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RESPUESTA AL AUTO NOTIFICADO POR FIJACION EN LISTA NO. 445

DEL 13 DE NOVIEMBRE DE 2012, OFICIO NO. 20629 (EXAMEN DE FONDO)

ALVARO CORREA ORDONEZ, mayor de edad y vecino de Bogota D.C., identificado tal como
aparece al pie de mi firma, en mi caracter de apoderado de la sociedad en referencia, doy
respuesta al auto emanado por ese Despacho dentro del término de prorroga solicitado en mi

memorial 09.105.298-00005-0000 de fecha 7 de febrero de 2013:
1. Respuesta a las observaciones del Examinador

1.1  Claridad de la solicitud

Con el propdsito de atender a las observaciones del examinador y de conformidad con el
articulo 34 de la Decision 486 que permite al solicitante en cualquier momento del tramite
efectuar modificaciones y correcciones a su solicitud siempre y cuando no se presente

ampliacion de la invencidn originalmente presentada, me permito presentar un nuevo pliego
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reivindicatorio conformado por 55 reivindicaciones.

El nuevo pliego reivindicatorio se encuentra totalmente sustentado en la memoria

descriptiva originalmente presentada.

El examinador podrd notar que el término "aproximadamente" se eliminé del pliego

reivindicatorio.

Con relacién a la expresion "para reducir la viscosidad de dicho petrdleo crudo”,
respetuosamente mi representada considera que dicha expresién no corresponde a una
ventaja comercial sino que hace parte esencial de lo que persigue el objeto de la
reivindicacién. Este tipo de caracteristica puede aparecer en las reivindicaciones junto con
las caracteristicas estructurales. Es decir la reivindicacion no solamente se estd definiendo
por la expresion "para reducir la viscosidad de dicho petrdleo crudo" sino por las otras

caracteristicas técnicas.

Con relacién a la observacién de su Despacho para la reivindicacion 20 en cuanto a que no
se presenta una secuencia de etapas que transformen una materia, aclaramos a su Despacho
que dicha reivindicacion que con la nueva numeracion corresponde a la reivindicacion 19 es
una reivindicacién dependiente de la reivindicacion 1 y por lo tanto, dicha reivindicacién no
solamente incluye las caracteristicas técnicas mencionadas en la reivindicacién 19 sino que

también incluye las caracteristicas técnicas esenciales de la reivindicacion 1.

Teniendo en cuenta los argumentos arriba expuestos asi como el nuevo pliego
reivindicatorio, se puede concluir que la presente solicitud cumple a cabalidad con el

articulo 30 de 1a Decision 486.

1.2 Novedad
El Examinador plantea que el documento D1' (US 5,096,566) afecta la novedad de las
reivindicaciones 1,3,5,6 a 21 de la solicitud en estudio. En forma resumida el examinador

argumenta lo siguiente:

! Process for reducing the viscosity of heavy hydrocarbon oils
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"Las caracteristicas esenciales del proceso de la reivindicacion 1 habian sido divulgadas
previamente en D1, el cual da a conocer un método para tratar material de hidrocarburos

crudos (Reivindicacion 1)....(...).."

1.3  Nivel Inventivo
Sobre el requisito del nivel inventivo, el Examinador establece que los documentos D1 y
D22 (US 4,915,819) afectan el nivel inventivo de las reivindicaciones de la solicitud en

estudio. En forma resumida el examinador argumenta:

"Los documentos DI y D2 se consideran el estado de la técnica cercano a la invencion
definida en las reivindicaciones 2 y 4 porque divulgan tratamiento para la reduccién de la

viscosidad de aceites pesados.

La diferencia entre la invencion, definida en las reivindicaciones 2 'y 4 y el tratamiento de
DI consiste en que el documento no hace referencia a otra sustancia orgdnica diferente al
petroleo crudo.

La diferencia entre la invencion, definida en las reivindicaciones 2 'y 4 'y el método de D2
consiste en que el tratamiento al que hace referencia el documento es un tratamiento
mediante un solvente orgdnico para la reduccion de la viscosidad.

El efecto que logra el incluir la implementacion de un solvente para la reduccion de la
viscosidad es lograr un petréleo crudo desestructurado con una viscosidad reducida, una
gravedad especifica reducida y se puede fraccionar mds fdacilmente que el petrdleo crudo
no tratado; es decir, los asfdltenos se pueden separar de los maltenos mds fdcilmente, tal
como por precipitacion, adsorcion o micro filtracion.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se puede
Sformular asi: Cémo modificar el tratamiento de crudos de hidrocarburos pesados conocido
en D1 para lograr un petréleo crudo desestructurado con una viscosidad reducida, una
gravedad especifica reducida y se puede fraccionar mas facilmente que el petrdleo crudo
no tratado; es decir, los asfiltenos se pueden separar de los madltenos mds facilmente, tal

como por precipitacion, adsorcion o micro filtracién?"

2 Treatmetn of viscous crude oils
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Sin embargo, la utilizacion de un solvente orgdnico para la reduccion de la viscosidad del
petrdleo crudo, ya estd divulgada en el documento D2 que se refiere a un método para el
tratamiento de la viscosidad del petréleo crudo, donde la viscosidad del crudo puede ser
reducido por tratamiento con solvente orgdnicos, como pentano, el cual disuelve el crudo y
precipita los asfaltenos y que la proporcion de solvente es en un rango de 1:10 a 8:1 en

volumen de crudo. Una cantidad del 15% en volumen de crudo (reivindicacion 1).

En consecuencia, la persona del oficio normalmente versada en la materia incluiria el
solvente orgdnico de D2 en el tratamiento de DI para llegar asi al objeto de las

reivindicaciones 2 y 4 de la solicitud. Por lo cual se considera obvia.

2, Argumentos a favor de l1a novedad y del nivel inventivo

2.1 Novedad

La novedad de una solicitud est4 legalmente definida en el Articulo 16 de la Decisién 486
asi: “una invencion se considerard nueva, cuando no estd comprendida en el estado de la
técnica. El estado de la técnica comprendera todo lo que haya sido accesible al piblico
por una descripcion escrita u oral, utilizacion, comercializacion o cualquier otro medio
antes de la fecha de presentacion de la solicitud de patente o, en su caso de la prioridad

reconocida...”

En virtud de la anterior definicion, consideramos que el documento D1 no constituye

documento del arte previo que afecten la novedad de la presente solicitud.

En primer lugar, como se mencioné anteriormente se presente un nuevo pliego

reivindicatorio modificado.
En particular la reivindicacién 1 se modificé de la siguiente forma:
"Un proceso para tratar un petrdleo crudo, que comprende: someter a un liquido que

comprende un petrdleo crudo y un material orgdnico que no es un petréleo crudo, en donde

dicho material orgdnico es un liquido a temperatura y a presion estindar o un fluido
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supercritico, a cavitacion hidrodindmica para reducir la viscosidad de dicho petrdleo
crudo, en donde el liquido estd presente en una cantidad de al menos 40% en volumen de la

mezcla de petréleo crudo y material orgdnico”.

La presente invencion como se define en la reivindicacién independiente se dirige a un
proceso para tratar petrleo crudo. El proceso comprende someter a un liquido que
comprende un petroleo crudo y un material organico que no es un petrleo crudo a
cavitacion hidrodinamica para reducir la viscosidad de dicho petréleo crudo en donde el
liquido esta presente en una cantidad de al menos 40% en volumen de la mezcla de petrdleo

crudo y material orgéanico.

El examinador menciona que D1 revela un proceso para reducir la viscosidad de un crudo
de hidrocarburos pesados que comprende mezclar un hidrocarburo pesado caliente y un gas
bajo presion y pasarla a través de una boquilla logrando que la caida de presion al momento
de la eyeccién, el crudo se encuentra en forma de finas gotas de aceite y que las
caracteristicas esenciales del proceso de la reivindicacion 1 habian sido divulgadas

previamente en D1.

Con relacion a la anterior afirmacion, respetuosamente mi representada no esta de acuerdo y

presenta los siguientes argumentos:

En la definicion de cavitacion hidrodindmica en la presente invencion, el liquido que
comprende el petréleo crudo, una porcion de la cual estd en la forma de un gas disperso en
el liquido, se pasa a través de una zona de cavitacién o restriccion, tal como, un capilar o
boquilla. En el documento D1 se establece lo contrario, es decir, un liquido que est4
disperso en un gas se pasa a través de una restriccién, como una boquilla. Por lo tanto, la
reduccion de viscosidad que se obtiene mediante el documento D1 ne se logra por

cavitacion hidrodinamica.

