sams etal. Apparatus for '
Augmenting the Coalescence ofain a Water-In-Oil Emulsion 5,575,896 Sams et al. Method and
Apparatus for Oil/Water Separation Using a Dual Electrode Centrifugal Coalescer 5,643,431 Sams
eta]. Method forwugmeniing the Coalescence of Water In A Water-In#fdnwdsiaind,824,203 Remo
Method and Means for Changing Characteristics of Substances 6,010,634 Sams et al.

FIG. 5 illustrates a waveform that includes a different type of modulation compared to the

waveform of Figure 2. In this waveform the amplitude stays essentially constant while the base
. frequency sequentially varies. Specifically, the wavs form varies from a frequency Fy fo a
frequency F; on a periodic that is, it is frequency modulator, This type of modulation is referred

5 toas frequency modulation as is commonly employed fn “FM™ radio transmission.

FIG. 6 is a different waveform which shows a base frequency Fy fhat is essentially
sinusoidat wherein the amphitude of the base frequency is modulated in 2 way to produce & “stair
step” pattemn. In Pigure 6, the intensity or the amplitede of the base frequency F, it periodically
rapidly increased and then slowly decreased. Genmerally speaking, when an emuision passes

10 through to an electric field of the type illustrated by Figure 6 the increasing amplitude portion of
the wave destabilizes water droplets while the decreasing amplitude portions of the voltage
waveform results in coalescence of the droplets.

FIG. 7 is an example of a waveform that is the obverse of Figure 6 wherein the amnplitude
of ¥, increases gradually and then more suddenly decreases. In this embodiment the water

15  droplets of the emulsion are more slowly destabilized and the coalescence takes place in a shorter
length of time. This type of wave form is successfully employed when treating low condustivity
crude, .

FIG. 8 is 2 waveform pattern like that of Figure 6 except the rising portion is much more
rapid compared to the declining portion.

20 FIG, 9 shows a modulation pattern of an eloctrical signal that can be applied to spaced
apart electrodes for coalescence of an emmlsion in which the imteusity of the base voltage F,
increases exponentially and Hkewise decreases exponentially.

In FIG, 9 the exponential rate of increase and decrease ars substantially the same.

FIG. 10 is comparable to Figure 9 in that it shows a base frequency ¥, applied to the

25  electrodes of am electrostatic coalescence system in which the intensity or amplitude of the
waveform increases at a rapid exponential rate and decreases at a slow exponential rate.

FIG. 11 shows the cbverse of Figure 10 in which the base voltage increases in intensity at
a slow exponential rate and decreases at a Tapid exponential rate. Typically the waveform of
Fignre 11 is used with a crude emulsion having high conductivity and the waveform of Figure 10

30 would be used when the crade is of low conductivity. The waveform of Figure § would typically
be used when the crude has moderate conductivity.

FIG. 12 shows a voltage waveform that can be applied to electrodes in an emulsion in
which the base waveform F, is sinusoidal and is frequency modulated that is varying from a



Systu and Method For Separating Mingled Heavier And Lighter Components Of A Liquid Stream
6,113,765 Wagner eta]. Methods for Enhanced Resolution of Hydrocarbon Continuous Emulsions or
Dispersions with Conductivity Modifiers GB 1,205,562 Thornton et al. Liquid/Fluid Extraction Process
5 BRIEF SUMMARY OF THE INVENTION The invention herein provides a method and a system
for augmenting the separation of an emulsion - that is, the separation of immiscible heavier and lighter
components of we emsulsian. The method includes the step of passingsteusmeisiensnto a treatment
vessel. An electric field is 5 established within the vessel. The electric field is varied at a preselected
base frequency FIl. The intensity of the electric field is modulated. The method of modulation may be
selected from: (adasively e drezmbtigtaiehivprireatents frcamedinsds 2T CoRTBITEY amplitude and
frequency modulatienrp¥ bfissattiedisdifsdotdfitisteyfrediatipcy and the method may be considered
multiple frequency eleutrostatiescoaichgence: ol abRsicaygicn ofdhisidivengeniincludes a vessel
having an emulsigndpieland atieaskanaduicauteidiackodasastablisheg-wiskiathe vessel provide

a treatment areg therehehveen.thouahwhichal 18astsame of Ihesmuisionpasaesas it flows
between the emulsjan inlet t"%rnd th%&'féﬁ%%getb %{CI{{{[@I’&%&I’& ected to.the electrodes provides at least

. g nlgion, these two cham Oltdge 15 the MINmEn vo!
one electric fle|dex\?VIt?1lﬁ e treatment are%{ tﬂré cu,cwtr(X ser_wtrﬂg éo var %L\e electric field at a base
ula

frequency F/ thalt IHFB RBHETRTE TR Aiiplitide ffredtieRcy of i modulated both in amplitude and
frequency.  ARESKHTER SRS bt e BntioHire iSBIHdBY EHEHEd of separating
gaseous compo Aemet & et iarlign iHie ompioreResarat Rtk i tier CBITE6 et & stream,
comprising: Eonelittitty tires strddisedattrebmsbpdrdeeapuitemttrbuiesin Herédifnantyvessel; supplying
from a voltage spiw 6R @A wigiagaebatingst angebastfoqlene)idititbtdeasitone of said 20
electrodes to estahligh amelgelisdiechnithin ity assahi hroaeh which, e stieagpasses; modulating

the frequency F1 of5aid A%V RItR0&AL anadilaiiondreaue ey Eamithdrawina.senarated gaseous

components from an upper portion of said vessel, heavier stream components from a lower portion of

said vessel, andcﬁtéuﬁ’{eet_r'liquid components from an intetr ed‘i%te é)‘g?r_p%nug; s%id est%el. 25According to
a second asPect of tHegvEHIBE PRSI R B STeEl A Methad Sfdegaling & salty hydrocarbon stream

having gaseous &eisisisnEdise Rereit sRFb aREErHPoil components comprising: flowing the salty
hydrocarbon stream ifimra Seperatiorfvenstup duldiferistriratiy b raemstfifayrBatalleled spaced
apart electrodespnithiipsaichsassaikqgpeayitingarbAGsviohdyedulmtasfddiastatEftefiuency; in
response to the ghasacteMstigsRE the siraairRiNatayiEe. fofSRIE, Abed a droplet’s natural
20 frequency F, the droplet is excessively elongated and shatters, that is, breaks into smaller droplets,
the opposite of desired coalescence. This chart shows the relationship between droplet elongation
in microns verses the ration of the modulation frequency to the droplet natural frequency, that is

®,/F,, when the interfacial tensfons is ten dynes per centimeter and the drop diameter “d” is 500

microns.
25 Figure 16 illustrates the concept that the base frequency can be varied simultaneously with

voltage amplitude. In this iltustration the voltage signal has & lower frequency with maximum
amplitude at a higher frequency with reduced amplitude.



30 voltage source an AC voltage of base frequency F1; applying said AC voltage of frequency F1 to
said electrodes to thereby establish an electric field between adjacent electrodes; tyclically modulating
the frequency of F1 at a modulation frequency F2; conducting said salty hydrocarbon stream between
adjacent of said electrodes; flowing fresh water into said vessel between adjacent said electrodes
counter current to the flow of said salty hydrocarbon stream; withdrawing separated 35 gaseous
components frowpaneyppes portion of said vessel; withdrawing water egmpaenigdeom a lower portion
of said vessel; and withdrawing reduced salty oil components from an intermediate portion of said
vessel. Further objects and features of the present invention will be apparent to those skilled in
the art upon reference tBEFIEER BFRFRTHNIYE TAHERERERRFSENBEIHYENE Tollowing description of
40the preferred embaodiments. WO 2009/114449PCT/US2009/036475 BRIEE DESCRIPTION OF
THE DRAWINGS  BieFe 89 E%"ﬁé’ﬁ%\ﬂi?ddfgm\%n‘ﬁagsﬁ’fﬁf?fff)‘?‘gﬂ?i’f)lﬁ?fn‘ﬁa@iectrical energy to
spaced apart eldétFodB&Ho STHdhBTE heanreRm srribess sy Rednitieith IIWE Rt freatment vessel, at
least a portion théreeing sesseipiptdls terifiefebitrietiietircreentetidhe apled HEveletertioies. The vessel 5
includes a heavied compafienbiviater) Tutlet thiatlisupositis e duprerlowdesportidm Gktine vessel and a
lighter componepédaibioutigi-pasitiarediban wppey ROLHIon dlthprasset vhe etrcuitry of FIG. 1 varies
the electric field gatablishedwibindbe.yessetheivgenthasiestiiodesiat a base frequency F1 that is
modulated in multiple,ways, G- 2 15 a4 GRISSERIANINE Wavelom.paltnvLeLamelestic potential
applied to electrodes ]ﬁOI Jn a,lge%}cr{lne%vessel_gs used for g@g{t}&r&g a {iga%h(s)q %faghlgs invention for
augmenting the ‘sme?f)ggra joh o |?nm|s(c’:| elsn_%1 vier and fighter com onents of an emulsion. The graph of
FIG. 2 show®a PEIREPBro St tHA P ERR R ETT 18 SRR ST SR FEIEE T TSR an electric field.
The voltage patt8pirtias: aprases fie st SReP P tath 488 afrrimip ity seeat srREhae F2. FIG. 2A
shows the waveftirief positivelsio|tayjes pigvided canthict sSeromebryebfd highizSrpdardge transformer for
use in practicingethectavention.  FIG. 28 shows the waveform of negative voltage at the secondary of
a high voltage transfogprgt.asusedin praclicipgde ivRtiam: iieSo2A anerBillusirate waveform
patterns that are;pbtained when 2 reglifighisaisaehiniseriaswith eAahdleflQde: neavy FIG. 2Cis

similar to FIG. 2 except it shaws a voltage pattern applied t9 a ransformer 2Q.primary when the
modulation freng?ﬁ:oyee EZE%%%SOq:ETgre Wavéﬁ)fg}E FIG. 3 ig fgﬁi%lteregs%gnsbgdisme% OTL me basic concept of

the invention as SFGWH I Bt Yifﬁaﬁ%%%tr%b’f(’) fRent a diode 15 In saries with each electrode so that
the voltage waverSrieatitPriespr et fy Gt i B HaiptBosey RIs i aI%ﬁ%"‘él%&f?oéoe having a positive
half wave cycle avaidosrerideefricedrradamairal Wit efce? Pt B %Bhows the
invention adzptabte-fon 25vese for desakirgen anmition dmipitiietPiiesh avhrerts Hj@eted into the
system for use iRueRsY il @ aNely exxcedsivepsdiliziniherefulsiohivinileatie Babirdtime the
electrostatic coalgseiag.{aatwe: itbe s eRLedEasHcAmAY R vaLETcontained in il passing
from the system ... ElG.4-Ainal0s8s heipeitabakibisdaveslion.pappplindpadtisdarly to a desalting
application as hao%tgr?%srxenf%‘?nceﬁb‘évéters‘c{ige%%?ﬁﬁst?uﬁlﬁ‘arﬁ Whieh, reshowaleh is sised in a 30

0

coalescing environment to redotfdg the salt content of the oi ogtletTﬁA crgluralityog&/gg]cally-positioned,
spaced-apaft platbd BrUEE At 5 ST WRTER BIectrostatic fields are created by the application of voltage
having a base wigTSPrA itk i v oh et ie ia e MEgtiarsEis A manner to augment
coalescence of digspsiehanfhodterocebramErisstn dermafedrad SSRRTTY F14248 B¢ PFUS2009/036475
FIG. 5 illustratessapivawefomaitivatiehod eSvatdiffierkntityget danotlutarlisiiesmparedo the waveform of
Figure 2. In this wisaxefenmuthenpmal udecisiayses Sentialyreanstaritwimtethebeme fiéquency
sequentially yarigsasResificaiy sthenvae fasmody arieadipam asfig quenayidhde a freguency F3 on a
periodic that is, ifjs frequency magdiator. This type of modulation is referred

10



5 to as frequency modulation as is commonly employed in "FM" radio transmission.  FIG. 6is a
different waveform which shows a base frequency F1 that is essentially sinusoidal wherein the
amplitude of the base frequency is modulated in a way to produce a "stair step” pattern. In Figure 6,
the intensity or the amplitude of the base frequency F1 is periodically rapidly increased and then slowly
decreased. Generally speaking, when an emulsion passes 10 through to an electric field of the type
illustrated by Figwren@/ihasancreasing amplitude portion of the wave desiafoiiisemswater droplets while
the decreasing amplitude portions of the voltage waveform results in coalescence of the droplets.

