DESULFURI ZATI ON CATALYST FOR CATALYTI C CRACKED GASOLI NE, METHOD OF

PRODUCI NG THE SAME, AND METHOD FOR DESULFURI ZI NG OF CATALYTI C CRACKED
GASCLI NE USI NG THE SAME FI ELD OF THE | NVENTI ON [0001] The present
invention relates to a desul furization catalyst for catal ytic cracked

gasol i ne (abbreviated as a FCC gasoline hereinafter), a nethod of producing

t he samne, a nmethod for desul furization of FCC gasoline using the
cat al yst . %%ULEHI%WF 10N SATALY ST HQR CATALYTIG-CBAGHED GASOLINE, a&wmm used
for renmoving sulfur included in the produced FCC gasol i ne when heavy

hydr ocar bdAR@PLUCIWE VHE uSAMEasAND | METHOD: QR \DEIMLAURIZING k@B OATALYTIC
fluidized catal ytic cracking unit (abbreviated as a FCC unit hereinafter).
BACKGROUNCRACKEE GASMNNE OSINGOME2EAMEe FCC gasol i ne obt ai ned by neans of
the fluidized catal ytic cracking of heavy hydrocarbon oil or vacuum gas
oil contains sulfur conmpounds. Recently, in the view of environnental
concerns such as prevention of air pollution, it is required that a sulfur

cont ent |¢1E£§mﬁ$gtllmﬁ-¥]@w d be reduced because catalyst for renoving NOX
contained in exhaust gas fromvehicles rapidly decreases its activity due

to the efﬁ by sul fur. An anount of sulfur contained in gasoline is
regul ated to Be | ess than 50 ppm in Japan in 2005, and there have been
proposed vari oua_ nmet hods, for  desul furization of ., FCC gasoline in the FCC
unit. [0003] 1 FOP PreRenGfventionysigtes to pdesvifuriRgtionsoptalgst tor satabgisscrackast hod
for reducing | fur content in catalytic cracked oil fractions. In this
net hod, féé%P"B? akhyeriaiediasp FEEgeasolne herkineftednp methisd p& poaluaing tthe athg,

cracked by conmercially avail abl e
and a method for desulfurization of FCC gasollne using the catalyst. The

desulfurization catalyst for FCC gasoline is, as known, used for removing sulfur included
in the produced FCC gasoline when heavy hydrocarbon oil and vacuum gas oil are
catalytically cracked by a fluidized catalytic cracking unit (abbreviated as a FCGC unit

hereinafter).

BACKGROUND OF THE INVENTION
[0002]

The FCG gasoline obtained by means of the fluidized catalytic cracking of heavy
hydrocarbon oil or vacuum gas oil contains sqlfur compounds. Recently, in the view of
environmental concerns such as prevention of air pollution, it is required that a sulfur
content in FCC gasoline should be reduced because catal.yst for removing NOx
contained in exhaust gas from vehicles rapidly decreases its activity due to the effect of
by sulfur. An amount of sulfur contained in gasoline is regulated to be less than 50 ppm
in Japan in 2005, and there have been proposed various methods for desulfurization of
FCC gasoline in the FCC unit. | B |

[0003]




desul furization catal yst at a high tenperature in the FCC unit. This
catalyst is a porous nolecul ar sieve containing vanadium netal as cations
in an oxidized state of nore-than-zero inside small pore structure. Wth
the features as described above, this  catalyst is used for producing

catal ytic cracked products with reduced sul fur content. However, this

catal yst has a problemthat, because this catalyst contains the vanadium
metal in the oxifdrzestasteatdapefieseoPatett Mo-3545@52 Histlogess pamhkthpdrier sedusiiaur e
of the nol ecular sieve and the vanadiumnetal is ion-exchanged and present
as cati onssufor cohiens r‘l’alcbtab_,ﬁl'oeSrackétE ol &Rabbhdn 1MRtthls MetHot 0YeedCsiy Sbmdaining
structure of the nolecular sieve to |lower an activity of the catalyst.

[0004] Japagate Bah@ntcmpiodn@Pen Pémblw@ényorbrweﬁ% e crlily Cl0gifBled

met hod for desul furization of FCC gasoline in a unit or in a FCC unit

especi al | YdeEGIFurﬂgﬁd/rV challyst (f4bb rl”ﬁéﬂ %rﬁ%r%r@ iRRe tuner Q*hﬂagét%ryl;t is 14l S

nmet hod uses a catalytic crackl ng yst for desu fUI’I zation contalning

at | east cted f sistin vana | nGo
o ckel i ParoBrhBlecdsy BRVE Lehlhe v BBl iRt e 2 BT ot
carri ed on_an_j nor gani c. por oys carrier. ocunment de CI’I bes, noreover,
that vanadUm 8P F&'“é'ﬁgém PPES B P ugh% tﬂsﬁeﬁegﬁw sgredippoys. this”
produced gasol |ne fractions. However, when a catal yst honpbgeneously

carryi ng 4 f?herqu@n@aaﬁabftrcquad peaguectsewitle satiuped siglfuniceptent.

desul furization unI ess organic sul fur conpound is diffused in the catal yst
and cont acts vahadevan this detalyshthas rregrobleer thah, bexadsd this ehaivet contfdinsztiiei on
efficiency of the carried vanadiumoxide is |low, and to overcone this

def ect, i tvanddliuns nieedds TRs Yxidized S€ate dfangre—tantitko ¢f theaningl porecaridtad 6 t he
catal yst. Mreover, when the inorganic porous carrier is a fluidized

catal yti ctigd ﬁﬁ!@bﬂlr sidv@ ki@ kthd Ul Bethl id bRSe:ERRM deti finl FPEIRY b labodsina FCC
catal yst hereinafter), although the catalyst is effective in renoving

sul fur copRORRAL Sorkd th@@a#a%ngﬁﬁ%l'dé&réysaggygt%f]s’ér@cth&eoﬂﬁgqnolecular sieve to
lower an activity of the catalyst.
[0004]
Japanese Patent Laid—open Publication No. 2003-27065 discloses a method for
~ desulfurization of FCC gasoline in a FCC unit or in a FCC unit especially for heavy oil
(abbreviated as a RFCC unit hereinafter). This method uses a catalytic cracking
catalyst for desulfurization containing at - least one metal selected from a group
consisting of vanadium, zinc, nickel, iron and cobalt, and in this catalyst the metal is
homogeneously carried on an inorganic porous carrier. This document descr_ibes,.
moreover, that vanadium or zinc should preferably used for desulfurization of produced
_gasolin.'e fractions. |
However, when a catalyst homogeneously carrying vanadium on the inorganic
porous carrier can not achieve desulfurization unless organic sulfur compound is
diffused in the catalyst and contacts.vanadium oxide contained therein, and therefore

utilization _efﬁciency of the carried vanadium oxide is low, and to overcome this defect, it




process, there is the problemthat the Y-type zeolite is destroyed by
vanadiumwi th a cracking activity |owered and yield of hydrogen and coke
generated in the cracking process disadvantageously increase. SUMVARY OF
THE 1 NVENTI ON [0005] For solving the problens as described above, an
object of the present invention is to provide desulfurization catalyst for
FCC gasol i ne having high desul furizing property for renoving sulfur in
gasol i ne f1Sat85e8Y dAdUsal & derEaameynhiof fyaeadiyny jcayriadoore dhe cetalysgenergovern of
hydrogen and coke in a FCC process. Another object of the present invention
is to provivben theneoigadicaforpusochrdeniy 4 Aeidizdé satdiytic aratkion cetatyat iretudingrY-FCC
gasoline and a nethod for desul furization of FCC gasoline using the sane.
[ 0006] Thetype ezmiite (abbeatiated a8 lai §EOt kitaliRb cheptinght@d AltHoudk Ntheviatglythes
objects as described above and found the fact that the desulfurization

cat al yst feffechCE igasmloling sub@F lbhpendrRDaRi e LE sleeYF]rQE‘ticﬁPl’rf AL RFOC

porous inorgani c oxi de spherical particles has the high desul furizing

property inoEGG HPsESthe aml?m %t&n@w%@%e%ﬁgeggo@%ﬁhm RIS Ihadt R WiRKe 1S

suppressed al though the cracking activit e’ 1 nventors conpl eted

- the prese e on based, on,thi Wy found fact. [0007]. Nanel t he
present i nné\;g%wggﬁéﬂf\g&a?’ g’se b Ahe 'e£§gﬁ7y3¥qg?5t?"%n°@%?t 5?'{’95‘%3#(}? 3"&&6"38%(@% i ne

carrying vanadi um xi de only . on surfaces of porous inorganic oxide

spherical PPEFE] H"gga ﬁ%?%ﬁ'é INPEFRS8i um oxide is carried at |east on a

portion of the surface of each particle. It is preferable that said

vanadi um oxi de forns a vanadi um oxide thin layer at |east on a portion of

the surface of each fl)_orous i norgani ¢ oxi de spherical particle.
SUMMARY OF THE INVENTION

[0005]

For solving the problems as described above, an object of the present invention
is to provide desulfurization catalyst for FCC gasoline having high desulfurizing property
for removing sulfur in gasoline fractions and also having high activity to control
generation of hydrogen and coke in a FCC process.

