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Solicitud 

1. Yo, Emilio FERRERO, obrando como apoderado del solicitante 

en ci asunto antes identificado, me refiero al Oficic No. 10202 

notificado par f–jacidn en lista del 24 de Agosto de 2007. 

2. Mediante el Oficic No. 10202 se puso en conocimiento del 

solicitarite el informe del examen de fondo que contiene las 

observaciones hechas par su Despacho sobre la presente solicitud 

de patente. Atiendo a las observaciones de la manera siguiente: 

40 3. Evaluación de la novedad: 

Su Despacho afirrna que el docurnento Dl (US 4728416) afecta la 

novedad de las reivindicaciones 1 a 13 de la presente invenciOn 

debido principalmente a: 

"Su Despacho considera que la ,solicitucl en estudio no parece tener 

alguna caracberistica novedosa comparªndolo con el proceso de 

craqueo FCC revelado en Dl ya que este proceso tambiŒn considera 
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una unidad de craqueo de hidrocarburos para obtener livianos coma 

par ejemplo, gasolina, doncle clicha unidad con tiene un catalizador 

que favorece la reacciân quimica; adeinÆs en Dl el catalizador 

tambiØn es recirculado para regenerarlos y se incorpora una 

compasiciân que contenga vanadia en la corriente de alimentaci6n 

de hidrocarburos de farina que la concenbraciân de vanadio sabre el 

catalizador aumenta de la misma manera que en la solicitud pues en 

Dl se divulga el intervalo de 1500 a 6000 ppm que es abarcado par 

el intervalo de la solicitud (100 a 20000 ppm)". 

4. Modificaci6n a una solicitud en trinite: 

Con el objeto de superar la anterior observaciOn y de 

conformidad COfl 10 establecido en el articulo 34 de la Decision 

486, que permite al solicitante en cualquier momento del trAmite 

efectuar mod–ficaciones, sin ampliar el objeto de la invenciOn 

inicialmente solicitado, me permito presentar un nuevo capitulo 

reivindicatorio, que comprende 13 reivindicaciones, el cual 

cumple a cabalidad con el requisito de novedad. 

5. Argumentos en favor de la novedad de la solicitud en 

estudio: 

Coma se indicO anteriormente, el capitulo reivindicatorio Se 

modificO de tal forma, que la presente invenc–dn ahora reivind–ca 

un proceso para reducir el contenido de azufre de productos 
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lIquidos, .que incluyen gasolina y productos de craqueo de 

.est–lado medic, obtenidos durante tin proceso FCC. 

De acuerdo con el proceso de la invenciôn, un compuesto que 

consiste esencialmente en per lo menos tin compuesto que contiene 

vanadio se agrega a una fuente de alirnentación de hidrocarburo 

liquido para incrementar selectivamente la concentracidn de 

vanadio en la fuente de alimentacidn. La fuente de alimentacidn 

enriquecida con vanadio es posteriormente cergada en una unidad 

FCC que opera bajo condiciones de rgimen estacionario para poner 

en contacto tin catalizador de craqueo FCC in situ con una alta 

concentracidn de vanadio, expresada como vanadio elemental. 

La referencia tl (Patente US 4.728.416) revela tin proceso 

mejorado para obtener cataliticamente craqueado una alimentaciOn 

de gas oil para obtener productos de nafta de tin nthnero de octarios 

rnejorado. 

El proceso cornprende introducir tine cantidad suficiente de 

fuente de alimentaci6n pesada con la alimentacidn de gas oil que 

contiene TANTO los inetales niquel como vanadio en la zona de 

craqueo de tin FCCU para elevar el contenido de ain.bos metales 

niquel y vanadio sobre el catalizador. Ver columna 3, lIneas 2-

26. 
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De lo anterior se puede concluir que Dl no describe ni 

ensefia de ninguna manera, el agregar un corripuesto que corisista 

esencialmente en por lo menos un compuesto de vanadio a la fuente 

de alimentac–dn para incrementar seleativamente solo el contenido 

de vanadio sobre el catalizador. 

Ademds, la referenda Dl no menciona nada con respecto a la 

reducciOn de azufre de productos liquidos prod.ucidos durante el 

proceso FCC. Un proceso FCC tIpico produce tanto gas H2S como 

productos que contienen azufre liquido. 

Sin embargo, ml representada argumenta que la presente 

invención es novedosa porque los inventores encontraron que la 

presendia de un alto contenido de vanadio en la alimentadión 

durante el proceso de craqueo catalitico, cambia inesperadamente 

el contenido de azufre presente en los productos liquidos a un 

contenido inferior, produdiendo de esta manera un producto liquido 

que tiene un contenido de azufre reducido comparado con los 

productos liquidos producidos durante un proceso FCC convencional. 

Por lo tanto, el nuevo capitulo reivindicatorio de la 

presente invendión sI es novedoso con respecto a Dl, gracias a las 

diferenc–as significativas arriba citadas. 

4 
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Conclusion: 

De conformidad con los argurnentos arriba expuestos y con el nuevo 

capitulo reivindicatoria que se presenta con este escrito se puede 

concluir que la presente invenc–ón, es novedosa y posee altura 

inventiva con respecto a Dl. 

Puesto que se han atendido a cabalidad las observaciones hechas par 

su Despacho sabre la presente solicitud de patente, respetuosamente 

solicito se contiride con su tramitación. 

7. Anexos: 

� Nuevo pliego reivindicatorio que comprende 13 

reiviridicaciones. 

� Formulario para modificaciones. 

� Recibo par valor de $99.000 par concepto de modificaciones 

en solicitud pendiente. 

Bogota, 

Seæora Jefe, 

COLO- 14101- 841- 001-1 

MGT\MGT\ID-112381\WPC141O1 
No. M-2007-112381\MGT 

1?J 
EMILIO FERRERO 

T.P.A. No. 31.929 
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REIVINDICACIONES 

1. Un proceso para reducir el contenido de azufre de productos de craqueo 

liquido de un proceso de craqueo cataRtico fluido (FCC) en el cual una 

5 alimentaciOn de hidrocarburo pesado que comprende compuestos de 

10 

organoazufre es cataUticamente craqueado a productos mÆs ligeros 

mediante el contacto en un proceso de craqueo de recirculaciOn de 

catalizador cIclico con un inventario de catalizador de equilibrio de craqueo 

catalItico fluidizable circutante, el proceso comprende: 

(I) suministrar una corriente de aHmentación de hidrocarburo pesado 

sustancialmente lIquido que comprende por lo menos un compuesto de 

órgano azufre como una impureza; 

(ii) introducir una corriente de alimentación de hidrocarburo en la unidad 

15 del reactor FCC que opera bajo condiciones de craqueo catailtico y que 

comprende un inventario circulante de una composición de catalizador 

S en equilibrio; 

(iii) remover una porcióri del inventario de catalizador en equilibrio de la 

unidad del reactor FCC mientras se remplazan todos los inventarios de 

20 catalizador en equilibrio removidos de la unidad con el catalizador 

fresco para crear un ambiente de regimen estacionario dentro de la 

unidad del reactor FCC; 

(iv) poner en contacto la corriente de alimentaciôn de hidrocarburo con un 

compuesto que consiste esencialmente de por to menos un conipuesto 

25 de vanadio en una cantidad suficiente para incrementar selectivamente 

la concentración de vanadio en o sobre el inventario de catalizador en 

equilibrio por aproximadamente 100 a aproximadamente 20000ppm 
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con relación a la cantidad de vanadio inicialmente presente en o sobre 

el inventario de catalizador en equibrio; 

(v) poner en contacto el inventario de catalizador en equilibrio en la unidad 

del reactor FCC con la corriente de alimentación de hidrocarburo que 

5 contiene vanadio bajo un ambiente de regimen estacionario para 

producir un efluente de la zona de craqueo que comprende productos 

craqueados liquidos, incluyendo gasolina, que tiene un contenido de 

azufre reducido. 

10 2. El proceso de la reivindicaciOn I que comprende ademÆs producir 

15 

simultÆneamente un coque que contiene catalizador de gasto y los 

hidrocarburos enjuagables en Is etapa (iii). 

3. El proceso de la reivindicación 2 que comprende ademÆs 

(i) descargar y separar la mezcla de efluente en una fase de vapor rica en 

Sproducto craqueado y una fase rica en sOlido que comprende catalizador 

de gasto; 

(ii) remover la fase de vapor como un producto y fraccionar el vapor pars 

20 formar productos de craqueo liquido, que incluyen gasolina, que tienen 

un contenido de azufre reducido. 

4. El proceso de la reivindicaciOn 1 en donde el compuesto de vanadio se 

selecciona del grupo que consiste de amonio orto-, piro o meta vanadatos, 

25 óxidos de vanadio hidratados, àcidos vanÆdicos, complejos de vanadio 

organometÆlico, sulfato de vanadio, sulfato de vanadil, nitrato de vanadio, 

haluro de vanadio y oxihaluros y mezclas de estos. 
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5. El proceso de la reivndcación 4 en donde el compuesto de vanadio se 

selecciona del grupo que consiste de oxalato de vanadio, sulfato de vanadio, 

naftenato de vanadio, haluros de vanadio y mezclas de estos. 

6. El proceso do la reivindicación 1 en donde la corriente de amentaciôn do 

hidrocarburo es puesta en contacto con el compuesto de vanadio en una 

cantidad suficiente para incrementar selectivamente la concentraciOn del 

vanadio en o sobre el inventarlo de catalizador en equilibrio mediante 

10 aproximadamente 300 a aproximadamente 5000 ppm con relaciona la 

cantidad de vanadio inidalmente presento en o sobre el catalizador de 

craqueo. 

7. El proceso do la reivindicación 6 en donde la corriente do alimentaciOn de 

15 hidrocarburo so ponen en contacto con el compuesto de vanadio en una 

cantidad suficiente para incrementar selectivamente la concentración del 

vanadio en o sobre el inventarlo do catalizador on equilibrio mediante 

aproximadamente 500 a aproximadamente 2000 ppm con relaciona la 

cantidad de vanadio inicialmente presente en o sobre el catalizador de 

20 craqueo. 

8. El proceso do la reivindicación 1 en donde el catalizador de craqueo 

comprende una zeolita de tamaæo do poro grande. 

25 9. El proceso de la reivindicaciOn 8 en donde la zeolita de tamaæo do poro 

grande comprende un faujasita. 
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10. El proceso de la reivindicación 1 en donde la alimentación de hidrocarburo 

comprende ademâs vanadio corno una impureza. 

11. El proceso de la reivindicaciOn 10 en donde la alimentaciOn de hidrocarburo 

5 comprende ademÆs niquel coma una impureza. 

12. Un proceso mejorado para el craqueo catalitico de una fuente de 

alimentación de hidrocarburo que contiene por 10 menos un compuesto de 

azufre orgÆnico que comprende poner en contacto en un reactor de craqueo 

10 catalitico fluido (FCC) un inventario del catalizador en equilibria de craqueo 

15 

catalitico fluido, removiendo una porción del inventario del catalizador 

aunque remplazando la misma cantidad de la composiciOn de catalizador 

fresco para suministrar un ambiente de regimen estacionario dentro del 

reactor FCC, la mejora comprende: 

(i) poner en contacto la alimentación de hidrocarburo con un compuesto de 

material que consiste esencialmente de por lo menos un compuesto de 

vanadio en una cantidad suficiente para incrementar selectivamente la 

concentraciOn del vanadio on o sabre el inventario de catalizador en 

20 equilibria por aproximadamente 100 a aproximadamente 20000ppm con 

relación a  la cantidad del vanadio inicialmente presente el o sobre el 

inventario de catalizador en equilibrio. 

(ii) poner en contacto de inventario de catalizador en equilibria con la 

alimentación de hidrocarburo que contiene vanadio en una unidad del 

25 reactor FCC bajo un ambiente de regimen estacionario para producir un 

efluente de zona de craqueo que comprende productos craqueados 
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lIquidos que incluyen gasolina, que tiene un contenido de azufre 

red u cido. 

13. El proceso de la reivindicación 3 en donde el proceso comprende ademàs 

5 las etapas adicionales de 

(i) enjuagar la fase de catalizador de gasto rico en sOlidos para remover los 

hidrocarburos ocluidos provenientes del catalizador, 

(ii) transportar los catalizadores enjuagados del enjuagador a un 

10 regenerador de catalizador; 

15 

I 

(iii) regenerar el catalizador enjuagado at ponerlo en contacto con gas que 

contiene oxigeno para prod ucir catalizador regenerado; y 

(iv) reciclar el catalizador regenerado a la unidad de craqueo para poner en 

contacto cantidades adicionales de alimentaciOn de hidrocarburo pesado. 



r"OFERINJENDENCIA OE JNBUSTRI Y COMERCIC 

VT1 -fT - 
U 

rr --
U U_LflL UL 

.40 

NIT 800170� - 
\JSTA Y COMERC 

-tJf78. -00007-0000 
Dp 2020 NULCRLAC1ON 
- 379 FASENA 

EQUE FoI: 13 

*** C 0 N S I SNAC 10 N i *** 

i- r; 
LUJ Lift- rUJ r 

-r- F. L- U- ri 
_ � 

?fl" r 
L L R 

AL 
’ S Q 

)7 4.  

CANT. P.ENTTCTICC CONCERTO TOTAL CONCERTO 

ns.-i _n UTU 
.55 v.. 5�flW.S 55 JS_5dh) Wj 

NOVENTA V NcEVE NL PIECE 

/ 

RESPONI3AsSLE 

RECIBE CEAPLICADO AL EXPEDIENTE N. 

12 MARCAE V LEMAS CONERCIALES O900000 
V. 

(bk) i\’ c 
� - crt �-



..espcenet document view PÆgina 1 de I 

U 

REDUCING GASOLINE SULFUR IN FLUID CATALYTIC CRACKING 

Publication number: W00121733 
Publication date: 200103-29 
Inventor: BHORE NAZEER A; CHESTER ARTHUR W; LW KE; 

TWIN HYE KYUNG CHO 
Applicant: MOBIL OIL CORP (US) 
Classification: 

- international: B01J29116; B01J29190; B01J38/12; CIOGII/04; 
CI017III05; C10011/18; B01J29/00; B01J38/00; 
CIOGII/OO; (IPCI-7): CIOGI 1/18; C1OGI 1/05 

-European-, Cl OG1 1/05 
Application number: W02000U S2573 1 20000920 
Priority number(s): US19990399637 19990920 

Abstract of WOOl 21 733 
The sulfur content of liquid cracking products, 
especially the cracked gasoline, of a catalytic 
cracking process is reduced by the use of a 
catalyst having a product sulfur reduction 
component containing a metal component in an 
oxidation state greater than zero, wherein the 
average oxidation state of the metal component 
is increased by an oxidation step following 
conventional catalyst regeneration. The catalyst 
is normally a molecular sieve such as a zeolite 
Y, REY, USY, REUSY, Beta or ZSM-5. The 
metal component is normally a metal of Groups 
5, 7, 8, 9, 12 or 13 of the periodic table, 
preferably vanadium or zinc. The sulfur reduction 
component may be a separate particle additive 
or part of an integrated cracking/sulfur reduction 
catalyst. A system for increasing the oxidation 
state of the metal component of a Gasoline 
Sulfur Reduction additive is also provided. 
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1 
GASOLINE SULFUR REDUCTION IN FLUID 

CATALYTIC CRACKING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation in part to application 
Ser. No. 09/399,637, filed Sep. 20, 1999. 

FIELD OF THE INVENTION 

This invention relates to the reduction of sulfur in gaso-
line and other petroleum products produced by a catalytic 
cracking process. The invention provides a catalytic com-
position for reducing product sulfur and a process for 
reducing product sulfur using this composition. 

BACKGROUND OF THE INVENTION 

Catalytic cracking is a petroleum refining process which 
is applied commercially on a very large scale. A majority of 
the refinery gasoline blending pool in the United States is 
produced by this process, with almost all being produced 
using the fluid catalytic cracking (FCC) process. In the 
catalytic cracking process heavy hydrocarbon fractions are 
converted into lighter products by reactions taking place at 
elevated temperature in the presence of a catalyst, with the 
majority of the conversion or cracking occurring in the 
vapor phase. The feedstock is thereby converted into 
gasoline, distillate and other liquid cracking products as well 
as lighter gaseous cracking products of four or less carbon 
atoms per molecule. The gas partly consists of olefins and 
partly of saturated hydrocarbons. 