FIG. 7 is an example of a waveform that is the obverse of Figure 6 wherein the amplitude of F1
increases gradually a¥itfharsthdPeraigtl detippreisciienses Hef thglden Sy dimvéntivnengater 15 droplets of
the emulsion areilweire istoiarky 1de Stabiized aimdetinerboal@ seispdeatikdS | doesintdriskorter length of time.
This type of waueciakins suneesssf witidamplieyerwheanrttreating low conductivity crude.  FIG. Bis a

waveform pattern incesthatebiigure & axerpt theisingPartinhdsHhuoh vagkerapidicompared to the
declining porEiorhia%Qﬁ%ﬂ@&@ﬁ&%&@tﬁlﬂ%ﬁ%ﬁﬂ@é&e&fiﬁﬂ v%L@éi%.C%!i&iBB}@J jhagbean be applied to
spaced apart elegliodes, [ CoASRENGE. of a0, CAUSION MANICH RS IENSI piiie base volage FL
increases exponentia ané liIkewise decreases exponentially. In P10.9 the exponential rate of
increase and deBrese %%mglutbr%_’t‘ée?lﬁall the same. FIG. 10 is comparable to Figure 9 in that it shows a
base frequency F1 appieacto e Zﬁsﬁﬂg?s‘ﬁﬂgémc?feﬁf?‘{%l&%s?é‘f@ gﬁﬁlés"c?ﬁ%%fém in which the
intensity or ampHearéedfthe waveform increases at a rapid exponential rate and decreases at a slow
exponential ¥ate.  Eltolids Show 3othve retivers end kb fgeitiendwithiv ekl Hiedsbemnbitage increases in
intensity at a sloyexpereRtial ralemnettesreasgsoatasanid expanestiatisate; Typically the waveform
of Figure 11 is ugggliilBsa.arariesmusion havingihisRcanductivitsand thewavafarm of Figure 10 30

would be used when.the, crude isof 1aw eonduelivig.t RewavGiorm.ofFigHe Syquld typically be
used when the crude h mogerat con UCtiYIt . FIG. 12 show v&ltagﬂe avef(prm that can be
aﬁ?st ?2 exien sme?ﬁ% .CO ac)élsecon

8 congugior e 28 and 2 s8cond con uc%r

applied to electrBdes ifi an amuision in which ase wavetorm F1is sinu oggal %nd is frequency
modulated that iSRRI §HE FobemTagR et ff?i‘ré‘idﬁ@?gﬁ?é‘ﬂ”?% fefatively low to a

relatively high fréEateprte ke e da e th e e e PG = o P HiT example of combined
amplitude and frequeHesrimtiotiatio ppplied Pi@eaSirefedestonh i psemnte BrEthféshold voltage and
the critical voltageviag apvittwefaitiagss ssedaedieciiobiatit Soldesceneestmiadititne t6 variations in the
voltage wavefony Ranrilesn SRmligsta-establiiabopiecirosiatiadields iar augmentingithe coalescence of
water in an gj e%&lﬁ}%éﬁg%%ﬁ@ﬁ[@@@%@%&@@@r pReRaARE hedateshaldweliage is the minimum
voliage at which coalescence talkes place while he criical,valiaga 5 themdmumLyoltage that can be

employed without shattering the water drqplets in the e Isig)n. Typically for elecirastatic treatment of
an emulsion Witﬁrﬁcﬁdﬁe%"a%?ﬁeé’ (t:hﬁr%sﬁef”sﬁ%%lgl ,mt‘f{iﬁén%l?ésn.ai strer?sgstcﬁé{f%yexgs fo \?:ry 10 within the range

established by tHE- SRS & SIS SFTELFUSIREGE. FIG. 13 illustrates how the critical voltage
changes according toBskesplerdinaidrsionrnt & Tk Iiterarael terensiror theeriti&ig® This figure shows
emulsions with thmedieddifife reimeinté Hashanteiorsnacenat 19y Wedd tHE. it EFBERIP 8NS8N is 10 dynes per
centimeter, 20 dyaesfes eBiskivieieiaiho-80ich/meé snpds be ptlimeter that is, indicating how the
amplitude or intensity of a base frequency varies with time. The voltage waveform consists of a
base frequency indicated by waveform 42 (the frequency of wave form 42 will be reforred to
hereafter as Fy) and in which the intensity or amplitude of the base frequency is modulated at a
30  frequenty Fa. The amplitude of modulation if Fy is the wave form 44 — that is, the Fequency of
waveform 44 is Fa.
FIG. 2 shows the base signal 42 (Fy) that is applied to the primary of transformer 36 of the
system of FIG. 1 when the amplitude of modulation 44 (Fy} is in the form of a sine wave. The
frequency of F, is substantially greater than the frequency of Fa. ¥, may be in the form of a sine
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15Figure 14 shows the relationship between a water droplet's natural frequency based on the droplet
size and the interfacial tensiort of the emulsion. Figure 15 shows that for maximum droplet
coalescence and in agreement with applied physics, the modulation frequency "F." must be less thsri
the calculated natural frequency "F," of the largest water droplet. Should the applied modulation
frequency F. exceed a droplet's natural 20 frequency F. the droplet is excessively elongated and
shatters, that is vaseaksiio smaller droplets, the opposite of desired coatespemaes7 his chart shows
the relationship between droplet elongation in microns verses the ration of the modulation frequency to
the droplet natural frequency, that is F./F," when the interfacial tensions is ten dynes per centimeter
and the drop diafftewet g 1EEd hercrehs oSy b remrarate ot ESheptiititle base frequency
can be varied sinisiaidbLshy iwidditolthyge apeiid develn tinrzilustentibratey oiearseligignal has a lower
frequency with maxdmuig:aaplitusie, ot echighakiresuencywith rediudedamphktudetd WO
2009/114449P C {420 Q04030 Anhoultr shipta BbardD Fase Guby 12 1 Mo fl HarP RiEdn RRED
EMBODIMENTS e %ﬁ%sﬁ! elds:have Rertused fak augmentinghe £eRlgscrRge»T emulsions for

many years. Elecifc fields é}(ﬁh%?feeg o5 Suablished bY Sisrel.Siaie G valiage potenial

alternating current potentials, recti alternaté%q_ urrengfﬁgtentl%s, éJL§ed DC v%ltqge potentials 5

. . k H .
and combination&8f RS AR EER0Y SleHC TleldS T8 atgment coalascence has been particularly

employed in the Wf%ﬁﬁﬁﬁﬁ‘ﬁ%‘wdﬁ“&’r@“‘in the separation of water and oil. Coalescence means the
joining of small dropletsaeerethEF ids Rbpr B RIS drobidtsed 2011 Rechie gEuFee IRSrovEd coalescence
results have ibeei wistaiple chlyy Iuswy priised DT vt Rals-technology is significant in high
water content applicatiease-sdtaartds, 1@ typical yiwhel ety watinlis evarothily peéideht (30%) of the
emulsion and whggg; tiagditing ot slestiasisiicpracessensls roidnation-cansistanty and effectively. In
order to estab'iS@n@g@%ﬂa%%Iéngainﬁ@ Smuisignhayinghigh waler camieptitisagsmally helpful to
utilize insulated electrodes. eferr‘iﬂﬂ B! FIan. 1:1!: &gy(ggi%gl %%Lcce}.gﬁgs@eggetm  Rresent invention is
diagrammatically’ |ﬁ’lﬂ°§ﬁ(_gfg ,S'ﬂgvesse_ w‘?éllcat,e b gltlhe n mera%flo h ving. n emulsion inlet 12, a
heavy compéhent (wﬁ@ﬁ“%’l‘?ﬁ“i‘i’é?’?d‘%"‘ﬂ@ﬁ%@?ﬁgﬁﬁﬁ%}ﬁ% 6ih) Bu e‘fr%% obalestence can be
employed to separsERSHET B JriEe oo 8 Aot S0 BHUTEIBIRE Biwévar, the most
widespread appliesitierr 57 et il ooipds e trrdubifimeenst? fnerecenaBScéAedsi&tsed to augment
the separation ofwikainebowater 4rcmprprudsudikiMios cemide Git folrers veresTibte fhaiebm

frequency base voltage signel Fy as seen in FIG. 2. The base voltage signal F) modulated in

