j ¢

Industria y Comercio
SUPERINTENDENCIA

oT

SOLICITUD

PATENTE DE INVENCION

e D4 = 1OY 8

REDUCCION DEI, AZUFRE EN LA GASOLINA EN EL CRAQUEO CATALITICO FLUIDO
TITULO

2

—

54

CLASIFICACION INTERNACIONAL

5

—
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(%  PETITORIO
IndUStrla y ComerC|0 | i Radreacron B&ﬁgmma Folios 184
SUPERINTENDENCIA | w I| Fecha tHD) 26B4-B1 88 17 8 14 n

Tramte 81t PCT-PATENT 379 FASE BACT 411 PRESENTAC
04 001078  OOCh Depemdencia 2329 DIVISION O MUEVAS CREACIONES

FORMULARIO UNICO DE SOLICITUD DE PATENTE
PCT
ENTRADA EN FASE NACIONAL

|® SOLICITUD DE

|Z| Patente de Invencién D Patente de Modelo de Utilidad
D Capitulo | ECapltulo ]
Nombre WR GRACE&COCONN Y IDENTIFICACION
1@ EXXONMOBIL RESEARCH &
ENGINEERING COMPANY ccC D NIT D
SOLICITANTE sociedades constituidas y existentes bajo
{71) las leyes de los Estados de Conneticut y CE D Otro D
Virginia Estados Umdos de América Cual
respectivamente
Numero

Direccion 7500 Grace Drive
Columbia Maryland 21048
Estados Unidos de América y
3225 Gallows Road
Fayfax Virginia 22037
Estados Unidos de Aménica
respectivamente

Domiciio Columbia Maryland Estados
Uridos de Amenca y
Farfax Virginia Estados
Urndos de América

respectivamente
@ IDENTIFICACION
Nombre EMILIO FERRERO
cC E NIT D
REPRESENTANTE Direccion  Carrera 4° No 72 35
O APODERADO Teléfono 347 36 11 CE D Otro D
Fax 21792 11 Cual
E mall clientes@camvo com
Domiclho Bogotd Colombia Numero 438019 TP_. 31929
'O 1 Terry G ROBERIE 4 XinJin ZHAO
2613 Liter Drnive 1731 Cattail Meadows Drive
INVENTOR (ES) Ellicott City Maryland 21046 Woodbine Maryland 21797
(72) Estados Unidos de América Estados Unidos de Aménica
2 Ranjit KUMAR 5 Michael S ZIEBARTH
6412 Tara Place 12071 Little Patuxent Parkway
Clarksvile Maryland 21029 Columbia Maryland 21046
Estados Unidos de Aménica Estados Unidos de América
3 Wu-Chang CHENG 6 Nazeer BHORE
10308 Paddington Court 10509 Tyler Terrace
Ellicott Sity Maryland 20142 Potomac Maryland 20854

Estados Urudos de América Estados Unidos de América
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|® PCT (86)
Solicitud Internacional No PCT/USD.2/23243 Fecha_Julio 8 de 2002
Publicacion Internacionat No __ WO 03/006578 A3 Fecha_Enero 23 de 2003
@ Titulo (54) REDUCCION DEL AZUFRE EN LA GASOLINA EN EL CRAQUEO

CATALITICO FLUIDO

©

Clasificacion Internaclonal {51) C10G 11/05

Priondad (33) Pais de Onigen (32) Fecha (31) Numero de Solicitud

S| E NO D us 10 de Julio de 2001 09/9501 939

Comprobante de pago No _03-85 522 Fecha _Noviembre 24 de 2003

O 000 O000XEEKRIODECRE DO -EGE ° @

Anexos

Comprobante de pago de la tasa de presentacion de la solicitud por $ 400 000 oo

Comprobante de pago por rewvindicacidn de prioridad

Documento que acredita la existencia y representacion legal cuando el solicitante sea persona juridica
Poderes sifuere el caso (Poder de WR GRACE & CO —CONN)

Documento de cesion del inventor al solicitante o a su causante

Declaraciones {Regla 4 17(n))

Copia de la solicitud internacional (Resumen descripcidn revindicaciones dibujos)

Traduccion de la solicitud internacional al castellano (Resumen descripcion reivindicaciones dibujos)
Copia del examen preliminar efectuado por la IPEA

Traduccion del examen prelimemnar efectuado porla IPEA

De ser el caso copia del contrato de acceso

De ser el caso documento que acradite la heencia o autonizacitn de uso de conocimientos tradicionales de
ias comunidades indigenas

De ser el caso certificado de depdsito del material biolégico

Arte final 12x12

De ser el caso informacién sobre otras solicitudes de patente o titulos obtenidos en el extranjero por el

mismo titular o su causante relacionadas parcial o totalmente con la invencién de esta solicitud
Ctros
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@ FIGURA CARACTERISTICA

- /!

Solicito la concesion de la patente

NOMBRE EMILIO FERRERO

L . (l —_—
FIRMA Z-—/u._Q\.. = *

CC 438 019 de Usaquén TP 31929

MRE/Ims
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The State of Maryland
Office of the Secretary of State
Apostille
(Convention de La Haye du 5 Octobre 1961)
1 Country United States of America

This public document

2 has been signed by Suzanne Mensh

3

4

5  at Annapohs, Maryland

6 the 9th day of October, 2002

7 by The Secretary of State of Maryland
8

No 86826

acting 1n the capactty of Clerk of the Circuit Court for Baltimore County

begrs the seal/stamp of the Circuit Court for Balumore County

’-" [L LY
bt K
f % = AR T i
P S
.‘F & E N E 200 h ]
&
SO .
“

+
“JANTIA v L
%z ARl
G Mo B4 e v—

10 Signature
‘

Secretary of State

gl



State of Maryland, Baltimore County, to-wit:

d
land a court of recor
Clerk of the Circuit Court for Balimore County, Mary!

h

| Suzanne C Mens

UTER
e o 31/2002 In Testimony

A th?dtl ppointed and qualified a Notary Public commencing on 07/

was a commissioned/a . -

rtthis oth day of
ffixed the seal of the Cou
to set my hand and a
Whereof | have hereun

\54% WJ_,J

Clerk of the Circuit Court F#altlmore County, Maryle nd/y’{
erk o

JUANMANG BOTERD, me.f
L NOTag)n
G Ay, L}

ST il o~ “‘iﬂ-g



CAVELIER 181
ABOGADOS

EDIFICIO SISKI
CARRERA4aN 72-35
BOGOTA 8 COLOMBIA

6

Representacién y Poder con autenticacién notaral y Apostille
para patentes, modclos de utilidad, disefios industriales,
marcas de fibrica, nombres comcrciales, cnseiias, nombres
de domimo, lemas comerciales, licenaas

Representation and  Power-of-Atiorney with  notarial
authcnhecation and Apostille for patents, utihty models,
mdustrial designs, trademarks, commercitl names, trade
emblems, domain names, slogans, hcenses

REPRESENTACION Y PODER

REPRESENTATION AND POWER-OF-ATTORNEY

Yo (nosotros), abajo firmado (s)/1 (we), the undersigned

W. R GRACE & CO -CONN,

domciliade (s) enfor

7500 Grace Drive,

Columbia, Maryland 21044, U S.A

por el presente nombramos a EMILIO FERRERO tpa 31929
GONZALO PERDOMO tpa 831 LUZ CLEMENCIA DE PAEZ tpa.
‘3555 y GERMAN CAVELIER, ipa. 832, domicihados en la Carrera 4a
N° 72 35 Bogotd Colombia cn obedecimicnto a lo dispucsto en ¢l
parigrafo 1o del Articulo 543 del Cédigo de Comereto el pnimero como
prncipal y los demas como suplentes en su orden como mus {nucstros)
representantes en todos los asuntos de propiedad industnal con facultad
para recibir notificaciones y nombrar apoderados judiciales o
extrajudiciales El primer representante suplente reemplazard al principal
en caso de auscencia ¢ impedimento temporal o defimtive de aquél La
rmisma regla sc aplicard cuando el segundo representantc suplente haya
de reemplazar al pnmero o el tercero al segundo En tales casos el
representante principal, o el pnmero o segundo suplente, en su cas), o
ambos declarardn su tntencidn de no ejercer la representacién mediinte
declaracién autenticada por Notarie Publico en Colombia, o por Notario
u otro Funcionano Publico o Cénsul de Colombia, en el extranjero y st
sc tratare de impedimento con ¢l certificado respectivo $1 alguno de los
nombrados faltarc defintivamente el siguicnte tomard su lugar Cuando
¢esarc {3 avscncia o impedimento del representante principal o de su
mero o segundo suplentes en su caso podrin gercer la
resentacién en su orden uno u otros segun cl caso asurmiéndola por
el solo hecho de ejercerla, cesando en esec momento el gjercicio de la
representacién por el pnmero scgundo o tercer suplente ¢n su caso
Ademds, conficro (conferimos) poder a fos abogados amba nombrados
para obtener la proteccidn de m (nuestra) propiedad industnial y contra
la competencia desleal a cuyo cfecto autorizo (amos) a los dichos
apoderados para que me (nas) representen ante cualesquiera entidades o
personas ¢jerzan o no Junsdiccion 4Spuist K © anite 'a. dc! orcen
admimstrative  contencioso  adrmmstrativo y judicial asi como Tos
tribunales de arbitramento en todo lo conccmiente a los siguientes
asuntos a) Obtencién de patentes de invencidn modelos de utiidact y
disefios industriales el registro de marcas dc  fibrica colechivas
defensivas, de servicio  lemas comerciales, nombres comerciales
enscilas, nombres de dominio, vanedades vegetales y denomunaciones de
ongen su rcnovacidn traspaco cambio de nombre o domucilio
cancelaciin veluntana, y el registro de heencias de uso de esos dercchos
b) Las acciones de competencia desleal proteccién del consumidor
oposicioncs u observaciones cancelacidn admumstrativa y judicial
nubdsd medidas cautelares concesién de licencias la tutcla la
protceordn de secretos industnales v en general los juicios civils
penales admimstrativos ¢ contencioso  adnunistrativos relacionados con

CAVELIER ABOGADOS
WPPODEO! 181 (MINUTAN®12 1 126 USA)

m due compliance with the terms of paragraph 1st of article 543 of the
Commercial Code do hercby appomnt TMILIO FERRERO tpa 31929
GONZALO PERDOMO, 1pa 831, LUZ CLCMLNCIA DE PAEZ, tp=
23555 and GERMAN CAVELIER tpa 832 domuciled at Carrera 4a N*
72 35 Bogoti, Colombra the first as principal and the others as
alternates 1n the order of their appointment as our representatives for all
mdustrial property matters with faculty to receive notifications and to
appoint attorneys in and out of Court The first alternate shall replace the
principal n case of his absence or of temporal or defimtive impediment
The same rule will apply when the sccond alternate representative 15 to
replace the first one or when the third 15 to replace the first or second
alternates m therr tern or both of them, sccond In such cascs, the
principal representative, or the first or sccond alternates 1n their turn or
both of them, shall statc their intention not to <ct as representatives
through a declaration given before a Notary Public 1n Colombia or before
a Notary or another Public Official or a Colombian Consul abroad nd n
case of impediment the appropnate certificate shall suffice I any of the
appointecs were to be definrtely absent the following altemate shall take
his place. When the absence or mmpediment of the principal
representative, or of the first or sccond alternate in their turn ceascs the
representation can be taken agamn n their sequence by the principal the
first or sccond alternate depending on case and the mere fict or us
excrase will suffice The exercise of the representation by the first

second or third alternates tn thewr tumn shall end at such time In addition,
we grant a m favor of the above named
attorneys ad’ fttcconthmig protection of my (our)

" BB IOOL‘TA, HALY
industrial propRTECaN

agn Mk
fwel auth %tb:":a,::i T;?om 0 repres t me {us) beforc any
authorities for. pcrsoﬂs?\ﬂt jout Jurlsdlcuon specially those
admlmstmtwc, ar.lrnmlstmtwc contcnnous,and‘ _;udlcml as well as before
Arbitration fCourt. in ‘all matters conceriung the following )
Obtainment =om.pam15..,unhty models pand Hindustnal  designs  the
reglstmtmn&ofwtradcmarks,h.collq;cnygwd ive and service marks
slogans  commcercial names trade emblems domamn names vegetal
vanietics and denominations of arigin 115 renewl assignment change of
name or doricile voluntary cancellation and the registration of licenses
of use of the above nghts b) Actios of un®air compeution prowcetion tw
the consumcr oppositions or observations admumstrative or Court
canceilation nullity infningement granting of hicenses the action for writ
mandimus the protection of trade secrets and 1n general the civil penal
and admmnistrative suits relating to those nights actions and swits

" ATa



estos derechos occiones y pProcesos que promovamos o S¢ NOS
promueven Y para que en todos los asuntos amba deterrmnados puedan
sustitwir estc mandato transigir concihar admufir los hechos del

proceso desistir cancelar recibir renunciar y ratficar los actos de
agentes oficiosos

instituted by me (us® or agamst me (us) And that in a'l the above matw. s
they may substitute this Power of Attorney comprormse concibate admut
the facts of the case desist cancel receive resign and raufy acis done Ly
representatives without a power of attorney

Dado y firmado hoy/Given and signed this October 3, 2002

en/in J_u? Maryland USA
orlb/ ~ . Znﬁé
ity il

Agsistant Secretary

Firma W, R, Grace & Co,-Conn, Signature

{

B e Ry, e

B woGy TARID sExip B
Ernrocﬂh.:; 1.:“-9 U TIFLULS
e

© CAVELIER ABOGADOS
WPPODLO!1 181 (MINUTA N°12 1 12 6 USA)



CERTIFICADO NOTARIAL (INDIVIDUO) NOTARIAL CERTIFICATE (INDIVIDUAL)

\
Alos__ <% dasdelmesde F:(" ‘\UL()\‘Q . On this 3rd day of

dc 200 ante mu No ‘Pubhc oF cf Ezu 2002 _before me, a Notary Public 0 Attess ng Official of
ﬁ | £, Baltimore County, Marylanl — _
ﬂ cxd%cmn) crsonahncnte } J personally appeared Robert A Magaio

a quxcn(es)ﬁoy’ fe de conocer y me consta que es(son) la(s) to me lmown, and known to me to be the person’s) who
persona(s) firmante(s) del documento que precede, y quien(es) executed that foregoing document, and who hasthave) legal

tiene(n) capacidad legal para otorgarlo capacity to execute 1t | .
“FINSY I‘j) ‘}I
Kimberly A Sauker, Notary Publi

Notario Publico o Funcionano Autorizado —Notary Public or Attesting Oficial

OctolLe.

CERTIFICADO NOTARIAL (SOCIEDAD) NOTARIAL CERTIFICATE (CORPORATION)
Hoy 2 de L} 'lUQ'CQ de2002 | on tus \Bf aayof_(JCHOERN 2003
TR acaw FROBIREA MNQGIo

qulen(cs) conozco personalmddtd] vy que firma(n) este who(m) I know personally and who(m) signed this document as
documento en representacion de la Sociedad/compafua representative(s) of the Corporation/Company named
denomunada _ W, R. GRACE & CO.-CONN. W. R, GRACE & CO,-CONN

.:emﬁco I cerufy

1  Que he visto los sxgumntes documentos * 1  ThatI have seen the following documents *
jk.‘tlt(jh

Corlifrado de o N GLNE € LNceND
Connect cot 18 Nov , 189§ | Connechcoty 9oy 18,1397

2 Que dichos documentos prueban lo siguiente 2 That the above documents duly prove the following

21 Que_ W. R_GRACE & CO -CONN 21 That W R. GRACE & CO -CONN

es una Sociedad/Compailia legalmente constituida y existente 15 a2 Corporation/Company legally constrtuted and 1 exisience

de acuerdo con las leyes del. Estado de Conmmecticut m accordance with the laws _of State of Conmecticut,
Estados Unidop de AmErica United States of America
22 Que el domucilio de dicha Sociedad/Compaiia es 22 Thatthe doxmc:lq: of said Corpomhon!Compths
1500 Grace Drive, 7500 Grace DrivgSec wotasio iaga ( - 8
lumb Maryland 21044 E U A Columbia Maryl'ﬁnd—ﬂz'lﬂﬁir,mﬂas..&. a-m.%
¢ .mr i
07EN

23 Que el objeto u objetos para los cuales se otorga el presente 23 Thatthe purpo;sc or purposes f w%uch the prcsent Power
poder estin comprendidos dentro del objeto social de Ia of Afttorney 15 granted are comp d within, the coxporauon

mencionada Sociedad/Comparia purposes set forth Jdnathe | arScr @y the . E‘Ilcntloncd
Corporanon!Company HAARID

24 Que el(los) St (Sres )PWO‘:’JQ‘I '{' 74 mdij"l‘l (1 24 That Mr (Messrs ) N-RL;hP Nt A I’TX')CQ[C
H
esti(n) autonzado(s) para otorgar e! presente Poder 15(are) authonzed to grant the present Power of Attorrey

Ciudad Q }YY\S@\ City (I ( Sh JleO_
Estado ’YY\O\“»I OLLL')] State m())\_.ﬂ QDOL

Hoy > (\lo thgPE de 2002'_ This_ 3\ ] dayof ( 2 v u 2) 20053
AN AL U
Notano Publico o Funcionario Autorizado — Notary Public or Attesting Oficial 7& Ulf

a2t KIMBERLY A SAUTER
o Notary Public

P

* Los documentos deben identificarse con fecha y origen * Documents must be

© CAVELIER ABOGADOS
WPPODEO! 181 (MINUTA N°121 | 2 6 USA)



W0t =] Lh

APOSTILLE
(Convention de La Haye du 5 octobre 1961)

Country

This public document
has been signed by
acting n the capacity of
bears the seal/stamp of

Certified

at 6 the
by
No

Seal/stamp 10 Signature

© CAVELIER ABOGADOS

WPPODLO. 181 (MINUTAN®12 11 2 6 USA)
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TRADUCCION OFICIAL No 09 04/03 realizada por Diego Vargas, Traductor
Oficial, Resolucién No 0001 de 1999 del Ministerio de Justicia ¥y

registrado ante el Ministeric de Relaciones Exteriores de Colombia

A continuacidén se traducen los sellos y legalizaciones de un
documento de Representacidn y Poder escrito en inglés y espafiol por
medio del cual el W R GRACE & CO -CONN domaciliado en el 7500
Grace Drive, Columbia, Maryland 21044, Estados Unidos de América
otorga derechos de Representacién y Poder a los Doctores EMILIO
FERRERO, tpa 31929, GONZALO PERDOMO, tpa 831, LUZ CLEMENCIA DE
PAEZ, tpa 23555 y GERMAN CAVELIER, tpa 832, domiciliados en la

Carrera 4 No 72-35, Bogotd, Colombia

Dado y firmado hoy 3 de octubre de 2002

en Columbia, Maryland, Estados Unidos de América

por Firma Ilegible

Subsecret ario

Firma W R Grace & Co -Conn PFPirma

COMO NOTAKIO SEXYO DI ~JLO

CERTIFICADO NOTARIAL (INDIVIDUO) del 3 de ocﬁ?&?ﬁ%’"ﬂ"&ﬁﬂ 7 J"é‘&i-b'apnde

QUE HL "EhITH Al&ayi v

% o poT L,

PR ST WO \ﬂ%

se autentica la firma del Sefior Robert A Maggﬂo] 4anterior
’“’4.: e 4
o ' =
documento % a 8
Juais £y w WNF S
HIE ol ® - 0 t el

Firma Ilegible

Kimberly A Sauter, Notario Piblico

CERTIFICADO NOTARIAL (SOCIEDAD) en donde se certifica la firma

anterior del Sefior Robert A Maggio en re resentac16n de la compafiia
Vit )=
BEAF. VARGAS
TRADUCTOR E INTERPRETE O AL

ESPARIOL INGLES - INGLES ESPAMNO
RES QOO DF ENERO 4 DE 1090 1

MINIST™ ™ VT HICT 71



W R GRACE & CO -CONN vy se certifica que la anterior es una
compafiia legalmente constituida y existente de conformidad con las
leyes del Estado de Connecticut, Estados Unidos de América, y gque
estd domiciliada en el 7500 Grace Drive, Columbia, Maryland 21044,
Eatados Unidos de América Adicionalmente se certifica que el Sefior
Robert A Maggio estd autori~vado para otorgar el presente Poder
Dado y firmado en Columbia, Estado de Maryland el 3 de octubre de

2002

Notario Pliblico o Funcionario Autorizado Firma Ileqgible

Sello KIMBERLY A SAUTER
Notario Piblico
Condado de Baliaimore, MD

Mi Comisién vence el 1 de Agosto de 2004

p. 'nu‘"
:‘ ! Estado de Maryland, Ciudad de Baltimore, a saber
L]

Ganpae®
Yo, Suzanne C Mensh, Secretario del Tribunal de Circuito para el

Condado de Baltimore, Maryland, un tribunal de registro or el
' Y ' S viing N B
COIIU HUTARM) SOXYG OfFL CI1ACULD
B! BOGOTY MALN TONSTAR JUT LA

