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PETROLEUM PRODUCTS USI NG ULTRASOUND VI BRATI ONS AND AN ELECTROVAGNETI C FI ELD
The presewd 20nvset22on rel ates to the field of industrialPcpnBmassiongs of
hydrocarbon 5 liquids, in particular crude oil and petrol eum products.

More particularly, the present invention is concerned wwth a nmethod and a
device for the processing of crude oil, conponents of crude, or m xtures
thereof to increase the |ight h%drocarbon content thereof. 10Crude oil is
qual i FRETFIcEYT ditfig 6T %ENFFu%eCrR BF i 3 BRTRGFDG SROPUFTS\HF LY PHEA8R0oni ¢
val ue "deHERGE® 1PAP &Y v BR OHe* YU ahtE Ve proportion of the nore useful | ower
boiling point fractions (such as e.g. propane, butane, gasoline, naphtha,
kerosene, etc.) conpared to that of high boiling point fractions (e.gqg.

heavy oil, fuel oil, rectification residues etc.). The utility of crude
oil, particularly heavy crude oil 15 grades, may be increased by renove
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l'i ghter, e. |lower b0|I|n int, conponents. In the literature there have
been des&ypmrgorhg%t@ptg} F"rgghods for converting a proportion of the
hi gher boiling conponents of crude oil (e.g. heavy oil, fuel oil, etc.

conponents), or of petroleumresidues, to | ower boiling conponents (e.g.
propane, Grutlenei| igapalifiee,actapdingao &erwsipere of eﬂf@ereaﬁgwqimemﬂ wh;chb&&aed on
the excitation of the crude oil, or petrol eumresidues, by subjecting
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fractions remaining after the most readily accessible components (lower boiling

20  point fractions) of crude are extracted by distillation, into lighter, i.e. lower boiling

point, components. In the literature there have been described a number of

methods for converting a proportion of the higher boiling components of crude oil

(e.g. heavy oil, fuel oil, etc. components), or of petroleum residues, to lower

boiling components (e.g. propane, butane, gasoline, naphtha, kerosene, etc.

25  components), based on the excitation of the crude oil, or petroleum residues, by

subjecting to mechanical vibrations or electromagnetic fields.

The patent RU2149886 describes a method of excitation of crude oil, and other
liquids containing bonded hydrogen, by means of the effect of vibrations on the

30 liquid, aimed at destructive transformation of its chemical bonds at the molecular



10 described therein, using ultrasound of intensity 1IMNnR2 or greater,
produces cavitation bubbles in the hydrocarbon |iquid, whereby collapse of
t he cavi twDi2zon/isedzbl es (duri ng the conpression hal f-cyclPeX/IBEie6®e6S an
anount of energy exceeding the atomi c bond energy of the nol ecul e, |eading
to cl eavage of bonds of the nolecule. 15 The nethod of pre-treatnent of

| i qui ds according to EPO667386 conpris the consecutive supply of liquid
into the cavities of several blade-type rotor wheels, discharge of the

| i qui d frevelt R§2J4988¢ usesascther sewece wiigeechaiicaltvileragiani aysabgnaid sif &t br

t hr ough I o) i ngs_of Eptor wheels and straight-through openings
20 of thg%bﬂg%6 &§$ﬁ8g?m8&8%ﬂﬁolﬁ&uid running out fromthe outl et openings
of the rotor wheels undergo sharp periodical interruptions, which induce

t he nechani cal vibrations of acoustic frequency in the liquid. According to
EP066738@I%0 deay e fantionedt iERNCG0E380fwhighr desarives &iprocess ifer cankingd with
t he device for .the above-described e-treatnment of the |iquids,, and
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for the resonant' éxcitati ocar aro

hydr odynaixceegingrine atdmiccbbiadicpalgyostine mblevite,ilsadingdotaeavaye dicbdedonant
excitation of the liquid. According to EP1260266 t he resonant excitation of
the |iquicdthemple@be.ed abiding by the 10rel ati onship: nR = 1.16141 F,
vvhereiisn, n [1/s] = rotation frequency of the rotary wheel, R nl = the

radi us of the peripheral surface of the rotary wheel, n = the rotation

frequencyrnef niditod of ir-tideemenaidd liguits bessramy (¢ ER0687388 @mpried thui d is
executed on one of the basic
consecutive supply of liquid into the cavities of several blade-type rotor wheels,
discharge of the liquid from the cavity of each rotor wheel into the cavity of a
stator through outlet openings of the rotor wheels and straight-through openings
20  of the stator. The flows of liquid running out from the outlet openings of the rotor
wheels undergo sharp periodical interruptions, which induce the mechanical
vibrations of acoustic frequency in the liquid. According to EP0667386 a device
for fractionation of hydrocarbon liquids is coupled with the device for the above-
described pre-treatment of the liquids, and comprises a separation chamber
25  conjugated with the last wheel for separation of the treated liquid into liquid and
vapour phases, and a chamber for condensing the vapour phase, communicating

with the separation chamber.

Methods of excitation of hydrocarbon-containing liquids, such as crude oil, by
30 means of acoustic vibrations have been widely investigated in the state of the art.

In general, these methods comprise the transfer of vibrational energy to a liquid



15frequenci es obeying the conmmon rel ationship: F = FIN-1/2 where, N = the
selected integer and N = 1, and F1 = 63.992420 [kHz] (the basic oscillation
frequencywet2oN/0862p. 20 The net hod of EP1260266 i s repoPC&dBr01/pionss de
resonant excitation of the hydrocarbon |iquids, causing the destructive
transformati on of the chem cal bonds of, the hydrocarbon liquid at the

nol ecul ar level, and results in an i ncrease in the yield of |ight

hydr ocar bon fracti ons upon subsequent fractionation. 25The use of
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devi ces far the citatjon of hydrocarbon-containi | i quj.ds, such as crude
oi I, has BHEE BLAC; WEsheigat wibraliehs’ mid{ Becerovidsd Syoschatioel tiEc®ret hod
for the Gh@dHdniddlYanbgeEdoRicale CrpidiRodbdtrict hydisd@Rieict Ner cAREENypOf of ower
boiling fractions, in which crude oil is subjected to el ectromagheti c waves
of nul ti plceustieyibeatiiresQuree. covering one or nore w de frequency ranges,
within the el ectromagnetic spectrumfrom 1Hz to 300GHz. The el ectromagnetic
waves’ar e produced by an el ectronic WO 2011/ 086522PCT/ 1B2011/ 050165 4 or
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pul satory and/or tenporarily interruptible. In the process of EP1233049, an
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nR=1.16141F,
wherein, n [1/s] = rotation frequency of the rotary wheel, R[m] = the radius of the
peripheral surface of the rotary wheel, n = the rotation frequency of the rotary
wheel and, the resonant excitation of the liquid is executed on one of the basic
15  frequencies obeying the common relationship:
F=F.N"
where, N = the selected integer and N >1, and F; = 63.992420 [kHZz] (the basic

oscillation frequency at N = 1).

20 The method of EP1260266 is reported to provide resonant excitation of the
hydrocarbon liquids, causing the destructive transformation of the chemical bonds
of the hydrocarbon liquid at the molecular level, and results in an increase in the

yield of light hydrocarbon fractions upon subsequent fractionation.

25  The use of electromagnetic vibration generated by electronic or electromechanical
devices for the excitation of hydrocarbon-containing liquids, such as crude oil, has
also been investigated. For instance, EP1233049 describes a method for the
qualitative upgrade of crude oil, to increase the content of lower boiling fractions,
in which crude oil is subjected to electromagnetic waves of multiple frequencies,

30  covering one or more wide frequency ranges, within the electromagnetic spectrum

from 1Hz to 300GHz. The electromagnetic waves are produced by an electronic



10 subjected to primary and principal applications of electromagnetic
oscillations. The primary application of electromagnetic oscillations is
carried owD2atl/®eRRage precedi ng supply of the hydrocar lpom/IBEXIENF0865 t O
thermal cracking, and the principle application of electromagnetic
oscillations is carried out in the rectifying colum. According to US

2008/ 0156701 the principal excitation & the 15hydrocarbon raw nmaterial is
affected at one of the basic frequencies according to the relation: F =
(153511 -esadecnamaggticl seurcerwith %m\nmi%siﬁn Pfitge tehectiamagneticuveveTpeingps2. 311
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mul tiplication of the universal constant by 273 degrees (Hz). 25 According
to US 20&8¢anseagictior wares, plpped dasidera storagedank mamtening esusiet ail ieomtsray be
made both,in the pipeline sypplying_ hydrocarbon Ijquid to thermal cracking,
and i At FEQRTRATEHE waNEs glomp e SEiUenFics, Bladed SRrcs: ocaHRird tyf Ihe

hydr ocar Rgn,rhé @¥LA, il ihehBahner acking, and the primary excitation source
is 30provided by an el ectromagnetic oscillator, for exanple by a circular
magnet ostrictive transducer, or other electronmagnetic radi ator, operating
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pretreatnment of the oil residue feedstock by application of oscillatory
exci t at i dmeoREMagy BPaHcatigiyef steqtriompgneticeasciltationsds fpstiee qus atjgstage
frequenci 10 t heral ing-. et at . at 0 f
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are used to provide acoustic and el ectronmagnetic frequency oscillations. As
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t he pre-theadlaBom: contai ner. The process of RU2215775, using high intensity

el ectromagnetic fields, causes the destructive transformation of the
chem cal bonds of the high nol ecul ar wei ght hydrocarbon nol ecul es at the

nol ecul ar | evel EIUT Z@é‘ﬁfalgipkgr@ﬁ%g 'H:lg)gof hi gh nol ecul ar wei ght

hydr ocar bon nol e nt e heavy oil residue is
subjected to thermal cracking in a thernal

20 wherein T is the temperature (C°); 562.311 is the universal constant
characterising the range of frequency variation of an atom of hydrogen of the
electron shell, with the temperature varied by one degree (Hz/degree); and
153511 is an operator obtained by multiplication of the universal constant by 273
degrees (Hz).

