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lndusfria y Cornercio 
S LI PER iNTEND EN C IA 

DIVISION DE NUEVAS CREAC1ONES 

RADICACION EXPEDIENTE No. 07-94719 

EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION 

FUE PUBLICADO EN LA GACETADE PROPIEDAD INDUSTRIAL No 591 DE 

FECHA 30 DE ABRIL DE 2008 EL TERM INO HABIL SEALADO POR LA LEY 

EXPIRA EL 30 DE JULIO DE 2008 

NOTA Dentro del plazo de los seis (6) mesas siguientes a partir de la fecha de publicactôn 
en la gaceta de Propiedad Industrial, debars sohcitar y canceler el examen de 
patentabilidad so pone do que la sot Icitud caiga en abandono, do acuerdo con Jo 
establecido anal Articulo 44 do la Decision 486/2000. 

SE PRESENTARON OPO.SICIONES:POR PARTE DE TERCEROS 

St ______ NO ______ 



SUPERINTENDENCIA DE INDUSTRIA V COMERCIO 
DIRECCION DE NUEVAS CREACIONES 

2020 
BogotÆ,D.C., l6de febrero, de20ll 

Doctor 
German Castillo Grau 
Representante 
Sulphco, Inc. 

ASUNTO Radicación 07-94719 
� TrÆrnite 002 

� Evento 001 

S Actuación 4;3o - 
Ofic,o 
Folios 024 

Patente de lnvenciôn F 7X Patente de Modelo de Utfildad 

Via Nacional E 

Via PCT (fase nacional) Cap. I EM Cap. II ED 

No. Sot. Internacional PCTIUS2006I000293. 
Fecha de Presentaciôn Internal. 6 de enero de 2006 

Como .resultado del examen de fondo, realizado con fundamento en el articulo 45 de la 
DecisiOn 486 de la Comisiôn de la Comunidad Andina, se le comunica 

1. Documentos estudlados 

1.1. DescripciÔn.: Folios: 4 a 15 tat como se radicó inicialmente 

1.2. Reivindicaciones: Folios 16 a 17 tat como se radlcO inicialmente 

1.3. Priorldad: 
Fecha 15 de febrero de 2005 
Pals US 
Nümeroll/059115 

2. ObJetode la invenclOn 

2.1. TItulo de la solicitud folio 1) 

Ennquecimiento del petróleo media nte tratamientos combinados do 
ultrasonido y microondas 

07-94719_Art_4.5 Doc 16 de febrero de 2011 



2.2. Las reMndicaciones I a 13 de La solicitud en estudlo se refieren a 
Un proceso para tratar una materia prima compuosta porpetroleo o una fracciOn 
del mismo para convortir componentos do esa materia prima en otros productos 
quo tienen puntos de ebulliciOn mÆs bajos que los puntos do ebulliciOn de los 
mencionados componentes, el cual môtodo  comprendo: 
(a) combinar la moncionada materia prima con un liquldo acuoso para formar 
una emulsion, 
(b) oxponer esa emulsiOn a ultrasonido, 
(c) a continuaciôn de Ia eta pa (b), irradiar esa emulsiOn con radiaciOn de 
microondas para separar esa emulsIOn en fasos acuosa y orgØnica, y 
(d) recuperar la mencionada faso organ/ca. 

2.3. El anterior procedimiento busca me]orar las propiedades de compuestos 
dorivados del potrOleo. 

2.4. La ClasificaciOn Internacional de Patentes (IPC) para esta solicitud es 
CIOLI/04 

3. Determinación del Estado de Ia TØcnica 

3.1. La fecha que se ha tenido en cuenta para determinar el estado de La tØcnica es 
15 de febrero de 2005 

3.2. Teniendo en cuenta la fecha indicada se realizó La büsqueda en el estado do La 
tØcnica de documentos relacionados con La solicitud encontrÆndose Los 
siguientes documentos mÆs relevantes: 

Lioct:mento 

US 6716358 

US 6086830 

03 US 3616375 

D4 
US 4582629 

US 5110443 

Titti! 

Dernulsification of water in oil 
emulsions-

Radio
mulsions_____Radio

 frequency microwave energy 
applicator apparatus to break oil and 

water emulsion 
Method employing wave energyfor 

the extraction of sulfur from 
J_ _ptroleum_and the like _____ 

Use of microwave radiation in 
separating emulsions and dispersions 

of_ hydrocarbons _and water - 
Converting heavy hydrocarbons Into 

lighter hydrocarbons using ultrasonic 

3.3. Los antecedentes refieren 

Fechade 
rpublicacio* fl  

06.05.2004 

11. 07. 2000 

26.10.1971 

1505.1986 

05.05.1992 

3.3.1. US 6716358 enseæa un mØtodo para separar emulsiones de aceite en 
agua 

3.3.2. US 6086830 enseæa un aparato para romper emulsiones aceite en agua. 
3.3.3. US 3616375 enseæa un mØtodo para tratar derivados de petróleo 

empleando energIa mediante diferentes longitudes de onda. 
3.3.4. US 4582629 enseæa un mØtodo de separación de emulsiones de aceite 

en agua mediante radiación por microondas. 
3.3.5. US 5110443 relaciona un procesa para tratar emulsiones aceite en agua 

con ultrasonido 

07-94719Art_45.Doc 16 de febrero de 2011 



4. AnÆlisis de patentabilidad (Articulo 14 D. 486) 

La solicitud colombiana puede sintetizarse de la siguiente forma: 

n 

[ocesoJ�* materla prima 
faccK)nlptr oI eu 

Comprende 

Linati-i pcma 

combinar, 

icLuos’,_J 

Luego 
� _ 

eITRJsiOn 

1,11traswijda J 

Luego 

+ 

fldI dLJL 
1rd!a 

consecue.ncia �4 
rTiCrOOdJ 

+ 

Final 

rat

 

� 

4.1. El documento US 6716358 (DI) relaciona el tratamiento de emulsiones por 
metodologias de sonicación, mØtodo este que consiste en la aplicación de la 
energia del sonido (generalmente ultrasonidos) para agitar las particulas de 
una muestra, con diversos fines cientificos a industriales (ver todo el 
documento). Este documento relaciona la preparación de emulsiones (ver 
ejemplos, principalmente I y 2), someter emulsiones a ultrasonido (columna 3, 
lIneas 4 a 13), luego de esto someterlo a un tratamiento de separaciOn el cual 
puede ser par microonidas (columna 3, lmneas 14 y siguientes) y recuperar la 
fase orgÆnica (columna 3, llneas 19 y siguientes). Los ejemplos tarnbien 
ilustran los procesos y seæalan que las materias primas pueden ser derivados 
de hidrocarburos. Como se demuestra, la antenioridad seæala exactamente lo 
mismo a ser protegido en la presente solicitud. 

4.2. US 6086830 enseæa un aparato para romper emulsiones aceite en agua. Todo 
el documento se basa en el principio, segtn el cual, las ondas microondas 
pueden separarse emulsiones de hidrocarburos en agua. En la columna I 
(Uneas 46 y siguientes) se enseæa como La tØcnica conocida ha demostrado 

07-94719....Art.,.45.Doc 16 de febrero de 2011 



que las ondas microondas permiten la separación a nivel molecular de las 
emulsiones de aceite en agua con una gran ventaja en relaciôn a otros 
mØtodos y que basado en estos principios desarrollan el aparato para Ilevar a 
cabo el proceso ya referido. Luego las etapas de irradiar una emulsion con 
radiación de microondas para separar esa emulsiOn en fases acuosa y 
organica, y recuperar la mencionada fase orgÆnioa, resultan del conocimiento 
promedlo de una persona que conozca del arte. Luego afecta el nivel inventivo 
de la presente solicitud pues al combinarlo con DI a D5 permite encontrar 
exactamente lo mismo que se seæala en las reivindicaciones de Ia actual 
solicitud. 

4.3. US 3616375 enseæa un mØtodo para tratarderivados de petrOleo empleando, 
entre otros, ultrasonido y ondas microondas (ver todo el documento). En 
consecuencia un tØcnico que conozca del arte podrÆ considerar el uso de 
dichas tØcnicas en emulsiones de hidrocarburo en agua. AdemÆs, dichas 
enseæanzas pueden ser combinadas con los documentos Dl o D2 a D4 a D5. 

. 4.4. US 4582629 enseæa un mØtodo de separaciOn de emulsiones de aceite en 
agua mediante radiación par microondas. ObsØrvese coma la anterioridad 
enuncia el principlo de funcionamiento de las ondas microondas que permiten 
obtener el resultado relacionado en las reivindicaciones de la solicitud en 
estudlo. Este documento combinado con Dl o D5 permiten .alcanzar o 
relacionado en la presente solicitud. 

4.5. US 5110443 relaciona un proceso para tratar emulsiones aceite en agua con 
ultrasonido. Enuncia el principio empleado en la primera parte de la solicitud. Al 
combinarlo con Dl a D2 a D3 a D4 se obtiene Ia mismo que el solicitante 
desea proteger. 

4.6.Conclusiones. La reivindicaciOn principal de la solicitud en estudio enuncia 
como caracteristico dos partes: una primera enuncia el tratamiento de una 
emulsion con ultrasonido; una segunda el tratamiento de una emulsion con 
microondas. DI revela las mismas dos partes enumeradas; luego Dl afecta de 
forma directa a la solicitud en estudlo. Los documentos D2, D3 y 04, cada uno 
de forma independiente y no combinados entre sI, enuncian el principlo de la 
segunda parte, la cual corresponde al tratamiento de una emulsion procedente 
de hidrocarburos con microondas. Los documentos 05 y D3, cada uno de 
forma independiente y no combinados entre SI, enuncian el tratamiento con 
ultrasonido de emulsiones de hidrocarburos. COmo se puede observar un 
tØcnico que conozca del arte puede partiendo de los conocimiento de D3, a a 
la combinaciOn de dos documentos entre uno cualquiera de D2, D3 a D4, con 
uno cualquiera entre D3 a D5, para obtener 10 mismo sabre Ia que el solicitante 
preteride protecciOn. 

