WO 2012/ 019082PCT/ US2011/ 046713 1 PETROLEUM DESALTI NG UTI LI ZI NG VOLTAGE
MODULATI ON BACKGROUND Thi s invention relates generally to crude oil
desal t er /welyrabse vessel s and, nore 5specifically, toprdeamsbaienictehydrator

vessels which utilize a set of electroges. A common crude oi
desal t er/ dehydrat or used by many of the world's refiners was invented by
Petreco in 1980 and is illustrated and described in U S. Patent Nos.

4,149, 958, 4, 1pgrROAEviIIFBs KN Ui ZARG VO TAGR M-I ACRTIGN ent s. )

Desal t er s/ dehydrat ors narketed under the Petreco patents have been referred
to as 10 BILECTRIC(r) desalters (hereinafter "bilectric desalter"). A
bilectric desalter utilizes a set of two or three parallel electrodes
arrangedlﬂgﬁi |1y in a horizontal vessel. After the crude oi

cont ai ni Nng sa I'S prepared by adding fresh water, the oil-water m xture is
i ntroduced horgd,zontally i he sel ., a h | ectrodes. This
Lechnt que of dibany Riioh bl sblGIFR°GIE0F (BRI MO e SefbiogsR

el ectrostati, ield and s 1 he 15advant age_ of achieying. rapid and highly
ef fi c?entSP%qﬁg‘iﬂfué(t tocd&afﬁa%}@ G YESSED | i gize @ Set of elfeRPdRS; cal | y, a
bilectric desalter utilizes two or three AC power units (transforners)

desi gned to opercammoat cruds pH glesalipy/debieatorusad Poweany wiithe ivorlidonredisersd to a
separate, horizontally oriented el ectrode. The power unit on the | owest

el ect r odevassinaditéds he PetracAlm éPYL tmd st Ahuswattd ehd dosdribedrintlths. Brlehtvioer
interface and the energized 20 electrode. This | owest electrode is

| nt ended aLpioprseyi de1séTi i eNBLYDY L aga L a oA SHRNG FeaRtd Ol padies ")
formation of a "rag" layer at the oil/water Interface. If the applied

vol t age irssfeds/AthyAldiGS 4 GeRYCandel Ght rlie%ref;@go\%e'h?sg hérd! b?ﬁfgé%r?% §<t> :’\4\}'{;3 in

turn, places a greater power dermand on the p runit.

reduces t lLi.ed.voltage and.results in l,ess, effecti,ve. process to
cont 181 eHEEEIRICR S PSR Chlbisde dlydaeTa s Slectit bl REERS o of
upper) electrode establishes an electrostatic field between itself and the
| ovest elselc@frtyger thse pass]lelglecirodas mzareed harizanalhng eharzoptal sesspl eAfldert he rag
| ayer intrudes into the zone between the el ectrodes and conprom ses the

appl i ed v erade oil Fontaliling salhis mppreed by edding desk staidy] thehebwater elistre st at i ¢
field between the mddle 5 electrode and itself. The performance of this
field isintesdelkyd baigoncilysies thy vessel 4Q) baiveanthete éactidieer Matetetlagque of  When
an interface rag consisting of an unresolved oil/water enmul sion accunul at es

on the 0idta§a§1‘@ﬁ§_@oail€§c@§ HRC QisptR&d k@' ags ifrAR BboeRtRict H8dSidieRs heof the
el ectrostatic tield which, in turn, leads to water chaining and shorting of

th 0. . i . i | ni , th
AC vaP ¢ aga e ot At B hoiy LU SRR Ao b GleSodis MY SpaBHBRTL 1O 1

i t bi.l tri | ter' bi.lity t t f th
ayer " The st TOMGUFAGY ¢ nblsEtel Gepfeartlits ) B gt | A £b"Ehe iR  ar ned

water content to no nore than 10% When the water content increases above
10% t he WERusforgesy designadiajonctatrrdarrarglameltage o Fasle PaweHEHEt is sgnesctede a
electrostatic fields. 15 As crudes becone heavier and nore difficult to
desal t anrepadaby tHo@tamtallyhesierited dtldctrofl@r nThagohay emst dvhahe dowestoelectsidebl e and
less likely to collapse in the presence of an electrostatic field. These

"rag- prodseblivhies @h | AC cRIFRbQMS Heldeer¥&T flel oiieBke idbifae Audthdamsldizddd
performance of the bilectric desalter.
20  electrode. This lowest electrode is intended to provide sufficient voltage to diminish and
control the formation of a “rag” layer at the oil/water interface. If the applied voltage is
not an effective one, the interface rag can accumulate which, in turn, places a greater

power demand on the power unit. This effectively reduces the applied voltage and

results in a less effective process to control the rag.



