DESULFURI ZATI ON CATALYST FOR CATALYTI C CRACKED GASOLI NE AND METHOD FOR
DESULFURI ZI NG CATALYTI C CRACKED GASOLI NE USI NG THE SAME FI ELD OF THE
| NVENTI ON [ 0001] The present invention relates to desul furization catal yst
for catalytic cracked gasoline and a nmethod of desulfurizing catalytic
cracked gasoline wusing the desulfurization catalyst. Mre specifically,
the present invention relates to desulfurization catalyst for catalytic
cracked gR¥OSUREFWRIZAIHON ng GATAUY ST cdriDBnt EAFALYAIG n €RACGKED
cracked gasol i ne obtained by catalytically cracking heavy hydrocarbon oil
and vacuukga®OIdNEw AN f METHeD c#HCRyt DESULRURIKING t OSDAEYITTES
abbreviated as a FCC unit hereinafter). BACKGROUND OF THE | NVENTI ON [0002]
The FCC g&RAGIREDLGASOLINE WSANG ATHEHRAMBEI di zed catal ytic cracking of
heavy hydrocarbon oil or vacuum gas oil contains sul fur conpounds.
Recently, in view of the environnmental concerns such as prevention of air
pollution or the like, it is required that a sulfur content in the FCC
gasol i ne F$ROID OHEHEE INGHENOEOMNIse cat al yst for renmoving NOx contained in
exhaust gas fromvehicles rapidly decreases its activity due to the effect
by the su[@@01] content. An anount of sulfur contained in gasoline is
regul ated to be less than 50 ppmat the end of 2004 in Japan, and there
have been propo¥ad U snvdidiodelatey t6leshtfurizatibhosatalydtFordanalytire in
the FCC unit. [000 1 For instance, Japanese Patent No. 3545652 di scl oses
$h_rret hO?hégi{ckeﬂega%lﬂﬂa auldl B ne@Rb@Ne S deSuliakaing icatdlyaekedcRibl bagiideons.
is metho

using the desulfurization catalyst. More specifically, the present invention

relates to desulfurization catalyst for catalytic cracked gasoline for removing a
sulfur content contained in catalytic cracked gasoline obtained by catalytically
cracking heavy hydrocarbon oil and vacuum gas oil with a fluidized catalytic

cracking unit (sometimes abbreviated as a FCC unit hereinafter).

BACKGROUND OF THE INVENTION
[0002]

Thc FCC gasoline obtained by means of the fluidized catalytic cracking
of heavy hydrocarbon oil or vacuum gas oil contains sulfur compounds.
Recently, in view of the environmental concerns such as prevention of air
pollution or the like, it is required that a sulfur content in the FCC gasoline
should be reduced because catalyst for removing NOx contained in exhaust gas
from vehicles rapidly decreases its activity due to the effect by the sulfur
content. An amount of sulfur contained in gasoline is regulated to be less
than 50 ppm at the.end 0f 2004 in Japan, and there have been proposed various
methods for desulfurization of FCC gasoline in the FCC unit.

[0003] | |




I ncludes a step of catalytic cracking feed oil fractions containing organic
sul fur conpounds in the presence of catal yst for reduction of sulfur
contents at a high tenperature and under the fluidized catalytic cracking
conditions to produce a liquid product with the sul fur content
substantially reduced. The comrercially avail able catalyst for reduction
of a sulfur content is porous nolecular sieve, contains oxidized vanadi um
nmetal in an oxi Horedstsnzee Japaness PatdrenNeer 854565 hndischseesa ahethod for

nol ecul ar sieve crystalline structure, and the vanadiumnetal is present
as a cati oedwpagi sslfpr ocomtedtsbyini eatadytibaogrekied oihdrpsicss. oThihemsiltee
crystalline structure. However, because the commercially avail able catal yst

for reductnclndes a ssep blicatdptie mtascmggtfae@s)ﬂofradm@@sicamaﬁﬁlnlgrmgahﬁi sulfuen
oxi di zed state of nore- than-zero in inner pores of the nolecul ar sieve

st r uct ur e cempdunelsviarthdipraseriier afctatalyst opreefrnionast quléat tomteares £high
produced by ion exchange in the pores of the sieve structure, the vanadi um

net al  br eadsperatuncshnd hinder sti¢ UktidizedodatiReic drLREE aonditRiR tbOproduce a
di sadvant ageousl y lower the capability fof catalytic cracking oil feed

fracti onsligufiPO4rodamanesgh Paienkuliat d-copeentNosubi@ARi ARP 6 3chiesd. 0se Tl

desul furi zat ilon method for catalytic cracked gasoline wWth catal yst for

desul f uri zafriregchylly RANRLRE c%@él%b’tfbﬁ red8eKoM B f anshlﬁlnr Tc'@;h%erﬂefshﬁgroﬁseed
oil is catalytlcally cracked in"a fluidized catalytic cracking uhit or a

heavy oi | pidletwiaZ adeeat abirialiss o%ﬁai%ﬂnﬁaﬂﬁdlhrﬂ""rﬁ&a?aihahﬁsé)u'a‘i’f@lg‘?sfa%euéf y

carrying at |east one type of nmetal selected froma group consisting of

vanadi um nzdrBGhaRiZ§lin ihhePpo ﬂ?ﬁkﬁol?@ula‘f‘%lé@&@% lg&%‘)srtﬂib"‘tufé’“ardcfr

Thi s patent docunent al so descri 2 pr e to use

vanadi um %He %ﬂﬁﬁlﬁﬁpfﬁettﬂels"ﬁl%%lﬂ%spé atiofepeidd piiced W ior Bﬁcﬂr@%%‘hed

gasol i ne act1 ons.
the pores of the sieve crystalline structure.

However, because the commercially available catalyst for reduction of
sulfur contents contains oxidized vanadium metal in an oxidized state of more-
than-zero in inner pores of the molecular sieve structure and the vanadium
structure 1s present as a cation species produced by ion exchange in the pores
of the sieve structure, the vanadium metal breaks a crystalline structure of the
molecular sieve to disadvantagcously lower the capability for catalytic
cracking oil feed fractions.

[0004]

Japanese Patent Laid-Open No. 2003-27065 discloses a desulfurization
method for catalytic cracked gasoline with catalyst for desulfurization by
means of catalytic cracking, and in this method, feed oil is catalytically
cracked in a fluidized catalytic cracking unit or a heavy oil fluidized catalytic
cracking unit with catalyst homogeneously carrying at least one type of metal
selected from a group consisting of vanadium, zinc, nickel, iron, and cobalt on

. an inorganic porous carrier. This patent document also describes that it is




[ 0005] However, the catal yst honbgeneously carrying vanadi umon the

i norgani c porous carrier has low affinity with sul fur conpounds, so that
the activity for desulfurization is low, and the inprovenent has been
desired. Furthernore, if the inorganic porous carrier is fluidized

catal ytic cracking catalyst (sonetines referred to as FCC catal yst
hereinafter) containing Y- zeolite, the catalyst has the effect of renoving

a sul fur gqoefeeablei to gss eanadiu ractinentonh ee veawypdindrofcdeshbfurizationsof
catal ytically cracked, but because the Y-zeolite is destroyed by vanadi um

t he crackithgpeeducsd gasdlopsfragondiat nounts of generated hydrogen and coke
di sadvant ageously i ncrease. SUWARY OF THE | NVENTI ON [0006] For solving
the probl ¢a808escri bed above, an object of the present inventionis to
provi de desul furization catalyst for catalytic cracked gasoline having the

hi gh desul furi zéloweverapall Idatalysnch@mhagkhesusigt ichiryng Nnvagddivhn o tigy!l fur
content in gasoline fractions and al so capabl e of sUppressing generation

of ~hydr ogémorgadic plseoidredrrieaMys My SERIBP With |suPfurVespBLeas b 'théltsthe
catal ytically cracked. Another object of the present invention is

provi de aageei}f frd aégulﬁﬁhzmrhqgl Tov,Cahd! thel Fmpr@FdREnTARS! b \@eki}eahe

desul furi zation catal yst. [0007] To achi eve the object described above, the

| nvent of SFRGRrbFENIOURe BFARL FURUR' Lafer 10 fluifthed Bhndpsell dtkapt | On

catal yst for catalytic crac e asol i ne containing particulate v ium
oxi de has ?’(‘}m a t ~pon
oil or vagﬁu%ﬁg dIl éfﬁﬁsfgat > a§ E?r%rdgﬁlg%@g‘f&ﬁ@gr o?é}gogn%hﬁge&b IS
suppr esseﬂe&Yt%E‘ th@oéﬂglyts’f'%aﬁrﬁi%kbﬁ@ct of removing a sulfur content in gasoline
fractions when heavy hydrocarbon oil is catalytically cracked, but because the

Y-zeolite is destroyed by vanadium, the cracking activity drops, so that mounts

of generated hydrogen and coke disadvantageously increase.