PATOCONA CruatinE
presente certifico que KIMBERLY A SAUTER w'r_ o ".,w-“'f.".'.t. ;l;omt
ﬁh -L-n'l L] .» unu e

fue comisionado/nombradc y calificado como *NotazQ.g awxpartlr

del 07/31/2002 En Testaimeonio de lo cual, he flmad

W L L LT S

gsello del Tribunal al presente hoy 9 de octubre de 2002

o0
o L og
& %
Firma Tlegible : .
Secretario del Tribunal de Circuito para el Condado de Baltimore Maryland % 0.
@ L
o g BA\“

\_)"' /“/—-.—
L) ACSITLAR DIEGH F. VARFAS

TRADUC "OR E INTERPPZTE OFILIAL
El Estado de Maryland g0 1neics - inaes ESPARIOL

RES OCQI DE ENERO 4 DE 1990
M NISTIPID DE HISTXCTA



10

Oficina del Secretario de Estado

Apostilla

{Convention de La Haye du 5 Octubre 1961)

i Pais Estados Unidos de América
Este documento piblico

2 ha sido firmado por Suzanne Mensh

3 actuando en calidad de Secretario del Tribunal de Circuito para
el Condado de Baltimore

4 lleva el sello/estampilla del Tribunal de Caircuito para el

Condado de Baltimore

Certificado
5 en Annapolis, Maryland
[
6 el 9 de Octubre de 2002 A
'.s.“u
7 por el Secretario de Estado de Maryland -

8 Sello
\0\\\" Re), 10 Farma
¢ %
3 s Firma i1legible
w m
pu &
CJ)) 5 Secretario de Estado
»0 » L] o
"4RYLA“° £ padel umnﬁﬁm’:o o

L BE BOGOYA M 0 RON
grorocom:. ~o stk vo
£

"{ "M. -

N 86826 F % "
{
i

- v N ow
JUANMAHUEL Y TERD eDINA
NMOTAR O
!bmﬂwwwW$uwwwﬁmammd§

Es traduccidén fiel y completa de la cual se deja copia en esta

oficina para su confrontacidén

DVZ/ID-4317/WPCL002G/COLO (6032-708-002-8 ; '——‘—[/{
/) er /- Cram Sor
U|E>I3|ﬁ F/VARGAS 2

TRADUCTOR E INTERPRETE OFIC:AL
ESPANOL INGLES — INGLES ESPAROL
RES 0001 DE ENERO 4 DE 1999
MINISTERIO DE JUSTICIA
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PATENTCOOPERATIONTREATY

From the

INFLRNATIONAL PRLLIMINARY EMNAMINING AUTHORILY

lo

BEVERLY J ARTALE -
W R GRACE & CO CONN
7500 GRACE DRIVE
COLUMBIA MARYLAND 21044
MAR -3 2003

PCT

NOTIFICATION OF RECEIPT
OF DEMAND BY COMPETENT INTERNATIONAL
PRELIMINARY EXAMINING AUTHORITY

(PCT Rules 59 3(e)and 6] 1(b) firstsentence
and Administrative Instructions Section 601 (a))

U e
Date of mailt
(d:'wmomlwzﬁr) 2 7 F E B 2083
Applicant s or agent s file reference IMPORTANT NOTIFICATION
w9517 01
International application No Intemational filing date fdaymonth year) Prionty date (daymonshyear}
PCT/US02/23243 09 Jui 2002 10 Jul 2001

Applicant
WR GRACE & CO CONN

1 The applicant 1s hereby notified that this Intemational Prelminary kxamining Authortty considers the following date as the date
of receipt of the demand for intemational preliminarv examination of the international application

06 FEB 03

2 That date of receipt 1s

Apphicant s Guide Volume Il

E the actual date of receipt of the demand by this Authority (Rule 61 1(b))
D the actual date of receipt of the demanc on behalf of this Authonty (Rule 59 3(c))

D the date on which this Authonty he m response to the mvitation to comrect defects i the demand (Form
PCT/IPEA/404) recerved the required orrections.

3 l:l ATTENTION That date of receipt 1s AFTER the expiration of 19 months from the pnionity date  Consequently the
election(s) made m the demand does (do) not Fave the effect of postponing the entry into the national phase until 30 months
from the pnority date (or later 1n some QOffices) (Article 39(1)) Thercfore the acts for entry into the national phase must
be performed within 20 months from the pnonty datc (or later in some Offices) (Article 22) For details, see the PCT

D {If applicable) This notification confimis the information gven by telephone, facsimile transmission or in person on

4 Only where paragraph 3 applies, a copy of this notification has been sent to the International Bureau

Name and matling address of the IPEAS

Assistant Commusstoner for Patent, Bex PCT
Washington D C 20231 Aten RO/US

FacsimileNo 703 305 3230

Authonized officer
Larry Hammond

lelephone No 703 308-6517

Form PC1/1PEA/402 (July 1998)

1



O O PATENT

A F)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of February 6, 2003

W R Grace & Co -Conn RO/US
PCT/US02/23243 International Division
Filed July?9, 2002 Docket No W9517-01

For Gasoline Sulfur Reduction in Fluid Catalytic Cracking

Box PCT
Commussioner of Patents and
Trademarks
Washington, D C 20231
LETTER

Dear Sir

Submitted herewith for filing 1s Form PCT/IPEA/401 and Annex for
requesting International Preliminary Examination of the subject apphcation

Respectfully submutted,

Beverly ]
Reg No 32,266
Attorney for"Applicant

Tel (410) 531-4769

W R Grace & Co -Conn
7500 Grace Dnve
Columbia, Maryland 21044
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The demand st be filed directly with the competent Internitional Prelinunary Examining Am;my or {f two or more Authorities are

with the one ¢hosen by the appluant

1PEA/

PCT

The full name or mo-letter code of that Authority imay be indicated bv the applicant on the hine

CHAPTER 11

DEMAND

under Anticle 31 of the Patent Cooperation Treaty
The undersigned requests that the international applicanon specified below be the subject of
nternational preliminary examination according to the Patent Cooperation Treaty and
hereby elects all eligible States (except where otherwise indicated)

Idenufication of IPEA

For International Preliminary Exammng Authonty use only

Date of receipt of DEMAND

Box Ne. 1

IDENTIFICATION OT THE IN1ERNATIONAL APPLICATION

Apphicant sor agent sfile reterence

Intemational application No

PCT/US02/23243 09 July 2002

International filing date {day/month/vear}

(Earhest) Pnonty date (daymonth/year)

{ 09/07/2002 ) | 10 July 2001 ( 10/07/2001 )

Title of invention
Gasohne Sulfur Reduchon in Fluid Catalytic Cracking

United States of Amenca

Box No.JI APPLICANT(S)
Name and address (Famlv name followed by given name for a legal entity full offical | Telephone No
devignanon  The addresy must ine lude posial cods ond name qf country ) (410) 531 4769
_V,VS(?O (c": HACEDr& v: O-CONN Facsimile No
race Ln
a1
Columbia Maryland 21044 4098 (410) 63 4195
Teleprinter No

Applicant sregistranon No with the Office

State (that 15 cownry) of nationality
United States of Amenca

State (that 1s counitry} of residence
Unnted States of America

name qf country )
ExxonMobil Research & Engineenng Company
3225 Gallows Road
Faidax Virginia 22037
United States of Amenca

Name and address (Famuly name followed by given name for a3 legal entuy fill official designation. The address must include pastal rode and

State (thar 1s country) of nationality
United States of America

State (rhat 15 couniry} of residence
United States of America

name of country )

Name and address (Family name foliowed by given name for a legal enury full official designanon. The address must wiclude posial code and

Stale (thar 15 couniry) of natonality

State (that 1s country) of residence

D Further apphcants are indicated on a continuation sheet

Form PCT/IPEA/401 (firsi sheet) (March 2001 reprint January 2003)
LegealStar 2003 Form PCTDEM

See Notes to the demand form
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2 International appheation No
Sheel No PCTAS02/23243

Box No. 1Ill AGENT OR COMMON REPRESENTATIVE, OR ADDRESS FOR CORRESPONDENCE

The followmg person 1s D agent m commeon r*presentative
and has been appointed earlier and represents the applicani(s) also for international prehminary examination

D 15 hereby appointed and any earlier appomtment of (an) agent(s)/common representative 1s hereby revoked.
15 hereby apgomted speaifically for the procedure before the International Prehminary Examiming Authonity in

D nddition to the agent{s)common representative appointed earher

Name and address (Famuly name followed by given name for a legal entuy full officlal Telephone No

The address must ciude posial code and name of country ) {410) 631 4769
ARTALE Beverly J Facsimile No
W R GRACE & CO-CONN (410) 531 4185
7500 Grace Drive
Columbla Maryland 21044 4098 Telepnnter No
United Statas of America

Agent sregistraion No with the Office

Address for correspondunce  Mark this check box where no aﬁ:nt or common representative 1s/has been appointed and
the space above 1s used instead to indicate a special address to which correspondence should be sent

Box No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION

Statement concerning amendments *

I The applicant wishes the international preliminary examination to start on the basis of
the intemational application as onginally filed
the descniption 2] as onginally filed

as amended under Arucle 4

as ongmally filed
as amended under Arucle (9 (together with any sccompanying statement)
as amended under Arucle M

the clams

as ongmally filed
as amended under Arucle 34

the drawings

00 OO0 O

2 D The applicant wishes any amendment to the claims under Article 19 to be considered as reversed

3 D ‘The apphicant wishes the start of the intematicnal preliminary examination to be postponed unul the expiration of 20
months from the pnonty date unless the Intemgtional Preliminary Examiming Authonty receives a copy of any
amendments made under Arncle 19 or a notice from the applicamt that he does not wish to make such amendments
(Rule 69 1(d)) (Ttus check box may be mark.d only where the tume lunu under Article 19 has not yet expired }

*  Where no check box (s marked international preliminary examunation will start on the basis of the internatianal application as
onginally filed or where a copy of amendments to the claims under Article 19 and/or amendments of the international
application under Aricle 34 are received by the Intemztional Preliminary Examining Authonty before it has begun to draw up
8 wnitten opimion or the international prehminary exarrunat:on report as so amended.

20  which s the language in which the international application was filed.

D whuch 1s the language of a translation furmished for the purposes of mternational search.

D which 15 the language of publication of the iternational applicabon

D which 15 the langusge of the translation (to be) furnished for the purposes of international prelimenary examination

Longuage for the purposes of international prehmingry exammation  English

Box No.V  ELECTION OF STATES

The apphcant hereby elects all ehgible States (rhat is all States which have been designated and which are bound by Chapter Il of
the PCT)

excluding the following States which the apphcant withes not to elect

Form PCT/IPEA/401 (second sheet) (March 2001 repnnt January 2003) See Notes 1o the demand form

LegalStar 2003 Form PCTDEM

z
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International application No

SheetNo 3 PCT/US02/23243
Box No. VI CHECK LIST
For International Prehiminary
The demand 1s accompanted by the following elements 1n the language referred to n Examuning Authonity use only

Box No 1V for the purposes of internaiional prelyminary exarmnaton recerved not received

1 transiation of international applicabon sheets

2 gmendments under Article 34 sheets

3 <copy (or where required translation)
of amendments under Article 19 sheets

4 copy (or where required translation)

oo O 030
oo O ao

of statement under Article 19 sheets
5 letter sheets
6 other (spectfy) sheets

The demand 15 also accompamed by the 1tem(s) marked below

1 E fee calculation sheet statement explarning lack of signature

2 [] ongmal separate power of atiorney sequence hisungs i computer readable form

tables in computer readable form related to
sequence lisngs

other {specify) Lefter retum receipt poatcard

3 D onigmal general power of attomey

ROOO

4 D copy of general power of atlomey
reference number if any

Box No V11 SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Next to euch signature indwcate the name of the person sigming and the capacity in which the person signas ({f such capacily is not obvious from reading the demand).

/"
4
P
r:
Bevery J Aral
Common Rep lp(lvo for the Applicant
Reg No 32

{

For International' Preliminary Examining Authonty use only
1 Date of actual receipt of DEMAND

2 Adjusted date of receipt of demand due
to CORRECTIONS under Rule 60 1(b)

3 D The date of receipt of the demand 1s AFTER the expiration of 19 months D The applicant has been
from the pnonty date and item 4 or 5 beiow does not apply mformed accordingly

4 D The d;lcsof receipt of the demand 15 WITHIN the period of 19 months from the prionity date as extended by virtue of
Rule 80

5 D Although the date of receipt of the demand 1s after the expiration of 19 months from the pnonty date the delay in amival 1s
EXCUSED pursuant to Rule 82

For Interational Bureau use only

Demand received from IPEA on

Form PCT/IPEA/401 (last sheet) (January 2003) See Notes to the demand form
LegalStar 2003 Form PCTDEM

1y
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CHAPTER I
FEE CALCULATION SHEET
Annex 1o the Demand
m== For International Prehminary Examining Authority use only ==
International
apphcation No PCT/US02/23243
ell:p:;‘t:':nr;ni:r agent s W9517-01 Date stamp of the IPEA
Applicant
W R GRACE & CO -CONN and EXXONMOBIL RESEARCH & ENGINEERING
COMPANY
CALCULATION OF PRESCRIBED FEES
1 Prehimmary examination fee 76000 | P
2 Handhing fee (Applicanis from certain States are
enntled 10 a reduction of 75% of the handling fee
Where the applicars s (or all applicants are) so
entitled the amount 1o be entered at H 1s 25% of the
handling fee ) 14600 | H
3 Total of prescnibed fees
Add the amounts entered at P and H
and enter total 1n the TOTAL box 896 00
TOTAL
MODE OF PAYMENT
authonzation to charge deposit
account with the IP (selt:D below) D cash
D cheque D nsvenue stamps
D postal money order D coupons
D bank draft D other (specify)
AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT
(TIus mode of payment may not be available at ail IPEAs)
IPEA/ EPA

Authonization to charge the total fees indicated above

D (This check box may be marked only if the conditions for
deposit accourus of the IPEA so permil) Authonzation to
charge any deficiency or credit any overpayment in the

total fees indicated above

Deposit Account No 07-1770

Date February6 2003

Pyl

Name Bever)¥d Artale
Signatu

_

Form PCT/IPEA/401 (Annex) (March 2001 repnnt January 2003)
LegalStar 2003 Form PCTDFEE

£
/ Sée Notes 1o the fee calculanion sheet
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O PCT/US02/23243

PATENT COOPERATION TREATY

PCT

NOTIFICATION CONCERNING
SUBMISSION OR TRANSMITTAL
OF PRIORITY DOCUMENT

{PCT Admunustrative Instructions, Section 411)

Date of mailing {day/month/year)

From the INTERNATIONAL BUREAU

To
ARTALE, Beverly, J
WR Grace & Co -Conn pﬂ%ﬂgr“f)%%
7500 Grace Drive

Columbia, MD 21044 2002
United States of America OCT - -3

W R GRACE & CO -CONN et al

27 September 2002 (27 09 02)
Apphcant s or agent's file reference
W9517-01 IMPORTANT NOTIFICATION
International application No International filing date (day/month/year)
PCT/US02/23243 09 July 2002 (09 07 02)
International publication date (day/month/year) Priorty date (day/month/year)
Not yet published 10 July 2001 {10 07 01)
Apphcant

circumstances

1 The apphicant is hereby notified of the date of receipt (except where the letters NR appear in the right hand column} by the
International Bureau of the priority document(s) relating to the earher application(s) indicated below Unless otherwise
indicated by an astenak appearing next to a date of racelpt or by the letters NR in the nght hand column the priority
document concerned was submitted or transmitted t the international Bureau in compliance with Rule 17 1(a) or (b}

2  This updates and replaces any previously 1ssued notification concerning submission or transmrttal of priority documents

3 An astenski{*) appearing next to a date of receipt, in the nght hand column denotes a priority document submitted
or transrmitted to the International Bureau but not in compliance with Rule 17 1(a) or (b} In such a case the sttertton
of the apphcant 1s dwected to Rule 17 1{c) which prowides that no designated Office may disregard the priority claim
concerned before giving the apphcant an opportunity upon entry into the national phase to furmsh the priority document
wlthin a time Limit which 1s reasonable under the cirrumstances

4. The letters "NR" appeanng in the right hand calumn denote a priority document which was not recelved by the International
Bureau of which the applicant did not request the receiving Office to prepare and transmit to the International Bureau
as provided by Rule 17 1{a) or {b) respectively In such a case the attention of the applicant 13 directed to Rule 17 1(c) which
provides that no designated Office may disregard the priority claim concemned before giving the applicant an opportunity
upon entry into the national phase to furmish the priority document within a time hmit which 1s reasonable under the

The international Bureau of WIPO
34, chemin des Colombettes
1211 Goneva 20 Switzeriand

Facaimile No {41 22) 740 14 35

Priaritv data Prioritv apolication No, Country or remional Office Date of recaint
or PCT receivina Office af pporitv dosument
10 July 2001 (10 07 01) 09/901,939 Us 30 Augu 2002 (30 08 02)
Authonzed officer

PETRESKA Gopca

Telephone No (41 22) 338 83 38 W’L

Form PCTAB/304 (July 1888)

005159«1



O PATENT COOPERATION TREQ

From the INTERNATIONAL S8EARCHING AUTHORITY

PCT

To
W R Grace & Co -Conn NOTIFICATION OF RECEIPT
Attn Artale, Beverly J RECEIVED OF BEARCH COPY
7500 Grace Drive PATENT DEPY
Columbia, Maryland 21044 (PCT Rule 25 1)
UNITED STATES OF AMERICA SEP -4 X
\ T 1 Dete of mairg

(day/morthVyear) 02/09/2002
Apploerts or agents fa refarence IMPORTANT NOTIFICATION
w9517-01
Intemational apploahon No International fihng date{dsy/month/year) Prority date (day/monthyear}
PCT/US 02/ 23243 09/07/2002 10/07/2001
Appikcant

W R GRACE & CO -CONN

Searchmg Authority on the date indicated below

09/08/2002

1 Where the intemational Searching Authority and the Racelving Office are not the aame offios
The applicant iz hereby notified that the seanch copy of the mtemahonal applicabon was recerved by this iIntemabonal

Where the Intomational S8earching Authority and the Recelving Office are the same offics
The applicant 19 hereby notrfied that the searsh copy of the ntsmabonal application was receved on the date mdicated below

{dute of recelpt)

o the Receiving Cffice

2 [] Thesearchcopy was accompaned by a nucieste andior smmo ackd sequence isting i computer readable form

3 Time limit for establishment of International Search Report

The appiicant i informed that the tme fimit for establlshing the Inlermabonal Serch Report B 3 months from the date of
receipt indicated above or 8 menthe from the pronty «ate, whichever tme Emit expires later

4. A copy of this notificabon hes been sent to the Intern atronal Bureau and, where the first sentencs of paragraph 1 appliss,

Name and maTllng address of the intemabonal S8earchig Authority

T =& European Patent Office, P B 5818 Patentican 2
NL-2280 HV Rippwajk

Tel (+31 70)340-2040 Tx. 31 851 eponl,

Fax (+¥31 70) 340-3018

Authonzed officer
ISA/EP

Form PCT/ISA/202 (July 1998)

{3
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PATENT COOPERATION TREATY

From the RECEIVING OFFICE

To PCT

BEVERLY J ARTALE
W R GRACE & CO - CONN

7500 GRACE DRIVE NOTIFICATION OF THE INTERNATIONAL
COLUMBIA MARYLAND 21044 APPLICATION NUMBER AND OF THE
INTERNATIONAL FILINGDATE
(PCT Rule 20 5(c))
Date of mailing
| (day/month/year) 08 Aug 2002
Applicant s or agent s file rcfcrence
W9517-01 IMPORTANT NOTIFICATION
International application No Intemahonel filing dete (dawmonthiyear} Prionty date (dawmonthivear)
PCT/US02/23243 08 Jul 2002 10 Jul 2001
Applicant
WR GRACE & CO - CONN
Title of the invention

GASOLINE SLLFUR REDUCTION iN FLUID CATALYTIC CRACKING

1 Theapphcant is hercby notified that the international application hagbeen eccorded the international applicabon number and the
mienational fillng date indicated above.

2 Theapplicantis further notified that the record copy ofthe mternational applicetion.

E was transmutted to the International Bureau on 08 Aug

D hagnot yet been transmutted to the International Bureau for the reason indicated below and a copy of thusnotiflcation
hasbeen senttothe International Bureau®

D because the necessary national secunty clearance hagnot yet been obtained.
[] vectuscpemsontobespecion

* The Intcrnational Bureau monitors the transmuttal of the record copy by the receiving Office and will notify the apphicant (with
Form PCT/1B/301)of itsreceapt. Should the recard copry not have been received by the expiraton of 14 months ffom the pnonty
date, the International Burcau will notify the applicant (Rule 22 1(c))

3 FOREIGN TRANSMITTAL LICENSE INFORMATION Completed by LH

D Additional hicensc for foreign transmittal not required  This subject matter is covered by a license alrcady granted or
the equivalent U 'S national apphication. Refer to that license for mformation concerming 1ts scope

D License for forelgn transmittal not required 37 CFR. S 11(e)(1) or 37 CFR 5 11(e)(2) However & license may be
required for addisonal subject matter Se 37 CFR 5 15(b).