WD 2012/ 019082PCT/ US2011/ 046713 3 SUMMARY OF THE | NVENTI ON A net hod
of renoving entrained salt containing water froman inlet crude oil stream
i ncl udes wheostmpss2of (1) applying a voltage and frequeRCY/USe010/0¢6703 nNOr e
horizontal ly oriented, spaced-apart elgctrodes housed within an el ongated
vessel and (2) 5 exposing the inlet crude oil streamentering the vessel to

the electric field being reduced. As illustrated in the 2 x 2 matrix bel ow,
four differentTheanidd@ufoatupp&id etdctrbd€eighiBiiennd eolréAgr fidldthatwdénbigdetfv) can
be applied to the one or nore electrodes. Il I IIl IV Single (> 60

Hz) Vari ablg s 10vRAuL i8R, FrBIURREYstdRCH18 L aRAnO et el 1fes il Rlg fhYerOf

el ectrodes is housed 1 n an upper portion of the 10 vessel and at |east one

I
of the elir%(:l}c{aegcr{rﬁ t‘%h%l zieorﬁFr ()e%erﬁi ﬁ'x%t (%18&1{0\%§ Il]‘lé‘ cto %}?@Jlg%gﬁe aTIHl%dt xquHlagée.or mer

may provi equency el'ectrical  energ s respec

el ectrode, Fresh water e m with the inlet de oil stream either
exter | of Py e citper 1Eepds el & Ao sBE ficlhy RO, OB SR waoh
systemof a kind known in the art and |ocated in its |ower portion. 15The
use ob aclstodarndgiseli gAhe rregivamancead! this| fielddp reredy eagwrerpised har He
available to control or prevent the formation of the rag |ayer and

r e- est ablfosiatiohef de satfacagagand dehydrati on performance of a bilectric
desalter. Using one to three nodul ati ng, high frequency power units, the

el ectrostati c wharengt MneMacderagpPtbiisdngd @ B OiResHIIEKI dFuteRJeBflsloapse and
wat er droplet growth. Furthernore, because a 20nodul ating voltage field

promot es el faakkY SncRe! SHGSEC ?ntgl@ac%f B P4 Fac rBEe Wild¥r Hiet gtl%ngth of the

electrostatic field which, in turn, leads to water chaining and shorting of the electrodes.
10  To avoid the detrimental effects of water chaining, the AC voltage may need to be
reduced. This reduction in voltage further compromises the bilectric desalter’s ability to
promote decay of the rag layer. The strength of the AC electrostatic field also limits the
entrained water content to no more than 10%. When the water content increases above
10% the water droplets chain together and promote a shorting of the electrostatic fields.
15 As crudes become heavier and more difficult to desalt and dehydrate, they tend to
form rag layers that are more stable and less likely to collapse in the presence of an
electrostatic field. These “rag-producing” oils compromise the overall dehydration and

desalting performance of the bilectric desalter.



entrained water (<3%, it achieves a significantly greater coal escence with
crude oil WD 2012/ 019082PCT/ US2011/ 046713 4 containing up to 10% BS&W
(known aswbasianisesdi mrent and water). Al so, nodul ated fi eCadaShanske13

entrai ned water cuts significantly greajer than 10% thereby permtting the
use of nore water so the renoval of entrained salt is inproved. Objects of
this invention are to provide an inproved system and nethod for 5 renoving

ent r ai ned SANARPEF RERTRGeNEHRr from a heavy crude oil streamthat supplies
an effective electrostatic field for treating these heavy crude oils while

at the same ti g pueyest tabvimdehdyedd §0r ffiigng wast 6okl kthidneude oil
stabilizing any fornmed rag-1layer, and avoi di ng water chai ning and shorting