SUMMARY OF THE INVENTION
[0006]

For solving the problems described above, an object of the present
invention is to provide desulfurization catalyst for catalytic cracked gasoline
having the high desulfurization capability and cracking activity in removing a
sulfur content in gasoline fractions and also capable of suppressing generation
of hydrogen and coke when heavy hydrocarbon oil or vacuum gas oil is

: catalytically cracked.

Another object of the present invention is to provide a desulfurization

method in catalytic cracked gasoline with the desulfurization catalyst.
[0007]
To achieve the object described above, the inventors made strenuous

and serious efforts to find that desulfurization catalyst for catalytic cracked




activity of the catalyst is high. The present invention was nade based on
this finding. [0008] In other words, a desul furization catalyst for

catal ytic cracked gasoline according to the present invention conprises
porous spherical particles of an 1inorganic oxide containing particulate
vanadi um oxide. In the particul ate vanadi um oxi de, preferably the average
diameter is in a range from0.1 to 10 gm A content of the particulate
vanadi um gasaenasontdicingtperdtieslatd atanatliMA0bxide haefetcdlent icapabildygéorf rom
0.3 to 3 weight % The porous spherical particles of inorganic oxide

pr ef er abl yatabyti@ioraclamii heayy hiiroparbaus ospber vaalunpagdsy oigsaraf alswonbani c
oxi de preferably contain crystalline alumnosilicate zeolite and porous
matri x of generagion of ohydiwgeh08Ad] coke tibesidgaubdad ievahi tiougt kel dratking
catal ytic cracked gasoline according to the present invention, a

desul furi zetiviey ofehetcamlysind tdghat Ahe heesehedivarion gas trhade based anthid out
si mul taneousl y by contacting heavy hydrocarbon oil and/or vacuum gas oi
under theﬁhﬂuhgized catalytic cracking to m xed catalysts in which the
desul furi zation catalyst for catalytic cracked gasoline and the catalyst
for catal paagg]cracki ng hydrocarbon are mxed at a mxing ratio in a range
from5/95 to 50/50. [0010] 4 The desul furization catalyst for catalytic

cracked gasol i ng agEReNbHR, h%eshmﬁlr%a@ﬁﬁﬁéatb%@ bt efcalAsc Qhﬂﬂ(le@‘?%és\dlfrﬁé for

desul furi zati on because vanadium oxide is present in - particulate state in

tV Qﬁagf)ﬂ ', U%g(cﬁggﬁ’{g;)‘ﬁg'rtlégﬂji'rgéésﬂl}ﬁi?lgr@ﬁtiohrkSHrﬁﬁﬂisés Por&es 3PHeREAl particl&d oF hg
inorganic oxide containing particulate vanadium oxide.

In the particulate vanadium oxide, preferably the average diameter is in
a range from 0.1 to 10 pm.

A content of the particulate vanadium oxide as calculated as that of
V,0s is preferably in a range from 0.3 to 3 weight %.

The porous spherical particles of inorganic oxide preferably contain
antimony.

The porous spherical particles of inorganic oxide preferably contain
crystalline aluminosilicate zeolite and porous matrix of inorganic oxide.

[0009]

In the desulfurization method for catalytic cracked gasoline according
to the present invention, a desulfurization reaction and a catalytic cracking
reaction are carried out simultaneously by contacting heavy hydrocarbon oil
and/or vacuum gas oil under the fluidized catalytic cracking to mixed catalysts
in which the desulfurization catalyst for catalytic cracked gasoline and the
catalyst for catalytic cracking hydrocarbon are mixed at a mixing ratio in a
range from 5/95 to 50/50.

[0010] |




conmpounds is high. Wien the FCC catal yst containing crystalline
alumnosilicate zeolite is wused as the porous spherical particles of

i norgani ¢ oxi de, because the vanadium oxide is present in the particulate
state, the vanadiumoxide is distributed little in the catalyst particles
during use of the catalyst in the FCC unit, and the «crystalline
alumnosilicate zeolite is not destroyed by the vanadi um oxide, so that
the cracki ng acilibeidesulfarizagionacatabstdontatabytod crackedggasodime aoeding to
suppressed. [0011] Furthernore, in the desul furization catalyst for

cat al yti ctloe présenht igaentioncasohigh activitanfoir rdesylfurizatidint bocavse varidiom
oxide according to the present invention, the antinony has high capability

of hydrogenadd ng prdsént inc papgondse sta ahsmaor;mtodgsmﬁmﬁlfpamms of
suppressing generation of hydrogen by suppressing the dehydrogenating

reacti on. idrgAhlcERDESCRNATIaPIn®y THE tEBORhAMENTS okl 2{o FURIAR ON
CATALYST FOR FCC GASOLI NE The desul furization catalyst for F gasol i ne
accor di ngcompoudderiehégii. i nvention contains particul ate vanadi um oxide in
porous spherical particles of inorganic oxide material. The vanadi um oxi de

whi ch may be usWhémthd\FOT eaily: stldbtﬁé!ﬁm?g O?'istanﬁiwﬂl%ﬁmn@sihda@é zeblitd R to
V205, V203, V02i and VO, and especially vanadi um pentoxi de) is

pr ef er abl gsibaqusepbitfistpherica! péﬁidl@@ of¢hbrghhic bRide %caus[&@lb&}arﬁm&her age
particle diameter of the particulate vanadi dmoxide Is preferably in a
range frogxiielistpredéhidim thdhedarticheata\ueitegdthdranddibe SkfdILlistributed little
in the catalyst particles during use of the catalyst in the FCC unit, and the
crystalline aluminosilicate zeolite is not destroyed by the vanadium oxide, so
that the cracking activity is high and generation of hydrogen and coke is
suppressed.
[0011]
Furthermore, in the desulfurization catalyst for catalytic cracked
gasoline containing antimony in addition to vanadium oxide according to the
present invention, the antimony has high capability of hydrogenating sulfur

compounds, and also provides the effect of suppressing generation of hydrogen

by suppressing the dehydrogenating reaction.

DETAILED DESCRIPTION OF THE EMBODIMENTS
[0012]
DESULFURIZATION CATALYST FOR FCC GASOLINE

The desulfurization catalyst for FCC gasoline according to the present
~ invention contains particulate vanadium oxide in porous spherical particles of -
Inorganic oxide material.

