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

PRODUCI NG THE SAME, AND METHOD FOR DESULFURI ZI NG OF CATALYTI C CRACKED
GASCOLI NE USI NG THE SAVE FI ELD OF THE | NVENTI ON [ 0001] The present invention
relates to a desul furization catalyst for catalytic cracked gasoline
(abbreviated as a FCC gasoline hereinafter), a nethod of producing the
sane, and a nethod for desul furization of FCC gasoline using the catalyst.

The despESULFoRIZAONONCATAEYST FORFCATARYTIC CRACKEDRSASTRINE, MERYOD OF
renovi ng sul fur included in the produced FCC gasoline when heavy

hydr ocar peoyotidiNngN RS ANTE IANLP! rlngrgea rel pES Gt URIZINGCSRd AT ARYTIC

fluidized catal ytic cracking unit breviated as a FCC unit hereinafter).

BAWG?QJ?:R{«?;(E?;EQ %@'bgﬁhé%&AmEe FCC gasol i ne obt ai ned by nmeans of

the flui yt1Cc cracki ng 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
content in FECC gasoline should be reduced because catal yst for renoving NOx
cont ai nebIELY @R HAIRINVENETIONom vehicl es rapidly decreases its activity due
to the effect of by sulfur. An amobunt of sulfur contained in gasoline is
regul at el0Q03] be | ess than 50 ppm in Japan in 2005, and there have been
proposed various mnethods for desul furization of FCC gasoline in the FCC
unit. [0003] 1Theprdsest muetion)amase se aRikalfiirizhbor3b4G652 fai cathlgde srawkedt hod
for reducing sulfur content in catalytic cracked oil fractions. In this

net hod, g@RMn@i(dbbrevidtall isng FCOr gaRdlife HbrefiafteE)P BNAGIAEE of rédilotlgythie ey
cracked by commercially avail able
and a method for desulfurization of FCC gasoline 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 FCC unit

hereinafter).

BACKGROUND OF THE INVENTION
f0002]

The FCC gasoline obtained by means of the fluidized catalytic cracking of heavy
hydrocarbon oil or vacuum gas oil contains sulfur compounds. Recently, in the vigw of
environmental concerns such as prevention of air pollution, it is required that a sulfur
content in FCC gasoline should be reduced because catalyst 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.

{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 vanadi um

metal in the Oflardiir?s%gﬂc%:[ %Egarﬁ?enpét%hf ey n‘§§% 4Rclod8s SMekhdPES RILEREUT €

of the nol ecular sieve an e vanadi um I'S 1on-exchanged and present

as cations.in_ the small pores,, the.vanadi ummnetal dest s, crystal. .
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[ 0004] Japanese Patent Lai d-open PubIch%ion #?. 2003-27065,qisclo a
met hod f 8F&aNtfes B! icPAPPHRASf SFCRatgiEetvnecrpered PR GRAMMeRsially, & uni t
especially for heavy oil ;%abb{eviated as a RFCC unit hereinafter)., This
met hod us&esulfyrigation getalyst raickimgh terapsrptpee inohedeQhl wriki ZHHis sietelvtt i i ng
at | east one netal selected froma group consisting of vanadium zinc,

ni ckel , Ppowsamdecdabieye aodtdiming lvagadium ahstet as fvatioes &) ahsoxidizatbgtate ofis| y
carried on an inorganic porous carrier. This docunment describes, noreover,
t hat vanadiretrthati-zainmsigbamall ppretenaily WitdtHeokatlesubd desczibed abhow, this
produced gasoline fractions. However, when a catal yst honogeneously

carryi ng cuenadidiBedTot PR JUSIAL datthiic ROEIRDrEdidts @ithGadudedtsufFanEentent.
desul furization unless organic sulfur conmpound is diffused in the catal yst

and contacts vaaadl4mAY iRl MBLHARLEL beallde B! SABVE: oblickh ARET 0N

efficiency of the carried vanadiumoxide is [ow, and to ovéercone t

def ect 'vgr']\%iulxrﬁ‘ SR AL Yoxtdzed>Gath L@rrngge-%h%ugéroq;l %Q%ﬁ%ﬂ%agr% I%E{u:ﬁlﬁgee %@ the

cat al yst. reover, én the inorgani ¢ porousS carriéer Is
cat al yti% c'r:rg)fki g{q cat al ﬁsh i ncldjt.ljdi n YI tI De %%I i#e 4abbgev;at%gnas a FCC
cat al yst “MePeleFHRr Si9ye 297 (Ho VPP HR eipldP rhangs¢ 8 PReeThas EFRISAY
sul fur components in the FCC gasoline fraction in the RFCC .
the small pores, the vanadium metal destroys crystal structure of the molecular 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 desuifurization 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 describes,
moreover, that vanadium or zinc should preferably used for desulfurization of produced
gasoline 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 [ow, 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 | NVENTI ON [ 0005] For solving the problens as described above, an object
of the present invention is to provide desul furization catalyst for FCC
gasol i ne having hi gh desul furizing property for renoving sulfur in

gasol i neisf hecdskAYStANsk @l pReNaMbRE & GdhaRfint Chinedt S RN ChRllyst 9EMBFRLEON Of
hydrogen and coke in a FCC process. Another object of the present invention

is to pr %Khﬁ%hé‘id@%%gpdp rfoug;cgﬂ'?{a?iig'% ﬁﬂ&zeé’%?&éyggéréa&ﬁgloEat%%@!i%fﬁ}di - FCC

.gasol i ne and a net or urization o asol I neusing tne sane.

[ 0006] The present, inventors diligentl e studies for achievi.n he

b ect s BPEEARF behPERaNE anqe (i ceeret et kel WP cr et
catal yst for K FCC gasol.ine carrying vanadium oxide only on surfac

porous i AP & bXNedNE SHEM E%I%DWH dn dae R gemeling é’ﬁc"b‘é’btﬂ ftﬁ‘? ﬁ%‘%
property in FCC process, and al so that generation of hydrogen _and coke is
suppr essBEPcabS Hberghistthe repklemi that the Yvivey zeslitei igiestraged by aanastium ¥6ipd et ed
t he present invention based on this newy found fact. [0007] 3 Nanely, the
present Fracengi antivite| lavesdt and hield of tiyfitogka anidocokeaedeyatedfiortheOgaclgagol i ne
carrying vanadi um oxi de only on surfaces of porous inorganic oxide

spheri cabrocpges Hisathestardudhicvewsadi 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 porous inorganic oxide 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 ohject of the present invention is to provide a method of producing the
desulfurization catalyst for FCC gasoline and a method for desuifurization 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 coke is suppressed although the cracking activity is high. The inventors completed
the present invention based on this newly found fact.