Adicionalmente, la reivindicacion 1 establece que el liquido estd presente en una cantidad
de al menos 40% en volumen del volumen total de la mezcla del petroleo crudo y del
material organico, y la nueva reivindicacion 28 define que el liquido esta presente en una
cantidad de al menos 60% en volumen del volumen total de la mezcla de petréleo crudo y

material organico.
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Por otro lado, mi representante argumenta que en el ejemplo mostrado en DI, el gas
hidrégeno se alimenta en una mezcladora a una tasa de 90 litros por minuto, mientras que el
petrdleo crudo se alimenta a una tasa de 0.1 litros por minuto. En el documento D1 la
proporcién mas baja de gas y vapor a liquido por volumen es de 13.8. Por lo tanto, la
cantidad de liquido presente en el gas, vapor, y mezcla liquida en D1 es significativamente -
menor que las cantidades reivindicadas en las reivindicaciones 1 y 28 de la solicitud en

estudio.

Por lo tanto, el documento D1 pasa un gas con gotas pequeiias de petroleo crudo dispersado
alli a través de una boquilla. Tal paso de gotas de petréleo crudo, disperso en un gas, a
través de una boquilla, no lleva a cabo cavitacion hidrodindmica del petréleo crudo. Por lo
tanto, el documento D1 no puede afectar la novedad ni el nivel inventivo de la presente

invencion.

Con relacioén a la observacion de su Despacho en cuanto a que el documento D1 menciona
que un exitoso rompimiento celular es llevado a cabo en la presencia de un gas inerte como
nitrégeno (Col.3, lineas 11 a 15). Lo anterior conlleva a una persona medianamente experta

en la materia que el medio se encuentra en la ausencia de hidrégeno.

Al respecto, mi representada afirma que aunque DI ensefie que puede emplearse nitrégeno
en vez de hidrogeno, el documento D1 no ensefia ni sugiere de ninguna manera a una
persona medianamente versada en la materia que al dispersar gotitas de petroleo crudo en
nitrégeno en lugar de hidrogeno resultaria en cavitacion hidrodinamica. Por lo tanto, el
documento D1 no hace obvia la reivindicacién 21 de la presente invencion que con la nueva

numeracion corresponde a la reivindicacién 20.
22 Nivel inventivo

El nivel inventivo de una solicitud se encuentra definido en el Articulo 18 de la Decision
486 y se establece cuando “si para una persona del oficio normalmente versada en la
materia técnica correspondiente, esa invencion no hubiese resultado obvia ni se hubiese

derivado de manera evidente del estado de la técnica”.
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Contrario a lo que plantea el Examinador, los documentos D1 y D2 del arte previo citado no
afectan el nivel inventivo de la presente solicitud por cuanto no es posible derivar la

presente invencién a partir de las ensefianzas presentadas en dichos documentos.

Como se menciond anteriormente, el documento D1 no revela ni sugiere a una persona
medianamente versada en la materia técnica que alguien pueda tratar un petréleo crudo al
someter a un liquido que comprende un petréleo crudo y un material organico que no es un
petréleo crudo, en donde dicho material orgénico es un liquido a temperatura y a presion
estandar un fluido supercritico, a cavitacion hidrédindmica para reducir la viscosidad de
dicho petrdleo crudo en donde el liquido esta presente en una cantidad de al menos 40% en

volumen de la mezcla de petréleo crudo y material organico.

El documento D2 revela el tratamiento de un petréleo crudo con un solvente organico, tal
como pentano con el fin de remover los asfaltenos y/o parafinas y/o agua del petréleo crudo.
Sin embargo, el documento D2 no revela ni tampoco sugiere a la persona normalmente
versada en la materia que se pudiera tratar un petroleo crudo para reducir la viscosidad del

petréleo crudo al someter el petrdleo crudo a cavitacion hidrodinamica.

Por lo anteriormente expuesto, es claro que la combinacién de los documentos D1 y D2 no
sugieren a la persona del oficio normalmente versada en la materia técnica que se pudiera
tratar un petrdleo crudo para reducir la viscosidad del petréleo crudo al someter un liquido
que comprende un petrdleo crudo y un material orgdnico a cavitacién hidrodindmica, donde
el liquido esta presente en una cantidad de al menos 40% en volumen de la mezcla de

petrdleo crudo y un material orgénico.

Asi mismo, los documentos D1 y D2 no pueden afectar el nivel inventivo de la solicitud en
estudio ya que dichos documentos no revelan ni sugieren a la persona del oficio
normalmente versada en la materia técnica que se pueda efectuar la cavitacion
hidrodindmica en una zona de cavitaciéon que tiene proporciones especificas de longitud a
ancho tal como se define en las nuevas reivindicaciones 26 y 27, y donde la proporcion del
ancho de la zona de cavitacioén al ancho de la zona de mezcla tal como se define en las

reivindicaciones 29, 35 y 55.

Por lo tanto, el nuevo pliego reivindicatorio que se presenta no solamente es novedoso sino

7



que es inventivo con respecto a los documentos D1y D2.

En este orden de ideas, tenemos que la invencion propuesta por el solicitante si cumple con
los requisitos de patentabilidad y de esta manera es susceptible de ostentar el titulo de

patente de invencion.

3. Solicitudes concedidas en otros paises para esta misma invencién.

A manera informativa, pongo en conocimiento del Examinador que las patentes US
8,105,480 del 31 de Enero de 2012 equivalente a la presente solicitud colombiana ha sido
otorgada. Aun cuando entiendo que estas decisiones de ninguna manera obligan al
Despacho para decidir de igual forma, considero que por tratarse de una pregunta féctica la
determinacién de la existencia de novedad, nivel inventivo y aplicacion industrial, las

decisiones de otras oficinas de patentes constituyen un antecedente persuasivo en la materia.

En virtud de lo anterior, solicito que se acepten las razones expuestas en el presente
documento y en consecuencia, se otorgue el privilegio de patente de invencion para el

invento que se tramita en este expediente.

Atentamente,

CORREA ORDONEZ
0.79.143.366 de Usaquén
P.20.281

Anexos: - Capitulo reivindicatorio modificado conformado por 55 reivindicaciones
- Recibo de pago por concepto de reivindicaciones adicionales
- Copia de la caratula y reivindicaciones de la Patente US §, 105, 480.

BOGMGT/BOGDMS-#1439964-V1-P2009_000243-0720.DOC
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REIVINDICACIONES MODIFICADAS PARA LA SOLICITUD No. 09.105.298

1. Un proceso para tratar un petrdleo crudo, que comprende:
someter a un liquido que comprende un petrdleo crudo y un
material orgadnico que no es un petrdleo crudo, en donde
dicho material orgadnico es un 1liquido a temperatura y a
presién estédndar o un fluido supercritico, a cavitacidn
hidrodindmica para reducir la viscosidad de dicho petrdleo
crudo, en donde el liquido estd presente en una cantidad de
al menos 40% en volumen de la mezcla de petrdleo crudo y

material orgdanico.

2. El proceso de la reivindicacién 1 en donde antes de mezclar
dicho petrdéleo crudo con dicho material organico, dicho
petrbdéleo crudo se calienta a una temperatura de entre 75° C
a 450° C, y dicho material organico se calienta a una

temperatura de entre 75° C a 800° C.

3. El proceso de la reivindicacidén 1 en donde dicho material
organico esta presente en dicha mezcla de dicho petféleo
crudo y dicho material orgédnico en una cantidad de entre 5 %
en volumen a 25% en volumen del volumen de dicho petréleo

crudo.

1438731-v1\BOGDMS 1



4, El proceso de la reivindicacién 1 en donde dicha mezcla de

dicho petrdleo crudo y dicho material organico se someten a
una velocidad de entre 100 m/seg a 300 m/seg, una caida de
presién de entre 150 psi a 5000 psi, y cavitacidn
hidrodindmica para reducir la viscosidad de dicho petroéleo

crudo.

5. El proceso de la reivindicacién 4 en donde dicha mezcla de
dicho petréleo crudo y dicho material orgdnico se someten a

una velocidad de entre 150 m/seg a 300 m/seq.

6. El proceso de la reivindicacidén 5, en donde dicha mezcla de
dicho petréleo crudo y dicho material orgdnico se someten a

una velocidad de entre 200 m/seg a 300 m/seq.

7. El proceso de la reivindicacién 4, en donde dicha mezcla de
dicho petréleo crudo y dicho material orgénico se someten a una

caida de presidén de entre 400 psig a 4000 psig.
8. El proceso de la reivindicacién 7, en donde dicha mezcla de

dicho petrdéleo crudo y dicho material orgénico se someten a una

caida de presién de entre 400 psig a 2000 psig.

1438731-v1\BOGDMS 2
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9. El proceso de la reivindicacién 8, en donde dicha mezcla de

dicho petréleo crudo y dicho material orgdnico se someten a una

caida de presién de entre 400 psig a 1500 psig.
10. El proceso de la reivindicacién 9, en donde dicha mezcla de
dicho petrdéleo crudo y dicho material orgédnico se someten a una

caida de presidén de entre 1000 psig a 1500 psig.

11. El proceso de la reivindicacién 2, en donde dicho‘petréleo

crudo se calienta a una temperatura de entre 150° C a 450° C.