The vanadium oxide which may be used in the present invention




of the particul ate vanadiumoxide is smaller than 0.1 m the state is close
to that in which vanadi um oxi de i s honbgeneously carried, and sonetines
the high desulfurization activity can not be obtained. Furthernore, the
desul furi zation catal yst for FCC gasoline is used together with the FCC
catalyst in the FCC unit at a tenperature in the range from400 to 800 C,
and therefore the vanadi um oxi de contained in the desul furization catal yst
for FCC gaclulesebsbmet limiedebt ¥,@ndValgr at@s, amd oV Qoraesl edpddivly &8)0f e,
which may in turn cause breakage of the zeolite crystal. W‘Fn the aver age
particle @vamstiem péntolkédgastpreforable bevaade the deswléurizstiomnetivitgns hlhn
soneti nmes abrasion resistance of the desul furization catalyst tor gasoline
may be def@it®jd. More preferably the average particle dianeter of the
particul ate vanadi um oxi de isin the range fromO0.5 to 7 m and further

preferably in tAg avenge fpaetivle déarhe®r bPQAE] Pé—ﬂﬁ:tﬁﬂt@ gaRadiint | Gide is
di aneter of the particu at e vanadi um oxi de in desul furi zati on catal yst

for gasol prsfepatsigridi earige frdg PIEEEND Jlmveﬁwmm% ax%%hgé RRgkidlE diBaRiel Ng
maxi nrum di aneters of 100 or nore vanadi um oxide particlhes sanpled from at

| east 5 sefth® Tﬁrﬂlématé eﬁhg@w dxed€ed R er tRBED. lglggnth@ma%e $6 MY

el ectron m croScope (S is to be noted that, ause an average

particle giangt @hich vaﬁaamrﬁ%ﬂabd@ h'él%g@ﬁebﬂﬁ p@ﬁﬁie@ula?afdes&%ﬁﬁiéé é“aetﬁe

oxi de or of particul ate vanadi um conpounds such”as ammdni um net avana

whi ch chafngp GesMATIANT OKLAGIP! AnUStorl WPCHBIHAEIOT FRHRAIELT 1At i on

catalyst for gasoline is identical to an average particl t he

verage poctPIRBAIECARNSE o oF S inells AcPtchdibr WlinofRERCE 1he
catalyst in the FCC unit at a temperature in the range from 400 to 800 °C, and
therefore the vanadium oxide contained in the desulfurization catalyst for FCC
gasoline sometimes melts and migrates into pores of the zeolite, which may in
turn cause breakage of the zeolite crystal.

When the average particle diameter of the particulate vanadium oxide
i1s more than 10 pm, sometimes abrasion resistance of the desulfurization
catalyst for gasoline may be degraded. |

More preferably the average particle diameter of the particulate
vanadium oxide is in the range from 0.5 to 7 um, and further preferably in the
range from 1 to 5 pm.

[0014]

The average particle diameter of the particulate vanadium oxide in the
desulfurization catalyst for gasoline according to the present invention is
obtained by measuring maximum diameters of 100 or more vanadium oxide
particles sampled from at least 5 sections in a reflection electronic image taken

by a scanning electron microscope (SEM). It is to be noted that, because an

average particle diameter of vanadium oxide used as the particulate vanadium




desul furization catal yst for gasoline nmay be expressed with the average
di aneter of the used particul ate vanadi um conpound. The size of porous
spherical particles of inorganic oxide is the same as that of the FCC
catal yst generally used in the FCC unit for heavy hydrocarbon oil or
vacuum gas oil, and nore specifically an average particle dianeter of the
spherical particles is preferably in the range from40 to 90 Inn. [0015]

The convemidnet ofpautitwlate eanativantamnypundersuEbGsgasaioniemhastdwmadate
affinity with sulfur conmpounds and the desul furization activity is rather

low, Dbecatsehvarmgies rooxideling boidegangaise! tentherhnirbwWitthd desulfurbgitivis
spherical particles of inorganic oxide. In contrast, in the

desul furi zatdlpst dat agaselinkolis Fdentiaabltonanaagergicpartitle! Hgadeasedf the
i nvention, because vanadi umoxide is contained in the particulate state in

the poroupagiphdai cainadaiti okede ah tHordesnlfuriontig, citapysaf fdrn'fghyol_ﬂfle, the

vanadi um oxi de to organi ¢ sul fur conpounds is high, and desulfurization is

per f or medagetaget i pafticle Wigimefe RST Ot SFMIM-&E: Pedlddel®S §kidenofiafes
oxide is FCC catalyst <containing crystalline alumnosilicate zeolite

descri beddbghigusizAtien CERAKIs0OforaGlakylihy hiayNitdh Ropaiied With CIheStavkeld

alum nosilicate zeolite i S not destroyed y vanadi um oxi de, and generati on

of “hydr oggihrad@r ¢FRe uSed PRRIATERIvalRAR] cdmpduble desul furi zation
catal yst for FCC gasoline according to the present invention, preferably a

Cont e o e TR SO S AT 1 g >
LI o RIS COGAA DRI JRAE, 1 ECCATRN 08 et oA
oil or vacuum gas oil, and more specifically an average particle diameter of the
spherical particles is preferably in the range from 40 to 90 um.
[0015]

The conventional desulfurization catalyst for FCC gasoline has low
affinity with sulfur compounds and the desulfurization activity is rather low,
because vanadium oxide is homogeneously distributed in the porous spherical
particles of inorganic oxide.

In contrast, in the desulfurization catalyst for FCC gasoline according
to the present invention, because vanadium oxide is contained in the particulate
state in the porous spherical particles of inorganic oxide, the affinity of
vanadium oxide to organic sulfur compounds is high, and desulfurization is
performed selectively.

When the porous spherical particles of inorganic oxide is FCC catalyst
containing crystalline aluminosilicate zeolite described below, the cracking

- activity is high because the crystalline aluminosilicate zeolite is not destroyed

by vanadium oxide, and generation of hydrogen and coke is suppressed.

- [0016]




hydr ocarbon oil or vacuumgas oil. On the contrary, when the content is

hi gher than 3 weight % the desulfurization performance for renoving a

sul fur content becomes higher, but anmounts of generated hydrogen and coke
increase, and a yield of gasoline fractions generally drops. Mre
preferably the content of vanadi um oxi de cal cul ated as that of V206 is in
the ranger fromO0.5 to 2 weight % [0017] The desul furization catalyst for
FCC gasol i ne actwriiengicsolfuheaorsemtalystnfenti@CE pgasdlénabiococdmgaitosthe
antinmony in addition to the vanadiumoxide in the porous spherical

parti cl es ppésenhomyantionpxrdterabhera tdomtelets off f thici pattiulatec atanladaimi ogldedes
antinony in addition to vanadi um oxi de, the effect of suppressing

gener at i ovaleildtgdrazoiiat affdV £0k & imtheaarse front 0B db Bedepaitady/t | Wisnathd ng

heavy hydrocarbon oil or vacuumgas oil with the yield of the { gasoline
fracti onscomentyed. ldss itlsargU®S3seekiphatvgensy ddsolfupizativelr peeforiince for

suppressed because a portion of antinony and vanadi um f or m conpounds such

as SbVO4, ré&haVishy a Salfu®\onidat ihahsypROHES ﬁtﬁﬂﬁtﬂfs%@?@rhﬁﬁnr&ﬁ@kih%gléﬁWy
vanadi um [0018] A content of antinony cal culated as that of Sb2 in"the

cat al yst h?dfdl:arbd?ﬁ’ di@rtﬁevﬁémmlong ts1l.5 Gri g cYntard ¥Hed Pef@nadtyid n
the range tfromO0.5to 4 weight % 8 Furthernore, the desulfurization

catal yst hipthdr@haf3sakigle BC e dedglftifzalibs p@f%)?ﬁﬁncb%%%h%i Y% GARGAI N,

€
in addition the vanadi um oxi de as descri bed”™ above, a netal such as zi nc,

2;;: §|ely’st i g%gegﬁgegg@g?!}%gew[ 885 g{rﬁ)dﬂt@ bf Beh¥rais®dydfogdLatd bokbiaticase,
and a yield of gasoline fractions generally drops. More preferably the content
of vanadium oxide calculated as that of V,0s is in the ranger from 0.5 to 2
weight %.

[0017]

The desulfurization éatalyst for FCC gasoline according to the present
invention preferably contains antimony in addition to the vanadium oxide in
the porous spherical particles of inorganic oxide. When the desulfurization
catalyst includes antimony in addition to vanadium oxide, the effect of
suppressing generation of hydrogen and coke increases in fluidized catalytic
cracking heavy hydrocarbon oil or vacuum gas oil with the yield of the
gasoline fractions improved. It is guessed that generation of hydrogen is
suppressed because a portion of antimony and vanadium form compounds such
as SbVQ,, SbyVOs, SbooV104 to suppress dehydrogenation reaction by

| vanadium.
[0018]
A content of antimony calculated as that of Sb,Q; in the catalyst is in

the range from 0.3 to 5 weight %, and more preferably in the range from 0.5 to

4 weight %.




