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SEPARATI NG MULTI PLE COVPONENTS OF A STREAM CROSS
REFERENCE TO RELATED APPLI CATI ONS 5This i s application
whamedigw U. S. Patent Application No. 11/057, 990O1/US100%8086475
February 15, 2005, now U.S. Patent No. 7,351, 320

entitled "NMItlpIe Fr equency Electrostatlc

appl | NN R S dh

appl | SEPAJFAD S PMPORER IS 7 B Sgeam
10/ 214, 295, now U.S. Patent No. 6,860,979 entitled
"Dual Frequency Electrostatic Coal escence ". 10(1)

FI ELD OF THE | NVENTI ON This invention is in the
field of ekRessIalailiNGPROIGARID RPPAICATIONG DI &

conponent of an enulsion, and is Fartlc rel at ed
Thigpis apriiceion brredonl -Swiatet Aﬂﬁltsﬁwéﬁ\@ 034 R0%ifile avda 2885,
ndvPU SOPRRANY, 7€3¢ 920G fi&d Mulfti &E %lElec’gfés% EeMERnce”, which
REGARDI NG FEDERALLY SPONSORED RES OR DEVEL OPMENT.
W feosiypioarie Pyt appiraloniastd wat 3 SrtenlappHertiop Npa0@d 4L d, now
USNYatst NG 65860,0% &Bdler ‘@ubhFr&pens Beeebsi8s €3416:8en0d”.
developnent and this application is not referenced in
any mcrofiche appendi x. (2) DESCRI PTI ON OF RELATED
ART Si nce thQndamnDQﬁ?THEIpeEthmun1industry, a

con I nuous. pr.obl een separation o]

SRR R £ bR aC TR RRBRIRET 8 @ isfg component of
arﬂdfrﬁuls\t(ﬁls argl is pkrecmlytrhla@d surohlagenca ®f svateodrbple@mtn anoibémdsidn as is
rude oil, water may be a rather
inb nDst it is a significant
conponent Further separation of oil and water is

made nore dighy Qyugﬁrﬁfﬁﬁb Sg oA si on
wher ei n wat er |s |n smal roplets suspended |n an oi

base. The baESEARCHOR BEYBLORMENT. wat er is
Sé pgﬁl ectsr &nﬂh{%' zl 1c§t1&y ark Mot %?eﬁedoto ﬂ{yasYlbstls)ﬁng hf@cﬁial@ ' sbonsored
producti on, after grr|V|ng at the ear s surface, i s
refrateh onl developmert 2 thie pepligation isnot efyganeqddn any yggSehe apppndix.
whi ch the crude oil is introduced. The vesse
establishes a relative qui escence zone which 10 al |l ows
the water to settle to the bottomand oil to raise to
the top in the sane way that creamrises in mlk
Water is drawn fromthe bottomand oil fromthe top of
the separator. Wth sonme crude oils, gravitationa
separation works efficiently but with other crude oi
it is nmore difficult. It is apparent that if water and
oil are not highly enulsified -- that is, if water is
not in the formof very small or even m croscopic
droplets, gravitational separation is effective.
However, in many 15 applications, water is so finely
di spersed in an oil base that gravitational separation
is not conpletely effective, in which case, additiona
treatment techni ques are required. One standard
technique for inproving the effectiveness of oil/water
separation is by the use of coal escence. By various
techni ques, small water droplets suspended in oil can
be caused to coalesce -- that is, to join together to
formlarger water deposits. As water droplet size
i ncreases, 20 the dynam cs of gravitational separation
inprove -- that is, large water droplets nore freely
fall out of an emul sion conpared to snmall water
droplets. Treating oil and Mﬁter ermul si ons by
coal escence is a technique that has | ong been enpl oyed
in the petrol eumindustry.

co@nmon%ncounteleﬁ 1 r%r?e o‘ﬁ
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A basi c coal escence concept is to pass an enul sion

through an established electric field. A typical way
wW@tooes14ld i shing an electric field is to positPCHUS2009/036475

spaced apart el ectrodes, normally 25 netal plates,

within the interior of a vessel |ocated so that at

| east a portion tween them as
t he emul si on nov Zgbqsﬁwhfgg%g&:ﬁﬁf%gm vessel s
constructed to augnent separation by el ectrostatic
coalSinse badevhelvke Retrelpyipy IndustpiA fonBrmguEPTeieiy has been ssprratiop of oil
aﬁdh@ettern ON@diltyuéﬂ cria@Pail EHrddQédeiﬁCtHé SVOWH tahtivas tah ﬁlev&&ﬁ@ surface as a
prment for coal es%g can e used i n, advance

coa:fbméﬁ(alt q':% Qf abql water Jp SERUTP I WHREPEY b 4R{hgypinor component but in
mee ﬁxag atsigﬁﬂﬂicﬁlfc corBifoRént AW, | sefapdien oPbineRl wite is infagd mofedifficult

{ at ' Ll
B L R P T R e P05 RyBF Ry Bieb G b
sondh¢ bBi meeﬁmsmehj/ vtflﬁohasatei 1s/sapatrﬁefd fratbh eil 1s'rHyehceu1§H bfgavity. Most

sub cti
01 a%raéuc’% 1, % er a v1n%a € eart s sur dfl 181 pa§sg&: o Iugh a §ega 6%) S éhaé 130% vessel

intwiechethel bm;deo pil nsrmtnoduh@ h'l}hdrwssylcetstahmh&oa tefteditve qtuescence zone which
31‘88'9 E:hg gf&%g toS'sL,t%lg oq{léjlpgttg#]sﬁn@&?toqygeeto ?IIe t%p% 1111(?71123t e élgf %5@0&5191 rises

oni c ac
intygilky Seder fintraypaeh fhy battone md ol fmm thi rqu@ ﬁleaﬁpaealt@c Wlthcﬁome crude
oifs' Er!a\q agﬁjapgeﬁar&%\(ﬁ%ﬁs%f&&ﬁ%l @ﬁ@w x cmdQ oft i€ m(eaélffmt It is

erern separ ation gravit
amm\ﬂ@r if wetsganddarefnotleldn ﬁwmﬁ?ﬁm 6@@@1 lfé‘mjwpm in th@form of very

sthafIE&t év@rg rr@d?os@%ﬂiu &HoPRts \/\’Fxﬁataﬁ@naﬁ L eiatid:Cist éfﬁkt@e' SH&V@GVGI‘ in many
pr. ovid ace ap art ates within a vessel F]

HPHoRE SRFT fa® BTk Fisbares in oAl et basg fhag, g@ﬂyﬁétronﬁlu @eﬁ%rét?on is not
&r@mmwﬁﬁtmv(e Oh lvz)mca uisb elddiandl @eahﬁéﬁﬁt@clﬂﬁl@hfsl 8 reglﬁfé'ﬂ onent

(wat er hi s V\,agf aI escence

t t
sepé}nﬁffﬁ?ﬁﬁ ‘Ja %hmaﬂéﬁ foz\raproYIRS 5%%%@@?‘“@ separagion is by the
usk yﬁﬂtoﬁﬁécel&ySB? parfos teﬁlﬁhﬂiu&d;‘: ﬁhd’ﬂlgNdlﬂffiairblpEfs sﬁdébél_lded ghdiledan be caused to
nmpon nts or. an IS | in U S . .
coplEFB g oo RS i PGt gior g & e PSP ok ngipases
thé aynah':hoe of pasgitasibial se@aﬂau&armto@e -'-, thdv &y ilangp Wzsmm«:bmsnmore freely fall
11; og e emu%ion co%nij)ari%glo small weﬂer Igscé'lr eI‘r 7) rtp eoi‘lz2 c? Jcer emulsions by

ensi I NCr eases en aecr ases
cqabsqem:d iscetbdhyiqrothatihgnieng beeneahEecd ictee pagoBumPatuemnt  No.
4, 4:!%7bagzjco Eén%%?&mept 9 tb Hsj‘s bn %91{1115 g@&g&%ﬁ rzl 1l al}hgl%d electric field.

Srent ectrost t|c rated 1 n
AFtymcrahwm xf @ﬁtaéhmng\mar shicry Dldisde ppsigonSipaced gt elﬁ@@d@d normally

mEeH ;M%ééeﬂ’%{ thé grterﬂnggf?h Je&B0H&Rd @0 §1th$ feldt Qﬁ)oﬁ&héﬂﬁé Qﬁﬂsmn passes
coal escence using electric fields in whi rectifiers

bedyeen dhemaas é]@f'demlgslqpammea thsough ghesessgly gioppediiessgﬁ constructed to angment
se?h@@o&lrbs;%tea&dsﬁaué t&lddecdSe 1€ a GinBlk @Gt Al SSifBNGthut @5 t}Iahﬁ‘o actual

d m xture changes. 15The present inventjion is
SeREROg PeYRYWihia ?&Vé??falofs“ﬁﬁ @W’Eﬁi’fqnﬁ&r tCP?éeS%%%) 532k BRd B¥ ad"ance of
aﬂoﬂiﬁil yﬁé‘de ok &luﬂfhﬁsﬁi Wherah gbtdal @Jﬁhﬁﬂi(}n(i‘ff mé@ﬂ?{&ﬁcﬁl talfes @I&ce For instance,
e sion I nclud.ng,.the steps.of I ntroducln
L REFHER PR ) BB oneareR i AAReBI BAGE £, By advance of a
hytdve yddna, sofetitidsGéferdideo earostOtbd., Sl“}suhmpksmh édreaded besubjection to an
elé@%ﬁe@? to:,] egue eelllte L I‘]JIZ% o{r I\g?atlézrg aﬂlgé; p?lglz 0 assag SH Y emugsmn into the
hiNbdydlak iso ﬂlairthgllnbxeasa(i]smd'feolﬂm are mbre@fipliantly) sb@aramﬂ by eptclonig,action.
frequency nodul ati on or conbi ned 20 anplitude and
frequency nodul ati on. di ti onal background
information relating to the separation of heavier and
i ghter conponents of an enul sion can be obtained from
the following United States patents:
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Patent no. inventor Title 1,116,299 Laird et al.

Process of Treating Petrol eum Enul sions 1,276, 387
worK©hbam Met hod of Separating Associ ated Li quP@BUS2009/036475

1, 838,931 Fisher Apparatus For Connecting Conmerci al

Frequency Circuits Into Hi gh Frequency Ci rcuits

120 932 .Di .l Hi h F h
%e sglzg 1§<§§f & rﬁnge:ﬁ’lgrclzja € %Elgggwgsr %a emua Fla us [? ry gec%'lc%eld before

canbeydgr the amulSepantata eapamfionEvasied mdlnsiseﬁfﬂt;th’@kes place by gravity.
Hg\{’e%glt, Ehie %@t frequently employed equipment for treating an emulsion with an electric field
is to provide spaced apart plates within a vessel in which the vessel has an emulsion inlet, an
upper lighter component (oil) outlet and a lower heavier component (water) outlet. 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 Oil
Treater”, having issued on August 23, 1983. In this disclosure, the electric field intensity
increases then decreases periodically to augment coalescence. U.S. Patent No. 4,417,971 entitled:
“Circuit for Maintaining the Strength of an Electrostatic Field Generated in a Fluid Mixture of
Varying Dielectric Strength” issued on November 29, 1983 teaches a system of enhancing
coalescence using electric fields in which rectifiers are arranged to maintain the strength of an
electrostatic field as the dielectric strength of the liquid mixture changes.

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 an electric field therein to which the emulsion is subjected while
varying the electric field at a base frequency and modulating the field to enhance coalescence.
Modulation may be in the form of amplitude modulation, frequency modulation or combined
amplitude and frequency modulation.

Additional background information relating to the separation of heavier and lighter

components of an emulsion can be obtained from the following United States patents:

Patent no. Inventor ; Title
1,116,299 Laird et al. Process of Treating Petroleum Emulsions
1,276,387 McKibben Method of Separating Associated 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




El ectric Treater

McCoy et

al .