[0007]




[ 00081 A quantity of carried vanadiumoxide is preferably in a range from
0.3to 3 W% when calculated as V205. Mire preferably, antinony is also
carried on the porous inorganic oxide spherical particles. Preferably, the
porous inorgani c oxide spherical particle includes crystalline

alum nosilicate zeolite and a porous inorganic oxide matrix. Further, the
porous inorganic oxide matrix includes heat-resistant netal oxide

functioning asy %Qynﬂﬁr pregjerﬂymv%gng‘lrféa'tep(%%g ééémf@%aw QQG&]yst abH FCRR

powder and a ne trap agent nmet ho manuf act'uri ng

desulfurlza ion catal aso according to the

nvent | offeOliet SHERO a?ﬂwre " %'quqr?e?ti‘ B 8y Bk, L rgal® Blids Sherica
sintered after Hp egnat usj ng vanag OXIde sol., Pre era% anadi um
oxi de pRRtiFler @gdithe vaga é’didﬁrh“ SIS 2 Jpash Ao RAMIRNFAGE SUTANS PEFaS ngi ng
from1l to 1,000 nanoneters. [0010] In a nethod of desul furizing a FCC
gasollnepﬁﬁébrdlng to the present invention, heavy hydrocarbon gas and/or
vacuumgas oil is contacted to a m xture of the desulfurization catalyst

f or FCC gasol i lhds amefefebE tat shidsvaraiiedoxite formmt @ vanadium anige tirf lagen 8Y 95 t o
50/ 50 by weight for the purpose to catalytically crack and desul furize the
heavy hy@eagicar babriiainl ofand sorfaseasiUedth gasousi thorghflo biide \Bhheriddhparticle.
desul furi zation catal yst for FCC gasoline according to the present

i nventi ofpoog] m xed with the FCC catalyst in an FCC unit, the organic sul fur
compounds efficiently contact the vanadi um oxide carried only on a portion

of surface of Ahﬁanti’cy of carried vanadium oxide is preferably in a range from 0.3 to 3 wth
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-resistant 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
particles in the vanadium oxide sol have an average diameter ranging from 1 to 1,000
hanometers.

[0010]

In a method of desulfurizing a FCC gasoline according to the present invention,

heavy 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 | anmobunt 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 danmage the zeolite crystal, so that the catal ytic cracking
activi t yfrom $9§hte 80 blyenvdgneonthcopurpbse try datageinalgnetaciokrd idssifupips essed.
[0012] When antinony is carried, in addition to vanadi um oxi de, on the

desul f ur hgal ilgErocaionl yisdndAsC@icdlLMEaEQill he present invention, antinony
provi des excel |l ent hydrogenation activity and also provides an effect to

suppr ess[ggefer ati on of hydrogen. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013]
FIG 1 is a photo showing a surface of the catalyst CV in Exanple 1

observed  and Wgh 26 RUTH LD B4RRAIILIGOR BELARD JLLSLARORDES SR A and

FIG 2 provides an ained w ron probe
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i mge. 5 DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [0014] DESULFURI ZATI O\I
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according to the present invention have substantially sanme size as that of
the typi eenulfmGationtcatatest. foShEEi gaseliniel y Beesneptfithisfgatwe anphesimglilamiolnte
particles having an average particle dianeter in a range from40 to 90
m cr onet efr wnadinmt dvide (candad oriv od aspartibredf thwesiefaze dfithe cetahpstlais Sieefledt o
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 desulfurization

catalyst according 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 & 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 oxi de 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

cat al yStDE*f'AME’bDCIPEgéﬁ O p_(lﬂj@ E%BQEEMEWS' n the portion including the

i nner portion ow t sur ace and ranging down to a depth over a half of
t he radlgﬁngg the particle and sonetinmes even down to the center, organic
sul fur und needs to be penetrated into the inner portion of t he

cat al yst Eed therein for

desul fur 2 s vanadlunlthereln is not used
eff|C|entIy, and it |s necessary to increase the quantity vanadi um
carried therei hN§ ororast dnefieagct ﬁ’éd?ieﬁ"&eéﬂdd@éﬁl‘#%r |a£‘a’?"db"|5 é‘?:t’f"\‘?l PyEsePh t he
ot her hand, when the desul furization catal yst for asol i ne_according
to the pmeet@mn haveesibistantially eareel sizesasathatief she d@le%lrFQﬁ catabstePracificalhy | y
because organic sulfur conmpounds efficiently contacts the vanadi um oxi de
carri ed exdnylifiad tahe sphiericat éne particl@nhafing he gveragesparticde ghameteoin derange
spherical particle. Therefore, only a small anount 6 of vanadiumis needed
t o obt ai frofnh® @30 MeFordesws.f uri zati on activity. Furthernore, when the FCC
catalyst including crystalline alumnosilicate zeolite described later is

used as the pRr@isivBRY; &@Béé&r%@‘%ﬁér‘éﬁa‘ tiP@FtéﬂnP"‘s%urﬁabQ*&o&fcﬁqCJfﬂ e g&blyity
i s obtained and generation of hydrogen and coke is suppressed, because

crystal of. ﬁ & SJZI)ﬁét%ng#ﬁagreon&E“grg#eﬁ ptg ;&%9'.53@?91 Sah@he %mﬁd?mr

vanadi um 0 e carri the de urization catal yst for

FCC gasoll e ac d|n t.o the ent n refer t at
| east 90° %of’{:gé ﬂ?%x‘i’adg 5?"1"?3&0 ﬁ/g] ﬁthPsradwrse?igFﬁ agt|'CIga E@értlon
rangi ng fromthe outer surfac% domn to 30% of the radius of th

desulfurization catalyst for FCC gasoline according to the present mventlon 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 carried in the
portion including the inner portion below the surface and ranging down to a depth over a
half 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 is not used efficiently, and it is necessary to increase the quantity of
vanadium carried therein for obtaining the desired desulfurization activity.