20  intensity by the signal F, appears on conductors 58 that feed the primary 38 of transformer 36.
The dual frequency waveform appearing at the secondary winding 40 of high voltage
transformer 36 can be created in a number of ways. The circuit portion of FIG. 1 as above
desoribed, is a system in which a modulation wave form F; is first created and then chopped o
produce the higher frequency base wave form Fp. Alternatively, & circuit system similar to an
25  AM radio transmitter can be employed in which the base frequency Fy is oreated that is then
modulated in intensity by a signal F,, The particular electrical circuit system utilized to provide &
high voltage dual frequency signal, exerplified by Figures. 2, 2A, 2B and 2C, is not the subject
of this disclosurs. Instead, this disclosure is concerned with the concept of applying a dual
frequency electrostatic voltage charge to an emulsion to augment coalescence and the particular
30 cheuitry by which such dual frequency voltage signal is obtained is not the essence of the
invention since circuits to accomplish a dual frequenoy wave form are well within the skill of the
electrical engineering profession,
Circuit components 48, 52 and 56 are by way of illustration only and rudimentarily
indicate by way of example, a circuit that can be used to provide a signal represented in FIG, Z.
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20 formation arrives at the earth's surface as an emulsion containing both oil and water. At the surface
and in various stages of transporting and refining of crude oil it is important to be able to separate out
the water content Thus the heavy component outlet 14 can -typically be considered a water
component outlet while the lighter component outlet 16 can typically be considered an oil outlet This
invention will be described as it is particularly applicable to emulsions, such as crude 25 oil, wherein
water is the heaviewestgenent, as is the usual situation. There are areagsdothesegsth that produce
heavy oil, that is a crude oil emulsion in which the emulsified water component is lighter than the
hydrocarbon component The methods and systems herein described can be applied to promote
coalescence of water BF55HERE S TR 18 BIFEMBH R R Sy s feg< that separated
water is withdraWreFehTeEr i reipBriamnes R lredaestirine ok davydieadersiamees diftisa lower portion but
the methods of dreatirigremd brsimgretet trolstetics fé [t yater-Broihrotdsico deseant & tenitesn The same. 10
WO 2009/1144484enty B S2000/03647 e clediithiandessiel dGhwatesrnsmaepal ateedrfigrm, the inlet emulsion
by gravity fingingamaifiwaier darerace shits Separatedinihabovasniarace d8.baingdg a level 20, above
which gas accurgaiatasdhe.eas keing.withar awn throueb.aas,auilet 22 Jdihe.amulsion inlet 12 is
conniected fo one or meredstib gL e Rt AIALD VG A3l nARGkSE suliekppenings 20 through
which emulsion enters into vess%ﬁ 10. Distribut rgi e24is represe tatiﬁed?f Y%rio S fluid inlet systems
designed to adm B GRBH TS VESER M BRI Droducing minimal turbulehce, fn%ositioned within
vessel 108 a fir@f“@ﬂ@f:ﬁ’@ﬁf&%“ﬁr?aas'ﬁ%éﬂ%m?ﬁl‘?&%%?ﬁ‘b%ﬁﬁa BREHHIE 3™ 0Electrodes 28
and 30 are pérforatsiarardzgre Bo shiGHatieH iR Pvesell dasern &t Bhiurion ParEestherethrough and
therebetween astkypng gresses frorfinieti] Qoo telsttargs: Eddtodbs28and-30 form an electric
field that is above siiveates. interface 18. To augment the formation of water droplets, electric energy is
applied between eleciQgles, 43R Aumihioh PistRISHRHDO BLorddiEalGORERIEIAN Bek erdands to electrode 28
and a second copductor 34 .F0NNSRISRRLANY dfuslactindeaR o ginund, Viasselalys at ground
potential and.fhefetore second sleatiods. 29 canke duscl can ffg%g%wmm&of the vessel,
eliminating the neeaﬁﬁr)r second conductor 34. cErtgctrl((:’nﬁ)lotent| IS apsgh%i betvxéeen electrodes 28
and 30 by mean&BFE FarBrRer S A Y B AR WIRaING S8 2nd & Secondary winding 40.
Voltage across sesemersfyormiath §uuie fecrefukiedryron s poterrddd @onductor 32. If a steady
state AC voltage is appliesntot 5@!pramvary At fgBeusrearaiemrihetas,; theisyStBIPBr augmenting the
separation of heawige andidighiel-germ oontd bianteruisibrdill Frvgeehreioethicdierd described to this
point is stanggrdypige Geiikan Kammerereth & sisie m:atdhis indertionvs:differentessentially in the way in
which electrical gResgy.is.2RRUSHe: aRsiostpiicaRWiading 8% Betena easeribing the elements of

FIG. 1 that control the. wavefari ol eleciiical £asigy amanRligthiadbeprimancaf tiansformer 36
reference will now be.had to.FIG, 2. This fi%gr esﬂ}(t%%\évgl eé\%’:‘i@é’%@@@@ii&o‘%m?h voltage is the abscissa
k : .

. . Q rimentally due to.3ts dopen .
and time is the 0‘}%}?{%{% “hat'rs |H§ﬁ:a{?|n ow the amplit or ntensity of a base frequency varies
with time. The voltageCWéWEFo"ﬁﬁ o et o‘??ﬁed%gmffg‘% ﬁ*‘é}]ﬁ’c‘%ﬁ;‘}aﬁ%=é%§t§*a&)é’% 5&%%3%?%% 4q2 (they
frequency ofivaveirs e WAFES Fefer fErits Reremtei BeeiedrriitineRahE itdhéity or amplitude of
the base frequernespitionin dhl riesd e SUFfreeTel BN CYOTE 2PFRECR M PTREHECBE PhodinafBHif FI is the wave
form 44 - that is, iheséregue reyrati\eve forSoddsisifRier of EGrsironiss thnd Badacghyiabl 42 (F1) that is
applied to the prigasy, of transfommt 36 of the system of FIG. | when the amplitude of modulation 44
(E2) is in the form of aging.WaMB . he-ieauency-Qids igwsybsiantiabygraatgt dhapidae frequency of F2.
F2 may be i@othetJ %@n&s%o@esc‘ L@%:]r;odu]aﬁon frequency, Fa. In practice when the minimum voltage is at or

near the threshold voltage maximum droplet diameters can be achieved resulting in maximum

separation rates and lowest residual water content in the effluent. “Maximum voltage™ ig related

to the critical voltage and is the highest voltage 62 applied to the electrodes at the modulation

frequency, F. In practice, the maximum voltage can exceed the critical volage but only for a

13



WO 2009/114449PCIYUS2009/036475 wave, as shown in FIG. 2 or can be in the form of a square
wave as seen in FIG. 2C. Modulating signal 44(F2) can, in addition, be a trapezoidal wave, a
triangular-shaped wave, an exponential wave, a logarithmic wave, a semi-circular wave, an inverse
semi-circular wave or other symmetrical or non-syrcunetrical shaped wave. Not only can the shape of
F2 vary but also, as to 5 some signal shapes, the tilt of the wave may vary. As an example, a
triangular shapewovaefoms may be symmetrical, that is rise and fall artha;samessate, or it could be
asymmetrical, such as rising rapidly and falling slowly, or vice versa. In some applications the use of
an asymmetrical waveform F2 has a distinct advantage. Base signal 42(F1) is shown in FIGS. 2,
2A, 2B and 2C ifiReterispeisrsfamibewEe e TomeBibeseamip kesrRf-Timar] &pflications, F is
essentially a squéipeleenke enersitedad dwraidenpietrinafan hetbratetbrace o frkstomerrgspssupplied to
electrodes 28 and 30 bfrressel fideotisidtie=of trndlzctncofiaid Mahetl &t @ dredgieneyei1 and
simultaneously nedkisiad Wi ensity abadiieguepey:Riuling stuctigrayahkhliGnd aparates as a dual
frequency electrqgtgfic coalescence system using a dual frequency method to augment the

coalescence of an enmgg ]uged@grg ' QJS ey a.qug& 'WQ&WQ&M%@& Q, FIG. 2 can be

created by UUHZIE%n %]hree eﬁl\ﬁot %t 46 fee wgern a rectifier 4 48 tr? rod DC voltage on

voltage bus 50 conve TS tage to a mo ﬁatlgm ns 3’(—;‘ % ? t) as seen in FIG.
Ha

2 that is fed to cd (S’Vstb%&mﬂ’%bﬁékfe@ﬁtaﬂeg%ﬂiﬁé%“fﬁﬁﬁﬁBafﬁge%eltf %2 to the higher
frequency base VEHERERS B R IUR2E SaBiseRerresesD bR aPiaRe (|t er samiaf FRtnstulated in 20
intensity by tHe sifoéddEd fppeaarsioi tondeetfrsi58ytbithd Gardstvatprirmiri88vaH fransformer 36. The
dual frequency weayelsitimmappearimghit this sepenganyy\sindiag:40 of highawpltage:-teansformer 36 can
be created in a nuExRe @i )ss TREEIHGH! RQTHAR.Gf flfes basabaveasernednisia system in which
a modulation Wavgy{@ dg&gﬁgﬁgg;&ggmggg@gg;@@ped to produce the higher frequency base
wave form F2. Alterna}nlve Yo ﬁ‘g%%é'&?&’%t%@m%lu gjrptom g?@&@eﬁ%"ﬁé% g&gﬁg%ﬁ be employed in

which the base freque reate aI| then mo, t aS| a F2. The
particular electrlcg'ﬁlcwéadgl sy]bllerﬁ il mc% %i erg} %v% é%‘g equency5|gnal exemplified

by Figures. 2, 2AYS8 i Stenion ot theainet %b@ﬁ?éﬂmfﬁs%%mﬁ‘f@%&?ésure is concerned
with the conceptmﬁmmml@&m%tlc voltage charge to an emulsion to augment
coalescence and the pestieulai B8 betrcisitnyibsd Wkt 6 stivh duddifrad werrcypd/ gltalfec signal is obtained is
not the essence afithounrentignsineetirelsitd, haasoimphsty B duakiretiyeneyneavedorm are well
within the ski of fhe.eigclieal.eRaiReting:RroiRlsiss: frequ@i&w;masa@maeﬁeﬂu%,tmand 56 are by
way of "'ustfati%&@'&%&W&%@&Mﬂ%@ﬁ%@é Mm)el SXARRIE, Fokitelst thatsan be used to
e 0 SRS Do LGS G LB s, Pt

invention, the electrica ener tro Wlt Ina treatméent \ﬁessel is selected in
response to the 4 %fg'f%ﬁr@fl fhca eFr%u §|%rt1 eef?ﬁl gy ]Fea e ugfsvf)eéen de?érmlﬁmﬁ that improved
coalescence of aWaTEH ?ﬁ°?§?’l"€|’ﬁﬂ1§‘(8ﬁe}§"8ﬂ?5¥ned |f the base frequ uency F1 is proportional to the
electrical coR@luctivity B tiscsieias sbirt Sramior v dciewbeheeivmye s Aty Skpressed as pS/m.
As an example, iWiaarcepf tisiornwieirsi fetwee copaidetivity ofitseibitepnifirm 18178 000 pS/m, the
preferred base fraeg aoyisoappeodhatehmi 450:Haluge. It has further been determined that
coalescence is improvegi.the magulaiion-feaueneyF2 Rerease sraswgeldiaplatsysize in the
emulsion decreageg.,that ﬁa%maauewmmpkﬁﬁms@wuf%%@gw&w afa higher

modulation fipaughey. AR sihe.case.l hedl RISt INARe AQ GIUINANAIE IaiHEs S an example, if
the Waterdropletg(flameter In the emulsion averat%ms 00 mlcronfs (E[aég 0Eﬁmm re gffectlvely
i

augments coalesBERREWRER thE M St St iBAEqUECy OF oIS a o8 ?&ssumlng that the
emulsion passin§iftG et 158 he ¥EHde ARG G B T B RIE T R AE T ¥R 5 e Atic wherein the
conductivity of tHEeGHghpitfsereRITTrS BHEhSHHRa Rt Ieradst 1% MrsfeterartiE water droplet is
about 500 micromiithienttéabigreitizappeé dkngaairtye whissiénfnios Prifvary 88 nesr; edrsSpondingly at the
output of the transformer secondary 40, should hgye a base frequency of about 1450 Hz while the
modulation frequency F2 should be about 6.4 Hz. To augment coalescence an electric field
requires a threshold voltage, this is, a minimum voltage to initiate coalescence. As used herein the
term "threshold voltage" means the lowest