Met hod and Apparatus for

Patent no Inventor Title 3,839,176

Renovi ng

w@wanideant s from Li quids 3,847,775 Prestri dgeCPUSIEH636475

for

El ectri cal

Coal esci ng of Water 4,126,537

Prestridge Method and Apparatus for Separation of

Pesera pert

Fl yi-ds—wi-t+h

an Bl ot w1 ~ I A1 A A 11 A20 \NAv vy A A+ al
Tl arl | S ) W) |‘v| .\Jl I. 1 uﬂ"‘f, L UL, "r\J.\J .Vul T .UII CtU Al .
s flgvemdpl i cation of Electrost#fic Fields to

3,%92(1.[78 d < ?\’ECCS(;)e/ Bfh. A g/le]ciioal Izn%s Ap%br%&lgfo‘?‘ t’gmo'g\gfljgecon‘ralminants 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 Woarren et 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
Separating Fluids

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 Prestridge etal. | Separation of Emulsions with Electric Field

4,400, 253 Prestridge etal. | Voltage Control System for Electrostatic Oil Treater

4,415,426 Hsu et al. Electrodes for Electrical Coalescense of Liquid Emulsions

4,417,971 Ferrin et al. Circuit for Maintaining the Strength of an Electrostatic Field
Generated in a Fluid Mixture of Varying Dielectric Strength

4,469,582 Sublette et al. Electrically Enhanced Inclined Plate Separator

4,479,164 Siegel Control for an Electrostatic Treater

4,581,119 Rajani et 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 Bailes et al. Settling of Liquid Dispersions

4,606,301 Prestridge et al. | Electrostatic Mixer/Separator




El ectrostati c Coal esci ng System 4, 204,934 Warren et

al. Process for Application of Electrostatic Fields to
woroong4and Separating Fl ui ds 4,224,124 Pope PCT/US2009/036475

El ectrostati c Coal esci ng System 4, 283, 290 Davi es

Purification Uilizing Liquid Menbrane with

El ectrostat 1 e f‘nal oceconea- 42009992 NDannacey,

CP O TTTITC U™y & JUy UU L T \Jb

Tatemé pe- -08t atlinﬁe’%‘érpar atl on of Inpuriti cBitlehase from

S oL B BPETI of BHOTHCL R ePaC TR TRl B e /00 Degiae

Prestridge et al. VoBystegge Control System for

Elect+ogtatic—O+—THeater—4.415-426
4,747,921 Bailes et al. L1qu1d—L1qu1d 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 Sublette et al. Resolution of Emulsions with Multiple Electric Fields

5,147,045 Chi etal. Particulate Separations by Electrostatic Coalescence

5,411,651 Yamaguchi et al. | Method for Electrostatic Liquid/Liquid 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

5,543,027 Yamaguchi et al. | Apparatus for Electrostatic Liquid/Liquid Contactor

5,565,078 Sams et al. Apparatus for Augmenting the Coalescence of Water in 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 et al. Method for Augmenting the Coalescence of Water In A

Water-In-Oil Emulsion

5,824,203 Remo Method and Means for Changing Characteristics of
Substances
6,010,634 Sams et al. System and Method For Separating Mingled Heavier And

Lighter Components Of A Liquid Stream

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

GB Thomton et al. Liquid/Fluid Extraction Process

1,205,562
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Hsu et al. Electrodes for Electrical Coal escense of

Li quid Emul sions 4,417,971 Ferrin et al. GCrcuit for
woriatLai4md ng the Strength of an El ectrostati c FCBEUS2009/036475

Generated in a Fluid M xture of Varying Dielectric

Strength 4,469,582 Sublette et al. Electrically

Enhanced I ncli 4 Si egel
Control for anﬂgf%ﬁ%ﬁ%@%‘é??gf%pg‘r’éi? , 119 Raj ani

et al. Apparatus for Separating a Dispersed Liquid
Phadbe myepfpmbermpioridesisnethagisng a prstsgefopguemerizr tssepargtion of an
el S B8NS Shétsepdtioha? imauitiBlt heavive hitoEbnan do RS emulsion.

for Separating G lfield Emulsions 4,601,834 Bailes et )
Tl'§|met}géfrtclqd?ﬁgthcbqte&qf@aqswg @{e§ﬁ1é1}s§>p &g a treatment vessel. An electric field is

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

The basic system of this invention includes a vessel having an emulsion inlet 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 outlet. Circuitry commected to the electrodes provides at least one electric field within the
freatment area, the circuitry serving to vary the electric field at a base frequency F; that is
modulated in amplitude, in frequency or is modulated both in amplitude and frequency.

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 description of

the preferred embodiments.
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4,606,801 Prestridge et al. Electrostatic

M xer/ Separ at or Patent no. Inventor Title 4,702,815
woe@stitd4dge et al . Distributed Charge Conposi t PGIUS2009/036475

El ectrodes and Desalting System 4,747,921 Bailes et

al . Liquid-Liquid Contacting 4,767,515 Scott et al.

Surface Area LQ n ' ntrol in

Sol vent Extr amﬁéé‘é it lg&%ﬁ?bﬁﬁ)ﬂﬁ%@m ensity
Electric Fields 4,804,453 Sublette et al. Resolution

of Elullds osrbempticriiagrant shpiviag glcewtfpsumplping lectrical energy to spaced

apart electrodes positioned in a treatment vessel. As emulsion flows in the treatment vessel, at

least a portion thereof passes within the electric field created between the electrodes. The vessel
includes a heavier component (water) outlet 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
F, that is modulated in multiple ways.

FIG. 2 is a representative wave form pattern of an electric potential applied to electrodes
in a treatment vessel as used for practicing a method of this invention for augmenting the
separation 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 electrodes to create an electric field. The
voltage pattern has a base frequency F; modulated in amplitude at a frequency F».

FIG. 2A shows the waveform of positive voltage provided at the secondary of a high
voltage transformer for use in practicing the invention.

FIG. 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 patterns
that are obtained when a rectifier is used in series with each electrode.

FIG. 2C is similar to FIG. 2 except it shows a voltage pattern applied to a transformer
primary when the modulation frequency F, is a square wave.

FIG. 3 is an altered embodiment of the basic concept of the invention as shown in Figure
1. In this embodiment a diode is in series with each electrode so that the voltage waveform, with
respect to ground, is a half wave cycle with one electrode having a positive half wave cycle and
the other electrode a negative half wave cycle. Further, FIG. 3 shows the invention adaptable for
use for desalting an emulsion in which fresh water is injected into the system for use in carrying
away excessive salt from the emulsion while at 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 invention as applied particularly to a desalting
application as has been referenced with respect to FIG. 3 in which fresh water is used in a
coalescing environment to reduce the salt content of the oil outlet. A plurality of vertically-
positioned, spaced-apart plates provide areas in which electrostatic fields are created by the
application of voltage having a base wave form with a basic frequency of F, is that is modulated

in a manner to augment coalescence of droplets of water contained in the emulsion.
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5,147,045 Chi et al. Particul ate Separations by

El ectrostati c Coal escence 5,411, 651 Yamaguchi et al.
woriobot4ior El ectrostatic Liquid/Liquid ContraR€DpS2009/036475

5,421,972 Hickey et al. Process and Apparatus for

Rermvi ng Sol ubl e Contam nants from Hydrocarbon Streans

e O e R L SEL OB T Bl e
W@beortﬁ\ppﬂgtaé Qs I this vizvefotni dletambhwdd_staya ieghéritialiyl bahstant while the base
RO AT R Lh i BB o vt B AP Gl pquopgy 1 o o
frdgnency F-oom 25985659 8086is,Shivdrequengy modulator. This type of modulation is referred
to as frequency modulation as is commonly employed in “FM” radio transmission.

FIG. 6 is a different waveform which shows a base frequency F; 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 F is periodically
rapidly increased and then slowly decreased. Generally speaking, when an emulsion passes
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 amplitude
of Fy increases gradually and then more suddenly decreases. In this embodiment the water
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 conductivity
crude.

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

FIG. 9 shows a modulation pattern of an electrical signal that can be applied to spaced
apart electrodes for coalescence of an emulsion in which the intensity of the base voltage F,
increases exponentially and likewise decreases exponentially.

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

FIG. 10 is comparable to Figure 9 in that it shows a base frequency Fy applied to the
electrodes of an 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 obverse of Figure 10 in which the base voltage increases in intensity at
a slow exponential rate and decreases at a rapid exponential rate. Typically the waveform of
Figure 11 is used with a crude emulsion having high conductivity and the waveform of Figure 10
would be used when the crude is of low conductivity. The waveform of Figure 9 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
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Met hod and Apparatus for O/ \Water Separation Using a
Dual El ectrode Centrifugal Coal escer 5,643,431 Sans et
w@kooeiod for Augrmenting the Coal escence of REL/ER20091036475

A Water-In-O I Emulsion 5,824,203 Reno Met hod and

Means for Changi ng Characteristics of Substances
w31 0t R RER MAD RN GF COTANCHLS e i ae grieid 12
ansmmfﬁpﬂmﬁe;d?aﬁﬁoh‘wa«g mﬂrﬁeqtena} modvbtimods f or Enhanced

Res ion of dr o ,
Di sge & SRR | {/i&tgqyﬁglglfaﬁ g%&lﬁ fﬁ@%% _volfage of a
wakaformm bousedin e&flctrostaiﬁq u@a(bb/sﬁlngﬁ dn Edditquge vortifrsdr é@golt%pﬂv\@mfonn

pa§ %Xd g:es;g ! %!y Il‘l((,]hIeldS for al.-lr n‘ﬂl Vtﬁ@&dai%@ceﬁ&rcﬁ \wter in an oil

es a ne a system C?mi‘ﬂtl ng
nséqmr taesedwo dfaraaﬁnm prg jirpppriant. tThathlqshol volessis ;ﬁlmrawnml voltage

at QJmc;lm rgmlésgén@é ﬁk&e;ﬁé% %Fhllé‘ﬁg chh&m R/Slfagé: %Wﬁ@ﬂﬁﬁm@olt@g@ that can be

si on. i ncl udes .the step of passin

enapiyPd vathoyt rﬁbﬁfean& Fbéa‘f"i’fifn‘imR}@% i fhe %Pl%?nec{f?/ﬁﬂea“f/. fg’r ale?@stanc

treatment of an emulsion with an alternating current signal, the signal strength needs to vary
within the range established by the threshold voltage and the critical voltage. FIG. 13 illustrates
how the critical voltage changes according to droplet diameter and to the interfacial tension of the
emulsion. This figure shows emulsions with three different interfacial tensions, that is, where the
interfacial tension is 10 dynes per centimeter, 20 dynes per centimeter and 30 dynes per
centimeter.

Figure 14 shows the relationship between a water droplet’s natural frequency based on the
droplet size and the interfacial tension of the emulsion.

Figure 15 shows that for maximum droplet coalescence and in agreement with applied
physics, the modulation frequency “F.” must be less than the calculated natural frequency “Fy” of
the largest water droplet. Should the applied modulation frequency F, exceed a droplet’s natural
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,/F,, when the interfacial tensions is ten dynes per centimeter and the drop diameter “d” is 500
microns.