25
According to US 2008/0156701 primary application of electromagnetic excitation
may be made both in the pipeline supplying hydrocarbon liquid to thermal
cracking, and in the operating container(s) used for storage and/or supply of
hydrocarbon liquid to thermal cracking, and the primary excitation source is

30 provided by an electromagnetic oscillator, for example by a circular

magnetostrictive transducer, or other electromagnetic radiator, operating at a



20 cracki ng apparatus connected to the outlet of the pre-treatnent
container, conprising a cracking reservoir connected to a reflux-distiller
and accumubabimges2ent ai ners. Such net hods and i nst al | at ipomaBtoar/oimeat nent
of hydrocarbon-containing liquids, 25 such as crude oil or petrol eum

resi duum by use of nechanical or el ectromagnetic vibration sources, nake
it possible to increase the proportion out put of the nore-val uabl e

| i ghter hydrocarbon fractions. However, in practice the potential of such
t echnol odied eprig-raetermings fregdeney.i t Ehe uectiyying golumpagdesigne@s0oas o e
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ul t r asoungdtscapbOHsResavi t ati on have the drawback of destroying high

nmol ecul ar "structure in crude oil. Further in such processes there is risk
of danmage to el enents of equipnent in the zone where cavitation occurs due
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i ndustrial commerciall scale. 10 There Tenmins a need for alternative, and
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treatnent o ect the 1 nvention I's to provide a process
and devi genkdatot beelectratmagnietiofwasesdeonnécted toporEmitier @erial lodatedinsidext ur es
thereof, to increase the proportion of |ower viscosity, |ight hydrocarbons,
which is t@ﬂ@rgﬁrﬁtme&t ERNtaINPle @EeUSelolR WMW%I@&OHSM gheselecypnagnetic
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f r equencyentfitigal ipsindd, Spophtad dechairtlev ot end pre-tativieng cobtaihéve witt thed.
bj ects of the invention are achieved by a nethod for treating a crude oil
and/ or coapigEMiaceUste ytsatierobanaPrevidedyng pireiing supPhin feadstecletnf a
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gener at 0rei|e¢1hﬁﬁ§%;ﬁeﬁichﬁel@'s?¢ddd§&9ﬂﬁ@ d&striielive eRinisf@endiors aif the chemical
el ectromagnetic field generator cogﬁrl ses a conponent of el ectromagnetic

field modondsed ths high miokeautaiwgiabt hydrocartpremotacstes aldimetrneleculadéevel, be

treated PR, liehaedsefépgr%%k%gt(%igﬁfmolecuIar weight hydrocarbon molecules. After pre-

treatment the heavy oil residue is subjected to thermal cracking in a thermal
20 cracking apparatus connected to the outlet of the pre-treatment container,
comprising a cracking reservoir connected to a reflux-distiller and accumulating

containers.

Such methods and installations for treatment of hydrocarbon-containing liquids,

25 such as crude oil or petroleum residuum, by use of mechanical or electromagnetic
vibration sources, make it possible to increase the proportional output of the
more-valuable lighter hydrocarbon fractions. However, in practice the potential of
such technology remains unrealised to its full extent. Among the reasons are
insufficient efficiency of the known devices.

30



5to ultrasound vibrations. According to an enbodi nent of the invention the
el ectromagnetic field emtted by the el ectromagnetic field generator

conpri seswea 20umsaeizent of el ectronagnetic field generat e#ChyBzN1/83006 nal

el ectronic or el ectronechani cal source. 10 According to an enbodi nent of
the invention the el ectromagnetic field generator emts el ectromagnetic
field at one or nore frequencies producing resonant excitation of the crude
to be treated. 15According to an enbodi ment of the invention the external

el ect r onilceaimenteyocesaashedinganigs dutersityfulisasaindimgreduce caviadiondmme ses a
hi gh frequen urrept generator. According to an enbodi neat there |

r ovi ded 16 o ewBRSK BDHsPryhg righ derigr atuellrs dh, SO plEiiaPtl it e
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el ectromagnetic field emtted by Ssaid crude on treatnment with ultrasound
and conveavitaiiprsacclrd etuedodbie @iction ob theghighiioteniséy ditrasooindrviliadionsi ¢ cur r ent
signal; generating a high frequency electrical current signal using a
current generator; conbining said current signal produced by conversion of
the 25 defeghethPLegt pRIEBISRHI el Aol hothoRArIAEI g fo PlRrésRAYiBRN!
with ultrasound wth a said current signal generated by the curren

gener at orof the anerfesvatuablet hghtcloydrooadbooarranbesn guakessiully ampleinesrttedraagnet i ¢
field; and subjectin t,f\e fl ow of crude to be treated to the thus produced
el ect r ondlHE Garumdrcialisai 11/ 086522PCT/ 182011/ 050165 8 ptional |y, at

| east a portion of the flow of crude treated with ultrasound vibrations and
el ectromagnetic field nay be subjected to one or nore additional cycles of
t he tipeatTinené ravinbinsud head domdlternbtiag i antsingprdved gorocessemand delicel fdr the

50ptionally, at least a portion of the crude oil, conponent(s) of crude, or

mi xture tIGAEERT Ohorede ile ANFeReiroleti feRdWNPr 42 dGT8ase brildi dnieamere-
resonatin | : tﬁ'ﬂ}ﬁﬁ ctromagnetic field nmay be added to a vol une of
untreate l:drﬁélﬂ%“@ﬁ , cgﬁ%rgﬁb%t(s) of crude, or mxture thereof. 10
According to an enbodi nent there is now provided a device for the treatnent

of crude oil, conponent(s) of crude, or m xture thereof, conprising an
ul t r asourfdd giehef tedpresant iavertion ivelgrmereone spmeyenalt at e, digadvanieges otor e

el ectro ic fi , i i retic field

gener'at of £0bs gt iaf RISk T OEra Be detmBr e o BB aving & component
of electromagnetic field nodul ated 15by an el ectromagnetic field detected
by the el ectromagnetic field sensor(s). The nethod and device of the

i nvent i o\mabjegtiohtheatjwentioy ihéo applidea rrocass aod wwyics for the isateani e) of

crude oil r mxture thereof. . : ,
crudd om components of crude, or mixtures thereof, to increase the proportion of

lower viscosity, light hydrocarbons, which is energy efficient.

20
There is now provided a process for the treatment of crude oil and/or components
of crude comprising subjecting the crude to ultrasound and to a resonating
electro-magnetic field of high frequency. There is also provided a device for
carrying out the method.

25

Objects of the invention are achieved by a method for treating a crude oil and/or
components of crude according to claim 1, and through the use of a device

according to claim 13.

30 There is now provided a process for the treatment of crude oil, component(s) of

crude, or mixtures thereof, comprising subjecting crude to be treated to ultrasound



20 The term "crude oil" includes crude oil of any grade. The term
"conponent of crude oil" includes internediate and final products of crude
processi g 20ngi8eiteng any fractions of crude. The term PCraBilon®iedf crude”
takes its normal neaning in the art and covers the nost useful petroleum
product fractions, such as liquid petral eum gas, gasoline, naphtha,
kerosene, diesel, as well as the heavy ‘fractions 25and resi duum such as
heavy fuel oil, petroleumresidue, lubricating oils. The term"light

hydr ocar yderationalessl for@n geatidmagaeliajeidnemitehby a ameledramagpetic field arl y

to those hydracarbon perroleu roducts. Vir boiljn oint of l.e t han
or equal SEHCHROE vigals Mece BETPTAe HiebE SRy Seld B8P Bionile 48RS,
30pr OPan%;,en@r'bﬁﬂecorﬂéﬂBéQ% c8apIemt of e erBRfa i dfierEm Rl dRlebynas oduct
fractions. The term "heavy hydrocarbons” takes 1ts nornmal meaning 1n the
art, and elegtranodgrneReiid eOTiteBION1 HIEH0LEE 1o hestreatedp thecaNosuye therebbse
hydr ocar hon petrol.eum products having a boiling point of higher than 360C.
ExanpPes %Pltmdh\QW@gea?'bons include, for instance, heavy oil, fuel oil,
petrol eum resi due, petroleumtar, asphalt, bitunen. 5Exanpl es of

hydr ocarbon |iquids that may advantageously be treated by the nethod, and

t he devi decoading e aprermbadinentaritthe invaentiondb e & ecteornagnetofigidremmitteddfy cr ude
oil such as heavy oil, fue| oil, lubricating oil , and trol eumresi duum
or | it utBS CHeIABROUE G MLt SeR A FUGREESS AeomhREeNEB T aleCUAMAg Tt
particul ﬁ'i%ld‘gé‘ﬁé(ragécﬁ?%nchtéﬁn%ﬂsle%trb'nic&?rtéleélt%’rﬂbéﬁérﬂiéé'l.uéHur d conponent s of
crude, or mXxfures o 10 conponents of crude, contalning heavy

hydr acarbons e.g. with boiling point of 360C or nore; nmay be nentioned in
particular. Al so, mxtures thereof with petrol eum products such as

gasol i ne AGPRPHNAAC a8 @MbPHirasR! @ihedi YRiHobine Heciraresneln fielegafeiaderar bon
liquid ig6h %‘F?&'rbma@eﬁﬁeﬂel@aﬁmgdﬂ!ﬁ%eC?Fedd@@n#i@ged}toiq?l'&jﬁré;?e L pear bon
ro iduu t inent - of the ent |

liquid is pe eum r m 1 h another “enbo I on the

hydr ocar lexgitdticiuotthescrad @it beneeadéd.pet r ol eum r esi duum and one or nore
petrol eum products, such as naphtha gasoline. 20 Advantageously, the
process and the device according to the invention make it possible to

vt - o AR08 s A" foadiMnicdf e 3pR8TogRRte ' Eefin)” eRiiEPhGe
oi | pr odugdctrothéshanidagsnitee YofesleetbriighetioffidlecdmpeRisa Bigel fleyiésey of

the invention nake it
current generator.

According to an embodiment there is provided a process comprising subjecting a
20 flow of crude to be treated to ultrasound vibrations emitted by a source of
ultrasound; detecting an electromagnetic field emitted by said crude on treatment
with ultrasound and converting said detected electromagnetic field into an electric
current signal; generating a high frequency electrical current signal using a
current generator; combining said current signal produced by conversion of the
25 detected electromagnetic field emitted by the crude on treatment with ultrasound
with a said current signal generated by the current generator; transforming the
combined current signal into an electromagnetic field; and subjecting the flow of

crude to be treated to the thus produced electromagnetic field.



possible to increase the yield of |light and medi um hydrocarbon fracti ons,
e.g. diesel fraction, from heavy crude or petrol eumresi duum WO

2011/ 086520RaT/mBEB2011/ 050165 10 oil of 1 to 10 (:)/0, pacriBuianiogesof 3 to
5 (:)/0 my be achieved by the process, and apparatus, of the invention.
Advant ageousl y, the process, and device, of the present invention enable to
5 increase the light hydrocarbon or boiing conponents (i.e. conponents
have a boiling point of |ess than or equal to 360C) in the treated crude.
Advant ag&qtnally aat least 2 asdiamotithe flowy Of ergdedrgsieed with Wirasoyrd 2ibvatiansy
instance 8 t9 14% may be _.achi eved. 10Advantageous|y the process nd

dovi ce. - i fletEpiEBhett (BinmairPs stBReEE B RR Seine S et E by Mo bour
poi nt of ih&&ehtRahErits UHERoRhadikhtions BHE thedtrarddndtie flgadvant age of the
present invention is the mnimzation of energy required for carrying out

the treatnent of the crude oil to transformto |ower 15 viscosity
products._ The i nvepf I on pro:{i des tgn effici.ent nmeans I ncr easi nﬁ%t he

proport i SPIENAY gt 'SRFE AR BPSLAP ¢! Cerﬂmea\t{syogéw%mnﬁﬂ Yiue,
or 1M Xt UtieerebRCIaRlr thed fin ERIRANCINES uRFaSEUHE vibratidAd8hd R LARERHGONY

objects and features wll becone apparent fromthe clains, 20fr

descri pt ifegueany efectront dgn edjgpieeid ecayd ba\a@dadgsd, toianvelhimehof untFéaged Trude ail,
schematic re reanS aéi on of a.process according to an enbodi nent of the

i nvent i ofOMERNERE(§) ObCrude, 0% FvEHER § r?’%pr esentation of a systemfor the

I npl ementati on of the process according to an enbodi nent of the invention;
The solution chem stry of crude oil and alike systens, such as petrol eum
r esi dues Agtoxdinges arf embopgoment theod i hodeprovifesy a eldvice oo the eptraent of ude

crude oil, component(s) of crude, or mixture thereof, comprising an ultrasound
generator, an electromagnetic field generator, and one or more electromagnetic
field sensor(s); wherein said electromagnetic field generator is configured to emit
an electromagnetic field having a component of electromagnetic field modulated

15 by an electromagnetic field detected by the electromagnetic field sensor(s).