5. Conclusion: 

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados as!: 

07-94719_Art45.Doc 16 de febrero de 2011 



D1 US 6716368 1 -13 
Novedad 

Nivel inventivo 
D2 US 6086830 1 

- 13 NivI irivntivo 

D3 US 3616375 1 �13 Nivel nventivo 

rDD4
 US 4582629- 1 13 Nivel invent vo 

5: US 6110443 1-13 Nivel inventivo 

En cumplimiento del artIculo 45 de la Decision 486 de la ComisiOn de la Comunidad 
Andina, se le indica que debe dar respuesta dentro del tØrmino de SESENTA dias 
contados a partir de la fecha de notificaciOn de la presente comunicaciOn. En caso de 
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran 
los impedimentos para la concesiOn, se denegarÆ la patente. 

NotifIquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del 
capitulo quinto del tItulo primero de Ia Circular Unica NO 10 de 2001. 

- 

Concepto TØcnico No. 327  
, Examinador TØcnico 202003 

El anterior requerimiento fue not!!icado por fijaciOn en lista, de fec/ia  

07-94719_Art_45.Doc 16 de febrero de 2011 
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(54) DEMULSIFECATWN OF WATER-IN-OiL (56) 
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(13) Assignee: EannnMobil Research and 
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DEreIIJISIHCAT[ON OF WATER-IN-OIL which the greatest percentage of water from said series 
EMULSIONS of sample is separated from said water-in-oil emulsion 

by identifying the ererrgy at wit/elm the gicatest plocant-
This is a Divisional Application of U.S. See No.09/1/OS, age of water was separated. 

575 tiled Mat. 9. 24tH now US. Pat. No. (,,555.009. S The uwcrtlion also includes a matiwd for separation of a 
water-in-oil emulsion in a process scheme including an 

tiltfID OF THE LNVI04IION on-Jim snniea*rsr comprising the steps of: 
The invention includes a tncthod for damuidlical/on of (a) collecting a waler-in-oil emuLsion from said process 

waler-/it-oil emulsions using son/cation and tetovitnug oil uclieltic; 
therefrom. The /r,venr/crn also Includes a method the dater- tO (is) son/eating said emulsion, wherein said emulsion is 
ittinrog the strength of an interfacial 1dm formed at the matiemed in a antics of at 105151 three samples and 
oil-water intitrfanc, ’tile oil of the emulsion can he Of any wherein each of said samples is son/train/i at an energy 
rye utcludiagenalooils, coattail dint/listen, vegetable 

oils, of at least about 25 watt/em’ higher than the proceeding 
aomrai oitd, synthetic ails and iur.ttnron tireteof. 

BACKGROUND OF THE IMVEN11ON (c) separating each of said samples of aouieated water-

I-ugh TAN and asPlialtene comard crude oils Ituseese the 
in-oil carruision into a water Phase and an oil pllas45 

tendency to thou stable water-/a-erode oil camkiom. Such (11) determining the percent water separated for each of 

cnrtia oil typically contains Rem shout I In about IlOvulurna said samples is seal series of samples. and 

% 

water. The polar nnpbt/ICU/C acids and asphaltenes in the n (e) determining said streogth of said interfacial film which 
ceo/ic it stabilize 4/operand water droplets. Further, sttb- stiengilt corresponds to the energy of son/cation at 
in/cost sire solids like silica earl clay, wiren present /n the wit/cIt the greatest percentage of water firm said series 
elude oil, interact with the pout acids and asphattenes and of sample is separated from said water-/n -oil emulsion 
entrance ch. stability ofthe emulsions liorused. Formation of by Identifying the errergy at which the greatest percent-
stable water-in-etude oil er.mlsinns result; in /1/futIlIty in 25 age of water was separated. 
separation of water and crude oil. to most essog known (I) setting the na/ri on-line aooicstor too son/cation energy 
technologies for separation rertill in no intermediate ritnul- level corresponding to said detonnincd lnlecfaclsl film 
s/ott rag layer. Further processing of the rag layer is essential slntngllc and 
to recover the etotte oil and discharge the water. The (g) san/eating said water-in-OR emulsion In said on-line 
problem in faced both at production fei1i1ie’r and in refinery 311 sac/cater set to saiddelerru/oud ea1 film sltengIh; 
dusalters. and 

Electrostatic detoulsilleat/on in die presence nI chemical (11) srtpatni/ag said acm/tate/i emulsion irma a layer com. 
demulsificts is the most widely used technology for dernol- pr/sing water and a layer axnpaising OR. 
slilcat/on of water-in-crude oil ointrtskitm. 

Gravity scatting and cetstril’ngation in conjunction with DEI’AILEI) IIIISCI1IP82ON OF TM 
chemical demuisiflets ant also employed. INVENTION 

Recently, a microwave tedtcrabrgy (See for example, U.S. Mic iriverition lmintlen a method for reranveriog oil Root 
Pat. Nra. 6,086,630 and 6,077,433) patented by Imperial a water’in-ail emulsion. In such ontutsint.s, pafl/orrlauly 
Pettolertm Recovery Corporation has enreiged for trealmcut 0 those containing crude oils, the organic acids, asphalxettes, 
of Itant to treat nmrtisiotss eapseiafly the rag layer. basic, nitrogert’ccsslamumg compounds and sc/i/ri pail/elm 
Thermal ilash meiltodg are also known in the art. present in the etude form an interfacial film at the valet/oil 

SUMMARY OF 111E INVEI’i’llON interface. The instant invention allots/is a way to break the 

’lire instant ItWemIt/On includes a method  for denatrlsifylng hIm andrloniulsify the emnutston, thereby ior.ncngapturalny 
of layers ftttns wheels oil can be rcme’ercd: 

water-irt-oji mnrr1aion compr/sing the steps of: s 

(a) sea/eating said emulsion at an citetgy of about 25 to may further comprise adding a dauxubtfor 
- 

about SIX) waItlsrn; water-in-od emulsion. Use of a deumbiWar is 
-vention 

tI,) separating said emulsion rem an ml phase and In 
to weaken the interfacial film present In the maui-

slotr with deniulsifIcr at the olVwater interface. Such a film 
aqtreous ptttue, and 

at is weakOr then the film formed absent the demulsifier. Thus, 
(c) recovering said phases. use 0/a demstlsi/l.ercan lower die sonicalion anew required - , - 
The Invention may further optionally eompnses adding to break the intemf,acial lilt,i oldie emulaiott. One skilled in 

demtmlsifatr to said emulsion prior to or during said son/ca- be 
win readily recognize that the son/nation energy can 

nOnstOp (4 be lowered by  use of aiemnisillers and the advantages 
’the invention likewise includes  method fordetermiaing ss associated with their use in hard to (ironic emuls/ocs  

the strength of an interfacial fl/rn present at the etil-water 
’nw 

invention is applicable to any type of waler-lit-eli 
interface of  water-rn-oil emulsion comprising; etnuisiots, and is particularly, suitable for aol/ds coma/sing 

(a) sorsiealing a series of at least three sansphta of said water-in-oil ntnuls/otas, and is applicable to cnmate oil enrol. 
water-in-oil emulsion wherein each of said samples is siaaa comprisirtg components winch may include solids, 
sonk,ateal at an energy of at least about 25 wan/ens2,pladmops,organic acids, baste nitrogen compounds and 
higher than the proceeding sample; mixtures thetuot. ’tints, the invention can be applied to (is) 
separating each of said sonicated water-in-oil etitiil- water-in-oil emulsions of crude 

oils, 

vegetable oils, animal 
s/on samples into a water phase and an oil phase 

oils, synthetic oils and mirgutes thereof. As used herein 
(c) 

determining the percent water separated for each 
of crude oils include any oils comprising organttt acids, and 

said samples in said series of samplestand 
as may also crmlaiu anplrallrnes, solids and basic nitrogen 

(ede terms rings aiiIstaouglls of said lulerfacial film which ra.ntainingctsimspouuds. Typically, the solids, if presein in the 
stcnuglb aieresponds to the energy of son/cal/on 81 ensulsion, will have an average total 

*urfaee 

area 
of ElSIX) ii 
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square miarorts, bore preferably about 25 to about 15(10 
square otierorra, .tvcrr more preferably about 50 to 1.500 and 
most preferably about tOri to about 13011 square releroas. 

Sooicrrtkm is lbs act of subjecting a system to round 
(acoustic) waves. Thu vakoriry of sunil in liquids stypi-
rally ubrurrt 150(1 inerrnrtisuc. ULtrasound sports the fr-uency 
of about [5 kHz to 10 Mhz with tssociatcd wavelengths of 
about 1(1 to 002 cm. Thu iuvantior. may be practiced at 
frequencies of about IS tdlz to about 2(1 Mhz. The output 
energy at a green frequcrrcv is cxpresacd on son eatron 
enmgy in units of waltsfeOut. Thu soaicatiou provided [or in 
the instant invention is typically accomplished at energies of 
about 25 In about Still wattsfc&. 