Another object of the present invention is to provide a method of producing the _
desulfurization catalyst for FCC gasoline and a method for desulfurization of FCC
gasoline using the same.

[0006]

The present inventors diligently made studies for achieving the objects as
described above and found the fact that the desulfurization catalyst for FCC gasoline
carrying vanadium oxide only'on surfaces of porous inorganic oxide spherical particles
has the high desulfurizing property in FCC process, and also that generation of hydrogen
and cok_e is s_u_p.pressed although the cracking activity is .high. The inventors completed

the present invention based on this newly found fact.

[0007]




[0008] A quantity of carried vanadiumoxide is preferably in a range from
0.3to 3 W% when calculated as V205. Mire preferably, antinony is al so
carried on the porous inorganic oxide spherical particles. Preferably, the
- porous inorganic oxide spherical particle includes crystalline

alum nosilicate zeolite and a porous inorganic oxide matrix. Further, the
‘porous inorganic oxide matrix includes heat-resistant nmetal oxide
 functioning as aNaneldehe repsppt innentipmirelaesr wuthes désulfarizetion gatalysil foniFEE
powder and a nmetal -trap agent. [0009] In a nethod of nmanufacturing

desul f uri zgasplre canahg sanatlm BGE: gakobhn BarfacCol pbrogs irdrddni: pxids eépherical

i nvention, porous inorganic oxide spherical particles are dried and

sintered afdrficles apd egnadradiubsoNide isaRedIB RE51I6h & Yortidrr & 1BE ARlYce YRBASH UM
oxide particles in the vanadi um oxi de sol have an average di aneter ranging

from1l to gaf§® nanonmeters. [0010] In a nethod of desul furizing a FCC
gasol i ne according to the present invention, heavy hydrocarbon gas and/ or

vacuum gas oil iys;C 0, Lxture of the desul furization gatalyst
I is @%F%%}l&“i!hét Sa%{ Tl oEcldg f?gc[:seai\.rﬁn% "i"%r?é@e tin % 8 %1?/95

for FCC gasoline an catal yst mXed a

to 50/ 50 ight f.or the ose to catalytically, crack,and desul furize
t he heav;lp‘(ar"usyéaﬁ1 g‘ic%? %rhoéﬁhle %%E%F’F Hagowanic %@Gfﬂ‘er ﬂa"lt'ﬁ@
desulfuri%?@kﬁ? catal yst for FCC gasoline according to the present

i nvention xed with the FCC catalyst in an FCC unit, the organic sulfur

conmpounds efficiently contact the vanadi um oxide carried only on a portion
of surface of tKeauantity of carried vanadium oxide is preferably in a range from 0.3 to 3 wt%

when calculated as V,0,.
More preferably, antimony is also carried on the porous inorganic oxide
spherical particles. |
Preferably, the porous inorganic oxide spherical particle includes crystalline
aluminosilicate zeolite and a porous inorganic oxide matrix. Further, the porous
inorganic oxide matrix includes heat—resi.stan’.c metal oxide functioning as a binder, clay
mineral, porous silica xerogel, alumina powder and a metal—trap agent.
[0009] | |
In a method of manufacturing desulfurization catalyst for FCC gasoline
according to the present invention, porous inorganic oxide spherical particles are dried
and sintered after impregnated using vanadium oxide sol. Preferably, vanadium oxide
p.articles in the vanadium oxide sol have an average diameter 'ranging from 1 to 1,000
nanometers.
f0010]
In a method of desulfurizing a FCC gasoline according to the present invention.. |
'h_eavy hydrocarbon gas and/or vacuum gas oil is contacted to a mixture of the

desulfurization catalyst for FCC gasoline and FCC catalyst mixed at a rate in a range




desul furization catal yst for FCC gasoline. Because of this feature, only a
smal | amount of vanadi um oxide (carried only on a portion of the surface
of the catalyst) is needed to obtain the desired desul furization activity.
Furt hernore, when the FCC catal yst including crystalline alumnnosilicate
zeolite 1is used as porous inorganic spherical particles, the vanadi um

oxi de does, not ﬁana the zeolite crystal, so that the catalytlc cracki ng
activity i&oRi%H ta%e/ R0hky Weigkt forithe Pyose el catsbicallicrask and desiifgpizetised.
[0012] When antinony is carried, in addition to vanadi um oxi de, on the
desul f ur i 2V hydregarapy eil aed/oo ey eas alhe present invention, antinony
provi des excel |l ent hydrogenation activity and also provides an effect to
suppr ess d@Bttlati on of hydrogen. BRI EF DESCRI PTI ON OF THE DRAW NGS [0013]
FIG 1 is a photo showing a surface of the catalyst a in Exanple 1 observed

and phot ogr apheWhaint theadssGHiMYation QJa€ydtORdr IA0T QESAIRE dcSbMing ®Nthd blesedt
provides an image of the catalyst a obtained with an electron probe

m croanal Mﬁ\&fntlﬁN\QSMxeaWﬂtlﬁfheelt@@?d}la!@t% ah B¢ QR Clhe V%'géru Qélwracto'n‘fbgﬂﬁds

result of the line analysis of th e cata yst a on a l1Tne 1n

i mge. f%rng Tl | NENTS 0014 LFURI I O\I
CATALYST % &E@Q %L por ous 9 ﬁ%r'&gn?néy OXI %lel’l cz%régar 4At
accordi ng e_pres tion,hav ubst sanme size as that of
Che typr oaFSubPEabirtrabst LR LT rebalins,  Bekavmm iy ?fjea%e . les FEal ampi
particles EaV| an avzvgge particle diameter in a range from40 to 90

m cr omet ers VaR %Pél ¢ heAsHed eply @ascperbied of H@r%—lrfﬁcetq’ﬁéh‘% entglysh is peedaddto

portion of the porous
obtain the desired desulfurization activity.

Furthermore, when the FCC catalyst including crystalline aluminosilicate zeolite
is used as porous inorganic spherical particles, the vanadium oxide does not damage the
zeolite crystal, so that the catalytic cracking activity is high, and the generation of
hydrogen and coke is suppressed.

[0012]

When antimony is carried, in addition to vanadium oxide, on the desuifurizétion

catalyst acoor'ding to the present invention, antimony provides excellent hydrogenation

activity and also provides an effect to suppress generation of hydrogen.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]
FIG. 1 is a photo showing a surface of the catalyst @ in Example 1 observed
' “and photographed with a scanning electron microscope (SEM); and
FIG. 2 provides an image of the catalyst O obtained with an electron probe
microanalyzer (WDS), and an element distribution chart illustrating a result of the line

analysis of the catalyst @ on a white line in the image.




i norgani c oxide spherical particle" refers to an inner portion ranging from
an outer surface of the spherical particle down to 1/2 of the radius of
the particle. The desulfurization catalyst for FCC gasoline according to
the present invention carries vanadium oxide at |east on a portion of the
surface thereof. [0015] In the conventional desul furization catalyst for
FCC gasoline in which vanadium is carried uniformy thereon, or in the
catal yst | PETNLER DESCRIPTIAN QF JHE EMBQDIMENTSn the portion including the -
i nner portion below the surface and ranging dowmn to a depth over a half of
t he radi ud08t4lt he particle and sonmetimes even down to the center, organic
sul fur conpound needs to be penetrated into the inner portion of the

catal yst DESHFURIZATIONCCAVARUST FORRCOGASDIINEd therein for

desul furization. Because of this feature, the vanadiumtherein is not used

efficiently, andpbt pbouderBaRficY okide BHeRRSE phiRIAURABLIHNgOto HaNBRYsHAR
carried therein for obtaining the desired desul furization activity. On the

ot her hangp,dph&H hE\V@S%ﬂHtTaH%%é@Eis% £tk %9 tnd Q&pié?‘ﬁcﬁﬁéé;ﬂeaiﬁﬁ f%‘é%f%glisﬁ

g
to the present invention Is vanadl um oxi dé”'can be u efficrently

because organi sul fur co unds,.effici.ently contacts the vanadi um oxi de
Carried oS piiepite ShPedc TG TR brviohan RIFEEE HAHGTG ARtk Nus ronES
sphericalf ar&%c § Therefore, only a snmall anmobunt 6 of vanadiumis needed
to obtai n TIMLIYLLY) B¥erametars-ur i zat i on activity. Furthernore, when the FCC
cat al yst includinagfrystalline alunmnosilicate zeolite described later is
used as the poluihis invertiemidescsigadtherain, e teral s surpeshpertignldfrige soreus t y

i s obtained and generation of hydrogen and coke is suppressed, because
crystal ofnorgpnicc pyide adphirieal apantivladgblere ab ean el ifoetidrs rav@ingdfromganl doyer
vanadi um oxi de carried thereon. [0016] In the desulfurization catal yst for
FCC gasol isadagkc ebribe ngphkhicdl hearficleSédvin  td NV@nbf @Re rallius Sofptief pamiklee tThat at
| east 90 wt % of vanadi um oxide carried thereon is preferably in a portion

rangi ng f gesoifuRgatRut 85taf st FHCECBOMRlife 38261aAngt RE th PldbenPlinelion carries

vanadium oxide at least on a portion of the surface thereof.
[0015]