On the other hand, when the desulfurization catalyst for FCC gasoline according
to the present invention is used, vanadium oxide can be used efficiently because organic
sulfur compounds efficiently contacts the vanadium oxide carried only in the surface

portion of the porous inorganic oxide spherical particle. Therefore, only a small 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
catal yst for FCC gasoline according to the present invention, it is

prefer abbﬁvéﬁéﬁﬁmvt@%@lﬂm&@ﬁtralnaﬂe'd&sﬁ*@@dééiﬂfﬁﬁ?&mﬂ(HcTtl\/W qfuriHé?mor@ﬁvﬂHﬁ
inorganic particles ranging fromthe outer surface down to a half of the

radi us ofy, {-‘ﬁé e étcanglup?l%@y&alygggmnﬂmsﬂ?&'ageezéa*t@ glegéf’ﬁ) edQhtel ?@ﬁ&edjgs

pOI’tI on O e surtface Oor ous 1 norgani C OXlI de Sp eri cal parti cle.

The vanadi um oxi de thin n ser r aphi t he surface
of the. pHFRROYH GPEERRIcCerb R PERIRIGH bEh et T sl o 0B e éﬂ?ggfaﬁf*ff n

t he desulfurlzatlon catalyst for FCC gasol i ne acc d n o0 the ent
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of porous inorganic oxide spherical particle, espeC|aIIy when a vanadi um
oxi de t hzeplitaisenotidamagedrby vanasine exide chwsiedebeiebdr i zation efficiency is high
because the desul furizing reaction 7 proceeds only when the surface of the
porous i M8 §hni c particles contact organic sulfur conpounds, so that the
catal yst can be used for renoving sul fur conpounds not only in the

gasol i ne fractinotise Mésulfdration @itdigst ForgIFCIDIzaslinar asuairghg toi thd maedendbns
havi ng higher boiling points. [0018] In the desul furization catalyst for

FCC gaso|nvBfidf GO bRGelaBlet Hifdt RitCRE&! 90 IvA%Est Laddim okidle DERFiSd ARérRok hat a
gquantity of carried vanadiumoxide is in a range from0.3 to 3 w % when

cal cul at gaegsVa0s: oER LAMNENthE bt LRBEINIA B Fxnel ius of the

desul furizing perfornance or renDV|ng S compounds i n the gasoline

;r 3\; E /I OP Haﬁ%%le ar?g more pré@’eragly ina poCr'For? ';é)n(:glensgsfro%y%ﬁg ohﬂ? sﬂH‘g@é 'dtt.)\xn -5 20%'-F than

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 vanadium 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 porous
inorganic 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 becones 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 vanadiumoxide is
in the range from0.5 to 2 wt % when cal cul ated as V205. [0019] In the
desul furization catal yst for FCC gasoline according to the present

i nventi Oﬂr’ocbgdé §nl9rvﬁieﬁrtﬁpls§rf5g@5f B AAPBLY ioPeanf parEifles 'c@n‘&@g'ot'gaﬂrb $ubfur
vanadi um oxi de, on the porous inorgani.c oxide spherical particles. \Wen

al so ant e&%ge(ur#dz o%ﬁak%ﬁea & %P@?ﬁ Hy éﬁg&"rsm émgosg.na\dwnacﬁfﬁugﬁgtmg .#ffeCt

for suppres ener a rogen an e i s enhance

yield of ,the soline fra tlon i proye

brocess, MBI eeifraﬁcaﬁ B ItinodBr TR0 eyt e ik Bl LeVipa a?fﬁ“see
compounds,  such as SbVO4, Sb2V0O5, and Sb09VO1O41 synt hesized from anti nony
and vanB8@lngPLtiSpr ess dehydrogenation reaction by vanadi um [0020]
Preferabl ’ a quantity of carried antinony is in the range from0.3 to 5

w % andl@18bre preferably in the range from0.5 to 4 wt % based on cat al yst
when cal cul ated as Sb203. Furthernore, in the desul furization catalyst for
FCC gasol i ne abcahelidegulfigizatien qatdssintfori Céntgasolinei accadding i tonthe pregentli um
oxi de descri bed above, a netal, such as zinc, nickel, iron, and cobalt,

that is triyphiseH, ityis peerdradte thatlasjubhtityi ofataiosy eatadiupsdxidols iFGGangafom M3 can
al so be carried thereon. There is no specific requirenent where antinony

and the of herfelRdn HdRDIaBSd 81 VDO SNAHSA BR GRRALtYis lebs | than NBIBMET .the
preferable that the antinony or the other netal is carried near vanadi um

oxi de CaEiEéLﬁI‘anE ngﬁ)%%rrﬁr%%zﬁol' réﬁlo%n% @ﬁ%ﬁ}!émb&'ﬂdﬂ%ﬂ'tﬁe %BQ%GSQQ&H”C%IBV

particles, € to use sphe
become low in the FCC process. When the quantity is more than 3 wth, the

desulfurizing performance for removing sulfur compounds in the gasoline fraction
becomes higher, the generation of hydrogen and coke in the reaction increase, and the
vield 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,0,.

[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 inorganic oxide spherical particles. When also antimony is carried thereon in
addition to vanadium oxide, the effect for suppressihg the generation of hydrogen and
coke is enhanced with the vield of the gasoline fraction improved. It is guessed that, in
the FCC process, the generatiﬁn of hydrogen in this reaction decreases because
compounds, such as SbVQ,, 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 wth, and




particles made of an organic oxide typically used in a FCC catal yst. The
porous inorgani c oxide spherical particles include crystalline

alum nosilicate 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, alumna, silica-alumna, silica- nagnesia,

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

cal ci um nRldIgdrataB8ly MNtheClaf¥e MoREDS! ® UMY Bseliapl LatalybeWhoRidaRuladédl as
hal | oysite. [ 0022] Preferably the porous inorganic oxide spherical

par t1 ¢l 8,25 0OEhfignlspe o RIESEalil 80EAAR Y POBRERORe SEXIRL kb e

al um nosi ate zeollte suc zeol i ultra e Y-zeolite and
ZSM 5, and an, i nor.ganic i.de matrix. Preferably . the ino Ri i

Tatrix | RasAne VAR Eadlidnie T, GG S o M oaN o &8 4,
silica, alumna, and silica-alumn and, cl a i neral such as kaold and
further NMSE¢ludes, apd °°E%|Ee§’§"5r'§,tya'ﬁglb’pﬂﬁ%ﬁﬁa¥£§ﬂﬁﬁﬁﬁt'm cﬁE?? S%Eiﬁc;téa
xerogel and either alum na powder or a netal-trap agent. Preferably a
quant i t ygasoling ear plsg tbg|darird HWietatnosi | i cate zeolite is in the range 9 from
5 to 50 weight percent based on catalyst. As is often the case with a

catal ytic cr afkénegsomt siepific, reahiceroentswizdrei antimminu rind dbe |dtieert metabsbch s s