12. E1 proceso de la reivindicacién 11, en donde dicho petréleo

crudo se calienta a una temperatura de entre 200° C a 450° C.

13. El proceso de la reivindicacién 12, en donde dicho petrodleo

crudo se calienta a una temperatura de entre 200° C a 400° C.

14. E1 proceso de la reivindicacién 13, en donde dicho petrdleo

crudo se calienta a una temperatura de entre 300° Ca 400° C.

15. E1 proceso de la reivindicacién 2, en donde dicho material

organico se calienta a una temperatura de entre 150° C a 800° C.

1438731-v1\BOGDMS 3

R



# 4

16. El1 proceso de la reivindicacién 15, en donde dicho material

orgadnico se calienta a una temperatura de entre 300° Ca 800° C.

17. El proceso de la reivindicacién 16, en donde dicho material

organico se calienta a una temperatura de entre 300° Ca 600° C.

18. El1 proceso de la reivindicacién 17, en donde dicho material

organico se calienta a una temperatura de entre 300° Ca 400° C.

19. El proceso de la reivindicacién 1, en donde dicho petrdleo
crudo y dicho material organico se mezclan en una primera zona y
dicha mezcla de dicho petréleo crudo y dicho material organico se

someten a una cavitacién hidrodinamica en una segunda zona.

20. El1 proceso de la reivindicacién 1 en donde dicho petrdleo

crudo se trata en la ausencia de hidrdgeno.
21. El1 proceso de la reivindicacién 1 en donde dicho material
orgadnico se selecciona del grupo que consiste de pentano, gases

licuado del petréleo, alcoholes, éteres y mezclas de los mismos.

22. El proceso de la reivindicacidén 21 en donde dicho material

organico es pentano.

1438731-v1\BOGDMS : 4
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23. El proceso de la reivindicacidén 1 en donde dicho material
organico ha sido sometido a una temperatura por encima de la
temperatura critica y la presién por encima de la presidn
critica, por medio de los cuales el material organico es un

fluido supercritico.

24. E1 proceso de la reivindicacién 19 en donde el ancho de

dicha segunda zona es menor que el ancho de dicha primera zona.

25. El1 proceso de la reivindicacién 24 en donde la proporcidn
del ancho de dicha segunda zona al ancho de dicha primera zona es

de 1/230 a 1/75.

26. El proceso de la reivindicacién 19 en donde la proporcidén de
la longitud de la zona de cavitacidén al ancho de la zona de

cavitacién es de 10 a 125.
27. El proceso de la reivindicacidén 26 en donde la proporcidn de

la longitud de la zona de cavitacidén al ancho de 1la zona de

cavitacidén es de 50 a 125.

1438731-vi\BOGDMS 5
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28. El proceso de la reivindicacién 1 en donde el liquido esta
presente en una cantidad de al menos 60% en volumen del volumen

total de la mezcla de petrdleo crudo y material orgénico.

29. Un proceso para tratar petrdleo crudo que comprende:

mezclar un petrdleo crudo y un material organico diferente de un
petréleo crudo en una zona de mezcla, en donde dicho material
organico es un fluido supercritico, para suministrar una mezcla
de dicho petréleo crudo y dicho material organico, y en donde el
liquido esta presente.en una cantidad de al menos 40% en volumen

de la mezcla de dicho petrdéleo crudo y dicho material orgénico:;

y someter dicha mezcla a cavitacién hidrodindmica en una zona de
cavitacién en donde la proporcidédn del ancho de dicha zoné de
cavitacién al ancho de dicha zona de mezcla es de 1/230 a 1/75, vy
en donde la proporcidén de la longitud de dicha zona de cavitacidn

al ancho de dicha zona de cavitacidén es de 10 a 125.

30. Un proceso para tratar petrdleo crudo que comprende:

pasar una alimentacién que consiste esencialmente de un liquido a
temperatura y presién estandar, en donde dicho liquido comprende
un petrdleo crudo y un material orgdnico que no es un petrdleo
crudo, a través de una zona de cavitacién hidrodindmica, en donde

una porcidédn del liquido que es pasado a través de dicha zona de

1438731-v1\BOGDMS 6
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cavitacién se forma en microburbujas dispersadas en dicho
liquido, por medio del cual dicho liquido se somete a cavitacién

hidrodindmica para reducir la viscosidad de dicho petréleo crudo.

31. EL proceso de la reivindicacién 30, en donde dicho material
organico se selecciona del grupo que consiste de pentano, gases
licuados del petrdéleo, alcoholes, éteres, y mezclas de 1los

mismos.

32. El procesoc de la reivindicacién 31 en donde dicho material

organico es pentano.

33. El proceso de 1la reivindiéacién 30 en donde dicho petrdéleo
crudo y un material orgdnico se mezclan en una zona de mezcla,
para suministrar una mezcla de dicho petrdleo crudo y dicho
material organico, y dicha mezcla de dicho petrdleo crudo y dicho
material orgdnico se someten a dicha cavitacidén hidrodinédmica en

dicha zona de cavitacién.

34. El proceso de la reivindicacién 33 en donde el ancho de
dicha zona de cavitacién hidrodindmica es menor que el ancho de

dicha zona de mezcla.

1438731-v1\BOGDMS 7
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35. El1 proceso de la reivindicacidén 34 en donde la proporcién
del ancho de dicha zona de cavitacidédn hidrodindmica al ancho de

dicha zona de mezcla es de 1/230 a 1/75.

36. El proceso de la reivindicacion 33 en donde, antes de
mezclar dicho petrdéleo crudo con dicho material organico, dicho
petrdleo crudé se calienta a una temperatura de entre 75° C a
450° C, y dicho material organico se calienta a una temperatura

de entre 75° C a 800° C.

37. El proceso de la reivindicacidén 36 en donde dicho petrdleo

crudo se calienta a una temperatura de entre 150° C a 450° C.

38. El proceso de la reivindicacidén 37 en donde dicho petrdleo

crudo se calienta a una temperatura de entre 200° C a 450° C.

39. E1l proceso de la reivindicacién 38 en donde dicho petrdleo

crudo se calienta a una temperatura de entre 200° C a 400° C.

40. El1 proceso de la reivindicacién 39 en donde dicho petrédleo

crudo se calienta a una temperatura de entre 300° Ca 400° C.

1438731-v1\BOGDMS 8

1b



e

41. E1 proceso de la reivindicacién 36 en donde dicho material

organico se calienta a una temperatura de entre 150° C a 800° C.

42. E1 proceso de la reivindicacién 41 en donde dicho material

organico se calienta a una temperatura de entre 300° C a 800° C.

43. El1 proceso de la reivindicacién 42 en donde dicho material

orgénico se calienta a una temperatura de entre 300° C a 600° C.

44. E1 proceso de la reivindicacién 43 en donde dicho material

organico se calienta a una temperatura de entre 300° Ca 400° C.

45. E1 proceso de la reivindicacién 30 en donde dicho material
organico se esta presente en dicho liquido en una cantidad de
entre 5% en volumen a 25 % en volumen del volumen de dicho

petrdéleo crudo.

46. El proceso de la reivindicacién 30 en donde dicho liquido se
pasa a través de dicha zona de cavitacién a una velocidad de
entre 100 m/s a 300 m/s y se somete a una caida de presién de

entre 150 psi a 5000 psi.

1438731-v1\BOGDMS 9
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47. El proceso de la reivindicacién 46 en donde dicho liquido

pasa a través de dicha zona de cavitacién a una velocidad

entre 150 m/s a 300 m/s.

48. E1 proceso de la reivindicacidén 47 en donde dicho liquido

pasa a través de dicha zona de cavitacién a una velocidad

entre 200 m/s a 300 m/s.

49. El proceso de

somete a una caida

50. EI1 proceso de

somete a una caida

51. El proceso de

somete a una caida

52. El proceso de

somete a una cailda

- 53. E1 proceso de

la longitud de 1la

la

de

la

de

la

de

la

de

la

reivindicacién 46 en

presidén de entre 400

reivindicacidén 49 en

presidn de entre 400

reivindicacidén 50 en

presidédn de entre 400

donde dicho

psig a 4000

donde dicho

psig a 2000

donde dicho

psig a 1500

liquido

psig.

liquido

psig.

liquido

psig.

reivindicacién 51 en donde dicho liquido

presidén de entre 1000 psig a 1500 psig.

reivindicacién 30 en donde la proporcién

zona de cavitacidén al ancho de la =zona

cavitacidén es de entre 10 a 125.

1438731-v1\BOGDMS
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54. E1l proceso de la reivindicacién 53 en donde la proporcién de
la longitud de la =zona de cavitacién al ancho de la zona de

cavitacidén es de entre 50 a 125.