20 voltage level with sufficient energy to initiate coalescence of dispersed water from an emulsion of
oil and water. This voltage depends on several oil properties including interfacial tension"and
conductivity. The theoretical threshold voltage cannot be calculated and is generally best determined
experimentally due to its dependence on electrode and vessel geometry. Contrasted with the threshold
voltage is the "critical voltage,” that is, the highest voltage 25 which permits coalesced water droplets
to separate. Exgeesltogithe critical voltage results in a reduction in thergaatszooroglet diameters and
stops separation of water from oil. The critical voltage can be estimated from the Stolce's diameter of
the water droplets and the interfacial tension. "Minimum voltage" is related to the threshold voltage and
is the lowest voluseresaily apisidser SBhtdtpie]cretinge eShatordsto dul BrvRe guiehéysome. In practice when
the minimum vokedjetienathe mivdaumt veittbr esh edtkutadtagly baakahivivldvopidireiai eties: can be achieved
resulting in maxigmima sepaiatina:taigSanghin \west: maidy attvatetsgantent in the effluent "Maximum
voltage" is related to g, gkiticakyeiags.andnistheighnst vallage fanpuedsteihe.electrodes at the

modulation frequencys Fe, R Pactics: e masimum~aliadecanexapedecrticalyoltage but only for
al3 WO 2009/%%&%4859 /U§20§;949396'4e75 short duration EX%%%%L”Q the critica] yoltage

. 2. OIm bl [ CIeT TE g, 1t oIs N
momentarily permits the smalfest| ISpersed water dro fets tgag energized and. coaxed into

participating in e EBETRE IR B RTS8 DOty = RSPt e hventidn herein the
minimum voltag@ 6o SHB I B AbTGPANeRtR B PR redH o AHEEe St e thgkimum voltage 62
should be at or stigriealsotre anbiceitie stTiesaee o b s aEF B ddimeratl: Be¥8rm 'base
frequency" Bt megnsutheilniihisnwireguehest dguitedrospmeiont the falitdisehargéedf dispersed water
droplets. This fregueaaysis: inBuanarsh pasnahsyathergo piib etiviiysaiithepeilo Hiteddlodity to increase the
base frequency L (ahnyei60, 7 Bermiisdhe.aleriostalicaealascancs piaaessdahe optimized for a

wide range of cryde glls 10 ;Modulalion HEGUANGY. G4 ieha Rateal feauenmohihe largest water
droplet that will form at the ml%‘ldr%J SmvoI gg&s\éggﬁeﬂsge( ue&cyv%g%pe calculated for any droplet
r

diameter, interfaBar AR & (g) et mass, In factice It |%nb,eest etermined experimentally due to
: ;

varying hydriulic efficERE &S o QitersmtchEeae R B BIE P PEeiEig THE T R8T Bt this invention, FI
may be a frequeieyrirsitih ereiprreaiwe BOTFE3 ABINLE 60 T EmiTEers Eepfetitabty in the range of
about 0.1 to abouilt/#00 ikizfaba Ge it istdhdystchrreh this ity SR leriatafieiitseretfier Bhse frequency F1
that is generally highesdaan:aliemnday e dul entfigids fusctkin veledtiostdiiieoalaledrs of the past.  In
general, it has begrifgtessinadithabiorangtveiemifsionatwalesang-othotdnalype that occurs in the
production ofcruge oil, the base frequency F1 is selected by reference to the 20 conductivity of the oil
in the emulsion; the modulation frequgney FeisceBaed Ruteltrencedo,ihe.vatgimsdroplet mass andfor

interfacial tension of the emulsion; the minimum vol e 8Q Is selected to be near or only slightly below
the threshold volfgétré}s\?v e e ety e%&g}ﬁ%ae@]ﬁer gég?téln%%qﬁ ar% co Jctivi%cg;; Jt)g oil component of

the emulsion. The mifffitATISTEGS T cAr SEBTAK LreWhat Accore 5 t6 the Vessel geometry.
25The critical volmagose wisien sepakitivih srapshedetsh ety igteraniie 8 fe sthke's

25  migrates from a lower portion of the vessel interior towards upper oil outlet 16, A dual frequency
electrostatic field is formed between elecirodes 76 and 78. The actual physical construction of
electrodes 76 and 78 can be such that substantially all of the emulsion passes therebetween or is at
ieast subjected to the electrostatic field created by electrical signals applied to the electrodes. The
elestrodes in FIG. 3 are illustrated diagrammatically.

30 The output of transformer secondary 40 is fed by a condnctor 80 to a first rectifier §2 and,
in parallel therewith, a sccond rectifier 84. Conductor 86 connects rectifier 82 in serjes with
electrode 78 and conductor 88 commects rectifier 84 to electrode 76. The voltage signal applied to
each of electrodes 76 and 78 is therefore a half wave rectified signal. FIG. 24 illustrates the
waveform of voltage appearing on electrode 76 and FIG. 2B illugtrates the waveform of voltage
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diameter of the water droplets that are suspended in the rising oil steam. Maximum voltage 62 should,
as previously stated, be near the critical voltage. 'Threshold voltage" and the "critical voltage" as used
herein are voltages determined by physical laws and that are controlled by the characteristics of the
emulsion being treated, the 30 geometry of the treatment vessel and the flow rates of the emulsion.
"Minimum-voltage" and "maximum voltages" mean those voltages defining the amplitude of F2 and are
voltages selected byanengineer designing a system to practice the aaifsmousncy process disclosed
herein. As previously stated, the minimum voltage defining F2 should be near, but not necessarily
coincident with the threshold voltage and the maximum voltage defining F2 should be near, but not 14
necessarily coirfebdwing ovitfeeheicTiidarbe! g LofiimeEmal STorrday PriaWorsRF seEd in some
applications thezminisaumisunliaiesraayndebatiiag adcesty, abstigintictrtonitéetabésbld voltage and the
maximum voltagaum aysste shghthsgreatanihar: thecer ttakaeitaged P3G s avaltgmate embodiment
of the method angdwsysisuehitisshveniion. Sometimes 5 crude oil brought to the earth's surface from

a subterranean formagfgn gacdes.with.-exaessive sailin:she.tonm, of eakiainedating. For efficiency of
ransportation agdellging. = valioaeaus, e Das.ie £lkeoRiRNh GHNSadkalip flow arangement
, icular IC '

of the system of Is_particularly applicable for cpalescence an ration of a water-in-oil
emulsion, such %8 R 51V BREFIRR tr,ﬂjlgsmlél 5 &5 |%%a?bfémte§ egéa% i?f eg%%%é%?%n&%he system of FIG.

3, fresh water isiféeaItPRATERRIESH e raskiw e Lot i fem s Ehtlision (crude oil).
Fresh water is degbfproitiaeraseiu siohettorestighths frasion hrering B¢ 68MFich TR AFESYATh emulsion inlet
pipe 70 to feed intastheassebesmudsiariintesd 2. Ahareftey, vaniTorivelyiodncéreSh Water inlet 68 is
used to control the-smeur,pe fask wateraddes to the emulsion passing through inlet 70. The total
volume flow into vessgkLAdhsangh emuisiominiek 32 iseont olladhy.emiulsieadaletyvalve 74. 15Within
vessel 10 coalegeence is aLgienied Ry aRsleqtaNRlicle dowhichdbs.aulision,is subject to
causing water drBps (0 enlafge,and fall ol of he Sy sian o 1pe,AISA ialng 4 oilwater imerface
r o] |

18. Water is witfiarawn through pipe |08nt£0rtlon of the er&}ralned water,
S {here i)

C ) aving a sign T
including th&fre&fvatePHiotis FIFEr f?eaélﬁwv\)’ﬁ‘f‘é"raiiﬁfésta%%ﬂaV|n_ A HiSsoie therain is thereby taken
out before the oletsHEEMEPTECSHINR i AT itke FHNPETS HBHGU I ESFTE™ "®4hus the
arrangement of fh@ng fiscrotierbabithed Benacséytrabedniterided by st feetiferrytlectrostatic
coalescence angias 266 esalfsrahaaget-idy d-fleqguenty coddestenieerrsedrdietarrangement of
FIG. 3 as compasgd 10:ktGe Ieififstandisacens: elettrademii6randy Bare shiown griented vertically with
space thempetween thraueh whigh eouisiandlows asdi2i.migrtesdemaglanempartion of the vessel
interior towards ypper oil outlet 16. A dual fequency Gl agiaticdield. is formed between electrodes

76 and 78. The actual sicgl cQnsfruction of, ectroge§o76 and.78 can be sueh fhat substantially all
of the emulsion passeEs ‘f#@’?e ee“te\llpé'elr% %or??gcqas\tvfegagf%m gé‘céesa {0 the elect?os%tzéllticﬁ:sf' Id created by
a

- e &agranomatkally.

electrical signal€QpTet G R o e b o S FR R B R T IC  S Sre lustrated
30The output ofaTSfoFrE Paads s Brredutisg X4 ApERR S8 16 LT BRMET 82 and, in parallel
therewith, a2Secotickné6tHicF-8 ot 616 BB EoFree! ErH PBRME SeHestffBRctrode 78 and
condwAth. 88 canngetssxeciifierdbdbisteqtktd 2Z6nd 8. VBitdge: sigratiapptidaraeetich of electrodes 76
and 78 is therefesgugn haltwawg seatified:signalsfil Gighsitipetmies theawaneidrmandfivoltage appearing
on electrode 76 A FIG, 2B.dusimieshemamelopmaof voltage
The circuitry of the invention herein as exemplified by a rectifier 48, a modulator 52, a
30  chopper 56 and high voltage transformer 36 provides z base signal frequency Fy that is controlled
in amplitude by modulator 52 so that the voltage between pairs of plates 70A. and 768 varies ata
modulation frequency ¥y to increase the voltage at a predetermined rate that results in shearing the
water droplets in the emulsion to cause the fresh water and sheared water droplets to indtially mix
whereby excess salt in fhe emulsion is absorbed by the fresh water. The intensity sequentially
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15 WO 2009/114449PCT/US2009/036475 appearing on electrode 78. Further, one leg of transformer
secondary 40 is at ground potential and vessel 10 is typically at ground potential as indicated, so that
the electrostatic field established within vessel 10 exists not only between the opposed electrodes 76
and 78 but also between the electrodes and the wall of vessel 10. 5When the separator system of FIG.
3 is utilized for desalting, in which fresh water is introduced as has been previously discussed, it is
important that tike espulcian (more specifically the crude oil having exeesarsaviherain) be thoroughly
mixed with the fresh water before the diluted emulsion enters into vessel 10. The emulsion inlet valve
74 is used to regulate the rate of input flow into vessel 10 and also serves the function of mixing the
emulsion with frelshesyatersOb sfsrctre e rraiers 418 Yeeseli o= rhEfefore, valve 74
preferably produessia md brqisitirabsiorardrgiptofdehiesd kgomikingUerietigeizee IR &ferring to FIG. 4,
an embodiment ©ftheayinyantien i ustrededtiagh svaarictdarly eigplitabiecfors of ude oil desalting
application combined-With sRalesesnse.fntisapamtisndadheembodimepaifso# a plurality of pairs
of electrode plalgg, (b AMLA ALglkRAIEH el RIS piseica o riaaies (o allow vertica

passageways therebefween in which emulsion.passing therethrouahis,subiect i etectrostatic fields.
The plates identificd B{}Qﬁg ﬁlffrlﬁjénrlg éﬁqg(?ﬁmsﬂituue e gﬁtrodeggtgh%gétrrgbfed frgg;ct%og,ductor 88 having