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

consi st i pigc Ghotiddreogeried.antimihowevandrefgablgvidbetie airadry. o B@28hed metad
especially preferable to use, as the porous inorganic oxide spherical

parti cl eg, carriEChesalanbdicin dxitel dsegidtOtHeyddrcal crystalline alumnnosilicate
zeolite used in an apparatus FCC unit. The porous inorganic oxide

spheri cal:od@q ticles described above are manufactured in the same nmanner as
that enployed when a typical FCC catalyst is manufactured. For instance,

the spheri cal Rgrthé %L):eosusqﬂgrggﬁg%&%gts%hgﬁcé? %a&%‘ie@/hqg%ioggbl@ to use spherical

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

The porous inorganic oxide spherical particles include crystalline aluminosilicate zeolite
such as Y-zeolite, ultra stable Y-zeolite (USY), X—zeolite, mordenite, beta—zeolite and
ZSM zeolite; heat-resistant metal oxides such 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, uitra
stable Y-zeolite and ZSM-5, and an inorganic oxide matrix. Preferably the inorganic
oxide matrix includes heat-resistant metal 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 powder or
a metal-trap agent.

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




m xture of the ultra stable Y- zeolite and a precursor of the inorganic
oxide matrix including silica sol, kaolin, porous silica xerogel and

al um na hydrate, and the obtained spheri-cal particles are then washed,
dried and, if necessary, sintered. Preferably, the spherical particles
have an average particle dianeter in the range from40 to 90 mcroneters.
[0024] METHOD OF PRODUCI NG THE DESULFURI ZATI ON CATALYST The

desul f ur froat bab Stavaights percent F4Yedoas ohbtialyet. achOsdofiigh tite thse PitRSLBitalytic
invention is produced by inpregnating the porous inorganic oxide spherical

parti cl egrfigmerdRagdst, A0Sl MaRRYsRExRXI Rt R |’onf-é5(clhbngéedb\¥|tﬁ”alllé&tand
SI ntering the sanme. The vanadi um oxi de so] nmay be prepare for instance

7 5075320 ar heT el e SaRLar e e aay e 20 Fa ek AP B0E) 18 any

i npregna Li0g, OBt hg Jray be enpl oyed for inpregnating the porous inorganic
oxi-de sphe erreal par{lcles into the vanadi um oxi de sol. For instance, the
sprayi ng fﬁﬁﬁhOd’ the pore-filling nethod, the incipient wetness nethod, or
t he evapgq ton to dryness nethod may be enployed. In the producing nethod
according to the present invention, the porous inorganic oxide spherical
particles are ftnijsr égpraialy piefarmblevimasPuns i Beroys|inprganiseoxids | sobadsm

met hod, and dried until water content is less than 20 % nore preferably
in a rangedibfe@rmH:GeG) catalyst Yificludide tyrieal sirmstellivel abuminesilicatee redlige eised in an
approximately 500 to 600 degrees Celsius. The sintering of catal yst may be
execut edappardiers RCGRusiandi ti on of catal yst regeneration in regenerator of
FCC unit. [0026] An average particle dianmeter of vanadi um oxide spheri cal

particles incl yded poroust hﬂoagaﬁiadlmeoxs;dﬁn%g] patibleef eadibed nabpveange from

1 to 1,000 nanoneters. Wen t
manufactured in the same manner as that employed when a typical FCC catalyst is
manufactured. For instance, the spherical particles are manufactured by spray—drving 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
above 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 Patent Laid-open Publication No. HEI 7-507532, or the commercial
vanadium oxide sol may be used.

[0025]
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average particle dianeter is |less than 1 nanoneter, vanadi um oxi des
supported on the surface of the porous inorganic oxide spherical particles
descri bed above decrease in quantity, and may al so be carried on the
interior of the spherical particles so that sometines the desired effect
descri bed above is not achieved. Wien the average particle dianmeter is
nore than 1,000 nanoneters, the binding power between the vanadi um oxi des

carried on theAﬁwa?p? Bfind NReRBEOHS, Bergaewed)xfbqunﬁp&%t.ﬁ Itheawoakes

descri bed above an e porous I norgani c oxide spherical particles nmay be

“Bake“ed.n%% " Qliad 05, PRhAEGe AR WA BB CRIGELA ¥ indBnPLIRE Qﬁrx%.ugab' e

to achi eve rease o he supportin

vanadi um oxi d $ during use. [002 Accor to th res i nvent.ion, the
rvor age BEMAE teS PHTIEE TRrthaSnt Bk e P 0533?.%’?%%“% gr 2o

cal cul ated by neasuring the major axis of each of one indr ed, vanadi um
oxi de spHeEERIMasaed May &g ﬁ@a@ye@ dﬂeﬁhetﬁf%“ct‘?gaﬁ?ﬁh@si"iﬁ?r Ing&e rthR Present

m croscope (TEM with a micronmeter caliper. Said average particle dianmeter
of vanadinyantiori, dlee Bprives invaganiaexide brharicahparticlep pesf igpaeanatedintthe veaadiem f r om
20 to 500 nanoneters. [0028] Wen the desul furization catalyst for FCC
gasol i neosgidppol by tiaevelirikmpwh mettidé t araindrieal ditd weaerackriemtoisi ldesthahod0 wtbk,

i nstance, the porous inorgani c oxide spherical particles described above

are m xeehord tpPefRrdbdiros Hafgd Eof0EUlol OF Wil AndbiidriTBiRYeret|a@rd dempdreiung of
di ssolved therein; neutralized with sodi um hydroxi de; dehydrated; dried,

and si miaﬁﬁ:%ﬁ:ma@él? %ﬁtt%rfsdd‘éégreé’é:@}éisﬂjan hk GiktBAngTeE RathiieSRay B@dexéélﬁ)é@ the

porous inorganic ~oxide spherical particles are inpregnated with t

vanadi “”Lﬂé‘%rclﬁe%% .t.ﬁ'ﬁ fg?tasrgﬂégeﬂér%ﬁ din #eggﬂegg%g‘l}geg% .i\lxﬁ}@t t he

desul furi ion ca aso I ne 1 ternatively, as
descrlbeﬁxh%]the exanples descrlbed | ater, antinony oxide sol may be used.
[ 0029]

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 achieved. When the average
particle diameter is more than 1,000 nanometers, 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 desulfurization catalyst is possibly unable to achieve the desired 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