of the ele ode 2 8 S 4 e ipri.on of
he. Dr awi gt otdes Be e 8EXRPRalin ¥ Rbhec Bid reppBiy®ly GRESE afitl
hori zont al, vess of the t t hat . can, be used to practice the S and
net hods ofhoflﬁ?rgaelgyn%‘ﬂ’tt‘?dg ﬁPglcgﬁ@p%‘IT 8%@5?%%8§%Wﬂ%6 Reone] eélevegsp?z%’é%@;ar t
hori zontal electrodes identjfied by the nunbers 12, 14 and 16. 5 Vol tages
are appl i edpesing fhe inlpy audepidstease exlenye hengswel by e electrinlicld feing reducethdi ng
exteriorly of vessel 10. FIG 2 shows a system and nethod t hat

enpl oys t e Blastrated onthe [ 3 2ohatrinebebyvst forn difffeFdnGeonfiFiratiagsif draqoéndyl a@d 2

i ncl udes an el ongated horizontal vessel 10 having |lower, mddle and upper
el ect r odesyolidge 4o BNHeldG) S4B aflicdid the@he ol motddle@nrlegy by conductors 10
18, 20 and 22, a crude oil inlet 24 with vertical pipes 26 each having
hori zontal liquid outlets 29 and[30, an outiet coi[lfector 32 and sal
cont ai ni ng wat er 34 col Maclnbated n |t he bot tibm of the vessel 10. The epsenti al
di fference bet\%q%nethe method of |[FIG 1 and FIG 2 is in the nmethod| of FIG
1, the salt is refoved from the ¢rude ofl by el ectjrostatic dehydrat|on

wi t hout the use of freShglasteadynhereas i BMIFIG 2 firesh watld is nixed with
15t he salty crude prior to the crfude oil entering|vessel 10. Listinpg of

El ements Used in the Draw ngs and Dediaglk @d6DeBgr i ptVainblorasadhting

Frequency

Each electrode in the plurality of electrodes is housed in an upper portion of the

10  vessel and at least one of the electrodes is in communication with a transformer. The
transformer may provide a multiple frequency electrical energy to its respective
electrode. Fresh water may be mixed with the inlet crude oil stream either exteriorly or
interiorly of the vessel. The vessel may include a mud wash system of a kind known in
the art and located in its lower portion.

15 The use of a modulating, high frequency AC field can increase the energy
available to control or prevent the formation of the rag layer and re-establish the
desalting and dehydration performance of a bilectric desalter. Using one to three
modulating, high frequency power units, the electrostatic strength can be optimized to
promote maximum rag collapse and water droplet growth. Furthermore, because a

20 modulating voltage field promotes effective coalescence in crude oil with very little

entrained water (<3%), it achieves a significantly greater coalescence with crude oil



32 CQutlet collector 12 Lower electrode 33 Crude oil discharge 14 M ddle
el ectrode 34 Salt containing water 16 Upper el ectrode 42 Transforner in
conmmuni cawpan12/i19¢32 18 18 PCT/US2011/046713
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containing up to 10% BS&W (known as basic sediment and water). Also, modulated
fields handle entrained water cuts significantly greater than 10%, thereby permitting the

use of more water so the removal of entrained salt is improved.
Objects of this invention are to provide an improved system and method for
5 removing entrained salt containing water from a heavy crude oil stream that supplies an
effective electrostatic field for treating these heavy crude oils while at the same time
preventing rag layer formation, controlling and stabilizing any formed rag-layer, and

avoiding water chaining and shorting of the electrodes.



Conductor in communication with 12 44 Transforner in conmmunication with
ZQ 20 Conductor in communication with 14 46 Transforner in conmruni cation
with 22028120avagact or i n comuni cation with 16 48 RagPCayuse011/046713

5

Brief Description of the Drawings

FIG. 1 is a cross-sectional view of an elongated horizontal vessel of the type that
can be used to practice the systems and methods of this invention. The elongated vessel
10 has three spaced-apart horizontal electrodes identified by the numbers 12, 14 and 16.