rectifier 84 in sePRISABHSR IS TR P T 7oR a8 Reuativaly charged - that is, the signal applied to
plates 76A is regretentasissy WidsgnarrairehtrairagR K 4G 1o T ESIITENRS °2, Plates 76B are
fed by conductoriB&imR0 series with rectifier 82 and are positively charged - that is, the voltage wave
form applieddo theseuplatesais: rejpre donteds!s)i thmityhVBlforsein MeculzperralboFitd diagram of FIG. 2.
Emulsion inlet pipguli-connestawithadspinadesploaeythat dhdlae milgiof FIS.distributed above the
oil/water interfacg13ansdhe Qi siofniciatasuowakdi beiveaipaiisyoiplgies §6A and 76B. Fresh

water is introdu > o sh, QQ];é piRe H8 that branshes inta.pipese 68A and 68B.
The branch IOiIO:;jg %émn%%gf@ﬁ%%iq’ m%ggﬁgdocgpggg%@g?%een) therein so that fresh water is
n . '

introduced abov@iﬁ'ésf@%m?éﬁ“é e fres Wate%1 mi rc%}}eu%c(ggwnégatggljge})grg%gh the emulsion
while the entdilsion itse PR RPRRS LBl S8 HaT e emulsion and the fresh water is co-mingled in

the area betweelstriguplistseriridn R FH S FHE MR AitoRAEFETR AL Bt RREE Sy S rectifier 48, a
modulator 52, a $@:chaspés&Bralidriigveddttiee raférmer 36 provides a base signal frequency F1
that is controlled in amplifusieobyamedillator:d ¢ detivitdeyolragl betnbepphirsdirhlates 76A and
76/3 varies at a godationfeauenoy Ritainerassedhe valiagecalk dipdied&emmnéd rate that results in
shearing theywatgr droplefsindhe.copulsion iRpadpadhesfiesbuaiarandisheatad water droplets to
initially mix wher%gxn%ccggsms%ls%&n e%ga%e@qlé{pglige%%b‘ggcgymi&egwaﬁoﬂw intensity
sequentally 16 Chafijes o cause the wale) dionlels e eowlsion acsnlescance and thereby fa
ctint

out of the emulsiSHE3s T8 CoRe 3 ower portion of the ves eleFlelp Ege g%@/gﬁtber interface 18 to
ultimately be draRAed HEARTH IS BRI THRASTTh W %%Soclﬁ%eteﬁ%%le f 'e%gl]llcght’ent’of the emulsion is

passed out throughresil BemeSrere it RBFMAT GHuRrolrErs SEsRtor Tha sit § Eonhtent is taken out
by a collection systenthesrthé topre b sopirtie PrRsEke PLHE PYIHY MRS ‘of FIG. 4 employing
the unique (Inn] frequeneyeieistical Signed sebplethpRbED TEHER EA86 BREFBE RIMEEBns concurrently as
a mixer, a coalesgerene-a-sepal ater devihe mhysmos evetiect el degakramtientulsisinavhile also
separating the egulsioninty isilighterand hegyign campeaants:fialanaaaterrs bt

overcome the surface tension of surrounding oil and thereby allow the force of gravity to cause

30  the water droplets to setile out of the emulsion. Gravity occurs natvraliy as a consequence of the

earil’s gravitational field but gravity can also be induced by cironmferential flow -- that is, by

flowing an emulsion in a ciroulat path or more specifically, in a spiral path. This technique is

employed in centrifugal separators. The dual frequency coalescence system of this invention can

be effectively employed in conjunction with centrifugal separation.
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10United States Patent No. 4,606,801 entitled "Electrostatic Mixer/Separator”, by Floyd Ptestridge at

al.,

illustrates and describes a separator system similar to that of FIG. 4, however, this patent does not

teach the unique advantages of the use of a dual frequency voltage. U.S. Patent No. 4,606,801
provides good background information relating to a multiple plate mixer/separator to which the
principles of this invention can be applied. 15A good example of the use of electrostatic separation in
conjunction withvaghemseparation techniques is described in United StatasiRatenisie. 4,581,120

entitled "Method and Apparatus for Separating Oilfield Emulsion”,

issued to Kerry L. Sublette.

The

invention has been illustrated and described primarily as it relates to vessels in which an emulsion

flows essentially verti®aif§AtHistErrs AL Sothdtbeaidetrideheridr froweves inEogigrsysteins and methods
employing dual fiéseneyVaterkr-Gst divlsod] ésednectas Wsdassed b, thvsdoeunmii can be used
equally as well in«esgel siinmhbemsianliows-hossrchtadhto hlenipeaesiray he placed parallel to
each other to establish:glecitiesfields: theougis wdaichumin uigienpassashen artalywarforaminous
vertical e|eCtr9d%%pEéEhxb%s%§‘9|B¥§%e%§c B&;‘tﬂﬁl&@'@oa@é&l %@ﬁ:ﬁ&“@&? vE%%Q%@?Vmg Heavy Crude

Oil Emulsion- Treat‘gl AQJ?a%eQHés%an gg%g%ea(,
of this invention could be applled
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by which entralned water is separated out of an oil and water emulsion is by gravity. Coalescence

augments gravitationditS&parafbh B EHoath §SHRrEr G Pt to Rrafe &b ¥

gt tsFH&rge with each

other to form lardemppatsledmsple feihailbysrionte fitovhstable whs rommsrd it fumuiiigioil and thereby
allow the foré¢e ofgpmadty! foqenasd-80thts weltersgropkets to settle out of the emulsion. Gravity occurs
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lal frequencv el

ectrostatic coalescence

roetss0d erlvéntiotal DU

al®requency

Gif¥lowrate, ba

pd 50,000 50,000 Water

Content, % 5

Stoke's Water Diameter, 647 647

microns

Qil Conductivity, pS/m 75,000 75,000
Interfacial temsion, dynes/om 15 15

Base Frequenay, F;, Hz 7 60 1450
Modulation Frequency, F; Hz - 2.7

Minimure voltege - 17,000 V RMS
Maximum voliage e 38,400 VRMS
‘Water in Effluent Oil, % 0.5 0.2
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5 Operating Pressure, bar 7 7 Operating Temperature, C 100 100 Oil Specific Gravity 0.93 0.93 QOil
Viscosity @ 100C, cp 8.9 8.9 Water Specific Gravity 1.015 1.015 Vertical Oil velocity, m/ht 8.75 8.75
Stokes Water Diameter, microns 647 647

WO 200971 14%49 ) PCT/US2009/036475

While the end result, that is 0.2% versus €.5% water in the effluent may not appear to be
dramatic, this difference is highly significant in the operation of petroleum production and
refinery processes since this reduction significantly reduces comosion in pipelines as well as in
production and refining equipment. Tt also reduces refining costs.

5 As previously stated, the base frequency F that is applied to electrodes of a treating vessel
to enhance coealescence according to the principles of this invention is related to the conductivity
of the emulsion expressed in pS/m. F is preferably in the range of about .01 to .04 times
conductivity of the emulsion in pS/m. In the illustrated example in which crude oil has a
condactivity level, in pS/m, of 75,000, F; was selected to be 1450 Hz and thus the ratio is .0153,

10 or about the middle of the preferred range. The modulating frequency F, is related to interfacial
tension of the emulsion, and ig preferably in the range of about 10 to 60 divided by interfacial
tension expressed in dynes/om. In the iltustrated example whercin the crude oil interfacial tension
was measured at 15 dynes/om, the selected modulation frequency Fz was 2.7 Hz giving & constant
of 40, again sbout the middle of the preferred range.

15 In addition to selectably variable Fy and F of the dual frequency system, the designer ofa
{reatment vessel to enhance coalescence of an emulsion must also determine the minimum and
meximvm modulation voltages. As previously stated, the maxdmum voltage is preferably about
the emulsion critical volage and thus should be in the range of about 0.8 to 1.2 times the
caloulated critical voltage which is preferably, when the emulsion is crude oil, about 255,000

20  times the square root of the emulsion interfacial tension expressed in dynes per cm divided by the
water droplet diameter in microns. Using this relationship for the crude oil nsed in the example
given by the table, the critical voltage was calculated to be 38,400 V RMS and this was selected
{0 be the maximum voltage for Fa.

Vhile it is theoretically possible to calculate the fireshold voltage of an emulsion, at a

25  practical matter it is best directly measured from a sample of the ermulsion. For this reason, & user
wishing to procure a treatment vesscl to enhance coelescence of crude oil usually provides the
desigrer with the threshold voltage of the eraulsion, or supplies a sample and the designer
determines the threshold voltage in a laboratory. The threshold voliage is the lowest voltage with
sufficient energy to cause the water droplets in the emulsion 1o coalesce into larger sizes to settle

30 out of the emulsion. In the dual frequency coalescence method taught herein the mintmum
voltage of a modulating signal F should be in the range of about 0.8 to 1.2 times the measured
threshold voltage. In the dual frequency method as taeght the minimum voltage should not be
tower than the fhreshold voltage for any substantial percentage of a cycle since coalescence is
essentially stopped during sach time, however, in some instances it may be desirable to set the

1%



Oil Conductivity, pS/m 75,000 75,000 Interfacial tension, dynes/cm 15 15 Base Frequency, Fl, Hz 60
1450 Modulation Frequency, F2 Hz -- 2.7 Minimum voltage -- 17,000 V RMS Maximum voltage ’
38,400 V RMS Water in Effluent Oil, % 0.5 0.2

WO 2009/114449 PCTIUS2009/036475

minimum of B slightly below the threshold voltage. In the illusirated arrangement, the crade oil
being treated had a threshold voltage of 17,000 V RMS end this was selected as the minimum
voltage of &y,
Basic concepts regarding the use of AC elecirostatic fields to enhance coalescence of
5  water in an oilfwater emulsion &re described in United States Patent Wos. 3,772,180 and
4,400,253, both issued to Prestridge, and 4,417,971 issued to Ferrin, et al.

The following additional United States Patent Nog. are incorporated herein by reference:
6,010,634; 4,606,801; 4,702,815; 4,581,120; 5,643,431, 5,575,896; 3,772,180; 4,400,253 and
4,417,97L

10 The illustrations of the application of the dual frequency electrostatic coalescence methods
and systems of this invention including those illustrated and described in combination with other
separation techniques are given by way of example and not by limitation as the dual frequency
elecirogtatic coalescence concepts including the systems and methods of this invention may be
employed in other umigue end useful combinations to achieve improved efficiency and

15  effectiveness of the separation of heavier and lighter components of an emulsion.

To this point the technology of this invention has been ilfustrated and discussed as it is
particularly related to “dual frequency™ electrostatic coalescence. It has been established that
improved electrostatic coalescence can, in some instances, be enhanced i more than just two, or
dual frequencies are used. This improved technology may be termed “multiple frequency

20 electrostatic coalescence.” Of course, “dual frequency” is an example of “muliiple frequency”
when nsed to describe electrostatic coalescence technology.

Further, it has been leamed that rather than a base frequency modulated in intensity by a
modulation frequency, that is amplitude modulation, other kinds of modulation can be employed
to enhance slectrostatic coalescence, such as frequency modulation and combination amplitade

25 modulation znd frequency modulation. Such techmology wili be referred to as “multiple
frequency” elecirostatic coalescence.