In the conventional desulfurization catalyst for FCC gasoline in which vanadium
is carried uniformly thereon, or in the catalyst in which vanadium oxide is carrie-d in the
portion including the inner portion below the surface and ranging down to a depth over a
haif of the radius of the particle and sometimes even down to the center, organic sulfur
compound needs to be penetrated into the inner portion of the catalyst and contact the

vanadium oxide carried therein for desulfurization. Because of this feature, the
vanadium therein ié not used efficiently, and it is necessary to increase the gquantity of
varjadium carried therein for obtaining the desired desulfurization activity.

On the other hand, when the .desulfuri'zation catalyst for FCC gasoline according
to the present invention is used, vanadium oxide can be used efficiently because organic
sulfur compounds efficiently contacts the vana&ium oxide carried only in the surface

portion of the porous inorganic oxide spherical particle. Therefore, only a smail amount




particle, and nore preferably in a portion ranging fromthe outer surface-
down to 20% of the radius of the particle. How the vanadi um oxide is
carried on a portion of the surface of porous inorganic oxide spheri cal
particle can be observed with a scanning electron m croscope (SEM and an
el ectron probe m croanal yzer (WDS). Furthernore, in the desulfurization
catalyst fo FCE asoline according to the present invention, it is

pr ef er abl e"{‘f?é'ﬁ '\vg‘daaﬁﬁﬁﬁdctarqht% tﬁ’%d?sr'r@dsi?FhF'ghfléaW aqtiyity.of Furthermprss when

i norgani c Particles rangi;g fromthe outer surface down to a half of the
radi us of theneChanatalydtdngleding ceystallimadiluminosiicite zhélite [deyaibedtlater ds tiseshasn
portion of the surface of the porous inorganic oxide spherical particle.
The vanadi Umnroxewseinorgamic Isplyeicatpartibles dligrecnaeiting Bativitp ¢ obttaitiediang gbheration f ace
of the porous inorganic oxide spherical particle wwith an SEM [0017] In

the desul faff hyaasgennartiotdkeyis tsubes§€aC beasiRl digstal OTHE & staflink REurRRESIRAte
i nvention, when vanadiumoxide is carried at | east on the surface portion

Of POT OUS cofie 196t s Aoy SBASULAiRAUaHAG Gorsgapeci al Ly when a vanadi um
e

oxide thin layer is formed™ thereon, the desulfurization efficiency is high

because thggpigsul furizing reaction 7 proceeds only when the surface of the
porous inorganic particles contact organic sulfur conpounds, so that the

catal yst can be used for renpving sul fur ounds not only in_ the
gasol i ne fracti dhaBudefugan o?ﬁ#eﬂgﬁ@fh%ﬁﬁo@eﬁfﬁ'a? SReHHRE P ther BETPBhs
havi ng hi qher . bojling points. [0018] In the desul furization catalyst for
FCC gasol IMMEHerolt df myefembienthasraisieast 99 widnefi wanadium pxidprasrdgdabheseenit a
quantity of carried vanadiumoxide is in a range from0.3 to 3 w % when
cal cul at edref8rabyn. a perdian trargingtiomi thy duter ssfce awn o B0kt of the iredius of the
desul furi zi ng perfornmance for renoving sulfur conpounds in the gasoline
fracti on mwasticlheodmpore preferablyne aRGEtipn eanis. fraM e biter gudadd dowr o UK 6f t ha
3 w% the :
the radius of the particle. How the vanadium oxide is carried on a portion of the
surface of porous inorganic oxide spherical particle can be observed with a scanning
electron microscope (SEM) and an electron probe microanalyzer (WDS).

Furthermore, in the desulfurization catalyst for FCC gasoline according to the
present invention, it is preferable that Qanadium carried in the surface portion of the
porous inorganic particles ranging from the outer surface down to a half of the radius of
the particle forms a vanadium oxide thin layer at least on a portion of the surface of the
porous inorganic oxide spherical particle. The vanadium oxide thin layer can be observed
by photographing the surface of the porous inorganic oxide spherical particle with an
SEM.

[0017]

In the desulfurization catalyst for FCC gasoline according to the present

invention, when vanadium oxide is carried at least on the surface portion of pdr’ous

norganic oxide spherical particle, especially when a vanadium oxide thin layer is formed

- thereon, the desulfurization efficiency is high because the desulfurizing reaction




desul furi zing performance for renoving sul fur conpounds in the gasoline
fraction Dbecones higher, the generation of hydrogen and coke in the
reaction increase, and the yield of gasoline fraction will generally
beconme | ower. More preferably, the quantity of carried vanadium oxide is
in the range from0.5 to 2 wt % when cal cul ated as V205. [0019] In the

desul furi zat i catal yst .for ECC oline according to the present

i nvention, Bldodfes %’5‘%@?%65‘%5%%%3 %ﬁ‘ﬁﬁmwsi@w&w e
vanadi um oxi de qn th% orous inorq?nic'oxide spherical particles. Wen
al so anti nSHYPTEIEforthatthencatalyst san beauradtion Ferpayinesidiar aamesynde not RalveRf ect
for suppressing the generation of hydrogen and coke is enhanced with the
yield of tHE gsske frectiopadut glsoiimeklisydish mplepgaweighsied! frhctionsi raving tegheEC
process, the generation of hydrogen in this reaction decreases because
conpounds, balingpoings.Sbvo4, Sh2VOs, and Sb09VIO41 synt hesized from anti nony
and vanadi um suppress dehydrogenation reaction by vanadium [0020]

Pr ef er abl y[0048lquantity of carried antinmony is in the range from0.3 to 5
w% and 8 nore preferably in the range from0.5 to 4 wt % based on

catal yst when cah Cﬂhbaa@édllfﬂﬁzatﬁhZQ&alyEUrfBﬂ‘?—'rd@rg%solin@ LEGras Yol Wd 2ALdeRD.

catal yst for FCC gasoline according to the present 1rnvention, 1n addition

Lo anaa) pvaS: RSl AR Y GionB S Alnied PThalh Sl in B BHE Fah Gl

and cobalt, that is typica us LTurrzatron catalyst
ahore. ant i ol S uREn et it Yo, et T FhEnion: epaheatd b fhe s,
however, preferable that the_antinony or the other nmetal is carried near
vanadi um Sy ”'c%&'ﬁrﬁeég”t“ﬁ'&eef%.re[rt?w&lsumr eamPYeds s the gageline draptiog enay
spherical particles, it is possible to use spherical particles nmade of an
organi ¢ oPeaeME yigrcH the LFS%& prigcess-CONben ahysguantity is more than 3 wth, the
desuifurizing performance for removing sulfur compounds in the gasoline fraction
becomes higher, the generation of hydrogen and coke in the reaction increase, and the
yield of gasoline fraction will generally become lower. More preferably, the quantity of
carried vanadium oxide is in the range from 0.5 to 2 wt% when calculated as V,0s.
[0019]

In the desulfurization catalyst for FCC gasoline according to the present
invention, it is preferable that antimony is carried, in addition to vanadium oxide, on the
porous indrganic oxide spherical particles. When élso antimony is carried thereon in

* addition to vanadium oxide, the eFfect for suppressing the generation of hydrogen and

- coke is enhanced with the yield of the gasoline fraction improved. It is guessed that, in
the FCC process, the generatibn of hydrogen in this reaction decreases because
compounds, such as SbVO,, Sb,VO,, and Sb,,V,,0, synthesized from antimony and
vanadium suppress dehydrogenation reaction by vanadium.