5 Voltages are applied to the three electrodes by conductors 18, 20 and 22 extending
exteriorly of vessel 10.

FIG. 2 shows a system and method that employs the basic concepts of the system
of FIG 1. The system of FIG. 2 includes an elongated horizontal vessel 10 having lower,
middle and upper electrodes 12, 14 and 16 supplied with electrical energy by conductors

10 18, 20 and 22, a crude oil inlet 24 with vertical pipes 26 each having horizontal liquid
outlets 29 and 30, an outlet collector 32 and salt containing water 34 collected in the
bottom of the vessel 10. The essential difference between the method of FIG. 1 and FIG.
2 is in the method of FIG. 1, the salt is removed from the crude oil by electrostatic
dehydration without the use of fresh water whereas in FIG. 2 fresh water is mixed with

15  the salty crude prior to the crude oil entering vessel 10.

Listing of Elements Used in the Drawings and Detailed Description

10 Vessel 32 OQutlet collector

12 Lower electrode 33  Crude oil discharge

14  Middle electrode 34  Salt containing water

16  Upper electrode 42 Transformer in communication with
18

18  Conductor in communication with 12 44  Transformer in communication with
20

20  Conductor in communication with 14 46  Transformer in communication with
22

22 Conductor in communication with 16 48  Rag layer

24 Crude oil inlet 50  Fresh water inlet pipe

25  Horizontal distributor pipe 54  Opening

26  Vertical distributor pipe 56  Water outlet pipe

27  Inlet valve 58  Control valve

28  Pump 60  Level control

29  Horizontal liquid outlet 62  Mud wash pipe

30  Horizontal liquid outlet



24 Crude oil inlet 50 Fresh water inlet pipe 25 Horizontal distributor pipe
54 Opening 26 Vertical distributor pipe 56 Water outlet pipe 27 Inlet valve
58 Cont r ovovaineI®d8 Punp 60 PCT/US2011/046713
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Detailed Description of the Preferred Embodiments
Referring first to FIG. 1, in one method of practicing this invention, fresh water is
mixed with salty crude exteriorly of vessel 10. A crude oil inlet 24 connects through an
inlet valve 27 (see FIG. 2) to vertical pipes 26 that have horizontally discharging liquid
5 outlets 28 and 30. Crude oil, having excessive salt therein, typically in the form of salt
water, is passed upwardly from inlet 24 through pipes 26 and is horizontally discharged
through outlets 28 and 30 to thereby spread the incoming crude oil and water mixture
between electrodes 12 and 14 and 14 and 16, respectively. By means of electrostatic
voltages applied to electrodes 12, 14 and 16, salt containing water 34 is condensed out of
10  the crude oil within the vessel 10 and settles to the bottom of the vessel 10. The crude
oil having water substantially removed passes out of the vessel through outlet collector
32 and crude oil discharge 33. Not shown in FIG. 1 is a water outlet discharge control

system, such as can be provided by a float or level control system.

Referring now to FIG. 2, in another method of practicing this invention, fresh
15  water passing through fresh water inlet pipe 50 is mixed with crude oil before the crude
oil enters vessel 10 through crude oil inlet 24. The fresh water dilutes salt from the crude
oil, forming salt containing water 34 that tends to settle to the bottom of vessel 10. By
means of a level control system (not shown), a level of salt containing water 34 is
maintained in the vessel while the crude oil, substantially free of salt, exits the vessel

20  through outlet collector 32 and crude oil discharge 33.
The system of FIG. 2 includes an elongated horizontal vessel 10 having therein
lower, middle and upper electrodes 12, 14 and 16 supplied with electrical energy by
conductors 18, 20 and 22; a crude oil inlet 24 with vertical pipes 26 each having

horizontal liquid outlets 29 and 30; an outlet collector 3; and salt containing water 34



Level control 29 Horizontal liquid outlet 62 Mid wash pipe 30 Horizontal
liquid outlet WO 2012/ 019082PCT/ US2011/ 046713 6 Detail ed Description of

the Pref ewpedi2fmsdi ment s Referring first to FI G PCI/USR010/0d670®t hod of
practicing this invention, fresh water js mxed with salty crude exteriorly
of vessel 10. A crude oil inlet 24 connects through an inlet valve 27 (see