I'n the desul furization catalyst for FCC gasoline according to the present
i nvention, spherical particles of an inorganic oxide generally used in
fluidized catalytic cracking catalyst may be used. The porous inorganic
oxi de, which can be used in the present invention, includes 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 Eut'nheﬁnoad: wimerdesufurizatioal amalyst fai FCCagasmdimesagtording to
alum na-boria, titania, zirconia, silica-zirconia, calciumsilicate,

cal ci um aﬂlmpresanel,n\mmm ayyneorgani, sn additias theohnadiube okatd dedesuitbed
hal | oysite. [0020] The desul furization catalyst for FCC gasoline according

to the preabent, a metelnduichnas sinet ai kadbirpnaed cobak rwhichl drett ﬁiaﬂ@lméd cate
zeolite such as Y- zeolite, ultra stable Y-zeolite and ZS and

i nor gani cdexilferizsion Kataéﬁtefbelf*@(ﬂ)gabbhne norgani ¢ oxi de mat rix i ncI udes
heat -resi stant netal oxi functioning as a binder for silica, alumna,

and silicpe@9jm na, and clay mneral such as kaolin, and further includes,
if necessary, an appropriate anount of porous silica xerogel and alum na

powder or a meth -theageqdéitizati®P 2ddtalyse offre MCOf éhsﬂﬁlrfé Yardetdinide to the

alum nosilicate zeolite is preferably’in the range from5 to 50 wei ght %

in the cappdset invdiRidH ysﬁ}ﬁddaﬂ‘?a@ﬁé'lésr‘t?fshh'lﬁéif lé%hﬂé%én%ré oy BxAgnged

with at |east one kind of cation selected from p consisting of
hydr ogen, ﬂamr@ed@mallzyp@lc%wglc@tﬁi gblfsoéﬁi%‘%i in the ordinary catalytic

cracki ng cat al yst speci al I'y; antageous in the present invention

L e e e de el B ol B ST o
vanadi um gigifes Brystflline aluminosilicate zeolite such as Y-zeolite, ultra stable Y-
zeolite (USY), X-zeolite, mordenite, beta-zeolite and ZSM zeolite; heat-
resistant rhetal 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.
[0020]
The desulfurization catalyst for FCC gasoline according to the present
invention is preferably made of crystallite 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 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 alumina powder or a metal-trap agent.
[0021]
A content of the crystalline aluminosilicate zeolite is preferably in the

range from 5 to 50 weight % in the catalyst. The crystalline aluminosilicate

zeolite is ion-exchanged with at least one kind of cation selected from the




FCC catal yst containing the ordinary crystalline alumnosilicate zeolite
used in an FCC unit for heavy hydrocarbon oil or vacuumgas oil. [0022]
The desul furization catal yst according to the present invention is
produced by the nethod of producing the ordinary FCC catal yst. For

I nstance, such a material as the particul ate vanadi um oxi de with the
average particle dianeter in the range from0.1 to 10 mor particul ate
ammoni um gnewpcanadding ohihgldrogen, bemooonvian eaind polsvaldntimetalsdlikbyin the
sintering, the ultra stable Y-zeolite, and an inorganic oxide matrix

pr ecur sor ocdingry natadytse crackisglcatalistol i n, silicate hydroxi de dust and

al um na hydrate are m xed with each other, the mxture is spray-dried, and
the obtai ned spHspeamallypér is attesntapeousnshatie prdserdinwidion &b @n@%lo@t thee
tenperature in the range from about 500 to 700 T. Sintering can be

per f or meddéesuléuriegéne catadystdol WEC glaselinE Conurisingrstabut Rphéricgiopatiicl@ns

for regenerating catalyst. An average particle dianmeter of the spherical
parti cl esof snprgehés aldlige iprepdredreyarixing mhéd GdrticBhitevanh@AR3] okienint ik

desul furization catal yst for FCC gasolihe contains antinony in addition to

the parti BOGtatatpstasingSindud ﬂ@@prdi@arjé eeyalime dlnenidestHdat Ledlitedised in
catal yst for FCC gasoline described above is mxed into a hydrochloric

sol ution mﬁﬂ@@mﬁdin%&%jcﬁ@c@ﬂidmoﬁiqﬁmcﬁ%ﬁag_ﬁ%ﬁln, neutralized with
sodi um hydr oxi de, dehydrafed, washed, dried and Sintered if needed, so that

10 the defy)XAri zation catalyst for FCC gasoline is produced. [0024]
METHOD OF DESULFURI ZI NG FCC GASOLINE I n the desul furization nethod for FCC

ggfgu ne accor ﬁgﬁeﬁgssql)i}ﬁ%ﬁ&i Hialydy doRBing N6 HES UbdedEnZ JhVORIOS is
produced by the method of producing the ordinary FCC catalyst. For
instance, such a material as the particulate vanadium oxide with the average
particle diameter in the range from 0.1 to 10 pm or particulate ammonium
metavanadate which can be converted to vanadium oxide by sintering, the ultra
stable Y-zeolite, and an inorganic oxide matrix precursor containing silica sol,
kaolin, silicate hydroxide dust and alumina hydrate are mixed with each other,
the mixture is spray-dried, and the obtained spherical particles are washed,
dried, and sintered at a temperature in the range from about 500 to 700 °C.
Sintering can be performed in a regenerator column of an FCC unit under the
conditions for regenerating catalyst. An average particle diameter of the
spherical particles is preferably in the range from 40 to 90 pum.
[0023]

When the desulfurization catalyst for FCC gasoline contains antimony
in addition to the particulate vanadium oxides, for instance, the desulfurization
catalyst for FCC gasoline described above is mixed into a hydrochloric
solution with antimony chloride being dissolved therein, neutralized with

sodium hydroxide, dehydrated, washed, dried and sintered if needed, so that

10




catal ytic cracking by contacting heavy hydrocarbon oil and/or vacuum gas
oil wth the m xed catal yst of the desulfurization catalyst for FCC
gasoline described above and the FCC catal yst under the fl uidized

catal ytic cracking conditions. [0025] As the FCC catal yst, the
commercially avail able FCC catal yst may be wused, and especially the FCC
catal yst containing faujasite zeolite is preferably used because of the

hi gh cr ackthadeselfimizatyon ThelyiGor HCGT pesolinatiapridged! auj asite zeolite is,
for instance, a catalyst containing faujasite zeolite (USY) wth the

Si 2/ A1208084hr ratio of 5to 6, in the range from10 to 50 wei ght %
silica as a binder in the range from15 to 20 weight % active alumna in
the rangMEAHOD OF DESELEHREINGTRECE GWSPLENENt in the range fromO0 to
10 weight % and kaolin in the range from?25 to 65 weight % As the FCC
catal yst as desénithed deboMarizéttgn BEThoSTRIr BICT gh’%lilﬁmcﬁ@rdf@ ttoaganar ks
or registered trademarks of FCC catal ysts produced by Catalysts &

Cheni cal s prexbnst invention, thediesuldutingtion ke pefoerrdpkitiuiRnedsslyt Ratt-GC
catal yst according to the present invention, equilibriumcatal yst of the

FCC cat al ¢atal}d$©@récﬂ{in%&i3ﬂbwﬁia@tiﬁg VOh DI CREBGR a1 hd/ofr ﬂzatchanfgﬁs Wil t
may be enpl oyed. [0026] In the mxed cCatal yst descri bed above, the m xing

ratio of teh tht deixedf gatabgti 8n hat ab§§ﬁﬁlﬁ2ﬁtiméﬁﬁ§%|ti st FCt besdiftle
catalyst is in the range from5/95 to 50/50 by weight. Wen the™m xi ng

ratio of {eecritesiibbyvtzaid o F@@aéatﬁrgst UndeFeheagfldingd ic%tdl?ﬁé %@1&1%95
by wei ght, sulfur conpounds in the gdsoline fraction can not sufficiently
be renovedpohgigrige a quantity of the desulfurization catalyst is not
enough. Wien the mixing ratio of the

[0025]

As the FCC catalyst, the commercially available FCC catalyst may be
used, and especially the FCC catalyst containing faujasite zeolite is preferably
used because of the high cracking activity. The FCC catalyst containing
faujasite zeolite is, for instance, a catalyst containing faujasite zeolite (USY)
with the Si0,/Al,O; molar ratio of 5 to 6, in the range from 10 to 50 weight %;
silica as a binder in the range from 15 to 20 weight %; active alumina in the
range from 0 to 20 weight %; a metal trap agent in the range from 0 to 10
weight %; and kaolin in the range from 25 to 65 weight %. |

As the FCC catalyst as described above, ACZ, DCT, STW, BLC, HMR

(which are trademarks or registered trademarks of FCC catalysts produced by

Catalysts & Chemicals Industries Co. Ltd) and the like are exemplified. As

the FCC catalyst according to the present invention, equilibrium catalyst of the

FCC catalyst used for catalytic cracking hydrocarbon oil in the FCC unit may
- be employed.