During the cracking reactions some heavy material, 
known as coke, is deposited onto the catalyst. This reduces 
the activity of the catalyst and regeneration is desired. After 
removal of occluded hydrocarbons from the spent cracking 
catalyst, regeneration is accomplished by burning off the 
coke to restore catalyst activity. The three characteristic 
steps of the catalytic cracking can be therefore be distin-
guished: a cracking step in which the hydrocarbons are 
converted into lighter products, a stripping step to remove 
hydrocarbons adsorbed on the catalyst and a regeneration 
step to burn off coke from the catalyst. The regenerated 
catalyst is then reused in the cracking step. 

Catalytic cracking feedstocks normally contain sulfur in 
the form of organic sulfur compounds such as mercaptans, 
sulfides and thiophenes. The products of the cracking pro-
cess correspondingly tend to contain sulfur impurities even 
though about half of the sulfur is converted to hydrogen 
sulfide during the cracking process, mainly by catalytic 
decomposition of non-thiophenic sulfur compounds. The 
distribution of sulfur in the cracking products is dependent 
on a number of factors including feed, catalyst type, addi-
tives present, conversion and other operating conditions but, 
in any event a certain proportion of the sulfur tends to enter 
the light or heavy gasoline fractions and passes over into the 
product pool. With increasing environmental regulation 
being applied to petroleum products, for example in the 
Reformulated Gasoline (RFG) regulations, the sulfur con-
tent of the products has generally been decreased in response 
to concerns about the emissions of sulfur oxides and other 
sulfur compounds into the air following combustion pro-
cesses, 

One approach has been to remove the sulfur from the FCC 
feed by hydrotreating before cracking is initiated. While 
highly effective, this approach tends to he expensive in terms 
of the capital cost of the equipment as well as operationally 

since hydrogen consumption is high. Another approach has 
been to remove the sulfur from the cracked products by 
hydrotreating. Again, while effective, this solution has the 
drawback that valuable product octane may he lost when the 

5 high octane olefins are saturated. 
From the economic point of view, it would be desirable to 

achieve sulfur removal in the cracking process itself since 
this would effectively desulfurize the major component of 
the gasoline blending pool without additional treatment. 

10 
Various catalytic materials have been developed for the 
removal of sulfur during the FCC process cycle, but, so far 
most developments have centered on the removal of sulfur 
from the regenerator stack gases. An early approach devel-
oped by Chevron used alumina compounds as additives to 
the inventory of cracking catalyst to adsorb sulfur oxides in 

15 the FCC regenerator; the adsorbed sulfur compounds which 
entered the process in the feed were released as hydrogen 
sulfide during the cracking portion of the cycle and passed 
to the product recovery section of the unit where they were 
removed. See Krishna et al,Additives Improve FCC Process, 

20 Hydrocarbon Processing, November 1991, pages 59-66. 
The sulfur is removed from the stack gases from the regen-
erator but product sulfur levels are not greatly affected, if at 
all. 

An alternative technology for the removal of sulfur oxides 
25 from regenerator stack gases is based on the use of 

magnesium-aluminum spinels as additives to the circulating 
catalyst inventory in the FCCU. Under the designation 
DESOXrM used for the additives in this process, the tech-
nology has achieved a notable commercial success. Exem-

30 plary patents disclosing this type of sulfur removal additives 
include U.S. Pat. Nos. 4,963,520; 4,957,892; 4,957,718; 
4,790,982 and others. Again, however, product sulfur levels 
are not greatly reduced. 

A catalyst additive for the reduction of sulfur levels in the 
35 liquid cracking products was proposed by Wormsbecher and 

Kim in U.S. Pat. Nos 5,376,608 and 5,525,210, using a 
cracking catalyst additive of an alumina-supported Lewis 
acid for the production of reduced-sulfur gasoline but this 
system has not achieved significant commercial success. 

40 In application Ser. No. 09/144,607, filed Aug. 31, 1998, 
catalytic materials are described for use in the catalytic 
cracking process which are capable of reducing the content 
of the liquid products of the cracking process. These sulfur 
reduction catalysts comprise, in addition to a porous 

45 molecular sieve component, a metal in an oxidation state 
above zero within the interior of the pore structure of the 
sieve. The molecular sieve is in most cases a zeolite and it 
may be a zeolite having characteristics consistent with the 
large pore zeolites such as zeolite beta or zeolite USY or 

o with the intermediate pore size zeolites such as ZSM-5. 
Non-zeolitic molecular sieves such as MAPO-5, MeAPSO-
5, as well as the mesoporous crystalline materials such as 
MCM-41 may be used as the sieve component of the 
catalyst. Metals such as vanadium, zinc, iron, cobalt, and 

55 gallium were found to be effective for the reduction of sulfur 
in the gasoline, with vanadium being the preferred metal. 
The amount of the metal component in the sulfur reduction 
additive catalyst is normally from 0.2 to 5 weight percent, 
but amounts up to 10 weight percent were stated to give 

so some sulfur removal effect. The sulfur reduction component 
may be a separate particle additive or part of an integrated 
cracking/sulfur reduction catalyst. When used as a separate 
particle additive catalyst, these materials are used in com-
bination with an active catalytic cracking catalyst (normally 

es a faujasite such as zeolite Y and REY, especially as zeolite 
USY and REUSY) to process hydrocarbon feedstocks in the 
FCC unit to produce low-sulfur products. 
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In application Ser. Nos. 09/221,539 and 09/221,540, both 
filed Dec. 28, 1998, sulfur reduction catalyst similar to the 
one described in application Set. No. 09/144,607 were 
described, however, the catalyst compositions in those appli-
cations also comprise at least one rare earth metal compo-
nent (e.g, lanthanum) and a cerium component, respectively. 
The amount of the metal component in the sulfur reduction 
catalysts is normally from 0.2 to 5 weight percent, but 
amounts up to 10 weight percent were suggested to give 
some sulfur removal effect. 

In application Ser. No. 09/399,637, filed Sep. 20, 1999, an 
improved catalytic cracking process for reducing the sulfur 
content of the liquid cracking products, especially cracked 
gasoline, produced from hydrocarbon feed containing orga-
nosulfur compounds is described. The process employs a 
catalyst system having a sulfur reduction component con-
taining porous catalyst and a metal component in an oxida-
tion state greater than zero. The sulfur reduction activity of 
the catalyst system is increased by increasing average oxi-
dation state of the metal component by an oxidation step 
following conventional catalyst regeneration. The catalyst is 
normally a molecular sieve such as zeolite Y, REY, USY, 
RESOY, Beta or ZSM-5. Non-zeolitic molecular sieves such 
as MeAPO-5, MeAPSO-5, as well as the mesoporous crys-
talline materials such as MCM-41 and MCM-48 may also he 
used as the sieve component of the catalyst. Amorphous and 
paracrystalline materials such as amorphous refractory inor-
ganic oxides of Group 2, 4, 13 and 14 of the periodic table, 
for example, A1201 SiO2, ZrO2, Ti021 MgO and mixtures 
thereof, and paracrystalline materials such as transitional 
aluminas, are also contemplated as useful support compo-
nents for the metal component of the sulfur reduction 
catalysts. The metal component is normally a metal of 
Groups 5, 7, 8, 9, 12 or 13 of the Periodic Table, preferably 
vanadium or zinc. The amount of metal in the sulfur 
reduction component is normally from 0,1 to 10 weight 
percent (as metal, relative to the weight of the support 
component), however, amounts up to 10 weight percent 
were stated to have some sulfur removal effect. The sulfur 
reduction component may be a separate particle additive or 
part of an integrated cracking/sulfur reduction catalyst. A 
system for increasing the oxidation state of the metal com-
ponent of a gasoline sulfur reduction additive is also 
described. 

’f’here continues to exist a need for effective ways to 
further reduce the sulfur content of gasoline and other liquid 
cracking products. The present invention was developed in 
response to this need. 

SUMMARY OF THE INVENTION 

The present invention is directed to sulfur reduction 
additive materials for use in a catalytic cracking process 
which materials are capable of improving the reduction in 
the sulfur content of liquid products produced by the crack-
ing process, in particular, the gasoline and middle distillate 
cracking fractions. The present sulfur reduction additives are 
similar to additives described in application Ser. Nos. 
09/144,607,09/221,539 and 09/221,540, in that the additive 
materials employ a sulfur reduction component containing a 
metal component in an oxidation state greater than zero, i.e. 
vanadium. The sulfur reduction component in application 
Ser. Nos, 09/144,607,09/221,539 and 09/221,540 comprises 
a molecular sieve (preferably, a zeolitic molecular sieve) 
which contains a metal component in an oxidation state 
above zero, i.e. vanadium, within the interior of the pore 
structure. In contrast, the sulfur reduction additives of the 
present invention, comprise a non-molecular sieve support 

4 
material which contains a relatively high content of vana-
dium metal. It has been have found that the use of a 
non-molecular sieve catalyst support in combination with a 
relatively high concentration of vanadium enhances the rate 

5 of transport of vanadium over the entire FCC catalyst 
inventory, thereby increasing the activity of the catalyst to 
remove sulfur. 

According to the present invention, the sulfur reduction 
additives comprise a non-molecular sieve catalyst support 

JO material containing a high content of vanadium in an oxi-
dation state greater than zero. The support material may be 
organic or inorganic in nature and may be porous or non-
porous. Preferably, the support material is an amorphous or 
paracrystalline inorganic oxide such as, for example, A1203, 

15 SiO2, clays or mixtures thereof. The sulfur reduction addi-
tives are used as a separate particle additive in combination 
with the conventional catalytic cracking catalyst (normally a 
faujasite such as zeolite Y) to process hydrocarbon feed-
stocks in the fluid catalytic cracking (FCC) unit to produce 

20 low-sulfur gasoline and other liquid cracking products, such 
as, for example, light cycle oil that can be used as a low 
sulfur diesel blend component or as heating oil. 

Accordingly, it is an advantage of the present invention to 
provide sulfur reduction additive compositions which pro -

25 vide improved liquid product sulfur reduction when com-
pared to the sulfur reduction activity of a base FCC catalyst 
conventionally used in the catalyst cracking process. 

It is also an advantage of the present invention to provide 

30 
high vanadium containing sulfur reduction additive compo-
sitions which allow for the rapid dispersion of vanadium 
over the entire cracking catalyst inventory used in a catalytic 
cracking process, thereby enhancing the removal of sulfur 
components from cracked hydrocarbon products. 

35 An additional advantage of the present invention is to 
provide sulfur reduction additive compositions having 
improved product sulfur reduction at lower additive levels 
than heretoafore used for conventional sulfur reduction 
additives, including vanadium/zeolite sulfur reduction addi-

4. tives disclosed in related application 5cr. Nos. 09/144,607, 
09/221,539 and 09/221,540. 

DETAIL DESCRIPTION OF THE INVENTION 

For purposes of this invention the term "high vanadium 

45 content" or "high content of vanadium" is used herein to 
indicate a vanadium content of greater than 1,5 weight 
percent (as metal, relative to the total weight of the additve 
material). 

The term "molecular sieve" is used herein to designate a 
50 class of polycrystalline materials that exhibits selective 

sorption properties which separates components of a mixture 
on the basis of molecular size and shape differences, and 
have pores of uniform size, i.e., from about 3 A to approxi-
mately 100 A, which pore sizes are uniquely determined by 

55 the unit structure of the crystals. Materials such as activated 
carbons, activated alumina and silica gels are specifically 
excluded since they do not possess an ordered crystalline 
structure and consequently have pores of a non-uniform 
size. The distribution of the pore diameters of such material 

60 may he narrow (generally from about 20 A to about 50 A) 
or wide (ranging from about 20A to several thousand A) as 
in the case for some activated carbons, See R. Szostak, 
Molecular Sieves: Principles of Synthesis and Identification, 

pp. 1-4 and D. W. Breck, Zcolite Molecular Sieves, pp. 
65 1-30. A molecular sieve framework is based on an extensive 

three-dimensional network of oxygen atoms containing gen-
erally tetrahedral type-sites. In addition to the Si" and Al’ 
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that compositionally define a zeolite molecular sieves, other 
cations also can occupy these sites. These need not be 
iso-electronic with Si or Al, but must have the ability to 
occupy framework sites, Cations presently known to occupy 
these sites within molecular sieve structures include but are 
not limited to Be, Mg, Zn, Co, Fe, Mn, Al, B, Ga, Fe, Cr, Si. 
Ge, Mn, Ti, and P. Another class of materials intended to fall 
within the scope of molecular sieve includes mesoporous 
crystalline materials exemplified by the MCM-41 and 
MCM-48 materials. These mesoporous crystalline materials 
are described in U.S. Pat. Nos. 5,098,684; 5,102,643; and 
5,198,203. 

In accordance with the present invention, the sulfur con-
tent of the gasoline portion of the liquid cracking products, 
is effectively brought to lower and more acceptable levels by 
carrying out the catalytic cracking in the presence of the 
sulfur reduction additives comprising a high content of 
vanadium incorporated into a non-molecular sieve catalyst 
support material. While the mechanism by which the high 
vanadium-containing additives act to enhance removal of 
sulfur components normally present in cracked hydrocarbon 
products is not precisely understood, it is believed that the 
additive acts to rapidly transport vanadium over the entire 
cracking catalyst inventory. Such an increased dispersion of 
vanadium permits a more efficient rate of removal of liquid 
product sulfur than obtainable when using a base or con-
ventional cracking catalyst alone or in combination with 
conventional sulfur reduction additives heretoafore used in 
catalyst cracking processes. 
FCC Process 

The present sulfur removal additives are used as a com-
ponent of the circulating inventory of catalyst in the catalytic 
cracking process, which these days is almost invariably the 
FCC process. For convenience, the invention will be 
described with reference to the FCC process although the 
present additives could be used in the older moving bed type 
(fCC) cracking process with appropriate adjustments in 
particle size to suit the requirements of the process. Apart 
from the addition of the present additive to the catalyst 
inventory and some possible changes in the product recov-
ery section, discussed below, the manner of operating the 
process will remain unchanged. Thus, conventional FCC 
catalysts may be used, for example, zeolite based catalysts 
with a faujasite cracking component as described in the 
seminal review by Venuto and Habib, Fluid Catalytic Crack-
ing with Zeolile Catalysts, Marcel Dekker, New York 1979, 
ISBN 0-8247-68704 as well as in numerous other sources 
such as Sadeghbeigi, Fluid Catalytic Cracking Handbook, 
Gulf Publ. Co. Houston, 1995, ISBN 0-88415-290-1. 

Somewhat briefly, the fluid catalytic cracking process in 
which the heavy hydrocarbon feed containing the organo-
sulfur compounds will be cracked to lighter products takes 
place by contact of the feed in a cyclic catalyst recirculation 
cracking process with a circulating fluidizable catalytic 
cracking catalyst inventory consisting of particles having a 
size ranging from about 20 to about 100 microns. The 
significant steps in the cyclic process arc: 

(1) the feed is catalytically cracked in a catalytic cracking 
zone, normally a riser cracking zone, operating at 
catalytic cracking conditions by contacting feed with a 
source of hot, regenerated cracking catalyst to produce 
an effluent comprising cracked products and spent 
catalyst containing coke and strippable hydrocarbons,-

(ii)
ydrocarbons;(ii)

 the effluent is discharged and separated, normally in 
one or more cyclones, into a vapor phase rich in 
cracked product and a solids rich phase comprising the 
spent catalyst; 

12 
(iii) the vapor phase is removed as product and fraction-

ated in the FCC main column and its associated side 
columns to form liquid cracking products including 
gasoline; 

s 

(iv) the spent catalyst is stripped, usually with steam, to 
remove occluded hydrocarbons from the catalyst, after 
which the stripped catalyst is oxidatively regenerated to 
produce hot, regenerated catalyst which is then 
recycled to the cracking zone for cracking further 

to quantities of feed. 
The present sulfur reduction additives are used in the form 

of a separate particle additive which is added to the main 
cracking catalyst in the FCCU. ’The cracking catalyst will 
normally be based on a faujasite zeolite active cracking 

15 component, which is conventionally zeolite Y in one of its 
forms such as calcined rare-earth exchanged type Y zeolitc 
(CREY), the preparation of which is disclosed in U.S. Pat. 
No. 3,402,996, ulirastable type Y zeolite (USY) as disclosed 
in U.S. Pat. No. 3,293,192, as well as various partially 

20 exchanged type Y zeolites as disclosed in U.S. Pat. Nos. 
3,607,043 and 3,676,368. The active cracking component is 
routinely combined with a matrix material such as alumina 
in order to provide the desired mechanical characteristics 
(attrition resistance etc.) as well as activity control for the 

25 very active zeolite component or components. The particle 
size of the cracking catalyst is typically in the range of 10 to 
120 microns for effective fluidization. As a separate particle 
additive, the sulfur reduction additive is normally selected to 
have a particle size comparable with that of the cracking 

30 catalyst so as to prevent component separation during the 
cracking cycle. In general the particle size of the sulfur 
reduction additive is in the range of about 10 to about 200 
microns, preferably, about 20 to about 120 microns. 
Sulfur Reduction Component 

35 According to the present invention, the sulfur reduction 
additives comprise on-molecular sieve support materials 
having a high content of vanadium. In one embodiment of 
the invention, the support materials are amorphous and 
paracrystalline support materials, such as refractory inor-

40 ganic oxides of Groups 4, 13 and 14 of the Periodic Table. 
Suitable refractory inorganic oxides include, but are not 
limited to, A1203, SiO2, TiO2, clay (e.g. kaolin, bentonite, 
hectorite, niontniorillonite and the like) and mixtures 
thereof. Preferably, the support materials are selected from 

45 the group consisting of Al2O, SiO2, clay (preferably kaolin) 
and mixtures thereof. Most preferably, the support material 
is alumina. 