11




METHOD OF DESULFURI ZI NG FCC GASOLI NE I n the nethod of desul furization for
FCC gasoline according to the present invention, the desul furization is
performed together with a catalytic cracking by contacting heavy

hydr ocarbon oil and/or vacuumgas oil with the m xed catal yst of the

desul furization catal yst for FCC gasoline described above and the FCC
catal yst under the catalytic cracking condition. [0030] As the FCC

cat al ystmiérlg co%QWEMﬂN% aﬁ%@r&rﬁét@f}é?%:epy be used, and especially the FCC

catal yst contarning faujasite zeo I's preferably used because of the

hi gh degradation activity.. The. FCC catal yst caontai ni,ng. fauj asi ite
is, for inst an%f%'g qverastt 8%/?'&3 ?@H‘t%g?rnf)f]da%a%l]"ﬁs?xtmge %’(Sao i EB%%%% %w%?ﬁét he
Si 2/ Al 203 nolar, ratio of 5to0o 6_ 1n the range from 10 to 50 ww% silica
as a bi nBferaplytimghe sange fropped ‘E'L%Wd)”%%t%s' porous 12 silica xerogel in the
range fromO to 15 w% active alumna in the range fromO to 20 W%

net al trEQ92§]gent inthe range fromO to 10 wt% and kaolin in the range
from25 to 65 W% As the FCC catal yst as descri bed above, ACZ, DCT, STW
BLC, HVR, and When thekde§ulfuricitiar eatalwaiefrr k€Comasadge s sermedtst padBARY KB of
FCC catal ysts produced by Catalysts & Chem cals Industries Co., Ltd.) are
exenpl i f bedltioMot e FiMadiat Axiiet, facrmetaicagthie pbivaispinessanic pxidendpherical an
equi librium catalyst of the FCC catal yst used for the catal yzed

degr adat p9RicRfs BLEFBSPERAR Skl mikdd (e FfarsdHldridTBoiutieh RitRloYiedny [cBRAEE | N
the m xed catal yst descri bed above, the mxing ratio of the desul furization

catal yst bg@éi Q%I%gh&@ﬁe M thalifed %hcﬁggh%sky{i{gxiidg; Ry draRae drfe@Mand 95 to

50/ 50 by m Xxing ratio of the sul furization catal yst for

FCC gasoljpe is._ | han 5/95 i f et X
Fracts on e o baty chebdacralnert B ifyon eubba AREVERE pelih A aBRE”! | 1@

catalyst is no nough. . When.the m xing, ratio . . , .
y oxide sp erleca pgr%cles are impregnated wgch tﬁe vanadium oxide sol; dried; and sintered

if needed, so that the desulfurization catalyst for FCC 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 vacuum gas oil with the mixed catalyst 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
catalyst containing faujasite zeolite (USY) with the Si0,/Al,0; 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 wtlk; porous

L]
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of the desulfurization catalyst for FCC gasoline is nore than 50/50 by

wei ght, the catalytic cracking activity and the yield of gasoline becone
| ower. 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
wei ght. [0032] In the nethod of desulfurization for FCC gasoline according
to the present invention, desulfurization is performed together with

catal yt ' l|t8£ Qgiﬂgl%'lgmb%e%ﬂéé”‘%hﬁﬂ tor."ﬂ‘f"1 %; @e‘ﬂi(/QgﬂInﬁlR iPkhe %qporﬁqum) gas

oil to m xed catal yst descri bed above er the catalytic cracking

di I K
ggzd: E: gﬁ’téo%{:ﬁﬁg%tgg y'fjlnﬁ? ﬁ%rgg%fﬁr%rﬁﬁgonventl odt‘{}’l%IIn P?eb'yatngg ﬁfocrgﬁggwgand,

for mstga}ce the catalytic cracking tenperature is approximately in the
range fr d\/% 400 to 600 degrees Cel sius, and the regener ati on terrper ature
is approximately in the range from 500 to 800 deg ees_Cel s ES
Exanpl es are shéwhe 8Gaatalysties deperdadiabayecleht DEhvahth §|chf HMR\@lnd d'the
specifically, however, the present invention is not limted to the exanples
in any wike (whiob38E Ea@npﬁrhs of fegotered | tvadematk OO0 PG mataystsi prioducesy Y osol
with the S 02 concentration of 12.5 w%is prepared by continuously addi ng
1, 059 gr @atalgsts sl Chanical@dhdustiesitGoonLwd )t Bret keempllfiedr | &s #e #COorewhtstat i on
of 25 wt%into 2,941 grans of water glass with the S 02 concentration of

17 wt % sacé&aﬁ\gttbahesp%eﬁpmﬁeﬁmaratahcaaumsmurh%atdlmlof&aé #OCstatayeposdd fobn i S
20 wt% on the dry base. Kaolin, porous silica xerogel, active alumna, a

metal trap c&gﬁ?éd d@é?gdd{ighro‘i‘ h%r%géﬁ:gx AGRkhd PC@' dﬁ"trr}{asﬂgé drbRYedt PH 3.0

with 25 wt% sul'furic acid are respectively by 975 grams, 125 grans,
125 gra grans, and 750 grans respectively into the silica hydrosol
so t hat I'ght percents of the conponents in the

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 desulfurization catalyst for FCC gasoline is more than 50/50 by weight, the
catalytic cracking activity and the vield 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.

[0032]

In the method of desulfurization for FCC gasoline according to the present
invention, desulfurization is performed together with catalytic cracking 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 this field conventionally may be employed,

and, for instance, the catalytic cracking temperature is approximately in the range from
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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 Na20O content is less than 0.5
wt% and then dried at a tenperature of 135 degrees Celsius to obtain a
catal yst A. The conpositions and characteristics of the catalyst A are
described as follows; 14 [0034] (1) Conpositions Silica: Kaolin:

e T 0 SRR BLRTB oA ST Iyl R B )

Charact eristTcs LOSS Of "I ( _ i ng o
ar avi Uy Pergadiam P8 L pod HEP AR QBRI {1 [t fon el stance: 20 w3 30 wi% 30
w% 5 w%
EXAMPLES
Examples are shown below to describe the present invention further specifically,
however, the present invention is not limited to the exampies in any way.

[0033]

Example of Production 1

4,000 grams of silica hydrosol with the SiQ, concentration of 12.5 wth is
prepared by continuously adding 1,059 grams of sulfuric acid solution with the sulfuric
acid concentration of 25 wt% into 2,941 grams of water glass with the Si0,
concentration of 17 wt% 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 respectively by 975 grams, 125 grams, 125 grams, 25 grams, and 750 grams
respectively into the silica hydrosol so that weight percents of the components in the
final catalyst composition are 38%, 5% 5% 1% and 30% respectively. After spherical
particles are prepared by spray—dryving the mixed slurry, the spherical particles are
cleaned until the Na,O content is less than 0.5 wt%, and then dried at a temperature of
135 degrees Celsius to obtain a catalyst A.