FIG 2) to vertical pipes 26 that have horizontally discharging liquid 5

outlets 28,@ekd3@ thOHeeemodf the RRY¥eNhileXCRIBSHEe] §d HedcRBEE®WIth defdpéraltby i n
the formof salt water, is passed upwardly frominlet 24 through pi pes 26
and is hoEﬁéoptally dlscharged t hrough outlets 28 and 30 to thereby spread
the incomng crude oil and vvater m xt ure bet vveen el ectrodes 12 and 14 and

14 and 16, res tivel of el.ectr tic.volt ed

el ectrodes 12, E)llﬁleﬁﬁfe%@f%g r‘f?léﬁaml%c %%lﬁvgreggﬁﬁgﬁgp@t@}fﬁugéf 10
the crude oil within the vessel 10 and settles to_the bottgogmof the vessel
10. The crinde odliinlehpipe gey. Reash atsibs eamey e injp Yeésﬁ%\l@ahrﬁa&%greﬁwﬂ@? nl¢te
vessel through outlet collector 32 and crude oil discharge 33. Not shown in
FI G 15i s pipensll.eTheunixed cdidectibiage feshtwatir magstsetroughohixasalear? Hatopthevi ded
by a float or |level control system Referring nowto FIG 2, in another

met hod of ifedetdfcisg] thitsoighvenizonma] dibti@ator ibﬁ)em&e’htopmﬁdamgistrfhumlgﬂ)dsr esh
water inlet pipe 50 is mxed with crude oil before the crude oil enters

vessel 10 ghpaughyueh lé%m%!l{y binlo®er 24d upP& R8s Bud@s ©b il 0t esals abin fhleom t he

grude 0|L fornlng salt contalning water 34 that tends to settle to the
ottom of vesse| \ i I
Pevel of S o latdﬁ.u%eﬁ mﬁﬁ?%%ﬁ% %}‘F’g‘%bﬁf@ﬂﬁ{él wﬁ%%%gégéwl&m??%udfhe

10  fresh water is subjected to electrostatic fields supplied on electrodes 12, 14 and 16. The
electric fields augment separation of the crude oil and water, the salt containing water 34
settling to the lower portion of vessel 10 and the crude oil rising to the upper portion.
The crude oil floating on the water layer 34 forms a rag layer 48 which consists of an
unresolved oil and water mixture. Rag layer 48 separates the water 34 within the vessel

15  from the crude oil.

Salt contained in the crude oil delivered into pipe 24 is contacted and diluted in
the resulting water passing into the vessel through pipe 50. The salt containing water 34
is then separated from the crude oil by electrostatic actions within the upper portion of
the vessel, the electrostatic action being provided by electrodes 12, 14 and 16. The crude

20  oil, having at least a significant portion of salt removed, collects in the upper portion of
the vessel and exits the vessel through outlet collector 32 from which the reduced salt
content crude oil can be conveyed for refining.

Water is collected into the lower portion of vessel 10 from two sources. The first
is salt water normally contained in crude oil that enters crude oil inlet 24. The second is

25  fresh water flowing into the vessel through inlet 50. Water leaves vessel 10 through an



The systemof FIG 2 includes an el ongated horizontal vessel 10 having
therein | ower, mddle and upper electrodes 12, 14 and 16 supplied with
el ect ri cavoenerigyospy conductors 18, 20 and 22; a crude @Cir/uspéien4eZ43 Wi t h
vertical pipes 26 each having horizontal liquid outlets 29 and 30; an
outlet collector 3; and salt containing water 34 WO

2012/ 019082PCT/ US2011/ 046713 7 collected in the bottom of the vessel, al

as il ust pat@ds 3ndosiasmidabed widhtawitef &k pige 5&.GA dontrol valve b8 opfratedyst em
of FIG 2, salt containing crude oil is delivered to vessel 10 through

crude oil i,n i den E : Mhelicht CMEY- L L S 116, ot gh a
fresh matgy %ﬁ%@?Cgﬁﬁﬁpg)é@sﬁgﬁﬁaﬁfiﬁﬁaﬁrudegdﬁ egﬁg&g%ggﬁﬁgg%gf gggges
through m.x..valve 27.into.the interior of vessel 10 through hori zontal