Figure 16 illustrates the concept that the base frequency can be varied simultaneously with
voltage amplitude. In this illustration the voltage signal has a lower frequency with maximum

amplitude at a higher frequency with reduced amplitude.
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5 established wthin the vessel. The electric field
is varied at a presel ected base frequency Fl1. The
WO paoensidsy of the electric field i s nodul at ed. PATIES2009/036475
met hod of nodul ati on may be selected from (a)
anpl i tude nodul ati on; (b) frequency nodul ati on; and

the fPERATEED B FnCOF i ORREPERAB I Rbb Ty
be considered nultiple frequency el ectrostatic
coaElsige digkls hawThren peed for ayesentingdhe eonlescanp, efherdgions for many

yehf3C| B16lG% ﬁel&eﬁzﬁ@lbea@‘&eﬁ%s %@taﬁﬁHédsbyo Bredd! Rite @Edvcﬁiage poten’aals
| east one fluid | et. El ectrodes established w thi

ST RS PRI Hiod SRR O B oG B NKetpa8e potentials

an_tihc[oﬁﬂiﬁlﬁtldml&hth@ta | RS hiseS OMMBleéfic tﬁems v LS e dé@l%&;@&e a®s been
it rovvs etween the enul .sjon inl tEdtheflw

pagispiedy empioyed, iy e REBARER st # ‘EI £P3REL 9F S¥Freggad oil.
C@Lesdeﬁ@sﬁeamae J@inﬁfgtolf lsrﬁalf dr@hds Mgdﬂ’m 1) flbll‘ilﬁlafgéﬁc&?ﬂmf]t ar ea,

the_ circuitry .servi v e ectrlc ield,. at

pas & FFEH e PO (e fheoes S G et PPt ed DC
vdltﬁlgef fiddsuemhiy t@bhndlcgynd dighHicad ib Oligh Wli’telﬁf:fﬁizltdnt upiﬁlomds -~ that is,

1? zlgevﬁ}erey t}:]l% éﬂﬁl elr 6sn<l)'1\(rl<\=% lt %[t}bgebﬂzeng gﬁ’:%‘y og thee at osécgnsg O ]anere tradmonal
el¢chestzalctprqqpns¢s doefoe fupriea cbuslsttdnéy amicaffepﬂaﬁw g ooﬂeaw ersgshsh pulsed

e e _
D%‘% 1ot RO LAl P @ R IR SRR oMMtz insulated
elERAdAE-NGS FIG 1 is a schematic diagram showi ng a
cir |y cal .
a3 KR0S AL BELA R Bt
illasiatedi oh vessevie uilda\cateﬁé)Yt the apmeml 14 dadrgy an gpulsign dileta12, a heavy
coRbenP Qv did2f bRt 1@%§ ectsllé'lhetr onﬂlp&l%ﬁ‘t @hl?%ﬁt‘ie‘tcwf ' @&ﬁ‘escence can be
created between the el ectrodes. The vessel 5 includes
employedi i wpatele ipryise aRd Lghier cpPgets af varignt edsipnss heweyffe e most
widQsp@arﬁ OMRiEatiR Mot RN tebtnolo B isVIASBE bil aMfkstdy Wwh@ teBdlescence 1s used to
onponent (oil) outlet positioned in an ugrg}g ‘fort [
wigpeRe esian of g gy op Srrole Mget srugspl e sublerrancan
foﬁha@l@ﬁ bired étghdjea@t&tsadatfhcﬁ he ?n \eintilsion cbllitﬁm‘!ﬂg w61l oﬂbmd\ma At the
e el ectr.odes at ase fr
P Poar o ety e e P i Bemph g abie @
sep@ate ofttienvata bomeenn Tius & h@dvg compqnexpcoumm edn typgally b@lcctnsxdeled a
w%?recg%n%gneetsouglet W, nlﬁ l%gta % %)emg)tone\l;/ﬁg Ttes %_)oﬁ(?a Lﬂfp?cqﬂl% BE c(%ns1dered an oil
odtlaie The p:anenttqn@snll bé deseribed as ibis partiedariy@pplizaide foi eghuisams, such as crude
mg g 4 rgl?lﬁwqo f 1sV oe] 1}%%1%@?#@ n%fé}aehs 1 ggugll ag on. Hl"lqérea %ree gxlggsv}ﬁ'ﬂ% eart.h
thetl rpoturolttew ¢ib tlet Bat @ucarmledrrelbml ig Wthwé lthe. e odgyates gemponent is
11%@6& tﬂ%%n:hyﬁyc‘dr@ca}%'@%%oéﬁo%%enﬁ% n'l:elhoqp Qﬁ{i ?}Is%gls'ﬂéremséﬁt}ég @an be
requency shows the
applisdefoaremele cprdestenps af welpy @rg@etp rﬂb\?‘}céé’@a‘é(t oi} P’Ri’11§9é’€65n d4rRyimary

diErefte N @R sé;ﬁra\’e‘alv%@&@s \Llﬁﬁfﬁzfn(ﬂoﬂﬁfn dpPér pdE8n 'ofla Posast twihfid Rvy oil
the invention. 2B shows the wayeform

rﬁaéﬁ@lafrw & oSt poges bat g Fevedis (el 3Bt uspa RGOS %ﬁ@%m promote
cdalegRsdk Bl thadsmésed i n practicing the invention. FIGS.

2A and 2B illustrate waveform patterns that are
obtai ned when a rectifier is used in series with each
el ect r ode. FIG 2Cis simlar to FIG 2

except it shows a voltage pattern applied to a
transforner 20 primary when the nodul ati on frequency
F2 is a square wave. FI& 3 is an altered

enbodi nent of the basic concept of the invention as
shown in Figure 1. In this enbodinment a diode is in
series wwth each el ectrode so that the voltage
waveform wth respect to ground, is a half wave cycle
Wi th one el ectrode having a positive half wave cycle
and the other electrode a negative half wave cycle.
Further, FIG 3 shows the invention adaptable for 25
use for desaltlng an enuIS|on |n mhlch fresh mater S

L 1 N a R s .
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5 to as frequency nodul ation as is commonly enpl oyed

in "FM radio transm ssion. FIG 6 is a different
waernsefionn? whi ch shows a base frequency F1 thatP@EUS2009/036475

essentially sinusoidal wherein the anplitude of the

base frequency is nodulated in a way to produce a

St %llc’hlrf%?esgeé a\%'egt?GrLﬂ sD%araté:df rgrce)muﬂéen énlétr’lc%nu:lsgéng gSI ! t%a?rrmng an
oxlr/\aaperdhtyrfacn dBeaspuatahall tlivee 1r$drfavd 18 deuy bas kel 2@eaimvalwlh;ch gas

| ' 0 through to an

aC§ ect tl?sin% eﬁ%%&‘?ﬁ%%&%%?ﬁgﬁ%t ed by Figure 6 the

| nc fl“é%@mﬂgomwbr 13 isenngeted focme of morelisipibyter giwet AbWhiplykaye small
dlﬁaété? uﬁjé't Qﬁnﬁltg§2m&u xvﬁ@h Qﬁﬁ&&@éﬁé?&m%ks’ef W%l%&t&rm 24 is

the vol tage waveformresults i n coal escence of
reﬁrﬁ%fma@tesof various foidginley systemprflegignetp @dpit Camméf“@r‘ﬁfsﬁhhq while

producinh @i @RYeEEEeRE. Fi gure 6 wherein the anplitude of F1
|ncreases gradual |y and then nore suddenly decr eases,

n EPTEonEdRERIP FEsE! 1OHS 2 it slectiose 4f apf ERageddyont fed second, ground

elaﬁuchegoon are nore slowy destabilized and the

T £V GHES 2 e ardtPerg nele BN B Eg df el

patssfe@@ﬁetdﬂgodgﬁvﬁnﬁ Qﬂdblﬁwe\dﬂl tay 1th11dQ1€sses from illef512 8o ioﬁﬂéis 14 and 16.

BTG b 0 B PG SR TR P b UBTRRAT R D nip evement e

fodmbn of ﬁg:elpd}b}iletﬁg relec2i0 Fch@gy 8 @bl(i‘.ﬁdﬂoeﬁve D elli¢ tavklesoz B pﬂtiOe rHor this
pug%os?, ta eﬁt eCt {Jctg a_SJZ e]g&ggcpsgg gllecgrrg)gee and a sec%%@ con%ﬁct})r% %Q second
eleulrode BOttd goumit é/h:sset 10 it gréved betsrelal/@ldtt@geéorFieCDM@asx@O can be
i I

R L T e e L T

ar e Edaivis tpaliattiah sl applisd beivgerpeleqapdss 28@nd 30 by mgaisaib ladrapgormer 36

| r

ha[\:llng Yt ﬁmgrg vﬂ?&lﬁ%a%ﬁodéle Sa%&%%rﬁwfﬂgiﬁgﬁ FHHED &‘Yosggecalﬁﬁl'y' \%Qdmg 40

ctrostatic coal escence
is §9<%beé\men rrophd epfentigb andngoadustor y2.0Af aapadytsirdre AT voltpgs is applied to

er Rl R 138 O ﬁﬁ%ﬁ)%n@t%athé 3Rieth BXRRBRAgAhe §%§1§mﬁmﬁ“ heavier and
decreases at a sl ow eXponentl al rate.

lightee wRMpORENts o 4y cpilsign 1p§11619g an glgetyic, field idessripggiato s goint is standard

pr¥ Q@80 Slolvaeer, 88S Stelnof! thik RShtoN intifRrel QWénEXBORER @) in which
rate and decreases at a rapid rE\{ponent ial rate.

elasrspleaptey sppRie A BPHPRO P MY E 893 s used with a
cr U@?foﬁiﬂﬂsc}%ﬂbﬁi@ m@MeIﬁ@tsmfgmG Cf)gﬁuﬁiﬁr&ll ttéeywm@ormhﬂ' elecmaal energy
vef orm.of Fi Ovvou S .crude
PRe5e B Btiremtt sy W ref?{%‘ww%}glf(’avr“ﬁ%s? Yg&ﬁé& Qﬁbs isgowe
wtmemnﬁaﬂ ichbeoltaged thmeasmdsh mdctxnmﬂﬁ thieagdinayel ertet és, indicating how the
alfllﬂl € 8r IR%BSIQKI é)rg a lb?sg 5ref1uencg Van h\91 etérg? Xﬂlgﬁv%g%e%\é&{n% Busists of a
bash frequetidyendicesd hmvaazéfonm4f-flthc iresuenfasm” ek femd4? will be referred to
u
hﬁrea%q a%@@y Pg%g%h?lté ﬁlg ﬁgﬁﬁy %‘g qp@lé%ﬁ% 99?%%%@5%811&% gtn'lo\{iﬁia%d ata
fremerey . Bhei ampéingé Dﬁm@f@laﬁﬁl gl & theowavs farm 4xatipt e tbﬁf frequency of

%%%g 1;arrpl i tude and frequency nodul ati on. FI G
related to the inportance of the threshold volta

and FGe shews thebdse sigiat 2@ Ddhat i applied fothepigary gﬁ@anﬁﬁ%mer 56 of the
sﬁﬂeﬁ%tf ‘FR?tla\;/Heﬁ tﬁ‘@ﬁillp@iﬁfa@ BEBoduldtioRddl i) RN e @ tbﬁi di¥®ave. The
in the voltage waveform5 pattern a Iled t % 3?
frequensy PHE1 ig pybetagtially a@atﬁrdhandﬁf‘g%ﬁ?f}%@ hd? éftﬁ%ﬂ %gb 7 fogm gf 2 sine
water in an oil enul sion, these two characteristics

are inmportant. The t hreshol d! voltage is the m ni num

vol tage at which coal escence takes place while the
critical voltage is the maxi mum voltage that can be

enpl oyed without shattering the water droplets in the

emul sion. Typically for electrostatic treatnment of an

emul sion with an alternating current signal, the

signal strength needs to vary 10 wthin the range

est abl i shed by the threshold voltage and the critica

vol t age. FIG. 13 |Ilustrates hom1the crltlcal voltage

o o - N a
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droplet size and the interfacial tension of the
enul si on. Figure 15 shows that for maxi num
wale@plie4coal escence and in agreement wth appP@CBUS2009/036475
physi cs, the nodul ati on frequency "Fa" nust be |ess
than t he calculated natural frequency "Fe" of the
dro the a i .
i F’eag 3@%&}“ X6 %‘%&’e e °“Pe? " %q“ﬁrﬁtvﬁ% N Sg?? v ? HJ% %E:e E‘Jg‘iﬂulat‘ng
siganl 44I‘(éz)d>|am ph edditi, bxz EQMQI@I yael, o tiipatwWa-shmetd stase, tae egponential
ag. lb%nthgflie %%e I apts ﬁ_ﬁﬁhlh@ (Nagef QaB' Sl(le?se % 8‘5 Mn?e 81f other
€si red coal escénce. iI's chart shows e re atlons I'p
sylyetetiiod ror mnaqrylnmetr@hkﬁhgaﬂ v@ve. | Mot gpky camthe w@ps eEF1 Yagy but also, as to
so&@gfgﬁ’ﬂ slﬁ% ﬁﬁ@ uﬂ‘aﬁﬁﬁla %{/éjfﬂa}f \faﬁﬂ %rh%éxérﬁblé Q%zgl%ﬁl&l ﬁ&ped wayeform
nat dral frequency, th en the Intert al
mayehpsyBrstrical, thatis @9%@51 fplé F" e Fﬂmerféflee?l 1&?@@ b?easam@smcal such as

risiH e RgRd1 bnd fallm%1 §10\5@Ooﬂn1&rv@fé§ InZafrk GpplRatibls thb hiskSdTaf b §Sametrical
t he ‘caonce at the base frequency can be varied