The compositions and characteristics of the catalyst A are described as follows;

14




Sw% 1 w%11.3 wt% 0.1 wt% 0.2 wt% 25.2 wt% 72 mcronmeters 0.76 gram
per milliliter 211 square neter per gram 0.1 wt % per hour [0035] Exanple
1 A solution prepared by m xing 125.0 granms of vanadi um pentoxi de sol with
t he vanadi um pentoxi 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 pentoxi de concentration in the catalyst was 0.5 wt% and the

cat al YSt[d(‘ﬁﬁ dried at a tenperature of 135 degrees Celsius for 12 hours,
and then"si nl ered at a tenperature of 600 degrees Celsius for two hours to
prepare @) esul furization catal yst for FCC gasoline carrying 15 vanadi um
pent oxi d RSO Fier ei nafter referred to as "a catalyst Ce "). The used
vanadi um pent oxi de sol was the one (the average major axis: 250 nanoneters,
the average nPWe# axis: 1 nanoneter) produd@dfy Shinko Chemical |ndustry
K.K. [0036] Fig. 1 is an inmage show ng a surface condition of the catalyst
a observed wi tKaoli: scanni ng el ectron mcros@8p&»(SEM), and it is recogni zed
that a thin layer is formed on a surface of the catalyst oz. From an i mage
phot ogr aphed wZgdiitan el ectron probe m croandyet®r (\WDS)

Porous silica xerogel; 5 wth
Active alumina: 5 wth
Metal trap agent: 1 wth

(2) Characteristics

Loss of ignition (1000°C — 1 hour): 11.3 wt%
Remaining Na,O: 0.1 wth
Remaining SO, 0.2 with
AlLO,: 25.2 wth
Average particle diameter: 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 6f 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 in 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

15




shown in Fig. 2 and the result of |line analysis, a dianeter of the catal yst
particles and a portion where the vanadi um pentoxide is carried are
nmeasured. Froma result of neasurenent of 20 catalyst particles, it is
recogni zed that the vanadium pentoxide is carried on in a portion ranging
fromthe outer surface of the catalyst down to the depth of |ess than 14%
of a radius of the catalyst C6'. The properties of the catalyst a are shown

i n Tabl eydnhadlBPPEhtoxfadateléor? (hdrkifafdl tterease® 8 “ahBataRLel ¥S). Phd s&xanpl e
1, the solution prepared by mxing 125.0 grans of vanadi um pentoxi de sol

into 57 r%%npfpeﬁ%%(%% wswémﬁg%%.t 6fe | PerdBOmQicd 4B B hi}onfabRl ¥Rd A as

the dry base so't the concenfration of vanadium péntoxide in the

tal yst 1.0 w% and th i bed ab ted
once hor B3 TISF 8l [T TR BEVGRET BY S PR BT TRECE Ry { e o ¢ he

wat er ab orELion rate of the catalyst A and then the catalyst is sintered
at a teﬁ%@ ture of 600 degrees Celsius for two hours to prepare the
desul furi zation catalyst for FCC gasoline supporting vanadi um pentoxi de
(hereinafter, Figf bisatimageshowipegsnsiufapgtconditipn pé ths satafvst | @nokier yec With sem
like in Exam nation 1 shows that a thin layer is forned on the surface of
t he cat abpsanring elEctoon miteosepel(BEM), dndritcis anadgnizied thatt & thiméyeDs, formed gn
recogni zed that the vanadium pentoxide is carried on in a portion of the
cat al yst asafgéagr fheamalfg aut er surface down to the depth of approxinmately
| ess than 15% of a radius of the catalyst /3. The properties of the

catal yst $ arepghown iragkaBh&todraphf@38ih 2BXalBtren probk emichodnayzea$wDE) t he
catalyst a in Exanple 1, the solution prepared by
shown in Fig. 2 and the result of line analysis, a diameter of the catalyst particles and a
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 wt% and the process described above one was
repeated once more for impregnating 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 Celsius 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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m xi ng 165.0 grans of vanadi um pentoxi de sol into 16.6 grans of water was
inpregnated in 490.0 grans 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 descri bed above one was repeated twi ce nore for inpregnating an
appropriate volunme of the sol suited to the water absorption rate of the
catalyst A and then the catalyst was sintered at a tenperature of 600

degrees Cel si ugxdminatiol wWiUtre SEMIRPIR Exahthaties Ul fsHbwg ahbOR 8k abwstis for
FCC gasol i ne supporting vanadi um pentoxi de (hereinafter referred to as "a

cat al yst fornel mmsﬂg%ggfwet&tgpgc M like in Exam nation 1 shows that a

thin layer 1s fornmed on the sur of the catalyst Y. Fromthe result of
line anal ysis with. the S, .t 1S rec | Z hat the va i,um pentoxide
s car et on PR dstfesiiar b et GEFRATRE s 7 st m Rt T AP ace
down to the depth of approximatel ess than 17%of a radius of the

cat al yst p‘wto’rﬁs 1S ﬁ?rcﬂﬁér‘{‘)'i 'ad B?“'Pﬂé%éé‘% &PE?&‘F‘ Nkl fg‘HB\Khe i°Htefa9;5‘r’;é‘°iE°T’6039]
Exanple 4 17 A solutjion prepared by m xing 20.5 grans_of anti nony. pentoxi de
sol i nt otagbeodenth fsarsroximataly Vass ithasy éé‘%a@fea radiusgsl heyreasalvesr & hdhe
catalyst A as the dry base so that the concentration of antinony trioxide
(Sb203) Prepemiescefttht potalushsS2atk siown inddbleht catal yst was dried at a
tenperature of 135 degrees Celsius for 12 hours. Furthernore, the

oper at i otB038] i npregnating a solution by mxing 125.0 grans of vanadi um
pentoxide sol into 57.9 grans of water in the catal yst above so that the

concentr gkdple @ vanadi um pentoxide is 1.0 wt% and then drying the
catal yst were repeated twice for inpregnating an appropriate volunme of the

sol suited to | g R c4HRSOF Phd RAtdiRkeaOin EREmEIR! A %%]E séhutiorP BredaR& by

catal yst was sintered for two hours at a tenperature of 600 degrees Cel sius

to pr epﬂ'ﬁ)gn% 165 61gPahd & I ABLLATp SRR 301 iFR 166 HRSH WAEr GAL inbragn ARG T MOy

pent oxi de an

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
temperature of 600 degrees Celsius for two hours to prepare the desulfurization 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 carried on in a portion of the catalyst ranging from the outer surface down
to the depth of approximately less than 17% of a radius of the catalyst 7. The
properties of the catalyst ¥ are shown in Table 1.