When an applied voltage is modulated it aids in destabilizing the ofl-in-water emulsion.
Failure to adequately destabilize water droplets in an emulsion is generally responsivle for poor
dehydration performance. To be effective the voltage should be modulated from a lower

30  threshold voltage to a higher critical voltage. If the voltage is below the threshold level then
electrostatic coalescence is essentially stopped. If the voltage is above the critical voltage then
droplets are shattered and ﬁlerefcre do not grow to sufficient diameter required to settle out of the

emulsion.
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18 WO 2009/114449PCT/US2009/036475  While the end result, that is 0.2% versus 0.5% water in
the effluent may not appear to be dramatic, this difference is highly significant in the operation of
petroleum production and refinery processes since this reduction significantly reduces corrosion in
pipelines as well as in production and refining equipment. It also reduces refining costs. 5As previously
stated, the base frequency F1 that is applied to electrodes of a treating vessel to enhance coalescence
according to thesvprsogipiesof this invention is related to the conductivibgDish@sansuision expressed in
pS/m. F1 is preferably in the range of about .01 to .04 times conductivity of the emulsion in p8/m. In
the illustrated example in which crude oil has a conductivity level, in pS/m, of 75,000, F1 was selected
to be 1450 Hz and thés'thieragie IGFe8) repastisherotethatfimd dis: SemegrSforield fmge. The
- modulating frequeneypslyis: retdieddowitiarkeciaktensiOROitheodratitsiofhiemelds preberably in the range
of about 10 to 6Q:stinddiag by-srteriacialdiensio n exprassadzn ThaTEs/icmg:lh therdldasirated example
wherein the crude giliRteitaciabiansionwanmersurssial 4 ubines/ei-dhaselgeied modulation
frequency F2wag 2,7, iz OhiN0.2.6905 13004020318 AR ol thamiddieOkng.pgierred range. 15In
addition to selectgply variable ht 304 2 0l e AUBLiaaency. sYsiem.lhe designgy of a treatment
vessel to enhance coalescence of an emulsion mt st,a‘ﬂso c?etermine the minimam and maximum
modulation voltaf&¥°A SR b UrRRIEth B AR Ak T R 7o Tay & T Bre e 3B aB it the emulsion
critical voltage aRtehiesiRsater B sHiRET 4% e O SBistlreEtdreottifdt derkaittihted critical voltage
which is preferaiiil seitisert ofdecmidisio T rdesoicaelf 255 god Idtiftesetietdsitare root of the
emulsion interfadiattensioFeenip tessettlntiod resmuer chyadividabl yuird dwatersdroplatediameter in
microns. Using thisketatieashipdostheotmio @04 paee indhe xample. givien Hyathettable, the critical
voltage was calcylatedite:0e38.400M-MNL & fagddhis was selesiad: thhedhesmaxinsum voltage for F2.
While it is theoretically possible to. ?r%ééaj?tgng%.ﬂﬁgﬁt&%lq,aséggﬁggbg@@%%@y@%p@&a 25 practical

3 Bl

matter it is best directly meastired froa sample of the smulsian, Eor (s [easan, g, user wishing to

procure a treatmEHTUEEE ¥4 é}ﬁ?ﬁnce coa?éscence or crude ofﬁsﬁ‘ﬁe provides the designer with the
threshold voltag& e arriemeol, Brttipbi &9 % aiPESnt the YECR e r TEIETRESS the threshold
voltage in a laborarefserd ihiesASIFGotsgE idMe lowest voltage with sufficient energy to cause the
water droplets in the Shawsitin todcemit's ceviritoargebesipiisdty sdterat3B-seeo ATE<E Mulsion. In the dual
frequency coaleseencgmeitioditad giidae ebrritiiedhivnibinvoltagedfilusrodutaiidd signal F2 should
be in the range of abogt:CRigH dines thad erskiedithiasiolduattageay| estvisiduad frequency
method as tgyghtthe MininunyaliagashudnRt hedewe sthardhe thesheldivabiage for any
substantial perceiag, of Py SingeaAleseancs fn.aseiallialabaggeuing siich time, however,
e

. . 3]
in some instances |t‘ma¥ag bmeéslralgrlg (3); set | tslgg% Jégd improves coalescence performance by 30 to

191

technique
100% over conventional non-modulated coalescence methods,
The waveform 2g discussed with reference to FIGS. 1 through 4 consist of a low
25 frequency waveform developed by confro!ling the amplitude of a high frequency waveform, This
multiple frequency method modulates the strength of the applied voltage between the lower
threshold voltage and the upper critical voltage and has been utilized in numerous pilot trials and
at Jeast one successfu! field trial. The application of the multiple frequency waveform has
achieved performnance results permitting the processing capacity of established eleclrostatic
30 separators to be doubled while maintaining the same effisent water content.

When a multiple frequency electrostatic coalescer is psrforming at maximum efficiency
the dispersed water is readily coalesced into very large droplets that can easily be shattersd by
excessive voltages above the critical level. To sustein these lerge droplets the critical voltage
must be reduced. See Figure 13, The theoretical limit for the critical voltage is the threshold
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minimum of F2 slightly below the threshold voltage. In the illustrated arrangement, the crude oil being
treated had a threshold voltage of 17,000 V RMS and this was selected as the minimum voltage of F2.
Basic concepts regarding the use of AC electrostatic fields to enhance coalescence of 5 water in an
oil/'water emulsion are described in United States Patent Nos. 3,772,180 and 4,400,253, both issued to
Prestridge, and 4,417,971 issued to Ferrin, etal.  The following additional United States Patent Nos.
are incorporatedvherainiiopseference: 6,010,634; 4,606,801; 4,702,815 /o8zb0dd8473,643,431;
5,575,896; 3,772,180; 4,400,253 and 4,417,971. 10The illustrations of the application of the dual
frequency electrostatic coalescence methods and systems of this invention including those illustrated
and described in tBHOTHELSH wRTicatiel separadl fen il et dyimmdd waystexample and not

~ by limitation as trrerfguatd &sfebrsoyseientrosiaiedcdeidbceitics cinpeptsingleding¢engystems and
methods of this invientisatmayesbedentpioyed in other unique and useful combinations to achieve
improved efficiency anakbmffegiivanessiaf Haa.soraiatiennf heaweraesighiqs aamponents of an
emulsion.  Jo fisiReiakibe inchpaloniofisdnventiag has Reendlustaiad andgiscussed as it s
particularly relateg tg. dal feguency, glecirostalic spaleasence. It nas been established that
improved electrog%gl COQAS%%%‘&;,&?”’ n s @e%.lnst?gc%%,tge en afll%ir%(‘;eg if more tQan just two, or dual
frequencies are US&d. This Improved tecanology Mmay be tarmad muriple FFIeRty™o0 electrostatic
coalescence." OFEHHEE® g0 FPTEtIEREY ST F it 'OF T &Rl SRl 0 En used to
describe electrostafiEeedsatcttie prdcteptiretoly dea mefiisenfrge b ansicheriet taatiather than a base
frequency métiulediediind mtex Sitguyiecfrisdetasiontraguihcys thitaisianiplitudesimaditlation, other kinds
of modulation caspfieierpiayce], vtk ant etegteostaticreqalegenee dspelsasdegemency modulation
and combination gppbiiustimodilatianancireauens winadiation fushdechnalegy will be referred
to as "multiple fr%&?ﬁ‘&%ﬁﬂé%@gﬂy%c%?%%%m Whananappliegd.voliage jgmodulated it aids

in destabilizing trbe oil-in-water erﬂulsion. ilure 0 %glequately estabilize water droplets in an
S rmmeré SiTmenta f 1 Hz, :
emulsion is genera y res_Toxanﬂe Foapgg%rog%%;gratlon performance. To be effective the voltage should

be modulatet from a IBWEFSFHTEERITERBRAGES™ RIGASP ERaEEIS SRagS. if tREU8Hage is below the
threshold level tk@ﬁiﬁié@t%&ﬁﬁ@%%éémﬁégéﬁ??m%ﬁﬁéﬁ@ﬁ VS &EEYE above the critical
voltage then drojksrsrare shrmttiedarnthiycfiofectle ol owvrs suffieitnt Mantdiiorsequired to settle
out of the emulsitap@bes. FIGE ficabMultiple=Hlegubnoyisepaatich ¢retely wiizasitiigh frequency
(800-1600 Hz) pemaasip phain e Rbbaation Mitasa de woites upiagyidiowd bz) medulaton. This process
can be practiged R:AMERRG-A B RRAKS UPLRAE IR 28GR voaag.d Rektivaliage is then
modulated to proyide. 3 |ow.fioaysRRy ¥aNAAR sl i, haRehopRRGIR.e0RI, e desired high
frequency. 5 Thedrvgz;}é/gggt{m c%toé‘,szn c%eatr(qut‘)’\éhtahgsdg[lgg% S5, must hg¥§ flé/r; agg?.lra(l:és ristic features for
successful electros?aﬁc coalescen .Ylgi_rgt, fhe fowest voltage shou d%e at or near the threshold
voltage. The thre@ﬁméﬁésf?ﬁgb%ﬁaseﬁ%ﬁim%t8rﬁ?i§h§%°8%[|ﬁ' STEERRLLEESEESRa, the highest
voltage which shBoT® BeFigeay Tiaichitiwais eheseTina batilsprn e atsarteofiithe droplet size that
will settle outdf tieveinfigitsns. Thed dthe base frequency Fi is determined by the conductivity of 10 the
crude oil. Fourth, the mopttlgtiondtiply treneywR2Heethid scderdines nédepraef drdpletsizeiand the interfacial
tension of the crugedaianetesake mFaxiEg H adigs thevem uisianrsiihen-gn amnpltudeamodulated, high
frequency wavefosmpis<aetfied Dy-araliptaindas AResilivemndnegalive.wavelfonm is created. See
FIGS. 2A and 2B, 5HIl), fe-wans GhAaciel HhGtakise D6.shane:ehiBemed watiands important This
shape can bgoa | nugegldol wr%\ﬁeﬁ}g a.square wave, or a v%nget% éL%OJBQthsép waveforms as illustrated in
FIGS. 5 through 15). Acfdltlona y com%lnatl ns of waveforms such as shown in FIG. 12 can be used.
The positive and“HEgEtR/E TR HHE &) hE LBl d T8 A dfatant cletiBdes S aTged as parallel
plates each with %‘?\F'ﬁﬁ’éfr?ét@%Eéﬁ?@a%ﬁlﬁrﬁﬁ?%ﬁi?%ﬁg%ﬁéﬁtq@ RLEPREHTIERS. 3. This "multiple
frequency" methédudriviontates Shsetmydtiation b dhe Sasrrsats s aHeRifyh B 0EHfeuency
electrostatic fieldopenraaxivpia e-dhecelect d fibtehatr dnyfirtban dreplovgrfraly yenty adiisded &tion field to
promote dispersed water coalescence to maximur), droplet size. The technique has been commercially
successful and improves coalescence performance by 30 to 100% over conventional non-modulated

coalescence methods.