05 2002
El Foreign transmittal license granted 35U S C 184 37CFR S5 11 0n Aug
(dete)
[ a7crrs 150 [x] 3rcrrs 150)

Name and mailing eddress of the receiving Office Authonzed offi
Aszistant Cornmusmoner for Patent, Box PCT LARRY H OND
Washington, D C 20231 Attn RO/US
Facsinule No  703-305-3230 Telephone No  103-308-8517

Form PCT/RO/105 (July 1992) \

19



TRANSMITTAL QTER TO THE Dm(g) July 9 2002
UNITED STATES RECEIVING OFFICE Intemational Appliciiion No
RI0WIAR? (Rev 4:1005) (Modificd) PCTUS2.FRP /REV03 Attoracy Docket No We517-01
L Certificatron under 37 CFR 1 10 (if apphcable)
ET 17035kL13) US July § 2002
= Date of Deposit

1 hereby certify that the apphicahon/correspondence attached hereto Is being deposited with the United States Postal Service
"Express Mail Post Office to Addressee" service under 37 CFR 1 10 on the date indicated above and is addressed to Assistant
Commissioper for Patents, Washington, D C 20231

- RACHELH SCRIVEN

falV O RS
Signature of person mailing correspondence Typed or pnnted name of person muling comrespondence

1L D{] New International Applieation

GASOLINE SULFUR REDUCTION IN FLUID CATALY11C CRACKING Earhest pricnty date
TITLE (Dsym&nnm;;ear)
10/07/2001

SCREENING DISCLOSURE INFORMATION In order to assist 1n screening the accompanying imntenational
application for purposes of determining whether a license for foreign transmutial should and could be granted and for
other purposes, the following information 15 supphied (Note check as many boxes as apply)

A D The inveation disclosed was not made in the United States
B. D There 1s no prior U S epplication relating to this invention

C D The followng pnor U S apphication(s) contan subject matter which 1s related to the invention disclosed in the attached
international application (NOTE priorily to thes: applications may or may not be clarmed on form PCT/RO/101
(Reguest) and thes histing does not constitute a claim for prionty)

|___applicahon o 09/801 839 filed on July 10 2001
application no filed on

» The present international application {X] 15 1dentical E contans less subject matter than that found 1n the prier U S
application(s) 1dent:fied 1n paragraph C

E. D The present intemational applicahon D contains addiional subject matter not found in the pnor U § epplication(s)
identified 1n paragraph C  above The additional subject matter 15 found on pages | |
and D DOES NOT ALTER |:| MIGHT BE (CONSIDERED TO ALTER the general nature of the mvention in &
manner which would require the U S application 1o have been made avmlable for inspection by the appropnate defense
agencies under 35U SC 131 and 37CFRS5 1 See 37 CFR 5 15

WL [[] A Response to an Invitation from the RO/US The following document(s) 1s (are) enclosed
A D A Request for An Extension of Tune to File 8 Response
B. ]  APowerof Attomey (General or Regular)
c [ Replacement pages

| pages of the request (PCT/RO/101) pages of the figures
of the deseripon pages of the abstract
of the clalms

D D Submission of Prionty Documents

| Praonty documen | Priorty document | |

E D Fees as specified on attached Fee Calculation sheet form PCT/R0O/101 annex

v D A Requent for Rectification under PCT 91 D A Petition D A Sequence Listing Diskette

2 FEE CALCULATION SHEET CORRESPONDEN -
v Other (please specify)  ,rroRNEY POWER OF ATTORNEY

[ Applicant 'BEVERLY J ARTALE

The person —
signing this Attomey/Agent (Reg No ) Z name of Signer 1
form 15 the E 32 366 Q P74
1 Common Representatsve 3
- éé Ignature

US Department of Commerce Patent and Trademark Office




PCT Qe

Internahional Apphcation No

REQUEST
International Filing Date

The undersigned requests that the present
mternational application be processed
accordmg to the Patent Cooperation Treaty Name of receiving Office and "PCT International Applicaion”

Apphicant's or agent's file reference
(f desired) (12 characters maximum) Wa517-01

BoxNo I TITLE OF INVENTION
GASOLINE SULFUR REDUCTION IN FLUID CATALYTIC CRACKING

Box No. I AFPFPLICANT D Thus person 1s also inventor
ame end address (Family same followed by given nanw for & legal entlty fali official decignavion. Telephone No
The addrers nuist Incliude postol code and name of country. The country of the address indicated in this (410) 531 4789
Box Is the qpplicant's Svate (thal Is, country) of residence if no State of residers:s Is indicated below.)
\_;ngo%RACED& CO -CONN Facsimile No
race Unve
Columbia (410) 531 4105
Maryland 21046 Teleprinter No
United States of America
Apphcant's registration No wath the Office
State {that 15 couniry) of nationality State (that is country) of residence
us us
This person lLicant all designated all designated Stateg ex the Umted States the States mdicated
|fnrllhe Ml:easpgfl E States 8 D the Unfgtgdft States of Amcggtca D of Amenca only the Supplel:nnenul Bo“)‘n

Box No I FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)
[Name and address (Famtly aame follewed by given name, for  iegal enilty full efficial designation. Ths person 18,

The addrexy must inchuds posial cods and aame gf country. The country of the addresy indicated bu thiy

Box iy the applicant’s State (that b, coaniry) of residence {f mo State of residence iv tndicated befom.) IZI applicant only

ExxonMobil Research & Engineenng Compa

3226 Gallows Road w [] =ppiicent and wventor

al
Vimginia 22037 D inventor only (%f this check-bax
Unlted States of Amenca is marked, do not fill 1n below )
IAppllmt': registration No wath the Office

State (thai {s country) of nationalty State (that is country) of residence

us us
This person 15 applicent all designated all designated States ex the United States the States \ndicated 1n
lfor the purposaapgf States D the Unigtgd States of Amceenptn of Amenca only D the Supplementsl Box

[X] Further applscants and/or (further) mventors are indscated on & continuation sheet

Box No. IV AGENT OR COMMON REPRESENTATIVE, OR ADDRESS FOR CORRESPONDENCE

The person 1dentified below 13 hereby/has been appointed to act on behalf
of thI; spplicani(s) before the competent International Authonties as g agent D common representative
‘Name and address (Family saxe followed by given same for a legal enutty, fidl official designation. Telephone No
The cddres must inclhude povial eods and rame of coustry. ) (410) 531 4789
ARTALE Beverly J
WR GRACE & CO -CONN Facsimzle No
7500 Grace Dnve {410) 531 4185
Columbla
Maryland 21044 Telepranter No
Unred States of Amenca
Agent's registation No with the Office
32 366
Address for correspondence Meark this check box where no agent or common re&resentm\re 18/has been eppointed and the
used instead to indicate & special address to which correspondence should be sent.
Form PCT/RO/101 {first sheet) (March 2001 repnnt January 2002) See Notes to the request form

LegalStar 2002, Form PCTREQ
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O Sheet No O

Continuation of Box No. lIl FURTHER APPLICANTS AND/OR (FURTHER) INVENTOR(S)

If none of the following sub-boxes 15 used this sheet should not to be included in the request

Name and eddress (Family name followed by given name: for ¢ legel entlly full official designation. This person 15
The addresy must include postal code and nane of country. The coantry of ths adidress indicated in this

Bax is the applicant 5 Stute (that ls, coantry) of residence {f no State of rexidence Is Indicated below.)

ROBERIE Terry G [[] spphicant cnly

2613 Liter Dnive

Ellicott Crty D applicent and inventor

Maryland 21048

inventor only (If this check-bax 15
Unlted States of America E marked, do not fill in below )
Apphcant's registration No with the Office

State (that iz country) of nationality

State (that is country) of residence
us

us
This person 1$ applicant all designated all designated States ex: the United States the States indicated
for th't::=|l:;su1-;:osel.:;p gf D States e D the United States of Amogtu D of Amenca only th: Supplelgwiml B:)lrlc
Name and address (Family name followed by given name for a legal ent’ty full official designation. This person 1s
The addrexs must include pastal code and name of country. The conntry of the addrexs indicated in this
Bax i the applicant's State {that Is, country) of resklence if no Stase of rextderce Is indicated below,)

KUMAR Ranjit [C] eppticant anty

6412 Tara Place

Clarksvile Maryland 21029 [] epplicant and nventor

United Stales of Amenca [5<] !2veator ouly (3 this check-bos i

marked, do not fill in below)
Applicant s registration No with the Office

State (that is country) of nationality

S!gu: {that is country) of residence
u

us
This person 15 applicant all designated all designated States except the United States the States indicated in
for the pu:pc:f D States g D the United States of Amenica D of Amenca only th: Supplclrl:aelntl.l Box
[Name and address (Family name foligwed by given namwe for a legal entity, full official destgnation This person 13
The addrexy pust inclade postal code and name of country. The cowntsy of the address Indicated in thix
Box s the appiicant’s State (that I, conntry) of rexidence if o State of residence is indicated below,)

CHENG Wu-Cheng [[] epplicant onty

10308 Paddington Court

Eflicott Cty Maryland 20142 [[] appiicant and wnventor

United Sttes of Amenca [5] =vertor outy (4 thas check-box i

marked, do not fill in below )
Applicant's registration No with the Office

State (that 15 country) of nehionality

State (that 15 courtry) of residence

us us
This person licant all designated all 4 ated States the United States the States indicated
forlfhe pm-polgeaspgflm D Sm:ss D the ﬁls:l ed States of gn%mca D of Amenca only the Supplt::nnenu! Bo?r.
[Name and address (Family same followed by given name for a legal eniity full officiel designation. Thus person 15
adidress rmst include pastal code and rome of countyy, The coantry of the addrexs Indivated in this
& thie applicant’s Stute {that ks, country) of residence {f no State of residence is bndicated balow.)
ZHAO Xinjin [] eppiicant onty
1731 Cattsil Meadows Drve
Woodbine Maryland 21787 [[] eppiicant and mventor
Unrted 8 of America EI inventor only (If this check-bax 1s
marked, do not fill in below)
Applicant’s registrahon No with the Office

State (that Is country) of nationality

us

State (that is country) of residence

us
licant all designated all d ated States ex the United States the States indicated in
(s person 15 sppheant [ ] of Sesgnated [ ] 8L C5oiied Siics of Amenca [ S lned e (] e St mewint sox
g Further applicants and/or (further) inventors are indicated on another continuation sheet. ‘
See Notes to the request form

Form PCT/RO/101 (contnuation sheet) (March 2001 reprint!January 2002)
LegalStar 2002, Form PCTREQ



: SheetNo 3 O

IContmuatlon of Box No I FURTHER APPLICANTS AND/OR (FURTHER) INVENTOR(S)

If none of the following Yub-boxes 15 used, this sheet should not to be included in the request

ame and address (Family aome foliowed by given name for o legal eatlyy, full official devignation. This person 1.
The addrexs must inclade pestal code and name of country. The country of the address indicated in thix

& the applicant’s Siate (that is, country) of residence if no Stais of residence is indicated beiow.)
. L e
e Patuxent Pal
Columbia Maryland D apphcant and mventor
United States of America E mventor only (If this check-box is
marked, do not fill in below )

Applicant's registration No with the Office

State (that is country) of nationality State (that 15 country) of residence
us

us
This person licant all designated all designated States ex the United States the States incdicated m
for the purpc::;pgf' D States & D the Umstunl States of Amc:nmca D of Amenca only the Supplemental Box

ame and address (Family zame followed by given name, for & legal entlty, full official designation. This person 18
The addresy puust Includs postal code and name of courtry. The country of the addrexs indicated in thiy

ir the qpplicons’s State {that bs, country) of resldence |f mo State of residemce iy indicated below,)
BHORE Nazeer [ sppticant only
10500 Tyler Terrace
Potomac Maryland 20854 D apphicant and inventor
Unlted States of Amenca [5) nventor only 3/ thus check bax
marked, do not fill in below }

Applicant's registration No with the Office

State (that is country) of nationality State (that is country) of residence

us us

This perso Licant all designated all d ated States ex the Uniied States the States indicated 1n
for :hc pur;;:e.sapgfl L—_l States e D the l?:sllx :1 States of A.rncgnptca D of Amenca only the Supplemental Box

IName and address (Family some follywed by riven same for o legal ently full fficial designation This person 18*
The address must include pasial cods and name of country. The country of tha address tndicated in thix
Box Is the applicant’s State (that is, country) of residence {f wo State of residence bs indicoted befow.) D applicant only

D apphcant and inventor

D mventor only (If thiz check-box 13
marked, do not fAll in below )

Applhicant's registration No with the Office

State (that is couniry) of nationality State (that is country) of residence

erson t 11 designated all d ted Stateg the United States the States indicated 1n

E}I:h% pwm:m D §m 1gna D the ﬁll ol States of A’fn"&”tm D of Amenica only the Supplemental Box

Name and address (Family mame followed by ghwen name, for a legal entlty, fuil officlal designation. This person 1s

The address must include posial cods and name of country. The coantry of the address indicated in thix
b

Box is the applicant’s Stole (chat IS, eountry) of residencs |f no State of residence Is indicated below.) D apphicant anly

D applicant end nventor

D inventor only (71 thus check-bax 13
marked, do not fill in below )

Applicant's registration No wth the Office

State (that iy cowntry) of nationality State (that 12 country) of residence

D the United States the States indicated

all designated State
i Fiopis of Amenca only || the Supplemental B

Th licant all designated
forltshl:m:e?gfl D States g D the Uniled States of America

D Further applicants and/or (further) inventors are indicated on ancther continuation sheet.

Form PCT/RO/101 (continuation sheet) (March 2001 reprint January 2002) Sea Notes to the request form
LegalStar 2002, Form PCTREQ



O SheetMo 4 O

BoxNo V DESIGNATION OF STATES Mark the applicable check boxes below at least one must be marked.

1o

The following designations are hereby made under Rule 4 9(a)

Regional Patent

E AP ARIPO Patent GH Ghana, GM Gambia, KE Kenya, LS Lesotho MW Malawi MZ Mommbique, SD Su SL Sierra
Leone, SZ Swaziland TZ United Republic of Tanzama, UG U andn.bZM Zambia, ZW Zimbebwe and any other State which
}s n)Conu'lcung State of the Harare Protocol and of the PCT ﬁl%ﬂlﬂ' nd of protection or treatment deswred, specify on dotted
Ine,

BJ EA Eurssian Patent AM Armema, AZ Azerbaijan, BY Eclarus, KG Kyrgyzstan KZ Kazakhstan, MD ublic of Moldove,
RU Russian Federation TJ Tn::’klsun TM Turkmemstan and any o¥hg State which 15 & ConmtngSet';te of the Eurasian

B EP EuropeanPatent AT Austna, BE Belgi CH & L] Switzerland and Liechienstein, CY DE Germany, DK
Denmark, ES Spain FI Finlend, FR France GB Umit d dom, GR Greece, IE Ireland, IT Italy, LU Luxembourg, MC
Monaco NL Netherlands, PT Bortugal, SE Sweden, R Turkey, and sny other State which 1s & bontn::nng State of the
European Patent Convention and of BCT

BJ OA QAPI Patent BF Burkmna Faso BJ Benin, CF Central African Repubhe, CG Congo, CI Cote d'lvore, CM Cameroon, GA

abon GN Guinea, GQ Equatorial Guinea, GW Guinea B:ssaubML Mahh MR Mauntama, NE Niger, SN Sencgal, TD

Chad, TG Togo &nd other State which is a member State of OAP] and a Contracting State of the (if other kind of
protection or treatment desired, specify on dotted line)

National Patent (if other kand of protection or treatment desired, specify on dotted line)

BJ-AE —United Arab Emirates B M Gambia B Nz New Zestand

B AG Antigua and Barbuda B HR Croatia X OM Oman

B AL Albana B HU Hungary B PH Philippues

Bl AM Ammena B > Indonesia K PL Poland

B AT Austma B I el & PT Portugal

K AU Austraba B IN Inda B RO Romana

B AZ Azerbayan B IS Iceland RU Russun Federstion
B BA Bosna and Herzegovina R e Jepan

B BB Barbados B KE Kenya B sp Sudan

B BG Bulgana B KG Kyrgvastan ) SE Sweden

B BR PBraal B XKP Democratic People's Repubic B8 SG  Singapore

B BY Bclenus of Korea B s1I Slovenna

El BZ Belze B KR ‘Republic of Korea B sK Slova

B cCA Canada K Kz Xazakhstan B sL Siermaleone

B CH & LI Switzeriand and Licchtensten ] LC Samnt Lucia B 71 Tapkistan

B cN Chna B LK SnLanke B T™ Turkmenistan

B cO Colombia & LR Libens B TN Tumsma

B’ CR CostaRica B2 LS Lesotho B TR Turkey

B cu cCuba B LT Lithvana B TT Tnnidad and Tobago
B CZ Czech Republhic B LU Luxembourg

B DE Germany B LV Latvia Bl TZ United Republic of Tanzama
B DK Denmark B MA Moroceo B UA Ulomne

E pM Dommmca B MD Repubhc of Moldova B UG Uganda

B pz Algena [0 US United States of Amenca
B EC Ecuador B MG Madagascar

B EE Estonia B4 MK The iommer Yugoslav Republic of B UZ Uzbekistan

B ES Spam Macedonia B VN VietNam

B F1 Fmland B MN Mongoha B YU Yugoslavia

B GB Unred Kingdom K Mw Malewn B zA South Africa

K GD Grenada B MX Mexico B zZM Zembn

B GE Georgn I Mz Mozambique B zw Zimbabwe

B G Ghana B NO Norway

Check-boxes below reserved for designating States which have become party to the PCT efier 1ssuance of this sheet
O O O
| T a ]

Precautionary Designation Statement In addition to the designations made above, the agpllcant also mekes under Rule 4 9(2) all
other dest ons which would be permitted under the PCT except any designation(s) indicated in the Sugplunmta] Box a3
excluded the scope of this statement. The applicant declares thet those additional designations are subject to confirmation
that eny designenon which 15 not confirmed before 1he expwration of 15 months from the priority date 1s to be regarded as with

the apphcant at the expiration of that tme hmit. (Confirmation (inchuding fees) must reack the receiving Office within the 15-month time limit)

Form PCT/RO/101 (second sheet) (January 2002) See Notes to the request form
LegalStar 2002, Form PCTREQ

24



O SheetNo . B O

Box No. VI  FRIORITY CLAIM

The prionty of the follo:ﬂng carhier application(s) 15 hereby claumed

Filing date Number Where earlier application 13

of earher applicifiog_ of carlier application
(day/month/year) national application | regional application * | international application
country regional Office recerving Office

item (1)
10 July 2001 09/801 939 us
(10 07 01)

item (2)

stem (3)

item (4)

item (5)

D Further prionity claims are indicated in the Supplemental Box.