The method and device of the invention may advantageously be applied to any

crude oil, component(s) of crude oil, or mixture thereof.

20 The term “crude oil” includes crude oil of any grade. The term “component of
crude oil” includes intermediate and final products of crude processing, including
any fractions of crude. The term “fractions of crude” takes its normal meaning in
the art and covers the most useful petroleum product fractions, such as liquid
petroleum gas, gasoline, naphtha, kerosene, diesel, as well as the heavy fractions

25 and residuum, such as heavy fuel oil, petroleum residue, lubricating oils.

The term “light hydrocarbons” takes its normal meaning in the art, and refers
particularly to those hydrocarbon petroleum products having a boiling point of less
than or equal to 360°C. Examples of light hydrocarbons include, for instance,
30 propane, butane, naphtha, gasoline, kerosene and diesel petroleum product

fractions. The term “heavy hydrocarbons” takes its normal meaning in the art, and



30di spersion systens” or "CDS", has been widely investigated in the
literature (see e.g. Nellensteyn F. 1. Asphalt // Colloid chemstry. -

1931. , Ungwo 2B11386522WD 2011/ 086522PCT/ 1B2011/ 050165 11 AmdTABENM 8030164,

G undl egende Aspekte der Chem e der Erdoele. Natur der Harze und Asphal t ene
/I Erdoel und Kohl e Erdgas Petrocheme. - 1994. NO . Crude dispersion
systens are conplicated systens of orgz?ni c material in netastable, colloid
state. Crude dispersion systens consist of associated conbinations, 5

m scel | esefesp @aniasiarhploeihgsedydrecarhen Ipetreteiunn psoducts havinged bohipgnpainbt a

key conpanpent, of ,suc tude- di spersi.an _systens are aggl rates referred to
2e” conp RO SHAIF ACCLf Eegiet e G b BTy et F Tar BrEPon
crude COfﬁé@W%‘il?fd&@ﬂ;&étﬁéleUﬁﬁﬁe@,mg pERORIUNT R aspWblf, @vithen. N. .,  Fundament al
Aspects of Petroleum Chem stry. The nature of resins and asphalts.

Institute of Petroleum 10 Chem stry SB RAS, Novosi birsk: Nauka. Siberian
Publ i shi Firm ., 1995.). A partjcular ex |l e of in cru

i spessi oHeBRFR i bistgraibn, BofiR. bt afhu 3T Ehacinste bealtedlethunts « ar
and asphahdinsHDEAERIERbYIcBEHRIebbsBht BYBRSEMeLLEYRUS, BoRfRITents of
substances plays a major role in the recovery, transportation an

processi mguad odrauwbh as hearyicdn fieslstik isbhricatohgpait t, iandl petrgleunt residigrecor t o

heavy 15crude or petroleumresidues. In_the literature two structural forns
of 1 bsi nOUSLERH HATEOL B b ol §UCSOIORG TBERANS e STHEB &l T IPAFICW BPape

see, for recia] he : ] (o] St.
I(Det er sbwgéfg e%rna’sutdr%;)(9 PIBQ {@g%ﬁ‘n rESI%g'Ln aﬁésqoﬂ' 1. !)n%gygng eélr?lk Sﬂﬁgﬁ?‘ﬁ&( see,
f or examgbenpddeges oF .cBude,Acotitaiirg lheldvy Hydndeambohale.gs petht isoibhg Retimtobeum

Chemi stry, Novosibirsk., Nauka.,1995. S.165., Fig.6.3.1 It has been shown
in the |i300rGt AF N@MeatMan 2 MedionsdsinaPgHiguars upNsanEbdurss thergef with

di sper si et re.(see, for instance, 25
l\/Uzarredz%%@a{@ﬁ?é}g#%ggﬁé%@é?gn%z@iev #’F%%Fract al nodel of condensed

oil systenms // Report of the Scientific and Techni cal Conference "Problens
of syner?eti cs.", Ufa, Ufa PetroleumlInstitute., 1989 P.60; or, Unger F. G,
Andr eeva In .aQe, embrdime: @f thasiiwenton thedydacanaeThignics is gruddoQibsilpiansk.

CEENE o SO gt A e

par anagnefnothdfobRbivdaRe@NGf rtadi pakAtion Ak h§drdebFsmdigdidys aa saixuati en
| ayer nmade up of shells of dianagnetic nol ecul es. The di anagnetic nol ecul es

are nol e@EOEWN EISHEIUNG 0D rNe: O oMOEe LRRITOleWdh PERUBiD Na¢E BS Gepbind i nks,
gasoline.

20  Advantageously, the process and the device according to the invention make it
possible to increase the proportion of light hydrocarbons, particularly
hydrocarbons having a boiling point in the range of 30°C to 360°C, in the treated

crude oil product.

25  Advantageously embodiments of the process, and device, of the invention make it
possible to increase the yield of light and medium hydrocarbon fractions, e.g.

diesel fraction, from heavy crude or petroleum residuum.

Advantageously, the process, and device, of the invention allow to reduce the

30  viscosity of crude oil. Advantageously, a reduction in viscosity of the treated crude



5 napht hene-aromati c hydrocarbons, paraffin-napthene hydrocarbons.

D fferent diamagnetic nol ecules are positioned in shells distanced fromthe
par amaghewpeotases2ased on the val ue of potential of palPCTiIRiEI/63M650NS
anongst the nol ecul es. Thereby the solvation | ayer conprises a nunber of
concentric solvation shells fornmed by 6amagneti c links with decreasing

spi n-di pol e nonents (i ndexes of free 10Yval ence) as nove away fromthe
core. Different conplex structural units have different nunber of |ayers
dependi n@ilodf 1He 10/fe particuiady. ofchiteiTéo thiry bslachieradbrdhagropess, nd
solvation |ayer, i1s,the dispersed system conprising nolecules in a

di sper si @r?pgﬁfJ?’o%ﬂQﬁt'n\(% nUnger F.G, Andreeva L.N., Fundanental Aspects
of Petrol eum Chem stry, Novosi birsk., Nauka.,1995.). It has 15 been shown
that attraction and separation of nolecules in crude dispersion systens is
caused bydventagedizsigetnsf promessagndt deviaadok flienppes enti inaé nhiohegnd lle. toAs a
result, the structur f the conplicated structural, unit conprises the core
for med’ by SERSRdaRAIaN: TS ScAPES oinbof BdICHRENSHES: (1§ EAR P POy BaYe o

i nt er nol @Gl ni i i &l 260PRS | ! n i es of
20 S0l varn g B O S e B el L DR e PR e
Wt hin tla@ isoteaseiinithé bpdingstomuanends obb déoc 20e%, forenstaoap &doi 14 Vapay e
dependi n%ﬁﬁn the simlarity of interaction potential soft the nolecules in
a |ayer. @PHEVEEt vation | ayers are linked with each other, with the |ayers
conprising nol ecul es having | ower spin-dipole nonents situated farthest
fromthe core. (See, for instance, 25 Unger F.G, Andreeva L.N.,
Fundanentfadvaktpgebsshf tHeepradessn e oiesigey), ofNbeosidsient Knveritaurk alloh39%m. |
P.162 - 171). Such conpl ex structural units thus behave as a nol ecul e of

| arge si PEOVide Areqipase Kt therRUKRAIM qfdhe dealedbrrudesProdEat ment of crude oil,
conponents of 30crude, or m xtures thereof, with acoustic vibrations and

el ectromagnetic field of lowintensity. The process of the present

i nventi o\ &lrtlpsvspaiounsr gdsentaye YOh0pAd 3 53vERITo A B2 BHd MibthEatibd of
proportion of |ow boiling point conponents in the treated crude product by
br eaki ng engr@orasuERASOF Gefrvipgloul e geptmemofdhe geuds aibta ERRFOENIO dower

crude_oil . nent f. et ol ' . action
of adsustise 5 B HIBAGRES” Thg i EEuih PHEPS AR RSN B e il e

i ntensi t yyropoRedeoF ilight hydrbeafi iy presént id ¢HLRIRESS, FREOISlMTcls®deor
enbodi nent of the present invention, shown schematically in Fig.1, a flow
of crude naxiureshereaipwitie gomponentsoef, cride. treat ment is supplied through a
pipe to a first treatnment chanber 2 of ultrasound treatnment. An ultrasound
generator (not shown) is configured to emt 10 ultrasound vibrations into
the flowthefBHUSNIaQebEs t8@&naFfeb s3Il Decbhfe HbpiRneHoMh aRNERAHST MY
be |l ocated inside the treatnent chanmber, imersed in the liquid to be

t reated. frain randesarigtipn, ane fiom thesapprhdpsndnaatings, imyhieh:posi t i oned out si de
the treatnment chanber, and emt ultrasound vibrations towards a wall of the
treatnent chanber, or may contact a wall of the treatnent chanber. 15 Any
sui t abl e-tﬁi%.rﬁ%og@@ha%ﬁ&%weseﬁku%ﬁ $i%PPro 85 alcBBIA fo Y dnasbaiheof YPe
ul trasound generator, nagnetostriction transforner, or any other apparatus
capabl e diie imamsiboy m ng nechani cal or electrical energy into acoustic

vi brations nay be used as the ultrasound source. In a preferred enbodi nent
the ultrasound 20 generator is a hydrodynam c type ultrasound generator,
e.g. r oti- by ! i - i

i {7 22ound Beret R SYe e R e IR ot e THISRUARR, 1 the

avai | abl prote¢ssesmonding ¢o@nagrobsdimEme of theeimsehjorof the ul trasound
oscillations should be | ower than the |evel of

The solution chemistry of crude oil and alike systems, such as petroleum
residues, mixtures of components of crude, referred to commonly as “crude

30 dispersion systems” or “CDS”, has been widely investigated in the literature (see

e.g. Nellensteyn F.l. Asphalt // Colloid chemistry. — 1931., Unger F.G.,



25 intensity of ultrasound inducing cavitation. Preferably the intensity of
the ultrasound vibrations is |lower than 1IMNnR2, for instance from1l WnR to
100x103 wWvoRp11e8¢s22f rom 1x103 w n2 to looxi 03 wt n2. ThePCrapueneiiex the
acoustic vibrations may be between 20 Hz and 200x103 Hz, 30 generally
between 1 x103Hz and 100x103Hz, e.g. b ]iween 1 x103Hz and 30x103Hz. The

ul trasound treatnent may be carried out 'using ultrasound WO

2011/ 086522PCT/ 1B2011/ 050165 14 vi brations at a single frequency, or over a
range of Andrejevecldb Grundirgander Asprlitie deakderoe dar ErdoelehdNatarf deii Harzs e