55. Un proceso para tratar petrdéleo crudo que comprende:

mezclar un petrdleo crudo y un material organico diferente a un
petréleo crudo en una zona de mezcla, en donde cada uno de dicho
petrdéleo crudo y dicho material orgadnico es un liquido a
temperatura y presidén estandar, para suministrar una alimentacién
que consiste esencialmente de un liquido a temperatura y presidn

estandar;

pasar dicha alimentacidén a través de una zona de cavitacidn
hidrodindmica, en donde la proporcidédn del ancho de dicha zona de
cavitacién al ancho de dicha zona de mezcla es de entre 1/230 a
1/75 y la proporcién de la longitud de dicha zona de cavitacidn
al ancho de dicha zona de cavitacidén es de entre 10 a 125, en
donde una porcidén del liquido que se pasa a través de dicha zona
de cavitacién se forma en microburbujas dispersadas en dicho
liquido, por medio del cual dicho liquido se somete a cavitaciédn

hidrodinadmica para reducir la viscosidad de dicho petrdleo crudo.

1438731-v1\BOGDMS 11
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US 8,105,480 B2

1
PROCESS FOR TREATING HEAVY OILS

This application claims priority based on provisional appli-
cation Ser. No. 60/905,171, filed Mar. 6, 2007, the contents of
which are incorporated by reference in their entirety.

This invention relates to a process for treating heavy oils.
More particularly, this invention relates to a process for treat-
ing heavy oils by destructuring such heavy oils through
molecular rearrangement, thereby reducing the viscosity of
such heavy oils. Such treating is effected by subjecting a
heavy oil to cavitation. The treated heavy oil has a reduced
viscosity due to molecular rearrangement, and its further
processing or upgrading may be effected under conditions of
lower severity than untreated heavy oil.

The term “heavy oil”, as used herein, includes oils which
are classified by the American Petroleum Institute (API), as
heavy oils or extra heavy oils. In general, a heavy hydrocar-
bon oil has an API gravity between 22.3° (density of 920
kg/m® or 0.920 g/cm?) and 10.0° (density of 1,000 kg/m> or ]
g/em?). An extra heavy oil in general has an API gravity of
less than 10.0° (density greater than 1,000 kg/m? or greater
than 1 g/cm®). For example, heavy oils may be extracted from
oil sands, atmospheric tar bottoms products, vacuum tar bot-
toms products, shale oils, coal-derived liquids, crude oil resi-
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When the heavy oil is mixed with the hydrogen, mild hydro-
cracking of the heavy oil also occurs. This oil then may be
processed further, such as in a reaction 2one, for example.

Inaccordance with an aspect of the present invention, there
is provided a process for treating a heavy oil, The process
comprises subjecting a liquid comprising a heavy oil to cavi-
tation in order to reduce the viscosity of the heavy oil.

In a non-limiting embediment, the heavy oil is treated in
the absence of hydrogen,

The term “liquid™, as used herein, means a liquid at stan-
dard temperature and pressure.

The term, “standard temperature and pressure,” as used
herein, means 1 atmosphere pressure and 15° C.

As is known in the art, cavitation means the formation,
growth, and collapse or implosion of gas or vapor filled
bubbles in liquids. Cavitation requires the presence of small
and transient microcavities or microbubbles of vapor or gas.
Themicrocavities or microbubbles grow, and then implode or
collapse. The implosion, or sudden compression and collapse
ofthe microcavities or microbubbles raises the temperature of
the interface between the microcavities or microbubbles and
the heavy oil for very short time intervals, i.e., microseconds.
Such temperature increases facilitate free radical formation

~dues, and topped crude oils.

Such heavy oils, however, are highly viscous and difficult
to pump through pipelines, and require high severity tech-
niques for upgrading.

Heavy oils in general have macro and micro structural
properties as well as having specific chemical constitutive
molecules. The chemical constitutive molecules belong to
two generic categories, maltenes and asphaltenes. Maltenes
are soluble in 40 volumes of pentane, while asphaltenes are
solubleintoluene but insoluble in pentane. Also present in the
heavy oils are metals, particularly nickel and vanadium. The
metals are associated mainly with the asphaltenes. The spatial
organization of maltenes and asphaltenes results in the macro
and micro structural properties, with the molecular organiza-
tion causing the high viscosities, which pose a problem in
transporting such oils, and in separating the asphaltenes from
the maltenes. A

More particularly, the asphaltenes are formed by a core of
polynuclear aromatic molecules grouped in layers, to which
alkyl chains are attached. The core is surrounded by and
immersed in the maltene material. The maltene material
includes free saturates (some of them cyclic), mono- and
diaromatics and resins which are believed to be associated
closely with the asphaltenes. This organization is considered
to be the microstructure and the core of the asphaltenes can be
considered as possessing microcrystalline arrangements. The
microstructural organization forms aggregates in which sev-
eral microcrystalline arrangements form a micellar structure
known as a macrostructure. The micellar structure or macro-
structure has strong associative and cohesive forces between
the aggregates, which accounts for the high viscosity of the
heavy oil.

U.S. Pat. No. 5,096,566 discloses a method of reducing the
viscosity of a heavy oil by heating a heavy hydrocarbon oil to
a temperature of 350°-450° C., and heating a gas, such as
hydrogen or nitrogen, to a temperature of 400-900° C. The
heavy oil and the heated gas then are mixed in a mixer, and the
mixture of heavy oil and gas in the mixer is subjected to a
pressure of from 700 to 2,000 psi. The mixture then is passed
through a small nozzle or orifice such that a pressure drop of
from 500 to 1,500 psi occurs across the nozzle or orifice, and
the heavy oil and gas mixture is ejected from the nozzle or
orifice, thereby providing an oil having a reduced viscosity.
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and-chemical reaction;

Thus, during cavitation, a portion of the liquid comprising
the heavy oil is in the form of a gas which is dispersed as
bubbles in the liquid portion. .

Such cavitation may be effected by means known to those
skilled in the art, such as, for example, by hydrodynamic
cavitation, or ultrasonic cavitation. It is to be understood,
however, that the scope of the present invention is not to be
limited to any specific method of effecting cavitation.

In a non-limiting embodiment, the liquid comprising the
heavy oil is subjected to hydrodynamic cavitation. In hydro-
dynamic cavitation, the liquid comprising the heavy oil, a
portion of which is in the form of a gas dispersed in the liquid,
is passed through a restriction or cavitation zone, such as, for
example, a capillary or nozzle, to increase the velocity of the
mixture. The gaseous portion may be present prior to passing
the liquid comprising the heavy oil through the cavitation
zone and/or such gaseous portion may be produced as a resuit
of the pressure drop that results from passing the liquid com-
prising the heavy oil through the cavitation zone.

In general, one can determine whether hydrodynamic cavi-
tation has occurred by determining the cavitation number for
the heavy oil, which is passed through the cavitation zone.
The cavitation number may be determined in metric units
according to the following equation:

2AP - Pv)
Cc= EY
pv?

wherein o ¢ is the cavitation number, P is the local static
pressure of the heavy oil, Pv is the vapor pressure of the heavy
oil, p is the density of the heavy oil, and V is the velocity of the
heavy oil.

In general, depending upon the exact parameters
employed, the cavitation number, a ¢, does not exceed 1.5. It
is to be understood, however, that, within the scope of the
present invention, there may be cavitation in certain instances
when the cavitation number is greater than or equal to 1.5.

In a non-limiting embodiment, the liquid comprising the
heavy oil is passed through the cavitation zone, which may be
in the form of a capillary or nozzle or other type ofrestriction,
ata velocity of from about 100 m/sec to about 300 m/sec, and
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as the liquid comprising the heavy oil passes through the
cavitation zone such as a capillary or nozzle, the liquid com-
prising the heavy oil is subjected to a pressure drop of from
about 150 psig to about 5,000 psig. In the cavitation zone, the
heavy oil is subjected to cavitation. As known in the art,
cavitation is produced by microbubbles of gas dispersed in
the heavy oil. Such microbubbles expand and then implode or
collapse. The implosion or collapse of the microbubbles
raises the temperature at the interface of the microbubbles and
heavy oil to very high levels, for example, from about 1,000°
C. to about 2,000° C., for a period of microseconds, which
facilitates free radical formation and chemical reactions.

In 2 non-limiting embodiment, the liquid comprising the
heavy oil is passed through the cavitation zone at a velocity of
fromabout 150 my/sec 1o about 300 m/sec. In another embodi-
ment, the liquid comprising the heavy oil is passed through
the cavitation zone at a velocity of from about 200 m/sec to
about 300 m/sec.

In a non-limiting embodiment, the liquid comprising the
heavy oil is subjected to a pressure drop in the cavitation zone
of from about 400 psig to about 4,000 psig. In another non-
limiting embodiment, the liquid comprising the heavy oil is
subjected to a pressure drop in the cavitation zone of from
about 400 psig to about 2,000 psig. In another embodiment,

0
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Inanon-limiting embodiment, the liquid further comprises
an organic material, that is not a heavy oil and is a liquid at
standard temperature and pressure. Thus, in a non-limiting
embodiment, there is provided a process for treating a heavy
oil which comprises subjecting a heavy oil in combination
with an organic material to cavitation in order to reduce the
viscosity of the heavy oil.