The receiving Office 1s requested o r?an: and transmit to the Internatonal Bureau a cerbified ooq of the earlier ngephmon(s)
{ y‘ the earlier application was filed with the Office vihich for the purpases of this international application is the receiving
Office) 1dentified above as

[[] attstems tem() [ wem@ [ wem@) [J tem@ [J wem® [ g?pe;l::mmlBox

* Where the earlier ication is an ARIPO application, indicinie at least one coun, 1o the Paris Conventi, the Protection
MU ity R bRl e Bl T i Bt i e o e ks Ao ey iy s

BoxNo VIIT INTERNATIONAL SEARCHING AUTHORITY

Cholce of International Searching Authority (ISA) (i two or more International Searching Authorities are competerst 10 carry ot the
international search, indicate the A m‘ho!lly ehaun.nie rw-}mq; rode may be uned)

ISA/ eP

Request to use results of earller search, reference to that search (if an earlier search has been carried owt by or requested from the

International Searching Awthority)
Date (day/month/year) Number Country (or regional Office)

BoxNo VIIT DECLARATIONS

The following declarations are contained 1n Boxes Nos. VIII (1) to (v) (mark the apphicable Number of
check boxes below and indicate in the right column the nurber of each type of declaration) declarahons
[] BoxNo v (1) Declaration as to the identit of the mventor
E Box No VI (u) Declaration as to the applicent’s entitlement, as at the mternational filing 1
date, to apply for and be granted a patent
D BoxNo VI (1) Declaration as to the applicent's entitlement, as ot the interational filing
dete, to claim the prionty of the earlier application
D Box No VIII (1v) Declaretion of inventorship (only for the purposes of the designation of the
United States of America)
|D Box No VI (v) Declaration as to non prejudicial disclosures or exceptions to lack of novelty
See Notes to the reguest form

Form PCT/RO/101 (third sheet) (March 2001) reprmt January 2002)
LegalStar 2002, Form PCTREQ
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O ShesiNo O O

BoxNo VIH(u) DECLARATION ENTITLEMENT O APPLY FOR AND BE GRANTED A PATENT

The declaration.must copform to the standardized word uded for in Section 212 see Notes to Baxes Nos VIII VI (i) to (v)
{in general) and the specific Notes to Bax No VIII i) 17% 1s Bax is not used, this sheet should not be included in the request

Declaration as to the applicant s entitlement, as et the international filng date to for and be granted a patent (Rules 4 17(u) and
SVb1s ey, n & cane whero the Gesiaratism ancer Rale 4 17() 15 ot apprOPGE granted & patent (R )

in relation to this intemational application

WR GRACE & CO CONN s entitled to apply for and be granted a patent by the wirtue of the following
an assignment from

ROBERIE Terry G of 2613 Liter Dnve Ellicott City Maryland 21046 United Ststes of Amenca

KUMAR Ranjit of 6412 Tara Place Clarkswille Maryland 21029 United States of America

ZIEBARTH Miches! S of 12071 Little Patuxent Parkway Columbla Maryland Unied Statea of Amenca
CHENG Wu-Cheng of 10308 Paddington Court, Ellicott City Maryland 20142 United States of Amenca
ZHAO Xinjin of 1731 Catiail Meadows Dnve Woaodbine Maryland 21787 Uniled States of Amenca

BHORE Nazeer of 10508 Tyler Terrace Polomac Maryland 20854 Unried States of Amenca

to WR GRACE & CO-CONN dated July 13 2001

This declaration 1= made for the purposes of all designatons

m relation to the internatonal apphcation

BExxcnMobil Research & Engineenng Compam) is entitled to apply for and be granted a patent by the wirtue of the
following assignment from

BHORE Nazeer of 10508 Tyler Terrace Potomac Maryland 20854 United States of Amenca
to ExxxonMobil Research & Engineenng Company dated July 2 2002

This declaration 18 made for the purposes of all designatons

This declarstion 15 continued on the following sheet, "Continuation of Box No VIII (u)" l

Form PCT/RO/101 (declaration sheet (1)) (March 2001, repnnt January 2002) See Notes to the request form
LegalStar 2002, Form PCTREQ
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Bax No. IX CHECK LIST, LANGUAGE OF FILING

This international apphcatidn contains
(a) the following number of

sheets in paper form

uest (mclu -~
crlglamgon sh?e?sﬁ 7

descnption (excluding 20
sequence listing part)

clarms K|
abstract
drawngs 0
Sab total number of sheets 31

uence lishing part of
mmpnm ‘actual number
of sheets {f filed in paper

'orm, whether or not also
Jiled in computer readable
Jorm see (b} below)

Total pumber of sheets K}l

-t

}(b) sequence llstmf. ar of descnption filed n

computer rea form
() Jonly (under Section 801 (a)(1))

d bemg filed
O e e, 801 (e

'I‘B:e and number of carriers (diskette,
CD ROM, CD-R or other) on which the

sequence | part 1s contained gaddmom.'
copies to be indicated under item 9(iy) in
right column)

This intemnational apphcation 15 accompanied by the following
tem(s) (mart the applicable check-baxes below and indicate in
right column the number of each stem)

1 B4 fee calculanon sheet
2 X onginal separate power of attorney
3bd ongnul general power of attomey
4 [ copy of general pawer of sttomey, reference number
If any
5 [ statement explamng lack of signature
6 [ prory document(s) identified 1n Box No VI as
item(s)
7 [ transiation of internetional application 1nto
{language)
s sepanite indscations concerning deposited microorganism
or ather biological material
9 [ sequence hisung in computer readeble form (indicate also type
and number of carners (diskette, CD-ROM, CD-R or other))

()] copy submutted for the mosq of mnternatonal search
under Rule 13rer only (and not as part of the
mtemnational application)

here check-bax or (D)1} is marked in lg,
wi gg?:?’m:) addfuogll capg(lgcluﬁg_)whm apphuhrg
the for the purposes of mtemnational search under
Rule 13ter
together with relevant statement as to the identity of

(m)Dthg copy or copies with the sequence Listing part

mentioned 1n left column

10 B9 other (specify) GORRESPONDENGE RECEIPT CARD

Number
of itemns

1

Figure of the drawings which
 should accompany the abstract

Language of filing of the

mternetional apphcanon ENGLISH

BoxNo.X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Next to each signature Indicate :he name af the person sigrung and the capacily in which the person signs (if such capacity is not
-obyious from reading the request)

3

ALE Bev '
Attomey for plicant
Reg No
For receiving Office use only
1 Date of actual] receipt of the purported 2 Drawngs
mternshonal application

Corrected date of actual receipt due 1o later but
timely recetved pepers or drawings completing the

Date of tmely receapt of the required
1 omechions uades PUT Artile 112 [ not recervea
£ Intemnational Searching Authonty 6 Transmittal of search copy delayed
{1f two or more arc competent) ISA/ untyl search fee 1s pard
For International Burcau use only
Date of recept of the record
the Intemational Bureau it

Form PCT/RO/101 (last sheet) (March 2001 repnnt January 2002)

LegalStar 2002, Form PCTREQ

See Notes to the request jorm



Thus sheet 15 not part of and does noi count as a sheet of the international application.

« ]PCT For receiving Office use only
FEE CALCULATION SHEET International Application No
Annex to the Request

Applicant's or agent's

file reference Was17-01 Dste stamp of the receiving Office

Applicant

W R. GRACE & CO -CONN
CALCULATION OF PRESCRIBED FEES
1 TRANSMITTAL FEE | 240 00f 1]
2 SEARCHFEE | 866 00] g |

International search to be carmned ot by EPO

3 INTERNATIONAL FEE
Bame¢ Fee

Where item (b) of Box No IX applies enter Sub-total number of sheets
Where 1tem (b) of Box No IX does not apply enter Tota) number of sheets

ﬁrst305heets [ 407 00

(1f two or more International Searching Authorities are competens (o corry out the insmrmational
search, mdicate the name of the Authority which is chosen to carry cuf the international search)

1

@ 2] x 900 - | 900

number of sheets fec per sheet

4
. additional component (onl{ if sequence histing part of description
15 filed in computer readable form under Section 801(a)(1), or both
in that form and on paper under Section 801(a)(11))

400 x = [b3]

fee per sheet
Add amounts entered at bl, b2 and b3 and enter total at B |

41600[ g |

Denignation Fees

The nternational application contamns designations
5 X 86 00 - |

440 oo|;_|

number of designation fees amount of designation fee
payable {maximum 5)

Add amounts entered at B and D and enter total at I L

856 00] 1 |

Applicanits riain States titled to a reduct) 73% of the
l(nf:pn,uﬂomff::’ al:’h::! the apph:z:l‘; for ail a;pl!m ::'c)?-o enl‘llk‘z the

e 4 FEE FOR PRIORITY DOCUMENT (if applicable) L 1500[p ]|
1,977 00
5 TOTAL FEES PAYABLE
Add emounts entered at T S I and P, and enter total in the TOTAL box TOTAL
[[]_ The designatson fees are not paid at this ume
MODE OF PAYMENT
authorization to charge [] postalmoney order  [] cash [J coupens
[] cheque [] bank dratt ] revenvestmps [7] other (specif)
AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT
(This mode of payment may not be available at all receiving Offices) Recerving Office RO/ uUs
" Authonzation to charge the total fees mdicated above Depostt Account No 07-4770
Date July 9, 2002

8 (This check box may be marked only if the conditions for aeposit accounts of
X the receiving oﬁ"; so permif) ﬂt{mmon 10 ch{rge aﬁy deficiency or
credit any overpayment w the total fees indicated above.

B3 Authonzation to charge the fec for prionty document.

Name /MLE. Beverly J.,

Form PCT/RO/10] (Annex) (January 2002)
LegalStar 2002, Form PCTREQ

Signature
See Nayﬂ; Jee calelatlon sheel
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Power of Attorney

ExxonMobil Research and Engineenng Company appoints the following
attomeys whose names and registration numbers in the United States Patent

and Trademark Office are set out below

Beverly J Artale, Reg No 32,366
Charles A. Cross, Reg No 32,406
Robert A. Maggio, Reg. No 28,032

to act on its behalf before the Intemationzl Patent Examining Authorty in the
matter of a PCT Application comresponding to USSN  08/901,938, entitied
Gasoline Sulfur Reduchon in Fluid Catalyllc Cracking

ExxonMobil Research and Engineenng Company
By

2

Malcolm D Keeff'
Authorized Attomey in Fact
US PTO Regstration No 27,728
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PATENT COOPERATION TREATY

From the INTERNATIONAL BUREAU

30

To
ARTALE Beverly J
WR Grace & Co -Conn
7500 Grace Drive

Columbia MD 21044
ETATS-UNIS D AMERIQUE

WwGs\ ol




A0 0 YAt

06578 A3

&

{12) lNTER‘NATIONAL APPLICATION PUBLISHFD UNDER THE PATENT COOPERATION TREATY (PCT)
o

(19) Worid Intellectual Property Organization
Inicmational Bureau

(43) International Publication Date
23 January 2003 (23 01 2003)

PCT

0 A A L R

(10) International Pubhcation Number

WO 03/0065787A3

CI10G 11705

(51) International Patent Classification’
11/18

(21) International Application Number PCT/US02/23243

{22) Intermational Filhng Date 9 July 2002 (09 D7 2002)
(25) Filing Language Enghsh
(26) Publication Laoguage Enghsh

(30) Prority Data

09/901 939 10 July 2001 (1007 2001) US

{(71) Appheonts WR GRACE & CO -CONN‘\ [US/US)
7500 Grace Dnve Columia MD 21046 (US) EXXON-
MOBIL RESEARCH & ENGINEERING COM]’ANY“
[US/US) 3225 Gallows Road Faufax VA 22037 (US)

{72) Inveators ROBERIE, 'lbrry.dG 2613 Liter Prive E]

hicott City MD 21046 (US) KUMAR, Ranpit 16412 Tara

Place Clarkswille, MD 21029 (US) CHENG, Wu-Cheng

10308 Paddmgtrn Court Elhcott City MD 20142 (L S)

ZHAO, Xinin" 1731 Catiail Meadows Dn? Woodbine,

MD 21797 (US) ZIEBARTH, Michael, S." 12071 Lutle

Patuxent Parkway Columbia, MD 21046 (US) BHORE,

Nazeer 10509 Tyler Terrace, Potomac MD 20854 (U%)

(74) Agent ARTALE Beverly, J WR Grace & Co Conn
7500 Grace Dnive Columbia MD 21044 (US)

{81) Designated States (rafional}) AE, AG AL, AM AT AU
AZ BA BB BG BR,BY BZ,CA CH CN CQ,CR,CU
CZ DE,DK DM DZ, EC ES FI1 GB GD GE, GH
GM HR HU ID IL,IN IS JP KE KG KP KR KZ LC
LK LR LS LT LU LV MA MD MG MK MN MW
MX MZ,NO NZ,OM PH PL PT RO RU SD SE, 5G
SI SK SL TJTM TN TR TT TZ, UA UG UZ VN
YU ZA ZM ZW
(84) Designated States (regroral) ARIPO patent (GH GM
KE, Ls MW MZ, SD SL, SZ, TZ UG ZM ZIW)
Eurastan patent (AM AZ BY KG KZ MD RU T) T™M)
Buropean patent (AT BE, BG CH CY CZ, DE DK, EE
ES FI FR GB GR, IE,IT LU MC NL PT SE, SK
TR) OAPI patent (BF BJ CF CG CL CM GA GN GQ
GW ML MR, NE, SN TD TG)

Declarations under Rule 4.17

— as o applicant s entitlement o apply for and be granted a
patent (Rule 4 17(11)) for all designations

as to applicant s entitlement to apply for and be granted a
patent (Rule 4 17(11}) for all designations

Published
with internanional search report

(88) Date of publication of the international search report
6 November 2003

For two-letter codes and other abbreviations refer to the "Guid
ance Notes on Codes and Abbrevianons” appearing at the begin-
nming of each regular issue of the PCT Gazette.

{54) Title GASOLINE SULFUR REDUCTION IN FLUIL: CATALYTIC CRACKING

{57) Abstraet The sulfur content of hquid cracling produzts especially the cracked gasohine 1s reduced n a catalybc cracking
~~. process employing a cracking catalyst containing a high content of vanadium The cracking process mnvolves mntroducing at least
one vanediom compound nto a hydrocarbon sulfur contaimrg feedstock to be charged to a fluid catalyhe crackang reactor operating
under steady state condilions and contaiming an equihbnum fluid crakang catalyst inventory wathin the reactor The amount of salfor
O 1 the hqmd products 1 parteular gasohne and LCO fractions, 1s meduced as a result of the increased vanadium content on the
equilibrium catalyst Advantageously sulfur reducuon 1s actueved even 1n the presence of other metal contanunents such as mickel

and won on the equlibrium catalyst



INTERNATIONAL SEARCH REPORT Intem  Application No
< . PCT/US 02/23243

1PE T C10611708  “Ci0611/18

Ancording to Intomational Patent Clessification (IPC) or ta both national clasefication and IPC

B. FIELDS SEARCHED

Minimum docurmeniation searchad (clasaificalion sysiem followad by classifizalion symbola)

IPC 7 Cl0G

Documentalion searched other than mmmum documentation o 1he axtenl that sueh documenis are included In the fokis sgarched

Elactronic data base consulted during the intemational search {(name of data base and, where praciical, sesrch terms used)
EPO-Internal, WPI Data, PAJ

€ DOCUMENTS CONSIDERED TO BE RELEVANT

Catogory | Challon of document, with indicaiion, where appropriala, of the reslevent passagas Palevan! to clalm NO

1 March 1988 (1988-03-01)

column 4, 1ine 22 - 11ine 26

column 5, 1ine 3 - 11ne 62

column 8, 1ine 9 - Tine 24

column 10, 1ine 66 —column 11, 1ine 10
column 1%, line 11 - 1ine 20

cotumn 17, 1ine 3 -~ 1ine 21, claim 1,
figure 2, table 1

29 March 2001 (2001-03-29)
cited in the application
claim 1

X US 4 728 416 A (MYERS DECEASED GEORGE D) 1-13

A WO 01 21732 A (GRACE W R & CO)' 1-13

EI Furlher docuingnts are Bsled in the conttnuation of bax ¢

Iﬂ Prsani famly members are Estsd in amnex,

Special categories of ciled documenis

A docutremt defining |he peneral slaia of lhe an wiuch s hol
considared o ba of particidar relavance

E" earSer document but publishad on or after the intermational
fiitng dale

L document which throw doubtts on prodily daim(s) or
Mﬂllsclladlo"rﬂvalish the pulimthnczl.ofan )
cilation or olther spacial reason (as speciiied)
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GASOLINE SULFUR REDUCTION IN FLUID CATALYTIC CRACKING

FIELD OF THE INVENTION
[o001] Thas invention reletes to the reduction of sulfur m gasoline and other

petroleum products produced by a catalyhc cracking process In particular, this invention
relates to an 1mproved catalytic cracking process, which provides catalytic cracked product
streams of light and heavy gasoline fractions having a reduced sulfur content

CROSS-REFERENCE TO REL.ATED APPLICATIONS

[0002)] This application 1s related to Apphication Senal No 09/144,607, filed August
31,1998

[0003] Ths application 1; also related to Application Senal Nos 09/221,539 and
09/221,540, both filed December 28, 1998

[0004] This application 15 also related to Application Senal No 09/399,637, filed
September 9, 1999

[0005) This apphcation also relates to Apphcation Senial No 09/649,627, filed
August 28, 2000

BACKGROUND OF THE INVENTION

[0006] Catalytic cracking 18 a petroleum refiming process which 1s apphed

commercially on a very large scale, especially 1n the United States where the majonty of the
refinery gasoline blending pool 1s produced by catalytic cracking, with almost all of this
comung from the flnd catalyhe cracking (FCC) process In the catalyhic cracking process,
hydrocarbon feedstocks containing heavy hydrocarbon fractions are cracked 1n a FCC reactor
or umt to form hghter products Cracking 1s accomplished by reactions taking place at
elevated temperature 1n the presence of a catalyst, with the majonty of the conversion or
cracking occurnng in the vapor phase The feedstock 1s thereby converted 1nto gasolne,
distillate and other hquid cracking products as well as highter gaseous cracking products of
four or less carbon atoms per molecule The gas partly consists of olefins and partly of
saturated hydrocarbons

[0007] During the cracking reactions some heavy matenal, known as coke, 15
deposited onto the catalyst. This reduces its catalyhc actvity and regenerahon 18 desired.



WO 03/006578 PCT/US02/23243

p ]

After removal of occluded hydrocarbons from the spent cracking catalyst, regeneration 18
accomphished by burning off the coke to restore catalyst activity The three charactenstic
steps of the catalyhc cracking can therefore be distinguished a cracking step in which the
hydrocarbons are converted into highter products, a stripping step to remove hydrocarbons
adsorbed on the catalyst and a regeneration step to bumn off coke from the catalyst The
regenerated catalyst 1s then reused 1n the cracking step

[0008] Catalytic cracking feedstocks normally contain sulfur m the form of orgamc
sulfur compounds such as mercaptans, sulfides and thiophenes The products of the cracking
process correspondingly tend to contain sulfur impurnities even though about half of the sulfur
18 converted to hydrogen sulfide during the cracking process, mainly by catalytic
decomposition of non-thiophenic sulfur compounds The distnbution of sulfur 1n the
cracking products 1s dependent on a number of factors including feed, catalyst type, additives
present, conversion and other operating conditions but, 1 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 bemng apphed to petroleum products, for
example 1n the Reformulated Gasoline (RFG) regulations, the sulfur content of the products
has generally been decreased 1n response to concerns about the emussions of sulfur oxides and
other sulfur compounds 1nto the air following combustion processes

[0009] Omne approach has been to remove the sulfur from the FCC feed by hydrotreating
before cracking 1s imitiated  While hughly effective, this approach tends to be expensive m
terms of the capital cost of the equipment as well as operattonally since hydrogen
consumphon is lugh 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 be lost when the high octane olefins are saturated

[0010] From the economic point of view, 1t would be desirable to achieve sulfur
removal 1n the cracking process itself since this would effectively desulfunze the major
component of the gasoline blending pool without additional treatment. Varnious catalytic
materials have been developed for the removal of sulfur during the FCC process cycle For
example, a FCC catalyst impregnated with vanadium and mckel metal has been shown to
reduce the level of product ( See Mystrad et al, Effect of Nickel and Vanachum on Sulfur
Reduction of FCC Naphtha, Apphed Catalyst A General 192(2000) pages 299-305) This
reference also showed that a sulfur reduction additive based on a zanc smpregnated alurmina 13
effective to reduce product sulfur in FCC products However, when mixed with a metal
impregnated catalyst, the effect of the additive to reduce sulfur was inhibited
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[0011]} Other developments fo: reducing product sulfur have centered on the removal of
sulfur from the regenerator stack gases An early approach developed by Chevron used
alumina compounds as additives to the inventory of cracking catalyst to adsorb sulfur oxides
in the FCC regenerator, the adsorbed sulfur compounds which entered the process 1n the feed
were released as hydrogen sulfide during the cracking portion of the cycle and passed to the
product recovery section of the umit where they were removed See Knishna et al, Addifrves
Improve FCC Process, Hydrocarbon Processing, November 1991, pages 59-66 The sulfur 1s
removed from stack gases emitted from the regenerator but product sulfur levels are not
greatly affected, i1f at all

[0012] An alternative technology for the removal of sulfur oxides from regenerator
stack gases 1s based on the use of magnesium-aluminum spinels as additives to the circulating
catalyst inventory in the FCCU Under the designation DESOX™ used for the additives 1n
tlus process, the technology has achieved a notable commercial success Exemplary patents
disclosing this type of sulfur removal additives include U S Patent Nos 4,963,520,
4,957,892, 4,957,718, 4,790,982 and others Again, however, product sulfur levels are not