Following the sonicatiem, the torricated emulsion is supa-
rated by methods such as cenlrifugalioa, gravity sctriiog, 
hydmeyclauns, application of an ukntnrsantirr field, micro-
wave treatment or combinations thereof or by any other 
methods known to the skilled artisan (or phase separation. 
lire alt may then be recovered as a separate phase. Sonica. 
tion alone may be stellicient to separate the emulsion into 
phases or may be combined with atrolliur separation method 
or ceased and the emulsion separated by other methods 
known to the slrullud susan tar phase separation. 

The procass may be conducted at terttperatnrus of the 
water-in-oil emulsion of about 20 to about 2011’ C. and at 
pressures from ambient to 2911 pulp (1480.4 lUte). 

Use of demrrlsitlers in the invention is optional. tf such 
demutsillets arc utilized, tire denrulsiliurs may be selected 
from any known dem.trlslltars that will not degrade during 
soolcalitrn. Such deurulsillers can be readily selected by the 
skilled artisan. Typically, the dernrrlsiflura will have a 
molecular weight of about Sf0 to about StMX), preiitahly 
about 500 to about 2000 and a hydrophilic lipophilic balance 
of above 9 and prulkeably from 9 10 about 35 and most 
preferably from abotrtil to about 13. I)eunulalllerswbiela will 
not degrade during sonivation will not contain functional 
groups such as esters or amides. Demrrlsifleis will include, 
but are not limited to those which contain functional groups 
such as ethers, amines, etitoxylatad alcohols, sulfortalas and 
mixtures thereof. A particularly preferred demulsifler is 
pheitolfernialdehyrle. 

The dursrulsiftur will be added to the emulsion prior to or 
during sonicztios. ’the amount of demulsilier to be added 
will range from shoal 0.1 to about 5.0 an % based on the 
amount of Lire entralalon. Additionally, a delivery solvent 
may he employed. Such solvents may include etude oil 
rlislillates boiling In the range of about 70°C to about 4511’ 
C., alcohols, ethers and mixtures thereof. Thus, the delivery 
solvents may he selected front the primp consisting of the 
above. 

One skilled in the art will recognize that use of a demul-
silier will serve to lower the eonrcatiormenergy macannoy to 
break the interfacial lllm of the water-in-oil emulsieto. 
Ilanee, it may be desirable to utilize a dernulsilIrur. 
Furthermore, a limited munberof emulsions may require the 
use of a demulsitlerdee to lire strength of the interfsciaiHim 
Such emulsions will be readily identifiable to the skilled 
artisan since soalcatlon alone will not irtuak the emulsion 
sufficiently. 

That delivery solvent will be present in an amount of from 
about 35 to about 75 wt % is the dcrnulsifler. Thus, when 
utilized, time delivery solvent will he included in the 0.1 to 
3.0 on % demulsiller added to the emulsion. 

A particularly preferred deamulsilter is a phunolformalde-
hyde Clitmixylated alcohol having the structure 

LI It ft 
II 
C. 11th.. (10)., 

wherein it is selected from the group consisting of alkzrtas 
or atkenes from it to 20 cu.hturs, [I is CLl.,�Cll and P is 

CltChtCl I,,tt ranges from L to 5, to ranges from 0 
to 5 and a ranges from 3 to 9. 

20 The invention harem described is applicable in refineries 
as well as in the emulsion-flooding field of operutiorus. in a 
refinery, water-en-oil emulsions can form during processing 
of oils or may be present when etudes arc shipped to the 
refinery for processing. Refinery drssahtur units would be 

2.5 
particularly soiled for separation of tire emulsion once 
sruricalinn is completed to coale.se dispersed water droplets 
and recover oil. 

likewise, the invention can be applied to oil produced 
from subterranean formations Where emulsion flooding is 
used to produce tlte oil leaving the nit to then be detnulsilled 

30 pu,st.prcrulrretion. 
Techniques for separation of the oil and waler pest 

saoirsliorr iauclorle gravity; centrifugation, elaerlzoslalic field 
application, hydmocyclones, microwave, and combinations 
thereof. ’Itte ra,nicalkm which is utilized prior to separation 

is may likewise serve to separate the emutsimrn,or maybe used 
to combination with other techniques for phase separation. 
Such techniques are readily applied by the skilled artisan at 
the conditions necessary to separate the emulsion into an all 
and a water phase. For example, cenlrifugation can be 

40 eonduetetl .1 500 to 1511,000 p for about iLl to about 11 hours 
or more, and electrostatic field application of about 
500-5000voltsJinelr for about fl.t to about 24 hours or rrsoae. 

The invention is applicable to any waaer-in-ail emulsion 
especially those containing components such as organic 

45 acids and solids, and winch may additionally include 
asphaltenras, basic nitrogen compounds and emulsifienu 
which are added or naturally peasant in the emulsion. Thus, 
the oils forming the emulsion may include crude oils, crude 
oil dlstiliates, crude oil maids, or oils derived from plant or 

to animal sources such as vegetable oils and animal oils or 
yotltaiimt oils such as silicone oils. The emulsion may 

likewise include surfactants or other emulsifiers present in 
the oil or added for forming the emulsion. 

The solids present can be those naturally occurring in 
to such oils such as clay, silica, refinery coke, etc. The solids 

may likewise have been intentionally added to Form the 
emulsion. When solids are present, they co1rltatnle to sta-
bilizing the emulsion and such emulsions are retorted In as 
aoliots.stahlltzcd enurtsianns. Solids stabilized inmulsious are 

so difficult to dentulsify by methods known in lire art. 
In the method for determining the strength of an interl’s-

vial film, a term of samples, of the water-in-oil emulsion are 
trusted by applying to the sample sonic energy. AL least three 
samples will form the series. 3y3cafly, at least 3 to S 

65 samples, and more preferably at (east 3 to 20 samples, and 
most preferably 3 to [0 samples will be utilized. ’lire some 
energy is applied to each sample, with each proceeding 
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sample being sr,nicaLed at an energy at least about 25 to 
about SO watts/ore5 higher than the prccrrediog sample. Gorse 
soniratioa is complete, the oil and water phases art. sepa-
rated and the percent demxnalsilletI or water phase separated 
is mousured. A maximum amount of cinmetsification can 
then be identified and the energy of snnicatinn correspond-
ing to the amount applied to produce the highest quantity of 
demttlsiilcation isequivaient to tine strength mif (lie ierterlacial 
film of the emulsion. The amount of energy to be applied to 
the fustof the series ofsarnptss is in the raupiof about 25 
to SO watls/crna°. If the emulsion is not superable, a demul-
sifier should Inc added. A demulsilier, however will be 
optional in most instances. 

The aqueous phase of the emulsion comprises water and 
may include dissolved inorganic salts of chloride, sulfatus 
and carbonates of Group land 2 elements. Organic salts can 
also he present in the aqueous phase. 

’line following examples are meant In be illustrative and 
not limiting in any way. 

operating at no output control setting of 4 was rrsed and 
sonicatiort conducted for 2 minutes. At the cortlrol setting or 
4 thu output energy is about 150 Watts/em. The frequency 
of sonieamioo was 211 kiln. 

The inveelina was dcmotrslrnl,al using two mxa.rle oils, 
Kome and Hoosier from West Africa and Canada respec-
tively. tlythophobie silica sold under the trade name Acrmisil 
R 972 by Dellusus Corporation and hydrophobic bunatonite 
clay (prepared in the laboratory by exposing dividod/ 

tn tirto,nnimnatad clay to ereule oil and air oxidation) worn used as 
the silica and clay srmlid, for sotirtsstalsitizalion of the 60/40 
water-in.mrcude nail emulsion. 

In a typical experiment 30 to 40 grams of enrulsiorm were 
weighed into graduated ccolrifcng.. tubes and treated as 

’. indicted in ihbtc-t. After treatment the tubes were .rentri-
- biped and the amount of water that broke onrof Ira emulsion 

renoImL 

Control experiments were those that were not subject to 
any treatment prior to centrifugation. 

tn Results in Table-1 indicate that sommication by itscllaod in 
combination with durn.lsifiuz siguificerrrly etmharsrr, ul*rmul-
sification effectiveness. 

TABLE 1. 

ismowarartee crddtI4O V6tcr-hr-Comie Emutatoat 
Ocur.nni.5utiuu he cestaueseu 5r tlhpenrml WSo 

noWhWh 
Cnudc (St teSter s.nlida anna L’toneiynr ISa WOt*at2 ’a 0.1cr nonlam 

Loan KrouHi_ Silts, Nauo Store It 

Lees. Knuc mica ietke O.sorte, None c 

Koera Ksnee nOire Stkre Smlne 2 adu,ca it 
Loems tcra,rtudu stirs nsss’a tnnimmra In, 

K_ Ksunn,taa Uay uSvn% 2rrieerre 59 

Itamninr ttlWIa, Bniae stke warn None n 
Itco,tm ttsata, Brian Site.. O.Sut41, Sn,.. 37 

htae,ms LIore.tne Brias sthe Sre 2 uiaarzu Sc 

tracts, ttocsierBrine all... 0-5-% 2m1naor 95 

ttomnlar ttre,ia,Bmreu Clay tESut% takers, 99 

EXAMPLE-2 45 

Demnrlsifleatior, of 60/40 Water-In-Conic Oil 
Ltmutsion Stabilized by Solids (Centrifugation for 

Coalescence of Water Droplets of Emulsion) 

The general procedure to prepare a 60/40 water-in-crude so 
oil emulsion involved adding 0.15 an % of solids to the oil 
followed by artmlition of water or brine and mixing. A 
Silverson mixer supplied by Silvetson Machines, Inc. East 
Longmeadow, Mass was used. Mixing was conducted at 
25° C. and  at 400 to 6M rpm fora time required to disperse us 

all the water into the oil. Water was added to the crude oil 
in aliquntn spread over 5 arldiliorn. When mlemrelsifier were 
used, it was added to the emulsion at a treat rate of 03 WI 
91, nlamratsdier formulation based on lbs weight of emulsion 
and mixed with a Silverson mixer at 4110 In 600 rpm for 10 art 
to 15 mmoute. A phenol forrnalriahyttms ethonrylated alcohol 
demttlsiller formulation sold by BASF Corporation as PIn-
radyoe DB79411 was used to demrmnsLeate Ike invention. 