Chnue of ugd SRS ukfioel oS T G R Rt B o T B & GdeDn of
the shel 'o@ségrs%);éieﬁﬁear‘ér%@rﬁgﬁ{:%@rsijs?&n%yo?td?g?Hl&fjﬁ]%tériélriﬁ%glrﬁé&able,

ultrasound treatnent Is preferably carried out one or nore guency,
e.g . oveollaidr staje. A ruldeedisprcsipna@ystempondnsaigt vd assmnatiednepribimgtionsj es of

the int Dl I i nks bet | | in th hel | f t CSU. 10Th
(e aLermaLarl o J ke el e TRleet eo i n cehel s o AN (5 doThe
fr eq“e”C'c%?nMérﬁ%ﬁ%”u%_”Srl}o%bH %%%Pﬁbgirgfsfcérﬁg%ﬁ@ @o&feré’fefsf r{’eﬁ%ﬂ%lolftya%“gt h

i nternol ecul'ar 1 nteractions between erent no ules 1n erent
sol vat i orficoaydes strfuctineal CBlL” entC80E, diddeeuprdf moteailes odfdiffetemtacruiden
bet ween the sol vation | ayers and the paramagnetic core. The val ue of

resonat i F§MACBGNEN(SE8s fordpstaasgeUngent -G e soliaee vy LV e fuademesialiAsneqstin
based on o VARIEINShih L Lo IRRIBNT oRpfhuSibsilets ERSELRET,

par amagnehemiseg SBURAS,, Nddassiioivek: Naukec Sitsérieg] Publisgteng FemaRAR), 1995 agound
frequency may be determ ned according to the literature. In a particular
pr ef er r edPastidabar exampleroftGraUiin ¢eyfle disPersien fstRMSCaraPisetRfdMRUs-asPhae

i monst onGoBENERS (Epeihel 4 for Mo bplefichs) "R PGH B herny o

creation r@éinéﬁ@-‘éﬁgﬁglt $aNStanses pRays@ Mafot ror inghefrecerifptra®dpdrizgioacmdst i ¢
waves in the chanber. For exanple, for any selected frequency of acoustic

vi br at i oProeersing of €suwe disparhmysteesgendrrartiveladyt withiraspeelstodhganmt i pl e
of tl] vvaveclI en?th olf the acoustic vibrations. In sinple terns resonance
| engt of“"§ %9 P?.Eﬁ?.e};'g] S %4 tent chanber L, may be determ ned according
to: L =1 x N, where | is the wavelength of the acoustic vibration and Nis
an integer.

In the literature two structural forms of resinous-asphalt containing CSU have

been described: plate to plate (see, for example, Bogomolov Al., Gaile AA,,
Chemistry of oil and gas. St. Petersburg: Chemistry .- 1995., P.295., Ris.11.1.)

20 and onion skin (see, for example, Unger F.G., Andreeva L.N., Fundamental
Aspects of Petroleum Chemistry, Novosibirsk., Nauka.,1995. S.165., Fig.6.3.1

It has been shown in the literature that these resinous—asphalt substances of
crude dispersion systems have a paramagnetic nature (see, for instance,

25  Muzamedzyanov |Z, Khafizov F.Sh., Kuzeyev IR: Fractal model of condensed oil
systems // Report of the Scientific and Technical Conference "Problems of
synergetics."”, Ufa, Ufa Petroleum Institute., 1989 P.60; or, Unger F.G., Andreeva
L.N., Fundamental Aspects of Petroleum Chemistry, Novosibirsk., Nauka.,1995.,
P.54-67.).

30



301 = (V/If), WD 2011/086522PCT/1B2011/050165 15 where f = frequency of
the acoustic vibration(Hz), and V= velocity of acoustic wave in the nedia
(mls-1). Wonoimstzace, in non-viscous petrol eum product $CVIBH1apNEXi mat el y
1400 m's. 5Wthout wishing to be bound by a particular theory it is

consi dered that, on exposure to the ulﬁ asound vi brations, and particularly
where resonating ultrasound vibrations'are applied, energy fromthe

ul trasound vibrations |leads to destructive transformati on of internolecul ar
links in Ttheestswréuresowesn'm@wn)haihastlbcwwﬁea@ RAFaBTagNedc COE smrdaturon
shel | s. 1 u tra ound treatment of the crude (includi onents
of o ude O GRATRB0F s R AT ety clhl S atirdiRats BE) 4 ST om ¢ ne
crude Un(ﬂ@édérufbabff%'hblléSoﬁjéia%‘éf@tl@ymle,&ﬂléé)”'ﬁlﬁlé‘etlléﬁlabhéilé’ rA6eeAles are

| ocated in or near the treatnent chanber 2. breaki ng of i nternol ecul ar

| i nks i nnsdletllesobf Ger 160mpeventsi 0§ efusiet r suetynas i arofmaticd( sgetemltmta in

th d det ect th 5 [ d
el oot P omdGRBTERer§ O P ico RYBHOCAE o P aral T RARIBERS. HABOGEROHR s sOHoat ¢

el ectr 0”%%}%%1%% i Mldfle&iTbsd Leg Bé@i@h@&%%h‘é‘ﬂ E‘dlit%kééifﬂ‘lﬁﬁ‘%e pArdrhghamNt i n

chanber 2 int I gh frequency current frequency current” out put
from sengore based drr toesvaltieexd uod)eatlailm‘rpmlr m"ieraohonheanm(bregmélne mha@leclilesguency

current tput from sors 5 is conbined with h frequ y curre from
o ext er HICTERY (BRSOGABILRYET COTRIMERIS MHEHER 6L CORFEHRYANAPT, Bl

and stan ran%ﬁ AR e
current g@r{]ng?%tﬁ gr %é;@%tllj%lés hi gﬁ% ?%e?ggﬁdgﬁlﬂgﬁ%ﬂ%m%n@% erab I(f/fsfgiet-gﬂl

f r equencivetenoe) rass povei agay drdm ehe esoece esDifferertscorapiengstel atgtal mmtgrm\iec
field permttl ng destruction of internolecular interactigns in

par amagnétiferesdruirabercatjayss ﬂﬁﬁleédmﬁ Phithg typeidkege- dpu Séﬁ'%éh%psu
[ equencisprodilo hBCREIR! So8aib EABEA0S IpkedTbiade sFdent VB RIG

provi ded "i'n tera re and ref ererdce nanua rom’previ ous
studi es ofiolpalilegagnei @hsrp@moan@avir@nmehur(@bearuhgwt IFfGCI @ndvéeva L.N.,

2011/ 086522PCT/ 1B2011/ 050165 _ o
Fundamental Aspects of Petroleum Chemistry, Novosibirsk., Nauka.,1995.). It has
15 been shown that attraction and separation of molecules in crude dispersion
systems is caused by the exchange of paramagnetic and spin-polarized
molecules. As a result, the structure of the complicated structural unit comprises
the core formed by paramagnetic molecules and radicals, having the strongest
intermolecular interaction potential. The core is surrounded by a series of
20  solvation layers of diamagnetic molecules that interact with the core. Within the
solvation layer structure molecules are grouped in layers depending on the
similarity of interaction potential soft the molecules in a layer. The solvation
layers are linked with each other, with the layers comprising molecules having
lower spin-dipole moments situated farthest from the core. (See, for instance,
25 Unger F.G., Andreeva L.N., Fundamental Aspects of Petroleum Chemistry,
Novosibirsk., Nauka.,1995., P.162 — 171). Such complex structural units thus

behave as a molecule of large size.

The present invention is based on the treatment of crude oil, components of
30 crude, or mixtures thereof, with acoustic vibrations and electromagnetic field of

low intensity. The process of the present invention allows to increase the



16 nedia simlar to the nedia of crude, such as other dispersion systens,
hydr ocarbon containing liquid dispersion systens etc. Desired emtting
frequencywof2opgéses2at or 6 with respect to a particul ar crgaaBrol/h®iéy eat ed
can al so be obtained by paramagneti c resonance studi es on sanples of the
crude to be 5Streated, for instance usi?§ an electronic el ectromagnetic
resonance spectroneter, such as EMX 10/12 BRUKER, of Karl sruhe, Germany
Ser. Nr 1496. The emitting frequency of the high frequency current
gener at oProgrtipneptrawl holbiagi poinhecanapryenis Iﬂrglﬁ dreated arode @rodust dier abl y
of from1l to frequency, current

Loner ot oPRERI06 4lp E%’@BleésStf%u@uPPéﬁt'nSﬁﬁeqlé‘?‘%rd'sé)er gh SSEm L e Glce of

M cr owav r RYMGSorEMs %ﬁ@f‘@d@%u@h%‘%%@u& ré§idDLeh by’ BeUSEKoh &F aealistic - 9-
at a frequency of around | OGHz. The generator 6 preferably operates at a

power of vilrationgandaesdnating. glectromageeticd beldaidewaftengity- 3wWto 1W
preferably in the range of 1x10-2Wto 1x10-1 W Any current generator
capablse of emitting current in frequency and power range nentioned above

my be uggdent t'&eth%@?rr@é 9h BprokBss Bb?&'dfrﬁ W@H@lén?dﬁoﬁr‘ﬁ@h?o%re%séﬁpmthe

bl ender 7 are convert into high guency el ectromagnetic tields of
| ow i nt efrsventioandhemint seterngtiaally améig t11; ex flew &hawndeslcdlctaroomgpenent 61 | ed

t tt d h | | t d.
The. hi gh CFvd%JBRESOLNBEL FomaRAIEE Brovan & Riabaars O1s (amRnt capmbere of -
Lransm U podnPRofidR. 1A QUERERRG 4 RRLIoF DRSHE 1shortioifed FEBHANCY

el ectromagnetic d emtt transmtter I nsttance, conpri se

el ectmonmglma‘soandi\ebmtmfnsf|mea0|mlae(ﬂoe/$ onfrmrmdje tOEU'EJB‘efaf[e@ 3Fbpex@h@tz, the
preferably in the range of from1l to
2011/ 086%HPRROHNIE2eNaAEEY0T8E b??'@?%ﬁﬁ’smstcﬁﬁhedté%t&ewaﬁébqroﬂﬁmﬂsed in

C e Ml L TR R P RN RPN RS TSR A S
el ect r oma@itsitie the adiatiniedn chamiblae, @rﬁdléemt oltl2@oundalieetiobs towards a wall of
the treatment chamber, or may contact a wall of the treatment chamber.
15
Any suitable ultrasound generator may be used. For instance hydrodynamic type
ultrasound generator, magnetostriction transformer, or any other apparatus
capable of transforming mechanical or electrical energy into acoustic vibrations
may be used as the ultrasound source. In a preferred embodiment the ultrasound
20 generator is a hydrodynamic type ultrasound generator, e.g. a rotor-type
hydrodynamic ultrasound generator. Such suitable ultrasound generators are

known in the art and include commercially available ultrasound generators.