1 2]

greatly reduced

[0013] Catalyst addrtives for the reduction of sulfur levels in the hqud cracking
products was proposed by Ziebarthetal mU S Patent 6,036,847, using compositions +
containng a trtania component, and Wormsbecher and Kim 1n U § Patents 5,376,608 and
5,525,210, using a cracking catalyst additive of an ahunina-supported Lews acid for the

production of reduced-sulfur gasoline but this system has not achieved significant

in

commercial success

[0014] In Apphcabon Senal No 09/144,607, filed August 31, 1998, catalyhc matenals
are descnibed for use 1n the catalytic cracking process, which are capable of reducing the
content of the hquid products of the cracking process These sulfur reduction catalysts
compnse, 1n addition to a porous molecular sieve component, a metal in an oxidation state
above zero within the intenor of the pore structure of the sieve  The molecular sieve 18 1
most cases a zeolite and it may be & zeolite having charactenistics consistent with the large
pore zeolites such as zeolite beta or zeolite USY or with the intermediate pore size zeohtes
such as ZSM-5 Non-zeoliic molecular sieves such as MeAPO-5, MeAPSO-5, as well as the
mesoporous crystalline matenals such as MCM-41 may be used as the sieve component of
the catalyst. Metals such as vanadium, zinc, iron, cobalt, and gallum were found to be
effective for the reduction of sulfur in the gasoline, wath vanadium being the preferred metal
The amount of the metal component 1n the sulfur reducton additive catalyst 1s normally from
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0 2 to 5 weight percent, but amounts up to 10 weight percent were stated to give some sulfur
removal effect. The sulfur reduchon component may be a separate particle additve or part of
an integrated cracking/sulfur reduction catalyst. When used as a separate particle additive
catalyst, these matenials are used in combination with an active catalytic cracking catalyst
(normally a faujasite such as zeolite Y and REY, especially as zeohite USY and REUSY) to
process hydrocerbon feedstocks 1in the FCC umit to produce low-sulfur products
[0015] In Apphcation Serial Nos 09/221,539 and 09/221,540, both filed December 28,
1998, sulfur reduction catalyst symular to the one descnbed m Applicaton No 09/144,607
were described, however, the catalyst composttions in those applications also compnse at
least one rare earth metal component (e g lanthanum) and a cerrum component, respectively
The amount of the metal component in the sulfur reduction catalysts ts normally from 02 to 5
weight percent, but amounts up to 10 weight percent were suggested to give some sulfur
removal effect.
[0016] In Apphication Serial No 09/399,637, filed September 20, 1999, an improved
catalytic cracking process for reducing the sulfur content of the hquid cracking products,
especially cracked gasoline, produced from hydrocarbon feed contaming organosulfur
compounds 1s descnibed The process employs a catalyst system having a sulfur reduction
component containing porous catalyst and a metal component 1n an oxidation state greater
than zero The sulfur reduction activity of the catalyst system 1s mcreased by increasing the
average oxtdation state of the metal component by an oxidation step following conventional
catalyst regeneration.
[0017] Application Senal No 09/649,627, filed August 28, 2000, 1s a continuation 1n
part of Apphcation Senal No 09/399,637 and discloses improved sulfur reduction additives
for use 1n a catalytic cracking process for reduction of sulfur content. The sulfur reduction
addiive compnises a non-molecular sieve support matenal (preferably an morgamc oxide
support such as AL O3, $10,, and mixtures thereof) contamming a lugh concentration of
vanadium The amount of vanadium contained 1n the sulfur reduction additive catalyst 1s
normally from about 2 0 to about 20 weight percent, typically from about 3 to about 10
weight percent (metal based on the total weight of the additive)
{0018] Despite recent sulfur reduction technologies, there continues to exist a need for
effective ways to reduce the sulfur content of gasohne and other liguid cracking products
The present invenhon was developed in response to this need
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Y OF THE INVENTION
[0019] An mmproved catalytic cracking process has now been developed which 1s

capable of improving the reduction mn the sulfur content of the products of the cracking
process, mncluding the gasoline and middle distillate cracking fractions In accordance with
the process of the mvention at least one vanadium contaiming compound 1s added to a hqud
hydrocarbon feedstock containing sulfur, and optionally, vanadium and/or mckel, as
impurtties to selectively increase the concentration of vanadium 1n the feedstock The
vanadium-enniched feedstock 1s thereafter charged mto a FCC umt operating under steady
state conditions to contact an mventery of FCC equilibrium catalyst in situ with a ngh
concentration of vanadmm, expressed as elemental vanadium

[0020] The mechamsm by which the present invention acts to enhance the removal of
sulfur components normally present in cracked hydrocarbon products 1s not precisely
understood However, the presence of high concentration of a vanadwm compound 1n the
feedstock enables the rapid transportation of vanadium over the entire circulating catalyst
mnventory, thereby increasing the activity of the cracking catalyst to remove sulfur

[o021] Accordingly, 1t 1s an advantage of the present invention to provide an improved
catalytic cracking process, which provides iquid products having improved sulfur reduchon
when compared to the sulfur reduction activity typical 1n conventional catalyst cracking
processes

[0022] 11 15 also an advantage of the present invention to provide a catalyhec cracking
process which allows for the rapid dispersion of vanadsum over the entire cracking catalyst
inventory, thereby enhancing the removal of sulfur components from cracked hydrocarbon
products

[6023] An addrtional advantage of the present invention 1s to provide a catalytic
craching process having improved product sulfur reduction without the need for the additon
of sulfur reduction additives, including zeolite/vanadium additives as disclosed 1n related
Application Senal Nos 09/144,607, 09/221,539, 09/221,540, 09/399,637 and 09/649,627
[0024] Another advantage of the present invention 1s to provide catalytic cracking
compositions 1n situ during a catalync cracking process which compositions are capable of
improving the reduction in the sulfur content of hiquad crackang products i the presence of
metal contammnants, e g mickel and 1ron.

[0025] Other objects and advantages will become apparent from the detaled
description and the appended claims



WO 03/006578 PCT/US02/23243

BRIEF DESCRIPTION OF THE DRAWINGS
[0026) The Figure outlines a typical catalytic cracking process for the reduction of

product sulfur content 1n accordance with the present invention

DET. ESCRIPTION OF THE ON

[0027} For purposes of this mmvention the term “fresh catalyst” 1s used to mdicate a
catalyst composition as manufactured and sold

[0028] The term “equilibrium catalyst” or “ecat” 1s used herein to mdicate the imventory
of cireulating fluid cracking catalyst composition in an FCC unit operating under catalytic
cracking conditions For purpose of this invention the terms “equiibrium catalyst”, “spent
catalyst” (catalyst taken from an FCC umt) and “regenerated catalyst” (catalyst leaving a
regeneration umt) shall be deemed equivalent.

[0029] The term “steady state™ 18 used heren to indicate operating conditions within a
FCC reactor unit wherein there exists within the umt a constant amount of catalyst mventory
having a constant catalyst activity at a constant rate of feed of a feedstock having a defined
composition to obtain a constant conversion rate of products

[0030] The term “conversion rate” is used herein to indicate the rate at which a
hydrocarbon feedstock 1s converted to lower molecular weight, lower boiling hydrocarbon
products

[0031] The term “catalyst activity” 18 used heremn to indicate the quantity of cracked
product formed per unit ttme per umt volume of reactor

[0032] In accordance with the present invention, a conventional FCC process 18
modified to provide a lugh concentration of vanadium (expressed as elemental vanadium})
directly onto the equalibrium catalyst inventory to reduce the sulfur content of cracked hqud
products The process involves charging a hydrocarbon feedstock, contamning at least one
organo-sulfur compound as an impurity, mnto a FCC umt operating under catalytic cracking
condstions to contact the equilibrium catalyst inventory contained m the umt. Durning the
FCC process, fresh FCC catalyst in added and equilibrium catalyst 1s withdrawn to create a
steady state condition within the FCC reactorumt Once a steady state environment 1s
reached withie the FCC unit, the hydrocarbon feedstock 15 treated to add at least one
vanadium compound to feedstock. The vanadium treated feedstock is charged mnto the FCC
unit operating under steady state condition to contact the equilibnium catalyst 1nventory and
selectively provide a lugh content of vanadium, expressed as elemental vanadrum, on the
equilibnum catalyst. The vanadium-treated catalyst 15 thereafter re-circulated throughout the




&

WO 03/006578 PCT/US02/23243

FCC umt 1n a continuous reaction/regeneration process to reduce the sulfur content of
cracked liqmd products fractions, mn particular ight and heavy gasohne fractions

[0033] The catalytic cracking process of the invention may be conducted using any
surtable catalytic cracking umt or reactor For converuence, the mnvention will be descnbed
with reference to the FCC process although the present process could be used 1n the older
moving bed type (TCC) cracking process with appropriate adjustments to suit the
requirements of the process Apart from the addition of the vanadium compound/s to the
hydrocarbon feedstock and some possible changes in the product recovery section, discussed
below, the manner of operating the process will reman unchanged Thus, conventional FCC
catalysts may be used, for example, zeolite based catalysts with a faujasite cracking
component as descnibed 1 the seminal review by Venuto and Habib, Fluid Catalyhic
Cracking with Zeohite Catalysts, Marcel Dekker, New York 1979, ISBN 0-8247-6870-1 as
well as 1n numerous other sources such as Sadeghbeigy, Flind Catalytic Cracking Handbook,
Gulf Publ Co Houston, 1995, ISBN 0-88415-290-1

[0034] Generally, the flmd catalytic cracking process in which the heavy hydrocarbon
feedstock contamng the organosulfur compounds will be cracked to lighter products takes
place 1n a catalytic cracking reactor umt by contact of the feedstock in a cychic catalyst
recirculation cracking process with a circulating fhudizable catalytic cracking catalyst
nventory consisting of particles having a s1ze ranging from about 20 to about 100 microns
The sigmificant steps 1n the cyclic process are

[0035] (1) the hydrocarbon-contamning feedstock or feed 1s charged 1nto a catalytic
cracking unit, normally contaiming one or more nsers, operating at catalytic cracking
conditions by contacting the feedstock with a source of hot, regenerated cracking catalyst to
produce an effluent compnsing cracked products and spent catalyst contaaming coke and
strippable hydrocarbons,

[0036] (1) the effluent 1s discharged and separated, normally 1n one or more cyclones,
mto a vapor phase nich 1n cracked product and a sohids nch phase compnsing the spent

catalyst,

[0037] (1) the vapor phase 1s r moved as product and fractionated in the FCC mamn
column and 1ts associated side columns to form liquid cracking products including gasoline,
[0038] (1v) the spent catalyst 1s stnpped, usually with steam, to remove occluded
hydrocarbons from the catalyst, after which the stripped catalyst 1s oxidatively regenerated to
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produce hot, regenerated catalyst which 1s then recycled to the cracking zone for cracking
further quantities of feed

[0039] As fresh catalyst equilibrates within an FCC umit or reactor, the equhbnium
catalyst 15 exposed to various conditions, such as the deposition of feedstock contamunants
and the severe regeneration of operation conditions Thus, equlibnum catalyst may contain
high levels of metal contaminants, including but not himited to, vanadium, mickel and wron
In normal operation of a FCC umit, fresh catalyst 1s added daily at the same rate that
equtlibrium catalyst 1s withdrawn This provides a constant amount of catalyst inventory
having a constant catalyst activity, which maintams a constant conversion of feed and
selectivity of desired products

[0040] Thus, at steady state operation conditions, the amount of equilibnum catalyst
the FCC umit 1s constant, 1 e the amount of fresh catalyst added to the FCC umit 1s equal to
the amoumt of equilibrium catalyst withdrawn from the umt plus the amount of equlibrium
catalyst lost due to attrition Also, during steady state operation of a FCC unit, the rate at
which a feedstock having a defined composition 1s added to the umt 1s held constant. This
feed can be characterized by a number of properties such as API gravity, spectfic gravity,
total sulfur (wt %), total mtrogen (wt %), metals content (wt %), Conradson carbon, X factor,
and bo1ling pomnt and molecular weight distributions

[0041) Typically, during the cracking reaction m the FCC unit, the sulfur in the feed
becomes distnbuted 1n the liqmd and gaseous fractions of the cracked products These
products mclude H,S gasoline, hight cycle o1l (LCO), heavy cycle ol (HCO), coke and
unconverted feed Under steady state conditions, the amount of sulfur (on a wt % basis)
generated 1n these products 1s constant Unexpectedly, however, 1t has been found that the
addition of vanadium from a secondary source to the feed being charged into a FCC umit
operating under a steady state environment selectively mcreases the concentration of
vanadium on the equlibrium catalyst circulating inventory to effechively reduce the sulfur
content of the cracked products The amount of sulfur in the hqmd products, especially the
gasohne fractions, 1s lowered as a result of the mncreased vanadium on the equihbrium
catalyst, even 1n the presence of metal contamunants such as mckel and 1ron.

[0042]) Accordingly, the process 1n accordance with the present mvention generally
comprises

[0043] (1) providing a substantially liqud heavy hydrocarbon feed stream compnsing at
least one organosulfur compound as an impurity,
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[0044] (11) charging the hydrocarbon feed stream into a FCC reactor unit operating
under catalytic cracking condizons and having a circulating inventory of an equilibrium
catalyst composition,

[0045] (1) removing a portion of the equilibrium catalyst inventory from the FCC
reactor umt while replacing all removed equilibrium catalyst inventory with fresh catalyst to
create a steady state environment withm the umt,

[0046] (1v) contacting the hydrocarbon feed stream with at least one vanadium
compound 1n an amount sufficient to increase the concentration of vanadium 1n or on the
equlibrium catalyst inventory by about 100 to about 20,000 ppm, relative to the amount of
vanadium 1nitially present in or on the catalyst inventory, and

[0047] (v) contacting the vanadium contarmng hydrocarbon feed stream with the
equilibrium catalyst mnventory in the FCC reactor umt under steady state condihons to
produce a cracking zone effluent compnsing cracked products having a reduced sulfur
content

[0048] Vanadium compounds useful in the present mnvention may be any vanadium
contaiung compound which permts the transport and deposition of the vanadwum species to
the cracking catalyst under catalytic cracking condstions Non-limiting examples of suitable
vanadium compounds are ammomum ortho-, pyro- or meta vanadates, vanadium oxides (e g
V20s), vanadic acids, organometallic vanadium complexes (e g vanadyl naphenate),
vanadium sulfate, vanadium mnitrate, vanadyl mtrate, vanadium halides and oxyhahdes (e g
vanadrum chlondes and oxychiorides) and mixtures thereof Preferably, the vanadium
compound 1s selected from the group consistng of vanadium oxalate, vanadium sulfate,
vanadrum naphthenate, vanadmm halides, and mixtures thereof

[0049] In a preferred embodiment, the vanadium compound/s are blended mio the feed
as a solution prior to myection of the feed mto the reactor Switable vanadium solutions
mclude those solutions whereimn the desired vanadium compound/s are dissolved 1n water or a
non-aqueous solvent, € g a suitable organic solvent such as pentane, toluene and the like In
a preferred embodiment, a non aqueous vanadium napthenate solution 1s used

[0050] The amount of th¢ vanadium solution added to the feed stream wll typically be
relatively small Consequently, the vanadium solution can be added to the feedstock using
any commercially available pump For practical apphcation, the delivery of the vanadium
solution may be continuous or mtermittent.

J0051) As shown n the Figure, 1n a typical FCC process 1n accordance with the
mvention, & vanadium solution 2 1s added directly wnto the feedstock 1 to be charged into the

HO
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riser reactor unit 4 to provide a vanadium containing hydrocarbon feed 3 The vanadium
containmg hydrocarbon feed 3 1s thereafter introduced 1n the niser reactor 4 containing a
equilibrium catalyst inventory and operating under a steady state environment The effluent
from the niser reactor 4 1s separated mto a cracked product stream 5 and a spent catalyst
stream 6 contaimng coke and stnppable hydrocarbons The spent catalyst stream 1s thereafter
recirculated 1n the cracking umit through a regenerator 7 to regenerate the catalyst

[0052] The cracking catalyst used in the cracking process of the invention will normally
be based on a fawasite zeohte active cracking component, which 1s conventionally zeolste Y
1n one of 1ts forms such as calcined rare-earth exchanged type Y zeolite (CREY), the
preparation of which 1s disclosed in U S Patent No 3,402,996, ultrastable type Y zeolite
(USY) as disclosed n U S Patent No 3,293,192, as well as various parhally exchanged type
Y zeolites as disclosed n U S Patents Nos 3,607,043 and 3,676,368 The actve cracking
component 1s routinely combined with a matrix matenal such as alumina n order to provide
the desiwred mechamcal charactenstics (attrition resistance etc ) as well as actrvity control for
the very active zeolite component or components The particle size of the cracking catalyst 1s
typically 1n the range of 10 to 120 mucrons for effective flmdization.

[0053] The feedstocks useful 1n the catalytic cracking process of this invention mnclude
a hqund or substantially iquid hydrocarbon feed contmiming sulfur as a contamunant The
feedstocks include those which are conventionally utthized 1n catalytic cracking processes to
produce gasoline and hight distillate frachons from heawvier hydrocarbon feedstocks The
feedstocks generally have an imtial boiling pont above about 400°F (204°C) and include
flmds such as gas otls, fuel oils, cycle oils, slurry oils, topped crudes, shale oils, oils from tar
sands, oils from coal, mixtures of two or more of these, and the ike By “topped crude” 1s
meant those o1ls which are obtained as the bottoms of a crude otl fractionator If deswred, all
or a portton of the feedstock can constitute an 011 from which a portion of the metal content
previously has been removed, e g, by hydrotreating or solvent extraction.

[0054] Optionally, the feedstock utihized 1n this process may contain as impurities one
or more of the metals nicke], vanadium and 1ron at the following typical ranges mickel ata
level of about 0 02 to about 100 ppm, vanadium at a level of about 0 02 to 500 ppm, and 1ron
at a level of 0 02 to 500 ppm In a preferred embodiment, the feedstock contains venadium as
an 1mpurity

[0055] In accordance with the process of the invention, the vanadium compound 18
added to the feed dunng operation of the FCC umit under steady state conditions The amount
of vanadium compound added to the feed will vary depending upon such factors as the nature

10
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of the feedstock used, the cracking catalyst used and the results desired Generally, the
vanadiumn compound 18 added to the feed at a rate sufficient to increase the concentration of
vanadium 1 or on the equiibrium catalyst mventory by about 100 to about 20,000 ppm,
preferably about 300 to about 5000 ppm, most preferably about 500 to about 2000 ppm,
relative to the amount of vanadium 1mtally present in or on the catalyst inventory

[0056] The concentration of vanadium on the equilibrium catalyst mventory under state
steady conditions can be determuned by the following equation

ppm V1n feed x feed rate (Tons/Day)
Catalyst Addition Rate (T/D)

PpmV on ecat =

[0057) The catalytic cracking process of the invention 18 conducted 1 conventional
FCC reactor units wherem the reaction temperature ranges from about 400 °C to 700 °C and
regeneration temperatures from about 500 °C to 850 °C are uhhzed Condrtions within the
cracking and regeneration zone, as will be understood by the skilled artisan, are not cntical
and depend upon several pararneters, such as the feed stock used, the catalyst, and the results
desired.

[0058] The effect of the improved process of the mvention 18 to reduce the sulfur
content of the liquid crackang products, especially the hight gasoline fractions although
reductions are also noted 1n the hight cycle 01l, making the products more surtable for use as a
diese] or home heating o1l blend component Gasoline sulfur reduchon of 25% or more 15
readily achievable using the process according to the present mnvention, as shown by the
Examples below The sulfur removed by the use of the process 15 converted to the inorgamic
form and released as hydrogen sulfids which can be recovered in the normal way m the
product recovery section of the FCC umit The increased load of hydrogen sulfide may
1mpose additional sour gas/water treatment requurements but with the significant reductons
1n gasoline sulfur achueved, these are not likely to be considered lrmitative

[0059] To further 1llustrate the present invention and the advantages thereof, the
following specific examples are given. The examples are given as specific illustrations of the
claim invention It should be understood, however, that the invention 1s not limited to the
specific details set forth i the examples

[0060] All parts and percentages 1n the examples as well as the remainder of the
specification are by weight unless otherwise specified

11
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[0061] Further, any range of numbers recited 1n the specification or claims, such as that
representing a particular set of properties, units of measure, conditions, physical states or
percentages, 1s intended to literally incorporate expressly heremn by reference or otherwise,
any number falling within such range, includmg any subset of numbers within any range so

recited
EXAMPLES
Example 1
(Catalytic Evaluation of Vanadium Added to Feed)
[0062] The process of the mvention was tested 1n the Davision eirculation nser (DCR)

for catalytic performance for gasoline sulfur reduction. A gas ol feed with about 1 04 wt%
of sulfur i feed was used as the base feed The feed properties are shown 1o Table 1

12
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API Gravity @60 °F
Specific Gravity @60 °F
Ambne Pont, °F

Sulfur, wt %
Total Nitrogen, wt.%
Basic Nitrogen, wt.%

Conradson Carbon, wt.%

N1, ppm

V, ppm
Fe, ppm

Nag, ppm
Cu, ppm
K Factor

Refractive Index

Average Molecular Weight

% Paraffimic Rung Carbons, C;
% Naphtheme Ring Carbons, C,
% Aromatic Ring Carbons, C,

Simulated Distillation, vol %, °F

IBP
5

10
20
30
40
50
60
70
80
90
95
FBP
Percent Recovery

Feed Properties
Heavy Vacuum Gas O1l

PCT/US02/23243

253
09023
178

1 041
007
0 0308

021

02
04
37
0
0

11 67

1501736
348
598
211
19

309
462
525
601
653
703
748
792
835
885
941
981

1063
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3

[0063) 2 50 grams of a vanadium naphthenate solution containing about 3 wt % of
vanadium was blended with 3000 grams of the feed The resulting feed contamned about
25ppm of vanadium as analyzed by ICP and a vanadium to nickel ratio of 125

[0064) A commercial FCC catalyst was used for the study The catalyst was steamed
deactivated for 4 hours at 1500°F in 100% steam The catalyst properties are shown in
Table 2

14
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Table 2

Catalyst Properties
Chemical Analyses (Fresh)
AlLO; 574 wt %
S10; 379 wt %
RE>O 205 wt %
Nax0 030 wt. %
SO, 118 wt %
Th0: 099 wt %
Fe Oy 064 wt. %
P,0s 014 wt. %
CaO 009 wt %
MgO 005 wt %
Physical Properties (3
BET Surface Area 259 m*/g
Zeolhte Area 147 m?/g
Matrix Area 112 m¥/g
Unut Cell Size 24 56 (A)
Steam Deactivation (4 hr/1 S00°F / 100% steamn)
BET Surface Area 141 m'/g
Zeolite Area 65 m’/g
Matrix Area 76 m%/g
Unit Cell Size 24 36 (A)

[0065] The catalyst and feed combinations were tested for cracking activity and
selectivity as well as gasolme sulfur effect in the DCR. The hqud product from each run was
analyzed for sulfur using a gas chromatograph with an Atorme Emssion Detector (GC-