[0039]

Example 4
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vanadi um pent oxi de (hereinafter referred to as a catalyst (5 ").

Exam nation with the SEM shows that, |ike Exanple 1, a thin layer is forned
on the surface of the catalyst (5. Fromthe result of line analysis of the
WDS, it is recognized that the vanadium pentoxide is carried in a portion
of the catalyst 8 ranging fromthe outer surface thereof down to the depth
of approximately |l ess than 14% of radius of the catalyst S. The properties

of the catal ysh &aff ﬁggaggdib@ g0 AR antfiMAsHeb e EHERRY e66l0 6. 4

grans of anmmoni um net av até was dissolved in 165.0 grans of an aqueous

solution_of amne so that the conc 1.on t nj te
when cal B, BurasT aRAPOHAR i Brerfnel e SRt I e ThORhTAERE
obt ai ned,, so]ution was, i npregnated.into, 495.0 grans pf Catalyst, A t he
Py basethel e ehecentiiah e Amahe s sheOa gn Ui frrabise 88 208t rdT8E oy
and then sintered at 600 degrees Celsius for_two hours to prlg re the
desul f ur Fatasbwas griad ph e tegperturedsiop drerees Qatslvafayst? bgurgark m@%hadi um
pent oxi de thereon. Fromthe result of the WDS |ine analysis simlar to that
i n Exanpthe dperatiorissof igwnéanatingl atdedutiondnaniiving bl esantieof waredivbyperdexide y
carried on the Catalyst a even at the core thereof. Properties of the

Cat al yst sal intioe5 N gramsi of Wbt i the daCivkt bbowo ap diatthe eokoeantytion 2f Yangliygn ans
of amoni um net avanadate was di ssolved in 165.0 granms of an aqueous

sol uti onp@itoRids € 1 BOWBNMd tHeR FOREQRE catdlyl wilre trifeabsdrowice fompipaysaddat e
when cal cul ated as vanadi um pentoxide in the catalyst was 2.0 wt% The

R R L R R T e

and t henar?tjl Eﬁeetrsaecglygé wgggintered for two hours at a temperature of 600 degrees Celsius to
prepare the desulfurization catalyst for FCC 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 carried in a portion of the catalyst § ranging from the outer surface
thereof down to the depth of approximately less than 14% of radius of the catalyst &.

The properties of the catalyst & 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 the concentration of the ammonium metavanadate
when calculated as vanadium pentoxide in the catalyst was 1.0 wth. The obtained
solution was impregnated into 495.0 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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degrees Celsius for two hours to prepare the desulfurization catal yst for
FCC gasoline (Catalyst b) 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 honbgeneously carried on Catalyst b
even at the core thereof. Properties of the Catalyst b are shown in Table
1. [Table 11 Properties of Catalyst ato (5 a, and b Conparative E x a rn

pl es - ' o) catal yst Loss of ignition

[ 1000' C- gﬁ[&&@ga)}l@%@}%&%ﬁéﬁ%% ﬂ‘%}‘%?g'br'mi ni ng’ Na20

(W% O0.10.10.1Q.10..10. 1 Remai.pi 4 (m%0.20..20..20,20.2Q 2 V205 . .

(Wt % 0. 481. om?@%‘i.%%f?ﬂ@iggén%ggﬁgqm @)35(@.5606'.“6 b.tﬁofﬁ'?géb%éﬁﬁ‘.p%oﬁl'é ®0042]
Exanple 5 Activities of the catal ysts above nentioned wer afcessed with a
pil ot eGRMEHEAithatrirnagiumyPerdgHire i RempEengorsly catrisd; Hythe §?fa vsb@ 9Y&8 &tn
which catal yst circul ates inside the equipnent while repeating the

pr ocessetheptoredheteobn Pyaperties of the Catalyst a are shown in Table 1.

[0041]

Comparative Example 2

12.9 grams of ammonium metavanadate was dissolved in 165.0 grams of an
agueous 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
degrees Celsius for two hours to prepare the desulfurization catalyst for FCC gasoline
(Catalyst b) carrying vanadium pentoxide thereon.

From the result of the WDS line analysis similar to that in Example 1, it is
confirmed that vanadium pentoxide is homogeneously carried on Catalyst b even at the

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

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

Comparative
Examples
Examples
1 2 3 4 1 2
Desulfurization o 8 v 5 a b
catalyst
Loss of ignition [1000°G—-1h] 43 5 1 46 A1 34 58
(wt%)
Remaining Na,O (wt%) | 0.1 0.1 0.1 0.1 0.1 0.1
Remaining SO, {(wt%) | 0.2 02 0.2 0.2 0.2 0.2
V,0; (wi%) | 0.48 1.00 1.98 1.00 1.03 1.98
Sh,0, (wt%) |0.00 0.00 0.00 2.26 0.00 0.00
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regeneration alternately. The equipnment imtates the FCC unit. Each of the
desul furization catalysts a to (5, a, and b was processed, before

reaction, at a tenperature of 750 degrees Celsius for 13 hours with 100
percents steam and was m xed with 2 kilograns of FCC equilibrium catal yst
at 10 vt % of the catalyst. Then the catalyst was put in the equipnent to
performthe reaction. [0043] The reaction conditions are as descri bed

bel | ow. oi |l : Desul furized vacuumgas oil Reaction tenperature: 500
degr ees | stus Catalyst to oil ratio: 5 g/g or 7 g/g Feed oil supplying
speed: 1 /qi CRC (carbon concentration on regenerated catal yst): 0.05
w% [0 is to be noted that anal ysis of product gas and product oi

was nade using as chronmat ography, .and the progduct oil obtained in.a range
From 5 1ot NABBIEI OB Ay oLh Ol e T HRESH ST nECHRRST 1 HE 14 P on.
The product oil was fractionated to gasoline and cycle oil wth the rotary
band (the®tRmetal Meatrioh aasipment sisppapiseulating flydizedy ped By wirekaatabisk
K. K. ) method, and was anal yzed for a sulfur concentration in the gasoline
fract i oncirduldtes himsideuthereequimmeritt ménile orepeetito dthe ASTadesses3 1fQyeacRion Tapd e 2
shows a yield of each product and sul fur concentration in gasoline for each
cat al yst regaaeratitie akernatepst The eqjuipnieat imitates Tigé GCClundibl e 2] Activity
assessnment of catalysts a to (5, a, and b Conparative Exanpl es Exanpl es
Each of the desulfurization catalysts @ to &, a, and b was processed, before

reaction, at a temperature 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/gorig/sg
Feed oil supplying speed: 10 g/min