The mixture of the heavy oil and organic material may be
subjected to cavitation as hereinabove described. For
example, the mixture of the heavy oil and organic material

may be passed through the cavitation zone under the velocity

and pressure drop conditions mentioned hereinabove.

In addition, when the mixture of heavy oil and organic
material is subjected to hydrodynamic cavitation, a portion of
the mixture of heavy oil and organic material is in the form of
a gas dispersed in the liquid. The gaseous portion may be (i)
a partion or all of the organic material, or (ii) both a portion or
all of the organic material and a portion of the heavy oil, or
(iii) only a portion of the heavy oil. Preferably, the gas
includes the organic material and may or may not include a
portion of the heavy oil.

In 2 non-limiting embodiment, each of the heavy oil and

23

organic material is heated, the heavy oil and the organic..... ..

- the liquid comprising the heavy vil'is siibjected 164 pressure
drop in the cavitation zone of from about 400 psig to about
1,500 psig. In yet another embodiment, the liquid comprising
the heavy oil is subjected to a pressure drop in the cavitation
zone of from about 1,000 psig to about 1,500 psig.

Inanon-limiting embodiment, the ratic of the length of the
cavitation zone to the width of the cavitation zone is from
about 10 to about 125. In another non-limiting embodiment,
the ratio of the length of the cavitation zone to the width of the
cavitation zone is from about 50 to about 125.

In a non-limiting embodiment, the heavy oil is heated and
then the heavy oil is subjected to conditions which produce
cavitation as hereinabove described. ‘

In a non-limiting embodiment, the heavy oil is heated to a
temperature of from about 75° C, to about 450° C. In another
embodiment, the heavy oil is heated to a temperature of from
about 150° C. to about 450° C. In another embodiment, the
heavy oil is heated to a temperature of from about 200° C. to
about 450° C. In yet another embodiment, the heavy oil is
heated to a temperature of from about 200° C, to about 400°
C. In still another embodiment, the heavy oil is heated to a
temperature of from about 300° C. to about 400° C.

Although the scope of the present invention is not intended
to be limited thereby, in general the heavy oil to be treated
may be those oils referred to by the American Petroleum
Institute (API) as heavy oils and extra heavy oils. As noted
hereinabove, a heavy oil has an API gravity of between 22.3°
(density of 920 kg/mor 0.920 g/cm®) and 10.0° (density of
1,000kg/m* or | g/cm®). An extra heavy oil hasan APl gravity
of less than 10.0° (density greater than 1,000 kg/m? or greater
than | g/em®). Examples of such heavy oils include, but are
not limited to, bitumen, heavy oils extracted from below the
ground surface by steam assisted gravity drainage, or SAGD,
and other methods, bottoms products from atmospheric or
vacuum distillation of bitumen or heavy oil, shale oils, coal-
derived liquids, crude oil residues, and topped crude oils.

In another non-limiting embodiment, a portion of the
heavy oil when heated may or may not be vaporized.

In a non-limiting embodiment, the portion of the heavy oil
which is vaporized does not exceed 35 vol. % of the volume
of the heavy oil. In another non-limiting embodiment, the
portion ofthe heavy oil which is vaporized does not exceed 15
vol. % of the volume of the heavy oil,
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material are mixed, and then the mixture of heavy oil and
organic material is subjected to conditions which produce
cavitation as hereinabove described.

Ina non-limiting embodiment, subsequent to the heating of
the heavy oil and organic material, the heavy oil and organic
material are mixed in a mixing zone, and then subjected to
cavitation in the cavitation zone.

In another non-limiting embodiment, a portion of the
heavy oil when heated, prior to being mixed with the organic
material in the mixing zone, may or may not be vaporized. 1f
a portion of the heavy oil is vaporized, such portion, in a
non-limiting embodiment, does not exceed the amounts here-
inabove described.

Inanother non-limiting embodiment, when heated (prior to
being mixed with the heavy oil in the mixing zone), all or a
portion of the organic material is vaporized.

1n another non-limiting embodiment, the organic material,
when heated (prior to being mixed with the heavy oil in the
mixXing zone), remains a liquid. In yet another non-limiting
embodiment, when such liquid organic material is passed
through the cavitation zone, all or a portion of such liquid
organic material is vaporized.

In another non-limiting embodiment, the organic material
has been subjected to a temperature above the critical tem-
perature and a pressure above the critical pressure and thus
becomes a supercritical fluid, which has properties of a liquid
anda gas. The result is that the organic material has the ability
to interact or associate with components of the heavy oil
which are similar to those as when the organic material exists
as a liquid, but it has a higher diffusivity, lower viscosity, and
lower surface tension than such material in the liquid phase. It
is to be understood that the scope of the present invention is
not 10 be limited to such an embodiment.

Thus, in a non-limiting embodiment, at least a portion of
the mixture of heavy oil and organic material is a liquid. In
one embodiment, the amount of the mixture which is a liquid
is an amount sufficient to form a continuous liquid phase
which is subjected to cavitation as hereinabove described. In
a non-limiting embodiment, liquid is present in an amount of
at least 40 vol. % of the total volume of the mixture of heavy
oil and organic material, In another embodiment, liquid is
present in an amount of at least 60 vol. % of the total volume.
of heavy oil and organic material.
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In a non-limiting embodiment, the organic material
induces selective molecular interactions that change the
molecular environment of the asphaltenes, such as, for
example, through Van der Waals forces, dispersion forces,
and dipole-dipole interactions, thereby inducing changes in
the micellar structure and facilitating the subsequent separa-
tion of asphaltenes from the heavy oil. In one embodiment,
the orpanic material interacts or associates with one or more
of the components of the heavy oil, but does not interact with
the asphaltenes. In another embodiment, the organic material
interacts with or associates with the asphaltenes.

As noted hereinabove, the organic material is a material
that is not a heavy oil and is a liquid at standard temperature
and pressure.

In yet another non-limiting embodiment, the organic mate-
rial is an organic solvent,

Examples of organic materials which may be employed
within the scope of the present invention include, but are not
limited to, pentane, liquefied petroleum gases (LPGs), alco-
hols, such as methano! and ethanol, for example, and ethers,
such as, for example, alkyl ethers such as dimethy] ether and
diethyl ether, and mixtures thereof. ’

In a non-limiting embodiment, the organic material is
heated to a temperature of from about 75° C. to about 800° C,
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oil and organic material then is passed to and subjected to
cavitation in the cavitation zone. It is to be understood, how-
ever, that the scope of'the present invention is not to be limited
by such an embodiment.

In another non-limiting embodiment, the heavy oil and the
organic material are mixed in a conduit, and then the mixture
of heavy oil and the organic material are subjected to further
mixing in a static mixer. In the static mixer, the stream includ-
ing the mixture of heavy oil and organic material is divided,
and the divided streams are forced to opposite outside walls,
thereby causing a single direction mixing vortex axial to the
center line of the static mixer. The mixing vortex then is
sheared, and a division of the stream of heavy oil and organic
material reoccurs with the opposite directional rotation.

1n a non-limiting embodiment, the mixing zone or mixing
chamber is configured such that the mixing zone or mixing
chamber facilitates the mixing of the heavy oil and organic
material to provide an essentially uniform mixture of the
heavy oil and organic material. In one non-limiting embodi-
ment, the mixing zone or mixing chamber has a cylindrical
configuration. In one non-limiting embodiment, the cylinder
has a length to diameter ratio of from about 1 to about 36. In
anather non-limiting embodiment, the cylinder has a length to

diameter ratio of about 4, In yet another non-limiting embodi-...... ...

IR another non-limiting embodiment, the organic material is

heated to a temperature of from about 150° C. to about 800°
C. In another embodiment, the organic material is heated to a
temperature of from about 300° C. to about 800° C. In yet
another embodiment, the organic material is heated to a tem-
perature of from about 300° C. to about 600° C. In st
another embodiment, the organic material is heated to a tem-
perature of from about 300° C. to about 400° C.

In a nen-limiting embodiment, the organic material is
present in the mixture of heavy oil and organic material in an
amount of from about 5 vol. % to about 25 vol. % of the
volume of heavy oil. In another embodiment, the organic
material is present in an amount of from about 5 vol. % to
about 10 vol. % of the volume of the heavy oil.

In another non-limiting embodiment, the heated heavy oil
enters a mixing zone, or mixing chamber as a result of pump-
ing the heated oil through a first conduit, and the heated
organic material enters the mixing chamber as a result of
pumping the heated organic material through a second con-
duit. In one embodiment, the first conduit, through which the
heavy oil enters the mixing zone, terminates at an atomization
nozzle, whereby the heavy oil is atomized as it enters the
mixing zone or mixing chamber. In one embodiment, the
atomization nozzle has a shape which facilitates the atomiza-
tion of the heavy oil, such as, for example, a conical shape.
Thus, the heavy oil enters the mixing zone or mixing chamber
as a spray or mist of liquid droplets. The presence of the heavy
oil in the form of liquid droplets increases the surface area of
the heavy oil and provides for better mixing of the heavy oil
and the organic material.