Centrifugation was conducted at 25’ C using a Beckman 
L8-80 Uttraceotrifugeat 10,000 rpm (7180g) for 30 ministries ut 
to eRect separation of the water and oil phases. Sortication 
was conducted truing a Soailler Model 350. The pulse mode 

EXAMPLE-2 

Demralsiflcatiou of 20)110 Water-In-Crude Oil 
Emulsion (Electrostatic (loalesranee of Water 

Droplets of lirarulaienn) 

The general procedure to prepare a 20/1(0 waler-in-crude 
nilemunrision involved addition of water or brine to the crude 

oil and mixing. A Silvarson mixet supplied by Silvoruoo 
Machines, Inc. East Longmeadow. Mass, was used. Mixing 
was conducted at ISa C. and at 400 In 6110 rpm for a time 
acquired to disperse all the waler into the oil. Water was 
added to the crude oil in aliquote spread over 5 additions. 
When demuleifier was used, IL was added to the emulsion at 
a treat rate 01705 WI Sir dcmnlsifeer fornnnmlatian bttsed on the 
weight of emulsion and mixed with a Siivemstsa mixer at 4410 
an 600 apot far tO to 1,5 onirtetes. A phenol formaldehyde 
cahoxytated alcohol deirnmlsifler Formulation sold by BASF 
Corporation as pluradyare 1)1179411 was used to demonstrate 
the invention. 

Electrostatic dnmulsillcation was conducted using a 
model EUFf-128’l° eleelrmntatie dehydrator and precipita-
tion tester available from IIIITER.AV, Inc., San Antonio, 
Tex. Deanulsifleation was conducted at an 830 vtslr/ineh 



I 
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potential for 30 to (SE minor= it .teutns of 60 and 85° 
C. Snnica1in was conducted using a Sandier Model 350. 
The pulse monk operating at an output tirutmi setting of 4 
was used and itomcatlaa conducted for 2 minutes, At the 
.x.ntoiL salting of 4, the output 000lgy it. shoal 150 waUs/ 
cm°. The feeqisaacy of soeicatiau was 20 katz. 

Two crud, ails, Koran and iloreraur futm ’6kB Africa and 
Canada respectively were utilized. Hydrophobic silica sold 
under the trade satin Acrcusll K 972 by DctussaCorporatmon 
was used for solids stabilization of the Hoosier all. 

In a typical experiment Ml to 40 grams of croulsmont was 
weighed into graduated electrostatic dematsificatiort tubes 
and treated as indicted in Table-1. After electrostatic 
treatment, the amount of water that separated out of the 
emulsion was recorded 

Control cxpenotenls were those that were not subject to 
any treatment prior to electrostatic demuhailcalion. 

Results in Table-2 indicate thatnouicatins. by itself and in 
combination with demnisilier sigoificaitily enhance micnt,tl-
silination effectiveness, Conopacisiai of results in Tables I 
and 2 indicate that laboratory centrifugation was mat’s 
elfective in coalescing the waterdampleta than the laboratory 
e1nctrtn4atk d.a.alier. Field electasastatic itesalters operating 
at higher nitclroslalie fields are known to improve separa-
tion effectivetrem over those observed in laboratory instru-
ments. 

TABLE 2 

S 
centrifugation the amount of brine separating out was 
recorded. Results urn shown to ..abls-3. 

TAI1IE3 

Sainjit, 0 sori,auos toosy ,eaiafa.c’) tides ltju,asid 

Now $4 

2 57 Si 
too 72 

in ’ 1513 44 

5 20) It 
6 me 6 
7 .302 6 
8 357 6 

is The interracial thin  strength is in the range of 50 to toll 
W1ttlwhflu. 

What is claimed is: 
LA method for determining a strength of an interfacial 

liho present at an oil-water interface of a water-itt-oil 
211 emulsion comprising; 

(a) somkrsiirng a series of at least three samples of said 
water-in-oil emulsion wherein each of said samples is 
aranicated at an energy of at Least about 25 wutlletn2 

25 
higher titan the precnralirug sample; 

(i) separating each of said sonicated waler-in-oil emul-
sion samples Into a water phase and an oil phase, 

l3anulolttaodoa at 2tttti Watsi-tu-Qut, Raistotast 
rnouemrxe Okmesui’fitinjoosnl ’stoter 

Bisotote, SaaksSes osnetriasahe 
rants Oil Watsa Satire Datttrpluodya, t5tWaaojon2 to 5.6., Draskast 

Kane genii ThIs, Nra, Rita, NoSe 4 
Kaa,o Kuu.r Odes Nor, OSal si Nsa, 13 

Na.,, Ks.ne Uris, Noes Nra, 2 mitoura, 19 

Nose ., Bike Ram riS at to 2 o.la.am 94 
Bisstr, tt6auu Bit,, Sties Non, Nsa, 4 
Bar Drool,. R.isi Silks itS It it Noes 
Uasrt,r Itsela, 

Urn, 

Silica PIne 2 misaIm SO 
Bird,, tto.uiu nda, silks "-% 7 ,thooes 75 

Example for lotarfeciel Him Strength l)uteoninalioo; 
A 30/70 water-in-cu-ude oil em preparulsion was ed by 

adding 

ILlS me % of hydrophobic sHies solids ton Tulare 
cards oil followed by addition of Wane brine and mixing. 
ASllvcison mixer supplied bySilvaison Macbias. Inc. East 
Longmeadow, Mass. was used. Mixing was conducted at 
25°C. and at 400 to Otto rpm fora time requited to disperse 
all the water into the oil. ’Tim brine was added to the cattle 
oil in aliquots spread over S acfditiotm. 

’The prepared emulsion was divided into eight samples 6 
g each into eight graduated tubes. 

Sample #1 was the control sample that was tnttsoxtkated, 
Samples #2, 63, #4,65, #6,67 and #8 were soatcated at 

50,1110,1.50, 200, 250, SiX) and 350 Waatnisqnam cm 
respectively for 2 minutes each. Sonleatlota was conducted 
using a Sonuller Model 350 in the pulse mode. 

After sonicatitm semples#i tbrausJi#8 wore esrttrlfrtgcd. 
Centrifugation was concluded at 25° C. using a lleckrnat. 
L8-80 Ulteacerarifugn at 2,000 rpm (1550 g) for 30 minutes 
to effect separation of the water and oil phases. t’dicr 

(it) determining the weight of water separated for each of 
said samples in said series of sarritplug - 

(ii) calculating a weight percent of water separated for 
each of said samples in said mules of samples said 
weight percent is the percent dermtlstfl.catioo; 

(e) identifying a sample exhibiting naaxintum percent 
demt,lsiflet.tknt from said series of samples and the 
energy of mmeatt comtspondlrtg to the said sample 
exhibiting maximum prevent denttzlsillcatioo is the 
strength of the interracial film of the eintiskm. 

2. The znetlx.d of claim I further comprising adding 
dentulsillar to said emulsion prior toot during 8aM tonina-

60 (iou step (a). 
3. The method of claim I wherein said detnuisifter is 

selected from tinnaulisifiers having a molecular weight of 
about SflOto about 51810 mitlahydrophilic lipUphilic balance 
of about 9 to about 35-

s5 4. The method of claim I wherein said de.oulsifier is   
phn.totforncaldehyde ethoxylaied alcohol having the lint-
mule: 
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wherein hI is selected from the group consisting of aiksrcra, 
alluinra, or mixtures thereof from 8 to it) carbons, H is 

CIlriCHu 

and P is �CH0---Clt---Cit3, it ranges from 1 t 
5, m ranges from, 0 to ’S and a ranges from 3 to 9. 

5. The method of claim I wherein said demulsifler cotn-
prisesdemulsitler and about 35 me% to about 75 me % of a 
solvent selected from the group omsoisling of crude oil 
distillates, alcohols, ethers or mixtures thereof. 

6. The method of claim 1 wherein the dennulsifler is 
present in so amount from 0.91 to 5.0 art ’Ii. based on the 
weight of emulsion. 

7. The method of claim 1 wlainreita the oil of said water-
in-oil emulsion is selected from crude all, etude oil distillate, 
crude oil maid, vegetable oil, animal oil, synthetic all and 
iiiixitttes Iheatot 

5. ’the method claim 1 wherein the method in conducted 
at a temperature of about 20 to about 200° C 

9 lisa method of claim 1 wherein said separation is 
aecoruplishsdbycenlaifagatioo, hydroeyelonas, oncasewave, 
electrostatic lield,sonkatiun, gravity, settling and combina-
tittat thereof. 

10. The method of claim 9 wherein said ototeifrigation in 
conducted using a Reid which ranges from 500 to I50,0IN) 
g for a time from 0.1 to6 hours. 

IL The method of claim 9 wherein said electrostatic field 
ranges fiornabout 50I) to about StNlfl-vottsper inch for a time 
from fat is, 2.4 hours. 

12. Ibe method of claim 1 wherein said water of said 
water-in-oil emulsion contains dissolved inorganic salts of 
chloride, sulfates or carbonates of (Irmeup 5 and 2 elements. 