In another embodiment of the invention, the support 
material is an activated carbon. Support materials in accor-

so dance with the invention may be used alone or in combi-
nation to prepare sulfur reduction additives in accordance 
with the invention. 

The amount of vanadium metal contained in sulfur reduc-
tion additives in accordance with the invention catalyst is 

55 normally from about 2.0 to about 20 weight percent, typi-
cally from about 3 to about 10 weight percent, most pref-
erably from about 5 to about 7 weight percent (metal, based 
on the total weight of the additive). Vanadium may be added 
to the support in any suitable manner sufficient to adsorb 

so and/or absorb a suitable vanadium containing compound 
onto or into the support material. 

In one embodiment, the sulfur reduction additives are 
prepared by treating the support material with an aqueous or 
non-aqueous solution of a suitable vanadium compound to 

CS impregnate the vanadium compound into or onto the surface 
of the support material. Alternatively, vanadium maybe 
added to the support by spray drying an aqueous slurry 
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containing the support material and the desired vanadium 
compound. Non-limiting example of suitable vanadium 
compounds useful to prepare additives in accordance with 
the invention include, but are not limited to, vanadium 
oxalate, vanadium sulfate, organometallic vanadium com-
plexes (e.g. vanadyl naphthenate), vanadium halides and 
oxyhalides (e.g. vanadium chlorides and oxychorides) and 
mixtures thereof, 

Following addition of the vanadium component, the sup-
port material is dried and calcined, typically at temperatures 
ranging from about 100 to about 8000 C. 
Sulfur Reduction Catalyst Use 

The sulfur reduction additives of the invention are used as 
separate particle additives to permit optimization of the 
transport of vanadium to the cracking catalyst inventory. 
Generally, the additives of the invention are used in an 
amount sufficient to increase the amount of vanadium on the 
cracking catalyst by about 100 to about 10,000 ppm, pref-
erably about 500 to about 5000 ppm, most preferably about 
1000 to about 2000 ppm, relative to the amount of vanadium 
initially present on the cracking catalyst. As will be under-
stood by one skilled in the art, the amount of vanadium 
transported from the additive to the catalyst is readily 
determined by separating the additive from the cracking 
catalyst by skeletal density differences and analyzing each 
fraction for vanadium content after subjection to catalytic 
cracking condition in the presence of the additive. 

The sulfur reduction additive is typically used in an 
amount from about 0,1 to about 10 weight percent of the 
cracking catalyst inventory in the FCCU; preferably, the 
amount will be from about 0.5 to about 5 weight percent. 
About 2 weight percent represents a norm for most practical 
purposes. The additive may he added in the conventional 
manner, with make-up catalyst to the regenerator or by any 
other convenient method. The additive remains active for 
sulfur removal for extended periods of time although very 
high sulfur feeds may result in loss of sulfur removal activity 
in shorter times. 

Other catalytically active components may be present in 
the circulating inventory of catalytic material in addition to 
the cracking catalyst and the sulfur removal additive. 
Examples of such other materials include the octane enhanc-
ing catalysts based on zeolite ZSM-5, CO combustion 
promoters based on a supported noble metal such as 
platinum, stack gas desulfurization additives such as 
DESOXTM (magnesium aluminum spine!), vanadium traps 
and bottom cracking additives, such as those described in 
Krishna, Sadeghbeigi, op cit and Seherzer, Octane Enhanc-
ing Zeolitic FCC catalysts, Marcel Dekker, New York, 
1990, ISBN 0-8247-8399-9. These other components may 
be used in their conventional amounts. 

The effect of the present additives is to reduce the sulfur 
content of liquid cracking products, especially the light and 
heavy gasoline fractions, although reductions are also noted 
in the light cycle oil, making them more suitable for use as 
a diesel or home heating oil blend component. The sulfur 
removed by the use of the FCC catalyst is converted to the 
inorganic form and released as hydrogen sulfide which can 
be recovered in the normal way in the product recovery 
section of the FCCIJ in the same way as the hydrogen sulfide 
conventionally released in the cracking process. The 
increased load of hydrogen sulfide may impose additional 
sour gas/water treatment requirements but with the signifi-
cant reductions in gasoline sulfur achieved, these are not 
likely to be considered limitative. 

Very significant reductions in gasoline sulfur can be 
achieved by the use of the present catalysts, in some cases 

8 
up to about 80% relative to the base case using a conven-
tional cracking catalyst, at constant conversion, using the 
preferred form of the catalyst described above. Gasoline 
sulfur reduction of 10 to 60% is readily achievable with 

s additives according to the invention, as shown by the 
Examples below. The extent of sulfur reduction may depend 
on the original organic sulfur content of the cracking feed, 
with the greatest reductions achieved with the higher sulfur 
feeds. Sulfur reduction may be effective not only to improve 

o product quality but also to increase product yield in cases 
where the refinery cracked gasoline end point has been 
limited by the sulfur content of the heavy gasoline fraction; 
by providing an effective and economical way to reduce the 
sulfur content of the heavy gasoline fraction, the gasoline 

is end point may be extended without the need to resort to 
expensive hydrotreating, with a consequent favorable effect 
on refinery economics. Removal of the various thiophene 
derivatives which are refractory to removal by hydrotreating 
under less severe conditions is also desirable if subsequent 

20 hydrotrealment is contemplated. 
In order to further illustrate the present invention and the 

advantages thereof, the following specific examples are 
given. The examples are given as specific illustrations of the 
claimed invention. It should be understood, however, that 

25 the invention is not limited to the specific details set forth in 
the examples. All part and percentages in the examples as 
well as the remainder of the specification are by weight 
unless otherwise specified. 

The scope of the invention is not in any way intended to 
o be limited by the examples set forth below. The examples 

include the preparation of sulfur reduction additives in 
accordance with the invention and evaluations of the per-
formance of the additives to reduce sulfur in a catalytic 
cracking environment. 

35 
EXAMPLES 

Example 1 

40 
Preparation of 2% Vanadium and 5% Vanadium on 

an A1203, Support 

A spray dried A1203 particle was prepared by peptizing a 
psucdoboehmite A1203 slurry with HCI, milling it with a 
Drais mill and then spray drying the milled slurry. The 

45 resulting spray dried alumina was calcined for 1 hour at 800° 
C. 

l’he spray dried, calcined A1203, was then impregnated to 
incipient wetness with an aqueous vanadium oxalate solu-
tion. The concentration of vanadium oxalate in the solution 

50 was adjusted to produce a concentration of 2 wE % V and 5 
wt % V on alumina. 

The impregnated alumina was dried at 1000 C. and then 
calcined for 2 hours at 54Q0 C. 

$5 Example 2 

Preparation of 6% V on an A1203 Support 

A spray dried, calcined A1203, prepared as described in 

o Example 1 above, was impregnated to incipient wetness 
with an aqueous vanadium sulfate solution, The concentra-
tion of vanadium sulfate in solution was adjusted to produce 
6 wt % V on alumina. 

The impregnated material was dried at 120° C. The final 
es material was analyzed by ICP and found to contain 5.4 wt % 

V, 0.1 wt % Na2O, 11% SO4. The surface area, as deter-
mined by N2-BET, was 39 m2/g. 
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Example 3 

Preparation of 2.0% V on a SiO2-Clay Support 

A silica hydrogel (280-350 m2/g, 30-’35% solids and 
8.0-8.5 pH) was slurried in distilled water and sand milled 
to give a slurry which contained 14.8 wt % solids. A mixture 
of 13,514 g of the milled silica hydrogel slurry, 2500 g of 
Nalco Grade 1140 colloidal SiO2 and 2353 g of Natka clay 
were Drais milled and spray dried. The spray-dried samples 
were then calcined for 40 minutes at 700°  C. 

300 g of the calcined, spray dried sample was impreg-
nated with an aqueous solution of vanadium sulfate to give 
2 wt % V. After impregnation the sample was dried at 120° 
C. The final material was analyzed by ICP and found to 
contain 2,0 wt % V.0.39 WI % Na20, 4.2% SO4. The surface 
area, as determined by N2-BE] was 115 m2/9. 

Example 4 

Preparation of 0,42% Vanadium/Zeolite Additive 

A vanadium,/zeolite catalyst was prepared by spray" 
drying a slurry of 50% USY, 30% clay and 20% silica sol. 
The spray-dried material was ammonium exchanged to 
remove the Na", rare earth exchanged and then dried at 100° 
C. Vanadium was added by impregnation of the catalyst to 
incipient wetness using an aqueous vanadium oxalate solu-
tion. The amount of vanadium oxalate in solution was 
adjusted to a target of 0.4 wt %. 

The final material was analyzed by ICP and found to 
contain 0,42 wt % V, 3.8 wt % RE2Oa and 0.27 WI % Na20. 
The surface area as determined by N2-BET, was 315 m2/g. 

Example 5 

Catalytic Evaluation of Vanadium Supported on 
A1203 

The V/A1203, additives from Example 1 were blended 
with a commercial FCC catalyst and steam deactivated in a 
fluidized bed for 4 hours at 1500° F. in 1.00% steam. The 
additive/FCC catalyst blends were designed so that the blend 
contained 1000 ppm V (95 wt % FCC Catalyst/5 wt % of 2% 
V/A1203 additive; and 98 WI % FCC Catalyst/2 wt % of 5% 
V/Al203 additive). 

The additive/FCC catalyst blends were tested for gas oil 
cracking activity and selectivity using an ASTM Microac-
tivity Test ("MAY’) (ASTM procedure D-3907). The liquid 
product from each run was analyzed for sulfur using a gas 
chromatograph with an Atomic Emission Detector (GC-
MiD). Analysis of the liquid products with the GC-AED 
allows each of the sulfur species in the gasoline region to he 
quantified. For purposes of this example, the cut gasoline 
will be defined as C. to C hydrocarbons that have a boiling 
point up to 430° E The sulfur species included in the cut of 
gasoline range include thiophene, tetrahydrothiophene, 
C1-05 alkylated thiophenes and a variety of aliphatic sulfur 
species. Beuzothiophene is not included in the cut gasoline 
range. The properties of the gas oil feed used in the MAT test 
are shown in the Table 1. 

TABLE 1 

Properties of Vacuum Gas Oil Feed 

API Gravity 26.6 
Aniline Point, ° F. 182 

10 

TABLE 1-continued 

Properties of Vacuum Gas Oil Feed 

S CCR, wt 
% 

0.23 
Sulfur, wt % 1.05 
Nitrogen, ppm 600 
Basic Nitrogen, ppm 310 
Ni, ppm 0.32 
V ppm 0.68 

10 Fe, ppm 915 
Cu, ppm 0.05 
Na, ppm 2.93 
Distillation 

IBIyF. 358 

15 50w1%,’F. 716 
99.5wt%,°F. 1130 

The MAT data for the catalysts is shown in the Table 2; 
where the product selectivity was interpolated to a constant 

20 conversion of 70 WI %. The first column shows the FCC 
catalyst without the vanadium-based sulfur reduction addi-
tive. The next two columns show FCC catalyst blended with 
the 2 WI % V and 5 wt % V additives, respectively. The data 
shows that both vanadium additives decrease cut gasoline 

25 range sulfur 55-65% as compared to the base FCC catalyst. 
The coke and 112 increase modestly for the samples that 
contain the vanadium additives. 

TABLE 2 
30 

95 wt % FCC 
MAT Product Catalyst 98 WI % FCC 
catalyst Base FCC 5 WI % (2% 2 WI % 
Yields Catalyst V/A120) (5% V/Al203) 

35 Conversion 70 70 70 
Cat/Oil 2.8 3.5 3.6 
H2 Yields, WI 

% 

0.06 0.20 0.22 
Cl + C2 Gas, WI 

% 

1.40 1.55 1.58 
Total C3 Oat, WI 

% 

4.97 4.97 5.02 
Propylene, WI 

% 

4.06 4.06 4.10 
Total C4 Gas, wt 

% 

9.96 10.02 9.94 
40 C5 .. gasoline, WI 

% 

51,07 49.83 50.17 
LCO, WI % 25.77 2585 25.90 
Bottoms, WI % 4,13 4.10 4.20 
Coke, wI % 2.55 3.11 3.18 
Cut Gasoline 263 112 98 

S, ppm 
45 

% 

Reduction in Out Base 57% 63% 
Gasolinc Sulfur 

Example 6 
50 

Catalytic Evaluation of V1A1205 Steamed 
Deactivated Together and Separately from the FCC 

Catalyst 

55 The need for transport of vanadium from the additive to 
the catalyst during deactivation in order to achieve good cut 
gasoline sulfur reduction is demonstrated in this example. 
The 6% V/A1203 additive from Example 2 was blended at 
a 4 WI % level with a FCC equilibrium catalyst (120 ppm V 

60 and 60 ppm Ni) and mildly steam deactivated for 20 hours 
at 1350° F. in 25% steam to simulate catalytic cracking 
conditions. 

Separation of the additive from Ecat by skeletal density 
differences and analysis of the fractions by ICP shows that 

65 on the ECAT fraction, the vanadium content has increased 
from 120 ppm V to 2360 ppm V during the steaming 
process. A comparison example was made by steam deac-
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tivating the Ecat and the 6% V/A120,, additive each 
separately, for 20 hours at 1350 E in 25% steam, and then 
blending the additive at a 4 wt % level. The base case Feat 
was also steamed for 20 hours at 1350 F. in 25% steam, The 
steam deactivated Feat and the Additive/FCC catalyst blends 
were tested for gas oil cracking and selectivity using ASTM 
Microactivity Test (’MAT")(ASTM procedure D-3907) as 
described in Example 5. The properties of the gas oil used 
in this example are shown in Table 1. 

The MAT data for the catalyst is shown in the Table 3, 
where the product selectivity was interpolated to a constant 
conversion of 70 wt %. The first column shows data for the 
FCC Ecat without the vanadium based sulfur reduction 
additive. The second column shows data for the FCC Feat 
steamed together with the V/A1203 additive, The third 
column shows data for the FCC Ecat and V/Al203, additive 
steamed separately and then blended together. The data 
shows that when the additive is steamed together with the 
FCC catalyst (as typical of catalytic cracking process 
conditions) vanadium is transported from the additive to the 
catalyst to provide a substantial cut in gasoline sulfur 
reduction. The coke and l’12 increased modestly for the 
samples that contain the vanadium additives. 