In one non-limiting embodiment, the organic material
enters the mixing zone in a direction of flow which in effect is
tangential to the direction of flow of the heavy oil through the
mixing zone. More particularly, the organic material enters
the mixing zone through a conduit as hereinabove described
such that when the organic materia} enters the mixing zone,
the organic material moves along the wall of the mixing zone
in a circular or vortexing motion. The heavy oil, which enters
the mixing zone through an atomization nozzle as herein-
above described contacts and becomes admixed with the vor-
texing organic material. Such vortexing of the heavy oil and
organic material facilitates optimal mixing of the organic
material and the heavy oil. The vortexed mixture of the heavy
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ment, the cylinder has a length to diameter ratio of about 2. It
is to be understood, however, that the scope of the present
invention is not to be limited to any specific configuration of
the mixing zone or mixing chamber,

The organic material and heavy oil, in a non-limiting
embodiment, are mixed in the mixing zone or mixing cham-
ber for a period of time sufficient to provide an essentially
uniform mixture of the heavy oil and organic material, yet
such mixture of heavy oil and organic material is not retained
in the mixing zone for a prolonged period of time such that
undesired thermal cracking occurs.

In a non-limiting embodiment, the organic material and
heavy cil are mixed in the mixing zone for a period of time
which does not exceed 10 seconds. In ancther embodiment,
the organic material and heavy oil are mixed in the mixing
zone for a period of time of from about 1 second to about 10
seconds.

The organic material induces selective molecular interac-
tions that contribute in changing the molecular environment
of the asphaltenes through solvation.

After the heavy oil and organic material are mixed in the
mixing zone or mixing chamber, the mixture of heavy oil and
organic material exits the mixing zone or mixing chamber,
and enters the cavitation zone, in which the heavy oil is
subjected to cavitation as hereinabove described.

In a non-limiting embodiment, when the heavy oil is sub-
jected to hydrodynamic cavitation, the heavy oil is passed
from the mixing zone to the cavitation zone, which is a restric-
tion such as a capillary or nozzle, in which cavitation occurs.
The width of the cavitation zone is less than that of the mixing
zone. In a non-limiting embodiment, the ratio of the width of
the cavitation zone to the width of the mixing zone is from
about 1/230 to about 1/75.

Thus, the mixture of heavy oil and organic material is
passed from the mixing zone through the restriction or cavi-
tation zone to increase the velocity of the mixture, and
whereby the mixture is subjected to a pressure drop. As a
result, in the cavitation zone microbubbles are dispersed in
the liquid portion of the mixture. Such microbubbles initially
expand, and then they implode or collapse, thus effecting
cavitation of the heavy oil.

The resulting heavy ol product which is released from the
cavitation zone is a destructured heavy oil that, upon cooling,
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has different micellar arrangements (reflected by a lower
viscosity) than those of the heavy oil prior to being mixed
with the organic material and subjected to cavitation as
described hereinabove. Although the scope of the present
invention is not intended to be limited to any theoretical
reasoning, the cavitation of the heavy oil, which is the result
of microbubbles in the heavy oil, raises the temperature of the
interface of the microbubbles, thereby facilitating free radical
formation and chemical reaction. Also the organic material
induces selective molecular interaction that change the
molecular environment of the asphaltenes. In addition, if the
temperature is raised during the treatment, some incipient
cracking may occur, which results in the release of saturated
hydrocarbon alkyl chains present in the initial asphaltenes
which thus will become easier to separate from the oil. The
present invention thus enables the destructuring of a heavy oil
by adding a small amount of organic material and by subject-
ing the heavy oil to cavitation, as opposed to supplying exces-
sive amounts of compressed gas. The gas is replaced by a
small amount of an organic material which is capable of being
at least partially vaporized.

After the mixture of heavy oil and organic material has
been subjected to cavitation in the cavitation zone as herein-

~above described; the fiktire 1§ réledsed Trom the cavitation 25

zone and is cooled to a desired temperature, such as, for
example, in a non-limiting embodiment, by passing the mix-
ture to an expansion zone or chamber or a flash chamber and
the gas is separated partially or totally from the liquid.
Although the components and the “distillation curve” of the
resulting destructured heavy oil approximate those of the
heavy oil prior to destructuring, the destructured heavy oil
produced in accordance with the present invention has a
reduced viscosity, a reduced specific gravity, and can be frac-
tionated more easily than untreated heavy oil, i.e., the asphalt-
enes may be separated from the maltenes more easily, such as
by precipitation, absorption, or microfiltration.

The present invention thus provides a destructured heavy
oil that is more pumpable or transportable, and thus can be
transported more easily for further processing, and can be
fractionated with less severity than in its original state. For
example, the destructured heavy oil may be subjected to
deasphalting, whereby the asphaltenes are separated from the
heavy oil, and to provide an upgraded de-asphalted oil which
may be subjected to further refining or processing. Alterna-
tively, the heavy oil may be distilled into various fractions.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention now will be described with respect to the
drawings, wherein:

FIG. 1is an exploded view of an embediment of an appa-
ratus for effecting the destructuring of a heavy oil in accor-
dance with the present invention;

F1G. 2 is a cross-sectional view of the apparatus showing
the mixing zone, the cavitation zone, and the expansion zone;

FIG.3isacross-sectional view of the mixing zone showing
the conduits which introduce the heavy oil and solvent to the
mixing chamber; and

FIG. 4 is a schematic of another embodiment for effecting
the destructuring of a heavy oil in accordance with the present
invention,

Referring now to the drawings, an apparatus 10 for treating
or destructuring a heavy oil in accordance with the present
invention includes a cylindrical mixing chamber 12, a nozzle
or capillary 16 in which cavitation occurs, and an expansion
chamber 18. The mixing chamber 12 is surrounded by metal
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jacketing 15, the nozzle or capillary 16 is surrounded by metal
jacketing 17, and the expansion chamber 18 is surrounded by
metal jacketing 19.

Metal jacketing 15 includes a recess 21, and metal jacket-
ing 19 includes a recess 22. Recess 21 and recess 22 surround
or enclose metal jacketing 17 surrounding nozzle or capillary
16. Metal jacketing 15 and metal jacketing 19 are fastened to
each other with fastening means such as bolts, screws, or
dowels (not shown), thereby enclosing metal jacketing 17 in

recesses 21 and 22, and ensuring that the nozzle or capillary-

16 is disposed between mixing chamber 12 and expansion
chamber 18.

Preheated heavy oil enters mixing chamber 12 through
conduit 11, which terminates in a conical atomization nozzle
13, whereby the heavy oil enters the mixing chamber 12 inthe
form of droplets. The preheated organic material, such as an
organic solvent, enters the mixing zone 12 through conduit
14. '

The preheated organic solvent enters mixing chamber 12
from conduit 14 such that it moves along the cylindrical wall
of mixing chamber 12 in a circular or vortexing motion. The
droplets of heavy oil, which entered mixing chamber 12
through atomization nozzle 13, contact the organic solvent
along the cylindrical wall of the mixing chamber 12, whereby

‘the resulting mixture of heavy oil and organic solvent is

passed through mixing chamber 12 as a vortexed mixture of
heavy oil and solvent, and into nozzle or capillary 16. As
noted hereinabove, the mixture of heavy oil and solvent is
passed through nozzle or capillary 16 at a velocity of from
about 100 m/sec to about 300 m/sec, and is subjected to a
pressure drop of from about 150 psig to about 5,000 psig. As
the mixture of heavy oil and solvent passes through nozzle or
capillary 16, the heavy oil is subjected to hydrodynamic cavi-
tation as hereinabove described.

The mixture of heavy oil and solvent then exits the nozzle
or capillary 16 and enters expansion chamber 18, wherein
cooling of the heavy oil occurs. The resulting destructured
heavy oil then exits the expansion chamber 18 through pipe
20. The destructured heavy oil then is transported to a desired
location, and/or subjected to further processing, such as, for
example, deasphalting and/or distillation or fractionation.

In another embodiment, as shown in FIG. 4, heavy oil in
line 101 is passed through pump 102 into line 103, An organic
material, such as an organic solvent or diluent, in line 104, is
passed through pump 106 into line 114, The organic solvent
or diluent in line 114 is mixed with the heavy oil from line
103, and the mixture of heavy oil and organic solvent or
diluent is passed through line 107. The mixture of heavy oil
and organic solvent or diluent is heated by passing the mix-
tore through heat exchanger 108, whereby the mixture of
heavy oil and organic solvent or diluent is heated by passing
a heated destructured heavy oil from line 120 through heat
exchanger 108, whereby the mixture of untreated heavy oil
and organic solvent or diluent is heated and the destructured
heavy oil is cooled. The heated mixture of heavy oil and
organic solvent or diluent then is passed through line 109 iato
heat exchanger 122, whereby the mixture of untreated heavy
oil and organic solvent or diluent is subjected to further heat-
ing, The mixture of heavy oil and organic solvent or diluent is
heated by passing a heated gas, such as, for example, a heated
mixture of air and natural gas, through heat exchanger 122,
whereby the mixture of untreated heavy oil and organic sol-
vent or diluent is subjected to further heating.