AED) Analysis of the hqud products with the GC-AED allowed each of the sulfur species
m the gasoline region to be quantified For purposes of this example, the cut gasoline will be
defined as Cs to C;2 hydrocarbons that have a boihing pont up to 430°F  The sulfur species
mcluded in the cut of gasoline range include thiophene, tetrahydrothuophene, C;-Cs alkylated
throphenes and a variety of aliphatic sulfur species Benzothiophene 15 not mcluded 1n the cut
gasoline range

[0066] The DCR date for the catalysts 1s shown 1n Table 3 below
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Table 3
Effect of Feed Added V on Gasoline Sulfur

Vanadium, ppm 0 360 773 1250
Conversion, wt% 77 06 76 49 74 68 76 32
Kinetic Conv 336 325 295 322
C/0 Ratio 810 831 873 8 54
H> Yield, wt% 002 003 006 006
Cit Ca's Wit 165 169 170 170
Total C; ,wt% 567 566 527 542
Total C4 ,Wt% 10 52 1071 1006 10 50
Gasoline, wt% 54 22 5324 5219 53 41
LCO, wt% 18 21 18 51 19 52 18 81
Bottoms, wt% 474 500 580 487
Coke, wi% 451 4 66 492 474
Cut Gasoline Sulfur, ppm 610 500 393 412
Percent Gasoline S Reduction 18.0% 355% 32.4%
Relative to 0 ppmV

[0067] The first column shows the FCC catalyst without the addition of vanadium to
the feed The next three columns show the product yields and gasohne sulfur as the
vanadium accumulated on the catalyst at about 360 ppm, 773 ppm, and 1250 ppm The data
shows that the added vanadium decreased cut gasoline range sulfur content from 18 to 35%
as compared to the base FCC catalyst The H2 increased modestly as the vanadium increased
but the effect on coke was small

Example 2
(Catalytic Evaluation of Vanadium Added to Feed)
[0068] Ttus example shows the effect of feed vanadium gasolme m the DCR. A
commercial equihbrium FCC catalyst and & commercial FCC gas o1l feed with about 0 05
wt% of S was used The equlibnum catalyst coptamed 24 ppm Niand 110 ppm V' The
catalyst properties are shown in Table 4 below

16
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Table 4

Ecat Properties
Chemucal Analyses
$10; 6487 w%
ALO; 316 wt %
RE;O; 269 wt%
Na,O 029 wt%
SO, 013 wt%
Fe 05 wt %
O 11 wt. %
MgO 0052 wt%
P,0s 0271 wt %
Ca0 0086 wt %
N 54 ppm
A\ 110 ppm
Physical Analyses
BET Surface Area 181 m’/g
Zeohte Area 137 m?/g
Matrix Area 44 m?/g

The feed properties are shown 1n Table 5 below
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API Gravity @60 °F
Specific Gravity @60 °F
Ambhine Pont, °F

Sulfur, wt.%
Total Natrogen, wt.%
Basic Nitrogen, wt %

Conradson Carbon, wt %

N, ppm
V, ppm

Fe, ppm
Na, ppm
Cu, ppm

K Factor

Refractive Index

Average Molecular Weight

% Paraffimc Ring Carbons, C,
% Naphthemc Ring Carbons, C,
% Aromatic Ring Carbons, C;

Simulated Distillation, vol %, °F
IBP

FBP
Percent Recovery

PCT/US02/23243

Table 5

Feed Properties

23
092
157

0055
02
0056

005

194

264
433
490
577
635
685
728
M
814
860
926
988
1415
100

[0069) The DCR was operated with a nser temperature of 970°F and a regenerator
temperature of 1300°F All the hiqud products were analyzed by GC-AED for gasohne
sulfur levels The DCR data for the catalysts 13 shown 1n Table 6 below

18
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Added

Total V 1 System, ppm

V on ECAT Only, ppm

Conversion
Activity

H; Yield wt%
Ci+C's witte
Total C3 wi%
Ci wit%
Cs=wt%
Total C4 wt%%
IC, wt%
pCiwt%

Total Cs= wt%
Gasoline wt%
LCO wt%
Bottoms wt%
Coke wt%

ppm S Gasohne
Mercaptans
Thiophene
MethylThiophenes
TetrahydroThiophene
C,-Thiophenes
Thiophenol

19

DCR Study with Vadamum Added to Feed
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Table 6
970 °F Ruser Temperature
Column A Column B
E-Cat E-Cat V Feed
110 640
110 110
68
618 6 88
003 006
186 187
506 497
069 077
437 419
942 901
305 308
055 058
582 534
4913 49 03
24 90 24 90
691 684
233 285
9 7
6 5
2] 18
2 1
17 13
2 0
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Table 6 conhnued
C;-Thiophenes 7 2
MethylThiophenol 7 0
Ci-Thiophenes 7 0
BenzoThiophene 11 10
ppm § Gasohine
Light Cut Sulfur 45 38
Heavy Cut Sulfur 14 2
Cut Gasoline Sulfur 60 41
Total Sulfur n 50
Thiophenols 9 0
Total Sulfur + Thiophenols 80 51
% Gasoline S Reduction
Laght Cut Sulfur 16%
Heavy Cut Sulfur 85%
Cut Gasohne Sulfur 32%
Total Sulfur 29%
Thiophenols 100%
Total Sulfur + Thiophenols 36%

[0070] The product selechvity was interpolated to a constant conversion of 68 wt%

The first set of yield data was obtained on the base feed and base catalyst without the feed
vanadrum At the end of the first set of yield data, the DCR was operated with the same feed,
but added 39 grams of vanadium naphthenate solution mto 3000 grams of feed. The newly
made feed contamned about 390 ppm vanadium Since nickel was below the detection limut,
the rabio of vanadium and micke] was not calculated. The DCR continuously operated for 3
hours and the vanadium level on the catalyst was about 750 ppm

0071} The Ecat data with vanadium added to the feed (Column B) showed about 32%
reduction 1n cut gasoline sulfur as compared to the base Ecat (Column A)

[0072] Reasonable vanations and modifications, which will be apparent to those skilled
m the art, can be made 1n this mvention without departing from the spimit and scope thereof
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What 15 claxmed 1s

1 A process of reducing the sulfur content of cracking products from a flwd catalytic
cracking (FCC) process i which a beavy hydrocarbon feed comprnising organosulfur
compounds 1s catalytcally cracked to hghter products by contact in a eyclic catalyst
recirculation cracking process with a circulating fludizable catalytic cracking equiibrium
catalyst inventory, the process compnsing

) providing a substantially hquid heavy hydrocarbon feed stream compnsing at
least one organosulfur compound as an impurnty,

(n)  mntroducing the hydrocarbon feed stream into a FCC reactor umit operatng
under catalytic cracking conditzons and compnsing a circulating mventory of an equlibrium
catalyst composition,

() removing a portion of the equilibrium catalyst mventory from the FCC reactor
umt while replacing all the equilibrium catalyst inventory removed from the umit with fresh
catalyst to create a steady state environment within the FCC reactor unit;

(=v)  contacting the hydrocarbon feed stream wath at Jeast one vanadium compound
m an amount sufficient to mcrease the concentration of vanadium in or on the equilibnum
catalyst inventory by about 100 to about 20,000 ppm, relative to the amount of vanadmm
mtially present i or on the catalyst inventory;

(v)  contacting the equlibrium catalyst mnventory 1n the FCC reactor unit with the
vanadium contaymng hydrocarbon feed stream under a steady state environment to produce a
cracking zone effluent comprising cracked products, including gasoline, having a reduced
sulfur content

2 The process of claun 1 further comprising simultaneously producing a spent catalyst
containing coke and strippable hydrocarbons in step (1)

3 The process of claim 2 further comprising

@ discharging and separating the effluent mixture mto a cracked
product rich vapor phase and a sohd nich phase compnsing spent catalyst, and

()  removing the vapor phase as a product and frachonating the vapor to form
hquid cracking products, mcluding gasoline, having a reduced sulfur content.

2



WO 03/006578 PCTMUS02/23243

4 The process of claim 1 wherein said at least one vanadam compound 1s selected from
the group consisting of ammontum ortho-, pyro- or meta vanadates, hydrated vanadium
oxides, vanadic acids, organometallic vanadium complexes, vanadium sulfate, vanadyl
sulfate, vanadium mitrate, vanadium halides and oxyhahdes and mixtures thereof

5 The process of claim 4 wherein sad at least one vanadium compound 1s selected from
the group consisting of vanadium oxalate, vanadium sulfate, vanadium naphthenate,
vanadium hahides, and mixtures thereof

6 The process of claim 1 wherein the hydrocarbon feed stream 15 contacted with the
vanadium compound 1 an amount sufficient to increase the concentration of vanadium 1 or
on the cracking catalyst by about 300 to about 5000 ppm, relative to the amount of vanadium
mrtially present 1n or on the cracking catalyst.

7 The process of claym 6 wherem the hydrocarbon feed stream 18 contacted with the
vanadium compound 1n an amount sufficient to increase the concentration of vanadum 1n or
on the cracking catalyst by about 500 to about 2000 ppm, relative to the amount of vanadium
mitislly present 1n or on the cracking catalyst.

8 The process of claim 1 wherein the cracking catalyst comprises a large pore size
zeolite

9 The process of claim § wherem the large pore size zeolite comprises a faujastte

10  The process of claum 1 wherein the hydrocarbon feed further compnses vanadium as

an mmpurity

11 The process of claxm 10 wherem the hydrocarbon feed further comprises mickel as an
mmpurity

12  Animproved process for catalytic cracking of a hydrocarbon feedstock which
contatus at least one organic sulfur compounds compnsing contachng 1n a flnd catalytic
cracking (FCC) reactor an mnventory of flmd catalytic cracking equihbrium catalyst,
removing a portion of the catalyst inventory while replacing the same amount of fresh

2
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catalyst composition to provide 1 steady state environment within the FCC reactor, the
mmprovement comprising,

Q) contacting the hydrocarbon feed with at least one vanadium compound 1n an
amount sufficient to increase the concentration of vanadium in or on the equslibrium fluid
cracking catalyst inventory by about 100 to about 20,000 ppm, relative to the amount of
vanadium 1nitially present 1n or on the catalyst mventory,

()  contacting the equlibrium catalyst with the vanadium contaiming hydrocarbon
feed 1n a FCC reactor unit under a steady state environment to produce a cracking zone
effluent compnsing cracked products, imncluding gasohne, having a reduced sulfur content

13 The process of clamm 3 wherein the process further comprises the addition steps of;

® stnpping the solids rich spent catalyst phase to remove occluded hydrocarbons
from the catalyst,

(u) transporting stnipped catalyst from the stmpper to a catalyst regenerator,

(in) regenershng stripped catalyst by contact with oxygen containing gas to
produce regenerated catalyst, and

(v)  recyching the regenerated catalyst to the cracking unit to contact further
quantihes of heavy hydrocarbon feed

23
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REDUCCION DEL AZUFRE EN LA GASOLINA EN EL CRAQUEO

CATALITICO FLUIDO

CAMPO DE LA INVENCION

Esta 1invenciédn se relaciona con la reduccidén del
azufre en la gasolina y otros productos de petréleo
producidos por un proceso de craqueo catalitico En
particular esta 1nvencidén se relaciona con un proceso de
craqueo catalitico mejorado, el cual suministra
corrientes de producto de cragqueo catalitico de
fracciones de gasolina liviana y pesada que tienen un

contenido en azufre reducido

REFERENCIAS CRUZADAS A SOQOLICITUDES RELACIONADAS

Esta solicitud esta relacionada con 1la sclicitud

serie No 09/144,607, presentada en Agosto 31,1998

Esta solicitud esta tambien relacicnada con la
solicitud serie No 09/221,539 y 09/221,540, ambas

presentadas en Diciembre 28,1998



Esta solicitud estd también relacionada con la

solicitud serie No 09/399,637, presentada en Septiembre

09,1998

Esta solicitud esta tambien se relaciona con la
solicitud serie No 09/649,627, presentada en Agosto

28,2000

ANTECEDENTES DE LA INVENCION

El craqueo catalitico es un procese de refinacion de
petroleo que es aplicado comercialmente a gran escala,
especialmente en los Estados Unidos en donde la mayoria
del grueso del mezclado de la gasolina en refinerias es
producido por craqueo catalitico, con la mayoria de este
viniendo del craqueo catalitico fluido el procesoc de
craqueo catalitico fluido (FCC) En le proceso de craqueo
catalitico, los materiales de partida de hidrocarburcs
contienen fracciones de hidrocarburos pesados que son
craqueados en un reactor FCC o unidad para formar
productos mé&s livianos El craqueo es llevado a cabo por
reacciones gque tienen lugar a temperaturas elevadas en la
presenclia de un catalizador, c¢on la mayoria de la

conversion o del craqueo ocurrilendo en la fase de wvapor

N



El material de partida es por lo tanto convertido en
gasolina, destilados y otros productos de craqueo
liquidos lo mismo que productos de cragqueo gaseosos
livianos de cuatro o menocs &tomos de carbono por
molécula El gas consiste parcialmente de olefinas vy

parcialmente de hidrocarburos saturados

Durante las reacciones de craqueo algunos materiales
pesados, conocidos comc coque, Se depositan en el
catalizador Esto reduce su actividad catalitica y la

regeneracion es deseada

Despues de remover lcs hidrocarburos que ocluyen del
gasto de catalizador de craqueo, la regeneracion es
llevada a cabo por el guemado del cogue para restaurar la
actividad catalizadora Las tres etapas caracteristicas
del craqueo catalitico pueden por lo tanto distinguirse
como sigue una etapa de <craqueoc en la cual los
hidrocarburos son convertidos en productos mas livianos,
una etapa de separacion para remcover los hidrocarburos
absorbidos en el catalizador y una etapa de regeneracion
para dquemar el coque del catalizador El catalizador
regenerado es entonces reutilizado en 1la etapa de

craqueo

\Y®



Los materiales de partida de cragueo catalitico
normalmente contienen azufre en la forma de compuesto de
azufre organico tales como mercaptanos, sulfuros ¥y
ti1ofenos Los productos del proceso de craqueo
correspondientemente tiende a contener la 1impurezas de
azufre aun cuando cerca de la mitad del azufre es
convertido en sulfito de hidrogeno durante el proceso de
craqueo, praincipalmente por descomposiciédn catalitica de
los compuestos de azufre no-tiofenicos La dastribucion
del azufre en los productos de cragqueo es dependiente de
un numero de factores quie 1incluyen la alimentacion el
tipo de catalizador, los aditivos presentes, la
conversidn y otras condiciones de operacion pero, en
cualquler caso una cierta proporcion del azufre tiende a
ingresar en las fracciones de gasolina liviana y pesadas
y pasan adelante a el gruesoc del producto Con el
incremento en las regulaciones ambientales aplicadas a
los productos de pet-bleo, por ejemplo en las
regulaciones refermuladas de gaseclina (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
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Una ensefianza ha sido retirar el azufre de la
alimentacié4n FCC por hidrotratamiento antes de gque se
inicie el craquec Aunque es altamente efectivo, esta
ensefianza tiende a ser costosa en terminos de costo de
capital del equipo y lo mismo que operacionalmente ya dque
el consumo de hidrogeno es alto Otra enseflanza ha sido
la de remover el azufre de los productos craqueados por
hidrotratamiento Nuevamente, aungque es efectivo, esta
soluclén tiene el 1nconveniente de que el producto de
octano valuable puede perderse cuan do las olefinas de

alto cctano estan saturacas

Desde el punto de wvista econdmico, seria deseable
lograr remover el azufre en el proceso de cragueo mlsSmo
ya que esto desulfurizaria efectivamente el mayor
componente del gruesoc de la mezcla d gasolina sin
tratamiento adicional Varios materiales catalizadores
han sido desarrollades para la remocidén del azufre
durante el ciclo de proceso FCC Por ejemplo, un
catalizador de FCC impregnado con vanadio y metal niquel
ha sido mostrado que reduce el nivel del producto (ver
Mystrad et al, Effect ¢f Niquel and Vanadium on Sulfur

Reduction of FCC Naphtha, Applied Catalyst A General
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192 (2000) paginas 299-305) Esta referencia tamblen
mostro que un aditivo paira reducir el azufre con base en
un zinc impregnado de alumina es efectivo para reducir el
producto de azufre en los productos FCC Sin embargo,
cuando se ha mezclado con un catalizador 1mpregnado con
metal, el efecto del aditivo para reducir el azufre fue

inhibido

Otros desarrollos para la reduccion del azufre en los
productos se han centrado en la remocion del azufre a
partir de los gases apllados en el regenerador Una

‘
ensefianza primera desarrollada por Chevron uso compuestos
de alumina como aditivos en el inventario del catalizador
de craqueo para absorher oxidos de azufre en el
regenerador FCC, los compuestos de azufre absorbidos que
ingresaron en el proce;o en la alimentacidtn fueron
liberados comc sulfuro de hidrogeno durante la porcion de
craquec del ciclo y pasaran a la seccidn de recuperacion
de producto de la unidad en donde fueron removidos Ver
Krishna et al, Additives Improve FCC Process, Hydrocarbon
Processing, Noviembre 199), paginas 55-€6 El azufre es
removido de los gases apilados emitidos por el

regenerador pero los niveles de azufre del producto no

fueron afectados grandemente, si es que lo fuercn
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Una tecnologia alternativa para la remocion de oxidos
de azufre de los gases de chimenea del regenerador se
basa en el uso de espineles de magnesio-aluminio como
aditivos en el 1inventario de catalizador circulante en el
FCCU Bajo la designacion de DESOX™ wusada para los
aditivos en este proceso, la tecnologia logro un notable
éxi1to comercial Patente. ejemplares o 1lustrativas que
describen este tipo de aditivos para remover azufre
incluyen la patente astadounidense No 4,963,520,
4,957,892, 4,957,718, 4,790,982 y otras Nuevamente, sin
embargo, los niveles de azufre el producto no fueron

reducidos grandemente

Aditivos de catalizador para la reduccion de niveles
de azufre en los productos de craqueo liquido fue
propuesta por Ziebarth et al en la patente
Estadounidense 6,036,847, usando composiclones qgue
contenian un componente de titanio, y Wormsbecher y Kim
en las patentes Estadounidenses 5,376,608 y 5,525,210,
usande un aditivo de catalizador de craqueo de un acido
Lewis soportado por atumina para la produccién de
gasolina con azufre reducido pero este sistema no logro

un éxito comercial significativo



En la solicitud serie No 09/144,607, presentada en
Agosto 31,1998, los materiales catalizadores son
descritos para ser usados en el proceso de craqueo
catalitico, los cuales son capaces de reducir el
contenido de los productos lidquidos del proceso de
cragquec Estos catalizedores de reduccion de azufre
comprenden, en ad:icidén a un componente de tamiz molecular
poroso, un metal en un estado de oxidacion por encima de
cero dentro del intericr de la estructura porosa del
tamiz FEl tamiz molecular es en la mayoria de los casos
una zeolaita Yy esta puede ser zeclaita que tenga
caracteristicas consistentes con las zeolitas de poros
grandes tales como =zeolita beta o zeoplita USY o con
zeolitas de tamafio de poro intermedio tales como la ZSM-
5 Los tamices moleculares no zeoliticos tales como
MeAPO-5, MeAPSO-5, lo mlsmo que los materiales
cristalinos mesoporosos tales como MCM-41 pueden ser
usados como componentes de tamiz del catalizador Los
metales tales como vanadio, zinc, hierro, cobalto, y
galio se encontraron que eran efectivos para la reduccion
del azufre en la gasolina, con el vanadio siendo el metal
preferido La cantidad del componente de metal en el

catalizador aditive para la reduccidén de azufre esta



normalmente entre 0,2 a 5% en peso, perc cantidades de
hasta 10% en peso fueron establecidas para dar algun
efecto en la remocion del azufre El componente de
reduccion de azufre puede ser un aditivo de particulas
separadas o parte de un catalizador 1integrado de
craqueo/reduccién de azufre Cuando es usado como un
catalizador de aditivo de particulas separa, estos
materiales son usados en combinacion con un catalizador
de craqueo catalitico active (normalmente una faujasita
tal como la zecolita Y y REY, especialmente, como zeolita
USsY y REUSY) para los materiales de partida de
hidrocarburos el de proceso en la wunidad FCC para

producir productos de bajo azufre

En las solicitudes serire Nos 09/221,539 vy
09/221/540, ambas presertadas en diciembre 28,1998, el
catalizador de reduccion de azufre similar aquel descrito
en la solicitud No 09/1<44,607 fue descrito, sin embargo,
las composiciones catalizadoras en aquellas solicitudes
también contenian por lo menos un componente de metal de
tierra rara (por ejempls lantanio) y un componente de
cerlo, respectivamente La cantidad del componente
metdlico en los catalizadores de reduccidn de azufre estéa

normalmente entre 0,2 a 5% en peso, pero cantidades de
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hasta 10% en peso fueron sugeridas para dar algun efecto