[0026]

In the mixed catalyst described above, the mixing ratio of the
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desul furization catalyst for FCC gasoline is nore than 50/ 50 by weight, the
catalytic cracking activity and the yield of gasoline becone | ower. The

m xing ratio of the desulfurization catalyst and the FCC catalyst is
preferably in the range from 10/90 to 30/70 by weight. [0027] In the nethod
of desul furization for FCC gasoline according to the present invention,
desul furization and catal ytic cracking are perfornmed sinultaneously by
cont act i nglchelduyzhyion eatalpsnfai FCahdasolivaandthgddCQi dathbyst ihén vhaeshee
catal yst descri bed above under the fluidized catalytic cracking conditions
in an FCCfromt5/9%hte SOMSEI hyiweighndi Whes the ehixdeg cativosf sheudeshl firizatios

i ndustry may be enpl oyed, and include, for instance, a catalytic cracking

t enper at ucetalysttfoe F@EgeasHliow i406sd thad0s/ %elgy ers ghe | vl i, caaffod@nds in the
regeneration tenperature in the range from500 to 800 degrees Cel si us.
EXAVPLES ¢h8612€¢ fradipmpcanembt mﬁ'mién@% s ré@vselbbecdirbon qusniiterof the
specifically belowwith reference to the exanples, but the present

i nvent i ondesulfiotization t €gtalyxtt e nexamoueh. | NVhyn Wehe hERaEP!r8tief of the
Production 1] [0029] 12 Suspension a of particul ate ammonium net avanadat e

857 gr as detulwigatien aiast BSIPEC RORNGRTORE (BEHDNY/SY bRy At ©

(produced by Kashimakita Electric Power Corp.) to obtain a 'suspension of

V205 wi t hchfabyte® BERRIREREADiLOT 3 ' spensi on was

suffici enfl y "agi tated %Egﬁgg?vag;ﬂ?tzh\gﬁhgtgO%g%%@ﬁ%ﬁdlﬁﬁgoﬁhi ter

pul verizer to pPTRE3hEiAg THEBUTheU&uPfurbationCedtahRt ANHTAE YT ORLAYIEAHAL €.
preferably in the range from 10/90 to 30/70 by weight.

[0027]

In the method of desulfurization for FCC gasoline according to the
present invention, desulfurization and catalytic cracking are performed
simultaneously by contacting heavy hydrocarbon oil and/or vacuum gas oil to
the mixed catalyst described above under the fluidized catalytic cracking
conditions in an FCC unit. The catalytic conditions include commonly used
in this industry may be employed, and include, for instance, a catalytic
cracking temperature in the range from 400 to 600 degrees Celsius, and a

regeneration temperature in the range from 500 to 800 degrees Celsius.

- EXAMPLES
[0028]

The present invention is described below further specifically below
with reference to the examples, but the present invention is not limited to the
examples in any way.

[Example of Production 1]
- [0029]
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An average particle dianmeter of amoni um netavanadate in the suspension a
was neasured with a particle size analyzer (produced by Horiba Sei sakusho
Corp., CAPP-700) to find that the average particle dianmeter was 2.1 m

[ Exanpl e of Production 2] [0030] Suspension (3 of particul ate anmoni um
nmet avanadat e 857 grans of pure water was added to 643 grans of anmoni um
nmet avanadat e (produced by Kashimakita Electric Power Corp.) to obtain a
suspensi onushehfiod owof patthelsermantordtimmetdvatidass ght % The obt ai ned
suspensi on was sufficiently agitated and pul verized for 10 hours with the
Attriter pul ver Bagr gtampreppuee awaterpensi addéd wf 6dar grambadbf anmunium

net avanadate. An average particle dianmeter of ammoni um netavanadate in the
suspensi omét3varalateapuoddcod By Kazhimakite BleteriarRdweerCony. pduceltaby a
Hori ba Seisakusho Corp., CAPP-700) to find that the average particle

di anet er waspenkiéh of VeKanwith tie Condewiraton i 300@3idht SUs peMak apbtairadd

particul ate anmoni um net avanadate 13 857 grans of pure water was added to

643 gr ans seépaRiem iy sufbicmRagaitacd pinddpgRerized fas i ek wWwathEhecAfirigePover
Corp.) to obtain a suspension of V205 with the concentration of 30 wei ght

% The obpalwgiversypRepaicansispensidd & GiprtivuRg hatBenrme n@étbvrﬁﬁé(%aﬁé. for 30

mnutes wth the Attriter pulverizer to prepare a suspension y o
particul ate ampm Wera®s ayatieidt@ameter of ammonium metavanadate in the

suspension a was measured with a particle size analyzer (produced by Horiba
Seisakusho Corp., CAPP-700) to find that the average particle diameter was
2.1 pm.

[Example of Production 2]

[0030]

Suspension 3 of particulate ammonium metavanadate

857 grams of pure water was added to 643 grams of ammonium
metavanadate (produced by Kashimakita Flectric Power Corp.) to obtain a
suspension of V,0s with the concentration of 30 weight %. The obtained
suspension was sufficiently agitated and pulverized for 10 hours with the
Attriter pulverizer to prepare a suspension [ of particulate ammonium
metavanadate.

An average particle diameter of ammonium. metavanadate in the
suspension  was measured with a particle size analyzer (produced by Horiba
Seisakusho Corp., CAPP-700) to find that the average particle diameter was
1.2 pm.

 [Example of Production 3]
[0031]

Suspension v of particulate ammonium metavanadate
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An average particle dianmeter of ammoni um netavanadate in the suspension 'y
was neasured with a particle size analyzer (produced by Horiba Sei sakusho
Corp., CAPP-700) to find that the average particle dianmeter was 4.1m

[ Exanpl e of Production 4] [0032] Suspension S of particul ate amoni um

met avanadat e 857 grans of pure water was added to 643 grans of anmoni um

nmet avanadat e (produced by Kashimakita Electric Power Corp.) to obtain a
suspensi on of V203 wrarhs tdk poweceateratvasn adie@Otondi4ghtorams ThE amhtrmimiach
suspensi on was sufficiently agitated to prepare a suspension S of

parti cul amectazamaddtenfpredeseth ddakeashimakvar Bietnar Powke Qompretter obfain a
anmoni um net avanadate in the suspension S was neasured with a particle

si ze anal yusperspowdic¥dOpywithr thea cofeestrhtion wfCA0 pwei dBAPY;, 70Thet obthimtd t hat
the average particle dianmeter was 6.5 m [Exanple of Production 5] [0033]
FCC Cat al yaspdrsjon ¥2ds gufficicofly kegtdted didhb patwasrizeel fae BOvmialnesi with gid 875
grans of 14 ultra stable Y-zeolite slurry were added to 1609 grans of

basi ¢ al udittriter phlverizte %tbréﬁh@eAM@ﬁsm@@tWabEOPaﬁiCIﬂét& aMbHiuf

(al um num chl orohydrol, referred to as AHC hereinafter) to prepare a m xed
slurry. Thiggavamaddesl urry was spray-dried to prepare a spherical

particles, and the spherical particles were washed until a content of Na20

is 0.5 vei ght %Aer Rekowy @irticld EanMer df efnmdntusl’ iB6tadhnadARMpET fHelr e
of 135 degrees Celsius to prepare
suspension y was measured with a particle size analyzer (produced by Horiba
Seisakusho Corp., CAPP-700) to find that the average particle diameter was
4.1 pm.
[Example of Production 4]
[0032]

Suspension ¢ of particulate ammonium metavanadate

857 grams of pure water was added to 643 grams of ammonium
metavanadate (produced by Kashimakita Electric Power Corp.) to obtain a
suspension of V,0s with the concentration of 30 weight %. The obtained
suspension was sufficiently agitated to prepare a suspension & of particulate
ammonium metavanadate.