The intensity of the ultrasound oscillations should be lower than the level of
25 intensity of ultrasound inducing cavitation. Preferably the intensity of the
ultrasound vibrations is lower than 1MW/m?, for instance from 1 W/m® to 100x10°

W/m?, e.g. from 1x10° W/m” to 100x10° W/m?.,

The frequency of the acoustic vibrations may be between 20 Hz and 200x10° Hz,
30 generally between 1 x10°Hz and 100x10°Hz, e.g. between 1 x10°Hz and

30x10°Hz. The ultrasound treatment may be carried out using ultrasound



The high frequency el ectromagnetic field emtted by transmtter 8 produces
a constantly changing magnetic field in the flow of crude in chanber 3. For
exanpl e, wonoawmseszztti ng frequency of the high frequencyCtaBroandsogener at or
of 1 GHz, an oscillating nmagnetic field is produced in the treatnent
chanber 3, with a 10 strength of e.g.1%rom0 to about 0.11 Tesla. Thus,
resonance is created wth different nolécules in the crude, tens to

t housands of tines per second. High frequency el ectromagnetic field of |ow
i nt ensi t yikyatiopeat pysinglarfseauansy, er ovapairsege ob fieghenciesfintbe ciisasawnd

el ectromagnetic field corresponding.to 15 resonatin requenci es. of

it or ol SRUTROT AN BT S VA E SHePieDt SRR WieG MR e ey
resonat i ngirgy ﬁéélﬁ@fﬁ@ﬂ%@? irftHe RIndeCSTIetRBER® R0 HR AP 90R10°PE. fIRGsIHENE es of
i nternol ecul™ar I'i nks within the paramagnetic cores of CSU. Resonating

el ect r onsgphienise disripdionf ohinghstielkgoke@S) enthe eduide dispersiosnsytstem @n@er

|1 tQ di d dest int Dl [ nt t i f th | vat i
shel 13 sl B SRhgAEAD EY DodtMans' pretenabbl BETGH o af BROGSTERE
| eadi g RABNEACEERSB R 4 8 RICRAT kA o) OVRidBloRBIEoNeERRartREc oS

in the treated cru Exposure “of cru I spersion syste in

m xt ur es)retqopehcigs 6f drpeneymolesolaatlinkg eémetenomadertes if itbe dshafllscaiudees
decrease jn the | evel of exchange 25 interaction between CSUs in the crude
di spersi ystem and between nol ecules in the CSU. As a result the

par amagnetic cores of CSU are broken up, and the shells of dianmagnetic

nol ecul es around the cores are dissolved rel easi ng the conponent nol ecul es

of the sdlheataloe cfirekbaating dreiduendiespier thedstssilist @ehC SCEWanues I akeamgepoand
nove intqg the dispersed phase of the crude dispersjon system WO
2011/ 0865P80EMAIRS PO ©8PABYIMBIRESARRTIAY TEeeeensiesypkHifterand ddeedtni gh

freq“enq(ntgfr*e‘n&e%uﬁatr ARG &l rI%ng%WennBﬁﬁeFérﬁ%B%'&Hfgs frl H}%ﬁdiﬁEP@r{tg&’ol\%t{JH gh

r.
i
frequency €l ectromagneti c s reaches nol ecul’es of € paramagnetl c

cores of |&fds ofiite OSD| @1d tHeediffesent@nergiesfofiimiees ctirelsetwaren thitegoredtioms
wi thin the paramagneti c core, |eadi ng to destruction of 5 the cores of
CSUs. Théayrss@angddhediaremagsetic §otee TBe y@luaiPEinseaptng SpauenrieguaernNge

nyar aaar Sire OTARREERdasbigs o MW AT IRRY Hn RS AR BRI LEER for e

i nvent i ofngthh€vs MO AltBRUIRAS BldchenbfaaTdgretic 9bsbmamdeoiNbsbvp01981 P@monent s
in crude oil, heavy fractions of crude, petroleumresiduum and m xtures

t her eof WNh Bseanuge UdiGor Gdzivtns . Bfeatianc idaiemagnedc presamcet, MRecPwvant i on
allows tqg, increase, the proportion of useful fractions, such as 15di esel
fract T on ARATURENGUSog 2t REab Bt Mo rEfueagy MRASiHR8rdlel i BiNshil st em
causes reRaiGidrafure! |1V aSEAStlMr PRefeh@eeemBBEimdHi ott thefinl88tidM theivistkfrgS
(i ncluding m xtures).

20 frequency of the ultrasound generator is in the range of 6 x10°Hz to 30x10°Hz.

The dimensions of the treatment chamber are preferably configured to permit
creation of standing wave, so as to provide reinforcement of the acoustic waves in
the chamber. For example, for any selected frequency of acoustic vibration, the
25 resonance chamber length may be determined as a multiple of the wavelength of
the acoustic vibrations. In simple terms resonance length of a cylindrical treatment
chamber L, may be determined according to:
L=1xN,
where | is the wavelength of the acoustic vibration and N is an integer.
30
| = (VI),



An advantage of the use of resonating high frequency el ectromagnetic field
of lowintensity is reduced costs of equipnment and reduced energy

consunpt iw0.20Tis6izge of | ow intensity el ectronagneti c r &diraB200n0#eo
reduces risks to environment and humans on operation of the treatnent
process. In the described enbodi nent tji at ment is carried out on a flux of
the crude to be treated through a condu particularly a pipe. However the
treatment of crude nmay al so be carried out on discrete volunes, i.e.

bat ches, vdfererfugefreauensy ef thkr acoustic véuation(lzdoandi Yrervelegity. otatagoustecge
reservoir. 011/ 086 RCTL1B2011/ 050165 19 Advant ous eat ment
of 5 1 Lol (P Ea T o [ TSR, AT UeRaS BRHEThn SUpdHTe "bie t ne
i nvent i oyppabtifidtely Rq08fhact i ve treatment of crude on an industrial scale.
Fl ow rates of, for instance, as nuch as 100 nB8/ h, preferably in the range
of 10 to 50 nB/h for instance in the range of 20 to 30 nB/h nay be

S5ef f t' I t ed d f . th t t
R L
may pref %rxﬁeéa(rebecoo‘cthéh%lt?é?@un@fwtﬁt%(ho]rf’ao frﬂ \)ﬂ%ﬂf‘ét@ R oPfatin

uit, to pro

di mensi ons and properties of the flow con de Tl ow properties
for opti mltsasaundl@ibtateatsnanet amﬁlfedcmergyy frivor theviilérasoand Milsrations geadsoto
exanpl e so um reS|

h d
Coduee. t SO IpnetTRabeBIaf dater BPCTAINkS e e TR At o Sehea e
carried %Vealﬁﬁ%ﬁztﬁtﬁ@%l}gg%tléﬁ gfig@geously, the process, and device,

according to e Inments o |nvent| on enable the treatnent of a
flux 10f crude to be treated, with a node of resonating ultrasound vibration
in the ultrasound treatnpent chanber 2 that affects the full flow of the
crude t o IBEING &HfaSPUNEr H&@tr&?@p@f' e rereget @igludingt ForRONeRENST Clud&v@r t han

the I evelui@aly 5 dRuiaue [HERSARANAD (a aNiEa" 1 1A JhBe! [RGEN

of a volune o he Tru be " carrred out

si mul t ane@asmgniMg Betéaeed byaéleetrthegnetlnﬁfuerdJé@wswstﬁ ubtateeomr@ Medr &g ons,
or consecuti velé to the ultrasound treatnent, q%@' a volunme of crude may be

subj ect edredgmen ]Eﬁhlaﬁ't%ﬁn@t iQn flrepkingt ok isiesMoleGURR liRkeripashels @f gs&m Obld
3
erbod? reneoa il BRI, ht, it b8! AR Bnaateteied Byn R o

first treahgsnrt 5chanbgiscrs b, skHvwR18RINdaYd t@e&t&ﬁaéﬁ@c@ﬁél@%@dwtd@fwe“ c
field in a second treatnent chanber. However, it may al so be envisaged to

carry outmayeeusedt ment with ultrasound vi brations and with hi gh
30frequency el ectromagnetic field in a single treatnment chanber, or
alternatively within a storage container.

The sensors 5 convert electromagnetic field emitted from crude under ultrasound
20 treatment in chamber 2 into high frequency current. The high frequency current
output from sensors 5 is transmitted to a blender 7. In the blender high frequency
current output from sensors 5 is combined with high frequency current from an
external current generator 6. Blender apparatus are known in the art, and
standard, commercially available blender device may be used.
25
The current generator 6 produces high frequency AC current, preferably at
frequencies corresponding to frequencies of resonating electromagnetic field
permitting destruction of intermolecular interactions in the paramagnetic core of
CSU. Suitable emitting frequency, or range of frequencies, of the generator 6 can
30 be determined based on values provided in the literature and reference manuals,

e.g. from previous studies of paramagnetic resonance in natural and artificial



WO 2011/ 086522PCT/ 1B2011/ 050165 20 The process is preferably carried out at
at nospheric pressure. However, the process nmay be carried out under

pressur e,wo.2g11/086i2er a pressure of between 1 to 100 MPaPCH/IBpti/ofvaél y a
portion, or all, of the treated crude output fromthe el ectromagnetic field
treatment chanber 3 may recycled into ﬁ e inflow of the treatnent device
for repeated treatnent, in order to further optimse breaking up of CSU in
t he crude di spersion system According to one enbodi ment an i nput

control | enedia soailad toothdomediveamcot deheskshecas opthghedispersien dsystemsment
chanber can work in.an open de, .whereby treated.crude. flo out of the
tr eat rentVaGGEEoA oRP e BERARPe LB 8 g RS TRESE R ne BBty o
portion, frgetdrat®f 61iRhtregpked 16 ugsrtiliBrrid b idie tRlRel R aISS ive fiel d
treatnment chanber is re-circulated for re-treatnment. Re-circulated crude is
i nput i ntobtainedi by perarohgnatc resenance sdelieés o Samplebofithel owds énder 1,
and into.,th reat nent chanbers., The process of recycling the flow of

Ereat 8 disHiRS a0 R s HO 2 BE BT It GREGRE UG SANHCT PReElang er
cur r ent s <fieh RIEIXCTD/ I RBRURER oPKalliuhed BRANERY Wbr! Rr dasgci ated wi th the
process of relaxation of the absorbed energy of "the high 20 frequency
resonating el ectronmagnetic field conponents fromthe CSU in the treatnent

chamber i.e, part of the_ener; absorbed b aramagneti ¢ nol ecul es on
o g iR frenPntent Peoh B e entua-Eert G RoTo RavsEpIossbly be

rel eased; pgrﬁge i I i ass
t hr ough é'ﬂg%er gtﬁ(ﬁg@?ﬁ@?ﬁ% @%Hr?tpﬁgfgrrgﬁlgigﬁrﬁéﬁéﬁ aégﬁaréngrt%§5r€'ﬁégsed
f r omiel ednowragigetfreyuzhcyalueent genematdrisanapbensedyad e duresxt @édneraide6i n

chanber 2 is detected by the el ectromagnetic field sensors 5. As a result,
at the Otﬁ%Lﬁxamp|?rﬁaSQP@$d@fr mycromiay F?Q"é%[u@ﬁ&ys%ﬁ?reénﬁéieé}eéa@fr%%m%hed

and Stabif#éq{*%ﬂFg5@?‘%%r-sg-oatad“fr%&ﬁéf&ﬁf@séFQPH@,B_@%esS of breaking up of

sol vation sh magnetic c cordingly, the controller
4 (as shown in Figure 1) allows to further optim ze the 30extent of
treatnment_of the crude to be treated and control desired result based on

t he qual ifhe @nemeorth Prefgrakly ongaeiesrira pawea ot &0 Mese Mgt 1V, arin ther al |,

of the YOGOLY B8BSH REUWBTE 79 1830&Yange of 1x10°W to 1x107 W. Any

current generator capable of emitting current in frequency and power range

mentioned above may be used as the generator 6.