W@Fﬁﬂ??é%%éd@WVtﬁﬁﬁﬁﬁﬁoltage amplitude. In this
il Bsgersghamm)hesﬁb%ﬁlam@ssz gzmaizB has2@inl tB@Epd sTRGHRRGYe. This

nmu itude a [ frequency with
i P B Ui T HaPP STy BeRERaT MO CE THE
PRERERREDscENVBORI HVENT fhat the eledti@t enelgy sﬁplﬂiledi&) ¢leviredds@8rand 30 of

veﬁsgﬁg) {fgﬁrﬁtg gpﬁ@l eé i‘l}cgf&:e]ic? Yagf:(? aat & ec gyzggeﬁgrhdz Sélaultsaneously fnr?ordulated in
1nt66§11a fat & ﬁhadn@szsthyquatoé F]ZKI lvm]ieta&g es pandritaqednsy electrostatic
tent i.al t {
cog srce%c t'sysjcemt s1n Faq tﬁ‘egu%fl(gln Iﬂ%&%v (ﬂg{ngnt éhe c%?lesc%ncg Paanbglmr&% ion.
co rrﬁbtnmingdm §Ibe1 ﬁhh gigsl offhigpaidlestefed ei léléit 2 can Hei cpdatkg by @tilizing a
th%ﬁ gﬁ'@@%olt‘i %c%n???ecgﬁe? g %%r&du i B&lelt hggfa e 131'11: 50. A

ust y to aid in e Sépar on 0
mwhliamr 52 nQ]lV@ﬂtSI the @Gapl@g@ ém:leocwt@anls Slgrhb‘l‘} @oris sepnad FiShg|that is fed
toHoRRltsSs4 09?15113915& cﬁcxflpBMeﬁroggﬂs IQJ" {‘Eglv%tte?ge signal F R) the higher
recent years, 1nproved coal escence results have
fresensy hesd vBljage sigay Thur se DEGF ¢ et avlires sipral ‘moduated in

1eRGHBP R GYndl §, SpeHdd du Adictots 58 ka@fted\BE Biim&9 N8 8ffansformer 36.
. ﬁﬁ?lgat?%%s %ﬁbthat is, 10 ty |callygﬁhere t he

5" G ua R IpEFEERT PROYE B it HeeoMist SO iHer wiee
trdnbBfhhel: | |3s> Rad bebestd @54 alrher Pr 04RS ST ARUINQbrtbMBE FI®N as above

con tent]ly an ffectjvel I.n order. to es ljsh
Ao L3 Desridh agich Bl Lo g=h Fl@ﬂeffﬂa?‘etben chopped o
pr6@idé el thidhtr fr&uéey Besel wavb édriaf ) Alermatively, 2@irtuisybamestinilar to an

) 800053 1 B0 S b o UL 5 CRBRLERUALE. e

modulategitin ateagity b avsizssldh. Tis panduleladie&dicblwmhesystmnmed idprovide a

hlgh ¥c11 % (‘%gl f?eﬁaen%y ?igna?[{%ggr}lpé%igd b F%Fl%%{ ¥ ?& rﬂ%ozﬂil%rib %\é\ﬁ{ ik lubject

ofCbia | dissloeng e Insad, b@s dirpboyed qooces;@éafrlﬁlt @e lserpeipical applgling a dual
fr%%g'mr gfeg&gﬁﬁ)@%gﬂé h?l.fge Ydagﬂ &Hﬁs}gm la§ $ coaﬁ@é’éﬁ(‘/eed'nd tﬂJ‘;ﬁmculal

esprea cation of the technology is in
citchigry diy| whield srsh rdyalmg@r@% galtags signelels jobtainsd ds 0o he GrreRae of the
inbddBoPGRA AL Rfontlikh AMAI Hefubilcy WaQdBofh WdGyeRivhithiMRS kil of the
crude oil found in a subterranean 20 formation arrives
eleptricplragiaegriphriefesiitf ace as an enul si on cont ai ni ng both

oi | cabelt WakRhentdNis, tﬁearﬁu.‘%f A6 By AT MMt Snl$ taa @&diBEntarily
transporting and ref n1ng@of crude oil it is |npo%£ Eﬁ
indigatply W o cxpitepaFcat @b vt wed (R etdeesHIEePTeseh! @& 2.
heavy conponent outlet 14 cap typically be considered
a water conponent outl et whilfe the i ghter conponent
outlet 16 can typically be considered an oil outlet.
This invention will be described as it is particularly
applicable to emul sions, such as crude 25 oil, wherein
water is the heavier conponent, as is the usua
situation. There are areas of the earth that produce
heavy oil, that is a crude oil emrmulsion in which the
enmul sified water conponent is lighter than the
hydrocarbon conponent The nethods and systens her ei n

o o e o o - Y
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10El ectrodes 28 and 30 are perforated and are
positioned within vessel 10 so that enul sion passes
W@ b@pat4asough and therebetween as it progresseBCT/D82009/036475
inlet 12 to outlets 14 and 16. El ectrodes 28 and 30
forman electric field that is above oil/water
Idm)%ﬁ fg{aagt?cmél this tngveg%’l oglggl}ege)}ec?gzalf %@{E{?tsgg%'gl o%{}éc\g; ttoeerlectrodes within a
tr@ltleemt veoubts sd@tealrig regbnseHo rthetcmrectthcmﬁ the emulsion Heing treated. It has
bdefR? ngt%ﬂ%rd tgﬁ 1 g{(])%zld&afe&eﬁcle gtarv%ii([gqg §1l %glqlsﬂn ¢ Sﬁﬁged if the base

conduc nects secon ectro to ground.
fregmensis [F1 mwpert@valge B retecipiet] epnduefivita af the |98 campnentsd dhrrinulsion,

cﬁhﬁﬁblmﬁlg%&-ﬁn@@gﬂ erS?jrh r QQ tdlll ¥xaﬁ191’énﬁ%1%g1ufsﬁ)ntvhﬁreiﬂ1&1@ Edn@ﬁctwlty

vesse el imnati n% need for secon

offhsril pempenerids 75.000 pSta, gherqierred @@Se AeflugnCy] is anppyipadely 1450 Hz.

bet Waaheh&GLdnR i tﬁfﬁ doaRQci¥e 9B ff 1 xh&cﬁﬁ%&@ﬁéﬁﬁéncy F
36 having a primary w nding and a secondary w nd

38
ingrgases A5 iy dlropleisodzs 18 é*@cﬁlfa%w dRprEIPSTg theb is; %‘H*Tl]e\éiatﬁéjtrﬂﬁé%ﬁ in the
elﬂﬂﬁ&ﬂﬁqlﬁl@t‘cﬁﬁﬁsb @f a ﬁi@ﬂer@xwdd]uﬁnq}?eqﬁ&cy thn & t6d eas)f 1ad dﬂ)}ﬁets in the

e %exlfgalfr% l I elgyé l%@ roﬁ@b%@r\ﬁ%t?rﬂﬂ n%ﬁﬁénulsmn averages 500
m$eeha rtiad s'ygmn ﬁor&\ﬁﬁwwly aagtﬁbntsl cgiiésesnce ahgahembsulaion &Bquency or F,
.egulghgg utilizing an electric field described to this
1S3879hY* & st andard procedure. However, the system of

t hi s\ssumisghatoire dnsilsitinfph@ingfito exdes éhof thd doglesamngt weeseld)of IFIG. 1 has
a c a.racpens%lce te¥ nc% §§n%%g%¥% ro ggo?cclﬂ%gogegt 1% ﬁg%@ g%glﬁ{néi ﬂéﬁ% average
dlﬁh@er oI ﬂtervmter cdmptetsols alydueS0fariefony tenfhe e@eed eppeedng as thertgysformer
pléﬁa[rfgéj lo} & etslgongfﬂglg Q{:flhmt%ut gﬁjﬁl ﬁ)ﬁ‘r%r@ogé\?ysﬁ(g fsl?oqlﬁirlﬁge a base

Aow |gure sho
froquonst of #boitri 44thie Whileohe mertlation frm}e@b Seihould baplput ¢.frllzi s

the 18 %‘@?ﬁ goaIe]gceh&aatn e'le%l?‘lr 'f Qﬁll&ﬁhéwthﬁ%lé Ma?émllé 1Ts uadlﬁmlmum

or Inte a base equency varies w th ”
valigge fagehvtavea‘lmqwq; ofs pasd diesm the f5a ethraskdd, éﬂ@g%e ticans the Sowest

vdlﬁga' l@@i & Rrday el m ﬂl%la(etcbﬁesf:&ﬁ&b@ﬁk‘%&s&f wéé@\ﬁ%mf aﬁ»\remulsmn of
be referred to hereafter as

ch
Olﬂ h‘éi ‘i"‘ﬁ?re s YPltage dergnds op ayeidt oif H@p%%qemcfl?%@f‘?&fﬁm?léensmn and
cdﬁalgiﬁ:\n@l ed‘h@tt}fle%reaébl ftﬁﬁ@dﬂ“ﬁﬂtaﬂcaﬂ&t%aﬁﬂ@l&dﬁt&d{d endofs geﬁerally best
nodul ation | t he
dqt?r@&ﬁgwrmm%é%q %f‘ﬁ]g%’&n gcerg? e{ecuoéclle alff]l \@seggegwg% t he
bas&osirgra |W1t42he(tEﬂ:}hoId‘I®ﬂtageSis ap fitritied vobageliehqp s, tamyghedt voltage

wg{qg B?S%gfé gec;aiefce f ry&%@ zifgptaﬁ% ljli:)gzeedﬁ‘lgt ﬁhc%:?lﬂx{o(l) ]age results in a
rediidiien Wwathe .waldhn elrcfpree dlasners anfl stops beparstidysefamdterafrdny oil. The critical
vg%geagagl;‘be;eqs n’ct((;:‘&I %‘r\%a vtgg lé?ogec‘é ﬁgaarﬁg}z P]f EJI dm%% cﬁgpln%:tg ﬁxtlcggeiiﬁterfacial
tehdien. f orm of a square wave as seen in FIG 2C
Mbd u‘&vﬁﬁﬂnglg V§f\’;\%@’aﬂs re‘]’zﬁed(tg ik tl% old vﬁltagg %ﬂdtlk 8 10vRE: Wltage 60 applied
trapezo tri angu wave, an
togthpdererpdeis at thmp@lat@n Iﬁgg}@nqyt Pqnlg Pragilce whan e mmlmumcqultwe is at or
nYRYR  thiBfhold VoL S film Qfo?ﬁzjtl hl%et%\égn QJ a@ihed resultmg in maximum
symmetrical or non- sz rical P wave. Not only
sepaptiqutalesd havest rerdual, watsr qopentan % etfiygnt oI\%XI%WeVOE?ggn fjrelated

toSHABRRa] Yot dnli tis @ nidA&t Veage BRMppYiad ¥ thé\‘éle@fbd@s?(ﬁr’fm ﬁodulatlon
a triangular s aPed waveform may be s