HI 

1.3. The method of claim I wherein said emu Won  
solids. 

14. The method of claim I wherein said solids have an 
average total satiate sirs of -c15(0 square microns. 

1$. The method of claim 13 wherein said solids are 
selected from the group consisting of hydrophobic silica, 
hydrophobic clay, refinery coke and mixtures thereof 

16. The method of claim 1.5 wherein said hydrophobic 
clay is hydrophobic beotoOite clay. - 

10 17. The method of claim 1 wherein said sanitation is 
conducted at frequencies of about 15 ktiz to about 10 MI 1a. 

IS. The method of claim I wherein said sonicatior, is 
conducted In continuous or pulse mode. 

19. Arnetlmd for separation of a water-in-oil emulsion in 
is a process scheme including an on-line acroicator comprising 

the  steps of: 
(a) collecting a water-in-oil emulsion from said process 

233 (b) sonicaling said emulsion, wherein said emulsion is 
soiticated in a series of at least three samples and 
wherein each ol’ said samples issonicatsal at an energy 
of at least about 25 watt/urn5 higher than the preceding 
sample, 

25 (c) separating each of said samples of scmicated water-
- in-oil emulsion into a water phase and an oil phase, 

(d)deterniining the weight of water separated for each of 
said samples in said series of samples; 

(a) calculating a weight percent of water separated for 
311 each of said samples in said antics of samples said 

weight percent is the percent dcmulsillcatiorin 

( identifying a sample exhibiting nmniru,m, perotxur 
tlemelailteation from said set’ies of samples and the 
energy of sonication corresponding to the said sample 
exhibiting maximum peacent duxmdsiflcation in the 
strength of the interracial lilne of the emulsions. 

(g)settiogthcaaid on-line snnieaior to asonicaiiou energy 
level corresponding to the interracial film streoglig and 

40 (It) sccnicaiing said waler-in-oil emulsion in said an-unit 
aonicator sea to interracial glut slsengtig and 

(a) separating said sooiested emulsion into a layer cam-
prising water and a layer comprising oil. 

0 



U fl 
USUl]flfl86830A 

United States Patent pq 1111 Patent Number: 6,086,830 
Kgrtchner 1451 Date of Patent: Jul. 11, 2000 

[541 RADIO FUEQUICNCY MICl4OWAVt lN14RC.Y 
APPLLCATOItAPPAI1ATIIS TO BREAK OIL 
AND WATER EMUI.SLOX 

[751 Inventor Henry H.. Kgrtclmcr. ilou8kat, lŁx. 

[131 Amignee Imperial Petroleum Recovery 
Corporation, Iluaton, 73x. 

[2(1 AppL No.: 091295,561 

[221 FiImL Apa 21, 1999 

Related U.S. ApplicatIon Data 

[651 Coat6enlia, of ,tkathm No. 150936,963, Seq, 23, 1997, 
Fat. Na. 5,914/114. 

[511 Int.Cl: ............................._......._......... lOU 19/In 
[521 U.S. Cl. __...__............ 422/186 
1541 PlaId Of Search.................... 422(186 

[56J Refarencen Cited 

U.S. PATENT DOCUMENTS 

4,031,685 1/1928 Elaila --- 431/11 
4,174,751 11/1975 Cnnçam ..........._..... 1116/256 
4,279,722 7/1981 Eirl,bdde ,........  ---- ---- 324/162 8 
4,582,639 411056 Wall .__......... 212/348 
4,778,9711 LO/[9&t Klaile . 219/10.55 13 
4,810.375 33989 Ilodgtus at .1. ........................ 210112 
4,853,1.19 811989 WaIf

 .1t1- 
el. .__......... 210181 

4,853,50? 811189 Saanal4a _...._......_..... 2(0/11(155 

4855,899 8/1(185 Sararleija------
 

........ .... 333/171 
5.498,857 3/1996 7aquaul1 ..................... 219/745 

P0140/UN PATENT DOCUMENTS 

0327439 8/1189 I/umpeait Fat. Off.. 
19505615 8/1996 (Immecy. 

WV 9894893 [1/1915 W11’O. 
W094/26844 11/14414 WIFO. 

OTHER PUHUC/11’IONS 

CS. Pang, 8mm, K.L Chang and Pelec M.C. Lai, Dept. of 
Cheat. Eng’g and WJ. Illalla "Microwave flctnnsificaliotf’ 
at the publicalinO (Sietnical Pmg’g. Qtnnm.. 1988, vol. 73. 
pin. 227-23(1 

Primary F.raan/eer�Kishor Mayekar 
Aftcnzng Agent, or Fion�.teniteos & Gilchrist, P.C. 

1571 . ABSTRACT 

A microwave applicator to effectively break hydrocarbon 
and water emnlainms with radio frequency atneogy. Astream 
of hydnocathon and water emulsion is pumped into a nod-
Iimnde resonant reentrant microwave cavity. Dual opposing 
emulsion flow chambers with a centrally supplied micro-
wave waveguittie form a double entired resonant chamber 
with multiple IF energy reflections to elleaSively, treat the 
Hawing emulsion.’rIm emulsified fondalock enters into the 
bottoms of both flow chambers and exits Ion centrifuge or 
storage for separation. 
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RADI(I FREQUENCY MICROWAVE ENERGY 
APPLICATOR APPARATUS TO IIRF.AK OlE. 

AND WATER EMULSION 

CROSS REFERENCES TO (YELLER 
APPLICATIONS 

this appikation is a cotrtiouatioai of US. application 5cr. 
No. (ltti36,fl63. fled Sep. 23, 1997, now U.S. P&L No. 
5.914,1114 and made of refercuce herairi. 

BACKGROUND OF THE INVENUON 

In the refining industry every attempt is made to crrtrtet 
the masimum usable petrochemical product from the crude 
oil retrieved from deep within the earth or underseas. it 
would be fortunate to have a pure sweet ptotlmrcl tranurge, but 
this is very seldom the ease. More often than not, the crude 
oil emerges partly as an eaamtsitled mixture of oilz waxes. 
tars, salt and mineral laden water, floe senile and turners! 
particrtlates. Upon storage at the well and refinery sites, 
some natural settling and stratification occurs, but no inane-
table emulsion of oil and water and flocculate minerals 
remains to be dealt with. This waste or slop oil remains as 
a substantial crrvlmrtntcnlal detriment and represent toni 
irmcxmrnu from recoverable retlammty feemtstock. Among the 
marry chemical and physical separation techniques, ttaraac 
that act to separate oil molecules from water inoleretlrna at 
their boundary interface with economy some the oil mmiv-
cry � best-

Physical enPhysical separation techniques employ, conductive heat-
ing to redact surface torsion at lire oil and water boundary 
interface and centrifuging to separate the Lens deem oil from 
water in tlsrse situations in which the oil contains a large 
number of polar molecules with a taydnaphilic (water loving) 
end and a hydrophobia (waler hating) end, reduction of 
surface tension by direct betting alone will not selfiec. And 
under liaise conditions in which complex otganic coot-
pounds increase the density of the oil fraction to nearly that 
at water, the centrifuge relying on the diftbrence In tempo-
cent densities, will fail to completely separate the tempo-
emits. 

Chemical additives used as emulsion breakers often 
present an economic burden and additional ssantaauinated 
water disposal problem. in most situations a combination of 
physical and chemical means are required-

Laboratory and fteltl teats have proven that the application 
of radio frequency (RI?) rniceeswavc energy to oil-water 
ernrrtsioes will result in separation at the molecular level to 
an uritranirge over other methods. It is believed that the 
oil-water ittlerfant bond I. broken as the EPeneagy agitates 
the water molecule, a highly polar molecule that spirit and 
twists rapidly in the oscillating radio frerprency ileirli Is a 
similar fashion, the hydrophilic polar end of Ibe oil binding 
molecules are vibrated most by the radio frequency fiettl 
This shearing effect aids in the coalescence of oil droplets 
separated from the water droplets and the ultimate breaking 
of the emulsion. The vibration at the polar interface creates 
localized heating to farther aid the separation of the con-
stitnduts. 

The present invention details an apparatus designed to 
eifhetively apply microwave radio frequency energy to a 
pumped stream of hydrocarbon and water emulsion with the 
niaximumn absorption of the radio frequency ermigy in a 
rnrtltirnnde resonant reentrant microwave cavity. Oust 
opposing emulsion Iloit chambers with a centrally, supplied 
microwave vravegrmirle Lotus a double crated resonant chant -
bet with multiple 1W energy reflections to cILoctively treat 

thai flowing emulsion- The emulsified fenuhemark enters into 
thu bottotrrs of Ixatit how charolmee. and carts from the top 
having been heated by and treated with microwave radio 
freqtrcrwy �w-

DESCRIPTION OF ’lUll PRIOR AWE 
In US Par. No. 4,067,683 William .1. Mails teaches a 

tncthorh of elcctmonaageetically heating a high viscosity 
hydrocarbon fluid for ritmiatiolling its fluency by using a 
pyramidal shaped horn composed of a dielectric material 

0 that converges inwardly into a oil burner fuel tank. Similar 
pyramidally and conically shaped radio frequency applica-
tors are directed down a pipe into vismius oil hearing 
geological structures to heat the oil in situ. This patent, 
lssrreel in .lan. 1(1, 1978, orakas no claim or rarlitrence to the 

15 breaking of rill-water emulsions. 
Leslie Compton, in U.S. Pat. No. 4.174.751 dons not 

use Radio frequency energy to extract "shale oil" in sitar. A 
cursory mention of "electrostatic" method of separation is 
made in the specification, but is not further elaborated upon. 
The application of radio frequency energy is not mentioned. 