The high frequency currents output from the blender 7 are converted into high
20 frequency electromagnetic fields of low intensity and emitted by a transmitter 8.
Known electromagnetic filed transmitter devices, such as commercially available

antennae, may be used.

The high frequency electromagnetic field output of transmitter 8 is transmitted to

25 crude in a second treatment chamber 3. High frequency electromagnetic field
emitted by transmitter 8 may, for instance, comprise electromagnetic field of
frequencies in the range of 0.3 to 100GHz, preferably in the range of from 1 to 15
GHz.

30  High frequency electromagnetic field of low intensity emitted by transmitter 8 may

preferably have a power in the range of from around 1 x 10" to 1 x 10° Watts.



crude may be repeated fromO to 10 tines, e.g. froml to 5 tines, to
optimse results of treatnent. The process of the invention nay be
carried owD20nv/asntastri al scal e, using S5commercial | y avacrabloal/hivdesstri al
apparatus. In one enbodi nent of an installation for carrying out a process
according to the invention, as illustrated schematically in figure 2, crude
to be treated (including crude oil, coﬂ%onents of crude, and m xtures
thereof) in a container, e.g. a 10 storage reservoir 11, may be
transported to the treatnent device 10 in a conduit, e.g a pipe, using the

action of-a pu 9, Treated crude output fromtreatpment device na

opt | onal 1A 8Ty SiewiFsre§ BiaeafeetiBifiall a8 el PBREE R P& FadBr TR 11
e.g. for g faRbASRHCEIHHERE i0]. hAGhnA tiBcBadd WelhY chhdlredl i didectmay be
transported to a separate container, e.g. storage reservoir. 15 It has been

obser ved ttanamisgior of theeelegiomnagactio radistior &nthet ¢igedo dettreatadnetic fiel d
and ultrasound vibrations according to the process of the invention, the
cheni éal and physi cal properties of the treated crude continue to change to

i ncrease 'I{H%,eh@%“ﬁ@&%%ﬁ%bi&tfdrﬁ?gnéﬁéq%lcﬁ %%Etberb;{)tgﬁ%ﬁ] Oiltﬁ?@f BotoBlicks e, of

the order 207to 2 days. nerally over 10 ays to arrive at a
fi nal comgpostdntyncleangingaedagnetitididldghtthieytioecaf bonde inhélcdmbiemad. For
conposi ti on does_not change, or degrade on storage. Analysis of the_treated
crude. usiETANGHORAN BERHHD JRAUENCH Olehg iR fTonubay ykTant SEReTar odur
point, d pt ; e Kl L | W
asi 1y t oz dh oPEuaaR AigrRhicHicla & Fitlagtyh M BRhaht AmEPTa MRty
conpasi t istrength tafauy. woshOng awole Hdundslby & sl résenarcd secrented with
believed that the energy of resonating el ectromagneti c field adsorbed by
the csu &ifereahieigaules ithei Grderiens énEiPusangn & HMESIESeCBREgneti ¢ fiel d
of lowintensity, in treatnent chanber 30 3, continues to cause destruction
of paramagnetic cores of CSU during a tinme period after end of the exposure
t o ext er Higheteqi rrpgretiomageétic sield 6elow Mteasity erifled by transmitter 8

2011/ 086522PCT/ 1B2011/ 050165 _ o .
comprises component of resonating electromagnetic field corresponding to
15 resonating frequencies of intermolecular links in solvation shells of the CSU, and
component of resonating electromagnetic field corresponding to resonating

frequencies of intermolecular links within the paramagnetic cores of CSU.

Resonating electromagnetic field of high frequency emitted from transmitter 8
20 allows to disrupt and destroy intermolecular interactions of the solvation shells
and paramagnetic core of CSU’s in the crude dispersion system, leading to an
increase in the proportion of lower molecular weight species in the treated crude.
Exposure of crude dispersion systems (including mixtures) to high frequency
resonating electromagnetic field of causes decrease in the level of exchange
25 interaction between CSUs in the crude dispersion system and between molecules
in the CSU. As a result the paramagnetic cores of CSU are broken up, and the
shells of diamagnetic molecules around the cores are dissolved releasing the
component molecules of the solvation shells into the dispersed system. CSU are
broken up and move into the dispersed phase of the crude dispersion system.

30



22 energy of electromagnetic field radiation |liberated from paranmagnetic
cores of CSU on the breaking of internolecular interactions wthin the

par amagnewpeotases2aay be responsi bl e for this conti nuedproradiingsoues of CSU
after termnation of exposure to the external electromagnetic field source.
5 According to an enbodi nent of the in gnti on a volume of treated crude may
be added after to treatnent to a volu of untreated crude, e.g. in a
storage reservoir, or in a production well. Preferably the vol unme of

unt r eat edeson@éng helectonagpetie dields mfpbigbnirenaeneyy hewbsa astrong Iejfechdosanme
conposition.as .a 10 . conponent of the treated crud before treatnent. It
has. been "anulra on SR N Bt ol Mg RAUERG S&Torio BIE AP E e¥Rfanar e
crude, fQRolbBgE3NSE tRY Yar8nBBhEAE @Wre@GUCSLE 48d XKhHy$ th€- dsrdptiom &P to
20 days, physical and/or chem cal properties of the m xture of untreated
and tr eatiig¢rrooigdelaranteractipnsweithindbe inasambgnelic ooree isadipg td destrugiinm opoi nt
and/ or increase i %De proportion of |ow boiling point 15 conponents.

Ther eBy, ”&%I\?Qﬁ'"ﬂsa@re}% Py, the invention nakes it possible to inprove

chem cal and/or physical properties (e.g. |ower viscosity, |ower pour point
and/or increase in the proportion of |ow boiling point conponents) of a
vol une ofTherdekdruabiobeofZDSUriv dihe drydendispdrsion sy stenr eglisesnan lirstreasdjretite ng
only a proportjon of at |east one cC onent of the crude to . be treatfed, to
Uhe ul t { REOROICANRS RMEH MPIEGUIER Wi bpPoRa gl Y PepPONsein TRt ess
of the i YL?dBi on. Advant ageously, the process of the invention avoids
cracki ng of the hydrocarbon 25 nol ecul es of the crude di spersion system
due tio the low intensity of the ultrasound vibrations to which the flow of

crude to be treated in subjected, i.e. by using ultrasound vibrations
havi ng | AWVieRtagrausly theRicesh a1 thdventionsalloyvshiecieserasg the rreredion of

cav (21 8 BRSPS 3Rt SUE et o

in storage tanks; "or i pr{) u on wel

achi eve trbsidoax, amm mixsuret théreod Wi sdétaslelid progudesi Padicliagiyttae process
hydr ocar bons. 5To inpl enent the process of the invention, industrial
st andar d Qpdhe dnyeniion agousder iNcea@se Mo HrorRRBPasyf usiul rectiopgmsHEN assed in

the gt ghydhoaRgh! oo

Advantageously, destruction of CSU in the crude dispersion system causes

reduction of viscosity and lower pour point of the modified CDS (including

mixtures).

20
An advantage of the use of resonating high frequency electromagnetic field of low
intensity is reduced costs of equipment and reduced energy consumption. The
use of low intensity electromagnetic radiation also reduces risks to environment
and humans on operation of the treatment process.

25

In the described embodiment treatment is carried out on a flux of the crude to be
treated through a conduit, particularly a pipe. However the treatment of crude may
also be carried out on discrete volumes, i.e. batches, of crude, or on crude
contained in a container, e.g. a storage reservoir.

30



After the exposure to the resonating el ectromagnetic field and the
information signal, the chem cal and physical properties of the treated
crude chawmgeoti®s86i2® i ncrease the content of the crude-decenaimeodsodesi red
i ght crude fraction (s) over a period of tinme, of the order to 2 to 30
days. Cenerally over 10 to 20 days to rive at a final conposition
enhanced in the |ight hydrocarbons, which final conposition does not
change, or degrade on stora?e. 151t has been found that the process of the
i nventi opACAAalnga@eQLtslxoﬂm/tr@e raesi gha flovaat thecerugeifond im aviipe oa¢eardistg o ude

oil, e.g..a reductio 1 to 40 percent,in yiScos]t for instance a
Feducti oR" 0P BaHFBRRG bbb ArAOn o8I S8  seeral kAR ek tmefhal PR 6Bl 1y,
The procesgudifialt dteld TMBWIraeSs b faH iIBStaPBEVESs HuchI V1 OB nf/hs 'p@é'ﬂe?étSl?‘ﬁH the
increase of the boiling conponents in the treated crude, generally an

i ncr ease range20f fRetd 6@ mdh| ifer insiapcmdnt he( rangghof fA0ate idhstyh ohaptbeut 5
t o about %. be. achi eved, for instance i ncrease of .the | ow boiling
componentLeEIValY Jeata By TR Biosent 307 SENES e BHSEILNVeRiN Nt ageous! y ¢ he
process of the invention allows to provide a significant increase in the

useful diesel fraction in crude oil or conponents of crude, particularly
heavy cr MWkere tneetmeintéusncaesed veit ofoa fiuxsoaoel e23bea visaoshsef crudd sssl

fraction of heavy crude or pet resi duu f as ch 10 to 60% ma

e oty opeaerab ks anilie, obiTol SoBBm! GHvTs) sepandbbu L elmans Mivnons
of the pr i nyent | ) o) L0, i ; ield
oF 11 onk SREBtondhiEs oPheAoR Cond it R B\ iLEaRF bropBife iy 8pifiShal| =
w t haut rtetmentgffieagitys uMegudstous/ E@uzie] &/dl865aLiaplclfné Hedvy) Bdde dilst ep

of cracking (e.g. by thermal cracking or catal ytic¢ cracking Eé_ocesses) of

the treatCedeialRM resldysiacesy ki heaed iefucs {ONASCaYORIBIRITeS I§evi de a
signifi cant i il | f o+t ?f;saﬁ1 oil or conponents
of crudeaf?lﬁsnéﬁﬁéﬁér%é}%%itlbgﬁpgg H%g?ﬁé@t lg[rwé ea\%& ﬁqdlj € or petrol eum

resi due. For instance a decrease in pour point of treated crude of around 8
to 16 C g}g}/ be achi eved, depending on the properties of the untreated crude
bei ng usédvandagepasly: thaproeestadhifpsigenyateRidinhia pawedingors £f the ng

used dur iR BTG B PRy L rORTO Gt ok Mg R P

t ranspor trgéoredtingulfagolimd kratiorArt @len@tra¥eling treBemastdiignioér Z il affecent ed
with the information signal to the production zones in oil well increases

bot h i nt ¢ ifellflow of ke geude tonble pieatket terude digrassigosystero havithoaw tensitosi t y

of the e)%v(/grc%%% the level required to cause the beginning of cavitation.

20 The treatment of a volume of the crude with electromagnetic field may be carried
out simultaneously with the treatment of the crude with ultrasound vibrations, or
consecutively to the ultrasound treatment, e.g. a volume of crude may be
subjected to electromagnetic field at a short time interval (e.g. from 0.1 to 30
seconds) after exposure to ultrasound vibrations.