12 

TABLE 4 

Properties of Vacuum Gas Oil Feed 

API Gravity 25.3 

Aniline Point, F, 178 

CR, wt 
% 

0.21 

Sulfur, WI % 1.04 

10 Nitrogen, ppm 700 

Basic Nitrogen, ppm 308 

Ni, ppm 0.2 

V, ppm 0.4 

Fe, ppm 3.7 

15 Cu, ppm 0 

Na, ppm 0 

Distillation 

IB1YF. 309 

20 50wt%,F. 748 

99.5 wt %, F. 1063 

TABLE 3 

96wt% FCC ECAT 96wt% FCC ECAT 

MAT Product Base Equilibrium 4 WI 
% 

(6% V/A1,03) 4 wt % (6% VIAI,O,) 
. 

Yield Catalyst Steamed Together Steamed Separately 

Conversion 70 70 70 
Cat/Oil 3.70 4.26 4.26 

H2 Yields, wt % 004 0.09 0.10 

Cl + C2 Gas, wt 
% 

1.37 1.50 1.45 

Total C3 Gas, wt 
% 

5.07 5.29 5.15 

Propylene, WI % 4.38 4.58 4.45 

Total C4 Gas, WI 
% 

10.02 10.44 10.15 

CS + gasoline, WI 
% 

50.94 49.76 50.10 

LCO, WI % 25.38 25,21 25.16 

Bottoms, WI 
% 

4.42 4.57 4.57 

Coke, WI % 2.13 2.48 2.54 

Cut Gasoline S, ppm 525 359 521 

% 

Reduction in Cut Base 32 1 

Gasoline Sulfur 

Example 7 
45 TABLE 5 

Catalytic Evaluation of Vanadium Supported or’ MAF Product ’Yields 
95% Ecat 

Base Ecat 5%12% VISiO,/Clay} 
SiO2/Clay 

Conversion 70 71) 
50 Cat/Oil 3.64 4,05 

. The 2% V/Si02/Clay additive from Example 3 was 
[12 Yield 
Cl + C2 Gas 

0.05 0.10 
1.33 1.39 

blended at a 5% level with a FCC Ecat (120 ppm V and 60 Total C3 Gas, wt % 4.53 4.58 

ppm Ni) and mildly steam deactivated for 20 hours at 1350 Total C4 Gas, WI % 9.69 9,39 

F. in 25% steam. As a comparison, the base Feat was also C5 + gasoline, wt 
% 

55 i.co, wt 
% 

51.86 5156 
24.61 23.97 

deactivated under those conditions. The steam deactivated Bottoms, wt % 5.31 544 

base Feat and the additive FCC blends were tested for gas coke, WI % 2.26 2.53 

oil cracking activity and selectivity using an ASTM Micro- Cut Gasoline S. ppm 616 361 
% 

Reduction in Cut Gasoline Base 42 
activity Test (ASTM procedure D-3907) as described in Sulfur 

Example 5. The properties of the gas oil used in this example 60 
are shown in Table 4. 

Example 8 

The MAT data for the catalysts is shown in TableS, where 
Catalytic Cracking Performance of 6% V/Alumina 

the product selectivity was interpolated to a constant con- 
Versus V/Zeolite Catalyst 

version of 70 wt %. The data shows that the V/SiO7JClay 65 

additive decreases cut gasoline sulfur 42% as compared to This example shows the utility of the high vanadium-

the base case Feat. containing additive in circulating FCC riser/regenerator 
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pilot plant testing. The high vanadium-containing additive 
described in Example 2 was tested in a Davison Circulating 
Riser pilot plant with a commercial FCC feed and equilib-
riurn catalyst. For comparison, the vanadium/zeolite addi-
tive described in Example 4 was also tested. The equilibrium 
catalyst contained 332 ppm Ni and 530 ppm V. The feed 
properties are shown in Table 6, The DCR was operated with 
a riser temperature of 980° F. and a regenerator temperature 
of 1300° F. All the liquid products were analyzed by 
GC-AED for gasoline sulfur levels. 

The testing results are shown in ’Fable 7. The high 
vanadium-containing additive tested at a 2 wt % additive 
level gave 33% cut gasoline sulfur reduction as compared to 
the base Ecat. The vanadium/zeolite additive decreased cut 
gasoline sulfur 13% when used at the 22% additive level and 
26% when used at the 50% additive level. The coke and 
hydrogen yields were marginally higher for the high 
vanadium-containing additive than for the base case Ecat. 

I’ABLE 6 

Properties of Vacuum Gas Oil Feed 

API Gravity 23.9 
Aniline Point, F’- 186 

CR, wt % 0.62 
Sulfur, WI 

% 

1.50 
Nitrogen, ppm 1000 
Basic Nitrogen, ppm 140 
Ni, ppm 0.3 
V, ppm 0.3 
Fe, ppm 0.7 
Cu, ppm 0 
Na, ppm 0.9 
Distillation 

IBI’, K 429 
SOwt%,’F. 783 
99.5 wt %, F. 1292 

’fABl.E 7 

14 
tive consists essentially of vanadium and a support selected 
from the group consisting of a refractory inorganic oxide and 
activated carbon. 

2. A method according to claim 1 wherein said support 
comprises a refractory inorganic oxide selected from the 
group consisting of alumina, silica, titania, clay and mix-
tures thereof. 

3. A method according to claim 1 in which the equilibrium 
cracking catalyst comprises a large pore size zeolite. 

10 
4. A method according to claim 3 in which the large pore 

size zeolite comprises a faujasile. 
5. A method according to claim 2 in which the refractory 

inorganic oxide is selected from the group consisting of 
alumina, silica, clay and mixtures thereof. 

6. A method according to claim 5 in which the refractory 
15 inorganic oxide is alumina. 

7. A method according to claim 1 in which the product 
sulfur reduction additive contains from about 2 to about 20 
weight percent, based on the total weight of the additive, of 
vanadium. 

20 8. A method according to claim 7 in which the product 
sulfur reduction additive contains from about 5 to about 10 
weight percent, based on the total weight of the additive, of 
vanadium. 

9. A method according to claim 1 in which vanadium has 

25 been impregnated onto the surface of the support. 
10. A method according to claim 1 in which vanadium has 

been incorporated into the support. 
111. A method according to claim 1 in which the sulfur 

reduction additive is a separate particle. 

30 
12. In a fluid catalytic cracking process in which a heavy 

hydrocarbon feed comprising organosulfur compounds is 
catalytically cracked to lighter products by contact in a 
cyclic catalyst cracking process with a circulating equilib-
rium cracking catalyst inventory consisting of particles 
having a size ranging from about 20 to about 100 microns, 

35 comprising: 
(i) catalytically cracking the feed in a catalytic cracking 

zone operating at catalytic cracking conditions by con-

OCR Product 
Yields 

Base FCC 
Catalyst 

78 wt % FCC Cat. 
22% VJZeolitr Cat. 

50 wt 
% 

FCC Cat- 
50% V/Zeolite Cat- 

98 wt % FCC Cat. 
2% (6% V/A1203) 

Conversion 72 72 72 72 
Cat/Oil 6.69 6.47 6.61 7.92 

H2 Yield 0.03 0.04 0.05 0.08 

Cl + C2 Gas 2.41 2.53 2.63 2.37 

Total C3 Gas, wt % 6.68 6.59 6.66 6.29 

Total C4 Gas, wt 
% 

12.41 12.06 12.24 11.79 

CS + gasoline, wE % 45.95 46.11 45.51 46.20 

LCO, WI % 20.59 20.28 20.15 20.66 
Bottoms, wt % 7.41 7.72 7.65 7.34 

Coke, WI % 4.11 4.02 4.24 4.58 

Cut Gasoline S, ppm 877 765 651 589 

% 

Reduction in Cut 
Gasoline Sulfur Base case 13 26 33 

Reasonable variations and modifications, which will be 
apparent to those skilled in the art, can be made in this 
invention without departing from the spirit and scope 
thereof. 

We claim: 
1. A method of reducing the sulfur content of a liquid 

catalytically cracked petroleum fraction, which comprises 
catalytically cracking a petroleum feed fraction containing 
organosulfur compounds at elevated temperature in the 
presence of an equilibrium cracking catalyst and a product 
sulfur reduction additive to produce liquid cracking products 
of reduced sulfur content, wherein the product sulfur addi-

tacting feed with a source of regenerated equilibrium 
cracking catalyst to produce a cracking zone effluent 
comprising cracked products and spent catalyst con-
taining coke and strippable hydrocarbons; 

60 (ii) discharging and separating the effluent mixture into a 
cracked product rich vapor phase and a solids rich 
phase comprising spent catalyst; 

(iii) removing the vapor phase as a product and fraction-
ating the vapor to form liquid cracking products includ-

65 ing gasoline, 
(iv) stripping the solids rich spent catalyst phase to 

remove occluded hydrocarbons from the catalyst, 
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15 
(v) transporting stripped catalyst from the stripper to a 

catalyst regenerator; 
(vi) regenerating stripped catalyst by contact with oxygen 

containing gas to produce regenerated catalyst; and 
(Vii) recycling the regenerated catalyst to the cracking 

zone to contact further quantities of heavy hydrocarbon 
feed, the improvement which comprises 

reducing the sulfur content of a the gasoline portion of the 
liquid cracking products, by catalytically cracking the 
feed fraction at elevated temperature in the presence of 
the equilibrium catalyst and a product sulfur reduction 
additive to produce liquid cracking products of reduced 
sulfur content, wherein the product sulfur additive 
comprises fluidizable particles having a size ranging 
from about 20 to about 100 microns and Consists 
essentially of vanadium and a support selected from the 
group consisting of a refractory inorganic oxide and 
activated carbon. 

13. A method according to claim 12 in which the support 
comprises a refractory inorganic oxide selected from the 
group consisting of alumina, silica, titania, clay and mix-
tures thereof. 

14. A method according to claim 12 in which the equi-
librium cracking catalyst comprises a matrixed faujasite 
zeolite. 

15. A method according to claim 13 in which the support 
is a refractory inorganic oxide support selected from the 
group consisting of alumina, silica, clay and mixtures 
thereof. 

16. A method according to claim 15 in which the refrac-
tory inorganic oxide is alumina. 

17. A method according to claim 12 in which the product 
sulfur reduction additive contains from about 2 to about 20 
weight percent, based on the total weight of the additive, of 
vanadium metal. 

18. A method according to claim 17 in which the product 
sulfur reduction additive contains from about 5 to about 10 
weight percent, based on the total weight of the additive, of 
vanadium metal. 

16 
19. A method according to claim 12 in which vanadium 

has been impregnated Onto or into the surface of the support. 
20. A method according to claim 12 in which vanadium 

has been added into the support. 
21. A method according to claim 12 in which the sulfur 

reduction additive is a separate particle. 
22. A method according to claim 12 in which the gasoline 

product of reduced sulfur content is a gasoline boiling range 
fraction which has a sulfur content lower than that achieved 

10 
in the absence of the product sulfur reduction additive. 

23. A method of reducing the sulfur content of a catalyti-
cally cracked liquid product petroleum fraction, which com-
prises catalytically cracking a petroleum feed fraction con-
taining organosulfur compounds at elevated temperature in 
the presence of an equilibrium cracking catalyst containing 

15 vanadium in intimate contact with separate particles of at 
least one product sulfur reduction additive to produce liquid 
cracking products of reduced sulfur content, wherein the 
additive consists essentially of a support selected from the 
group consisting of a refractory inorganic oxide and acti-

20 vated carbon, and at least one transportable vanadium com-
pound adsorbed and/or absorbed onto or into the support, 
respectively, and capable of being transported to the crack-
ing catalyst in amounts sufficient to increase the vanadium 
content of the equilibrium cracking catalyst by about 100 

25 ppm to about 10,000 ppm, relative to the amount of vana-
dium initially present on the equilibrium cracking catalyst, 
when the additive, is contacted with the equilibrium crack-
ing catalyst under catalytic cracking conditions. 

24. The method of claim 23 wherein the support corn-

30 
prises a refractory inorganic oxide selected from the group 
consisting of alumina, silica, titania, clay and mixtures 
thereof. 

25. The method of claim 23 wherein the vanadium content 
of the equilibrium cracking catalyst is increased by about 

35 
500 to about 5000 ppprn. 

26, The method of claim 23 wherein the vanadium content 
of the equilibrium cracking catalyst is increased by about 
1000 to about 2000 pppm. 
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noon operated for Incomplete combustion of the coke 

to CO2 by periodically increasing the oxygen ccv.-

eentratiefl above that requited for complete combus-

tion of the octe and by msitlteitoihhg the temperature 

above 1300°F. This patent does not d100lnaO 

method for pansilfnting metalO-’tioetaiOiflated catalyst 

in a system where the regeneration Dose is routinely 

operated for complete celilbObtinho of the echO. 

tr.i. patent No. 4,1N2,213 is directed at 

decreasing the catalytic activity of metal contamin-

ants
 present in cranking catalyst by regenerating the 

catalyst at temperatures of 330014000E in such a 

manner as to leave legs than 0010 at. residual 

corbel oft the catalyst. 

Cimbalot Poster and Wachtel in an acticie 

entitled ’Deposited Metals Poises FCC Catalyet 

published at pp 112-122 of the May 15, 1912 leone of 

oil Del Joy,fyj disclose that the catalytic 

activity of metal tcitastieatote decrease with repeated 

oxidation and reduction cycleS. 

U.S. Patent On. 3,718,153 is directed at 

the can of a cracking catalyst impregnated with 

100-10010 pacts pat million by woight (WPPN) of iron4 

nickel or vanadium or a combination of these metals 

to tr,cteuen the ootsne number of the cracked hydro-

carbon products. This reference does not recognize 

that one of certain of these metals may adversely 

affect the catalyst selectivity or activity. 

U.S. Patent eve. 3,479,279 and 4035,285 

dis
close hydrctreat009 of catalytic cracker product 

custu end recirculating this product to the catalytic 

cracker. Related U.S. patent 900. 3,411.212 and 

353,936 disclose the one of hydrogen donor matt -

dab for decreasing the rate of coke formation ot 

cracking nitelySt. These putehoto each disclose in 

1 BACKGROUND OF THE IltO/COT100 

This invention relates to a method for 
decreasing the catalytic activity of metal ccctaet-
inunts on cracking catalysts and for decreasing the 

hydrogen and coke formation on cranking catalyst.. 

p More specifically, this invention in directed to a 
method for reducing the coke and hydrogen formation 
stoned by metal contaminants, such as nickel, vana�

d110e end/or Iron, which have become deposited upon 

jf cracking catalysts from feedstock containing tOotle. 

11 In the catalytic cracking of hydrocarbon 

12 feedstocks, particularly heavy feedstocks, vanadium, 

13 nickel tend/sr iron present in the feedstock becomes 

14 deposited on the cracking catalyst promoting nIece-

15 sine hydrogen and Coke makes. Theme metal contaeln-

16 ants are not removed daring conventional catalyst 

17 regeneration cpSrationn during which coke deposits on 

10the catalyst are converted to CO and CO2. As used 

19 hereinafter the tern pastivatiest is defined no a 

25 method for decreasing the detrimental catalytic 

21 afferta of metal contaminants such as nickel, caca-

22 digs and iron which become deposited 014 catalyst. 

23 U.S. Patent Non, 3,710,422; 4,025,545; 

24 4,031t002, 4,111,845; 4.141,010; 4,140,712; 4,140,114 

21 and 4,166,006 all are dicsctd to the contacting of 

36 the cranking catalyst with antimony compounds to 

27 pseelvate the catalytic activity 01 the Iron. nickel 

28 and vanadium contaminants deposited on the catalyot. 

29 however, antimony compounds, clone, may not passivata 

g the motel contaminants to sufficiently lbw loymle 

31 partleniasly where the metal contaminant con000tre-

32 ticS on the catalyst in relatively high. U.S. 

33 Patent No. 4,176,084 15 directed to the passiostien 

34 Of metals contaminated catalyst in a regeneration 

0086018 

3 

Table If that hydrotreating a fraction from a sate-

2 lytic cracking onoo and retcrneoy the hydrotr.sted 

material with the cat cracker feed decreases the coke 

make in the catalytic cracking zone. These patents 

also disclose that the kydrotreated material prefer-
6 ably In A. hydrogen decor Thtetoriel vhith releases 

7 hydrogen to unsaturated oleddeic hydrocarbons In a 

cracking acne without dehydregcnative ortion. Suit-

_9 skis materials disclosed are hydroanomatin, naphtheen 

10 aromatic and tcapkthenic compounds. Preferred mate-

11 rials are compounds having at leant one and prefer-

12 ably 2, 3 or 4 aromatic nuclei, partially hydra-

13 gemated and cngvtaletimg cleficic bonds. The hydrogen 

14 donor materiel was hydrogenated by contacting the 

is 

donor material with hydrogen over a suitable hydro-

16 genatien catalyst at hydrogenation cooditiona. 