Xnnetrlcgk % Iy £
paeRayoks. dAdTIEaT hﬁﬂnaﬁﬁ@%%g‘iﬂé‘?émﬁ‘? e TG, Veftage but only for a
asymmetrical, such as r|S|ng rapidly and falling

slowy, or vice versa. In s applications the use of
an asymmetrical waveform F2 has a distinct advantage.
Base signal 42(F1) is showmn in FIGS. 2, 2A, 2B and 2C
in the shape of a sine wave. This 10 is by exanple

only. In many applications, F1 is essentially a square
wave. It can be seen fromFIG 1 that the

el ectrical energy supplied to el ectrodes 28 and 30 of
vessel 10 consists of an electric field varied at a
frequency Fl and S|nultaneously nDduIated |n |nten3|ty

o o .
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Crcuit conponents 48, 52 and 56 are by way of

illustration only and rudi nentarily indicate by way of
We2@apleg9 a circuit that can be used to provi deCEHUS2009/036475

signal represented in FIG 2. In practicing

this invention, the eIectricaI energy signal applied

T e e R e L
drctpice&ib délenctgizeth sl doeved udcepaeﬂtqmanmnttmmalememeiobeparatlon process.
fg: é%ce gg g{é’ u%v%%t}'éﬁ% %rem i o 611%13-?‘%11%' ? 5 éh%ulﬁl%% Q{ &%ﬂgﬂtfy below
theethesshald geltage @rddthc wiagintuyn mcfltageh@ ehomdd@rqb on ekghtlp fabeygethe critical
voﬁ%‘él sion, 5 conductivity being expressed as pS/m As
exanple in an emul sion wherein the conductjvity of
t heFether, @@ rprdrisrin ithe 5 Gbie Asayencst’ Hes 1peaas dier BEmREE Gequency

reitﬁf@ﬂ‘tée;ﬂ&%nt' the BRRELNrpPrediperddiSbhtdiziroplets. THid ﬁ&ﬁ§ncy is influenced
urther been determ ned that coal escence is_inp

prperiy iy theretdugty g Pt hechil g OIRD o Hcreadasbass sbY Habore 60
HA paBhite HR cRlc#®itatifl cdaBccBtBirSdeftto B8 6HtRASRATor 2 wide azingb 8f crude oils.

snmal || wat er dropletsméhe erru%Fnr‘gwreigg ﬁlf
“Madulgfiqg; fpusocyradt Be nerek ireenshn oy T Fragrsi LU ECRA St iyt form at
thd hﬁnﬂﬁ@mo@t&ge | WHilb ethit Ok P in@R R ealdudiic@iefor aA$ ddplet diameter,

b gesnn AEFoRE EhEREELER for B PER CRYERyRaly due t

vaﬁ}hj@ﬂ@ﬂlﬁﬂlc@ﬁ‘&heﬁ&eﬁﬂdﬁfememodehtﬁvemld u I at ion frequency or

n t th | Si
pas rﬁ@c CIH% gle 518 hHﬁ of %is ?Veﬁ nu}mm eb§ &i %rr? 8‘58\51?5%12]}ij © r%ﬂ)g%gP out 60 to
abBlt G500 Hhwbileal ch arefecibbr i el r@ngwhé alwluhO t reabown@0dizi \in ggperal, the
oy ey SOTBSISPL o SRS B e A8
amheﬁdﬁh@mémghwmmappeakwmgCéﬂwmhﬁ transformer primry
38, 2fenertOlt hESHEA gétagllﬁéd Atat 0'?% gWéL Rb1sBh of B&ter and oil of the type

tra ns or mer secon have a base frequency

thafocisoin tthe uradyctipn wﬂmde oelhﬂ.se htsa lﬂe@ﬁemynF ifip eR}eréaddyy refprence to the
coﬁ&h@ﬁ'\!'lg oPhc B QHBe Qmﬁsnkﬁz the modulatidd FRYSHARNE, isRaRE 6P RELendéMto the

electric field uirés a threshold voltage, this is,
wier i s pod erdpjericis! opian ofhe cBRIoBs e FRBUAZOlge 0 5 slected

to e &k Br Sk stioBiiyTheldvi e Slhedneld Velde8 §Rich RERRBEA ! Erc iAWl tension
O voltage level with sufficient e erign)l/rgto initi

and G%dé%tﬁ’é}ﬁ ekthe il gprappurid OF thigralsiop T veliash 6@19%%1%0 vary
soﬁ;@dha)t\@dc&ﬂmgfd%&veswlQ@gmemdepends on several 0|I

propertie i nterfacial nsi. on ,

D ot e o S R PR P F SERBIF T igace g fop fioke’s
dilageta af chalvmee dromet:% thas agesngreadetl yn the sisingl el etearn.ndthximum voltage 62

eri men ue t ence on el ectrode and

Shv'é@f%]’rewe Sta)r(ed ec?gnrtq]?ea% C% V&%lg?dw the threshol d vol t age

is t'HEes'hoid |v0]1tagail andcohet ‘Ggtcal valtagd” as gsedthaeintvire Meltages determined by
phgsulzagl ?%t%ea%g g[(XE oRt%l{«%t@ étl? talla%atlgg aglé e?ﬁelgﬁk %tseﬁllg;n%ated the
gepmdcwccuf tbmtwanmtnh eess@tae@ thd rflopl tetes df ﬂsmeme}sen anMinpapsyoltage” and

%&%&P&dﬂ sOheAL&E vk épcgfhmg 319 @mﬁl‘ith&e' &éﬁz Pt 3B &ABlected

e esti ed ?rom he I aneter of the water

bychnoBiates deamnngrvesystﬂm é¢ preticg [they aksiresency mq%?ﬁ%ﬂﬁplosed herein. As
pré(\%utsl? Jfted, | {e BlAlE %lfage &etﬁﬁmg b{ ashahendelvhage n@:@ﬂaﬂ@ c01n01dent

owest voltage 60 appli 30 to the el ectrodes
withh ghepyibessholt veltaee naeh @enegxlmwe VOﬂt?»sepai%ﬁetnﬁc% e ‘feh%ear “but not

m ni mum vol tage is at or near the threshold voltage
maxi num dropl et di aneters cdh be achieved resulting in
maxi mum separation rates and | owest residual water
content in the effluent. "Maximum voltage" is related
to the critical voltage and is the highest voltage 62
applied to the electrodes at the nodul ati on frequency,
F2. In practice, the maxi num voltage can exceed the
critical voltage but only for a
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short duration. Exceeding the critical voltage
monmentarily permts the small est di spersed water
wolc@plietdsd t o be energi zed and coaxed i nto partPCI/pai00epe47s
in the coal escence and separation process. In
practicing t he invention herein the nininun1vo|tage 60
houl.d be t or eIo t he thre hol d. v
nece aar{l)ﬁ Pwpﬁ {glgﬁaix%l g%ﬂ P 811151§10]ét rprevrouaﬁtsﬁ %S in some
a]&)bcmenst the minimtm O/a]tag'é \noilytaglgpatageously bE-ulightie belosvsthel gheddhold voltage
e ans _the m ni mum
éeq%%r%énb?%% d&% ?)igh “E’é\?/ Ftﬂ%%he %:chnﬁ' p§ch arge of
d|sﬁ@ﬁ§edmma@enw@n@phe@sofmhm@mb¢GQuﬁmmydﬁ@snwhﬂuen&@dﬂmms
&wé 1\ €0 t %' L T [
c (?Tﬁ%ljg e%‘fé {e%ytP% Eﬁ‘%lassglg?&eﬁo\é{e% %:(ub?efﬁr]arﬁ g g%natlo (gﬁze? Wn!h il %eessive
Sqlfemm}@ sfornh eof eqniseingdo briegt | d'or sélicienese 9 drapipotiaion and iglning, it is
a&%t%g%%%' ndve rtheasal\%gﬁenf ABSEd. oi“hecﬂd'é&dﬁ‘raggénﬁmt JOhe system of FIG. 3 is
[ ation frequency” F2 is the natural frequency of
Py tiraloply prpdisablefar coplegrpiss pid sepaiation of 3 Watpropeil gulsiew. such as crude oil

ark¥l FRkHEE 8 Yo @ﬁ@ole Wﬂeéaﬂl Biuge bil. E HRNRGHenTBIFIGES, fresh water is mixed
or an et di neter |nt§rfa0|

calc I'at e
Wf“éﬁ‘g éﬁ‘ﬂ ﬁdfbo‘ﬁ‘ftéta ToHSSalt frop Hhegppisioa (Fpd Qil)  Begh water is added
todRd @{m@eﬁo@m@f@smﬁx&ﬂhﬂeys 8cihk® nlefiey/Ritly érfldsibyidletpibd 0 to feed into

efficiencies of .different cess. vessels.. |In__ .
Vel BRI PG Ao TGP s T RO RS gS, geedo contro
the bacuhe siesh Watblwddedan g embBish pSeing ﬂhrollgh 200, ZThOBtaHzolume flow

while F2 is.prefera nge lto
e e AR L B R R

ek &githis eesef 1Geobeends eopgancyd Hylntelvatrostasic @dn d&r ahiblythe emulsion
isgiﬂg%?ﬁo 6%1?5%{}' v%ltetcr: ga gls?cegfr% §% lﬂ{g& ﬁﬂtoutf Af%%e e%nultg‘?o%q?to I’t]he area crﬁatlng the
oil/watbraigtetiere ri 8.d atar is w@uﬁramrmahmﬁghrplleﬁ . @hhaying| asalgmﬁoeﬁt portion of
th\Q@[tl Ene@glgtelo kr{‘oluglfng Hﬁ?re&l?/\pﬁertaﬁfeh RGCHHsR wlat@r 1“%?68 havmg salt dissolve

pro uction o requency
thewsinde herdbyoipken opcheéne e pib oortent Qfﬁhfcmd%@t i 911St>13arg§f1 ﬂm@h oil outlet
1@l in the enul sion; the nodul ation frequency F2 is

sel ected by ref erence to t he wat er dropl et mass and/ or

i nt pees afengEirat SALGS rrdorsifithes pohserapier grhaficed i dual frequency
eV ot iRARoE1cdrSe SRR E LMtd: OnHafcel Eﬁﬂuapfrecﬁgﬂcy c&ilésgfm:é y

bel ow_t he threshol d vol t age is related.to ﬂ

i nt én g arrapeserenh ef |- %l?ﬁ)COE’B?’FB‘bE’tFI% b firspfndiFieong piectrodes 76 and 78
a6 BN 8AdntdAl velrkalye Rtith Sdpgua. th&aﬁtw&mltmhvwhﬁlagmuﬁ@nqms as it

al so vary sonmewhat _accor to the vessel ge t
SRR PN EAPTBPE GG H TR LA™ S P TG G 14! Feauency
ele@iogtitlel fivdTlis yrmice betvesmcectodes 16 afit D&k Tl athahgiysical @bnstrhetion of
el‘é‘c’%éie&ﬂg L Odg% 8%%1S that alil thatgsgl%s lx'lliizlzﬁ ﬁ 89 th!e Qm1t11s1gn }gass‘?’es Ial%re%etween or is at
lesdt atbiedted tmehen@wuosttette ﬁerdi crdaed by vlmmragegnalsﬁhpleé tothel electrodes. The