25
In the described embodiment crude to be treated is subjected to ultrasound
vibrations in a first treatment chamber and subsequently to high frequency
electromagnetic field in a second treatment chamber. However, it may also be
envisaged to carry out the treatment with ultrasound vibrations and with high

30 frequency electromagnetic field in a single treatment chamber, or alternatively

within a storage container.



15crude. A significant advantage of the invention is that the observed
reduction in viscosity, and increase in |low boiling conponents is achieved
i n an enewQyodgfis2zent manner. 20The invention rmay be f@crhBroide®ess bed in
reference to the follow ng exanples, included by neans of illustration. 25
EXAMPLE 1 From a reservoir containing é 000 tons of crude oil conplying

W th standard GOST 51858-2002, two hun Qed tons of the crude oil contained
in the reservoir were circulated through a closed loop fluid circul ation
system as depicted in Figure 2. Wereby the 200 tons of untreated crude

[ I d . fl 300f, 3 h h h
depi ct eq e eithed s PrafFERl” ol ool Sk attes BHSH elshReaNay Y BED1 oo
25 ci r culpbéd MuYe MatiBgiduY uBief bRWsLRE, UghuAd 4 BRsEURAbNBawesRaNRET S

was 0.7 to 1 nis. Acoustic vibrations of frequency 6X103 Hz were generated
usi ng a HP&rMBgnami c 5 ultrasound generator in a cylindrical treatnent
chanber having dianeter 122mm and | ength 0.644m External source of high
frequéncy current was provided by an industrial type generator (4-Gl11,

oper at i N@gtorlll T LRLRMY dradld®fehe krddled TrG€ Oéjﬁﬁl}t%‘orhrtﬁétéT@&Foﬁgﬁréﬁceat ed

crude was returhed to the reservoir. Eighteen days 10 after treat
anal ysi s fietd treetmentatharnhete3 crayt wEcyelédiinta the indewrafdhe tremsmeondecitedor
?—gg?redilhgqé%@tg Er\éelttpr;[e%r[,ni%tci)r%relglto %r?}?edraégtir%i%%tbr[e)gfksi'ngRueps l(Jalf tCSSli‘rlne tfgee Fc):iruC eed "
dispersion system. According to one embodiment an input controller 4 located
10 downstream of the electromagnetic field treatment chamber 3, can work in an
open mode, whereby treated crude flows out of the treatment device after a
treatment cycle, or in a recycling mode whereby a portion, or all, of the treated
crude output from the electromagnetic field treatment chamber is re-circulated for
re-treatment. Re-circulated crude is input into the inflow of the treatment device

15 via the inflow blender 1, and into the treatment chambers.

The process of recycling the flow of treated crude causes growth and stabilization
of the high frequency currents output from the sensor 5. This phenomenon is
associated with the process of relaxation of the absorbed energy of the high
20 frequency resonating electromagnetic field components from the CSU in the
treatment chamber 3. i.e. part of the energy absorbed by paramagnetic molecules
on treatment with high frequency electromagnetic field in chamber 3, is released
by these electromagnetic molecules after treatment (i.e. as pass through chamber
2 on re-cycling) in the relaxation phase. Energy released from electromagnetic
25 molecules in flow of re-cycled treated crude in chamber 2 is detected by the
electromagnetic field sensors 5. As a result, at the output of the blender 7, high
frequency currents are strengthened and stabilized, leading to an increase in the
process of breaking up of solvation shells and paramagnetic cores of CSU.
Accordingly, the controller 4 (as shown in Figure 1) allows to further optimize the
30  extent of treatment of the crude to be treated and control desired result based on

the quality of the untreated crude. For instance treatment of part, or all, of the



CrudeProcessed crude Content v/iv (%Y Boiling tenp. (CBoiling tenp. (O
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crude may be repeated from 0 to 10 times, e.g. from 1 to 5 times, to optimise

results of treatment.

The process of the invention may be carried out on industrial scale, using

commercially available industrial apparatus.

In one embodiment of an installation for carrying out a process according to the
invention, as illustrated schematically in figure 2, crude to be treated (including
crude oil, components of crude, and mixtures thereof) in a container, e.g. a
storage reservoir 11, may be transported to the treatment device 10 in a conduit,
e.g a pipe, using the action of a pump 9. Treated crude output from treatment
device 10 may, optionally, be transported via a conduit back to the storage
reservoir 11, e.g. forming a closed circulation loop. Alternatively, treated crude

may be transported to a separate container, e.g. storage reservoir.

It has been observed that after the exposure to the resonating electromagnetic
field and ultrasound vibrations according to the process of the invention, the
chemical and physical properties of the treated crude continue to change to
increase the content of the light crude fraction over a period of time, of the order
to 2 to 30 days. Generally over 10 to 20 days to arrive at a final composition
enhanced in the light hydrocarbons, which final composition does not change, or
degrade on storage. Analysis of the treated crude using standard techniques, for
example to analyse viscosity, pour point, density, or content of different boiling
point fractions, allow easily to determine when the treated crude has reached its

final stable composition.

Without wishing to be bound by a particular theory it is believed that the energy of
resonating electromagnetic field adsorbed by the CSU on treatment with high
frequency resonating electromagnetic field of low intensity, in treatment chamber
3, continues to cause destruction of paramagnetic cores of CSU during a time

period after end of the exposure to external electromagnetic field source. In part,



330 280 50 360 338 60 n/a 355 65 n/a 360 The results show that the
processed crude contains 15% nore |ight conponents. This correlates to an
addi t i onaWwo0200/a86528 of di esel fuel fraction, due to decPeagB201030nes
proportion of petroleumresi duum EXAMPLE 2 WO

2011/ 086522PCT/ 1 B2011/ 050165 26 Two thgusand tons of fuel oil of grade 100,
that neets standard GOST 10585- 2002, re treated as described in exanple

1. The processed heating oil was analyzed fifteen days after treatnent.
Resul t s &nerghomelegiramppeetic field radiation liberated from paramagnetic cores of

CSU on the breaking of intermolecular interactions within the paramagnetic core
may be responsible for this continued breaking up of CSU after termination of

exposure to the external electromagnetic field source.

According to an embodiment of the invention a volume of treated crude may be
added after to treatment to a volume of untreated crude, e.g. in a storage
reservoir, or in a production well. Preferably the volume of untreated crude should
comprise a component having substantially the same composition as a
10 component of the treated crude, before treatment. It has been observed that, on
storage of the mixture of treated and untreated crude, for instance over a period of
around 2 to 30 days, e.g. from 10 to 20 days, physical and/or chemical properties
of the mixture of untreated and treated crude, are improved, such as lower
viscosity, lower pour point and/or increase in the proportion of low boiling point

15 components.

Thereby, advantageously, the invention makes it possible to improve chemical
and/or physical properties (e.g. lower viscosity, lower pour point and/or increase
in the proportion of low boiling point components) of a volume of crude to be
20 treated (including mixtures), whilst subjecting only a proportion of at least one
component of the crude to be treated, to the ultrasound and high frequency

electromagnetic field treatment process of the invention.

Advantageously, the process of the invention avoids cracking of the hydrocarbon
25 molecules of the crude dispersion system, due to the low intensity of the
ultrasound vibrations to which the flow of crude to be treated in subjected, i.e. by
using ultrasound vibrations having low intensity, lower than the intensity

necessary to cause cavitation.



5Tabl e 2: ParaneterFuel oil Processed fuel oil Specific Gavity at 20 C
1.04 0.98 Viscosity at 50 C (cSt) m®/s 600 480 Pour Point (C 21 9 The
processedwbuel/mssi22i s seen to have | ower viscosity and POREB2p00301650I Nt
(gelling tenperature). 10 EXAMPLE 3 750 tonnes of fuel oil residue of grade
100, conplying to standard (05T10585- 02, and 250 tonnes of Naphtha
gasoline, conplying to standard TU 38-492- 62-

Treated crude may be stored in storage tanks, or in the production well, for e.g.
10 to 20 days to achieve the maximum result of conversion to the desired lighter

hydrocarbons.

5 To implement the process of the invention, industrial standard parts (such as

electrical chips, diodes) that are commonly used in the art may be applied.

After the exposure to the resonating electromagnetic field and the information
signal, the chemical and physical properties of the treated crude change to
10 increase the content of the crude-determined desired light crude fraction (s) over
a period of time, of the order to 2 to 30 days. Generally over 10 to 20 days to
arrive at a final composition enhanced in the light hydrocarbons, which final

composition does not change, or degrade on storage.

15 It has been found that the process of the invention allows to provide a significant
reduction in viscosity of crude oil, e.g. a reduction of 1 to 40 percent in viscosity,
for instance a reduction of commonly as much as 20 to 35 percent reduction in
viscosity. The process of the invention is also shown to provide a significant
increase of the boiling components in the treated crude, generally an increase in

20 the low boiling components (“light fractions”) of about 5 to about 80% may be
achieved, for instance an increase of the low boiling components of around 10 to
around 20 % may be achieved. Advantageously the process of the invention
allows to provide a significant increase in the useful diesel fraction in crude oil or
components of crude, particularly heavy crude or petroleum residue. For instance

25 an increase in diesel fraction of heavy crude or petroleum residuum of as much as

10 to 60% may be achieved.

Advantageously treatment of crude according to the process of the present
invention permits to obtain treated crude having good yield of lighter hydrocarbon

30  components, particularly useful diesel fractions, without requiring any subsequent



120-90 held in a Reservoir 1, vol. 1,000 nB were circul ated through a
system as 15 described in the experinents 1 and 2 above. After treatnent

t he treatwo 2ninasad2e was punped to a reservoir 2 which cenraBmwedodpdex0 t onnes
of crude conplying to standard GOST 51858-2002. Fourteen days after
treatnment analysis of the resultant m Aure of crude, gasoline and fuel oil
In reservoir 2 was carried out. ResultS are shown in Table 3. 20 Table 3:
Content v/v (% Before treatnment Reservoir 2 (1,000 tones) boiling pt. C
Bef or e t ISéQR PERTAGRIGE(&.0i by Tthermmaowaeking Jortesitalytig opacking precasses paf Fk@qt
Reser voi rtre%tédzbrouod% tonnes) boiling pt. ClnitialBoilingPoint (I1BP) 5 10 75
112 137 '

The process of the invention has been found to provide a significant reduction in
5 pour point of treated crude oil or components of crude (including mixtures),
particularly heavy crude or petroleum residue. For instance a decrease in pour
point of treated crude of around 8 to 16 °C may be achieved, depending on the
properties of the untreated crude being used. Pour point may be determined by
known methods, such as using the ASTM International standard test ASTM 5853.
10
The invention can be used during the operation of transfer of crude at sea ports or
during transportation on sea tankers. Alternatively, the adding of crude treated
with the information signal to the production zones in oil well increases both
integrity of the well and production rates due to the lower viscosity of the extracted

15 crude.

A significant advantage of the invention is that the observed reduction in viscosity,

and increase in low boiling components is achieved in an energy efficient manner.

20  The invention may be further described in reference to the following examples,

included by means of illustration.