17 The subject invention is die’ected at the 

18 addition of hydrogen donor materiel to c catulytic 

19 cracking eagle in which the metals cootasiouttod 

,20 cracking catalyst has been paasivatod by panning the 

23 catalyst through a reduction zone maintained at 

22 an elevated temperature. The addition of hydrogen 

33 dcttcr material and panaivatlon of the cracking 

4 catalyst operate to decrease the ncbn makes on the 

25 craakiog catalyst. 

26 SUJIMAEY OF THE INVENTION 

27 This invention is directed at a method for 

20 reducing the rate of coke production from a hydro-
2g carbon feedstock crecied to incas molecular weight 

30 products in a reaction none containing cracking 

31 catalyst chore the feedstock cnsgtaieg at beast two 

32 entaim selected from the dm00 consiatirigi of nickel, 

33 vanadium and iron and where at least some of the 

34 metal contaminants become deposited on the tatalyit. 

11 The method comprises passing the catalyst after 
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1 DETAILED DESCRIPTION OF THE INVENTION 

from the reaction cone 
through a 2 Referring to the Figure, the present invert-

1 regene" 
at an elevated temperature S clan is shown as applied to a typical fluid catalytic 

reduction acne maintained 

sufficient to at leant partially 
pOsaivete 4 cracking process. Various items such as pumps, corn-for a time 

contaminants on the catalyst, a reducing 5 Pressure, steam linen, instrumentation and ether 
the motel 

maintained in the reduction gent by the S equipment has been omitted to simplify the 
5 

environment 
acne of a materiel aelneted 7 drawing. Reaction or cracking nose 10 i shown 

6 addition to the reduction 

from the clean conuintinf 
of hydrogin, carbon m000lt- o containing a fluidized catalyst bed 12 having m 

thereof, said pansivuted 
catalyst H level at 14 in which e hydrocarbon feedstock is 

Ode and mixtures 

to the reaction cuRe without 10 introduced into the fluidized bed through linen 16 
thereafter Passing 

be 11 04 
further processing. The mete, contaminants may and for Catalytic cracking. The hydrocarbon 

10 
by the addition to the reaction 12 femistock may comprise naphthas. light gas nib, 

11 further paasiveted 

donor material which
 transfers 13 heavy gas oils, residual fractions, reduced crude 

12 sanS at a hydrogen 

to the hydrocarbon feedstock 
and/Or to the 14 ella, cycle oils derived from any of these, as well 

13 
hydrogen 

weight products. The metal 15 as suitable fractions derived tEns shale oil kerogen, 
14 

cracked lower molecular 

be paeoivatad still farther by 16 tar CaRds, bitumen processing, synthetic silo, noel 
15
 contaminants nay 

the of each rectal con- 17 hydrogenation, and the like, Such feedstocks may 
18 

monitoring 
concentration 

the catalyst and adding 
predetermined 18 be employed singly, separately in parallel reaction 

17 
taninact en 

selected metal contaminants to the 
system. 19 ZOfl5, or in any desired combination. Typically, 

10 
amounts of 

be ntill further pensivated 
by the 20 theme feedstocks will contain metal contaminants 

19 The natalynt may 
agents to the system. 21 such at nickel, vanadium and/or iron. Heavy feed.- 

20 addition of

 
known pasniVctisfl 

noon preferably 22 Stocks typically contain relatively high confeotra-
21 The temperature of the reduction 

i000C. The hydrogen donor 23 tlona of vanadium end/or nickel as well as note 
22 

neietainod above about 

material added to the reaction
 zone preferably has a 

24 precursors, Such as Cenradson carbon mat.cialm. 
23 

between about 2000c and about 5000C. 25 The determination of the secant of Cooradaon car-
24 

boiling point 

the hydrogen donor 
26 ban material present may be determined by ASTM 

25 lo a preferred embodiment, 

by fractionating the 
cracked 27 test 0189-65, Which Is incorporated herein by refei-

26 materiel is obtained 

from the reaction zone, passing 28 once. Hydrocarbon gas and vapors 9055009 through 
27 noleculat products 

through a hydrogenation Ions 
and 29 fluidized bed 12 maintain the bed in a fence tot-

38 
the desired fraction 

to the reaction 30 bulent fluidized condition. Preferably hydrogen 
29 then recirculating the material 

31 donor material passes through line 92 for preblend-
30 zone. 

DEECRIPTIOC OF
 

THEDRAWING 
32 ing with sot cracker feedstock in lion 16 prior 

31  BRIEF 
is o flow diagro n of a fluidized 33 to entering fluidized catalyst bed 12 through line  

32 
The figure 

unit employing the subject 
loves- 34 94. Alternatively the hydrogen donor material may be 

�33 catalytic cracking 
35 added directly to reaction zone 10 in close proximity 

tiOO. 
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the where the cat cracker feedstock enters 1 is added to riser 24 via lice 28 is an amount soffio-
1 

2 

to point 

reaction zest 00. Typically, the hydrogen donor 
i 

lent to reduce the density of the catalyst flowing 

3 material will comprise hetwane 
about S and about 100 

- 3 therein, thus causing the catalyst to flow upward 

C of the hydrocarbon feedstock to 
be cracked. 4 into regeneration zone Ii by simple hydraulic balance. 

4 

5 

wt. 

In reaction 0000 10, the cracking catalyst 5 In the particular configuration shown, the 

6 beccloa5 spent daring contact with 
the hydrocarbon 

i 

regeneration cone is a separate vessel (arranged at 

7 feedstock due to the deposition of coke thereon, 7 approximately the name level as reaction gone 10) 

Thus, the torso �spent-  or "coke contaminated* 0 containing a dense phase catalyst bed 30 having a 
H 

9 catalyst as used heroic generally refer to catolyet 9 level indicated at 32, which is undergoing regonera-

10 whiCh han passed through a reaction zoon and which 10 tins to barn-off coke deposits formed in the reaction 

11 contains a sufficient quantity 
of Cohn thereon to 11 zone during the cracking reaction, above which is a 

12 cauns activity loon, thereby acquiring regeneration. 12 dilate catalyst phase 34. Co coy gao-con talciag 

13 Generally, the coke content of 
spent catalyst can 13 regeneration gas enters the lower portion of regener-

14 Vary anywhere from about 0.5 to about 5 wt. C
 or

 14 atien zone 26 via line 36 and panamo up through a 

’ 15 more. Typically, spent catalyst coke contents vary 
is 

grid 38 and the dense phase catalyst bed 30, coin-

16 from about 0.5 to shout 1.5 wt. 16 taints9 said bed in a turbulent fluidized condition 

27 prior to actual regeneratino, the spent 17 similar to that present in reaction eons 10. Oxygen-

IS
catalyst

 is usually passed from reaction cone ii 
into ii Containing regeneration gnats which may be employed 

19 a stripping sane 10 and contacted therein with 5 19 in the process of the present invention are those 

20 stripping gas, which is introduced into the lower 20 650cm which contain molecular oxygen in admixture 

21 portion of zone 10 vie line 20. The stripping gas, 21 with a substantial portion of an inert diluent gas. 

22 which 00 usually introduced at 
s pressure of’ from 22 Air is a particularly suitable regeneration gas. An 

23 about 11 to about if poig, cefcoa 
to r0000e ..at of 23 additional gas which may be employed Is air enriched 

24 the volatile hydrocarbons from 
the spent catalyst. h 24 with oxygen. Additionally, if desired, steam may 

25 preferred stripping gas 
is steals, although nitrogen, 25 be added to the dense phase bed 010mg with the 

26 other inert gases Or clue gem may be employed. 26 regeneration gas or Separately therefrom to provide 

37 Normally, the stripping zone is maintained at cocos- 27 additional inert diluents and/or fluidization gas. 

zR tially the Oust temperature as the 
reaction cone, 28 Typically, the specific vapor velocity or the regan-

29 i.e. from about 400°C to about 600C.’stripped 29 aratien qua will be in the range of from about 0.8 to 

30 spent catalyst from which most of the volatile 30 about 6.0 feet/eec,, preferably from about 1.0 to 

31 hydrocarbons have been removed, is than passed from 31 about 4 feet/sec. 

32 the bottom of stripping zone ii, through U-bend 22 32 Regenerated catalyst from the dense pirome 

33 and into a connecting vertical riser 24 which 
extends 33 catalyst had 30 in the regeneration gone 26 tlolai 

34 into the lower portion of regeneration 
zone 26. Air 34 downward through standpipe 42 and posses through 

N 
’N 
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1 li-hoOd 44, and line 00 into reduction zone 70 main-

2 tamed at a temperature above 5000C preferably 

3 above about 6000C having a reducing agent such as 

4 hydrogen or carbon monoxide, entering through line 72 

S to maintain a reducing environment in the reduction 

6 zone to pasolvate the contaminants as described in 

7 more detail hereinafter. The regenerated and pasni-

9 voted catalyst then posses from reduction zone 70 

9 through line 02 and U-bend 84 into the reaction zone 

10 10 by way of transfer line 46 which joins U-bend 04 

11 near the level of the oil injection line 16 and 

10 hydrogen donor line 92. 

13 By regenerated catalyst in meant catalyst 

14 leaving the regeneration none which has contacted an 

15 oxygen-centeinicg gas causing at least a portion, 

16 preferably a substantial portion, of the coke present 

17 an the catalyst to be removed. More specifically, 

10 the carbon content of the regenerated catalyst can 

10 very anywhere from about 0.01 to about 0.2 tat, 0, but 

20 preferably is from about 0.01 to about 5.1 tat. 8. 

21 Predetermined quantities of selected metals or con-

22 ventisnal pasolvation promoters may be added to 

23 the hydrocarbon fedstock through lines 16 and/or 94, 

24 It desired, as described more icily hereinafter. The 

25 hydrocarbon feedstock for the cracking process, 

26 containing minor amounts of iron, nickel and/or 

07 vanadium contaminants is Injected into line 46 

28 through link 94 to form an oil and catalyst mixture 

29 which is passed into fluid bed 12 within reaction 

30 ..no ii. The metal contaminants and the passivetien 

32 promoter, if any, become deposited on the cracking 

32 catalyst, product vapors containing entrained 

33 catalyst particles Paso overhead from fluid bed 12 

. 34 into a ganonlid aeparatien scans 48 wherein the 

35 entraIned catalyst particles are separated therefrom 
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1 and returned through diplegn 55 leading beck into 

2 fluid bed 12. The product vapors are than conveyed 

3 through line 12 and condenser 102 into fractionation 

4 zoos 100, wherein the product stream in separated 

5 into two or more fractions. Fractionation mono 100 

6 may comprise any means for separating the product 

7 into fractions having different boiling ranges. 

0 Typically, zone 100 may comprise a plate or packed 

0 column of conventional design. In the embodiment 

10 sheen the product is separated into an overhead 

11 stream exiting through line 104, comprising light 

10 boiling materials, i.e. compounds boiling below about 

13 2000C, a middle cot boiling in the.r9n0s of about 

14 200 to linac exiting through lies 106 906 5 bottoms 

15 stream boiling above about l?OOC exiting through 

16 line 100. At least a fraction of the product II line 
17 106, preferably a major fraction, passes into hydro-

10 genatiori zone 110 maintained under hydrogenating 

19 conditions where the product contacts hydrogen enter-

20 ing zone 110 through line 112. A osseous stream may 

21 P900 from zone 120 through line 114 for removal of 

22 any undesired by-products, lone 110 typically will 

23 contain 8 conventional hydrogenating catalyst as, 

24 for example, a molybdenum melt such as molybdenum 

25 odds or molybdenum sulfide, and a nickel of cobalt 

26 salt, such as nickel or cobalt asides and/sr cci-

27 fides. These nalto typically are deposited on 

20 support material such as alumina and/or silica 

09 stabilized alumina. Hydrogenation catalysts which 

30 are Particularly suitable are described in U.S. 

31 Patent No. 31509,044, the disclosure of which is 

32 incorporated herein by reference. Zoom 110 will be 

33 maintained at a temperature ranging between about 350 

34 and 4900c and a prescore ranging between about 600 

35 and 3010 psi. A vapor stream exits none 110 for 
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and a -further processing (not Shown). 
1 residence time of the catalyst in reduction antic 70 

1 recycling 

at least hydfo5enated stream exiting 
2 is Oct critical as long en it in sufficient to effect 

2 The partially 

donor 
3 the paeslvatioe. The residence time will range from 

3 zone 110, also referred to as the hydrogen 
4 about S sac, to about 30 min., typically from shoot 4 o,oterisl, in recycled to the reaction zone through 
5 2 to 5 minutes. The pressure in this is 

5 hoe 92. 6 
zone not 

critical and generally will be a function of the 
6 In regeneration none 26, flue gases formed 

7 location of reduction acne 70 in the myotum and the 
7 during rngovniutiun of the spent catalyst puns front 

8 In the 
B the dense phase catalyst bed 30 into the dilute 

pressure adjacent regeneration and reaction 

9 catalyst plane 34 along with entrained catalyst 
9 zones. In the embodiment shown, the pressure in zone 

10 70 will be maintained in the range of about 5 to 50 
10 particles, The catalyst particles are separated from 11 pnia, although the reduction zone preferably should 
11 the Clue gas by a suitable gas-solid separation scans 

12 be designed to Withstand pressures of 100 psie. The 
12 94 and returned to the dense phase catalyst bed 30 

13 via dipisga 56. The substantially catelynt-f fee flue 
33 

14 

temperature in reduction lnno 70 01)9014 be above 
shoot 500°C preferably above 6000C, 

14 gss then passes into a plenum chamber 56 prior to 
but below the 

15 diceharge from the regeneration none 26 through line 
15 

16 

temperature at which the catalyst sinters or 4.-
grades. A preferred temperature range is sheet 

16 60. Where the regeneration zone is operated for 

the 
17 

- 

000-8120C, with the more preferred temperature rerige 
17 substantially complete combustion of the coke, - 

18 being 610-7500C. The reduction 
10 flue gas typically will contain less than shout 0.2, 19 

eeoc 70 can be 
located before 

19 preferably less than 0.1 and more preferably lens 
either or after regeneration eon, 

The oxygen 
20 16, with the preferred location being after the 

20 than 0,05 volume 4 carbon monoxide. 
71 regeneration zone, on that the heat imparted to the 

11 content saucily will vary from about 0.4 to about 7 
22 catalyst by the regeneration obviates or elnioimee 

22 vol. 0, preferably from about 0.0 to about S vol. 4, 
23 the need for additional catalyst heating. The 

23 more preferably from about 1 to about 3 vol. 4. most 
21 reducing agent utilized in the reduction 2505 70 is 

24 preferably from about 1.0 to about 2 vol. 6. 

7e be vessel 
25 not critical, although hydrogen and carbon monoxide 

25 

26 

Reduction acne may any provid-

ing suitable contacting of the catalyst with a reduc-
26 are the preferred [educing agents. Other reducing 

27 fog environment at elevated temperatures. The shape 
27 agents including light hydrocarbons, such as ci 

zone 70 is not critical. In the enbodi-
29 hydrocarbons, may also be Satisfactory. 

20 

29 

of reduction 

sent shown, reduction zone 70 comprises a treater 
29 Reduction none 70 can be constructed of any 

similar to that of 
30 chemically, resistant materiel sufficiently able to 

30 vessel having a shape generally 
31 withstand the relatively high temperatures involved 

31 regeneration xeoe 26, with the reducing environment 

32 mainteined, and catalyst fluidized by, reducing agent 
32 and the high attrition conditions which are inherent 

through live 72 and exiting through lice 70. 
33 in systems wherein fluidized catalyst is transported. 

33 entering 

dense 74 having a level at 70 
34 specifically, metals are contemplated which may or 

34 The volume of phase 
35 may not be lined. more specifinolly, ceseetir liners 

35 is dependent en the required residence time. The 
36 are contemplated Within any and all portions of the 
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1 reduction nun, together with alloy use and structural
 

2 designs in order to withstand the maximum 
teStes-

3 plated operating temperatures. 