di stri but 6‘?‘11?)%%%%‘%?/ f%g}e\feﬁ?%rasi%yter%iw di stributor pipes 26 and through a
plurality of |ower and upper liguid out]ets 29 and 30, Salt frcggtge crude
oil is diluted lihatdssalise shovaa in fls e nchiics BysyFiEPnP RIS ViRt & THeedEerwi t h
the crude oil fromwhich salt has been at |east substantially renoved. The
m xed &r udle sichmahition 0f folisls thatan e degrokeuhy indessiy is @'eeu@ﬁltyrc(aﬁ@%i‘mud-f’i Jrds
supplied on electrodes 12, 14 and 16. The electric fields augnent

separ at i oshigfputgvee eidudesaldrl syateech WAFEE., 2 irivtudealat madwaah niystgmvihbientildAs a
settling to the | ower portion of vessel 10 and the crude oil rising to the
upper por th'oﬂﬂontaigﬁr ofHAE nRd wishQatd 6W1a9MgtdAr'Wala8ént ey Bikerdf bb@EH®f fankad

| ayer 48 which consists of an unresolved oil and water m xture. Rag | ayer

2 an Uresol ved o _
Sl bont Aoy fecaeeb e B el B EE cnt P B oFEAEEE Bie 28

diluted in t L ti ' i nt h th [ 50. Th
Cal - cont AV RETAEUHE 40 el He R GEpAT REEH 19 BniPRe e dbdvBy LighRlE i T

el ectrostatic actions within the upper_portion of the vessel, the .

el ect Bst autlet pip $onT i mgmp? ouirabaiesspltepaiginingwaten 34 togirapgnd garsridthe r ude
20 oil, having at least a significant portion of salt renoved, collects in
t he upper ipontitha seftlet he theclss®im afthnkxiot sAt the saemstghe s#lt oorghinmgt Waier is
collector 32 fromwhich the reduced salt content crude oil can be conveyed
for refinif@harged through JAESBI vdlSe SOhAESVLPbMBe btterh GWBlgPRElr Omlabipsessel
10 fromtwo sodurces. %he first is salt water normally contained in crude
oi | that ters crude oil inlet 24. The second is 25fresh water flow ng
into the vessel through inlet 50. Water | eaves vessel 10 through an WO
2012/ 019082PCT/1JS2011/ 046713 8 ni_n [ ' ikh r
di'schar ge pi pe 8. SXGhTES oS eVl ooy SRR Fghp EdL oL ettt

mai ntai ns the height of the water interfac ithin the vessel .indicated by
the | ével HE. 2agthebipdne ﬂ-‘és.tenTﬁEé Bﬁg%ﬂ%t#ﬁlghivwe ist?:lt [ ignoye ﬁ(?’fnutgggnﬁle st em
of keeping vessel 10 free from5 the accunul ation of solids that in the
pet r ol eumbiyredlestostatic delfydeajioarwitliout thel usg of figsh waten ivhersas ipbhGp dslaeshiyeater
desalter systemof FIG 2 includes a nud wash systemthat utilizes a

hor i zont alis pgkddwahekk sanycrudsrigi pehd 2rudayilngitamgovessedjl8c dntbottheysiemser i or
bottom of tank 10. One end of perforated nud wash pipe 62 is connected to

the outl etige gfix QUL 811 D¥d THIL WRSH 2L BIE)SCt4D WMBlet @ictivedd Withikehofvepem 28 is
connected to water discharge or 10 outleéet pipe 56. Thus punp 28 circul ates

| t taini 4 t L ) i I | t
The. bott oneBre Pempt ghlage fpdotd s, ARER] b ol bl rhdang ol b PR o G

Lhrougly coptrol, Vel ve 58,and aYpy I QRyEhe system Lhrough vater out et pipe

Ilustrated in FIG. 2 are transformers 42, 44 and 46 having conductors 18, 20 and
22 that transfer voltages to electrodes 12, 14 and 16. In the practice of this invention,
transformers 18, 20 and 22 provide multiple frequency electrical energy (see quadrants I
to IV in table below) to electrodes 12, 14 and 16 that substantially improves the

25  electrostatic separation of the water contained in the crude oil from the crude oil itself.