. y tage" as used herein are
eM&% %g@?‘ﬁg e?ﬁ?%% %éﬁqﬁLS|c | aws and that are

contTho bitput obiransfeemes epordetyetliis fed by a géndntier &re b Siksprectifier 82 and,
mbl% d;nglh%g 'ﬂ?q sc&ﬁg rg% ﬁ&e@”eég u&& §6h&ﬁlécﬁ%&ﬁﬁ¥ 8y ﬁﬁ&ﬁgs with

owrateso the emul sion nlrrumvotae

clagigde Heed nendreien S8agensets el Shissdeciesiet’agdhe ué%qﬁlmﬂgl applied to

edehOF @%oﬁés%eangfm R iR AL GalY YubPRESFied %igﬁ&lt @GbYA YMustrates the
engl neer desi gning a sy stemto ﬁractlce du

wp oh ¥gltage azpezgglg @n §1§F‘B§‘é d6 pe ¥Gn2B A@Sﬁ%‘f@%ﬁhwg‘re@m of voltage
stated, the m ninmum voltage defining F2 should be

near, but not necessarily cdPncident with the

t hreshol d vol tage and the nmaxi mum vol t age defining F2
shoul d be near, but not necessarily coincident with

the critical voltage of the enul sion. As previously
stated, in sonme applications the mninumvol tage may
advant ageously be slightly below the threshold voltage
and the maxi num vol tage may be slightly greater than

the critical voltage.
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FIG 3 is an alternate enbodi nent of the nmethod and
systemof this invention. Sonetines 5 crude oi
whe@agh449 0 the earth's surface from a subt er r BEIEHR2009/036475
formation carries with it excessive salt in the form
of entrained brine. For efficiency of transportation
apgegﬁ{l%%{ él?cgggé %é tFufﬁm?dvalm ggt?aarlt% ogltlrfag shc%}ll ar% {1}? is g{ound %t?tentlal
anEbSsel B is sypjraliy at@uouad pogentipph mdaubda s¢ that th®d¢0@fsﬁ@wd’eld@ﬁfdbllshed
wﬂ?h%f)‘%ss% (?&159 no"tl H}?tbgt(veénnthg %\l oftd els,t!r&igs 7§Hﬁlh788t§lt ngdjge%ween the
s also a ﬁ I cable to desalting crude
elegirpdes tndﬂueh@al@fﬁtseth@f FIG 3, fresh water is mixed 10
Wi t Q]hgﬁ Hféeselr@a'nléor s%t@m for 5 mttﬁﬁlzeﬁbﬁp Htgéltlﬁgllﬁ Whi@MBdsh Qater is
enmul st on e 0i]). Fresh water is added to the
infgqdiuged jag hast ¢1bmg\ﬁ01a1y@8@§qﬁe%&tlsamomréthats@e Pﬁatswﬁémgféépemﬁcaﬂy

théNbrtlﬁE ﬁﬂiv%igoe&césg gt thQﬂeﬂ? bed Ghot Rl BdxddNbith thb eV sa©) before the
emul st on i nl et . Awater confrol valve 72.in fres

dlwéiti erulpip et Bt ‘S“'SSG]s]é)d e emplien gt v A bist %teg‘flttégﬁ rate of
tﬂ@wﬁl 269681110 ahih 81s€ FaHeS HIRNFuRASS b NG} ¢ grhulklﬁh &fith fdsh water

he total volune flow into vessel 10 t
bef‘ﬁ? g Db Bl i A5 10 Psio e 3 DD Bed s - 15
psﬂ-ﬁ;"_iyééﬁrb bddp ‘tbein@sl'e it @mﬁﬁ@ﬁlﬁﬁﬁ)ﬁn ce is au g nmented by an

e ostat whi c he e |
o Balb&Pha® e b ShreabeatEr i i GaSiin Bt Stptole B Bty
apﬁliﬂdbls foa ci'ulﬂé 011 ﬂéiseltlﬂg’ a?,@hctaneladzdm’mgwﬂ kvéth ovdlgsvemteeand separation. In the
erfa S Wit [ [ )
é} g%g{;l g x Iuléla tof [g%lfst of egecé e tpﬁ}al'?es ollél?;hclnlﬁ) zge)% agv?gi%lues%éed. The
platcsczlrel otenngalny heiefited $dh akivet ezernml quag‘ewasm therelwhvaga tie (whiah| enpulsion

pags%gqﬁlé{"tiat?\ﬁlég%aig %ubge:ctS tt% elle\égos%atﬁ? Egldp J1"1?&3 ﬂ}&r 18@%&%(2%21}3 gyltgeral 76A

e enu 1on 1S
copdtitbe gjévtrodds thatiark 4d fR@M @nductor 88 Tiving redtiidiendd inmererdistewith so that

plz!l: és@‘éA?éref ﬂégﬁ}vkl Afar dt--hﬁlgt & ¥heignfll 1REY pl%@%cﬁ ‘fleppééented by the

freqtienc electrostati c coal escence and
lomstalftoé theewﬁmcv@de grmaatvn fry By én dJatesdaPese éeﬁcbé conductor 86 in

seh& WilhGecRFiEAB gﬁcﬂﬁ@ Eosﬁ‘fvel'i lefarged -ABatGOMRIbRGe t;v@vé:fln@i applied to these
first and second el ectiodes 76 and 78 are shown

plegps ipTepreepnige by the yrvsfovy infbegipaerdalf pldhetiaditr eht Bht-ough

Whi eRuRiH ligikiQipd 120¥6mass with 2 9predder o0 @Sthﬁtrméneﬁulls@w distributed
portion of the vesse] interior, towards

eoBi e er A P SO PP B GBS GE gl e gf lates 76A
antl J6BEFreOl e einRdREddridas aAtesiaweater/Spply b@e 88 thatranches into pipes

oA IBRAE HELL AR o 5 LRt 60

thitHesleRatnieirodiced shoed plhtesBIA &ﬂUﬁBC ﬂ’he:lfrtSh Waltee migrates downwardly

| tatl i
th%ﬁg] Eﬁ“ré gr%{ﬂglote %fénl ﬁ-lg e uf51 37} 1t%gﬁ.lﬁ1}é§1 seu%%xf%rg SO tlﬁétqiflﬁa@ul%on and the
frah eatet ik tstningted ¢h e agarwmmn thealatey. 30The out put of
transl ofd &%qgge%yn eih 5 éxggpﬁed%g%%a&@t %, ifodufled 2, 2

fir Fec I n para her ew
cl@moﬁﬁjandétghwbhm Mfomﬁémv&es 8bpse siaé Eeaeredh |ﬂfat igcontrolled

1n§ ﬁittﬂdesb%r &R 5D soet!hﬁq:ﬂer %ﬁ@ge%&vféﬁgpa‘ﬁg Bﬂéligt @f6A8§1d 76B varies at a

nects rectifier to electrod he volta
mgdﬂémalll fregypricy Edtot“@r@ét’cthe witag ke W%"é@m?éfﬁéﬂaat?@utfssln shearing the

W&t%&)ﬁ&r iff tifd eﬁﬁisfon\f@cya%ser tﬁ‘&frésfl 'W%Qr $ldgRaked wakdedrodBts to initially mix
[lustrates the wavef Orn]o vol ta%g appearl ng on

Wy RSEeSaGn HiPTRISR 19 PSP A8} A TEY VHE- VLSRR sfventially
vol tage appearing on electrode 78. Further, one |eg
of transformer secondary 40 Ips at ground potential and
vessel 10 is typically at ground potential as
i ndicated, so that the electrostatic field established
wi thin vessel 10 exists not only between the opposed
el ectrodes 76 and 78 but al so between the el ectrodes
and the wall of vessel 10. 5Wen the separator system
of FIG 3 is utilized for desalting, in which fresh
water is introduced as has been previously discussed,
it |s |nportant that the enuIS|on (nDre speC|f|caIIy

o S N R "
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25 68A and 68B. The branch pi pes 68A and 68B have
smal | di anmeter openings (not seen) therein so that
wo e@ghi4add er i s introduced above pl ates 76A anBICTER009/036475
The fresh water mgrates downwardly through the
enmul sion while the enulsion itself m grates upmardly

chla?gei F? cag&er}g 'get{alv\érg% etf r1]negxe emf.llsmn ol.ﬁoea\f\gcep%euﬁmt% tﬁerel}y f?l% out of the
enuisi@indnid ao colcemnthadwex acsrpbn 61 thel vipgel belowcthe foﬂ/e;wa‘reaﬂr Bterfpce 18 to

ulﬁigg:a teoJralée% S ?ﬂQe GAAOR Q%@GWQE}%JH tlgtﬂé% G lg i1 ﬁintent of the

for mer provi des a S1 gha requency ]
enpiiadn llssmftscﬂnolrtdhﬂomil ¢ihoulepl¢.-t Toithe rgropad @pdrationrof3sepayator, the oil

co‘hggttls ullgn N, lbg/ %Q:%}l&%&‘(\@;%{%m%h{ the % oq |t s%ﬁath@Aze@é@:g 1(71? BThus the

vari es at a hodul at I.on requenc to Increase th
syyiei oS demployipede reinye dieldreainey qlwa'tcalr%leﬂ spRplieh on conductors 86

amd r%@ @[ﬂcfﬂ(gls tORuNRHE hs HMBR], 8loSaldsber biEa S&pMthe} f%ﬂ:hefréby%@dﬂ@ Sffectively
the fresh water and sheared wat er draplets

dejsad anj egufsipn iyhile wlse pepprpting b gaulden intojifs llg st megw%ﬁomgonents of
oipda@afeed by the fresh water. The intensity

e Vo St e dV < ORSHE it PReReRye PP Saeupl, b Flovd

PfEJMﬂig@ BUALS iIRBtraAd3ind Ges@ﬁﬂeb @ Gépataror tsjigent Siliir 1 Qliali bDAIGOK, however,

| bel th t terf t
oS ERE b AR HLSLPE ol B e U
Paddit Nt 41606)801 |pﬁ)vid@€ g@bd beckgtoatt nﬁ‘f)mtahﬁl e¢hatingi ona iBultiple plate
d { tl. t 16. |

RS bRl PO el B RO T

out Abgood exaoiplead tthemﬂe s@pﬁcmane sapatetin ih opnjwictigrhwith other separation
teHAR ﬁgs‘?}g Qescri‘{%& ﬁiqhmt%&) g’t’a ;— P%ieci hg.e4,§8\’f ﬁﬁ@%’cﬂgd ‘ﬁ\hggh d4and aratus for

enpl oy ¥ Rg

unlque reqguency e ectrical si g
Separpimig @mewﬁmmumsmdsto &BrahdSW@B$.unct i ons

c on ¢ fn@ﬂlthlny ha@%e s’fr@ﬂéd a cﬁ%b&ﬁﬁﬁ{anﬂ)"aq 1@61%@9%&%&591% in which

to ere nor e ctively desalt an enul si on whi |l
anabrs'dSlsle ﬁawapssmjlatlm éerémJV hrevehi prieoor] are| qlejﬁweﬁd%ﬁndflowever the

sy@t@ﬁy LEd mgﬂg@,%gﬁgyﬁgquapﬁé niagl e%ﬁ&fatlc 1olatdngsl aStiRbRSRd in this

Pat ent 1 entl led "El ectrostatic
dqehment /cam F})g r Iﬁp@) requallbj yas FW%@/ dn peEels (ip d@lgcbe pmg]plon flows horizontally.