25 EXAMPLE 1
From a reservoir containing 2,000 tons of crude oil complying with standard
GOST 51858-2002, two hundred tons of the crude oil contained in the reservoir
were circulated through a closed loop fluid circulation system as depicted in
Figure 2. Whereby the 200 tons of untreated crude were circulated (at flow rate

30  of 35m°hr) through a treatment system as depicted in Figure 1, by the action of a



46 106 127 43 109 129 WD 2011/086522PCT/1B2011/050165 27 20 191 161 180 30
241 295 256 40
WO 2011/086522 PCT/IB2011/050165

25

circulating pump. Velocity of flow through the two treatment chambers was 0.7 to

1 m/s.

Acoustic vibrations of frequency 6X10° Hz were generated using a hydrodynamic
5 ultrasound generator in a cylindrical treatment chamber having diameter 122mm
and length 0.644m. External source of high frequency current was provided by an

industrial type generator G4-G111, operating at a frequency range of 1 to 15 GHz.

After treatment the treated crude was returned to the reservoir. Eighteen days
10 after treatment analysis of the total crude contained in the reservoir was
conducted, according to ASTM International Standard test D86. Results are

depicted in Table 1.

Table 1:
Crude Processed crude

Content v/iv (%) Boiling temp. (°C) Boiling temp. (°C)
Initial Boiling Point

(IBP) 46 43

10 127 125

20 161 149

30 283 256

40 330 280

50 360 338

60 n/a 355

65 n/a 360

15
The results show that the processed crude contains 15% more light components.
This correlates to an additional 300 tons of diesel fuel fraction, due to decrease in

the proportion of petroleum residuum.

20

EXAMPLE 2
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Two thousand tons of fuel oil of grade 100, that meets standard GOST 10585-
2002, were treated as described in example 1. The processed heating oil was

analyzed fifteen days after treatment. Results are shown in Table 2.

Table 2:
Parameter Fuel oil Processed fuel oil
Specific Gravity at 20 °C 1.04 0.98
Viscosity at 50 °C (cSt)
2
mm/s 600 480
Pour Point (°C) 21 9

The processed fuel oil is seen to have lower viscosity and lower pour point

(gelling temperature).

EXAMPLE 3
750 tonnes of fuel oil residue of grade 100, complying to standard GOST10585-
2002, and 250 tonnes of Naphtha gasoline, complying to standard TU 38-402-62-
120-90 held in a Reservoir 1, vol. 1,000 m® were circulated through a system as
described in the experiments 1 and 2 above. After treatment the treated mixture
was pumped to a reservoir 2 which contained 1000 tonnes of crude complying to
standard GOST 51858-2002.

resultant mixture of crude, gasoline and fuel oil in reservoir 2 was carried out.

Fourteen days after treatment analysis of the

Results are shown in Table 3.

Table 3:

Before treatment | Before treatment After treatment
Reservoir 2 Reservoir 1 Reservoir 2
(1,000 tones) (1,000 tons) (2,000 tonnes)

Content viv (%) | boiling pt. °C boiling pt. °C boiling pt. °C

Initial Boiling Point

(IBP) 75 46 43

5 112 106 109

10 137 127 129
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20current generator. 5. A process according to claim?2, wherein the
external electronic or electronmechanical source of electromagnetic field
oper at es WO 20n&86322nor e frequencies in the range of fromCI/IB1LB50GH? . 6.
A process according to claim1l, wherein the crude to be treated is 25
subjected to treatment with ultrasound vibrations in a first treatnent
chanber and subsequently subjected to28reatnent with the el ectromagnetic
field emtted by the electromagnetic field generator in a second treatnent
chanber. 29 7. A process according to claim1, wherein the electromagnetic
filed emtted by the crude on treatnment with ul trasound vibrations is
detected and converted into an el ectfGlanscurrent signal by one or nore

el ectromagnetic field sensor(s). 58. A process according to claim8, wherein
the external electronic or electronechanical source of electromagnetic
field conprises ofdsahidr SRUSREYMENT LEHruEENEIT A8hporRdl N6 @i sur r ent
out put of the electromagnetic field sensor(s) and a current out put of the
current geirkIres dheeaad, comprisety; asmbjeetmg (Imndhe rnedbeutreated & ghtbseurghsf or ned

corpr 51 HETELBTBENRY & F6HPBPOCPUREEe R SN PecliprPaBsURdeld
Vi brati ogeagRiibFefinbeid HOWIEE-GhaghdiRaINEIE! 8! dld ADcRbREFORgNEt i ¢

field em™t y sal crude on treatnent wt soun nd converting
sai d det dietcedentrator oomgriees @ Eormpdnémit of electbmagnetic diefd emddusatgdaly,

generatrn a high fre uency el ectrical current signal using a current
gener at o, e'fﬁtrgm%f‘ﬁ gelhem RE‘?AFer thg givde tﬁr%%@@&ecﬁwégﬁﬁéﬁpeﬁw of the

det egted ﬂeét%gmd)gmgg h&vHrﬁi@nsem tted by the crude on treatnent with

ultrasound w saird current signal generated by the current generator;
transform ng the conbined current signal into an el ectromagnetic field; and
subj ecti g t hé fgrovesd aucontﬁngotdae:lairreaﬂt ewhereih hthet lelectionoagretid field

el ectromagnetic field. 201 rocess accordi ngpt oclaiml, furt her

compr 1 o fUEed ap Be " elasiTEETGHG 'er'eagenera,sqrr BIPriSest decMRINETt ef ude
treated ‘@lé&rdr‘hé R adde‘?{ %t‘eﬂ %x‘f’érﬁ%@ efethoN 6rce|fe!cfrh l%ﬁ&ﬁucgl ng to

claim1, to one nor e ti on es 0 trea rasound
vi br ati ospuesed el ect romagnetic fiel d according to claim1. 2511. A process
according to claim1, further conprising a step of feeding at |east a

portion qf the crude oil né)onent (s) .of crude, or m xture thereof,
treat'éd accor d rﬁﬁO@QﬁScla&P?ﬁdi rFPoC'&'mo?ur‘fé‘Qf?'mﬁfﬂQ catiemal relgetrenic, o

conponenty o e 4t LBurthXbtbRctBRidyRbtic field operates at one or more

frequencies producing resonant excitation of the crude to be treated.

4. A process according to claim 2, wherein the external electronic or
electromechanical source of electromagnetic field comprises a high frequency

20  current generator.

5. A process according to claim 2, wherein the external electronic or
electromechanical source of electromagnetic field operates at one or more

frequencies in the range of from 1 to 15 GHz.

6. A process according to claim 1, wherein the crude to be treated is
25  subjected to treatment with ultrasound vibrations in a first treatment chamber
and subsequently subjected to treatment with the electromagnetic field emitted

by the electromagnetic field generator in a second treatment chamber.



30 12. A device for the treatnent of crude oil, conmponent(s) of crude, or
m xture thereof, conprising an ultrasound generator, an el ectronmagnetic
field gerwoavarose®2ad one or nore el ectromagnetic field semgBroisP3olether ei n
said electromagnetic field generator is configured to emt an

el ectromagnetic field 5having a conpopent of electronmagnetic field

nodul at ed by an el ectromagnetic field detected by the el ectromagnetic field
sensor(s). 13. A device according to claim 13, conprising external

el ectroni’c or Aelprecessreasicardioal tos @laioe lof wheeain r hieagheatiamagnatig, filgd ch

external el.ectronjic or el ectromechani.cal . source of electro etic field
oper at s SIS0l 6, Bruste; BF EeATRAT JUtFopESeP e helabs S SRFREti A of t he
crude to cbﬂvéﬂ’t@éﬂirfﬁ@-an drbctrital RUireht sighar Sﬂ/ Raeldt rhb @Peéﬁo%@h@ii@_ﬂbhﬁ_
external electronic or electronmechanical source of electromagnetic field

conpri seseasoi(gh frequency current generator. 15. A device according to
claim13 conprising a first treatnent chanber, 15 wherein the ultrasound
generator, is cgonfigured to transm ¢t .ul trasound vyibrations to a flow of

or Ude-oi - compaRRis pesr il caimp Mt ettt wefuiect i n

sai d firgledtfdaédmRiMics RyIPEs of @T&tr@@@i@ fidl@ FomiHsesha iy frewbigrgi n the
el ectromagnetic field generator is configured to transmt el ectrondgnetic
field tocument igenecdtorr anied wierb areatent, output aif dhe ezleoldomagaetie field hanber ;
and a fluid 20conduit for transpo of a flow of crude to.be treate
Chrough SRESPTELENS AccBinyRBTESH herhurtaniepiesstof 266 Cambinkctand 266t di ng to
cl ai m 15cobifitdiebufeRPéigfaNtatsiGielffo HildictRfAbGibtpadipeam of the first
and secor?g trleat rrlljantmgﬂgn%ers, a cont r%l un?tﬂffgcgte downst ream of the
first and second treatnent chanbers and a recircul ation 25fluid conduit
provildi n@.a f lfoprapesdwiccotsingwe clami t comnpnising snbjecting astidw o iceudeto uni t,

Lo Perm b oot s’ Altia28ult vibratisis emitidd By hLouile & iFaSousd; Etecting
an electromagnetic field emitted by said crude on treatment with ultrasound and
converting said detected electromagnetic field into an electric current signal;
generating a high frequency electrical current signal using a current generator;

15 combining said current signal produced by conversion of the detected
electromagnetic field emitted by the crude on treatment with ultrasound with a
said current signal generated by the current generator; transforming the
combined current signal into an electromagnetic field; and subjecting the flow

of crude to be treated to the thus produced electromagnetic field.

20 10. A process according to claim 1, further comprising a step of subjecting at
least a portion of the flow of crude treated with ultrasound vibrations and
electromagnetic field according to claim 1, to one or more additional cycles of
treatment with ultrasound vibrations and electromagnetic field according to

claim 1.

25 11. A process according to claim 1, further comprising a step of feeding at
least a portion of the crude oil, component(s) of crude, or mixture thereof,
treated according to claim 1 into a volume of untreated crude oil, component(s)

of crude, or mixture thereof.
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12. A device for the treatment of crude oil, component(s) of crude, or mixture
thereof, comprising an ultrasound generator, an electromagnetic field
generator, and one or more electromagnetic field sensor(s); wherein said
electromagnetic field generator is configured to emit an electromagnetic field
having a component of electromagnetic field modulated by an electromagnetic

field detected by the electromagnetic field sensor(s).

13. A device according to claim 13, comprising external electronic or
electromechanical source of electromagnetic field, which external electronic or
electromechanical source of electromagnetic field operates at one or more

frequencies producing resonant excitation of the crude to be treated.

14. A device according to claim 14 wherein the external electronic or
electromechanical source of electromagnetic field comprises a high frequency

current generator.

15. A device according to claim 13 comprising a first treatment chamber,
wherein the ultrasound generator is configured to transmit ultrasound vibrations
to a flow of crude oil, component(s) of crude, or mixture thereof, to be treated,
in said first treatment chamber; and a second treatment chamber, wherein the
electromagnetic field generator is configured to transmit electromagnetic field
to the flow of crude to be treated, in said second treatment chamber; and a fluid
conduit for transport of a flow of crude to be treated through the first and

second treatment chambers.

16. A device according to claim 15, further comprising a blender unit located
upstream of the first and second treatment chambers, a control unit located
downstream of the first and second treatment chambers and a recirculation
fluid conduit providing a flow conduit between said control unit and said

blender unit, to permit re-circulation of at least a portion of treated crude.