An average particle diameter of ammonium metavanadate in the
suspension 6 was measured with a particle size analyzer (produced by Horiba
Seisakusho Corp., CAPP-700) to find that the average particle diameter was
6.5 pm.

[Example of Production 5]
[0033]
- FCC Catalyst (a)

1125 grams of kaolin, 125 grams of active alumina, and 875 grams of
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FCC catal yst (a). The FCC catal yst (a) was nmade of A1203 by 15 wei ght %
fromthe AHC solution, kaolin by 45 weight % active alumna by 5 wei ght
% and ultra stable Y-zeolite by 35 weight % Characteristics of the FCC
catalyst (a) are as shown in Table 1. [Exanple 1] [0034] Desulfurization
catal yst A for FCC gasoline To adjust a concentration of Al2G3 in the
catalyst to 15 weight % the suspension a prepared in Exanple of

Product i omlita dtalolei Y-zediteveluatyuwere, addet tol 1609 sgrabie of- bagit i dlenshunt y
were added to 1609 grans of the AHC solution wth the A1203 concentration
of 23.3 wehbgrid®s bytl?5thgr asl,0:1 166ngrmration 26f @8Bsweght 875 @rlaminum
respectively so that the concentrations in the solution were | weight %
44 wei ght chidorbhyetrdptefiredned 85 AMCHrebrafespeas prafedry.a iixedshpgy.e Thig xed
slurry. This mxed slurry was spay-dried to prepare spherical particles,
whi ch wer eniwed vbelrynwad spragoditiedtto girepaieCy dgl@@ﬁ@ﬂ patiQlds, wadaht spheficabel ow
and dried in a drier at a tenperature of 135 degrees Celsius to prepare

desul furi patticles eadrel wathad Latil RCEoiteap i Mea, (R is VTP lweivhs %I @PBEIRSN, hd
sintering a portion of the desulfurization catalyst Afor FCC gasoline for

2 hours athen wespériad Uhea drickOft deerpesattet YIUF3S dbgrédCalsiay ¢h %ﬁ@B%re

particle dianeter was neasured by neasuring maxi num  di anmeters of 1

vanadi um pxideardvdti(g).es fromthe sanple with a scanning electron
m croscope (SEM to find that the average dianeter was 2.1 m

Swhg\rﬁc} er iTZE : gszl“gé [Inlfz(xtlg: nglsgmjéé]tu@zwhg Ma88LH W0 HyoN SFeei GRS 9 iSmafife as
AHC solution, kaolin by 45 weight %, active alumina by 5 weight %, and ultra
stable Y-zeolite by 35 weight %.

Characteristics of the FCC catalyst (a) are as shown in Table 1.
[Example 1]
[0034]

Desulfurization catalyst A for FCC gasoline

To adjust a concentration of Al,O; in the catalyst to 15 weight %, the
suspension o prepared in Example of Production 1, kaolin, active alumina, and
ultra stable Y-zeolite slurry were added to 1609 grams of the AHC solution
with the AlLO; concentration of 23.3 weight % by 25 grams, 1100 grams, 125
grams, and 875 grams respectively so that the concentrations in the solution
were 1 weight %, 44 weight %, 5 weight %, and 35 weight % respectively, to
prepare a mixed slurry. This mixed slurry was spay-dried to prepare spherical
particles, which were washed until a content of Na,O dropped to 0.5 weight %
or below and dried in a drier at a temperature of 135 degrees Celsius to prepare

“ - desulfurization catalyst A for FCC gasoline.
A sample was prepared by sintering a portion of the desulfurization

catalyst A for FCC gasoline for 2 hours at a temperature of 600 degrees Celsius,
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[ 0035] Desulfurization catalyst B for FCC gasolin To adjust a
concentration of A123 in the catalyst to 15 weight % the suspension (3
prepared in Exanple of Production 2, kaolin, active alumna, and ultra
stable Y-zeolite slurry were added to 1609 grans of the AHC solution wth
the A12C3 concentration of 23.3 weight % by 25 grans, 1100 grams, 125
granms, and 875 grans respectively so that the concentrations in the

sol uti on andr anlaveraget p#tidé dedrgbter %waS meiaghtedobyandesdsurngd ghtxinum
respectively, to prepare a mxed slurry. This m xed slurry was spay-dried
to prepar eizpbtars adl 10@ardnadiwes, oxxilaﬁeglbami@ll@ fesh etie Wimpleawttbnh estanaingNa2O
dropped to 0.5 weight % or below and dried in a drier at a tenperature of

135 degr eetedirirsinicrdseope €8EM) talBadl that itesdverage diahgsdr Wad 211 FEC
gasoline. Characteristics of the desul furization catalyst B for FCC

gasol i ne are asChahaotoristicd abtlee desdlBxdraticn ShtalyR086hr FOG ghé@lhﬁdéﬁd an
catalyst C for FCC gasoline To adjust a concentration of A1203 in the

cat al yst tshowh inelabie 1% the suspension y prepared in Exanple of
Production 3, kaolin, active alumina, and ultra stable Y-zeolite slurry
wer e addegEk@mi.)@@Q, grans of the AHC solution 16 with the A1203
concentration of 23.3 weight % by 25 grans, 1100 grans, 125 grans, and 875
grans res 4vely so that the concentrations in the solution were 1

wei ght % 44 weight % 5 weight % and 35 weight % respectively, to

Cpher 1 cal e 2Pt ent of N&2O dr opped to
0.5 wei ght g? ooTo ORli AW #enen@atioR of ALY it chBIPR"R! S akht 38, dRAT ees
suspension B3 prepared in Example of Production 2, kaolin, active alumina, and
ultra stable Y-zeolite slurry were added to 1609 grams of the AHC solution
with the Al,O; concentration of 23.3 weight % by 25 grams, 1100 grams, 125
grams, and 875 grams respectively so that the concentrations-in the solution
were 1 weight %, 44 weight %, 5 weight %, and 35 weight % respectively, to
prepare a mixed slurry.  This mixed slurry was spay-dried to prepare spherical
particles, which were washed until a content of Na,O dropped to 0.5 weight %
or below and dried in a drier at a temperature of 135 degrees Celsius to prepare
desulfurization catalyst B for FCC gasoline,
Characteristics of the desulfurization catalyst B for FCC gasoline are as
shown in Table 1.
[Example 3]
[0036]

Desulfurization catalyst C for FCC gasoline

To adjust a concentration of Al,O; in the catalyst to 15 weight %, the
suspension y prepared in Example of Production 3, kaolin, active alumina, and

ultra stable Y-zeolite slurry were added to 1609 grams of the AHC solution
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desul furization catalyst C for FCC gasoline. Characteristics of the

desul furi zation catalyst C for FCC gasoline are as shown in Table 1.