[0020]

Preferably, a quantity of carried antimony is in the range from 0.3 to 5 wit%, and




The porous inorgani c oxide spherical particles include crystalline
alumnosilicate zeolite such as Y-zeolite, ultra stable Y-zeolite (USY),
X-zeolite, nordenite, beta-zeolite and ZSM zeolite; heat-resistant netal
oxi des such as silica, alumina, silica-alumna, silica- nmagnesi a,

al um na-boria, titania, zirconia, silica-zirconia, calciumsilicate,

cal cium al ym nat e;: and ay mnerals_such kaolin, bentonite, K and

hal | oysi te’.’*c’fe pr[egf‘dﬁ@}’ %&@? kg “30'11 3 5%#0\"@5 barsAhratayR ddes F?HEPQE%‘E! as
particles g@;grqég%]to the present invention are _made of crystalline

al uni nosi | e efneres it Hieadesylfprigstion catalyst ffar FECatnseline aeqsirding te e
ZSM'5, and an inorganic oxide matrix. Preferably the inorganic oxide

mat ri x i ncPGEeY heation.dsjaddition towaeadiux odide fdanwtbied reboge, s matdhi sudie as fzote,
silica, alumna, and silica-alumna, and clay m neral such as kaolin, and
- further inuthedeison, idnd oebaéssbatyis picapprepd a3t £ REDIARzatdn RAtDS foi IFOTG
xerogel and either alumna powder or a netal-trap agent. Preferably a

guantity ofastlhe cihdodd tardedbnbFeslsi licate zeolite is in the range 9 from
5 to 50 weight percent based on catalyst. As is often the case with a

catal ytic crackingge %aﬁ@-gﬂt%iﬁc Hh%irg?}l)ﬁtt \?Létje%timoHWarﬂ8§Haio?ﬁéreln%tﬁpgdéheag S

i on-exchanged with at |east one kind of cation selected fromthe group

consi st i ng;f sy g? ERrie MR Wiyl Bre%)rjaxl\é%h etp ggg?er%%lb%y é‘otggﬁ)kfrxelrzrg%t%l

especially preferable to use, 'as the'porous in i

particl es,;¢ ar{?i(ﬁ:gg(ﬁ:?rt\?l é@b@;{\i@ udi q?ﬁ']f%% cal crystalline alumnosilicate

zeolite use °fhe porous inorganic oxide

spheri cal i cl es described above are nanufactured in the sane manner as
t hat enpl 5@@] when a typical FCC catal yst is manufactured. For instance,
the spherical particles are manufactured by spray-drying a mxture of the
ul tra stabl e Y- Asdbtippeousritoraane eside soherirfal particienpit ga pbssitox itol eseraphrerical

particles made of an organic oxide typically used in a FCC catalyst.

The porous inorganic oxide spherical particles include crystailine aluminosilicate zeolite
such as Y-zeolite, ultra stable Y-zeolite (USY), X-zeolite, mordenite, beta—zeolite and
ZSM zeolite; heat~resistant metal oxides éuch as silica, alumina, silica—alumina, silica—
magnesia, alumina—boria, titania, zirconia, silica-zirconia, calcium silicate, calcium
aluminate; and clay minerals such as kaolin, bentonite, and halloysite.

[0022]

Preferably the porous inorganic oxide spherical particles according to the -
present invention are made of crystalline aluminosilicate zeolite such as Y-zeolite, ultra
stable Y—zeolite.and ZSM-5, and an inorganic oxide matrix. Preferably the inorganic
oxide matrix includes heat-resistant me_tal oxide functioning as a binder for silica,
alumina, and silica—alumina, and clay mineral such as kaolin, and further includes, if_
necessary, an appropriate amount of .porous silica xerogel and either alumina powdsr or
a metal-trap agent. |

Preferably a quantity of the crystalline aluminosilicate zeolite is in the range




including silica sol, kaolin, porous silica xerogel and alum na hydrate,
and the obtained spherical particles are then washed, dried and, if
necessary, sintered. Preferably, the spherical particles have an average
particle dianmeter in the range from40 to 90 mcroneters. [0024] METHOD
‘OF PRODUCI NG THE DESULFURI ZATI ON CATALYST The desul furization catal yst for

FCC gasol ipe ording,to the present inyention is produced by ]

i mpr egnat ipﬁ%mfschgo B@”ﬁf%’gﬁipﬁ&eﬁ:‘ﬂﬁ??do% Béta‘sjyﬁﬁer’ls‘sc@ oftety thecase witls argafriytic
above wi th vanadi um oxi de sol, further by drying and sintering the sane.
The vanadi GATHHE aatayst thayerydalle plamingsilicate 1aebtealscien-exgharged vétmat least
descri bed in Japanese Patent Laid-open Publication No. HEl 7-507532, or

t he ‘comer®ieakind \aineationnsededted fen) theerde weesdsting00Rbydrégenirammonuregarat i ng
met hod may be enpl oyed for inpregnating the porous inorganic oxide

spheri cal nedvaieot mstdlnt o t he vanadi um oxi de sol. For instance, the spraying
nmet hod, the pore-filling nmethod, the incipient wetness nethod, or the
“evapor ati dfio2} dryness nethod nmay be enployed. In the produci ng nethod
according to the present invention, the porous inorganic oxide spherical

part i cles are | mreastad) prrbenuanadiums ko 3oL irpble E1d iR

nmet hod, and dried until water content Is [ess t nore preferably

in a rang %. and then sintered at a t erat ure of. .
appr ox mara e Bog f8e M alne B VB Ao RS RS gy e
execut ed aunde tl%f;c co.gditi on of catal yst regeneration in regenerator of
FCC unit. [)5?55 dVr age particle diameter of vanadi um oxi de spheri cal
particles included in the vanadi umoxide sol is preferably in a range from
1 to 1,000 -nano ?erp§'.’°%e'ﬁ°"tgﬁ’@°a\PéId&geSPﬂi‘aflf-Q’cIF@"Qﬂ'%ﬁrre@%ﬁG”ggdI abeve hare 1
nanonet er, vanadi um oxi des supported on the { :

manufactured in the same manner as that employed when a typical FCC catalyst is

manufactured. For instance, the spherical particles are manufactured by spray—drying a
mixture of the ultra stable Y- zeolite and a precursor of the inorganic oxide matrix
including silica sol, kaolin, porous silica xerogel and alumina hydrate, and the obtained
spherical particles are then washed, dried and, if necessary, sintered. Preferably, the
spherical particles have an average particle diameter in the range from 40 to 90
micrometers.,

[0024]

METHOD OF PRODUCING THE DESULFURIZATION CATALYST

The desulfurization catalyst for FCC gasoline according to the present invention
is ‘produced by impregnating the porous inorganic oxide spherical particles described
abqve with vanadium oxide sol, further by drying and sintering the same.

The vanadium oxide sol may be prepared, for instance, by the method described
in Japanese Pateﬁt Laid-open Publication No. HEI 7-507532, or the commercial

* vanadium oxide so| may be used.

[0025]
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surface of the porous inorganic oxide spherical particles described above
decrease in quantity, and may al so be carried on the interior of the
spherical particles so that sometinmes the desired effect described above
is not achieved. Wien the average particle dianeter is nore than 1,000
nanonet ers, the binding power between the vanadi um oxides carried on the
surface of the pprous inorganic oxjde spherical particles described above
and the porous i& rd'ﬁﬂriegné&&igdg‘eé%r’?"ﬁ’albepé’ﬁ“ﬂ"&? ord{PrEngiingk dhe drareus t hat
the obtained desul furization catalyst is possibly unable to achieve the
desired sulPERNcoxtde sphesicaliprsticles dute thewenagium erides splptnrtingignasathedsrravioi des
during use. [0027] According to the present invention, the average particle
di anet er dnethadatlieuparedillirdemstitodr ittoaincipdart: i vwdtesssi mettaldc ot abe dviporatasts | ng
the major axis of each of one hundred vanadi um oxi de spherical particle

i mages t akdwndsy methpdnsayi bsieanleeacin tha prddudifg mesvapa:cordiM tdvithd pPesent

m cronmeter caliper. Said average particle dianeter of vanadi um oxi de

spheri cal ipasrtion/ the ipdrdt@lisorgdti€bAHeRpNericAl $P8cIELRLSmpF YMLE ih he Phadium
nanonmeters. [0028] Wen the desul furization catal yst for FCC gasoli ne

supports adde"®MByithe mi%ﬂQintolNﬂ%%t%%,}ﬁd}’@#%ﬁ&@?ﬂbv%’éérd&%ter?}& 143553058 ke

porous i norgani c oxi de spherica escribed above are mxed'into
a hydrochl gt i i.th antigony,chlprid bei.ng dj ssol ved thereip;
neutral i Ze@éﬁ%ﬁ%&%ﬁy %aW§h$eo>%ﬁoﬂ'e;gD§ﬁ’eh§d‘ftg’t - thehi Séﬁ*%r%"l]at asfemperadye ‘éﬂd
after tha% accorqiqﬁ to &Ef nethog gescribed above, the eorous i norgani ¢
oxi de sph&PPO&Mabaly 17001 tes0U) degrpes Sgleinse dhqistietingeol satalFt may hedexasyfed
dried; and iq%ered__if needed, so that the desul furization catalyst for
FCC gasol MAge" e seaditieral catplyst regensratign in ragengeator phEGCiunitt he exanpl es

described_| ater, antinony oxide so] nmay be used. [0029] METHOD OF
DESULFURI H846! Fcc GASOLI NE

An average particle diameter of vanadium oxide spherical particles included in
the vanadium oxide sol is preferably in a range from 1 to 1,000 nanometers. When the
average particle diameter is less than 1 nanometer, vanadium oxides supported on the
surface of the porous inorganic oxide spherical particles described above decrease in

‘quantity, and may also be carried on the interior of the spherical particles so that
sometimes the desired effect described above is not achie_yed. When the average
particle diameter is more than 1,000 nan.ometers, the binding power between the
vanadium oxides carried on the surface of the porous inorganic oxide spherical particles
described above and the porous inorganic oxide spherical particles may be weakened so
that the obtained de_sulfurjzation catalyst is possibly unable to achieve the désired sulfur
retention due to decrease of the supporting vanadium oxides during use.