Chalmer G. Kiukbrlelc in U.S. last. No. 4239722 
describes improved catalylia reactions in petroleum refining 
by subjectIng the hydrocarbon reactants in contact with 

25 
catalytic materials to the influence of wave energy in the 
microwave range. He does not teach a nreehtxl or apparatus 
to apply tire radio frequency microwave energy. The patent 
claims improved efficiency in converting hydrocarbons to 
other hyrtrocamlxrtas with radio frequency energy in catalytic 
processes but the radio freqrrcncy energy is no; used to break 
etnulatmins. 

In ’Mietowave Dmmmutgillcatton," C. S. Fang, tinsr K. I-
Chang and Peter M. C. Lai, Department of Chemical 
Engineering, University of Southwestern Louisiana, 
Lafayette, La., 740506 and W. 3. Klaila, Electromagnetic 
linergy Corporation, Mlddlehtrro, Mass,, 02346 in the pub-
licstloo Chemical Engineering Comm. 1988. Ia1. 73, pp. 
227-238, complete some basin laboratory experiments to 
show that demulsifleatioo of oil and water by microwave 

40 energy substantially improves separation levels and times, 
Field ems consisted of directing issictowave energy thorn a 
20 KW microwave generator with amine shaped applicator 
centered and facing downward in a 10 foot high by II) toot 
diameter cylindrical metal tank. The contents of the tank 

41 were shown to separate after several harris of radium ftc-
qttency energy applicarion. This is a batch process. not a 
flow through I-

-Nicolas
 Wolf, in U.S. Pat. No. 4,582,629 clninis a method 

ftrreshartciog the separation of hydrocarbon and water from 

In anemulsiori or dispersion with rite applicatitm of rrrlcrowave 
energy and then heating the emnutslman using conventional 
beating mnreans. Particular means to apply the microwave 
energy are not described or claimed. 

In U.S. PaL No. 4,810,375, Roger I.. Hudgins [and WoIt’j 
55 et a)., treats an oll-wstnremulsion with a system comprising 

a microwave onergy source and an applicator having an inlet 
and an outlet for the passage of oil-water emulsion or 
dispersion without detailed reference to the trastrre of the 
microwave appticatne Claims pertain to the use of water 

to separated from the emulsion an flow ahrotrnjm and crud a 
water fitted dummy load chamber to absorb reflected mIcrO-
wave energy. 

In U.S. Pat. Rn. 4,853.119, Wolf at at. describes a 
ceralesmir medium craueained within tire microwave applica-

or tot to improve the separation of the emulsion components. 
lusanmardaija US. Pat. No. 4,853,507 describes an appa-

ratus, for efileient heating of microwave of emulsions or 

01’ 
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dirpersrorrs having a section of wavargariale with a tapered 
impedance rnalclriog membrane foantral from tow dielectric 
material to best present impedance matching surltrrre into a 
liquid filled curt of the radio frcquuncy wove guide section. 
S at other applico .rlrnpars San rinaraibed Ira up.reiflcatiarn 
and claims for both circular and rectangular wavcgttide& 

In U.S. Pal. No. 4,IIS5,695 Sanemlzija the microwave 
energy delivered to the dc-emulsifier sputum is lamed to an 
optimum voltage standing wave ratio by means of a corn-
pulerleed phase shifter. 

Unlike prior an, Ike preferred embodiment of this maven-
don describes a rantllo frequency energy applicator that 
reflects energy into deal opposed radio frequency terminal 
cavities by means of angled reflector plates located at the 
terminal cant of a rectangular waveguide. bear less, radio 
fnrqucncy teaosparact, liar plate windows prevent that intru-
sion of chemical feedstock into the waveguiala. Feedslock 
(low is upward against gravity In prevent uralruiaaed solids 
from becoming trapped within the resonator cavities. The 
dual opposed radio frequency terminal cavities ant as one 
multimode resonant reentrant naicanwavo cavity to elfec-
lively absorb microwave energy. Thu reentrant chamber 
dimensions closely match the microwave standing wave 
patterns, given the dielectric nature of the oil and water 
mirrirare flowing through the dual opposed cavities-

The
avrlies.Te

 wavagiride terminal reflector plates arc sized and 
angled to minimize radio frequency tomes and to prevent 
reflected energy from returning to and damaging the radio 
frequency transmitter. A three port circulator is placed 
within The transmission path between the traarsrniflcr and the 
microwave applicator todivert any reflected ranliu frequency 
In a water cooled dummy load. 

In addition, the applicant has made improvements in the 
meilterd of treating emulsions to aid in their separation and 
in Cho apparatus used to apply radio freqarrasay microwave 
energy to the emulsion feedstock. The inventor recognizes 
the need first to conventionally paulacat the feedstock to melt 
solids such as waxes and tars to raise their level of dielectric 
absorption of microwaves prior to treatment with rmcm-
waves and to improve feedstock pumping characteristics by 
Towering viscosity-

’Me inlet and outlet temperatures are monitored and the 
flow rate of the feedslock is controlled to maintain optimal 
dwell time and exit temperature to guarantee the best 
separation of emulsion components. An optimum tempera-
ture differential of the feedstock between the inlets and 
outlets of the microwave cavities is fed back to the pump 
feed rate corrtrnller. Pumping rate is changed to maintain the 
proper temperature difference for oplinnrm emulsion break-
ing The inventor finds this method preferable over tirame 
methods using adjustments in the voltage standing wave 
ratio (VSWR) to control the feedatock pumping rate. 

The inlet is located below unties to flush ant particulate 
solids such as sand and prevent the trapping of sand and the 
concomitant loss of flow which lends to overheating of the 
fermnlsloclt. 

Particular attention in this design has been paid to pre-
venting stagnation or restriction of flow on the surfaces of 
the microwave transparent windows. The design of the 
specific geometry of The treatment chambers prevents limit 
spots. Not spots in improperly designed systems result in 
localized carbonizing of the hydrocarbon feedstnck. Con-
ductive carbon buildup on the windows shorts out the 
microwave field with a catastrophic irrerease in temperature, 
resulting in the melting or fracturing of the window materialL 

Aafrlititarral protective iusirnnacntaticrrr monitors and man-
tunis against any flow reataictions in the feedstock path to 

prevent against voids and flow stagnation and build up of 
solids The microwave transmitter is simS down if any fault 
cunalirium is detected. 

All incoming feedstock is preheated by axanventiooal 
means, and by hot wastawater separated forum treated 
feedstock, to reduce viscosity and to aid in tim pmeflttraaiora 
of ranks and other large solid masses from the tircalstock 
emulsion. The inventor has found that microwave energy 
couples to the fcmrdsrnck batter at elevated temperature. Peed 

rn temperatures of 120 to 1811 degrees Fahreahril or more are 
needed, depending on the melting temperature of organic 
solids in the ntimctrrme as well as the typo and amount of 
entrained con-melting solids such as dirt and sand. 

0 tftlJtiP I)tiSCtUl’llt)N OF THE DRAWINGS 

EtC.. t is a cross sectional elevated view through the 
microwave applicator and dual processing chambers. 

FIG. 2 shows a cross sectional plan view through the 
Sm) microwave applicator and the dual processing chambers. 

I-lU. 3 shrrassa a elevated fats, view of a microwave 
window assembly, with nate process chamber access cover 
removed. 

HG. 4 is an elevated cross sectional view of the radio 
25 frequency microwave applicator window structure. 

DETAILED DliSClt.Wl101’l OF THE DRAWINGS 

As detailed in FIG. 1, microwave energy 18 is delivered 
through n hollow wavoguide (not shown) which couples to , 

- flange 15 of applicator waveguide 16. The microwave 
energy is divided and deflected to the dual processing 
chambers by means of angled deflector plate S. TImer plane 
parallel, microwave transparent windows 4 conduct the 

as microwave enarmgy into dual process cbsntbarsl constructed 
of conductive materials. The dimensions of the process 
chambers are chosen to maximize a mntmttimorle resonant 
pattern at the working radio frequency and feedstrrckdiclee-
Inc characteristic. 1W frequencies of 915 Mltz or 2410 
Mlix are the frequencies most nIne used for industrial 
processing to avoid conflicts with communication devices. 

The energy is absorbed by feedstock within the feedstock 
process chamber space 2 in the form of an oil and water 
emulsion, craters the chamber tlarxnagls inlet pipe   and exits 
lhrrmrlgla outlet pipe 38. Flanges 9 couple the Inlet pipes to a 
pumped and if necessary, preheated anramant of filtered feed-
stock. Flanges 39 coaple outlet pipes to the appropriate 
feedstock handling equipment such as centrifuges and col-
lection tanks. Metal ecemu covers 3 held in place by 

so fasteners attached around the periphery 40 to provide easy 
means to inspect and clean process chambers if necnssaay. 

The dual process chambers 2 in combination with deflec-
tor plate  and window frame4farm atwo lobed, mullinaude 
resonant reentrant microwave cavity. 

55 In HG. 2, across sectional plan view details the applicator 
placement within the dual lobed process cbuoabrtr assembly 
1. Looking down into the 1W energy wavngrrtde, deflector 
plate 5 refl.acas the microwave energy through dual parallel 
microwave transparent windows 4 into the feedstock flow 

60 spaces 2. Multimode resonant microwave patterns between 
chamber sides 3 evenly treat the feedstrxtk as it enters the 
process chamber 2 annulling in a fairly uniform distribution 
of emulsion breaking energy while raising the Ceetlsaock 
temperature evenly throughout the flow volume. Window 

65 retaining bmetwrrre, in this embodiment of the invention, 
consist of a series of threaded fasteners 31 holding window 
frames 6 securely against hollow bulkheads 21 tirade from 

6,086,83() 

conductive material, mmcl, asstrsinlassteel plate. (taskets32 
and 33 secure the microwave transparent windows 4 against 
any feedstock leakage into the microwave applicator 
wavegaride. Blind hollow bulkheads 21 serve a structural 
purpose and rem- riot Ebc shape of the dual lobed chamber 
assembly 1 to effective microwave resonance patterns, but 
do net carry Itt energy within the hollow spaces. 