4 The reducing Agent utilized is all but non 

5 of the following texts was high purity grade 
hydrogen, 

6 comprising 99.95 hydrogen. In the remaining test, 

7 shown in ruble till e reducing agent comprising 99.3% 

Co was utilized. It is expected that commercial 

9 grade hydrogen, commercial grade CO, and process gem 

10 streams eoot510iflg 57 and/or CO see be utilized’ 

11 fnempleo include oat crochet tail gas, catalytic 

12 reformer off-gas, spent hydrogen streams from cats-

13 lytin hydropr0000005g, synthesis gas, and flue 

14 games. The rate of z000empt000 of the reducing agent 

is 

in reducing none 70 will, of course, be dependent 
on 

16 the amount 
of reducible material entering the 

17 reducing eons. In a typical fluidized catalytic 

18 cracking unit it is anticipated that about 10 to lxi 

19 soC of hydrogen or about 10 to 109 nsf of 
CO gas 

20 would be required for each ton of catalyst passed 

21 through reduction zone 70. 

22 If the reducing agent entering through line 

20 72 is circulated through reduction zone 70 and 
thence 

24 into other units, a gee-solids separation scans MAY 

25 be required for use to connection with 
the reduction 

26 none. If the reducing agent exiting ffoa zone 79 
in 

27 circulated beck into the reduction zone, a gas-uolids 

28 separation means may not be necessary. 
Pretested 

29 separation means for zones 10, 26 and 70 will be 

30 cyclone separators, saltiolenes or the like 
whoa. 

31 design and construction are well known in the art. 

32 In the cane of cyclone separators, a single cyclone 

33 may be used, but preferably, more then one cyclone 

34 will be used in parallel or in series flow to effect 

35 the desired degree of separation. 
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the construction of regeneration zen. 26 

2 can be made with any material sufficiently able to 

3 withstand the relatively high temperatures involved 

4 when afterharning is encountered within the cancel 

5 and the high attrition conditions which are inherent 

6 in systems wherein fluidized catalyst is regenerated 

7 and transported. Specifically, metals are centem-

8 plated which may or may not be lined. More ipecif-

9 foxily, ceramic liners are contemplated within 

10 any and all purt100a of the regeneration :0cc 

11 together with alloy one and structural designs In 

12 order to withstand temperatures of about 7600C and, 

13 for reasonably short periods of time, temperatures 

34 Which may be as high as 11000C. 

15 The pressure in the regeneration zone is 

16 saUcily maintained in a range from about atmospheric 

17 to about 50 p05g., preferably from about 10 to 50 

35 peig. It is preferred, however, to design the 

19 regeneration zone to withstand pressures 00 up to 

20 about lii psig. Operation of the regeneration zone 

21 at increased pressure has the effect of promoting the 

22 oonv.rsiue of carbon monoxide to carbon dioxide and 

23 reducing the  

carbon

level within the denie bed 

24 phase at which the nubetantielly complete combustion 

25 of carbon monoxide can be accomplished. The higher 

26 pressure 0100 lowerS the equilibrium level of carbon 

27 on regenerated catalyst at a given regeneration 

29 temperature. 

29 The residence time of the spent catalyst in 

30 the regeneration zone in not critical eo long as the 

ii carbon on the catalyst is reduced to an acceptable 

32 level. In general, it can vary from about 1 to 

33 30 minutes, The contact time or residence time of 

34 the floe gos in the dilute catalyst plea. establishes 

35 the extent to which the combustion reaction can reach 
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I contain as little as about 1 wt. % crystalline  

I equilibrium. The residence time of the flue gem may 
2 material. Admixtures of clay-extended alusinas say 

I vary from about 10 to about 60 seconds in the rages- also be employed. Such catalysts may be prepared in 
etetien zone and from about 2 to about 10 seconds in 

any suitable method such no by impregnation, milling, 

4 the dance bed phaae. preferably, the residence time 
5 co-gelling, and the like, subject only to the provi-

of the flue gas varies from about 15 to about 20 
6 mion that the finished catalyst be in a physical 

6 seconds in the dense bed. 
7 form capable of fluidization. In the following tests  

The present invention may be applied 

fluid omit 
B a commercially available silica alumina zeolite  

8 beneficially to any type of cat cracking 
catalyst sold under the tredenane C5Z-1, manufactured  

without limitation as to the spatial arrangement ,, 
9 

10 by Davison Division, W. P. crane & Company was used  
t he reection, stripping, and regeneration zones, with 

11 only the addition of reduction cone 70 and related 
11 

12 

after steaming to simulate the approximate equilib-

riom activity of the catalyst.  

12 elements. In general, any commercial catalytic 
13 Fractionation noon 100, of conventional  

13 oraokino catalyst designed for high thermal stability 
14 design, typically i0 maintained at a top pressure 

14 could be suitably employed in the present invention. 
15 ranging between about 10 and 20 pat end a bottoms 

15 Such catalysts include those containing silica and/or 
temperature ranging up to about 4000C. The specific 

16 alumina. Catalysts containing combustion promoters 
17 17 conditione will be a function of many variables  

17 each an platinum can be used. Other refractory metal 
18 including inlet product composition, inlet feed rates 

is 

oxides such as magnesia or nicosnin may be employed 
19 and desired compositions in the overhead, middle  

19 and are limited only by their ability to be effec- 

10 tiveiy regenerated under the selected conditions. 
20 

21 

cut and bottoms. The middle cut fed to hydrvgonatio 

zone 110 preferably has a boiling range of about 200 

21 With particular regard to catalytic cranking. pre 
22 to about 37i0C and is frequently referred to an a 

22 tarred catalysts include the combinations of silica 
23 light cat cycle oil. The feed to the hydrogenation 

23 and alumina, containing ii to ii wt. C alumina, and 
24 zone, preferably light cat cycle oil, should include 

24 particularly their admixtures with molecular sieves 
25 compounds which will accept hydrogen in zone 110 and 

25 or crystalline eluminosiliraten. Suitable molecular 
20 readily release the hydrogen in reaction inn. 10  

26 sieves include both naturally occurring and synthetic 

27 abaminostlicate materials, such us feujasite, cha- 
27 

20 

without dehydrogenative action. Preferred hydrogen 

donor compounds include two ring naphthnnic compounds  

29 bazite, 5-type and 7-type alumionoilioate materials 
29 nick 50 decahydrnnaphthelene (deoslin) and two ring 

29 and ultra stable, large pore crystalline alu,nino- 

30 silicate materials. When misicsd with, for example, 
10 hydroarosatic compounds such 00 tetrakydronaphthalenn 

(tetralin).  

31 silica-alumina to provide a petroleum cracking 
31 

32 Hydrogenation none 110 may be of cueven-

32 catalyst, the molecular sieve content of the fresh 
33 tinnal design. Typical hydrogenation catalysts  

finished catalyst’ 
peetieles

 is
 suitably within 

g the range from 5-35 wt. I, preferably 0-20 wt. 5. An 
34 include molybdenum salts and nickel and/or cobalt 

35 equilibrium molecular olive cracking catalyst 
35 salts deposited no a support material. The residence 
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time of the middle cot from zone 100 in the hydrogen-

2 etion none may range from about 10 to about 240 

3 minutes, depending on the hydrogen donor, hydrogens-

4 tion catalyst, operating conditions and the domired 

O degree of hydrogenation. 

An shown by the data in Tables I-CR the 

- incorporation of � reduction ;one 3D in not effective 

O for pausivating a octal contaminated catalyst unions: 

o 

A. a temperature in excess of about 500°C 

10 is ilcedi and 

11 9. at least two ,oetu)e selected from the 

12 group regulating 00 nickel, iron and vanadium are 

13 utilized. 

14 The data In Table X Shows that cue at 

15 hydrogen donor also decreases hydrogen and tote 

16 makes. When the use of a hydrogen donor On combined 

, with the previously described panaivation process, 

IS this result, in still lower coke makes. 

19 
unless otherwise noted the following test 

20 conditions were used. The COO-i cut&1ot utilized 

31 050 first stemmed at 7600C for 16 hours after 

22 which the catalyst was contaminated with the mdi-

23 outed metals by laboratory impregnation followed by 

24 nabbing in air at about 5410C for four bouts. 

25 The catalyst was then subjected to the indicated 

26 number of rodom cycles. Each cycle consisted of a. 

27 five-minute residence in a hydrogen atmosphere, 

20 a five-minute nitrogen flush and then a five-minute 

29 residence it an air atmosphere at the indicated 

o temperatures. yellowing the rodeo cycles the autO-

21 lyat was utilized in a oictocataiytic crooking (MCC) 

32 Unit. The MCC colt comprises e captive fluidized bed 

33 of catalyst kept at a cracking zone temperature of 

34 5000C.TestO were run by paaeimg a vacuum gas 

35 oil having a einimam boiling point of about 340cc 
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2 Wt, SNatal 

3 on
 

Cat 
alygt Sields Wt. 6 on Feed 

4 NiV Fe Treatment H2 coke 

5 0.29 0.31 0,67 512°C 1.13 9.11 

0 Cracking 
7620°C  
o
 

Regan. 

o 

(Many cycles) 

50 i.26 0.31 0.57 Redox 6500C 0,71 5.41 

11 4 cycles 

12 0.26 0.29 0.31 5130C Cracking 0.73 6,00 

13 707CRagoo. 

14 (lenny
 cycles)

15 0.26 0.29 0.36 Oeduo 600°C 0.53 3.94 
16 4 cycles 

17 table III Illustrates that the degree of pousivatloo 

28 is a function of the reduction zone temperature. It 

19 can be soon that the adverse catalytic effects of the 

20 metal contaminants are only slightly reduced over 

21 that of untreated catalyst, where the temperature in 

22 reduction zone 70 in only 5000c. An the reduction 

23 acne temperature Is increased, It con be soon that 

24 the degree of passivutics increases. 

21 T0I.E1I 

26
yildm Wt. S 

27 Wt, 0 Metal - Redox On Feed 
20 on Catalyst Treatment Temp. °C 163 Coke 

29 0.29162, 0.31V, 0.57Pe at, leadoo Treatment 1.13 9.11 

30 500 1.10 8.51 

31 600 0,95 7.94 

32 f25 0.98 7.33 

33 610 0,75 5.41 

34 - 700 0,59 4.80 

35 750 0,50 4.11 

1 and a maximum boiling point of about 5650C through 

2 the reactor for two minutes and analyzing for hydra-

3 gen and coke produottos. In Table I data in pre-

4 sented illustrating that the incorporation of a 

5 reduction step followed by an oxidation stop (rodeo) 

6 significantly decreased the hydrogen and coke echos. 

7 ThEI 

0 Treatment 
9 Wt. S Metal Prior to 

10 on Catelyot Crooking 7861dm Wt. C on Feed 

11 Ni 83 Coke 

12 0.16 0.le Calmed 0.86 7.82 
13 0.16 i.lO Redco 000ac 0.62 6,04 

14 0.12 0.12 Calcined 0.53 5.49 
15 0.12 1.12 RodeO 6600c 0.34 4.15 

16 0.15 0.19 0.35 Combed 1.16 10.61 
17 0.15 0.19 0.35 Redcn 6000C 0.79 7.40 

18 Table II ihluatratea that hydrogen and coke make 

10 reductions similar to that choirs in Table I also were 

20 obtained on a metale contaminated catalyst wherein 

21 the metals had been deposited by the processing of 

22 heavy metal containing feeds rather than by labors-

23 tory impregnation. 
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1 gazed an this data, in Is believed that the reduction 

2 atop decrease* the hydrogen and tote makso and that 

3 the reduction least be performed at a temperature in 

4 occeoa or sez°c. 

S Tabie iv, Illustrates that where only one 

6 of the metal contaminants is present, the redex step 

7 at 6500C is not effective in reducing the hydrogen 

8 and coke makes. 

9 

10 
11 
12 Wt. % Metal on Catalyst 

TABLE IV 

Treatment 
Prior To 
Cracking 

Yields, Mt. 
on Feed 

82 
sgy 

13 0.21 Ni Calcined 0,80 8.10 

14 0,21 Ni Radar 690°c 0.72 7,94 
15 4 cycles 

10 0.29 V Calcined 0.30 3.80 

17 0.29 V Rodeo 650°C 0.36 0.20 
19 - 4 cycles 

19 - Thus, to peseivate the extol contaminants 

20 on a catalyst, where at least a major portion i.e., 

21 at least 56 at. S of the total of the metal centasin-

22 ants comprises oick1, vanadium or iron, it may be 

22 necessary to add predetezmfnsd quantities of either 

24 of the other two contaminants. Typically, credo oil 

25 will not enchain relative high concentrations of 

26 iron. Vanadium and nickel, however, typically are 

27 found in many crudes, with the relative amounts 

20 varying with the type of crude. For example, 5cr-

29 toilS Venezuelan nrcdme have relatively high vanadium 

ao 

and relatbvoly low nickel concentrations, while the 

31 converse is tfoo for certain domestic crudes. In 

32 addition, certain hydrntceated residual oils 904 

33 hydrntroatod gas eilm may have relatively high nickel 
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1 and relatively low vanOdiarn concentrations, since 

2 hydroirnating removes vanadium more effectively than 

3 nickel. 0 ’catalyst could have substantial iron 

4 depositions where the iron oxide scale on process 

S equipment upstream of the catalyst breaks off and 

6 On transported through the system by the feedstock. 

7 The relative catalytic activity at the individual 

o 

metal contaminants nickel, vanadium and iron Lay the 

9 (creation of hydrogen and coke are approximately ID: 

10 2,5: 1. Based an this, iron preferably should be 

11 aided to penoivate catalyst contomicsted only with 

12 nickel, or vanadium. Table V illustrates the peed -

11 vntivn that is achieved by adding quantities of 

ii iron to catalyst comprising only vanadium or only 

15 nickel. 

16 TABLE  

17 Trnathent yield, wt. a 
Prior to en Feed 

19 Wt, B Metal on Catalyst Cracking a Cake 

20 0,17 ci Calcied 0.76 7.30 

05 0_I7 Ni, 0.23 Fe Redon 650°C 0,51 5.27 

22 4 cycles 

23 0.29 VCClLioed 0.38 3.00 

24 0.29 V. 0.13 Fe RedoX 6030C 0.30 3.72 
35 4 Cycles 

26 Table VI illustrates the paaaivation 

27 achieved by adding varying weights of vanadium to 

28 catalyst comprising only the nickel contaminant. 

29 Attention is directed to the fact that the addition 

33 of 0.02 wt. C vanadium followed by redec partially 

31 pansivatod the catalyst. Combination of the nickel 

32 contaminated catalyst with 0.12 wt. B vanadium 

33 followed by radix further pu0000sted the cetalyst. 

34 80000cr, combination of the nickel Contaminated 
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1 TABLE VII 

2 Wt. B Metal Treatment 

3 00 CatOlyat Prior To Vieldl Wt. on Feed 

4 Ni Fa  Cracking 52 Coke 

5 0.120.52 Calclned 0.53 5.49 
6 0.12 0.12 Reduo 650°C 0.34 4.15 
7 4 cyclen 

8 0.12 0.12 0.26 Dedon 6500C 0.31 4.50 
9 4 cycles 

10 Table VIII illustrates that sstala-centse-

11 muted catalyst also can be panoivated by the use of 

12 carbon monoxide rather than hydrogen an the reducing 

13 agent. In one run CP*qeade CO containing 99.30 CO by 

14 volume was utilized in the previously described 

� 15 passioatian process while reagent grade hydrogen was 

16 used in the comparative run. It can be mean that 

17 both reducing agents paomivstsd the catalyst to about 

18 the some extent. 

10 TABLE VIII 

20 WI, B Motel Treatment 
21 on Catal1g Piur To lieldo, Wt. S on Feed 
22 Ni V Fe Crooking 142 

cmh! 

23 0.28 0.31 0.07 Calcined 1.13 9.11 

24 mdcc 6510C 0.75 5.41 
25 4 cycles, 92 

26 Rodeo 6500C 0.73 5.83 
37 4 cycles, CO 

20 - As shown by the data of Table IX, the 

29 addition of iron or antimony followed by high temper-

30 ature redax, reduced the rate of hydrogen and coke 

31 formation. The addition 00 both iron and antimony 
,5reak 

32 followed by high temperature redoa leads to a still 

33 decrease in hydrogen and coke Rakes. 