[0027]

According to the present invention, the average particle. diameter of vanadium

oxide spherical particles is calculated by measuring the major .axis of each of one _

hundred vanadium oxide spherical particle images taken by a transmission electron
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In the nmethod of desulfurization for FCC gasoline according to the present
i nvention, the desulfurization is perforned together with a catalytic
cracking by contacting heavy hydrocarbon oil and/or vacuumgas oil wth
the m xed catal yst of the desulfurization catalyst for FCC gasoline
descri bed above and the FCC catal yst under the catalytic cracking
condi ti on. 0030 I\ﬁhe FCC catal yst, the commercial FCC catal yst nay be
used, and & A@E Ywigh F@E""@ﬁleéff"f@l'p?!’ont aining faujasite zeolite is
pr ef erably used because of the high degradation activity. The FCC catal yst
cont ai ni ng f auj a¥1'd @voraee iragti¢le  difngter r@gt\anetﬁumaoxi@atsah%r@af corticksi isi mgre
faujasite zeolite (USY) with the Si2/ Al 233 nolar ratio of 5to 6, in the
range fronpreferaldy BOthetrefgesirérh @8 ta$08 nbioroketers. n t he range from 15 to 20 w %
porous 12 silica xerogel in the range fromO to 15 wt% active alumna in
the range 0028h 0 to 20 W% netal trap agent in the range fromO to 10
w% and kaolin in the range from25 to 65 W% As the FCC catal yst as

descri bed above WHRZthdQksulRlVhtiS GatdR f@nﬁc@%asélinges& Hsha@ony in
trademarks or registered trademarks of FCC catal ysts produced by Cat al ysts

& Chem cal gigliRUsS theSalilium Ldéhiek. #/° m%%(a%'ggl H’L %gf‘OUAS' B g”'EC%ge[at EL%%@

according to the present I nvention, an equi'l rori um ca

cat al yst t al zed d rocar on oil in

ot ¢y 2P é@se"‘w‘*‘f GBI TRE TP ooty Bl S HEGEY 28 b Eriod,

m Xxi ng I‘athO of t cg ul furization catalyst for gasollne and the FCC
catal yst i°§Mendispve r’fE%”ef"r difuaized withopg “'Bth‘K@F'Q%t elndeated:ngrieg: x aity
rati o of the desul furization catal yst for FCC gasoline is less than 5/95
by wei ght Snéeneduandcafiqsoliat soperdingdoghe ohdthed feseribpdaberey throporiges insnganisd
sufficiently because the desul furization catalyst is not enough. Wen the
m xi ng r atoxide spheridabpattisiek fane ingmegrate daitia ltys tarfadiumFE@gad;adriedearidssimered t han

50/ 50 by wei ght, the
if needed, so that the desulfurlzatlon catalyst for F GG gasoline is produced. Alternatively,
as described in the examples described later, antimony oxide sol may be used.

[0029]

METHOD OF DESULFURIZING FCC GASOLINE

In the method of desulfurization for FCC gasoline according to the present
invention, the desulfurization is performed together with a catalytic cracking by
contacting Heavy hydrocarbon oil and/or vaeuum gas oil with.the mixed cafalyst of the
desulfurization catalyst for FCC gasoline described above and the FCC catalyst under
the catalytic cracking condition. _

[0030]

As the FCC .catalyst, the commercial FCC catalyst may be used, and especially
the FCC catalyst containing faujasite zeolite is preferably used because of the high
degradation activity. The FCC catalyst containing faujasite zeolite is, for instance, a
cetalyst containing faujasite zeolite (USY) with the SiO,/Al,O; molar ratio of 5 to 6, in

the range from 10 to 50 wt%; silica as a binder in the range from 15 to 20 wt%; porous
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catalytic cracking activity and the yield of gasoline becone |ower. The

m xing ratio of the desul furization catalyst for FCC gasoline and the FCC
catalyst is preferably in the range from 10/90 to 30/70 by wei ght. [0032]
In the nmethod of desulfurization for FCC gasoline according to the present
i nvention, desulfurization is perforned together with catal ytic cracking by

contacti ngsiﬁg]ae)z(a?\% qydrecar bon1c oi | anggor vacuumgas qil to the m >6ed

catal yst des&t FHRE dBA0R FalpsdEem hie Lamdkyretvecslumion i the raneeiterm Oate 2e
catal ytic }g@gcki r}g condition, the catalytic cracking condition commonly
used in thVE" fMesql dranoearahin Birarange frap G&o dfyrtdyaet kadindn theorange froamde tot he
catalytic cracking tenperature is approximately in the range from 13 400
to 600 deg@%é"s%-Cel sius, and the regeneration tenperature i s approxi mately
in the range from500 to 800 degrees Cel sius. EXAMPLES Exanples are shown
bel ow t o descri b tHeeFQC estaiysti azvastiion dhovehaCzspedqi BrwaBLE, HMOwadehe t he
present invention is not limted to the exanples in any way. [0033]

Exanpl e of liker @ehich b traddmBRQ & Adist&edSirhddiarRY HFOsOb it Noide by
concentration of 12.5 % is prepared by continuously adding 1,059 grans

of sul furigaaghd aobH&AaQQISV‘dnHDstPiggtcﬁd!,'t EEH)"SIS\&%%H [FRACERL' At ??c‘i’gatéﬁé%"‘s OOA)

into 2,941 grans of water glass w cohcentration o

onthe dr y boei? B e 8 ol an SRaA B Gt R TR EER tabotisheiar ™
wt o6 sul T ur's CAEPEe B Seinsce et D a1 bF 556 e baoBPlgrathe, 125
granms, 25 [gaﬁqs and 750 grans

In the mixed catalyst described above, the mixing ratio of the desulfurization
catalyst for FCC gasoline and the FCC catalyst is in the range from 5/95 to 50/50 by
weight. When the mixing ratio of the desulfurization catalyst for FCC gasoline is less
than 5/95 by weight, sulfur compounds in the gasoline fraction may not be removed
sufficiently because the desulfurization catalyst is not enough. When the mixing ratio
of .the desulfurizgtion catalyst for FCC gasoline is more than. 50/50 by weight, the
catalytic cracking activity and the yield of gasoline become lower.

The mixing ratio of the desulfurization catalyst for FCC gasoline and the FCC
catalyst is preferably in the range from 10/90 to 30/70 by weight.

[o0s2]

In the method of desulfurization for FCC gasoline according to fhe present
invention, desulfurization is performed together with catalytic cragking by contacting
heavy hydrocarbon oil and/or vacuum gas oil to the mixed catalyst described above
under the catalytic cracking condition. As the catalytic.cracking condition, the

- catalytic cracking condition commonly used in lthis field conventionally may be embioyed,

and, for instance, the catalytic cracking temperature is approximately in the range from
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respectively into the silica hydrosol so that weight percents of the
conponents in the final catalyst conposition are 39% 5% 5% 1% and 30%
respectively. After spherical particles are prepared by spray-drying the
m xed slurry, the spherical particles are cleaned until the Na2O content
Is less than 0.5 wt% and then dried at a tenperature of 135 degrees

Cel sius to,obtain a catalyst A The conpositions and characteristics of the
catal yst A%Qf} to §8Q deprses) Gelsiysolandibe regenefadio8 4pmp¢rajuredsposioxinutely $h lthe a:
20 W% Kaolin: 39 wt% Zeolite: 30 w% Porous silica Xerogel: 5 w%
Active al uringafrol 0% 80Btdrkrees felsigent: 1 W% (2) Characteristics Loss of
ignition (1000C - 1 hour): 11.3 W% Renaining Na2O 0.1 wt% Remai ni ng
SO4: 0.2 wt% A1203: 25.2 wt% Average particle dianeter: 72 nicroneters
Apparent bul k specific gravity: 0.76 gramper mlliliter . Specific surface
area: 211 BXAMIPEESEter per gram Attrition resistance: 0.1 wt % per hour
[0035] Exanple 1 A solution prepared by m xing 125.0 grans of vanadi um

pent oxi de so] WBmMERE are shown below to describe the present invention further specifically,
however, the present invention is not limited to the examples in any way.