FIG. 3 details a face view of one of the plane parallel 
opposed microwave transparent windows. The feedetocla 
process chamber access cover 3 (not siroavar) has been t�t 
removed to show the round window 4 secured in place by 
window franae 6 with multiple fastening laoles3L Corarpmn.s-
alon gaskets 32 prevent fecrtsroek from leaking into the 
microwave applicator wevegnriate 16. limulskan feedstock 
enters the treatment space 2 by means of tower pipe S with 15 

flange 9 and smooth transition 7 and exits fm,edstock treat-
ment space 2 through smooth transition 37 and pipe 38 with 
connecting flange 39. Though this drawing altman a round 
microwave transparent window 4, square and rectangular 
windows can be used. Sr 

Across sectional view of the radio frequency microwave 
applicator with attention to a preferred method of mounting 
the microwave transparent windows is detailed in FIG. 4. 
Radio frequmency microwave energy 18 enters the applicator 
through wsveguirte 16 and is reflected by angled deflector 5 25 
tlrrrrngk lhickThFLONrfr or other fluoropolynrter microwave 
transparent windows 4 into dual fcedseock reaction clttrt,bcr 
spaces 2. The TEFLONfi or other high temperature, inert 
tluoropolyoacr windows are nlmot transparent to 
mirnowavurs, inert and impervious to mime feraistouk mixture 
and thick enough to withstand the pumping pressures at the 
elevated temperatures used to treat the feedstock. Window 
frame 6 is held in place by recessed anotnnliog hardware 31 
presenting a smooth even surface to improve flow charac-
teristics and to prevent entrapment of solids. Compression 
gaskets 32 and 33 are shown for completeness, although 
applicant has found that the compression of the tmartgtae of 
TEFLoNfi 34 arormd the periphery of the window between 
wsvegrride sidewall 35 and window france 6 is sulicinrat. 
Inner wall 36 of the inlet and orrtlei transitions to the dual 40 

treatment chambers have a smooth surface transition with 
the window frame 6. Solids, waxes and tars cannot build map 
and char or carbonize to form radio frequency energy, 
comartarerlive hot spots that would harm the TEFLONfi or 
other high temperature, inert ifuoropolyreter windows. In 
addition, the smooth transition between metal surfaces 
within the dual tmeatnaent chambers reduces the number of 
unnecessary, electrically reactive protrusions which dissi-
prteorreflect radio &rrqtmency, energy at microwave freqrmnaa-

so 

The accompanying drawings referred to herein are illus-
trative of the invention but net restrictive thereto, and, 
together with the description, serve to explain the principles 
of the invention, as 

What is etainieri is. 
2. Apparatus for breaking an oil and water emulsion 

feedstock into oil and water streams with a source of radio 
frequency waves which comprises: 

a radio frequency wave guide for receiving radio fre  an -
quency waves; 

a po,rntss chamber adjacent the waveguido configured to 
permit the emulsion feedstock to move Ilmerelliaongh 

and to nqxasc the emulsion feedstock to radio fre-
quency wavug 

a radio frequency transparent window Iretweun the 
wavegaide and pranserar chamber to allow passage of 
radio frequency energy into the process erharamluar; and 

a deflactor located in that -guide orieotrut tam deflect 
radio frequuaacy waves It. the radio frequcrrcy ta-amuspar. 
cot window and into the process chamber. 

2. The apparatus of claim 1 which also includes a second 
prtrntsschanabatr adjacent the waveguirte and a second radio 
Frequency, transparent wi,mrkrw hatss’eena the wnvegaridc and 
the second process chamber, and a deflector which divides 
thu radio frequency wave and nldllmutts a porlrcaar thereof into 
each of the process chambers. 

3. The apparatus of claim 2 wherein the daltector is 
Irratalcet at the terminal cml of the waveguide between the 
process chambers. 

4. The apparatus of claim 2 wherein the microwave 
transparent windows are substantially parallel to each olhcr 

S. The apparatus of claire 2 wherein the waveguide 
terminal reflector plates are sized and angled to minimize 
radio frequency kisses and to prevent reflected energy froarr 
returning to a source of the radio frequency energy. 

6. The apparatus of claim I wherein the radio frequency 
transparent window is made of a fluoropolymrnnr. 

7. Asystem for breaking oil and waterernrrlsioe feedstock 
using radio frequency energy which comprirres 

a source of radio frequency energy; 
a wawgrrida for conveying the energy for rise to treat. the 

emulsion feedslneltt 
a feedstock process chamber having at least one inlet and 

at least one outlet oriented adjacent the --guide; 

a radio frequenny transparent window between the pro-
cosis  and the wavegukle to allow passage of 
radio frequency energy from the wavegidde into the 
process chamber; 

a deflector of mndtn frequency energy oriented in the 
waveguide to direct the radio frequency energy from 
the waveguidu through the window and into the process 
clrnmbrrr; and 

� primp for passing die emulsion feedstock through at 
variable rates responsive to the tampuratrare rise of the 
emulsion feedstock as it passes through the process 
chamber receiving radio frnqtrataacy. 

S. The system of claim 7 which also includes a ee,coxad 
process chamber adjaoeot the waveguidc antis second radio 
frequency transparent window between the wnvegtaide and 
the second process eluaruheg and a deflector which divides 
the radio frequency wave and deflects a portion thereof into 
each process chamber. 

9. The system of claim S wherein the deflector is located 
at the terminal end of the waveguide betwemau the process 

10. The system of claim   wherein the microwave leans-
parent windows ace substantially parallel to each other. 

11. The nyatuamof claim Swhereimu the waveguide terminal 
relteelor plates are rained and angled to minimize radio 
frequency losses and to prevent refinatted energy from 
returning to a source of the radio frequency energy. 

1.2. The system of claim 7 wherein the radio frequency 
Transparent window is made of a lluoroptmlymanr 
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Sue. NO. 934.683. Nov. 24.199k Pat Na. 4,725.281. an oU-in-aqeoUs phase emulsion and fending the 
formed emulsion into an ultrasonic reactor whn.eln 

[51] mt. CL’ ...................... ......... ClOG )5fl0 heavy hydrocarbons we converted into lighter hydro-
E52] U.S. (3. ........................__.__. 208/4.P, 44/301; carbonS. 

137/13; 204/157.42,2S2/312:232/314; 
252/33111 252/348 18 Claim 10 Drawing Slums 
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99 99 
ceptable period of time and with a commercially ac- tag composition. From about 2,0(11 to about 611,000 
ceptabie emulsion thom stability is the 5/15/5 cilature galloas of this emulsifying composition at a temperature 
of 1)1)20/1515 70/l)l) ISO in combination with 75% by of about 200’ 1’_ is injected into a heavy crude or tar 
weight NP 20 agent. The weight average molecular sands foxotulion via an injection or production well 
weight for the 1)1) mixture is 4171 (which is 

between 5 over a period of one to five days. The formation has a 
2434 and 4264) and the duspersity of 1.30 is between 1.0 temperature of about ItO’ F. Subsequently, steam (75% 
and £0. Furthermore, the estimated quantity in percent to 100% quality) at 500’ F. is injected into the formation 
by weight of Dl) compounds in the DD mixture having for a period of 21) lo 40 days at a rate of 600 to 1.500 
a molecular weight of between 2434 and 4264 is 55% by barrels per day. The production well is thereafter that 
weight (which is greater than at least 50% by weight). Ill in for one to ten days to allow the steam and emulsifying 
The 151515 mixture of DD 20/151570/1)1)150 in corn- composition to malt in the formation. Subsequently, the 
biriatica will, 75% by weight percent of the NI’ 20 production well is opened up and production of oil-in-
agent did not produce within an acceptable period of atlanom plime emulsion is started with the assistance of 
time of less than about 20 sees, an acceptable oil-in- a dOWSI1IOIe pump at the bottle of the production well. 
WaIte etautsion having an enmision al 
greater than or equal to 40 mItts, because the estimated EXAMPLE )/JrJC.XV1 
quantity Iii percent by weight of Dl) compounds In the Repeat Example XXXXV but concurrently Inject 
Dl) mixture having a molecular weight of434 to 4264 into the formation at a rate of about 1,000 barrels p-
is 16.4% by weight (which is less that, at least 50% by day the emulsifying composition with the 500’ F. steam 

iciglt* if ibis estimated quantity in percent by ’weight 211 such that the emulsifying cantposisloh eaters into the 
is 50% by weight gruarer, an acceptable oil-in-water farinatfina at a temperature above P.LT. (or about 250’ 
emulsion would he formed within an acceptable Period F) and the weight ratio of the 500’ F steam to the 
of fine. The 5/5/15 mixture of OD WOO WOO 150 emulsifying composition is about 20.1. The weight ratio 
in combination with 25% by weight of the NP 20 agent of the steam to emulsifying composition can vary from 
did not produce an acceptable oil-ic-water emulsion 25 
because the estimated quantity in percent by weight ofture 

about hi to about 50:1. and hot water having a(etnpura-
 

151) compounds in the 5/5/15 Dl) mixture having a 
of 151r F to 251)’ E or hot water and steam can be 

boituted fo..tlte steam in tIne same weight ratio. Aiim 
molecular weight of 2434 to 4264 is 24% by weight 
(which is leis than at least 50% by weight), and further slsuttingin the production well far asoak period of 10 to 

because the weight average molecular weighs of the 30 210 daryswherein the enudutfying composition cools to 
below about PIT (or about 220’ F.) and oil -la -aqueous 

mixture is 6241 (which is riot between 2434 and 4264). 
this estimated quantity in percent by weight Is 50% by phase emulsion forma, the prodnctio3 well Is opened up 

weight or greater and if the weight average molecular and the oilbisquenus phase emulsion is produced hay-
tnit a greater or enhanced stability than the oll-iss-aque-

weight is between 2434 and 4264. an acceptable oil-in- 
waler emulsion would he formed within an acceptable 35 ous Pilate emulsion of Example XXXXV. 

period of time. While the present invention has been described 
herein with reference to particular 

embodiments 

EXAMPLE XXIØCIII thereof and exiantptes tbeeeilw, a latitude of mudillea-

Repeat Example XXXW where the by lion, various cltaaigcs and substitutions are intended in 

weighs of the NP 20 agent in the 131)/NP 20 agent 40 the foregoIng disclosure and it will be appreciated that 

mixture is decreased to below about 60% by weight and In some imtnncan some features of the brvenrioti will be 

,be percent by weight of the respective DO coampossuda employed without aCOPOmimS use of other fat-

without departing from the scope of the invention asset 0.e.
 