The heated mixture of heavy oil and organic solvent or
diluent then is passed into line 111, and into static mixer 112.
In static mixer 112, the stream of the mixture of heavy oil and
organic solvent or diluent is divided, and the divided streams

29
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are forced 1o oppasite outside walls, thereby causing a single
direction mixing vortex axial to the center line of the static
mixer 112. The mixing vortex then is sheared, and division of
the stream of heavy oil and organic solvent or diluent re-
occurs, with the opposite directional rotation. An example of
such astatic mixer is a Stratos Tube Mixer, Series 250, sold by
Koflo Corporation, of Cary, Ill.

After the heavy oil and organic solvent or diluent are sub-
jected to mixing in static mixer 112, the mixture of heavy oil
and organic solvent or diluent is passed through line 113 and
into the cavitation zone 116, whereby the mixture ofheavy oil
and organic solvent or diluent is subjected to cavitation. Cavi-
tation zone 116 includes a cavitation nozzle or capillary (not
shown) surrounded by metal jacketing. The mixture of heavy
oiland organic solvent or diluent is passed through the nozzle
or capillary of the cavitation zone 116 at a velocity of from
about 100 m/sec to about 300 m/sec, and is subjected to a
pressure drop of from about 150 psig to about 5,000 psig. As
the mixture of heavy oil and solvent or diluent passes through
the nozzle or capillary of the cavitation zone 116, the heavy
oil is subjected to hydrodynamic cavitation.

The mixture of heavy oil and organic solvent or diluent
then exits the cavitation zone 116 and enters expansion cham-
ber 118, wherein cooling of the heavy oil occurs. The result-

10
Example 2

The Lloydminster heavy oil of Example 1 was treated
under the conditions described in Example 1 except that the
heavy oil was heated to 380° C., pentane was added to the
heavy oil inanamount of 15 vol. % ofthe volume ofheavyoil,
and the mixture of heavy oil and pentane was passed through
the cavitation nozzle at a velocity in the nozzle of about 120
m/sec and a pressure drop of about 450 psig.

The resulting treated oil had an AP gravity of 20.6°, a
specific gravity of 0.930 (density of 0.930 g/cm?), and a
kinematic viscosity of 610 ¢St at 15° C., of 104 cSt at 40° C.,
and of 44 ¢St at 60° C.

Example 3

The Lloydminster heavy oil of Example | was treated
under the conditions described in Example | except that each
of the heavy oil and pentane were heated to 350° C., and the
mixture of heavy oil and pentane was passed through the
cavitation nozzle at a velocity in the nozzle of about 168
m/sec, and subjected to a pressure drop of about 1,100 psig.

The resulting treated oil had an API gravity of 21.2°, a

specific_gravity of 0.927.(density..of.0.927. g/cm?),.and.a-......

“ringdestriictired TieaVy Sil then exits expansion chamber 11§
through pipe 120. The destructured heavy oil then enters heat
exchanger 108, whereby heat is transferred from the destruc-
tured heavy oil to the mixture of unireated heavy oil and
solvent or diluent entering heat exchanger 108 from line 107.
The cooled destructured heavy oil exits heat exchanger 108
through line 121, and enters air cooler 124, whereby the
destructured heavy oil is subjected to further cooling. The
heavy oil exits air cooler 124 through line 123, and is sub-
jected to further processing, such as, for example, deasphalt-
ing and/or distillation or fractionation.

EXAMPLES

The invention now will be described with respect to the

following examples; however, the scope of the present inven-
tion is not intended to be limited thereby.

Example |

A Lloydminster heavy oil, having an API gravity of 12.0°,
a specific gravity of 0.986 (density of 0.986 g/cm®), and a
kinematic viscosity 0f 34,805 cStat |5°C., 0f2,795cStat40°
C., and of 636 ¢St at 60° C., was heated to 400° C. and
pumped through a pipe having a diameter of ¥4 inch and then
through a conical atomization nozzle having a diameter at the
tip of 0.03 inch into a mixing chamber having a length of 3
inches and a diameter of 1.5 inches. Pentane solvent was
heated fo a temperature of 400° C. and pumped through a pipe
having a diameter 0 0.203 inch into the mixing chamber inan
amount of 9 vol. % of the volume of the heavy oil. The heavy
oil and pentane were mixed in the mixing chamber for 10
seconds. The mixture of heavy oil and pentane then was
passed from the mixing chamber through a cavitation nozzle,
The velocity in the nozzle was about 118 m/sec. The cavita-
tionnozzlehadalengthof | inchand adiameter of0.008 inch.
The differential pressure, or pressure drop, across the nozzle
was about 410 psig, The mixture of heavy oil and pentane
then entered an expansion chamber having a length of 2.25
inches and a diameter of 1.5 inches.

The resulting treated oil had an AP! gravity of 18.1°, a
specific gravity of 0.945 (density 0£0.945 g/em?®), akinematic
viscosity of 710 ¢St at 15° C., of 183 ¢St at 40° C.,and of 67
¢Stat 60° C,
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kinematic viscosity of 109 ¢St at 15° C., of 35 ¢St at 40° C.,
and of 12 ¢St at 60° C.

Example 4

A bitumen from the cold lake region of Alberta, having an
API gravity of 10.0°, a specific gravity of 0.996 (density of
0.996 g/cm®), and a dynamic viscosity of 138,000cPat 15°C.
was heated to 380° C. and pumped through a pipe having a
diameter of V4 inch. Pentane solvent was heated to a tempera-
ture of 400° C., and pumped through a pipe having a diameter
of ¥4 inch. The pentane solvent then was mixed with the
bitumen in a pipe having a diameter of ¥4 inch, in an amount
of 17 vol % of the volume of the bitumen. The mixture of
bitumen and pentane then was mixed further in a static mixer
(Stratos Tube Mixer, 250 Series, Koflo Corporation, Cary,
1i1.) having a length of 9 inches and a diameter of % inch. The
bitumen and pentane were mixed in the static mixer for 10
seconds. The mixture of bitumen and pentane then was
passed from the mixing chamber through a cavitation nozzle.
The velocity in the nozzle was 203 m/sec. The cavitation
nozzle had alength of 0.56 inch and a diameter 0f0.007 inch.
The differential pressure, or pressure drop, across the nozzle
was about 2,400 psig. The mixture of bitumen and pentane
then entered an expansion chamber having a length of 2.25
inches and a diameter of 1.5 inches.

The resulting treated oil had an API gravity of 20.9°, a
specific gravity of 0.928 (density of 0.928 g/cm?), and a
dynamic viscosity of 300 ¢P at 15° C., or kinematic viscosity
of323 cStat 15°C.

Example 5

A Smiley Coleville heavy oil having an API gravity of
14.2% a specific gravity of 0.9703 (density of 0.9703 g/cm?),
and a dynamic viscosity of 7,600 cP at 15° C. and 7,190 cP at
20° C. was treated under the conditions described in Example
4 hereinabove, except that each of the heavy oil and pentane
were heated to 200° C., the pentane was added in amount of
13 vol. % of the volume of the heavy oil, the velocity of the
mixture of pentane and heavy oil in the cavitation nozzle was
186 m/sec, and the pressure drop across the cavitation nozzle
was 2,000 psig.

L
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The resulting treated oil had an API gravity of 22.5°, a
specific gravity of 0.919 (density of 0.919 g/em?), and a
dynamic viscosity of 340 cP at 15° C., which is equivalent to
a kinematic viscosity of 370 ¢St at 15° C,

The disclosure of all patents and publications, including
published patent applications, are hereby incorporated by
reference to the same extent as if each patent and publication
were specifically and individually incorporated by reference,

Itis to be understood, however, that the scope of the present
invention is not to be limited to the specific embodiments
described above. The invention may be practiced other than as
particularly described and still be within the scope of the
accompanying claims,

What is claimed is:

1. A process for treating a heavy oil, comprising:

subjecting a liquid comprising a heavy oil and an organic
material which is not a heavy oil, wherein said organic
material is a liquid at standard temperature and pressure
or a supercritical fluid, to hydrodynamic cavitation to
reduce the viscosity of said heavy oil, wherein liquid is
present in an amount of at least 40 vol. % of the mixture
of heavy oil and organic material.

12

15. The process of claim 2 wherein said organic material is
heated to a temperature of from about 150° C. to about 800°
C.