Elett &t 8 $1a8ddPad RS &4 dabiLsthé 1SQRBAALeQE S Yisliet dpiivhiak emulsion

to that of FIG 4, however, this atent
PASH7E DO RYRIEY Oéé‘if%mlf’%l’éé@“ﬁ%‘ elefirodgrgan efef@l%goﬁ%r%a ﬁe?fc 1268
enti@led aﬁﬁrgylsaﬁng PriveNCrullo Oll%lﬁﬂﬁ@rB’@ﬂb&ltﬂngMppdﬁﬁlsgﬂm@hates a type of

back rou nfornatlon rel
A S PSR TS A hL e B B Rl BB e
| NV entrobudastatbd tiepptic pechadiSMbywbidh exaimpd atef is tsdperatsrg eut of an

012%‘83‘(33%6%‘% {oggs%b& 25K ar %%aleo geénlc?? a%%%htlsl %?adt Q{Ae%l éﬂra‘ﬁ&b% causing

whtat droylethNen codleS®8 1+ ﬂﬁf)lsembngt: mattl eadiieotheydo dorch IArgpawattdroplets that

for S i QL] STl n RN t o
overGome %{% ALk rlle(;m%n1 of é“ﬁlj\‘/’& EEO&I %thegegg%ﬁé{f ﬁﬁsftgrrcgtgé %X\g#y CIO cause
thelester drbpids prsettta it of thgsmutsione Geavisy otcorsyemdy gs ¢ penggguenge of the
ot s SRR el OUR BIRP B! ol NEELS BRI KR BN ODRhat is, by

re electric However st ens and
ﬂvmlpg]@tdgmléﬂm v eipuldupdth P BE ép@yﬁc@iyeéq 3 ggqagparﬂé This technique is
elﬁﬁé’}leﬁ %F&%%g@@eﬁdrﬁ&%’sﬁﬁéjduhlrﬁehﬁgn@y LB sy §a oPBisUSRekion can

dally as well in vessels in_which enuIS|on flows
b%%feptzve tegaployed IEP%IEWC%%’e‘@ﬂ’rFﬁVHB’@alﬁFP&E?é‘BH parallel to
each other to establish electric fields through which
emul si on passes horizontal | y7or foraninous vertica
el ectrodes can be enployed. U S. Patent No. 6, 391, 268
entitled "Energy-Saving Heavy Crude Q|

Emul si on-Treati ng Apparatus” illustrates a type of 25
hori zontal vessel and treating systemto which the
principles of this invention could be applied. As

previously stated, the basic nechani sm by which
entrai ned water is separated out of an oil and water
enuIS|on |s by graV|ty Cbalescence augnents

o o o, S . I a
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United States Patent No. 5,575,896 entitled "Method
and Apparatus for Ol/\Water 5 Separation Using a Dual

web@otitade Centrifugal Coal escer”, issued to GEHUYN009/036475

Sans et al., provides a detailed description of the

use of a coal escer/separator vessel of the type shown

eI eg}{mr %ds%tzt?s Patent NPe Sa&g%g{eeensnlrfllg% ﬁégﬁ%dﬁm{ E%/D?Gn}fl O{I]m Coalescence of
Weiengl e Wa@qh@lbjﬂlwlsml’ ns:ssetdaw GCarfyi ¥l Gams 4t|4dl uslbscabeednl detail a

ce&%@u&él?sk%&ﬁdto&ggfl&? %e 22%h dn %&HB@H §lidr %o %Qt‘?mfs&&é'& bF18f11.

. quency electrostati c coal escence
pr otlegst Swtee dtatens Nat i567RBYc exisleCoMedrt i apdabpmdrpgls for Oi/Water

Se!é%rg%ﬁeﬂgﬂ% 9 lbuaFlE%éﬁ‘a{eeCengﬁ@gl %QaIQQQr” SQSHQQ Qo %‘i’}ew Sams et al.,

5 Operating Pressure, erating
pwﬁe@@ﬁg@@ﬂdéescwtmwf the @se@if p c«sﬂpé@qr/ﬁqpera@ ‘éﬁ?‘fql ¢f the yge shown in FIG.

12.

The results of a conventional electrostatic coalescence process that utilizes a single
frequency electrostatic field is illustrated in the following table and is compared to the results of

using a dual frequency electrostatic coalescence process:

Electrostatic Process Conventional Dual Frequency
01l Flowrate, bopd 50,000 50,000

Water Content, % 5 5

Operating Pressure, bar . 7 7

Operating Temperature, C 100 100

Oil Specific Gravity 0.93 0.93

Oil Viscosity @ 100C, cp 8.9 8.9

Water Specific Gravity 1.015 1.015

Vertical Oil velocity, m/hr 8.75 8.75

Stoke’s Water Diameter, 647 647

microns

Qil Conductivity, pS/m 75,000 75,000
Interfacial tension, dynes/cm 15 15

Base Frequency, F;, 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
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0.93 G| Viscosity @100C, cp 8.9 8.9 Water Specific
Gravity 1.015 1.015 Vertical G| velocity, nfhr 8.75

W@2009/18u4eke’ s Water Dianeter, mcrons 647 647 ELT/US2009/036475
Conductivity, pS/m 75,000 75,000 Interfacial tension,
dynes/cm 15 15 Base Frequency, Fl1, Hz

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.

As previously stated, the base frequency F that is applied to electrodes of a treating vessel
to enhance coalescence 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
conductivity level, in pS/m, of 75,000, F; was selected to be 1450 Hz and thus the ratio is .0193,
or about the middle of the preferred range. The modulating frequency F, is related to interfacial
tension of the emulsion, and is preferably in the range of about 10 to 60 divided by interfacial
tension expressed in dynes/cm. In the illustrated example wherein the crude oil interfacial tension
was measured at 15 dynes/cm, the selected modulation frequency F, was 2.7 Hz giving a constant
of 40, again about the middle of the preferred range.

In addition to selectably variable F; and F, of the dual frequency system, the designer of a
treatment vessel to enhance coalescence of an emulsion must also determine the minimum and
maximum modulation voltages. As previously stated, the maximum voltage is preferably about
the emulsion critical voltage and thus should be in the range of about 0.8 to 1.2 times the
calculated critical voltage which is preferably, when the emulsion is crude oil, about 255,000
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 used in the example
given by the table, the critical voltage was calculated to be 38,400 V RMS and this was selected
to be the maximum voltage for F,.

While it is theoretically possible to calculate the threshold voltage of an emulsion, as a
practical matter it is best directly measured from a sample of the emulsion. For this reason, a user
wishing to procure a treatment vessel to enhance coalescence of crude oil usually provides the
designer with the threshold voltage of the emulsion, or supplies a sample and the designer
determines the threshold voltage in a laboratory. The threshold voltage is the lowest voltage with
sufficient energy to cause the water droplets in the emulsion to coalesce into larger sizes to settle
out of the emulsion. In the dual frequency coalescence method taught herein the minimum
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 taught the minimum voltage should not be
lower than the threshold voltage for any substantial percentage of a cycle since coalescence is

essentially stopped during such time, however, in some instances it may be desirable to set the
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60 1450 Modul ation Frequency, F2 Hz -- 2.7 M ni mum

voltage --- 17,000 V RVMS Maxi mum voltage --- 38,400 V
WORMBIMEHey in Effluent G, %0.5 0.2 VWCT/8S200%036475
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sel ect'a var i ual requency
pagyglaéy’rrelatdfqletodégal g'n@uean edectrostatic coalescence. It has been established that

improved electrostatic coalescence can, in some instances, be enhanced if more than just two, or

dual frequencies are used. This improved technology may be termed “multiple frequency
electrostatic coalescence.” Of course, “dual frequency” is an example of “multiple frequency”
when used to describe electrostatic coalescence technology.

Further, it has been learned 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 electrostatic coalescence, such as frequency modulation and combination amplitude
modulation and frequency modulation. Such technology will be referred to as “multiple
frequency” electrostatic coalescence.

When an applied voltage is modulated it aids in destabilizing the oil-in-water emulsion.
Failure to adequately destabilize water droplets in an emulsion is generally responsible for poor
dehydration performance. To be effective the voltage should be modulated from a lower
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 fherefore do not grow to sufficient diameter required to settle out of the

emulsion.
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necessary for effective coal escenCe between 0 and 25

2503 he-gaventipe cagdeirimsses dhigeludesiqgaengme srduigpnayeh asgbtpisd in the
whRRTRASEFIGE ESIMRNTY b &R 1BE oMV Rdgu&idy SHotMbiANBOUE] WellMich®wn to the

tEE voltage angg%gde. See_Fl%ure 12. The base o
skilied GRRRRET R eTaPIE S fe the practics P fiegAngy Taduaity gly rarsmissign and
repdpdt. dPréqubnelt Meduldion| cap r@Nhiend 8¢ abituti@s Ovdglency modulation

o BRI SR, OdTH St O PR Ey dpse Fiures

inelhdvayis ciiacityas srovidafedubgybmdalationequency F1 but can vary

; { gghge)ﬁlg%xs}agd égg%%ﬁa%ggd%%ﬁale gqlérri]pge%ﬁ&o 191%3'6%% glpd[ tﬂee terms that are
enyalad at thoclaiwa defoher msantigefinarihe st sad tehewnthe Bpecification. The
Ei qur r h 11, th | ation ft ency .i.S ..an
o R ImBehct B g B IR B UL iR Lyoives
helreipve Whénewsy ileemecip 2 diibstion begivednrtsoreaviey dafmifioeofonclt fyans used in the
' . i loi .0f, t ] .
PAERILPBAE L RS SR O L Al ey
Hz dhel irvariies idowh ligtited 6 rteey cleqnty wivefprmpg and resaphy allustyeted and

A OB EMRRAGY bilt §s 13 be Bl onﬁtbyqﬁb ﬁﬁﬂlolf frd gﬁim&@& h&&o, including the
frequency of O Hz and with the applied voltage near

full prnge pfrcadiongy foevhigh eaghtidenteates siep Bgtidkedy can be
frequency nodul ated over a wi de range to pronote
dropl et coal escence, such as by using the waveform of
FIG 5. At an anplitude nodul ati on frequency greater
than 0 Hz, the base frequency can al so be frequency 5
nodul ated over a wi de range froma | ower base
frequency to a higher base frequency. For exanple, the
base frequency m ght be varied between 1600 Hz and 500
Hz and the oscillation frequency m ght be equival ent
to the nodul ati on frequency. The invention can be
practiced to include frequency nodul ati on, such as
illustrated in the waveforns of FIGS. 5 and 12, by the
use of frequency nodul ation circuitry well known to
the 10 skilled engi neer and exenplified in the
practice of frequency nodul ated ratio transm ssion and
reception. Frequency nodul ati on can be achi eved by
substituting frequency nodul ati on equi pnment for
nodul at or 52 and chopper 56 of FIGS. 1 and 3.
Modul ator 52 in these Figures includes the capacity to
provi de frequency nodul ati on. The clains and the
specifications describe the invention presented and
the terns that are 15 enploy&éd in the clains draw
their neaning fromthe use of such terns in the
speci fication. The sane terns enployed in the prior
art may be broader in nmeaning than specifically
enpl oyed herein. Whenever there is a question between
the broader definitions of such terns used in the
prior art and the nore specific use of the terns
herein, the nore specific neaning is neant. The
invention is not limted to the circuits, waveforns,
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5 supplying froma voltage source an AC vol tage of at
| east one base frequency F1 to at |east one of said

webk@otit@des to establish an electric field w tPCTUSH02036475

vessel through which the stream passes; nodul ating the
frequency Fl of said AC voltage at a nodul ation
fregﬁsgf%; draMAng separ at ed gaseous conponents
from'an Uppér portion of said vessel, 10heavi er stream
components froma | ower portion of sald vessel , and

I i ghtreethadiod sipara e saRT ROSTPPReR I hervisrianid wepanews pshlighisnliquid

of §&h}%n&§§(ﬁ'ﬁlsﬁrea‘% &,nﬁ'ﬂ%{sjﬁ d of separating gaseous
conponents, heavi er UId coqgﬁpents and lighter

i qui d é@ﬂ%ﬁmb%strs%m he e BT CRPET PATIPGCR 1B 2 EPATARL Fessel

wher ei n sEﬂplyﬁﬁgjﬁd'_fZ 2 J61RSQRRE 8k BLYWoRARE 8£4t @éasﬂ ofle base frequency F, to
parate characte

istic
heafi &t aPFde} ?ag%fla‘imﬁ%sqta.eata ishgo ﬁ%ﬁ‘?& ﬁe‘%s@lf%n ﬁaé? Fegelghrough
sepahahﬂﬁgmgﬁﬁﬁgy§ conponents, heavi er I|qU|d

conponent s ht er onent s a stream_
ecorar i Bl b g R TR andye G B Y r.
nodul at |vmhdﬁﬁzmgaepaﬁﬁedfgﬁ@nmaoﬁﬁdmﬁtb &om thh nghpdrtlon of said vessel,
compnanrem sl ey SRR E AR5 TR g Homer i
| i quénabooamgiomesnt mtemriedatesiomeanf atloessdi ng to cI aiml
wherein one of said electrodes is at ground
220P QLR AR sepRratiny ga?eumn@sneﬁ@ﬂ@m& i13q8id gaﬁf&ﬁ&s and lighter liquid
conponents, ﬁeaV|er i qui d _components and
| i q&?@oé%ﬁ%ﬂfﬁéﬁﬁ%n %ﬂcorémg ¢ daim syl rgd £ ar@|saaafﬁtely selected in
Whe g &biarkawith ApaMRIchA8RerIgS ofsal dHelBdr 1581 8Rdr Sluill EQRPInbifs.
group conpr|5|ng a sine wave, a square wave, a
tr| shaped wave tra
SexpGEHRAr P PEmE o i Ero e R agRyanne carrgre U uiger v
wav eqmp'bﬁaltsﬁ]’ﬂ stehm audoatingtoald Iwaloeeiasdd ﬁnquemyecvfsr&odulauon F,

seggéﬁg cu aﬁmﬁﬁﬁﬁcﬂmﬂ@memﬁgﬁ conbi nati ons thergof. 0.
A geparat seous conponents, heavier