 Dl) 20.131)70, and 1)13 100) In the 131)/NP 20 
agent mixture is varied and/or adjusted accordingly forth. For cznmpie, while mixing of hydrocarbon crude 

such that the weight average molecular waiSIot of the 45 with the emulsifying composition has been described as 

Dl) mixture Is 2434 and 4264, dlspemity of the NP t8kISIg place above the surface of the earth, it is to be 

mixture is LU to 5.0, and the estimated quantity In per- understood that mixing of hydrocarbon crude with the 

cent by weight of Dl) compounds In the Dl) mixture emulsifying composition below the surface oflbeearlls, 

having a molecula, weight between 2434 and 4264 teat such main a tubing of a producing well, Is within the 

least 50% by weight, and fInd that an acceptable oIl-Ic- su spirit and scope of this invention. Similarly, while the 

water emulsion is not formed and/or is not fanned pi’OdnCIlOtt of an ail-in-water emulsion has been she-

within an acceptable period of Slate. scathed for psirp.mo of transmission through a pipeline. 
It Is to be understood that the spirit and scope of this 

EXAMPLE 300EX1V 
Invention Include the production of an oil-in-water 

Repeat Example XXXXIIX where the percent by 35 emulsIon for any mailable purpose including, but nut 

weight of the NP 20 agent In the DD/NP 20 agent hushed to, burning in a burner/boiler, and purposes of 

mixture is increased above 65% by weight and dud trailsstsisstott through any pipe snesios Thos, by way of 

similar results., example only, whenever "pipeline" Is rtferrud to in the 
speciilcutioss and the claims, it is lobe construed to be 

EXAMPLE 230CIW 
arm 

any pipe means, such as tubing of a producing well, 
The emulsifying agent for this Example Is the emulsi- We claims 

Piing agent ofExa.npIeXXXXU comprising the 5/1515 l.A process for converting hydrocarbons mud credet 
nilxtcte of DI) 20/fl)) 7WDZ) 150 in combination with into lighter hydrocarbon products comprising the steps 
15% by weight NP 20 agent. The emulsifying agent is of: 
mixed with as. sgueous phase (e.g.brine) at a tetnpera. 61 (a) providing a bydsonarbent 
turn of about 200’ F. to form an emulsifying composl- (b) preparing an oil-In-aqueous phase emulsion cots-
ilon with rile emulsifying agent’comprising thorn about taming the hydrocarbcat said preparing comprisest 
5% by weight to about 40% by weight of the emulsify- (I) admixing water droplets with a catalyst; 
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(in) surrounding the water droplets containing the (Is) preparing an oil-in-aqueosns phase emulsion con. 

catalyst with droplets of the hydrocarbon; taming the hydrocarbon; said preparing conxpr ses 

(iii) forming the oil-in-aqueous phase emulsion con- 0) admixing the hydrocarbon with a catalyst: 

taming a ,ntrttilamellar vesicle with she hydro- Cu) surrounding water droplets with droplets of the 

carbon droplets of step (ts) surrounded by the 5 hydroCarbon containing the catalyst-

water droplets;(ill) and forming the oil-us -aqueous pliateeniublon con-

(c) heeling the oil-in-aqueous phase emulsion into at, timing a multilamellar vesicle with the hydro-
carbon droplets of step (ii) surrounded by she 

uttras*nic reactor for converting the Isydrocaxhon water droplets; 
In the oti-In-aqtteoras phase emulsion into a lighter feeding the oil-in-aqueosts phase emulsion into an 
hydrocarbon product and to fnti residual oiL-in- ultrasonic reactor for converting the hydrocarbon 
aqueous phase emulsion containing the lighter by- in the oil-in-aqueous phase emulsion into a lighter 
drooarbcia product, the hydrocarborr, and gaseous hydrocarbon product and to form residual oil-In-
reaction prmbuS aqueous phase emulsion containing the lighter by-

2. The process of claim I wherein said catalyst is Is daocarbon product, the hydrocarbon, and gaseous 
selected from the group consisting of zinc chloride, reaction products. 
ferrous sulfate. ferric chloride, cobalt nitrate, stgnnous 11. The process of claitn 10 wherein said catalyst is 
chloride, cadmium acetate, cupzic chloride, manganese selected from the group consisting of cobalt stearates. 

nitrate and silver ,sitrate. ttick,el saturates, zinc stcnrales, tin steatntea, iron stca-

3. The process of claim 1 wherein said catalyst is 20 rates, copper stearates. caehniutn stearutes. and vans-

selected ifnan the group consisting of sulfuric acid and 
itydrochiotic acid. 

diem stearates. 
12- The process of claim 10 wherein said catalyst Is 

4. The process of claim 1 wherein said catalyst Is selecled thou, the group consisting of cobalt sndfonates, 
tIlCitCI sulfoitates, zinc solfouates, sin auhlonates, lean 

selected from the group consisting of nrnmontumn mo- 
lybdate and potassium soolybdate amtnrnsiim. vanadte.25 suLfonatts, copper sulfonates, cadmium sulfonares and 

S. The process of claim I whereinsaid catalyst is vanadium sulfonates. 
12-The proem of claim 10 whereas said catalyst is 

selected from the group consisting of cobalt nnphthcn. selected from the group corssiselngofcobahtporpbytists. 
ate. nickel naphthessate, zinc naphihenate, nickel pophyrins, zinc porpbyrIams, tin porpbyains, iron 
ate irot, oaphthenate, copper napbtltcnate, cadmium 10 porphyries, copper poXpl1)’Tttts, cadmlttiu potphyrint 

txaphthenate, and vanndhstnt naphthenate. and vanadium porphyrins. 
6 The process of claim I additionally cornprmslitg 14..The process of claim 10 wherein said catalyst Is 

passing the lighter hydrocarbon product, the residual selected from the group consisting of metal sss)fonates, 
o’d-i-aqueous phase emulsion and the gaseoste tnnellot, dodecylbenzeae metal snlfonate% and metal dinonyl 
prodncit through a separator wherein the gaseous reac- 35 stapbthalemc disultlstsatc. 
lion products are removal. 15. The process of claim 10 additIonally comprising 

7. The process of claim 6 additionally comprising passing the lighter hydrocarbon product, the residual 
adding a demuhslfying chemical to said residual oil-in- oil-iu-squeotn phase emulsion and the gaseous reaction 
aqueous phase emulsion after said gaseous reaction products through aseparator wherein the gaseous reac-
products have been removed. 40 titan products are removed. 

S. The process of claIm 7 additionally comprising 16. The process ofclaim 35 additionally comprising 

besting the tuaidnnlOil-lu-nquernts phase emulsion and adding n demtulaIlying cltemical to said residual oIl-in-

destzalslfying cheoslinl to break the residual oll-in-aque- aqueous phase emulsion after said guatetus maclIon 

out phase emulsion, tepatuting aqacous phase front the 
broken residual oii-iu-aqunous pimseenalasinin.and,-e- 45 

products have been removed. 
17. The process of claim 16 additionally comprising 

cycling the separated aqueous phase for preparing saIdIscatuig the tesimlual oil-Ic-aqueous phase emulsion and 
deniulsifytag chemical to break else residual oll-in-ampte-

ail-iti aqueous phase emulsion in step ( 
9. The process of claim 7 additionally comprising otis phase emulsion. separating aqueous phase from the 

brtlkea residual ofl-iu-aqtxeous phase emulsion, and re, 
heating the residual off.in-aqneous phase comsdslon and 511 cycling the separated aqueous phase for preparing said 
dernalsifylng cilennicel to brink the residual oll-iunqtte- oil-in-aqueous phase emulsion In seep (ii). 
otis phase analsion, separating the hydrocarbon from 19. The process of claim 16 additionally comprising 
the broken residual oil-In-aqueous phase eusubion, and beating the residual oll-in-aqucoos phase ctnultiomi and 
recycling the hydrocarbon he preparing said nfl-lu- demnls1)ji,ng etsettilcal to break the reaidual oll.lnaqua-
uqucous phase emtabictn in step ft St on phase emulsion, separating tine hydrocarbon from 

19. A proem for converting hydrocarbons and the bmken residual oil-In-aqueous phase emulsion, and 
crudea into a lighter hydrocaabosi products eotnpxiaissg recycling the hydraàarbon for preparing said nil-in-
the steps of: aqtaeotis phase emulsion in seep (is). 

(a) providing a laydrocarbong a * a a a 