16. The process of claim 15 wherein said organic material
is heated to a temperature of from about 300° C. 1o about 800°
C.

17. The process of claim 16 wherein said organic material
is heated to a temperature of from about 300° C. to about 600°
C.

18. The process of claim 17 wherein said organic material
is heated to a temperature of from about 300° C. to about 400°
C.

19. The process of claim 1 wherein said heavy oil and said
organic material are mixed in a first zone and said mixture of
said heavy oil and said organic material is subjected to hydro-
dynamic cavitation in a second zone.

20. The process of claim 1 wherein said heavy oil is treated
in the absence of hydrogen.

21. The process of claim 1 wherein said organic material is
selected from the group consisting of pentane, liguefied
petroleum gases, alcohols, ethers, and mixtures thereof,

22. The process of claim 21 wherein said organic material
is pentane.

23. The process of claim 1 wherein said organic. material........

20 Theprocess of ¢laim 1 wheéreis, prior to mixing of said

heavy oil with said organic material, said heavy oil is heated
to a temperature of from about 75° C. to about 450° C., and
said organic material is heated to a temperature of from about
75° C. to about 800° C.

3. The process of claim 1 wherein said organic material is
present in said mixture of said heavy ocil and said organic
material in an amount of from about 5 vol. % to about 25 vol,
% of the volume of said heavy oil.

4. The process of claim 1 wherein said mixture of said
heavy oil and said organic material is subjected to a velocity
of from about 100 msec to about 300 m/sec, a pressure dropof
from about 150 psi to about 5,000 psi, and hydrodynamic
cavitation to reduce the viscosity of said heavy oil.

S. The process of claim 4 wherein said mixture of said
heavy oil and said organic material is subjected to a velocity
of from about 150 m/sec to about 300 m/sec.

6. The process of claim S wherein said mixture of said
heavy oil and said organic material is subjected to a velocity
of from about 200 m/sec to about 300 my/sec.

7. The process of claim 4 wherein said mixture of said
heavy oil and said organic material is subjected to a pressure
drop of from about 400 psig to about 4,000 psig.

8. The process of claim 7 wherein said mixture of said
heavy cil and said organic material is subjected to a pressure
drop of from about 400 psig to about 2,000 psig.

9. The process of claim 8 wherein said mixture of said
heavy oil and said organic material is subjected to a pressure
drop of from about 400 psig to about 1,500 psig.

10. The process of claim 9 wherein said mixture of said
heavy oil and said organic material is subjected to a pressure
drop of from about 1,000 psig to about 1,500 psig.

11. The process of claim 2 wherein said heavy oil is heated
to a temperature of from about §150° C. to about 450° C,

12. The process of claim 11 wherein said heavy oil is
heated to a temperature of from about 200° C. to about 450°
C.

13. The process of claim 12 wherein said heavy oil is
heated to a temperature of from about 200° C. to about 400°
C.

14. The process of claim 13 wherein said heavy oil is
heated to a temperature of from about 300° C. to about 400°
C.
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“has been subjected to a temperature above the critical tem-

perature and a pressure above the critical pressure, whereby
the organic material is a supercritical fuid.

24, The process of claim 19 wherein the width of said
second zone is less than the width of said first zone.

- 25. The process of claim 24 wherein the ratio of the width
of said second zone to the width of said first zone is from
about 1/230 to about 1/75.

26. The process of claim 19 wherein the ratio of the length
of the cavitation zone to the width of the cavitation zone is
{rom about 10 to about 125.

27. The process of claim 26 wherein the ratio of the length
of the cavitation zone 1o the width of the cavitation zone is
from about 50 to about 125.

28. The process of claim 1 wherein liquid is present in an
amount of at least 60 vol. % of the total volume of the mixture
of heavy oil and organic material.

29. A process treating a heavy oil comprising:

mixing a heavy oil and an organic material other than a

heavy oil in a mixing zone, wherein said organic mate-
rial is a supercritical fluid, 1o provide a mixture of said
heavy oil and said organic material, and wherein liquid is
present in an amount of at least 40 vol. % of the mixture
of said heavy oil and said organic material; and

subjecting said mixture to hydrodynamic cavitation in a

cavitation zone, wherein the ratio of the width of said
cavitation zone to the width of said mixing zone is from
about 1/230 to about 1/75, and wherein the ratio of the
length of said cavitation zone to the width of said cavi-
tation zone is from about 10 to about 125.

30. A process for treating a heavy oil, comprising:

passing a feed which consists essentially of a liquid at

standard temperature and pressure, wherein said liquid
comprises a heavy oil and an organic material which is
not a heavy oil, through a hydrodynamic cavitation zone,
wherein a portion of the liquid which is passed through
said cavitation zone is formed into microbubbles dis-
persed in said liquid, whereby said liquid is subjected to
hydrodynamic cavitation to reduce the viscosity of said
heavy oil.

31. The process of claim 30 wherein said organic material
is selected from the group consisting of pentane, liquefied
petroleum gases, alcohols, ethers, and mixtures thereof,

G
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32. The process of claim 31 wherein said organic material
is pentane.

33. The process of claim 30 wherein said heavy oil and an
organic material are mixed in a mixing zone, to provide a
mixture of said heavy oil and said organic material, and said
mixture of said heavy oil and said organic material is sub-
jected to said hydrodynamic cavitation in said cavitation
zone.

34. The process of claim 33 wherein the width of said
hydrodynamic cavitation zone is less than the width of said
mixing zone.

35. The process of claim 34 wherein the ratio of the width
of said hydrodynamic cavitation zone to the width of said
mixing zone is from about 1/230 to about 1/75.

36. The process of claim 33 wherein, prior to mixing said )

heavy oil with said organic materia), said heavy oil is heated
to a temperature of from about 75° C, to about 450° C., and
said organic material is heated to a temperature of from about
75° C. to about 800° C.

37. The process of claim 36 wherein said heavy oil s
heated to a temperature of from about 150° C. to about 450°
C.

38. The process of claim 37 wherein said heavy oil is
heated to a temperature of from about 200° C. to about 450°

14

46. The process of claim 30 wherein said liquid is passed
through said cavitation zone at a velocity of from about 100
m/sec to about 300 m/sec, and is subjected to a pressure drop
of from about 150 psi to about 5,000 psi.

47. The process of claim 46 wherein said liquid is passed
through said cavitation zone at a velocity of from about 150
m/sec to about 300 m/sec.

48. The process of claim 47 wherein said liquid is passed
through said cavitation zone at a velocity of from about 200
m/sec to about 300 m/sec.

-~ 49.The process of claim 46 wherein said liquid is subjected
to a pressure drop of from about 400 psig to about 4,000 psig. <

50. The process of claim 49 wherein said liquid is subjected
to a pressure drop of from about 400 psig ta about 2,000 psig,.

51.The process of claim 50 wherein said liquid is subjected
to a pressure drop of from about 400 psig to about 1,500 psig.

52.Theprocess of claim 51 wherein said liquid is subjected
to a pressure drop of from about 1,000 psig to about 1,500
psig.

53. The process of claim 30 wherein the ratio of the length
of the cavitation zone to the width of the cavitation zone is
from about 10 to about 125, ‘

54. The process of claim 53 wherein the ratio of the length

B
39. The process of claim 38 wherein said heavy oil is

heated to a temperature of from about 200° C. to about 400° *

C.

40. The process of claim 39 wherein said heavy oil is ‘

heated to a temperature of from about 300° C. to about 400°
C‘ -

41. The process of claim 36 wherein said organic material
is heated to a temperature of from about 150° C. to about 800°
C.

42. The process of claim 41 where said organic material is
heated to a temperature of from about 300° C. to about 800°
C.

35

43. The process of claim 42 wherein said organic material .

is heated to a temperature of from about 300° C, 10 about 600°
C

44. The process of claim 43 wherein said organic material

40

is heated to a temperature of from about 300° C. to about 400°

C.

45. The process of claim 30 wherein said organic material
is present in said liquid in an amount of from about 5 vol. %
to about 25 vol. % of the volume of said heavy oil.

435

of the cavitation zone to the width of the cavitation zone is

- from about 50 to about 125,

* 55. A process for treating a heavy oil, comprising:

mixing a heavy oil, and an organic material other than a
heavy oil in a mixing zone, wherein each of said heavy
oil and said organic material is a liquid at standard tem-
perature and pressure, to provide a feed which consists
essentially of a liquid at standard temperature and pres-
sure;

passing said feed through a hydrodynamic cavitation zone,
wherein the ratio of the width of said cavitation zone to
the width of said mixing zone is from about 1/230 10
about 1/75, andratio of the length of said caviation zone
to the width of said cavitation zone is from about 10 to
about 125, wherein a portion of the liquid which is
passed through said cavitation zone is formed into
microbubbles dispersed in said liquid, whereby said lig-
uid is subjected to hydrodynamic cavitation to reduce
the viscosity of said heavy oil.
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