[0033]

Example of Production 1

4,000 grams of silica hydrosol with the SiO, concentration of 12.5 wt% is
prepared by continuously adding 1,099 grams of sulfuric acid solution with the sulfuric
acid concentration of 25 wt% into 2,941 grams of water glass with the &iO,
concentration of 17 wtk so that the SiO, concentration of the final catalyst composition
is 20 wt% on the dry.base. Kaolin, porous silica xerogel, active alumina, a metal trap
agent, and ultra stable Y-zeolite slurry adjusted at pH 3.0 with 25 wt% sulfuric acid are
added respectivéiy by 975 grams, 125 grams, 125 grams, 25 grams, and 750 grams
respectively ihto the silica hydrosol so that weight percents of the components in the
final catalyst_composition are 39%, 5%, 5%, 1% and 30% respectively. After spherical
particles are prepared by .spray-drying the mixed slurry, the spherical particles are
cleaned until the NéZO content is less than 0.5 wt%, and then dried at a temperature of
135 degrees Celsius to obfain a cafalyst A. |

The compositions and characteristics of the catalyst A are described as follows;
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vanadi um pent oxi de concentration of 2 ww% into 58.8 grans of water was
inpregnated in 497.5 grans of the catalyst A as the dry base so that the
vanadi um pent oxi de concentration in the catalyst was 0.5 W% and the
catalyst was dried at a tenperature of 135 degrees Cel sius for 12 hours,
and then sintered at a tenperature of 600 degrees Celsius for two hours to
prepare a &)ﬁsifuri zation catalyst for FCC gasoline carrying 15 vanadi um
pent oxi de gfleon (hereinafter referred to as "a catalyst a "). The used
vanadi um pent oxi de sol was the onhe (the average major axis: 250 nanoneters,
the averadeCainpositiensi s: 1 nanometer) produced by Shinko Chemical Industry
K.K. [0036] Fig. 1 is an inmage showi ng a surface condition of the catalyst
Ce observed wit I6ilica: scanni ng el ectron mcrosegpg%(SEM, and it is

recogni zed that a thin layer is formed on a surface of the catalyst a'.
From an i mage phgeb@graphed with an el ectron ppgpg m croanal yzer (VDS)

shown in Fig. 2 and the result of line analysis, a dianeter of the catalyst
particles and a tion where the vanadi um nt%xi de is carried are
measured. Froma result of neasurenment of 20 catal yst particles, it is
recogni zed t hat F;he va]nadi um pentoxide is c?_,rriued on in a portion ranging
fromthe outer SPFREG efRE catal yst down Po¥Phe depth of less than 14%
of a radius of the catalyst a. The properties of the catalyst CV are shown
in Table 1. [0dSFeEXaF e 2 Like in the cadev® the catalyst a in Exanple
1, the soluti onNPrepared by mxing 125.0 grans of vanadi um pent oxi de sol
into 57 grams oMejglttear aggst:i nmpregnated in 495v% grans of the catal yst A as
the dry base so that the concentration of vanadium pentoxide in the

cat al yst WAChargctetistjcsand t he process described above one was repeated
once nore for inpregnating an appropriate volune of the sol suited to the

Loss of ignition (1000°C - 1 hour): - 11.3 wit%
Remaining Na,O: | 0.1 wtk
Remaining SO, 0.2 wth
ALO,: 25.2 wth
Average particle diqmeter: 72 micrometers
Apparent bulk specific gravity: 0.76 gram per milliliter
Specific surface area: 211 square meter per gram
Attrition resistance: ' : 0.1 wt% per hour
[0035]
Example 1

A solution prepared by mixing 125.0 grams of vanadium pentoxide sol .with the

| vanadium pentoxide concentration of 2 wt% into 58.8 grams of water was impregnated in

4975 grams of the catalyst A as the dry base so that the vanadium pentoxide

- concentration iﬁ the catalyst was 0.5 wt%, and the catalyst was dried at a temperature
of 135 degrees Celsius for 12 hours, and then sintered at a temperature of 600 degrees |

Celsius for two hours to prepare a desulfurization catalyst for FCC gasoline carrying
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wat er absorption rate of the catalyst A and then the catalyst is sintered
at a tenperature of 600 degrees Celsius for two hours to prepare the
desul furization catalyst for FCC gasoline supporting vanadi um pent oxi de
(hereinafter referred to as "a catalyst $ ") 16 Exam nation with the SEM
like in Exam nation 1 shows that a thin layer is forned on the surface of
the catalyst /3 . Fromthe resujt of line analysis wth the V£?, it is

r ecogni zed PRIEM REMGKAS dPErRON pbRtERaTes referedr Fq @8 oh cptaivst p&r 1 Te oFed he
catal yst ranging fromthe outer surface down to the depth of approxi mately
| ess t han Y¥9FEM Rettade sobmashthec anal(thet ayegageTimajorpige?al sanasfeterse the
catalyst 8 are shown in Table 1. [0038] Exanple 3 Like in the case of the
cat al yst adveregBxaing! axist |1 rianemsidrlipiodncesi lapSlsiaic Olyeminaldndugty@6K0 grans of
vanadi um pent oxi de so] into 16.6 grans of water was inpregnated in 490.0
grans of tl#@3@atal yst A as the dry base so that the concentration of
vanadi um pentoxide in the catalyst was 2.0 wt% and the process descri bed

above one was rRpeaked ilMkL ShdhEa sQffad TRERARA dftfe 3BtARPT @PEBRRUBRINE
of the sol suited to the water absorption rate of the catalyst A and then

the catal ystcang 2ldati®hec@scdbe el [sere%gr&%% tﬂ@& B Ia\%rl RifndPLhy L WO

hours to prepare the desulfurization catalyst gasol'I ne supporQing

vanadiun1QFQRQ?EQ@t&pégﬁbngnigr referred to as "a catalyst y").

Exam nati on w t he Fi K& in Examination 1 shows that a thin | ayer is

formed on the swface of the catalyst y. Fromthe result of line aQﬂléfis
with the WDS, if'98 #(Ba%h Fhataerapned nuth s glegiron peribe nigeeanalveer, (WRE) on

in a portion of the catalyst ranging fromthe outer surface down to the
dept h of égﬁww figt 2120d [te; sewﬁaq{qime%waivsia g didingteroff thesataltshpgrsicles arfiee
portion where the vanadium pentoxide is carried are measured. From a result of
measurement of 20 catalyst particles, it is recognized that the vanadium pentoxide is -
carried on in a portion ranging from the outer surface of the catalyst down to the depth
of less than 14% of a radius of the catalyst «.
The properties of the catalyst & are shown in Table 1.
[0037]
Example 2
Like in the case of the catalyst & in Example 1, the solution prepared by
mixing 125.0 grams of vanadium pentoxide sol into 57 grams of water was impregnated in .
495.0 grams of the catalyst A as the dry base so that the concentration of vanadium
pentoxide in the catalyst was 1.0 wtd, ahd the process described above one was
repeated once more for impregnaﬁng an appropriate volume of the sol suited to the
water absorption rate of the catalyst A, and then the catalyst is sintered at a
temperature of 600 degrees Gelsius for two hours to prepare the desulfurization catalyst

for FCC gasoline supporting vanadium pentoxide (hereinafter referred to as “a catalyst

B
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properties of the catalyst r are shown in Table 1. [0039] Exanple 4 17 A
solution prepared by m xing 20.5 grans of antinony pentoxide sol into 166.0
grans of water was inpregnated in 485.0 grans of the catalyst A as the dry
base so that the concentration of antinony trioxide (Sb203) in the
catalyst was 2.0 wt% and the catalyst was dried at a tenperature of 135
degrees Celsius for 12 hours. Furthernore t he operations of inpregnating
a sol ution by nib5XeftNation withthenSEM liseriadbeminasian okishews dbat arhi! B7eo igyr ams
of water in the catal yst above so that the concentration of vanadi um

pent oxi de fosmad on shesiufage ohshe catgively A he catal yst were repeated twi ce for

i npregnating an appropriate volunme of the sol suited to the water

absor ption rat e kgbmtthe resattadfyige afalysigncthtthe WD, & iy sécospized thit ehe darfadiunt wo
hours at a tenperature of 600 degrees Celsius to prepare the

desul f uri zedntexideCidtaaliest of Bra ferGod aF@hé BEtaBAL FaHMG fAdH: kD BYteP 8IMracd deviand
vanadi um pentoxi de (hereinafter referred to as "a catalyst S ").