de remocién de azufre

En la solicitud ser e No 09/399,637 presentada en
septiembre 20,1999, un proceso de craqueo catalitico
mejorado para reducir el contenido de azufre en los
productos de craqueo licquido, especialmente la gasolina
de craqueo Producida a partir de alimentacion de
hidrocarburos que contenian compuestos de organo azufre
fue descrito El proceso emplea un sistema de catalizador
que tienen un componente de reduccion de azufre que
contiene un catalizador poroso y un componente metalico
en un estado de oxidacion mayor a cero La actividad de
reduccion de azufre en el sistema catalizador
incrementando el promedio de estado de oxidacion del
componente metalico por una etapa de oxidacion lueqgo de

la regeneracion catalizadora convencional

La solicitud serie No 09/649,627, presentada en
Agosto 28,2000, es una continuacion en parte de la
solicitud serie No 09/399,637 y describe aditivos para
la reduccion de azufre mejorados para el uso en un
proceso de craqueo catalitico para 1la reduccidn del

contenido de azufre El aditivo para la reduccion de

3
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azufre comprende un material de soporte de tamiz no
molecular (preferiblemente un oxido 1norganico tal como
Al,0a, S10,, y mezclas ce ellos) que contiene una alta
concentracion de vanadio La cantidad de vanadio
contenida en el catalizador de aditivo para reduccidn de
azufre esta normalmente entre cerca de 2,0 a cerca de 20%
en peso, tipicamente ent-e cerca de 3 a cerca de 10% en

peso (metal con base en el peso total del aditivo}

Si1 importar las tecnologias para la reduccidn de
azufre recientes, estas continuan la existencia de una
necesidad de maneras efectivas para reducir el contenido
de azufre de la gasolina y de otros productos de craqueo
liquido La presente 1invencion fue desarrollada en

respuesta a esta necesidad

RESUMEN DE LA INVENCION

Un proceso de cragqueo catalitico mejorado ha sido
ahora desarrcllado el cual es capaz de mejorar la
reduccion en el contenido de azufre de los productos del
proceso de craqueo, 1ncluyendo la gasclina y fracciones
de craqueo de destilados intermedios De acuerdo don el

proceso de la invenciédn opor lo menos un compuesto que

5%
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contiene vanadio es agregado a un material de partida de
hidrocarburo laiquido que contiene azufre, y opcionalmente
vanadio vy / o niquel, como 1impurezas para incrementar
selectivamente la concentracion de vanadio en el material
de partida El material de partida enriquecido con
vanadio es de ahi enh adelante cargado en la unidad de FCC
que opera bajo condiciones estables para poner en
contacto un inventario de catalizador de equilibrio FCC
in situ con una concentracién de vanadio, expresada, como

vanadio elemental

El mecanismo por el cual la presente invenciédn actua
para mejorar la remocidn de los componentes de azufre
normalmente presentes en los productos de hidrocarburc de
craqueo no es entendido precisamente Sin embargo, la
presencia de la alta concentracion de un compuesto de
vanadio en el material de partida permite el transporte
rapido del vanadio sobre el inventario de catalizador
circulante completo, y por lo tanto aincrementa la
actividad de catalizador de craqueo para remover el

azufre

De acuerdo con lc¢ anterior, es una ventaja de la

presente 1nvencion el suministrar un procesc de cragueo
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catalitico mejorado, gque suministra productos liquidos
que tienen una reduccion de azufre mejorada cuando se
compara con la actividad de reduccion de azufre tipica en

los proceso de craqueo caktalitico convencionales

Tambien es una ventaja de la presente 1nvencion
suministrar un proceso de cragqueo catalitico que permite
una dispersién répida del vanadio sobre el inventario de
catalizador de <craqueo completo, mejorando asi la
remocié4n de los componentes de azufre de los productos de

hidrocarburc de craqueo

Una ventaja adicional de la presente 1invencion es
suministrar un proceso de craqueo catalitico que tiene
una reduccion de azufre del producte mejorada sin la
necesidad de la adicion de aditivos para la reduccidn de
azufre, incluyendo aditives de :zeolita/vanadio como se
describié en las solicitudes serie No 09/144, 607,

09/221,539, 09/221,540, 09/399,637 y 09/649, 627

Otra ventaja de la presente invencién es suministrar
composiciones de cragueo catalitico i1n situ durante un
proceso de craqueo catalitico que dichas composiciones

son capaces de mejorar la reduccion del contenido de
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azufre de 1los productos de cragqueo liquido en la

presencia de contaminantes metalicos, por ejemplo niquel

y hierro

Otros objetivos y ventajas se hardn evidentes de la

descraipcidn detallada y las reivaindicaciones adjuntas

BREVE DESCRIPCION DE LOS DIBUJOS

La fiqura muestra ur proceso de craqueoc catalitico
tipico para la reduccion del contenido de azufre en el

producto de acuerdc con la presente 1nvencidn

DESCRIPCION DETALLADA DE LA INVENCION

Para 1los propbésitos de esta 1invencion el termino
"catalizador fresco” se usa para indicar una composicidn

catalizadora como se fabrica y se vede

El termino “catalizader de equilibrio” o “ecat” se
usa aqul para 1indicar el 1inventario de la composicion
catalizadora de cragqueo fluido circulante en una unidad
FCC que opera bajo condiciones de craqueo catalitico

Para propositos de e.ta invencion los terminos

&1
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“catalizador de equilibrio”, “catalizador de gasto”
(catalizador tomado de una unidad FCC) y “catalizador
regenerado” (catalizador que deja una unidad de

regeneracion)} deben considerarse equivalentes

El término “estable” es usado aqul para 1indicar
condiciones de operacidn clentro de una unidad de reactor
FCC en donde existe dentro de la unidad una cantidad
constante de 1inventario de catalizador gque tiene una
actividad catalizadora constante a una velocidad de
alimentacion constante de un material de partida que
fienen una composicion definida para obtener una

velocidad de conversion constante de los productos

El término “velocidad ce conversion” se usa aqui para
indicar la velocidad a la cual un material de partida de
hidrocarburos es convertido a productos de hidrocarburos

hirvientes menores de bajo oceso molecular

El término “actividad catalizadora” se usa aqui para
indicar la cantidad de producto cragqueado formade por

unidad de tiempo por unidad de volumen del reactor

62
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De acuerdo con la presente invenclion, un proceso FCC
convencional es modificado para suministrar una alta
concentracién de vanadlio (expresado como vanadlo
elemental) directamente el inventario de catalizador de
equilibrio para reducir el contenido de azufre de los
productos liquidos craqueados El proceso 1nvolucra
cargar un material de partida de hidrocarburo, que
contlene por lo menos un c¢ompuesto organocazufre como una
impureza, en una unidad FCC que opera bajo condiciones de
craqueo catalitico para poner en contacto el inventario
de catalizadeor de equilibric contenidec en la unidad
Durante el proceso FCC, =21 catalizador FCC fresco es
agregado y el catalizador de equilibrio es retirado para
crear una condicién estable dentro de la unidad del
reactor FCC Una vez el ambiente estable se ha alcanzado
dentro de la unidad FCC, el material de partida de
hidrocarburo es tratado para agregarle por lo menos un
compuesto de vanadio a dicho material El material de
partida tratadoc con vanadic es cargado en la unidad FCC
que opera bajo condicion estable para poner en contacto
el inventario de catalizador de equilibrio y
selectivamente suministrar un alto contenido de wvanadio
expresado como Vvanadio elemental, al catalizador de

equilibrio El catalizador tratado con vanadio es luego
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recirculado por la unidad FCC en un proceso continuo de
reaccid4n/regeneracion para reducir el contenido de azufre
de las fracciones de productos liquidos craqueados en

particular fracciones de gasolina liviana y pesada

El proceso de craqueo catalitico de la invencion
puede ser conducido usando una unidad craqueo catalitico
adecuada o reactor Para conveniencia la invencidn sera
descrita con referencia al proceso FCC aunque el presente
proceso podria utilizarse en el proceso de craqueo tipo
cama movible antiguo (TCC) con ajustes apropiados para
adecuar los requerimientos del procesgo A parte de la
adicién de compuestos de wvanadio al material de partida
de hidrocarburo y algunos posibles cambios en la seccion
de recuperacion de producto, discutidos mas adelante, la
manera de operar el proceso permanece sin cambio Asz,
los catalizadores FCC convencionales pueden ser usados,
por ejemplo, catalizadores con base en zeolita con un
componente de craquec de faujasita como se describio en
la revision seminal por Venuteo y Habib, Fluad Catalytac
Cracking with Zeolite Catalysts, Marcel Dekker, New York
1979, ISBN 0-8247-6870-1 lo mismo que en numerosas otras

fuentes tales como Sadeghbeigi, Fluid Catalityc Cracking
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Handbook, GulfPubl Co Houston, 1995, ISBN 0-88415-290-

1

Generalmente, el proceso de craqueo catalitico fluido
en el cual el material de partida de hidrocarburos
pesados que contienen en los compuestos de organoazufre
seran craqueados a productos mas livianos lo que tiene
lugar en una unidad de reactor de c¢raqueo catalitico
poniendo en contacto el material de partida en un proceso
de craqueo de recirculaclon catalizadora ciclica con un
inventario de catalizador de cragueo catalitico
fluidizable que consiste de particulas que tienen un
tamafic gque varia entre cerca de 20 a cerca 100 micrones

Las etapas significativas en el proceso ciclico son

{1) E1 material de partida que contiene el
hidrocarburo o alimentacidén es cargado en 1la
unidad de craqueo catalitico normalmente contiene
unc o mas elevadores, condiciones de craqueo
catalitico en operacidén por el contacto del
material de partida con una fuente de catalizador
de craqueo regeneradec caliente para producir un

efluente que comprende productos de craqueo vy

€S
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catalizador de gasto dque <contiene coque Y

hidrocarburos separables,

(11) El efluente es descargado y separado,
normalmente en uno o mas c¢lclones, en una fase
vapor rica en producto craqueado y una fase de

s6lidos ricos gue comprende catalizador de gasto,

{111) La fase de vapor es retirada como
producto y fraccionada en la columna principal
del FCC y sus columnas laterales asoc¢iadas para

formar productos de craquec liquido incluyendo

gasolina,
{1v) El catalizador de gasto es separado,
usualmente con vapor, para remover los

hidrocarburos que ocluyen del catalizador,
después de lo cual el catalizador separadc es
regenerado oxidativamente para producir
catalizador regene-ado <caliente el —cual es
entonces reciclado a 1la zona de cragueo para
cragquear cantidades adicionales de la

alimentacion
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Un catalizador fresco equilibra dentro de la unidad
FCC o reactor, el catalizador de equilibrio es expuesto a
diversas condiciones, tales como la deposicion de
contaminantes del material de partida y regeneraclion
severa de las condiciones de operacion Asi, el
catalizador de equilibrio puede contener altos niveles de
contaminantes metalicos, incluyendo pero no limitado a,
vanadio, niquel y hierrc En operacion hormal de una
unidad FCC, el catalizador fresco es agregado diariamente
a la misma velocidad que el catalizador de equilibrio es
retirado Esto suministra una cantidad constante de
inventario de catalizador que tiene una actividad

v

catalizadera constante, la cual mantiene una conversion

constante de la alimentacidén y selectividad de productos

deseados

Asi, en condilciones de operacion estables, la
cantidad de catalizador de equilibric en la unidad FCC es
constante, por ejemplo la cantidad de catalizador fresco
agregado a la unidad FCC es 1gual a la cantidad de
catalizador de equilibrio retirada de la unidad mas la
cantidad de catalizador de equilibrio perdido durante la
atricion Tambien, durante la operacion estable de una

unidad FCC, la velocidad a la cual el material de partaida

637
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tienen una composicidén definida que es agregada a la
unidad se mantiene constante Esta alimentacion puede ser
caracterizada peor un nunero de propledades tales como
gravedad API, gravedad especifica, azufre total (% en
peso) nitrogeno total (% en peso), contenido de metales
(% en peso), carbon Conradson, factor K, y punto de

ebullicion y distribuciones de peso molecular

Tipicamente, durante la reaccion de craqueo en la
unidad FCC, el azufre en el material de partida o de
alimentacién se distribuye en las fracciones liquidas ¥y
gaseosas de los productos craqueados Estos productos
irncluyen gasolina H;S, aceite de ciclo liviano (LCO),
aceite de ciclo pesado (HCO}, coque y alimentacion no
convertida Bajo condicioaes estables, la cantidad de
azufre (en una base de 1 en peso) generado en estos
productos es constante Inesperadamente, sin embargo, se
ha encontrado que la adicion de vanadio de una fuente
secundaria a la alimentacion gque esta siendo cargada en
la unidad FCC que opera bajo ambiente estable
selectivamente incrementa la concentracion de vanadio en
el catalizador de equilibrio circulante para reducir de
manera efectiva el contenico de azufre de los productos

careados La cantidad de azufre en los productos liquidos

6%
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especialmente las fraccicnes de gasolina, se ha reducido
como un resultado del vanadio incrementado en el
catalizador de equilibrio, aun en la presencia de

contaminantes metalicos tadles como niquel y hierro

De acuerdo a lo anterior, el proceso de acuerdo con

la presente invencion generalmente comprende

{1) Suministrar una corriente de alimentacion
de hidrocarburos pesados sustancialmente liquidos
que comprende por lo menos un compuestc de

organoazufre como una lmpureza,

{11) Cargar la corriente de material de
alimentacié4n de hidrocarburos en una unidad de
reactor FCC que opera bajo condicliones de craqueo
catalitico y que tiene un ainventario circulante

de una composiclion catalizadora de equilibrio,

{111) Remover una porcion del inventario de
catalizador de equilibrio de la unidad de reactor
FCC mientras se reemplaza todo el 1inventario de

catalizador de equilibric removido con
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catalizador fresco para crear un ambiente estable

dentro de la unidad,

{(1v) Poner en contacto 1la ccocrriente de
alimentacion de hidrocarburos con por lo menos un
compuesto de vanadio en una cantidad suficiente
para 1ncrementar la concentracion de vanadio en o
sobre el inventar o de catalizador de equilibrio
en cerca de 100 a cerca de 20 000 oppm, en
relacion con la cantidad de vanadio iniclalmente

presente en o sobre el inventario de catalizador,

Y

{v) Poner en contacto la corriente de
alimentacion de hidrocarburo que contiene vanadio
con el r1nventario de catalizador de equilibrio en
la unidad de reactor FCC Dbajo condiciones
estables para producir un efluente de zona de
craqueo que comprende productos craqueados dque

tienen un contenido de azufre reducido

Los compuestos de vanadioc utiles en la presente
invencion pueden ser cualquler compuesto gque contenga

vanadio gque permita el tiansporte y deposicidén de las
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especies de vanadio en el catalizador de craqueo bajo
condiciones de craqueo catalitico Ejemplo no limitativos
de compuestos de vanadic adecuados son los orto-piro-o
meta vanadatos de amonio, oxidos de vanadio (por ejemplo
V,0s), acidos vanadicos, complejos de vanadio érgano-
metalico (por ejemplo naftenato de vanadilo), sulfato de
vanadio, nitrato de vanad_o, nitrato de vanadilo, haluros
de vanadio y oxihaluros de vanadio (por ejemplo cloruros
% oxicloruros de vanadio) Yy mezcla de ellos

Preferiblemente, el compuesto de vanadio se selecciona
del grupo que conslste de oxalato de vanadio, sulfato de
vanadio, naftenato de wvanadio, haluros de vanadio ¥y

mezcla de ellos

En una modalidad preferida, los compuestos de wvanadio
son mezclados en el productoe de alimentacién como una
solucion antes de la inyeccidn de la alimentacion en el
reactor Soluciones de  vanadio adecuadas incluyen
aquellas soluciones en donde los compuestos de wvanadio
deseados son disueltos en agua o en un disolvente no
acuoso, por ejemplo un disolvente organico adecuado tal
como pentano, tolueno y similares En una modalidad
preferida, una solucion de naftenato de vanadlo no acuosa

es usada

1
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La cantidad de la solucion de vanadio agregada a la
corriente de alimentaciér. tipicamente sera relativamente
pequefia Consecuentemente, la solucién de vanadio puede
agregarse al material de partida usando cualquier bomba
comercialmente disponible Para aplicacion practica, el
suministro de la solucion de vanadio puede ser continua o

intermitente

Como se muestra en 1la figura, en un proceso FCC
tipico de acuerdo con la anvencion, una solucibén de
vanadio 2 es agregada directamente a 1 material de
partida 1 que va a ser cargado dentro de la unidad
reactora de elevacidn 4 para suministrar una alimentacién
de hidrocarburo que contiene vanadio 3 La alimentacion
de hidrocarburo dgque contiene vanadio 3 es luego
introducida en el reactor de elevacion 4 que contiene un
inventario de catalizador de equilibrio y opera bajo un
ambiente estable El efluente del reactor de elevacion 4
es separado en una corriente de producto cragueado 5 y
una corriente de catalizador de gastos 6 gque contiene
cogque e hidrocarburos separables La corriente de

catalizador de gasto se hace recircular luego en 1la

2
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unidad de craqueo por un regenerador 7 para regenerar el

catalizador

El catalizador de cragueo utilizado en el proceso de
craqueo de la 1nvencidén normalmente estara en base a
componente de cragqueo activo de zeolita faujasita, gque es
convencionalmente zeolita Y en una de sus formas tales
como zeolita tipo Y intercambiada «con tierra rara
calcinada (CREY), la preparacién de la cual se describe
en la patente Estadounidense No 3,402,996, zeolita tipo
Y ultra estable (USY) como se describe en la patente
Estadounidense No 3,293,192, lo mismo gue vVvarlios
zeolitas tipe Y 1intercambladas parcialmente como se
describe en las patentes Estadounidenses Nos 3,607,043 y
3,676,368 E1 componente de craquec activo es combinado
rutinariamente con un material de matriz tal como alumina
para poder suministrar las caracteristica mecanicas
deseadas (resistencia a la atricion etc ) lo mismo que el
control de actividad para el componente de zeoclita muy
activo o componentes de zeolita muy activos El tamafio de
particula del catalizador de craqueo esta tipicamente en
el rango entre 10 a 120 micrones para fluidizacion

efectiva

&
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Los materiales de partida utiles en el proceso de
craguec catalitico de esta invencién 1incluyen una
alimentacion de hidrocarburos liquida o sustancialmente
liquida que contiene &zufre como contaminante Los
materiales de partida incluyen aquellos que son
utilizados convencionalmente en procesos de craqueo
catalitico para producir gasolina o fracciones destilas
livianas a partir de materiales de partida de
hidrocarburos mas pesados Los materiales de partida
generalmente tienen un punto de ebullicion 1inicial por
encima de 400° F (204° C) e incluye fluidos tales como
aceltes de gas, aceites de combustibles, aceites de
ciclo, aceites de lodos, crudos de destilacion praimaria,
aceites de esquisto, aceites de arenas de brea, aceites
de carbtn, mezclas de dos o mas de estes, y similares
Por “crudo de destilacion primaria” se duiere decair
aquellos aceites que han sido obtenidos en 1la parte
inferior de un fraccionador de aceite crudo 8Si se desea,
toda © una porcion del material de partida puede
constituir un acerte del cuwal una porcion del contenido
metdlico previo ha side removida, por ejemplo, por

hidrotratamiento o extraccidén por disolvente
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Opcionalmente, el material de partida utilizado en
este proceso puede contener como 1impurezas uno o mas
metales de niquel, vanadio y hierro en los rangos
sigulentes tipicos niquel a un nivel entre 0,02 a cerca
de 100 ppm, vanadioc a un nhivel entre cerca de 0,02 a 500
ppm, y hierro a en un nivel de 0,02 a 500 ppm En una
modalidad preferida el material de partida contiene

vanadio como uha lmpureza

De acuerdo con el proceso de 1la invencién, el
compuesto de vanadio es agregado a la alimentacidn
durante la operacion de la unidad FCC bajo condiciones
estables La cantidad de compuesto de vanadio agregado a
la alimentacién variari dependiendo de tales factores
como la naturaleza del mater:al de partida usado, el
catalizador de craqueo utilizado vy 1los resultados
deseados Generalmente el compuesto de wvanadio es
agregado a la alimentaciédn a una velocidad suficiente
para 1ncrementar 1la concentracién de wvanadio sobre el
inventario de catalizador +1e equilibrio desde cerca de
100 a cerca de 20 000 ppm, preferiblemente cerca de 300 a
cerca de 5 000 ppm, mis preferiblemente cerca de 500 a
cerca de 2 000 ppm, relativo a la cantidad de wvanadio

iniclalmente presente sobre el inventaric catalizador

18
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La concentracion de vanadio sobre el inventario de
catalizador de equilibrio bajo condiciones estables puede

determinarse por la sigulente ecuacion

Pom V en la alimentacion x
velocidad de alimentacién
(Toneladas/Dia)

Ppm V sobre ecat=

Velocidad de Adicaion
de Catalizador (T/D)