1 catalyst with 0.50 wt. vanadium resulted in an 

2 increase in umdeslredcetalytir activity over that at 

3 the catalyst containing only 0.12 wt. B nickel. 

4 Thee, there appears to be a level of addition of the 

5 second motel component, above which the effectiveness 

6 of the pasuivatioo decreases. The exact amount of 

7 nickel, vanadium or Iran which should be added to a 

0 metal-contaminated catalyst has not been determined, 

9 TABLE VI 

lxWI. B Metal Treatment 
11 an Catalyst Prior To Yields, WI. % on Feed 
12 Ni V Cracking 92 Coke 

13 0.12 Calcined 0.00 5.65 
14 0.12 Redac 6500C 0.44 4.70 
is 4 cycles - 

16 0.12 0.02 Redee 650°C 0.39 4,53 
17 4 cycles 

18 0,12 0.12 Reden 9509C 0.34 4.15 
19 4 cycles 

200.12 0.50 Cslcinnd 1.17 11.00 
21 0.12 0.10 Radon 650°C 0.72 6.66 
22 4 cycles 

23 Table VII illustrates pansivatien of a 

24 catalyst impregnated with equal weight peroantagas of 

35 nickel and venadias. It should be noted that the 

26 redoc at 6500C resulted in a significant decrease 

27 In hydrogen and coke makes, but that, here also, the 

28 further addition of peesivating metal in the fore of 

24 ices actually increased the undesired catalytic 

10 activity of the metal contaminants slightly. 
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TABLE IX 

2 Treatment Yields, at. 
3 Prior To on Feed 
4 Mt. B Metal on Catalyst Cracking 2 

5 0.17 Ri calcined 0.76 7.30 
O 0.17 Ni, 0.23 Fe Rndao 6500C 0.51 5.27 
7 4 cycles 

8 0.27 Ni calcined 0.83 0.40 
10.27 NI, 6.52 Eb Redos 6500C 0.56 6.53 

10 4 cycles 

15 0.27 Ni, 0.52 Sb, 0.34 F. Rodeo 6500C 5.54 5.31 
12 4 cycles 

13 In addition to antimony, it in believed that other 

14

knawn paoeivation agents such as tin, bismuth and 

15 manganese in place of the antimony also would 

16 decrease the hydrogen and coke makes. 

17 It has been found that one passage through 

is the reaction and regeneration ooseu reduces the 

19 effectiveness of the reduction zone paaaivatiou. 

20 TboO, at least a portion of the catalyot preferably 

21 is passed through reduction sane 70 on every catalyst 

22 regeneratIon cycle. 

23 The quantity of Metal cootaminsnt, or 

24 pecoivetion promoter, if any, that should be 546sf to 

21 the system may be determined preferably by monitoring 

26 the hydrogen and coke sakes in the reaction zone or 

27 by analyzing the metal contaminant concentration 

26 either In the hydrocarbon Levi or on the catalyst. 

29 Where additional Iran, vanadium or nickel is to be 

30 added to the system to reduce the hydrogen and coke 

31 makes, it is believed that the additional quantities 

32 of these metals should be added to the feed, rather 

33 then impregnated Onto the catalyst prior to use. 

34 Impregnation of an excess of these metals seth the 

35 catalyst prior to use in the cracking operation 

30 may lead to higher initial hydrogen and Lobe mates. 90 Chemically Pure 
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I Moreover, whore pesoivetlun promoters having tale-

tively highvapor pressures, such as antimony. SEC 

3 used, some of the ponnivatinn

 

promoter may be lest 

4 to the atmosphere if it to impregnated onto the 

5 catalyst. It has been found that the paanivetien 

6 efficiency of antimony in higher when the antimony 

7 is incorporated into the hydrocarbon feedstock than 

when it is impregnated onto the catalyst. 

thatTable X chows that the addition of a 

10 hydrogen donor to the  none reduces the 

11 hydrogen and coke makes. When this to onehinad 

12 with the previously described p00000stiori process, 

13 still leWOf cute metes result. In Table I the teed 

14 for all tests was 60% vacuum gee nil (TOO), and 10% 

ii light cot cycle oil (LCCO(. The cocoon gas oil bed 

16 a minimum boiling point of about; 34lC and a maxi-

17 mum boiling point of about 5650C as in the previous 

10 tests. The light cat cycle oil had a minimum boiling 

19 point of about 2000C and a maximum boiling point of 

20 shoot 3250C. In the first test shown in Table Ii 

21 the LCCO was not hydrogenated and the metals teeten-

22 looted catalyst was not psosiveted. In the eruend 

23 test the LCCO traction of the tend was hydrogenated 

24 by panning the LCCO through a hydrogenation non. 

25 maintained at C temperature of shout 3710C and 

26 2000 poig, comprising a nickel-molybdenum sulfided 

27 catalyst in a carboneoeous matrix to increase the 

2B hydrogen content of the LCCO Erection from 10.01 ’ft. 

29 % hydrogen to 12.10 wt. 1i hydrogen. The average 

30 residence time of the LCCO in the hydrogenation core 

31 was about 100 minutes. in the third tent, the LCCO 

32 fraction of the feed was not hydrogenated, but the 

53 catalyst was peoniveted by subjecting the nstslyah to 

34 4 rodeo Cycles in a hydrogen atmosphere as previously 
. 

35 described. In the fvUfth test the LCCO fraction of 
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i the invention following, 10 general, the principles 

2 of the invention are intended to be coveted, tooled -

3 ing such dspartafea from the present disclosure 

4 as cone within known or customary practice in the art 

5 to which the invention pertains and as may be applied 

6 to the essential features hereinbofure set forth, and 

7 as full within the scope of the invention. 

In this patent epeciiitutioo. "pet" deeigestes "pounds per 

square inch" and is converted to the equivalent praeeure in 

kg/os2 by ornitiplcieg by 0.07031. "ICF" dosigoatof "standard 

cubic feet", and is converted to litre, by multiplying by 28.116. 

Velocities in ’foot/esu" are converted to n.e/sec by 

multiplying by 30.48, and weights expressed to ’toes" ate converted 

to tenors by multiplying by 0.0072, 

.. Temparsturon in OF are converted to °C by subtracting 32 and 

then dividing by 1.8. 

1 the feed was hydrogenated as is tent 2, and the 

2 catalyst wag peonloeted 00 to test 3. it may be seen 

3 that the coke nwha in tent d was substantially lower 

4 than that in tests 1, 2 or 3, thus demonstrating 

5 that nun of a hydrogen donor material in the feed 

6 combined with catalyst paunivatino decreases the coke 

7 aske more than either process Clone. 

S TABLE 0 

0 Feed Cornpesition-40% LCCO60%V2o 

10 wt. C metal Treatment Yields, Wt. I 
11 an Catalyst Toot Prior To on Feed 
12 NiV Fe 110. Cracking 112 Cobs 

13 0.40 0.61 0.61 1 No LCCO 1.10 10.10 
14 hydeogena-
15 tian. On 
16 catalyst 
17 panslvutlon 

16 2 LCCO hydro- 1.02 0.16 
19 gsnatad. He 
20 ostalynt - 
21 punniestlon 

22 3 HoLYCO 0.76 6.67 
23 hydrogens-
24 tion. 
25 Catalyst 
20 passlystod. 
27 Sedno7500C 
20 4 cycles, H2 

29 4 LCCO hydro- 0.75 4.60 
30 gonatad. 
31 Catalyst 
32 puaglyated. 
33 Radox 750°C 
34 4 cycles, H 

35 Although the subject process has been 

36 described with reference to a opocitic embodiment, it 

37 will be understood that it is capable of further 

30 modification. Any variations, uses or adaptations of 

-27-
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1. A method of reducing the rat. of coke production from a 

bydt000cban fnrdatuah (16) which is couched to beer molecular weight 

products (52) by contact (10) with a cracking catalyst vh000 the fnedatuck 

000taisie at least two metals selected from nickel, vanadium and iron and 

where at least some 00 the said murals became deposited on the catalyst 

as cootamicunta and where the catalyst is periodically subjected to a 

regeneration treatment (26) in the absence on hydrocarbon feedstock, 

charsctsrioed i0 that after the regeneration treatment (26) and before 

contact (10) with hydrcravbOo feedstock (16), the catalyst in subjected 

to a reduction treatment (70) at an elevated temperature for a time 

which is sufficient to at most partially posaivate the metal contaminants 

on the catalyst. 

2. The method of claws 1 is which the reduction tceoement (70) Ia 

pert nomod at a temperature shove 6000t. 

3, The method at either claim 1 or clods 2 in which at least 30 

weight portent of the total of said motel contaminants deposited 00 the 

catalyst casopriene only coo of said sist*i 000toai000t,. 

4. The method of any one of douse 1 to N aeaptiLieg the Siopo 

of; 

(a) m000tOrie0 the composition of the natal contaminant 

deposited on the catalyst; and 

(h) c’ldtrg ae effective encode at eec of said metal nootnina000 

nut present on the major contaminant no the catalyst. 

5. The method of any one of claims 1 to 4 is, which the catalyst 

is subjected to the reduction treatment (70) for a time or as average 

time in the range of from 10 to 240 minutes. 
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6. The method of any one of claims 1 to 5 in which the contenting 

(10) of the hydrocarbon feedstock with the crooking tatalyat is affected 

in the presence of added hydrogen donor material (92) siheroby at least a 

portion of the hydrogen donor material transfers hydrogen to the hydrocarbon 

feedstock and/or to cracked lower molecular weight products. 

7. The method of claim 6 in which the added hydrogen donor materiel 

(92) bee a boiling point in the range between 2000C and 500°C, 

8. The method of claim 6 or claim I in which the hydrogen demon 

material in obtained by: 

(a) fractionating (100) the cracked lower molgoular weight 

products (52); end 

(b) at least partially hydrogenating (110) the fractionated 

product (106). 

9, The method of any one of claims 6, 7 or 8 in which the added 

hydrogen donor osotnriel (92) comprises from 5 to 100 wt.X of the hydrocarbon 

feedstock to be cracked. 

98. The method of any one of name 1 to 9 in which there is added 

a pecSiYatloa agent selected from antimony, tin, biomsith and naofa0000 

to further pnsei’oato the catalyst. 
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2. Objeto de la invención 

� El Titulo de la solicitud es: "REDUCCION DEL AZUFRE EN LA GASOLINA EN 
EL CRAQUEO CATALITICO FLUIDO" (Folio 2). 

� Esta invenciOn se relaciona con la reducciOn del azufre en la gasolina y otros 
productos del petrOleo producidos por un proceso de craqueo catalitico. En 
particular esta invención se relaciona con un proceso de craqueo catalitico 
mejorado, el cual suministra corrientes de producto de craqueo catalitico de 
fracciones de gasolina liviana y pesada que tienen un contenido en azufre 
red ucid o. 

En la reivindicación independiente I se define un proceso para reducir el 
contenido de azufre de productos de craqueo liquido de un proceso de craqueo 
catalitico fluido (FCC) en el cual una alimentación de hidrocarburo pesado que 
comprende compuestos de órgano azufre es cataliticamente craqueado a 
productos mÆs ligeros mediante el contacto en un proceso de craqueo de 

. recirculación de catalizador cIclico con un inventario de catalizador de equilibrio 
de craqueo catalitico fluidizable circulante, el proceso comprende: 

(i) Suministrar una corriente de alimentación de hidrocarburo pesado 
sustancialmente liquido que comprende por lo menos un compuesto de 
órgano azufre como una impureza: 

(ii) Introducir una corriente de alimentación de hidrocarburo en la unidad del 
reactor FCC que opera bajo condiciones de craqueo catalitico y que 
comprende un inventario circulante de una composición de catalizador en 
equilibrio; 

(iii) Remover una porción del inventario de catalizador de equilibrio de la 
unidad del reactor FCC mientras se reemplazan todos los inventarios de 
catalizador en equilibrio removidos de la unidad con el catalizador fresco 
para crear un ambiente de regimen estable estacionario dentro de la 
unidad del reactor FCC; 

(iv) Poner en contacto la corriente de alimentaciOn de hidrocarburo con un 
compuesto que consiste esencialmente de por lo menos un compuesto de 
vanadio en una cantidad suficiente para incrementar selectivamente la 
concentración de vanadio en o sobre el inventario de catalizador en 
equilibrio por aproximadamente 100 a aproximadamente 20000 ppm, con 
relaciOn a la cantidad de vanadio inicialmente presente en o sobre el 
inventario de catalizador en equilibrio; y 

(v) Poner en contacto el inventario de catalizador en equilibrio en la unidad 
del reactor FCC con la corriente de alimentaciOn de hidrocarburo que 
contiene vanadio bajo un ambiente de regimen estacionario para producir 
un efluente de la zona de craqueo que comprende productos craqueados 
lIquidos, incluyendo gasolina, que tiene un contenido de azufre reducido. 

En la reivindicación independiente 12 se plantea un proceso mejorado para el 
craqueo catalitico de una fuente de alimentación de hidrocarburo que contiene 
por lo menos un compuesto de azufre orgânico que comprende poner en 
contacto en un reactor de craqueo catalitico fluido (FCC) un inventario del 
catalizador en equilibrio de craqueo catalItico fluido, removiendo una porcion del 
inventario del catalizador aunque reemplazando la misma cantidad de la 
composición de catalizador fresco para suministrar un ambiente de regimen 
estacionario dentro del reactor FCC, la mejora comprende: 
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(i) Poner en contacto la alimentaciOn de hidrocarburo con un compuesto de 
material que consiste esencialmente de por lo menos un compuesto de 
vanadio en una cantidad suficiente para incrementar selectivamente la 
concentraciôn del vanadio en o sobre el inventario de catalizador en 
equilibrio por aproximadamente 100 a aproximadamente 20000 ppm con 
relación a la cantidad del vanadio inicialmente presente en o sobre el 
inventario de catalizador en equilibrio; 

(ii) Poner en contacto de inventario de catalizador en equilibrio con la 
alimentación de hidrocarburo que contiene vanadio en una unidad del 
reactor FCC bajo un ambiente de regimen estacionario para producir un 
efluente de zona de craqueo que comprende productos craqueados 
lIquidos que incluyen gasolina, que tiene un contenido de azufre reducido. 

� Con el incremento en las regulaciones ambientales aplicadas a los productos de 
petróleo, por ejemplo en las regulaciones reformuladas de gasolina (RFG) el 
contenido de azufre en los productos generalmente ha disminuido en respuesta a 
las preocupaciones acerca de las emisiones de Oxidos de azufre y otros 
compuestos de azufre al aire luego del proceso de combustiOn. Porello, existen 
diversas propuestas tecnolOgicas para reducir la concentraciOn de azufre en el 
proceso de craqueo catalitico FCC sin necesidad de operaciones adicionales. 
Sin embargo, continUa existiendo la necesidad de encontrar maneras efectivas 
para reducir el contenido de azufre de la gasolina y de otros productos de 
craqueo lIquido. 

� El objeto de Ia invención definido se catalogO como ClOG 11/05 y ClOG 11/18, 
segCin la Clasificaciôn Internacional de Patentes (IPC). 

3. De la solicitud de Patente 

3.1. Descripciôn (artIculo 28 D 486) 

� En la descripciOn de la solicitud en estudio se alude a una figura, no obstante, 
aunque el seæor solicitante allega una (Folio 142), esta no aparece ni en la 
solicitud original ni en la solicitud internacional. Por lo tanto, se recomienda 
comentar en el memorial de respuesta la razOn de incluir dicha figura que no se 
presentO en la fase internacional o entonces, retirar la referencia hecha sobre 
ella en la descripción de la solicitud. 

� En conclusion, el capItulo descriptivo no cumplirla con el requisito de claridad 
como se requiere segUn el art. 28 de la DecisiOn 486. 

3.2. Reivindicaciones (artIculo 30 D 486) 

� En la reivindicación independiente 1 se introduce una modificación en  la etapa 
(iv) que es ’poner en contacto la corriente de alimentaciOn de hidrocarburo con 
un compuesto que consiste esencialmente de por lo menos un compuesto 
de vanadio en una cantidad suficiente para incrementar selectivamente la 
concentraciOn de vanadio en o sobre el inventario de catalizador en equilibrio por 
aproximadamente 100 a aproximadamente 20000 ppm con relaciOn a la 
cantidad de vanadio inicialmente presente en o sobre el inventario de catalizador 
en equilibrio’ (Negrita Personal). 