The essential difference between the systemand nethod of FIG 1 and that
of 15 FIG 2 is that in the systemand nethod of FIG 1, the salt is
renoved fwormtdmavaseude oil by el ectrostati c dehydrati onPairtusout/otdve3 use of
fresh water whereas in FIG 2 fresh water is mxed with the salty crude
prior to the crude oil entering vessel 10. In both systens the m xed crude
oil and fresh water are subjected to electric fields within the vessel to

cause t he T3glchnott 6f uttlLiSEOH HeGudic Bdch6statidistRldtdncbYs ddieribRpiRdeefil ihhe
i mposition of 20electrical charges on el ectrodes 12, 14 and 16.

I'I'lustrated.:] r i s 18,
20 and 22 Sk S5 R Sor GATLOITRS 171,340 P A hhP hooRaE 8
practice of.this invention,.transfonners 18, 20 and 22.provide,multinple
frequency TEFEEETi & 2 SHEGYS ’(I’é‘%r8v?iﬁ8§?t£?ﬁt 19 C‘%ageSF‘i?"F naCPIEHF%IbEetP?)\hﬂm% o

el ectrodes 12, 14 and 16 that substantially irrpr,ove? t he ZS%I ectrostatic
separ at i oiOBRE%E REOWARRARY BHUAMSEH S, A4tamd 46r Srdaragrn of sahyveise OMUYE CBide
itself. WD 2012/019082PCT/ US2011/ 046713 9 The concept of utilizing dual
frequehcy odliesthstistially enheneddedghereby saltlie seark sdctivielyorermived fiernUie carlest at es
Pat ent Nos. 6,860,979 and 7, 351, 320, which are hereby incorporated by

r ef er ence.oilAsAdilluesated ir0thel e Rovetlixedebol,r fost diffecent cahfegeeativns cdditqessy by

t he uni que vol tages provided by transfornmers 42, 44 and 46, separation of
salt water,fr r bdn | t@nhé 3ht Y¥r eRARERHo@Rd PloREAYy, sal t
IS nore efa?ggtg%éeerg t?é%égw?k%nmbfﬁgﬂ%raﬁg oi%l. As illustrated in ?ﬁ% 2 X 2
matri x bel ow, ur, diffe t I i ncy and voltage (I to
|V bel ow) VS%isFil L(gmgléeﬁll}sgg%ﬁ% Cpﬁg%ﬁ%&%&%ﬁg&%a@%é{%@gﬁs. Preferably, vessel
10 makes use of the confi gurati ons—ef—quadrants—+—and+-HH+—H—-+HI1 IV
Single (> 60 Hz)Vari abl gjfgaedullati ng Frggquency 10As previously nmentioned,
a problemencountered in desaltens of the type that

Voltage
Single, steady 11X v
Single (> 60 Hz) Variable or modulating
Frequency
10 As previously mentioned, a problem encountered in desalters of the type that

employ electrostatic separation is the formation of rag that is indicated by the numeral 48
in FIG. 2. If the applied voltage in the system is not effective the interface rag 48 can
accumulate and impose more demands upon the power units. By the system of this
invention wherein multiple frequency electrostatic coalescence is employed, the

15  detrimental effects of the occurrence of interface rag is substantially reduced.



enpl oy el ectrostatic separation is the formation of rag that is indicated
by the nuneral 48 in FIG 2. |If the applied voltage in the systemis not
ef f ecti vewODhe12/mp@sef ace rag 48 can accunul ate and i npos@CEarSeoidanemils upon
the power units. By the systemof this invention wherein nultiple frequency
el ectrostatic coal escence is enployed, the 15detrinental effects of the
occurrence of interface rag is substantially reduced. WO