CRC (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 gasoline fraction. The product oil was fractionated to
gasoline and cycle oil with the rotary band (theoretical plate 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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Equi I i brium?23412 Catal ystaQ (5ab Hydrogen

(w99 0. 150. 160. 190. 210. 120. 210. 25 C1+C2+C2- *5) 1.71.71.71.61.61.61.6 (W%
LPG *1) (W% 17.917.416.616. 116. 815. 715. 0 Gasol i ne *2)

(w9 51. 050. 850. 650. 552. 550. 350.1 LCO *3) (wm % 17.517.718.018.117.518. 318. 4
HCO *4) (wt%6.67.17.78.17.08.59.1 Coke (w % 6. 15. 15. 25. 34. 45. 35. 5 Research
octane 93. 092. 892. 592. 292. 892. 392. 0 nunber of gasoline Sul fur conc. in

2315121051716 gaisiel2 stowsh vidkdbf EOEH Blodubobs siilfur Takentéatiok) inLddeolirlel favef i ed
petrol eum gas) i ncludes propane, propylene, n-butane, i-butane, and

but yl enegach QtalFas@héehel Sitd pcrgd#p;atigri@%}gpnat ed in arange fromCs to the
boi li ng point of 204C.  *3) ECO( I ght cycl'e oil) is a product fractionated
in a range fromthe boiling point of 204C to 343C. *4) HCO (heavy cycle
oil) is a product fractionated in a range over the boiling point of 343C

5) d: methane, ﬁéblgtﬁam%‘tivi%%g:sse%ts.gglzte&e catalysts & to §,a andb

Comparative
Examples
Examples
Equilibrium | 1 2 3 4 1 2
Catalyst o B 'a o) a b
Hydrogen  (wt%) 015 016 | 019 | 021 | 012 | 021 | 025
C1+G2+CZ" 45) 17 17 | 17 | 16| 16 | 16 | 16
(wt%)
LPG *1)  (wth) 17.9 174 | 166 | 16.1 | 168 | 157 | 150
Gasoline  *2) (wt%) 51.0 508 | 50.6 | 505 | 525 | 503 | 50.1
LCO *3)  (wt%) 175 17.7 | 180 | 181 | 175 | 183 | 18.4
HCO *4) (wt%) 6.6 71 | 77 | 81 | 70 85 | 91
Coke (Wi%) 6.1 51 | 52 | 53 | 44 53 | 55
Research octane 93.0 928 | 925 | 922 | 928 | 923 | 920
number of gasoline
Sulfur cone. in 23 15 | 12 | 10 5 17 16
gasoline (wt—ppm)

[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 G, 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 range over the boiling point
of 343°C.

*5) C1: methane, C2: ethane, G2~ ethylene
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21 WHAT IS CLAIMED I S: 1. Desul furization catalyst for FCC gasoline with
porous inorgani c oxide spherical particles, said catalyst carrying
vanadi um oxi de on a surface thereof only, wherein the vanadi um oxide is
carried at least on a portion of the surface. 2. The desul furization
catal yst for FCC gasoline as claimed in Caim1, wherein said vanadi um
oxi de forms a vanadi um oxide thin layer at least on a portion of the

surface @fyPeiP hm$59§n|c oxi de spherical particle. 3. The
desulfurlzé?fon catalyst for FCC gasoline as claimed in any of Clains 1 or

2, wherein a quantity of carried vanadiumoxide is in a range fron10 3to3
wt % when cal culated as V.05. 4. The desulfurlzatlon catal yst for

gasoline as clai of Cla wher ei n _sai d porous i ngrganic
oxi de spheri cal nﬁeﬂ"g‘l"'ézagﬁ r?aéglyﬁtzﬁ?rn&é}f tEREPINSn WItE  P]INS 4 S(RAP G P§§?| on
catal yst for %asollne as clainmed in any of Qains 1 0 4, mh$re|n sai d
por ous i ﬁfeﬂ%ﬁfﬁl padiclege saighedtalyst CB'&’V‘L"‘FCYaé'aé'HWpPi"Q%so”CP cpj thereof only,

alum nosilicate zeolite and porous inorganic oxide matrix. 6. The

desul f ur whareintheceanadliyst oxidsr is RaCiegeaideastenaspatian wbthe surfdcsi m 5, wherein
sai d porous inorganic oxide matrix conprises heat-resistant netal oxide
functioni ng as2a The delifuricdtion dutalestafior FOGr gasslired 43 claimesk ioddéim Blwhereia
powder, and a netal-trap agent. 7. A method of manufacturing

desul f ur gzdtvpRdiaat akidé tfofny aFNfdraBiafObkide ik lagb@ktBdhst radYypdrtioloflithe 1 to
6, wherein said porous inorganic oxide spherical particle is dried and

S nt ef ed oGk of JRLEONBIAAR Aldc'@MebaIBaRIILe SOl - 8. The met hod of

manuf act uring desu rization catalyst for FCC gasoline as clainmed in

Qaim 7. whereqn YAnaglioN o RaVL] B0 ddife YeraghumPthpe: elnhave an

average di ametér rangrn ron11 met er s

desulfur|2|n a FCC rein heavy hydrocarbaqon ojl
ot 2, %herem aq antqcy o? carrle vanadium omge IS’ iR a range ?rom b.3 to 3 wth 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 thereon.

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
aluminosilicate zeolite and porous inorganic oxide matrix.

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

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

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

average diameter ranging from 1 to 1000 nanometers.
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and/or vacuumgas oil is contacted to catal yst conposed of desul furization
catalyst and FCC catalyst mxed at a rate in a range from5/95 to 50/50 by
wei ght under the catalytic cracking conditions to catalytically crack and
desul furize the heavy hydrocarbon oil and/or vacuumgas oil. 23
9. A method of desulfurizing a FCC gasoline, wherein heavy hydrocarbon oil
and/or vacuum gas oil is contacted to catalyst composed of desulfurization catalyst and
FCC catalyst mixed at a rate in a range from 5/95 to 50/50 by weight under the

catalytic cracking conditions to catalytically crack and desulfurize the heavy

hydrocarbon oil and/or vacuum gas oil.
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