Exani nati ag wid Iaeﬁﬂﬂeoisg%r%pi%el%h@és uhark%%xmlr%dﬂzs & ’dfk! RalaAer gl STAST Med
on the surface of the catalyst S. I Fromthe result of [ine analysis of
the VDS, if.bS+i [ hat _i hg vanadi pentoxide is-carried in a
portion ofptr? éetléitggﬁlgsct%?%strtaggia%\eg O@ﬁﬁﬁlﬁgmohter surface thereof down to-

t he depth 86 8a}pproxi mately | ess than 14% of radius of the catalyst S. The
properti eg o% the catalyst S are shown in Table 1. [0040] Conparative
Example 1 6.4 grams of ammoni um net avanadate was di ssolved in 165.0 grans
of. an aq €¢bl ution of amine so that the concentration of the ammoni um

met avanadate when cal cul ated as vanadi um pentoxide in the catalyst was 1.0
Wt % The obt ai nétke iothgt ¢ase olathd uptalwsha®eth Exaropld 5. the grolutonofregared| lyst A

as the dry base, and the
mixing 165.0 grams of vanadium pentoxide sol into 16.6 grams of water was impregnated

in 490.0 grams of the catalyst A as the dry base so that the concentration of vanadium
pentoxide in the catalyst was 2.0 wt%, and the process described above one was
repeated twice more for impregnating an appropriate volume of the sol suited to the
water absorption rate of the catalyst A, and then the catalyst was sintered at a
_tem_perature of 600 degrees Celsius for two hours to prepare the desﬁ[furization catalyst
for FCC gasoline supporting vanadium pentoxide (hereinafter referred to as “a catalyst
"

Examination with the SEM like in Examination 1 shows that a thin layer is
formed on the surface of the catalyst 7.

From the result of line analysis with the WDS, it is recognized 'that the vanadium
pentoxide is cérried onin a portior_: of the catalyst ranging from the outer surface down
to the depth of approximately less than 17% of a radius of the cataiyst Y. The
properties of the catalyst }’_ are shown in Table 1.

[0039]

- Example 4 '
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catalyst A was dried at 135 degrees Celsius for 12 hours and then sintered
at 600 degrees Celsius for two hours to prepare the desul furization

catal yst for FCCgasoline 18 (Catalyst a) carrying vanadi um pent oxi de
thereon. Fromthe result of the WDS |ine analysis simlar to that in
Exanple 1, it is confirmed that vanadi um pentoxi de i s honogeneously
carried on the Catalxst a even at the core thereof. Properties of the
Catal yst a are dh&qmtiompmegpres by mxesa4.5 samegpel antimenyExentptide ol intoo! 46thms
of amoni um net avanadate was di ssolved in 165.0 granms of an aqueous

sol uti on oframpiofievater whanimpragnateth dedbs.Otgrams of theheatalyso W asnthre tigveasadst e
when cal cul ated as vanadi um pentoxide in the catalyst was 2.0 wt% The

obt ai ned thet thei amcerisatiampsfemtiaioad tiictide 48000 i tikBatafyst abal2yisithAans thde
dry base, and the catalyst A was dried at 135 degrees Celsius for 12 hours

and then sjapdlpsteshsadricdQl a €aPeRRreCoH fISUSeetdds GUNUORITD RAUrDT ERAHBhdIE,
desul furi zation catalyst for FCC gasoline (Catalyst b) carrying vanadi um

bent oxi de thhopedRond &P dbEatiRg Ul dolflont BRI 17519 £ARR! YUadlil dfolide L hat

in Exanple 1, it is confi t hat vanadi um pent o onogeneously
b ar e shos TH TpEets SRRt i 0F safapR prescor A aPoa a0 obyra g b
Exanpl es Caonpar at.i anpl es 2341 Desul furization catalyst a r a
b Loss inefq%md?ilﬁﬁ%[ Y%@’g‘fﬂﬂ’ ctlrw%thg_cgtagl_s*i VWE'S '_’QReft%d. Yviee for impregnating
an appropriate volume of the sol suited to the water absorption rate of the catalyst A,
and the catalyst was sintered for two hours at a temperature of 600 degrees Celsius to
prepare the desulfurization catalyst for FGC gasoline carrying antimony pentoxide and
vanadium pentoxide (hereinafter referred to as “a catalyst & 7).
Examination with the SEM shows that, like Example 1, a thin layer is formed on
the surface of the catalyst §.
From the result of line analysis of the WDS, it is recognized that the vanadium
pentoxide is carn;ed in a portion of the catalyst & rangihg from the outer surface
thereof down to the depth of approximately less than 14% of radius of the catalyst 8.
The propertiés of the cata!ysf. 8 are shown in Table 1.
[0040]

Comparative Example 1

6.4 grams of ammonium metavanadate was dissolved in 165.0 grams of an
aqueous solution of amine so that thé concentration of the ammonium metavanadate
when calculated as vanadium pentoxide in the catalyst was 1.0 wt%. The obtained
solution was impregnated into 4_95.0. grams of Catalyst A as the dry Base, and the
catalyst A was dried at 135 degrees Celsius for 12 hours and then sintered at 600

degrees Celsius for two hours to prepare the desulfurization catalyst for FCC gasoline
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Rermai ning Na20 (wt% 0.1 0.1 0.1 0.1 0.1 0.1 Remaining SO4 (wt% 0.2 0.2
0.2 0.20.20.2 V205 (wt% 0.48 1.00 1.98 1.00 1.03 1.98 Sh2® (w% 0.00
0.00 0.00 2.26 0.00 0.00 19 [0042] Exanple 5 Activities of the catal ysts
above nentioned were accessed with a pilot equipnment. The pilot equi prent
is acirculating fluidized bed in which catalyst circulates inside the
equi pnent while repeating the processes of reaction and regeneration

al t er nat el {Catalyes 2 gairgne menddiin peresxitiéieheF@@. uni t . Each of the

desul furization catalysts cY to (5, a, and b was processed, before
reaction, at a tlenpethat reselt off theOWDSONREesndhRiS sinslaF @b that D Eksmye t1) {H O
percents steam and was mxed with 2 kilogranms of FCC equilibrium catal yst

at 10 wt % efnfitthéd gt 3bdsdium pEARRidENS h6RbAINkalsYRarrREtor! thel BftafUk BUEN Lt T O
performthe reaction. [0043f) The reaction conditions are as descri bed
r

bel | ow. Fegd -@id + ul I i t4 enperature: 500
degrees Cel sicggé thgal:%:oz'l yiﬁbkéggioyéﬁﬁpgggéga%}%S%mﬂgtag%ged oi | suppl yi ng

speed: 10P?m]n CRC (carbon concentration on regenerated catal yst): 0.05
w% [0044] T't is to be noted that analysis of product gas and product oil

was nmade L@i ng .9a chr t ography, and the product oil obtained in a range
fromC. to-sﬁl%;%&gwnt of 204C was taken as the gasoline fraction.
The product oil s fractionated to gasoline and cycle oil with the rotary
band (theoreti cd -9pgrgfn§ tpfuﬁrﬁg]onlu%n}@k%@gqae was dissolved in 165.0 grams of an

aqueous solution of amine so that the concentration of the ammonium metavanadate
when calculated as vanadium pentoxide in the catalyst was 2.0 wt% The obtained
solution was impregnated into 490.0 grams of catalyst A as the dry base, and the
catalyst A was dried at 135 degrees Celsius for 12 hours and then sintered at 600
degre.es Celsius for two hours to prepare the desulfurization catalyst for FCC gasoline
(Catalyst b) carrying vanadium pentoxide thereon.

From the result of the WDS fine analysis similar to that in Example 1, it is
confirmed that vanadium pentoxide_is homogeneously carried on Ca_talyst b even at the

core thereof. _Prdperties of the Catalyst b are shown in Table 1.