2012/ 019082PCT/ US2011/ 046713 10 WHAT i CLAIMED I'S: 1. A nethod of renoving
entrained salt containing water froman inlet crude oil stream the inlet
crude oil streambeing fed into a horizontal vessel housing a plurality of
el ect r AT FSHeLABVIEGNISsonpri si ng t he steps of: 5applying an el ectri cal

ener gy ,havi f reguency areate han. 60 e I ein
the ol dral i (o Epod PR TRS e hbRhEl stesdieftnd et f nPlo HaRBheBF o s TE

bet ween adj acent pai.rs of _electrodes.in th lurality of. el ectrodes
' & di rct MR BB SERBI R Eda] 0T 8ot eur bk Pod e BTl
distributed inlet crude oil streamto an electric field produced by the
10appl i ed efsersthodgonypisinggheofienswé adj acent pairs of el ectrodes; wherein
each electrode in the plurality of electrodes is horizontally oriented and
spaBed- apart fro#napéyies ait elagiged epaenhteng & eguppcracaieethan 60 Elzttp ggleast pne A

met hod according to claim1l further conprising the step of nodul ating the
anpl i tude 150f the el @edtrodeal thepbrgity bbeledtrodenst one el ectrode in the
plurality of electrodes. 3. A nethod according to claim1 further

conpri si ng the sgiepibofingnhduhlat érode bihetréane eterey adificenhpaiel efcdlectiodds ienke gy to
at | east one electrode in the plurality of el ectrodes. 204. A net hod

according to claim1 yhersi d}‘ewa@o&!seﬁbaﬁs@ioh@uﬁdﬂmalmF@bnélyo 0k ekkgeddgsodes
bei ng a grounded el ectrode. 5. A nethod according to claim11 further

conprising the SE)&’%SHE o distibigd & el Gietfl8o Qh blectric field produced by the
10 applied electrical energy of the adjacent pairs of electrodes;
wherein each electrode in the plurality of electrodes is horizontally oriented and spaced-

apart from and arranged parallel to any adjacent electrode,

2. A method according to claim 1 further comprising the step of modulating the amplitude
15 of the electrical energy to at least one electrode in the plurality of electrodes.
3. A method according to claim 1 further comprising the step of modulating the frequency

of the electrical energy to at least one electrode in the plurality of electrodes.

20 4. A method according to claim 1 wherein one electrode in the plurality of electrodes being

a grounded electrode.

5. A method according to claim 1 further comprising the step of diluting the inlet crude oil
stream with a volume of fresh water.
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6. A nethod according to claim5 wherein the volune of fresh water in the

di luted iwbebionese oil streamis greater than 3% and | @s3/usb@n/oi€rs of t he
conbined inlet crude oil and fresh water stream 57.A nethod according to
claim1 wherein the entrained salt containing water in the inlet crude oil
streamis less than 3% 8. A nethod according to claim7 wherein the
entrained salt containing water in thetinlet crude oil streamis in a range
of 0.1%to 1% 10 9. An elongated horizontal vessel conprising: a |ower, an
upper and a mddle el ectrode, each electrode oriented in a horizontal plane
and shéri ngAanghekawerding & clpinafewherein the volume of fresh gyat¢reiasthe greted inlet
transfornmer in conmunication with at | east one of the | ower, upper 15and

m ddl e el ecérideles streanvie iptdatakiay 366 mrechlessthi P& iofi theammbiriedatleomudd eiharal cr ude
oil streaminlet; the at |east one transforner providing an el ectrical

ener gy havi p&ghavdisregbghCcy greater than 60 Hz; the vertically oriented
pi pe having nmeans for horizontally distributing a crude oil 20stream
between the |l ower and m ddle el ectrode and the m ddl e and upper el ectrode;
10. An el ongated horizontal vessel according to claim9 further conprising
a f¥esh wat &rméthodaccordingtenelaine Atwhsreinithchentiaéned rsalll sowfpining: welghrin the dilet

crude oil stream is less than 3%.

8. A method according to claim 7 wherein the entrained salt containing water in the inlet
crude oil stream is in a range of 0.1% to 1%.

10
9. An elongated horizontal vessel comprising:

a lower, an upper and a middle electrode, each electrode oriented in a horizontal
plane and sharing a same vertical plane;
at least one transformer in communication with at least one of the lower, upper
15 and middle electrodes;
a vertically oriented pipe in communication with a crude oil stream inlet;
the at least one transformer providing an electrical energy having a frequency
greater than 60 Hz;
the vertically oriented pipe having means for horizontally distributing a crude oil
20 stream between the lower and middle electrode and the middle and upper

electrode;

10.  An elongated horizontal vessel according to claim 9 further comprising a fresh water inlet
in communication with the crude oil stream inlet.
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