The waveform as discussed with reference to FIGS. 1 through 4 consist of a low 25 frequency
waveform developed by controlling the amplitude of a high frequency waveform. This multiple
frequency method modulates the strength of the applied voltage between the lower threshold voltage
and the upper critical voltage and has been utilized in numerous pilot trials and at least one successful
field trial. The application of the multiple frequency waveform has achieved performance results
permitting the precessingi@apacity of established electrostatic 30 separatnrs:toshssegeubled while
maintaining the same effluent water content ~ When a multiple frequency electrostatic oaks= is
performing at maximum efficiency the dispersed water is readily coalesced into very large droplets that
can easily be shattdeirelekerserrdicld fiayesya Bl dciresicieve » red sseaimtiese large droplets
the critical voltage prust dbExpehacmaiuBré Righra 1e:Hdtcdt Fametica iPntofordhdedfitienl voltage is the
threshold 21 WQ-2808ifdAFA8PEEAd SRAYABGHAS Toltagaiwhilgdhel practizalidinideappears to be
about 2kV abovedthgileeshabthdsavaiabpeson aseRtpsiehe shsasulisveie aiained when the

critical voltags was:sL,24a ieidbausapdyaeabovedhe tuashold wollage..Dug tethe large water

droplets that are BEQQH&%%@%&E\HJH&@J%%%M@%@& it has 5 also been observed that the
optimum modulation frse uency must be reduced {o prevent ﬁhatgeringlgpe drgplets. This observation is
5 a@’g 0 1 %|

in agreement with the aro Tét na ﬁ?‘gﬁﬁé‘&rﬂsesﬁc? > d onthe E’3r‘?bp‘]"élt S|25m§|§!d e thterfacial tension.
See Figure 14. THERFRES SHE AT h & IABAIRTON HEETe it RS SEiFthE &foplet growth is
maximum. For mARIRitHs oSt cobHiestsn te St tipPaiiion MemiiRiit Hepifea'Birysés, the ideal
modulation fiéquéneylinusebeddesitiahviia@maiorated reltvtiar rddueannysdfetnddgrgest water
droplet As indicateselsiredtliG@ivd 5, should the applied frequency, F., coincide with the droplet natural
frequency, Fa, the droplgliefycessiueikelpnoaiad.abeyshatietetbeSasrighie L& ywiich illustrates that
maximum droplef,glopgalianaceurs whenhe.Apnlisd tequensyiis.equal iathe drgplet natural
frequency. The psrh%%%gé LIJ it %%te%mgdneéa ri %P%QALYQ%%D&&@HE%&G a:%t%eoslﬁ'aﬁ%z%d%zey 15While the
modulation frequency Is se ectecj ased on the arop et size and the Interfacia tegsmn, the conductivity
of the crude il cBROIE TR EIELHTES TRt BRRAVIET BTTRE Walera Bpiets; SKEWing & symmetric
waveform to prodGeEsy arfliBARR EtSIRTCrEa 8 SR S6TRbET-A et BenEies OFH&E* S through 11
illustrate skewedw#eivétolanis. Ses Eiiere 16i| Withtg B mdertvites Ikews dlih davrbiigiathsn waveform to
increase the voltagersapialy dolitwedkhy iapsigiie woithige 2EG:dedinet sueth doabivewe ivdigures 6, 8 and
10 and most grapfisaty saguie: Maxiguzes the electrostatic energy. In highly conductive crude oll,
the voltage should inceggsaslowhhiauisyentdieRietah atiernaidaliowingdy afapigwoltage decline
such as shown in Eiguis./ And. LSR5 Unchas.confimeskinal sameaieeais:iespand best to a high
frequency mcreas:!xqgic}l/]ogg%%e S é:tll as aan wn in FlgurecsanY acng 11, t‘é{!&ﬂ%%%tleﬁ% [eqyire a high frequency
decreasing voltafg'e SUERAS 25 Shétvn‘in Flgures ,céandoio. ,&pplylng the muﬁlple frequency method
to the coalescenE& I HSPEIaE Rt Th Crutfe oil has demonstrated that modulating the voltage
between the thresholdfbobestEeasertiver bt oo R R BRTSeY arPay g sRe @B ptét growth.
However, as2this28iias Shnemitem cives ettt bise 158Hzo Fse Predrtrsethehtaxififdm voltage must
be reduced to contokihesgreplehsiné:dt hadtdd. afke Hgen18bsérvee thapastastishine a correct
charging frequengyraneba cepaalen: esi«nalesain g ieauenay daptbarnad uatiomavaveform is highly
beneficial to the GAIBSFEAGE RIPCESSAS GRS ) hainghdD BROWotRete iS-quaitpRgscorrelation

between the app!lil%gy;rﬁqgggra% @lggase frequency F; but can vary from 0 Hz to 100 Hz, The optimum
30  modulation frequency is between 0.1 and 60 Hz.

When the modulation waveform is skewed, such as shown in Figures 5 through 11, the
modulation frequency is an average consisting of a combination of a higher and 2 lower
frequency. The high frequency may be on the leading edge or trailing edge of the waveform. For
example, if the voltage ramps up at a froquency of 30 Hz and ramps down at a frequency of 2 Hz,
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droplet growth. Since modulation of the electrostatic field strength must be minimized to optimize
droplet coalescence, it is observed that further droplet growth can be achieved by 22 modulating the
electrostatic field frequency. Sweeping the frequency over a broad spectrum such as by use of
frequency modulated waveform illustrated in Figures 5 and 12 promotes significant destabilization of
the greatest droplet population. The smallest dispersed water droplets are destabilized at the highest
frequency. As thisdmopsemey decays, larger droplets will begin to 5 destaiitigmeangtoealesce forming
larger droplets until the frequency is at the lowest level. This concept of ‘frequency modulation” is
shown in Figures 5 and 12.  Sweeping the frequency across a broad spectrum such as shown in
Figures 5 and 12 1§ E6H#p Srasreniith’ v drbamrigrifaly ardiaim fensigr e Aveerd thditBreshold and
critical levels. Howekedryokizedveeer s dincshops! ddvek chevhe rirtimendy oplét fopaiationdtiasi shifted to larger
droplet sizes the #@«reshotehnatageanditheneriticalyojtage: Begiate-aparerch. each other making
aggressive voltagagenesneestsciMaency danoteticatly wales seaplsis.af all sizes.cay only exist at a
modulation freguengy.al Qv atdhareshaldygliagedsthamadulation @sﬁmﬁcwcreases the

1

arger water dropleis,Regin SUALS! den DBDRRIE ASslkUelon NG
Y ple

’ :%%Ec ﬁQod’ once these
droplets are dest%QiIizedmtglhe;f 15 will reagg\h/:é:da‘%liesgce 'Qﬁo larger droplets an separa?e out of the
r

emulsion. Sweeplnal??gm réa"u“g’ﬁ&‘)’}”ﬁe_a - 710 aqf‘re&YUency near 50 Hz will destabilize a large
population of disperse P HAIBH T EBIRtE=ERY kigtire frrpraptigmedasiivrvrietaroplet film
destabilizes the diép&ErEE i R drple fratat) fepsegipletttise kisvegrehlerarispghet growth
(coalescencelfthakilie pratnstb kadpittnplifigd votta gechiio o fadiorry 20@mbimin gralveiniadatation of frequency
with the modulatiesepbnoltargr-aan achieke gicateicmater grepehinsabilibrandenalascence than
either type of moeglatianisachMone: hbewwataiian Betwvesh thapres-and iawer;figguency can occur
at a third ‘cyclic’ frogHeREY.IQ.INCIeRSA.HARIRL GRAlgsGeNCe. See FIG. 12. The base frequency can be

varied as necessary fo[rhef{ectlve %g)alesuclence et e%n 0 and 25 250d0 Ij%ﬁ The gptimum range is
¢ clanns and e speciications describe the invertion presenizd and fhe ferms tHhat
between 100 and 1600 Hz, The base frequency can be varied simu taneously wi fhe voltage

amplitude. S&& FITERE1 2 & Ba LB HEHURHREER SLE 14 SREFHRRT FH 86 0d8rees to provide a
further tool promdtiffg Trd FRAG ORI RIGH et P EeRIENR eEir D BT eRIEHHSt ST a4y frequency
including 0 Hz. Miswialatisrrfredireiey mrdmarinsstiseredy definitaie S et fregqueddyt®1 but can vary
from 0 Hz to 100 geor.oF by dptnnaneE0 wrodbidtiontfregusmeyd spidtvwesn-9 idramd 60 Hz.  When the
modulation waveform wskewesa, Sueh BeishewR: iBhity resdotasp ughgldht imsnad wation frequency is
an average cnsigling.etaeemhinatianiel abigheapsadowandieauaneThalighhirequency may be
on the leading edgge, or frailing,e0ge, okihewavelorm.Eqr sxaple, if the voltage ramps up at a
frequency of 30 Hz and ramps down at a frequency of 2 Hz, 23 the average frequency is 3.75 Hz. At
an amplitude modulation frequency of 0 Hz and with the applied voltage near the threshold level, the
base frequency can be frequency modulated over a wide range to Remote droplet coalescence, such
as by using the waveform of FIG. 5. At an amplitude modulation frequency greater than 0 Hz, the base
frequency can also be frequency 5 modulated over a wide range from a lower base frequency to a
higher base frequency. For example, the base frequency might be varied between 1600 Hz and 500
Hz and the oscillation frequency might be equivalent to the modulation frequency.  The invention
can be practiced to include frequency modulation, such as illustrated in the waveforms of FIGS. 5 and
12, by the use of frequency modulation circuitry well known to the 10 skilled engineer and exemplified
in the practice of frequency modulated ratio transmission and reception. Frequency modulation can be
achieved by substituting frequency modulation equipment for modulator 52 and chopper 56 of FIGS. 1
and 3. Modulator 52 in these Figures includes the capacity to provide frequency modulation.




The claims and the specifications describe the invention presented and the terms that are 15 o
employed in the claims draw their meaning from the use of such terms in the specification. The same
terms employed in the prior art may be broader in meaning than specifically employed herein
Whenever there is a question between the broader definitions of such terms used in the prior art and
the more specific use of the Mims herein, the more specific meaning is meant The invention is not
limited to the cirBifit904E#& orms, and graphs illustrated and 20 descritfgdUseHe#dstn is to be limited
only by the scope of the claims attached hereto, including the full range of equivalency to which each
element or step is entitled. 24 - WHAT IS CLAMED IS: I.A method of separating gaseous components,
heavier liquid componvgilﬁg r%“?irgw\ﬁ%ﬁiquid components of a stream, comprising: conducting the .
stream between gpacgd apark g%ggg&dgg@&& &H&;ﬁéﬂ%?ﬁ%&%ﬁ% cm&g&lﬂ@g&g%voltage source an
AC voltage of at least onenk;e)ﬁatlssgf Bfr “eno%}’r'i:m]ﬁ to at least one of said electrodes to establish an electric
field within said vessel through whic Re Stream passes; modulating the frequency Fi of said AC
voltage at a modulation fre‘iffg%‘ﬁw fostream bewae\’/\?ﬁaﬁﬁdrgiﬁfﬁﬁcg&%&%}%? H5BEEHE components from an
upper portionof.said vessEtPAPREERRE S IRELHTEOMPbIERE. T oriTE BhsreHSRIGH 6f Said vessel, and
lighter liquid componesiesstrom of i rderiredai decefrbkisio e slesafdhvld syétin zai myesch Sebesh separating
gaseous componentsyhieam erchgpiskgpmponents and lighter liquid components of a stream according
to claim 1 wherein F1 and E&aiesapaiaiely selesteddraaeard anat. il separaie characteristics of
said heavier and lighter liqyid CAMPRREHLS -loR M iRRcoL S RALAIREDASEPVSEOMPONeNts, heavier

liquid compopnent and lighter liquid com ts S cearding to claim | wherein said
frequency ofﬂrSnodulatilcl)eri('ii’1 I%rzss%ecso?%ﬁwcgagrﬁ% aq%i“%r EE%%{IT%E \ ,gl m

ecte m_presho requency. 4. A method of separating

gaseous components “FRE S g R RO REnts and ighter liquid components of a stream according

fo claim | wherein,one,of5gid ClScliages 5 ALaound RORR Rl oA elbagh fggparaiing gaseous
S

components, heavier gid comeonen’s and JANeL Iid.cOmRRRCils, ol.a.8fleam;gecording (o claim 1
wherein said AC voltage'has a forma Selected from the group_comprising a sine wave, a square wave,

a ! p.comp
a triangular shaped WA SR TE P s BRG VAR KA BB ABRT AN SEREE Wave, a logarithmically
shaped wave, 253 semiciiaular, Shaped wave.AadANOVE 36 SeHGILAN Bl Apapsgwave and
combinations thereof. ' . , L .
components of a strearn according to claim 1 wherein said frequency of modulation Fz

varies from a selected threshold frequency.