La expresion un compuesto que consiste esencialmente de por lo menos un 
compuesto de vanadio’ es confusa y no es apropiada porque un compuesto 
quImico se puede expresar como conformado por elementos qulmicos, iones, 
radicales, monómeros cuando son compuestos polimØricos etc., segUn su 
naturaleza, pero un compuesto no consiste en otros compuestos. 



Ahora bien, las composiciones quimicas si estân conformadas por 
compuestos quimicos en cantidades posibles de definir. Por esto, se 
recomienda al seæor solicitante corregir la expresiOn que usa para definir la 
sustancia que aæade a la corriente de alimentación de hidrocarburo, segOn lo 
que sustenta en el capItulo descriptivo, y tener en cuenta esto mismo para la 
reivindicaciôn independiente 12, literal (i). 

De otro lado, se recomienda eliminar la expresión ’aproximadamente’ porque no 
aporta precisiOn a la definición del intervalo de concentraciOn pues no se puede 
definir inequIvocamente cuªn aproximado o no puede estar un nUmero respecto 
a los Ilmites del intervalo. 

En las reivindicaciones 6, 7 y 12 tambiØn se recomienda eliminar la expresión 
’aproximadamente’ por las mismas razones expuestas en el iltimo pârrafo del 
punto anterior. 

En conclusion, las reivindicaciones 1, 6, 7 y 12 no cumplirlan con el requisito de 
claridad como se requiere segUn el art. 30 de la DecisiOn 486. 

4. Determinación del Estado de la TØcnica 

La fecha que se ha tenido en cuenta para determinar el Estado de la TØcnica es 

Fecha de la solicitud prioritaria: 10 de julio de 2001 

� Teniendo en cuenta la fecha indicada se realizO la büsqueda en el estado de la 
tOcnica de documentos relacionados con la solicitud encontrÆndose los 
siguientes: 

Fecha de 
N° Documento Titulo Publicación 

"CRACKING BLENDS OF GAS AND I de marzo de 
Dl US4728416 OIL AND RESIDUAL OIL" 1988 

"REDUCING GASOLINE SULFUR IN 29 de marzo 
D2 W00121733 FLUID CATALYTIC CRACKING" de 2001 

"METHOD OF REDUCING COKE 
FORMATION IN HEAVY 8 de diciembre 

D3 EP00660I8 HYDROCARBON FEED CATALYTIC de 1982 7__________ CRACKING" I

� Comentarios sobre el estado de la tØcnica: 

El estado de la tØcnica definido para el presente caso ha venido evolucionando 
de forma particular. 

En primer lugar, el tØcnico de nivel medic versado en la materia conoce desde 
los inicios del craqueo catalItico fluido que la calidad de la carga de 
hidrocarburos tiene efectos directos sobre el proceso1. Particularmente, se sabe 
que las impurezas màs importantes que tienen los gasOleos destinados a FCC 
son nitrOgeno, azufre y metales pesados �tales como hierro, vanadio, niquel y 
cobre, pero que estos Ultimos son contaminantes naturales del crudo que se 
depositan mntegramente en el catalizador y contribuyen temporal o 
permanentemente a la desactivaciOn de los catalizadores fluidificados ya que les 
alteran la selectividad, les reducen la estabilidad o aparecen en los productos 
como contaminantes indeseables. 

MONTGOMERY, J.A. Craqueo Catalitico �Cuarta Parte. El Efecto de la Calidad de la Carga Sobre el 
Craqueo Catalitico Tipo Fluido. Departamento de Productos Qulmicos del Petrôleo. 
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Inicialmente se conocIa que los metales pesados ocasionaban mÆs producciOn 
de hidrogeno y de coque y menos rendimiento de gasolina. 

Sin embargo, conforme se evolucionó en el desarrollo de los catalizadores 
zeoliticos se produjo un salto tecnolOgico considerable y contrario a la regla 
tØcnica hasta el momento conocida, ya que se formularon diversas propuestas 
de proceso FCC donde los catalizadores de zeolita inclulan el vanadio en los 
tamices moleculares como componente metâlico importante que reducla la 
concentración de azufre de las gasolinas (D2). 

Otras propuestas conocidas demuestran que el tØcnico de nivel medio versado 
en la materia considera la incorporaciôn de metales pesados como vanadio y 
niquel en las corrientes de alimentaciOn de gasOleos, generando efectos como la 
reacción de los metales pesados con los sulfuros de la alimentaciôn logrando asI 
reducir la concentraciOn de azufre en los productos finales y evitando el 
envenenamiento de los catalizadores con coque (Dl y D3). 

Los siguientes resUmenes corresporiden a los documentos constituidos como 
relevantes para el presente caso: 

En el documento US4728416 (Dl) se divulga un proceso de craqueo catalItico 
de mezclas de aceites gaseosos y lIquidos pesados de hidrocarburos que 
contienen cantidades sustanciales de precursores de coque, metales pesados y 
corn puestos de azufre indeseables, para obtener fracciones ligeras como por 
ejemplo gasolina, aceite de calefacción y otros prod uctos. El proceso incluye la 
regeneración del catalizador por consumo del coque. 

En Dl se enseæa que es conocida la presencia de azufre en forma elemental de 
sulfuros y/o sus compuestos en la alimentaciOn hidrocarbonada de procesos 
FCC y que el sulfuro y las formas modificadas pueden encontrarse dentro 
de las gasolinas producidas lo cual es indeseable porque afectan 
adversarnente el indice de octano ademÆs que puede ser un contaminante 
potencial del aire dado que al quemarse genera dióxido y triOxido de azufre 
(Columna 8, lIneas 9 - 20) (Problema tØcnico conocido). 

El proceso divulgado en Dl se Ileva a cabo en una unidad de proceso de 
craqueo catalitico donde una alimentaciOn hidrocarbonada es craqueada en la 
zona para ello en condiciones de temperatura y presion aptas para el craqueo en 
la presencia de un catalizador que es regenerado en una zona de regeneración 
por quemado del coque, y donde catalizador circula entre la zona de craqueo y la 
de regeneración; Ia mejora para obtener un producto comprende introducir 
suficiente cantidad de materia prima que contiene alla concentración de metales 
pesados (como vanadio) junto con la alimentaciôn de gas oil en la zona de 
craqueo para depositar Niquel y Vanadio sobre el catalizador para aumentar el 
contenido de metales pesados en dicho catalizador hasta un nivel entre 1500 y 
6000 ppm y mantener dicho nivel retirando catalizador con vanadio hacia la zona 
de regeneraciOn (Columna 39, reivindicaciOn 1). 

En Dl, se realiza el procesamiento de materiales de alimentación que contienen 
metales sustancialmente en exceso del valor convencional y que por lo tanto 
tienen un potencial significativamente mayor para acumularse sobre un 
catalizador y contaminarlo pues es normal que se produzca deshidrogenaciOn, 
condensación de aromâticos, producción de gas o formación de coque. La 
acumulaciOn de metales normalmente se considera como inconveniente para el 
procesamiento FCC pero en la propuesta de Dl se cambia la regla normal de 
trabajo. 



El azufre que contiene normalmente la alimentaciOn inhibe la actividad de los 
metales pesados manteniendo por ejemplo el vanadio en forma de sulfuro que 
es menos activo que los metales mismos y asi se evitan reacciones de 
deshidrogenacion y coquificación, pero a la vez, se reduce la concentración de 
azufre en los productos livianos (gasolinas). 

En el documento WOOl 21 733 (D2) se divulga un proceso de craqueo catailtico 
reformado capaz de mejorar la reducción del contenido de azufre en los 
productos liquidos del proceso de craqueo, incluyendo la gasolina y las 
fracciones med ias de la destilaciOn. En este proceso se usan catalizadores de 
reducción de azufre que Ilevan un componente metÆlico que reduce el 
contenido de azufre en los productos y que comprende vanadio on un 
estado de oxidación superior a cero. El componente reductor de azufre 
incluye un tamiz molecular que contiene el componente metÆlico dentro de la 
estructura porosa del tamiz (D2; Resumen de la invención). 

En D2 se enseæa que el proceso de craqueo catalItico fluido es un proceso 
convencional que emplea catalizadores basados en zeolita con un componente 
de craqueo tipo faujasita. Por lo general, en un proceso convencional de 
craqueo catalItico de lecho fluido, la alimentaciOn de hidrocarburos pesados que 
contiene los compuestos organosulfurados Se fracciona en productos mÆs 
ligeros, poniendo en contacto dicha alimentación �en un proceso ciclico de 
craqueo con recirculación de catalizador- con un material catailtico de craqueo 
fluidizable y circulante particulado. 

Las etapas importantes del proceso ciclico son: 

(i) La alimentación se fracciona catalIticamente en una zona de craqueo 
catalItico poniØndola en contacto con una fuente de catalizador 
regenerado caliente (catalizador de equilibrio) a fin de producir un efluente 
formado por productos fraccionados y catalizador usado que contiene 
coque e hidrocarburos separables por arrastre; 

(ii)El efluente se descarga y se separa, habitualmente mediante uno o mªs 
ciclones en una fase vapor rica en los productos de craqueo y en una 
fase rica en sOlidos que Ileva el catalizador usado; 

(iii) La fase vapor se extrae como producto y se fracciona en Ia columna 
principal del FCC y en sus columnas secundarias para obtener productos 
de craqueo lIquidos incluyendo gasolinas; 

(iv) El catalizador usado se arrastra normalmente con vapor para eliminar los 
hidrocarburos ocluidos en Øl, tras lo cual, se regenera por oxidación para 
producir catalizador en equilibrio que luego se recicla a la zona de 
craqueo donde se tratan nuevas cantidades de alimentación 

En el documento EP0066018 (D3) se divulga un mØtodo para reducir la actividad 
catalltica de los metales contaminantes sobre catalizadores zeoliticos y para 
reducir la formación de coque e hidrogeno sobre estos en procesos 
convencionales de craqueo catalltico fluido. 

En D3 se ensena que aunque existen corrientes de hidrocarburos de gran 
contenido de contaminantes como por ejemplo, vanadio, nIquel y hierro, es 
posible incorporar por ejemplo, vanadio adicional a la alimentaciôn de 
hidrocarburo carbometâlico en lugar de impregnarlo sobre el catalizador previo a 
su uso (D3, pÆgina 23, lineas 29 - 36). 



5. AnÆlisis de patentabilidad (articulo 14 D 486) 

5.1. Nivel inventivo (arUculo 18 D 486) 

� El tØcnico de nivel medio versado en la materia encargado de resolver el 
problema tØcnico puede ser un ingeniero qulmico que labore en la industria 
petroqulmica y que atiende a planes de mejoramiento normalmente formulados 
en las empresas. 

� De acuerdo con las reivindicaciones de la solicitud en estudio se entiende que el 
principio tØcnico sobre el cual se fundamenta la propuesta consiste en poner en 
contacto una corriente de alimentaciOn de hidrocarburo con un compuesto que 
consiste esencialmente de vanadio en cantidad suficiente para incrementar 
selectivamente la concentraciOn de vanadio en o sobre el inventario de 
catalizador en equilibrio por 100 a 20000 ppm con relaciôn a  la cantidad de 
vanadio inicialmente presente en o sobre el inventario de catalizador en 

. equilibrio, en el proceso FCC. Sin embargo, en Dl (documento mÆs próximo) se 
enseæa que en procesos FCC convencionales se puede introducir suficiente 
cantidad de materia prima que contiene alta concentraciOn de metales pesados 
como el vanadio, junto con la alimentaciOn de gas oil en la zona de craqueo para 
igualmente depositar metales pesados como NIquel y Vanadlo sobre el 
catalizador y asi aumentar el contenido de metales pesados en el catalizador 
hasta un nivel entre 1500 y 6000 ppm. 

Una diferencia encontrada entre el proceso de la solicitud en estudio y el 
divulgado en Dl es que en el primero, la corriente de alimentaciôn de 
hidrocarburo se pone en contacto con un compuesto que consiste esencialmente 
de por lo menos un compuesto de vanadio para incrementar selectivamente la 
concentraciOn de vanadio en o sobre el inventario de catalizador en equilibrio, 
mientras que en Dl se pone en contacto con una materia prima que contiene 
NIquel yVanadio. AdemÆs, en Dl no hay menciOn especifica de las condiciones 
en que se ponen en contacto las corrientes. Sin embargo, en D2 o D3 se 
encuentran enseæanzas orientadas a preferir el Vanadio como componente 

40 metÆlico de interØs (Ver resUmenes incluidos en el numeral 4 de la presente 
comunicación) y a incluir dicho componente de vanadio adicional a la 
alimentaciOn de hidrocarburo carbometâlico en lugar de impregnarlo sobre el 
catalizador previo a su uso (Ver D3). 

El tØcnico de nivel medio versado en la materia con acceso a Dl y D2 o D3, se 
veria impulsado a desarrollar procesos económicos donde incluir vanadio en las 
operaciones de craqueo catalltico fluido (FCC) genera dos efectos tØcnicos: 
reducir la concentración de sulfuro en las gasolinas y reducir la hidrogenaciOn y 
formación de coque sobre el catalizador. Estos dos efectos son simultÆneos y 
conocidos porque el contenido de azufre en la alimentación reacciona con el 
vanadio, produciendo sulfuros que se pueden retirar de las corrientes junto con 
el catalizador y reduciendo asI la concentraciOn total de azufre en los productos 
finales, ademØs de impedir el envenenamiento del catalizador por formación de 
coque. 

AsI las cosas, el proceso propuesto de la solicitud en estudio no generaria un 
efecto sorprendente que evidencie un salto tecnolOgico respecto a lo conocido 
en el arte previo. Por lo tanto, no cumpliria con el requisito de nivel inventivo 
como se requiere segin el art. 18 de la DecisiOn 486. 
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6. Respuesta a los argumentos del seæor solicitante 

La Oficina desea mencionar que Dl si contiene enseæanzas sobre la reducción de 
azufre de prod uctos liquidos del proceso FCC: 

En Dl se enseæa que es conocida la presencia de azufre en forma elemental de 
sulfuros y/o sus compuestos en la alimentaciOn hidrocarbonada de procesos FCC y 
que el sulfuro y las formas modificadas pueden encontrarse dentro de las 
gasolinas producidas 10 cual es indeseable porque afectan adversamente el 
Indice de octano ademâs que puede ser un contaminante potencial del aire 
dado que al quemarse genera diOxido y triôxido de azufre (Problema tØcnico 
conocido). 

El azufre que contiene normalmente Ia alimentación inhibe la actividad de los 
metales pesados manteniendo por ejemplo el vanadio en forma de sulfuro que es 
menos activo que los metales mismos y asi se evitan reacciones de 
deshidrogenación y coquificación, pero a  la vez, se reduce la concentraciôri de 
azufre en los productos livianos (gasolinas) (Dl; columna 8, lIneas 9 - 30). 

Teniendo en cuenta 10 anterior, un tØcnico de nivel medio versado en la materia sabe 
que al aæadir mayor concentración de vanadio se producen dos efectos, uno que la 
concentración de azufre en las gasolinas se reduce por la reacciôn de estos con el 
componente metÆlico depositado en el catalizador y dos, que se reduce la formaciOn 
de coque que envenena las zeolitas. 

7. Conclusion 

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asI: 

N° Documento No 
R eivindicaciones Requisito que afecta 

afectadas  
Dl LJS4728416 

1-13  Nivel Inventivo D2 W00121733 6 
D3 EP0066018 I  _____________________ 

En cumplimiento del artIculo 45 de la DecisiOn 486 de la Comisión de Is Comunidad 
Andina, se le indica que debe dar respuesta dentro del tØrmino de 60 dIas contados a 
partir de la fecha de notificaciOn de la presente comunicaciOn. En caso de no dar 
respuesta al presente requerimiento, 0 Si a pesar de la respuesta subsistieran los 
impedimentos para la concesión, 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,.d1)Circular Unica N° 10 de 2001. 

ALIX CARMENIZA CSPEDES DE VERGEL 
Jefe de Divisjn de Nuevas Creaciones 

El anterior req uerimiento fue notificado por fijaciOn en lista, de fecha 

CONCEPTO TECNICO EXAMINADOR TECNICO 
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