El proceso de craqueo catalitico de la 1invencidn es
conducido en unidades de reactor FCC convencionales en
donde la temperatura de reaccidén varia entre cerca de
400° C a 700° C y las temperaturas de regeneracidn entre
500° C a 850° C son utilizzdas Las condicicnes dentro de
la zona de craquec y regeneracion, como sera entendido
por aquellos versados en la técnica, no son criticas y
dependen de varios parametros tales como el material de
partida de alimentacidn usado, el catalizador, y 1los

resultados deseados

El efecto del proceso mejorado de la invencion es

reducir el contenido de azufre de los productos de

T
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craquec liquido, especialmente las fracciones de gasolina
liviana aungque reducciones tambien se notaron en el
aceite de ciclo 1liviano, haciendo los productos mas
adecuados para uso como clesel o componente de mezcla de
aceite para calentamiento domestico La reduccion de
azufre en la gasolina de=l 25% o mas es evidentemente
lograble usando el proceso de acuerde con la presente
invencidn, como se muestra en los ejemplos que siguen E1
azufre removido por el uso del proceso es convertide en
una forma 1norganica y liberado como sulfuro de hidrogeno
el cual puede ser recuperado de una manera normal en la
seccidén de recuperacion del producto en la unidad FCC La
carga incrementada de sulfuro de hidrogeno puede imponer
requerimientos de tratamientos adicionales de gas
amargo/agua pero con las reducciones significativas en el
azufre en la gasolina logrado, no se debe considerar esto

como una limitacidédn

Para 1lustrar adicionalmente la presente 1nvencion y
las ventajas de la misma, los sigulentes ejemplos
especificos se han dado Los ejemplos se han dado como
1lustraciones especificas de la reivindicacion de la

invencion reivindicada

7%
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Debe entenderse, sin embargo, gque la 1invencidén no

esta limitada a detalles especificos establecidos en los

ejemplos

Todas las partes y porcentajes en los ejemplos lo
mismc que el resto de la especificacion se da en peso a

menos que se especifique lo contrario

Adicionalmente, cualquier rango de numeros recitados
o dados en la especificacidn o reirvindicaciones, tales
los que representan un conjunto particular de
propiedades, unidades de medida, c¢ondiciones, estados
fisicos o porcentajes, tiene el proposito de 1incorporal
literalmente expresamente adqui como referencia o de otra
manera cualquier numero que caliga dentro de tal rango,
que 1incluya cualquiler subconjunto de numeros den

estrégenc de cualguier rango asi recitado

A
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EJEMPLOS

Ejemplo 1
{(Evaluacién Catalitica del vanadioc agregado a la

alimentacion}

El proceso de la 1nvencion fue ensayado en el
elevador de circulaclér de visidn {DCR} para el
comportamiento catalitico en la reduccidn de azufre en la
gasolina Una alimentacion de aceite de gas con cerca de
1,04 % en peso de azufre en la alimentacion fue usado
como alimentacion base Las propiledades de la

alimentacion se muestran en la tabla 1

Tabla 1

Propiedades dz la alimentacion

Aceite de Gas Pesado en Vaclio

Gravedad API @60 °F 25,3
Gravedad Especlfica @60 °F 0,9023

Punto de Anilina, °F 178

79
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Azufre, % en peso
Nitrogeno Total, % en peso

Nitrégeno Basico, % en peso

Carbon Conradson, % en peso

N1, ppm
V, ppm
Fe, ppm
Na, ppm

Cu, ppm

Factor K

Indice Refractivo

Peso Molecular Promedio

% de Carbonos de

Parafinico, Cp

Cn

Ca

Anillo

$ de Carbonos de Anillo Naftenico,

% de Carbono de Anille Aromatico,

11,67

1,501736

348

59,8

21,1

19
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Destilacion Simulada, % en

Volumen, °F

IBFP 309
5 462
10 525
20 601
30 653
40 703
50 748
60 792
70 835
80 885
90 941
95 281
FBP 1063
% de Recuperacidn 100

2,50 gramos de una sclucion de naftenato de vanadio
que contiene cerca de 3% en peso de vanadio fue mezclada
con 3 000 gramos de la alimentacion La alimentacion
resultante que contenia cerca de 25 ppm de vanadio segun
se analizo por ICP y una proporcion de vanadio a niquel

de 125
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Un catalizador FCC comercial fue utilizado para el

estudio El catalizador fue vaporizado desactivado

durante 4 horas a 1500° F en 100% de wvapor Las

propledades catalizadoras se muestran en la Tabla 2

Tabla 2
Propiedades Catalizadoras

Analisis Quimico (Fresco)

Al:0; 57,4 3
S10; 37,9 L]
REz03 2,05 2
Nax0 0,30 %
504 1,18 3
T10; 0,99 %
Fez03 0, 64 %
P20sg 0,14 %
Ca0 0,09 ]
MgO 0,05 %

Propiedades Fisicas {3 horas/1000° F)

Area de Superficie BET 259 m‘/g

en

en

en

en

en

en

en

en

en

en

peso

peso

peso

peso

peso

peso

peso

peso

peso

peso

B2
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Area de Zeolita 147 m‘/g

Area de Matriz 112 m’/g

Tamafio de celula de la 24, (A)
unidad 56

Desactivacion del vapor {4 horas/1500° F/100% wvapor)

Area de Superficie BET 141 wé/g

Area de Zeolita 65 m?/g

Area de Matriz 76 m?/g

Tamafio de celula de la 24, (A)
unidad 36

Las combinaciones cdde catalizador vy alimentacion
fueron ensayadas en cuante actividad de cragqueo y
selectividad lo mismo que el efecto de azufre en gasolina
en el DCR El1 producto liquido de cada corrida para el
azufre usando un cromatografo de gas con un detector de
emision atomica (GC-AED) El andlisis de los productos
ligquidos con el GC-AED permitic gque cada una de las
especies de azufre en la region de gasolina fuera
cuantificada Para propositos de este ejemplo, la
gasolina cortada sera definida como hidrocarburos con C.

a C;2 que tienen un punto de ebullicidédn hasta de 430° F
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las especies de azufre incluidas en el corte de gasolina
variaban en el rango de gasolina 1incluiran tiofeno,
tetrahidrotiofeno, tiofeno alquilados con 1 a 5 carbonos
y una variedad de especies de azufre alifaticos Los
benzotiofenos no estuvieron incluidos en el rango de

corte de gasolina

Los datos DCR para los catalizadores se muestran en

la Tabla 3 que sigue

Tabla 3

Efecto de la Alimentacion Agregada scbhre el Azufre en la

Gasolina
Vanadio, ppm 0 360 773 1250
Conversion, % en peso 77,06 76,49 74,68 76,32
Conversiédn Cinética 3,36 3,25 2,95 3,22
Proporcién C/0 8,10 8,31 g,73 8,54
Produccion de H:, % en peso 0,02 0,03 0,06 0,06
C1+Cz, % en peso 1,65 1,69 1,70 1,70
Total de Ci, % en peso 5,67 5,66 5,27 5,42

Total de C4, % en peso 10,52 10,71 10,06 10,50

24
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Gasolina, % en peso 54,22 53,24 52,19 53,41
LCO, % en peso 18,21 18,51 19,52 18,81
Productos inferiores, 4,74 5,00 5,80 4,87
% en peso
Coque, % en peso 4,51 4,66 4,92 4,74
Azufre de corte de gasolina, 610 500 393 412
ppm
Porciento de reduccion de 8 18,0% 235,5% 32,4%

en gasolina

Relativo a 0 ppm de V

La praimera columna muestra el catalizador FCC sin la
adicién del vanadio a la alimentaciédn Las siguientes
tres columnas muestran en las produccicones de producto y
de azufre en gasolina como vanadio acumulado en el
catalizador alrededor de 360 ppm, 773 ppm y 1250 ppm Los
datos muestran dgque el vanadio agregado disminuyo el
contenido de azufre en el rango de corte de gasolina
entre 18 a 35% segqun se comparc coh el catalizador FCC
base El1 h2 incrementado modestamente como a medida que

el wvanadio se 1ncremento pero el efecto en el coque fue

pequefio

=2
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CLjemplo 2
(Evaluacién Catalitica del Vanadio agregado a la

alimentacidn)

Este ejemplo muestra el efecto de la gasolina con
vanadio de alimentacién en el DCR Un catalizador FCC de
equilibrio comercial y una alimentacidén de aceite gas FCC
comercial con cerca de 0,05% en peso de ese fueron
usados El catalizador de equilibrio contenia 24 ppm de
N1 y 110 ppm de V las propiedades del catalizador se

muestran en la Tabla 4 cue sigue
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Tabla 4

Propiedades del Ecat

Analisis Quimico

S10; 64,87
Al,0a 31,6
REz03 2,69
Na,Q 0,29
S0, 0,13
Fe 0,5
T10; 1,1
MgO 0,052
P20s g,271
Ca0 0,086
N1 54

v 110

Analisis Fisico (3 horas/1000° F)

Area de Superficie BZIT 181
Area de Zeolita 137
Area de Matraiz 44

en

en

en

en

en

en

en

en

en

en

ppmt

Ppm

m/g
m/g

m-/g

peso

peso

peso

peso

peso

peso

peso

peso

peso

peso
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Las propiedades de la alimentacion se dan en la Tabla

5 que sigue

Tabla 5

Propiedades de la Alimentacion

Gravedad API @60 °F 22,3
Gravedad Especifica 960 °F 0,92
Punto de Anilina, °F 157
Azufre, % en peso 0,055
Nitrogeno Total, % en peso 0,2
Nitrogeno Basico, % en peso 0,056
Carbon Conradson, % en peso 0,05
Ni, ppm 0

V, ppm C,1
Fe, ppmh 0

Na, ppm 0,06

Cu, ppm 0
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Factor K

Indice Refractivo
Peso Molecular Promedio
% de Carbonos de Anillo

Parafinico, C;

8 de Carbonos de Anillo Naftenico,
Cn

$¢ de Carbono de Anille Aromatico,

Ca

Destilacion Simulada, ] en

Volumen, °F

IBF

11,36

1, 50846
324

46, 4

34,2

19,4

264
433
490
577
635
685
728
771

814
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43
860
926
988
FBP 1415
% de Recuperacion 100

El DCR fue operado c¢on un elevador a temperatura de
970° F y una temperatura del regenerador de 1300° F
todos los productos liquidos fueron analizados por GC-AED
para los niveles de azufre en la gasolina Los datos DCR

para los catalizadores s2 dan en la Tabla 6 que sigue

Tabla 6
Estudio DCR con Vanadio Agregado a la alimentacion

Temperatura del Elevador 5%70° F

Columna A ColumnaB

E-Cat
alimentacidn
E-Cat
Vv
Agregado
V Total en el Sistema, ppm 110 640
V en el ECAT solamente, ppm 110 110

Conversion 68
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FBP 1415

% de Recuperacidn 100

El DCR fue operado con un elevador a temperatura de
970° F y una temperatura del regenerador de 1300° F
todos los productos liquidos fueron analizados por GC-AED
para los niveles de azufre en la gasolina Los datos DCR

para los catalizadores se dan en la Tabla 6 que sigue

Tabla €

Estudio DCR con Vanacdio Agregado a la alimentacién

Temperatura del Elevador 970° F

Columna A ColumnaB
E-Cat alimentacién

E-Cat V
Agregadag
V Total en el Sistema, ppm 110 640
V en el ECAT solamente, ppm 110 110
Conversion 68
Actividad 6,18 6,88
Produccion de H; % en peso 0,03 0,06
Ci+Cz § en peso 1,86 1,87
Total de C3 % en peso 5,06 4,97

C; § en peso 0, 69 0,77
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Actividad

Produccién de H, % en peso
C1+C; & en peso

Total de C; % en peso
Cs % en peso

Cas=% en peso

Total de C; % en peso
IC; % en peso

nC; % en peso

Cy Total=% en peso
Gasolina % en peso
LCO, % en peso

Productos Inferiores §

peso

Coque, $ en peso

Gasolina S ppm

Mercaptanos
Tiofeno
Metiltiofenos
Tetrahidrotiofeno

Co—-Tiocfenos

2,33

21

17

az

2,85

18

13
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Gasolina S ppm

Azufre de Corte Livieno 45 38
Azufre de Corte Pesado 14 2
Azufre en Gasolina de Corte 60 41
Azufre Total 71 50
Tiofenoles 2 0
Azufre + Tiofenoles Total BO 51

% de Reduccidn de § en Gesolina

Azufre de Corte Liviano 16%
Azufre de Corte Pesado 85%
Azufre en Gasolina de Corte 32%
Azufre Total 29%
Tiofenoles 100%
Azufre + Ticfenocles Total 368

La selectividad del producto fue interpolada a una
conversidn constante de 68% en peso El primer conjunto
de datos producidos fue obtenido sobre la alimentacién
base y el catalizador base sin la alimentacion de
vanadio Al final del primer conjunto de datos

producidos, el DCR fue operado con la misma alimentacion,



pero se le agregaron 39 gramos de una solucion de
naftenato de wvanadioc en 3000 gramos de la alimentacidn
La nueva alimentacion hecha contenia cerca de 390 ppm de
vanadio Ya que el niquel estaba por debajo del limite de
deteccién, la proporcion de vanadio y niquel no fue
calculada El1 DCR fue operado continuamente durante 3
horas y el nivel de vanadio en el catalizador era de

cerca de 750 ppm

Los datos Ecat con el vanadio agregado a alimentacién
(Columna B) mostraron cerca de 32% en la reduccion en el
azufre de gasolina de corte cuando se compard con el Ecat

base (Columna A)

Varlaciones razonables y modificaciones, dque seran
evidentes para aquellos versados en la tecnica pueden ser
hechas a esta 1nvencion sin salirse del espiritu y

alcance de la mismha

Y
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REIVINDICACIONES

1 Un proceso para
reducir el contenido de azufre de 1los productos de
craqueo de un proce,o de craqueo catalitico fluido
(FCC}) en el cual una alimentacién de hidrocarburocs
pesados que comprendz compuestos de o&érgancazufre es
craqueada cataliticamente en productos mas livianos
por medio de ponerla en contacto con un proceso de
craqueo de recirculizac:ion de catalizador ciclico con
un 1nventario de catalizador de equilibrio de craqueo
catalitico fluidizable circulante, el proceso

comprende

(1) Suministrar una
corriente de alimentacion de hidrocarburos
pesados sustancialmente liquidos gque comprende
por lo menos un compuesto de Organcazufre como

una impureza,

(11) Introducar la
corriente de alimentacidn de hrdrocarburos en una
unizdad de reacto- FCC que opera bajo condiciones

de craquec catalitico y que tiene un 1inventario

s
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,circulante de una composicion catalizadora de

equilibrio,

{111} Remover una porcion
del 1nventario de catalizador de equilibrio de la
unidad de reactol FCC mientras se reemplaza todo
el inventario de catalizador de equilibrio
removido de la unidad con catalizador fresco para

crear un amblente estable dentro de la unidad,

{1v) Poner en contacto 1la
corriente de alimentacidédn de hidrocarburos con
por lo menos un compuesto de vanadio en una
cantidad sufic ente para incrementar la
concentracion de vanadio en o sobre el inventario
de catalizador de equilibrio en cerca de 100 a
cerca de 20 000 ppm, en relacion con la cantiadad
de wvanadio 1inicialmente presente en o sobre el

inventario de catalizador, y

(v) Poner en contacto 1
inventario de catalizador de equilibrio en 1la
unidad de reactor FCC con la corriente de

alimentacion de hidrocarburo que contiene wvanadio
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bajo un ambiente estable para producir un
efluente de zona de craqueo gque comprende
productos craqueados, 1ncluyende gasolina, que

tienen un contenido de azufre reducido

2 El proceso de la
reivindicaclibé4n 1 que comprende adicionalmente producir
de manera simultanea un catalizador de gasto que
contiene cogue e hidrocarburos separables en la etapa

{111)

3 El proceso de la

reivindicaciédn 2 que comprende adiclonalmente

(1) Descargar y separar la
mezcla efluente en una fase de wvapor rica en
productos craqueados y una fase rica en s6lidos

que comprende el catalizador de gasto, ¥y

{11} Retirar la fase de
vapor como un producto y fraccionar el vapor para
formar productos de craqueo liquido, 1incluyendo
gasolina, que tienen un contenido de azufre

reducido
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4 El1 proceso de la reavindicacion 1 en donde
dicho por lo menos un compuesto de vanadio es
seleccionado a partir del grupo que consiste de orto-
piro-o meta wvanadatos de amonio, ©6xidos de vanadio
hidratados, &acidos vanadicos, complejos de vanadio
6rgano-metalice, su!'fato de wvanadio, sulfate de
vanadilo, nitrato de vanadio, haluros de vanadio y

oxihaluros de vanadic y mezcla de ellos

5 El proceso de la reivindicacion 4 en donde
dicho por lo menos un compuesto de vanadio se
selecciona del grupo dque conslste de oxalato de
vanadio, sulfato de wvanadio, naftenato de vanadio,

halurcs de vanadio y mezcla de ellos

6 El proceso de la reivindicacion 1 en donde la
corriente de alimentacion de hidrocarburo es puesta en
contacto con el compuesto vanadio en una cantidad
suficiente para 1ncrementar la concentracion de
vanadlio en o sobre el catalizador de cragqueo en cerca
de 300 a cerca de 5000 ppm, con relacidén a la cantidad
de vanadio 1nicilalmente presente en o sobre el

catalizador de craquec

g%
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7 El1 proceso de la reivaindicacion 6 en donde la
corriente de alimentacidn de hidrocarburo es puesta en
contacto con el compuesto de vanadio en una cantidad
suficiente para 1incrementar la concentracion de
vanadio en o sobre el catalizador de craqueo en cerca
de 500 a cerca de 2000 ppm, en relacion con la
cantidad de vanadio 1nicialmente presente en o sobre

el catalizador de crajueo

8 El proceso de la
reivindicacion 1 en donde el catalizador de craqueo

comprende una zeolita con tamafio de poro grande

9 El proceso de la
reivindicacion 8 en donde la zeoclita con tamafio de

poro grande comprende una faujasita

10 El proceso de la
reivindicacidn 1 en donde la alimentacidtn de
hidrocarburo comprende adicionalmente vanadio como una

impureza
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11 El proceso de la
reivindicacion 10 ean donde la alimentacidén de
hidrocarburo comprende adicionalmente niquel como una

impureza

12 Un proceso mejorado
para craqueo catalit co de un material de partida de
hidrocarburos que contiene por lo menos compuestos de
azufre organicos comprende en contacto en un reactor
de craqueo catalitico fluide (FCC) un inventario de
catalizador de equilibrio de craqueo catalitico
fluido, remover ura porcidtn del inventario de
catalizador mientras se reemplaza la misma cantidad de
composicion catalizadora fresca para suministrar un
ambiente estable dentro del reactor FCC, la mejora
comprende

(1) Poner en contacto 1la
alimentacion de hidrocarburo con por lo menos un
compuesto de vaiadio en una cantidad suficiente

para 1ncrementar la concentracion de vanadio en o

sobre el inventario de catalizador de craqueo de

fluido de equilibrio en cerca de 100 a cerca de

20 000 ppm, con relacion a la cantidad de vanadio

=)
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inicialmente presente en o sobre el inventario de

catalizador,

{11) Poner en contacto el
catalizador de equilibrio con la alimentacion de
hidrocarburo que contiene vanadio en una unida de
reactor FCC bajo ambiente estable para producir
un efluente de 2zona de craqueo gque comprende
productos c¢raqueados, 1incluyendo gasolina, gque

tienen un contenido de azufre reducido

13 El procesc de la
reivindicacion 3 en donde el proceso comprende

adicionalmente la adicion de las etapas de

(1) Separar la fase de
catalizador de casto rica en séblidos para remover

los hidrocarburos que ccluyen del catalizador,

(11) Transportar el
catalizador separado del separador al regenerador

de catalizador,

{111) Regenerar el

catalizador separado ponliendolo en contacto con
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un gas gque contlene oxigeno para producir un

catalizador regenerado y

{1v) Reciclar el
catalizador regenerado a la unidad de <craqueo
para poner en contacto con cantidades adicionales

de alimentacion de hidrocarburc pesado

402
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486 de la Comision de la Comunidad Andina, articulo 27 del Tratado de Cooperacién en
Matena de Patentes (PCT), regla 51 bis del Reglamento y Circular Unica de la
Supenntendencia de Industna y Comercio, se le comunica que

0 La solicitud no contiene la copia del documento en que consta la cesi6n del derecho a la
patente del inventor al solicitante o a su causante (Art 26-k) Decision 486)

0 La solicitud no conbene el poder debidamente otorgado, por el solocitante EXXONMOBIL
RESEARCH & ENGINEERING COMPANY con el leno de los requisitos exigidos por los
articulos 63 y subsiguientes del Cédigo de Procedmiento Civil Adicionalmente, debera
presentar el documento que acredita la existencia y representacién legal de la sociedad
solicitante, cuando ésta fuere persona junidica

En cumplimiento de lo dispuesto por el articulo 39 de la Decisién 486, se le requiere para que
dentro del término de dos meses siguientes a la fecha de notficacién del presente oficio,
complete los requisitos antenormente enunciados En caso de no dar cumplimiento al presente
requenmiento, la solictud se considerara abandonada y perdera su prelacién

Notifiguese el presente oficto conforme a lo dispuesto en el numeral 5 2, literal e), del capitulo
quinto del titulo pnmero de la Ci ca N° 10 de 2001

ALIX CARMENZA CESPEDES DE VERGEL
Jefe de la Divigi6n de Nuevas Creaciones

El antenor requenmiento fue notificado por fijacidn en lista de fecha 14 M (] 20&
202059
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