4, A method of separating gaseous components, heavier lquid cornponents and lighter liquid
components of a stream according to claim | wherein one of said electrodes is at ground
20 potential,

5. Amethod of separating gaseons components, heavier liquid components and lighter liquid
components of 2 stream according to claim 1 wherein seid AC voltage has a format
selected from the group comprising a sine wave, a square wave, & triangular shaped wave,
& trapezoidal shaped wave, an exponentially sheped wave, a logarithmically shaped wave,

25 2 semi-civcular shaped wave and an inverse semi-circular shaped wave and combinations
thereof.

6. A method of scparating gaseous components, heavier liquid components and lighter Hquid
components of & stream according to claim 1 wherein Fy is influenced by the conductivity
of the stream.
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6. A method of separating gaseous components, heavier liquid components and lighter liquid
components of a stream according to claim | wherein F1 is influenced by the conductivity of the
stream. 25 WO 2009/114449PCMS2009/036475 7. A method of separating gaseous components,
heavier liquid components and lighter liquid components of a stream according to claim | wherein F2 is
essentially deteimined by droplet mags and/or the interfacial tension of the liquid components. 8. A
method of sepaleliti§é&us components, heavier liquid componen®-ARFEtHE fiquid Scomponents
of a stream according to claim 1 wherein F2 is in the range of near 0 to about 60 Hz. 9. A method of
separating gaseoys cpmponents, heavier liquid components and lighter liguid components of a sticam
according to clair;}{'I 1w me%éﬁ%o ISin gagf)sr?gfse?%ﬁﬁr%gew o a%mé]tc, '6%)%1%%%%1%&{ %?O A method of
separating gaseous cBTRSBRERS® FEE0i AP TIHRIC BHID b REHER 4n & ISP G tRPRB M Bonents of a stream
according to claim 1 WREFEsERIeT e SFER o e AT FPRREASTy and frequency. 11. A method of

separating gaseous com&%gepts, heavier liquid components an J]I]?g]tgl ',!l%‘f{j %Qmé:}g)nents of a stream
Juiate itude in a wave form in

according to claimt 1 v@h%rem%gmu&g\%ﬁ%uséoﬁp%nﬁ |’c§ﬁ‘§/ﬁ quri"1oc in ar’ﬁh
which in the first half STEFHLYAEHR 1 Y BFhE AT SIS TL R EPeaSEEAr § 818l exponential rate
and in the second half&fzeach cycle the intensity of the AC voltage decreases at a fast exponential
rate. 12. A method of separating gaseous com onentg,, he%vieg liquid ctosrgle? enhs d lighter liquid
components of a SteafSELIARG IO L AR "1 WRETEIN Sald AL VORAge 1s cyclically 20 modulated in
amplitude in a wave fETFRFERIGT A ERIEPhE PSP TS Setie ﬁf@’ﬁgﬁ‘{w &RE voltage
increases at a high exXfiowéfiitatzate and in the second half of each cycle the intensity of the AC
voltage decreases at a low exponer]tial rate. 13. A methaod gf separatin gaseous, components, heavier
liquid compotfent®and FEhIE PiRGRIAES FSOH STTECBT Y SRFEE TN EBTaMm %5”313%“’1’%ﬁerein said AC
voltage is cyclically 259PRysiaatid Rreatpheetns i FifdyvEsimt ins PErriF GR°HFSEh A of each cycle the
intensity of the AC voltegétinet&asesexponentially and in the second half of each cycle the intensity of
the AC voltage decreases exponentially. 26 14. A method of separating gaseous components, heavier
liquid components!and mgHté FirGera s AfSBH AR BPY E%gﬂqﬁﬁﬁm?ﬁﬁ%%gwlﬁﬁ%hich said AC
voltage remains at a SbEwRenE iy coPrStaatoriReneiffFanb Thevii cHAHE fretpge iic B ¥hereof varies
cyclically between a highesftémelivgcandravidwe mfraghaie st freissctydh &Higey frequency and
Slower frequency variafignecaiataaalestaireguenaym 5t saethodiof separating gaseous
components, heavier liguid.componanisiand-tighter igiideampanents of a stream according to claim 1
wherein said AC voltage is cyclically modulated in amplitude in a wave form in which in the first half of
each cycle the intensiysiiieAGutlipgeincreasesabavhigivdiheapeatasantlifitherdécond half of each
cycle the components of & stream according to claim 1 wherein said AC voltage is cyclically

20 | modulated in amplitode in a wave forn in which ir the first half of each cycle the imtensity

of the AC voltege increases at a high exponential rete and in the s=cond half of each cycle

the intensity of the AC voltage decreases at 2 low exponential rate.

13. A method of separating gaseous components, heavier liguid components and lighter tiquid
components of a stream according to claim 1 wherein said AC voltage is cyclically
25 modulated in amplitide in a wave form i which in the first half of each cycle the mtensity
of the AC voltage increases exponentially and in the second half of each cycle the

fmtensity of the AC voitage decreases exponentially.
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10intensity of the AC voltage decreases at a low linear rate. 16. A method of separating gaseous
components, heavier liquid components and lighter liquid components of a stream according to claim 1
wherein said AC voltage is cyclically modulated in amplitude in a wave form in which in the first half of
each cycle the intensity of the AC voltage increases at a low linear rate and in the second half of each
cycle the 15intensity of the AC voltage decreases at a high linear rate. 17. A method of separating
gaseous compon@aiettigsssier liquid components and lighter liquid comismgnegonsarstream according
to claim 1 wherein said AC voltage in cyclically modulated in amplitude in a wave font in which in the
first half of each cycle the intensity of the AC voltage increases substantially linerally and in the second

half of each cycle tfie ZoTtEH SRS iRE SRS SERTE o Sraiedeni aoerapmrsIRd i s diprid 8. A method of
separating gaseous coffifferERty e miing topohéntdigheigticeliminegmponents of a stream
according to claim 1 insvpkfistrbatchde@ wiey el hveindsieyidipeally i resisityicbetviiedn a lower and a
higher intensity and in which 4 hightreaueng yihareef Matas eyclicaliy Betygertrahigharfrequency and a
lower frequengy and inyyhighibey 2Rhighesfrequanss anglrwer frequency variation occur at a selected
frequency F2. 19. A method of separating gaseous components, heavier liquid components and lighter

liquid components!éf asstreaivcpordingstorctanpodean, winth 1ggitcAGoaltagelitevapeas cyclically in
intensity between a lowearaeohigheidniensity andan whishethe.freqtoney:af thaidg voltage
simultaneously varies gyglically heiwach Akbic hek eals Ao and.alwues 30fegusnsy and wherein

said frequency variatiomhggco&% Gyglically,i ﬂigﬁﬁléé%wm said %ﬂw@&e&agygy&ei%ensity variations
Ft. 27 20. A method of gggalcty%g gcsvg@/ héégngo%&rtbqn Iream( having gaseous components, water

components and oil colﬁ]potﬁen s comp smg:aﬁowmé’vfhuéeagé’ftf/ hydrocarbon stream into a separation

vessel; providing aplugality.af suplinily pasalelag.sRackd APk AleaiRdRs Witbin Saig Svesse!

providing an AQ voltagc% Sour &9255%1'3%9%31:?&]1?%”0 NCY: el res&nggs%lgaoethccQé%arﬁ\}gterlstlcs of thg
stream employing from said AC voltage source an AC vaoltage ot hase re(ﬁjenc : applying

( : ) l,,
said AC voltage of fredBRERES F T8PEAT BioGIHUES To HR R BY BL SR T dIeE’ feld between
adjacent electrodes; cyEfeiy BTG 418 e dtreTel BrEt & srddaizrisTetusficy F2;
conducting safd salty HyeafBeAGStrEzenisearetn Hejleereof said electrodes; flowing fresh water

into said vessel between adjacent said electrodes counter current to the flow of said salty hydrocarbon
stream: 17. A method of separating gasecus componends, heavier hiquid components and Hghter liguid

componenis of a strearn according fo claim ! wherein said AC voltage In oyclically

modulated in smplitude in a wave form in which i the first half of each cycle the infensity

of the AC voltage increases substantially linerally and in the second half of each cycle the
20 intensity of the AC voltage decreases suﬁstanﬁally linerally,

18. A method of separating gaseous components, heavier Hquid components and lighter Hquid
components of a stream according to claim 1 in which said AC voltage Fy varies cyclically
in inteneity between a lower and a higher intensity and in which the frequency thersof
varies cyclically between a higher frequency and a lower frequency and in which the

25 higher frequency and lower frequency variation cccur at a selected frequency Fi.

19, A method of separating gaseous components, heavier liquid components and Ighter liguid
components of & stream according to claim 1 in which said AC voliage F; varies cyclically
in intsnsity between 2 Jower and a higher intensifty and in which the frequency of the AC
voltage simultaneously varies cyclically between a higher frequency and a lower

30 Frequency snd wherein said frequency variations Fy occur cyclically in register with said
AC voltage oyclic intensity variations Fi.
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15withdrawing separated gaseous components from an upper portion of said vessel; withdrawing

water components from a’lower portion of said vessel; and withdrawing reduced salty oil components
from an intermediate portion of said vessel. 28

WO 2009/114449 PCT/US2009/036475

20. A method of desalting a salty hydrocarbon stream having geseous components, watst

componerts and oil components comptising: '

flowing the salty hydrocarbon stream info & separation vessel;

providing a plurality of substantially paralieled spaced apart electrodes within said

5 vessel;

providing an AC voltage source of selectable frequenocy;

in Tesponse o the characteristics of the stream employing from said AC voltage
source an AC voltage of base frequency Fy;

applying said AC voltage of frequency Fi to said electrodes to thereby establish an

10 electric field between adjacent electrodes;
cyclically modulating the frequency of Fy at a modulation: frequency ¥,
conducting seid salty hydrocarbon stream between adjacent of said electrodes;
flowing fresh water into said vessel between adjacent said electrodes coumter

current to the flow of said salty kydrocarbon stresm;

15 : withdrawing seperated gaseous components from an epper portion of said vessel;
withdrawing water components from a lower portion of said vessel; and
withdrawing reduced salty ofl components from an intermediate portion of said

vessel,

28