[Table 1] Properties of Catalyst & to 8, a, and b

. Comparative
Examples P

Examples
1 2 3 4 1 2
Desuffurization '
catalyst ® 5 Y g 2 b
L.oss of ignition [1000°C—-1h]
(wtt) - 4.3 51 46 | 4.1 34 58
Remaining Na,O (wth) | 0.1 01 |0t 0.1 0.1 0.1
Remaining SO, - (wt%) |02 0.2 0.2 0.2 0.2 0.2
V,0, - (wt%) ;048 1.00 1.98 1.00 1.03 1.98
Sb,0; (wt%) |000 |000 |000 [226 000 |0.00
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manuf actured by TOUKA SEI KI K. K.) nethod, and was anal yzed for a sul fur
concentration in the gasoline fraction with the coulonetric titration

met hod (ASTM D- 3120). 20 Table 2 shows a yield of each product and sul fur
concentration in gasoline for each catalyst when the catalyst to oil ratio
Is 7g/g. [Table 2] Activity assessnment of catalysts ato S, a, and b ‘
Exanpl es nparative Exanples Equilibrium12 3 4 1 2 Catalyst CY $r 8 a
b HydrogeWO¢at o) 0.15 0.16 0.19 0.21 0.12 0.21 0.25 Cl+C2+C2- *5) (wt %
1.7 1.7 1.7 1.6 1.6 1.6 1.6 LPG*1) (wt% 17.9 17.4 16.6 16.1 16.8 15.7
15.0 Gasobxampled) (w9 51.0 50.8 50.6 50.5 52.5 50.3 50.1 LCO *3) (W%
17.5 17.7 18.0 18.1 17.5 18.3 18.4 HCO *4) (wt% 6.6 7.1 7.7 8.1 7.0 8.5
9.1 Coke (W% Activitiesl ob.tReScatalfsth 2bdved mentioRs@ &R Q642864 NS bt
gasoline 93.0 92.8 92.5 92.2 92.8 92.3 92.0 Sulfur conc. in 23 1512 10 5

1716 gasajuighnt M -THRMbildi08GAbmeOtE S IdkclBBhE fRidized bed in which catalyst
circulates inside the ‘equipment while repeating the processes of reaction and
regeneration alternately. The equipment imitates the FCC unit.

Each of the desulfurization catalysts & to &, a, and b was processed, before
reaction, at a temperaturé of 750 degrees Celsius for 13 hours with 100 percents steam,
and was mixed with 2 kilograms of FCC equilibrium catalyst at 10 wt% of the catalyst.

Then the catalyst was put in the equipment to perform the reaction.

-[0043]
‘The reaction conditions are as described bellow.
Feed oil: Desulfurized vacuum gas oil
Reaction temperature: 500 degrees Celsius
Catalyst to oil ratio: S5g/gorTg/g
| Feed oil supplying speed: 10 g/min

CRG (carbon concentration on regenerated catalyst): 0.05 wt%.
(0044]

it is to be noted that analysis of product gas and product oil was made using
gas chromatography, and the product oil obtained in a range from C, to the boiling point
of 204°C was taken as the gaéoline ﬁ'action. The product oil was fractionated to
gasoline and cycle oil with the rotary' band (theoretical piate number: 45 plates,
manufactured by TOUKA SEIKI .K.K.) method, and was analyzed for. a  sulfur
concentration in the gasoline fraction with the coulometric_titration method (ASTM D- _

3120).
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*1) LPG (liquefied petrol eum gas)
and butyl enes.
fromC5 to the boiling point of 204C.
product fractionated in a range fromthe boiling point of
is a product fractionated in a range over the

et hyl ene 21 WHAT
2aldl oh eagh arapyst peg switer C@agqu’c@nwm tersqlive dors

said catalyst carrying vanadi um oxi de

i - but ane,

*4) HCO (heavy cycle oil)
boi I i ng poi nt
IS CLAIMED | S:

i norganic

OXIde

HablscZ o b

spheri cal

a:

particles,

met hane,

c2:

i ncl udes propane,
*2) Gasoline is a product fractionated in a range
*3) LCO (light cycle oil)
204C to 343C.

et ha

ne,

c2

propyl ene,

n- but ane,

is a

on a surf aRashtatalsdwhenithe catalyet i oil tatie iv Agadi um oxide is carried at |east

on a portion of the surface.

gasoline as clained in Caim1l, wherein

vanadi um oxi de thin | ayer at

2. The desul furization catalyst for

F

CcC

sai d vanadi um oxi de forns a
surface of porous

i nor gani ¢_oxi de SpHableal] DRt kSsesdmedi\er cheayel U iigas | onnaat al yst for FCC

| east on a portion of the

gasol i ne ny—of _wherein a quantity of carried
vanadi umjoxide is in a range frow 0.3 tg 3 mﬂ?’mhen Cdlﬁbhaaeﬂwas V2G5, 4.
The desulffurization catglyst for FCC ga &ﬁ?Wé’ ®cl ai med iERampi¥s Of | O ai N 1
to 3, wherein said porousElnﬁ+P%n c.pX|ae sphe |ca|4pa tTGglejcaprtes
anti nony |t hereon. 5. Thg ur Fzaton ﬁﬁ*ﬁ'"°* or—HCC-gasietirel as
cl ai med iln—any—of Claing 1°81Rst | wier i nBs: |dTooroE% ilnoPgani cboxj de
spheri cal bedrqaeal e bahdri se§.1&r yskt .16 e0.1al[udhdsiolfizcat @.24edl D28 @and
por ous irdﬁg@ﬂ%©20ﬁ5¢e matri x. 6. The desul fluri zdtion ¢atalygt for] FCC
gasol i ne as clalned@h%)CIaiﬁ¥%, whet-éi n 1gai|d 1For|oukb i norg&ni|c 1dki de matrix
conpri seg -—retal—oxi-de—functigninglas—a
i SR ) 174 | 166 | 161 | 168 | 157 | 150

Gasoline  *2) (wt%) 51.0 508 | 506 | 505 | 525 50.3 | 50.1

LCO %3} (wi%) 17.5 17.7 | 18.0 | 181 175 18.3 184

HCO *4)  (wi%) 6.6 7.1 7.7 | 8.1 7.0 8.5 9.1

Coke (wt%) 6.1 5.1 52 | 53 4.4 5.3 5.5

Research octane 93.0

number of gasoline . 928 | 925 | 922 | 9238 923 | 920

Sulfur conc. in 93

gasoline (wt-ppm) 15 12 10 5 17 16

[0045]

Notes in Table 2

*1) LPG (liquefied petroleum gas) includes propane, propylene, n—butane, i~butane,

and butylenes.

*2) Gasoline is a product fractionated in a range from C, to the boiling point of 204°C.

*3) LCO (light cycle oil) is a product fractionated in a range from the boiling point of

204°C to 343°C.

*4) HCO (heavy cycle oil) is a product fractionated in a rang_é dver the boiling point

of 343°C.

*5) C1: methane, C2: ethane, G2™ ethylene

2
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bi nder, clay mneral, porous silica xerogel, alum na powder, and a

netal -trap agent. 7. A nmethod of manufacturing desul furization catalyst for
FCC gasoline as <claimed in any of Clains 1 to 6, wherein said porous

i norgani ¢ oxi de spherical particle is dried and sintered after

| npregnati on of vanadi um oxi de sol. 8. The method of manufacturing

desul furi zﬁ I Qn cat a!MESt for FCC gasoline as clainmed.in Caim?7, wherein
vanadi um o Iﬁeﬁw BdSi n the vanadi um oxi de sol have an aver age

di aneter ranging from1 to 1000 nanoneters. 22

1. Desulfurization catalyst for FCC gasoline with porous inorganic oxide
spherical particles, said catalyst carrying vanadium oxide on a surface thereof only,
wherein the vanadium oxide is carried at least on a portion of the surface.

2. The desulfurization catalyst for FCC gasoline as claimed in Claim 1, wherein
said vanadium oxide forms a vanadium oxide thin layer at least on a portion of the
surface of porous inorganic oxide spherical particle.

3. The desulfurization catalyst for FCC gasoline as claimed in any of Claims 1
or 2, wherein a quantity of carried vanadium oxide is in a range from 0.3 to 3 wt% when
calculated as V,0,, |

4. The desulfurization catalyst for FGC gasoline as claimed in any of Claims 1
to 3, wherein said porous inorganic oxide spherical particle carries antimony théreon.

5. The desulfurization catalyst for FCC gasoline as claimed in any of Claims 1
‘to 4, wherein said porous inorganic oxide spherical particle comprises crystalline
alumir_:osi[icate zeolite and porous inorganic oxide matrii. |

6. The desulfurization catalyst for FCC gasoline as claimed in Claim 5, wherein
said porous inorganic oxide matrix comprises heat-resistant metal oxide functioningr as a
binder, ciay mineral, porous silica xerogel, alumina powder, and a metal—trap agent.

7. A method of manufacturing desulfurization catalyst for FCC. gasoline as
claimed in any of Claims 1 to 6, wherein said porous inorganic oxide spherical particle is
dried and sintered after impregnation of vanadium oxide sol.

8. The method of manufacturing desulfurization catalyst for FCC gasoline as
claimed in Claim 7, wherein vanadium oxide particles in the vanadium oxide sol have ah

average diameter ranging from 1 to 1000 nanometers.
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