[ Exanpl e 4] [0037] Desulfurization catalyst D for FCC gasoline To adjust
a concentration of A1203 in the catalyst to 15 weight % the suspension 3
prepared in Exanple of Production 4, kaolin, active alumna, and ultra
stable Y-zeolite slurry were added to 1609 grans of the AHC solution wth
t he A1203 weitindtke tAlaOk @onoen@2atisn wii 208 Welpht 2% tgy 26sgratdf0l IPOagrams,2B25
grans, and 875 grans respectively so that the concentrations in the

sol ution grems, Andel Bhigrimsidbspectinglyoso Shawetlghtoficemnddicis eitladisobation
respectively, to prepare a mxed slurry. This m xed slurry was spay-dried
to prepar everphlemieight Yhad4 imadight Y9hS eheipht & vashad woight % mpé.@melgj tNa20
dropped to 0.5 weight % or below and dried in a drier at a tenperature of
135 degr epsefarbs tsxéd shirepar Thivesxed drirfpwaanspagt dtiyd to Bréparerpherical
gasol i ne. PsChlg:ffrgct eristi csrﬁjgf t he desul furri?gat i or?agzt al yst BD 1f@E([)r R?gc

gasol i ne Eﬁﬁi@l&s, whivihwicte Tad¥hed luntl1Ex aonieat 2if N4, 29 38pped ke ou W&i%ﬁﬁ% on
cat al yst for FCC gasolin To adjust a concentration of° A1203 in the

catal yst e befoweindhdriéd i h%ﬁmmﬁgaﬁlﬁ(ﬁpﬁ}?ﬁe'gfbﬁ@émhﬁ o prepare
Production 1, Sb205 sol (produced by kuto Corp.), kaolin, active

al um na, a@gﬂﬁhﬁgﬁi@ﬂ@m%@{-@qﬁfpmghgkglqﬂe.mere added to 1609 grans of the

AHC solution with the A1203 concentration of 23.3 weight % by 25 grams, 25

grams, 1075 gr aUhardcteritiéd'st (i deshiRu@ABh catalyst C for FCC gasoline are as
shown in Table 1.
[Example 4]
[0037]

Desulfurization catalyst D for FCC gasoline

To adjust a concentration of ALO; in the catalyst to 15 weight %, the
suspension o prepared in Example of Production 4, kaolin, active alumina, and
ultra stable Y-zeolite slurry were added to 1609 grams of the AHC solution
with the Al,O; concentration of 23.3 weight % by 25 grams, 1100 grams, 125
grams, and 875 grams respectively so that the concentrations in the solution
were 1 weight %, 44 weight %, 5 weight %, and 35 weight % respectively, to
prepare a mixed slurry.  This mixed slurry was spay-dried to prepare spherical
particles, which were washed until a content of Na,O dropped to 0.5 weight %
or below and dried in a drier at a temperature of 135 degrees Celsius to prepare
desulfurization catalyst D for FCC gasoline.

Characteristics of the desulfurization catalyst D for FCC gasoline are as
shown in Table 1.

[Example 5]
[0038]

17




respectively so that the concentrations in the solution were 1 weight % 1
wei ght % 43 weight % 5 weight % and 35 weight % respectively, to prepare
a mxed slurry. This mxed slurry was spay-dried to prepare spherical
particles, which were washed until a content of Na2O dropped to 0.5 wei ght
% or below and dried in a drier at a tenperature of 135 degrees Celsius to
prepare desul furization catalyst E for FCC gasoline. Characteristics of

t he desul Resulariztionatatalyst EHoir dFCEQ@sghligel i ne are as shown in Table 1.

[ Conpar ati ve Exanple 1] [0039] Desul furization catalyst (b) for FCC

gasol i ne 6.4 gr dosadybistaamoonicentragoavehAdAeinviise dagdpdtvied] 5 rwdight 96 gttarrs of
an aqueous solution of am ne. Then the solution was I npregnated in 495.0
granms (dr pulppasjomwfo prepdred iQaEﬁhngjle((ﬁ) Prscupaioad 11 iSECRMdle(pFodhced by
Production, and the catalyst was dried for 12 hours at a tenperature of
135 degr eélakd Corp.), Kadin,t detrvanbbiniata, vasl alted stdislel Brzedlibo yharratware
tenperature of 600 degrees Celsius to prepare desul furization catalyst (b)
for FCC gadded ne 1609xryanasi the APEDsokititth Garl (IRIALIGY esicenBagskmh 6123.3
result of line analysis with an el ectron probe m croanal yzer (WDS), it was
confi r medwidight ®heby 2sagdidin,pe5t St MePS haaRGe e $hyms1Andag 75 agagwen

i nside the desulfurization catalyst (b) for FCC gasolline.  Characteristics

of the degggplutiveBt sonhastBkysdndedntrdtiinsFC tBEsRIlhfien akere S widigWh %, [Tabl e
1. [0040] Table 1 Characteristics of Catalysts Ato E, a, and b7"Ex.| Ex.2

Ex. 3 EX. dwnletglet 93, d3dwedshtl%, 5 weight %, and 35 weight % respectively, to prepare

a mixed slurry. This mixed slurry was spay-dried to prepare spherical
particles, which were washed until a content of Na,O dropped to 0.5 weight %
or below and dried in a drier at a temperature of 135 degrees Celsius to prepare
desulfurization catalyst E for FCC gasoline.,

Characteristics of the desulfurization catalyst E for FCC gasoline are as
shown in Table 1.
[Comparative Example 1]

[0039]

Desulfurization catalyst (b) for FCC gasoline

6.4 grams of ammonium metavanadatc was dissolved in 165.0 grams of
an aqueous solution of amine. Then the solution was impregnated in 495.0
grams (dry base) of the FCC catalyst (a) prepared in Example 3 of Productioh,
and the catalyst was dried for 12 hours at a temperature of 135 degrees Celsius.
Then the catalyst was sintered for 2 hours at a temperature of 600 degrees
Celsius to prepare desulfurization catalyst (b) for FCC gasoline with vanadium
pentoxide carried thereon.

Based on a result of line analysis with an electron probe microanalyzer

- (WDS), it was confirmed that the vanadium pentoxide was homogeneously
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Catalyst No. ABCDEab Loss of ignition (1000C, 1 hr) wt % 18.3 18.5
18.0 18.1 18.8 18.0 4.5 Residual Na20w 9%0.4 0.4 0.4 0.4 0.4 0.4 0.4
Residual SO4 wt %2.1 2.1 2.1 2.12.12.12.1 Al203 w %47.7 47.5 47.3
47.5 47.2 48.1 47.5 V205 wt % 1.16 0.98 1.04 1.12 1.08 - 0.98 Av.
particle dianmeter of V206 m 2. 1 1.2 4.16.52.1- - Sh203 W %- - - - 1.21
- - Balk specific gravity g/ni 68 0.68 0.68 0.67 0.69 0.68 0.68 Specific
sur face acamwhfsgemmldszh@ﬁ%lﬂﬁmmmﬁmm (bAforECéhgamdimt.ance wt % h
0.10.1210.20.40.10.10.1 [Exanple 6] [0041] Activities of the catalysts
A to E prepar edUhar@taripties of the dssalfdrizhgon catallyys (b)) for PCEpgasaliienare
Conparative Exanple 1 were accessed with a pilot plant. This pilot plant

i s based amshowaciycTablg .| ui di zed bed systemin which reactions with

catal yst and regeneration of the catalyst are perforned alternately by
recycling[@@#)]jcat al yst within the reactor like in the FCC unit for
hydrocarbon oil actually used in the industry. Each of the catal ysts was
sintered for 13 h@ubk in the Shaamte;t;m@ﬁ(jatalpgﬂsqxt@@ thand®t ual reaction

to subj eet—to-the—catalvst—to—-steamn The catalvyst hD\II na eepn-—subiect ed
to stejam ng was m@%lﬂ}g{fﬁ ki | ogr ams |aPEEBX 2k PilHi%d Piped | Gom. b
rati o of |10 wei ght % -and The m xture vlas i B ected | it o the| r@actorbto
cat al yt i chbdsyfigmtdn (1060°PMi hr) [ GA42] | 1B.3Thegseacs.0gnicoNdRISs png.oal e 488
fol | ows. | Residual Na,O wt % 04 | 04 | 04 | 04 | 04 | 04 0.4
Residual SOy wt % 2.1 2.1 2.1 2.1 2.1 2.1 2.1
Al,Os wt% | 477 1475|473 475|472 | 481 | 475
V,05 wt% | 1.16 | 098 ; 1.04 { 1.12 | 1.08 - 0.98
Av. particle diameter of V,0s5 um 2.1 1.2 | 4.1 6.5 i 2.1 ~ -
ShoOn wt % - - - - 1.21 - -
Balk specific gravity g/ml 0.68 | 0.68 | 0.68 | 0.67 | 0.69 | 0.68 | 0.68
Specific surface area m¥g | 250 | 252 | 250 | 244 | 248 | 255 | 250
Abrasion resistance wt %/h 0.1 | 0.1 02 | 04 | 0.1 0.1 0.1
[Example 6]
[0041]

Activities of the catalysts A to E prepared in Examples 1 to 5 and the
catalyst (b) prepared in Comparative Example 1 were accessed with a pilot
plant. This pilot plant is based on a recycling fluidized bed system in which
reactions with catalyst and regeneration of the catalyst are performed
alternately by recycling the catalyst within the reactor like in the FCC unit for
hydrocarbon oil actually used in the industry.