—

[iquid conponents and Ilghter I i qui d conponents of
4st r Samsibd b FRMAENS EscePOmPIneRISdIcRYiS liatidicqmpereyty, dighor iauid

by &8s Gt str¥ink ¥ccOdink A& clditd P@#MRrein W& of said electrodes is at ground
2009/ 114449PCT/ US2009/ 036475 7. A nethod of separating

gas@@@§mbonponents heavi er liquid conponents and
lighter liquid components of a stream according to
5¢c| aiAnméthodhod B@hmhrl'g?gabesumnmmal Heyvietdiqeid wbmpehetdy and lighter liquid

dr OQI etongr’l%s of a s?éaglr %ccor 1nﬁe§ %{a d-r"flcll \Qllleréu? @acih AUr Q’I)Itagp $as a format

I|qU| conponents of separati ng
conpaeved tfism thegvireroniprisiug dmmmg,rﬁeqqtuse WA, & lrghm Shaped wave,

I qH Q%éi@gﬁ]@%?d“&é’eoin & &%ﬁtﬁ?ﬂ g&lcu}ad?le N0 a%tlﬁﬁi@ill?qsﬂaped wave,

Pstin the ran ge o
a semi-circular shaped wave and an inverse semi-circular shaped wave and combinations

thereof.

6. A method of separating gaseous components, heavier liquid components and lighter liquid
components of a stream according to claim 1 wherein F is influenced by the conductivity

of the stream.
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60 Hz. 9. A nethod of separating gaseous conponents,
heavier liquid conponents and |ighter |iquid

w@eowponem s of a stream according to claim1l WerEsw$36475

is in a preferred range of about 100 to 1600 Hz. 1010.

A net hod of separating gaseous conponents, heavier

7IS|t ?elAa metgcgdggg 9 d)araag% %agigéjolus co%qpt Sdnts lleg}%%rq%g%%rgr%ngngmf artlc{e l(i)g%ter liquid

concompaasits yf & rstr¢arrt mqsuding tankdint i exhemircl, islebsentieliypictvodined by
i qui d

o ki ey HTRSA. ARG R B B e 1 strean

accordln to claim1 wherein said AC voltage

foychieeh FSopgre A T U RSP e IS R PRps8 apfehper liid

I N \hhgdhedtdofta@rednh Agbrdghd clgifn 1eRigReiC YOk & thbRngadraBgiotty about

of tpg&AC vol tage increases at a slow exponential rate

and the second half of each cycle the intensity of

the AC voltage decreases at a fast exponential rate.

912. Asmethadd gepofatinggrsgoas tomporratselvagerd ymdenwnersnis heshlighter liquid

lig

st r S AP A0yl | VU R AR g of abow

cyclPtiallp§0 H20 nodul ated in anplitude in a wave form

in which in the first half of each cycle the intensity

10f  th@etd of dpha gt ga%w@s@sn@ts iRaibdRuRXBRAP&Rht ald lightePliquid
and in the second hal f of eq c&ﬁle hye |ntens% élof .
t he SHEPEI 8@% SfaRr sediae é& ™ bWhERBdN R Pedtlated penourrently in
13. idensiet adre@fensepar ati ng gaseous conponents, heavi er

l'i quid conponents and lighter |iquid conponents of a

tr e liqui
e D A e R e
i n wprhroRerty of hestrgdny gecorslinlef to offlan@ab Whewpin| sidt AE Yolfegenisi qyglically
of  1R8uACH MO RAE i AWCARES HENRANE el th @f‘%QcH (ﬁclte BR intensity
second halt of each cycle the intensity of
vol rhfje Afoeliesdustases pionda xapreptial rafgjand ip Wéﬁ‘f?@’éﬂ ldlf of each cycle
Sep@eahtbRifly SEREAUSIRPIRLRERE Sta HEAYbRMtd1AsI d
conponents and |ighter I|qU|d conponents of a stream

ccar di toclaiml1 in wh d AC voltage re .
1 ° & Sl nfa e b o o e BACR e  AaPAe A R f loeid
f r eqoepumyntd-af & haemobeosalinges daiml i ehblkly dailt Memtage is cyclically
hl 9 I'Il}ec])rd I%Itgc? %f%r%gﬁﬁcéeﬁlgg w%veI &)\é\/ﬁ fn \Ill{lc%f W& fjﬁésr’c] gzi:}{d (\)/fl ae?ch ctycle lame intensity
o c cof thaﬂCaJOEQG ems:reedss br aelqgtemwyneﬁ@ll ra16andAn e tdvout! Ipdf of each cycle
sep , [ Jooui d
oy SR S BRTRORER S TR C ot v eam
according to claim1 wherein said AC voltage is
eych le%thgdwf APAEHE BePoPheoRmansis RFavipligyid zatpRoners A ighter liquid

V\ﬂ' @%ﬁdﬁeﬁtb ef hist8dm Bedofaif toecﬁeﬁalﬁ CWEb@int 461 KOt @INsdel i Qtlically
t he

vol t age_.i ncreases_at . a high |line rate and in .
t he MR ARPHEE maaKe foyre rnew}tlﬂlén i gﬂg?jfe?&cffyaf’ g intensity
AC \gﬁ(lglha%e Wdaggeciasefesdxpandniailyl dndeiarthd aacequ h8f of\each cycle the
met ho epat ating, gaseous components eavi er
i qdds ?‘FE‘Z?H&Y#%‘%% e?sﬁsrﬁxg?nefni?%ﬁl d conmponents of a
stream according to claim1 wherein said AC voltage is
cyclically nodulated in anplitude in a wave formin
which in the first half of each cycle the intensity of
the AC voltage increases at a low linear rate and in
the second hal f of each cycle the 15intensity of the
AC vol tage decreases at a hlgh linear rate. 17. A
met hod of separating gaseou conmponents, heavi er
liquid conponents and lighter |iquid conponents of a
stream according to claim1 wherein said AC voltage in
cyclically nodulated in anplitude in a wave formin
which in the first half of each cycle the intensity of
the AC vol tage increases substantially linerally and
in the second half of each cycle the 20intensity of
the AC vol tage decreases substantially linerally.
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18. A nethod of separating gaseous conponents, heavier
liquid conponents and lighter |iquid conponents of a

waemeam4dccording to claim1l in which said AC ROI/USHEI/036475

F1 varies cyclically in intensity between a | ower and

a higher intensity and in which the frequency thereof
R Ry e e e 0 AR Elger i
and cémweents ofeq siennyaco@adingtte claino ¢ Guwhah saids&C eottazd remains at a
igﬁpg%gtgr&%llf %%nsljagt 1nf0‘n tatﬂg gn %lﬁ% ?ﬁeﬁ%gﬁgﬁq}%%# Yaries cyclically
liq b¢tweqm@ﬁmhnleﬁﬁqselw alai gltowmqmmrdl imghich thf;l hmhm ftequency and
whi iwcally in

i nt go?]vg??éqq%xéﬁxgr%h&g&%uﬁ%a ye%{ggﬁeﬁ%&%gf intensity and

in which the frequency of the AC voI

1S min Rehpd o S9Pgra (e BaReS UL SPEIPPRERSS) IVa‘B@tl\ﬂ)é‘g ﬁmﬁpcﬁlre‘@tﬁ%‘}d lighter liquid
f r equigvesnta6da atréa@ymcoaﬁlfgrteqﬂeefﬁqywmdmvﬂaﬁr BCvosagdedis cyclically

fre u vari ans F2 occur .c

S RanpBtha ve P rE i P okl er St B imensity
20 oftheraChotiagfindesalat 4 high singa kate/and yinl the Gerohd hal vfi eeeineycle the
havi ng 0as6aus vo?tn%)odggrQ%ngatV\l?owelr ¢oponent s and oi |

conponents co the 'Sal ty hydrocarbon
streaminto a separ atl on vessel providing a plurality
16f dubsthodref papbeingeaseqiy @m@@lnegﬁgd@@\del Aigwid companents enddighter liquid

Wi t bérﬁboﬁé}ftsdoisy etssl acchdﬁlﬁ'tg'cﬁﬂnalnwﬁ&elﬁcgafdaﬂ@ vothieCig c%hcally
sel ect'abl e frequency; In response to

t he
charadilerd is pmpltudsrin g Favesforpmiviahph B ﬁfﬁ@hafl?qfﬁ?%wﬂe fhe intensity

V0| bAge A@O\H)‘It% iAdlealls oY Q8RB aPfatedA8 & fnb QEMENRAIT ftleach cycle the
applying said AC voltage of frequency Fl1 to said

el eEFfinE)‘ el thegh; Ylfpeasisorgasesab p hﬂ‘éﬁ‘}“f electric field

bet ween adj acent el ectrodes; cyclically nodul ating the

1fr eduadsiegd otﬁﬁepErﬁtingt gawommpaxtehtsrheﬁvieqiueid cympadents and lighter liquid
conductin sal t.ban
adi 8%%"# e eae é%:{)rr&}{lg %frlq glww%;grglﬁ ally hE%E&e n ca/chcally
sai dmwhd@siem amehbm?en aa@y@f@mm vehadhdn dhle diest h@ﬁ@@a@mﬂﬁ @P intensity

curl, ftﬁé AEQoltddE infckeQWYs Q\I g’éﬁﬁaﬁy ﬁ@éraﬁ%{/ 2By f#’cﬂ&é&gﬁqmﬁt}f &E@Mtycle the

15wt hdraw ng separated gaseous conponents from an
upp értengibraf s Groliggs d¢orgasssabstaniipliyaeali-ng wat er
components froma |ower portion of said vessel; and

19 t AGhaNYdg sepReticedsevad Jo}hp@ﬁe'nts%ﬁ@&ﬂﬁﬂiﬁ%oﬁﬁ@%t&ﬁhd lighter liquid
internedi ate portion of said vess
components of a stream according to claim 1 in Wthh said AC voltage F, varies cyclically
in intensity between a lower and a higher intensity and in which the frequency thereof
varies cyclically between a higher frequency and a lower frequency and in which the

higher frequency and lower frequency variation occur at a selected frequency Fa.

19. A method of separating gaseous components, heavier liquid components and lighter liquid
components of a stream according to claim 1 in which said AC voltage F; varies cyclically
in intensity between a lower and a higher intensity and in which the frequency of the AC
voltage simultaneously varies cyclically between a higher frequency and a lower
frequency and wherein said frequency variations F, occur cyclically in register with said

AC voltage cyclic intensity variations F1.
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20.

A method of desalting a salty hydrocarbon stream having gaseous components, water
components and oil components comprising;

flowing the salty hydrocarbon stream 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 said AC voltage
source an AC voltage of base frequency Fy;

applying said AC voltage of frequency F; to said electrodes to thereby establish an
electric field between adjacent electrodes;

cyclically modulating the frequency of F| at a modulation frequency Fy;

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 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.
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