Each of the catalysts was sintered for 13 hours in the steam atmosphere
prior to the actual reaction to subject to the catalyst to steaming. The catalyst
having been subjected to steaming was mixed in 2 kilograms of FCC
equilibrium catalyst at the ratio of 10 weight %, and the mixture was injected
into the reactor to catalytically crack feed oil.

[0042]
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Feed oil: desul furized vacuumgas oil Reaction tenperature: 500 degrees
Celsius Catalyst/feed oil ratio: 7g/g Feed oil supplying speed: 10 g/mn
CRC (Carbon concentration on regenerated catalyst): 0.05 weight % [0043]
Anal ysi s of produced gases and product oils were perfornmed by gas

chromat ogr aphy, and the product oil obtained in a range fromCs to the
boiling point of 204 degrees Cel sius was taken as the gasoline fraction.
The obt ai ned prdbgaraciion wesditicastdrermtfedlows.gasol i ne and cycle oils by

the distillation equipment (theoretical plate number: 45 plates, by Touka
Sei ki  Cokped oiknd a concent rat i atesuifusizetivracunnt ges gisol i ne was anal yzed
by coulonetric titration nmethod (ASTM D-3120). A yield of each product

when the Raunatigatiefmpedatard: rati o 30§ degregs @edsims concentration of sulfur in
gasoline are shown in Table 2. [0044] Table 2 Activity Assessnent of

Cat al yst sCatalyst#feeansil batiat al yst Mgg Eq.cat AB CD E b Conversion ratio
W% 74.3 73.5 74.2 74.0 73.8 74.3 72.7 Hydrogen wt% 0.13 0.19 0.15 0.15

0. 15 0. 11F8e@3il SipplRn(g@speel) W %(lghnih 6 1.5 1.5 1.5 1.5 1.6 LPG* 1) w%
14.5 13.8 13.9 14.0 13.9 14.0 15.4 Gasollne*2) W% 54.8 54.2 55.1 54.8
54.7 55. 2CRL 1Caklséh tehcamtvatidh 4nk8 81161&1:&1 é&agrs?eﬁ 7015 %e 3% HCO *4) wt %
7.3 7.7 7.3 7.47.57.3 8.8 Coke % : .4 5.5 Cctane
value in pgEedline 92.1 92.0 91.9 91.8 92. 0 92.0 92. 1

Analysis of produced gases and product oils were performed by gas
chromatography, and the product oil obtained in a range from Cs to the boiling
point of 204 degrees Celsius was taken as the gasoline fraction.

The obtained product oil was fractionated to gasoline and cycle oils by
the distillation equipment (theoretical plate number: 45 plates, by Touka Seiki
Corp.), and a concentration of sulfur in the gasoline was analyzed by
coulometric titration method (ASTM D-3120).

| A yield of each product when the catalyst/feed oil ratio is 7 g/g and a

concentration of sulfur in gasoline are shown in Table 2.

[0044] :
Table 2 Activity Assessment of Catalysts Ato E, and b

Catalyst No. Eq.cat| A B C D E b
Conversion ratio wt% | 743 | 735742740 |73.8 | 743 | 727
Hydrogen wt% | 0.13 10.19]0.1510.150.15] 0.11 | 0.23
CI+C2+C2” *5) wt% 1.5 16 |15 |15 [15 ] 15 |16
LPG *1) wt% | 145 |138]139]14.0|13.9| 14.0 | 154
Gasoline  *2) wt% | 54.8 [ 542|551 1548 547 | 55.2 |50.1
LCO *3) wt% 184 | 188 |18.5|18.6|18.7! 184 |18.3
HCO *4) wt% 73 |77 73 174 | 75| 7.3 | 8.8
Coke wt% 33 |37 13513535 34 |55
Octane value in gasoline 92.1 192.0[91.9]191.8/92.0] 92.0 | 92.1
S-concentration in gasoline wt-ppm 20 13 112 | 12 | 13 11 16
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S-concentration in gasoline w-ppm 20 13 12 12 13 11 16 20 [0045] (Note
for Table 2) * 1) LPG (Liquified petrol eumgas) includes propane,

propyl ene, n-butane, i- butane, and butylenes. *2) Gasoline is a product
fractionated in a range fromC5 to the boiling point of 204 T. *3) LCO
(light cycle oil) is a product fractionated in a range fromthe boiling
point of 204 Cto 343 C. *4) HCO (heavy cycle oil) is a product

fracti ona{@ih a range over the boiling point of 343 T. *5) d: nethane,
C2: ethane, C2-: ethylene 21 CLAIM5S 1. A desulfurization catalyst for

cat al yti c(blotekadlgze@)i ne used together with a FCC unit, which conprises
porous spherical particles of inorganic oxide containing particulate
vanadi um &i) de.P@. (Tigaified pefroidiatdash ineludey propae, qrioplidre; rebagkedi-
gasoline according to claim1l, wherein an average particle dianmeter of the
parti cul abatarenaddbutylexegde is in a range from0.1 to 10 m 3. The

desul furi zation catalyst for catalytic cracked gasoline according to claim
1, wherei 23 dGgasclitic Bfa phedwarfracid@ited VA Rainge fshd€as thelbwiliag din@s
that of V205 is in a range from0.3 to 3 weight % 4. ‘?’he desul furization
catal yst H6004aCal ytic cracked gasoline according to claiml1l, wherein the
porous spherical particles of inorganic oxide contain antinony.

*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) Cl: methane, C2: ethane, C2: ethylene
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5. The desul furization catalyst for catalytic cracked gasoline according

to claiml1, wherein the porous spherical particles of inorganic oxide is
made of a crystalline alumnosilicate zeolite and a porous matrix of

i norganic oxide. 6. A nethod of desulfurizing catalytic cracked gasoli ne,
wherein a catalytic cracking reaction and a desul furization reaction are
simul taneously perfornmed by contacting heavy hydrocarbon oil and/or vacuum
gas oil under the fluidized catalytic cracking conditions to m xture

catal ysts prepared by mxing the desAifMRKI zation catal yst for catalytic
cracked gasoline according to claim1 and catalyst for catalytic cracked

i 0 i f /95 to,.50/50, 22
hydrocar boE at g d\évsellll%]rtizatt%ﬁ 8at|apyst Fot ggt%?ytlcr Ctac eg gasghne used together
with a FCC unit, which comprises porous spherical particles of inorganic
oxide containing particulate vanadium oxide.

2. The desulfurization catalyst for catalytic cracked gasoline according
to claim 1, wherein an average particle diameter of the particulate vanadium
oxide is in a range from 0.1 to 10 um.

3. The desulfurization catalyst for catalytic cracked gasoline according
to claim 1, wherein a content of the particulate vanadium oxide as calculated
as that of V,0s is in a range from 0.3 to 3 weight %.

4, The desulfurization catalyst for catalytic cracked gasoline according
to claim 1, wherein the porous spherical particles of inorganic oxide contain
antimony.

3. The desulfurization catalyst for catalytic cracked gasoline according
to claim 1, wherein the porous spherical particles of inorganic oxide is made
of a crystalline aluminosilicate zeolite and a porous matrix of inorganic
oxide.

6. A method of desulfurizing catalytic cracked gasoline, wherein a
catalytic cracking reaction and a desulfurization reaction are simultaneously
performed by contacting heavy hydrocarbon oil and/or vacuum gas oil under
the fluidized catalytic cracking conditions to mixture catalysts prepared by
mixing the desulfurization catalyst for catalytic cracked gasoline according
to claim 1 and catalyst for catalytic cracked hydrocarbon at a weight ratio in
a range from 5/95 to 50/50.
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