DESULFURI ZATI ON CATALYST FOR CATALYTI C CRACKED GASCLI NE AND METHOD FOR
DESULFURI ZI NG CATALYTI C CRACKED GASOLI NE USI NG THE SAVE 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 gasoline for renoving a sulfur content contained in catalytic
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cracked gasoline and a method of desulfurizing catalytic cracked gasoline
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]

The 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 of 2004 in Japan, and there have been proposed various
methods for desulfurization of FCC gasoline in the FCC unit.

[0003]



reduci ng sulfur contents in catalytic cracked oil fractions. This method
includes a step of catalytic cracking feed oil fractions containing organic
sul fur conpounds in the presence of catalyst 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 available catalyst for reduction
of a sulfur content is porous nolecular sieve, contains oxidized vanadi um
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the vanadium metal is present as a cation species produced by ion exchange in
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 is 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 disadvantageously 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



preferable to use vanadiumor zinc fromthe view point of desul furization
of the produced gasoline fractions. [0005] However, the catal yst
honbgeneousl y carryi ng vanadi umon the inorganic porous carrier has |ow
affinity with sul fur conmpounds, so that the activity for desulfurization
is low, and the inprovenent has been desired. Furthernore, if the

i norgani c porous carrier is fluidized catalytic cracking catalyst
(sonetines referred to as FCC catal yst hereinafter) containing Y zeolite,
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3 catalyst (sometimes referred to as FCC catalyst hereinafter) containing Y-
zeolite, the catalyst has the effect 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



gasol i ne containing particul ate vanadi um oxi de has excell ent capability for
catal ytic cracki ng heavy hydrocarbon oil or vacuumgas oil, and al so that
generation of hydrogen and coke is suppressed even though the cracking
activity of the catalyst is high. The present invention was nade based on
this finding. [0008] In other words, a desulfurization catalyst for

catal ytic cracked gasoline according to the present invention conprises
porous spherical particles of an 1inorganic oxide containing particulate
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catal ytic crac gasoll e according e present 1nvention,
desulfur|F%HF | reaction and a catalytic cracking reaction are carrled out
S|nultaneous by contacting heavy hydrocarbon oil and/or vacuum gas oi
under therddaidi zed catal ytic cracking to mxed catalysts in which the
desul furi atlJn catal yst for catalytic cracked gasoline and the catalyst
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according to the present invention comprises porous spherical particles of an

inorganic oxide containing particulate vanadium oxide.

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

A content of the particulate vanadium oxide as calculated as that of
V,0:s 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]



4 The desul furization catal yst for catalytic cracked gasoline according to
the present invention has high activity for desul furization because
vanadi um oxide is present in particulate state in the porous spheri cal
particles of inorganic oxide and affinity of the vanadi um oxide to organic
sul fur conpounds is high. Wen the FCC catal yst containing crystalline
alumnosilicate zeolite is wused as the porous spherical particles of
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state, the Va”a%!érﬂé%ﬁlﬁ?izfaﬁoﬂit %ﬁb@%‘tﬁpcéﬂa‘l}tfﬂi@ cﬁ]dg(etdggas(&frﬁl ¥&orBafd te! es

during use of the catalyst in CC unit, and ystal |l ne

al um nosi Eﬂé?%?r@se%l%%{f&ﬁtibﬁi%% g%gﬁh&ﬁ%ﬁgtﬁ?%n&%@%g%g%}ggbgﬁ  vafadibiRft

the cracking activity iIs gener nd coke Is

suppr essefyidddqd1p dsuhi g ?&?ﬁcufa&‘e f[ﬁﬁtedGiﬁ%ﬂéjiﬁcﬁ%hgggPlgéﬂi@a{ly?tartfizﬂés of

catal ytic cracked gasoline containing antinony in Ion to vanadi um

ta acked g ol hi g Y Th 6" vanadi tm
of hyar ogaiaia Sulhar lonaRnite Ot hearab Al GRRRY I Coftado it 111
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oxide is present in the particulate state, the vanadium oxide is distributed 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



5 includes, but not limted to V205, V203, V@2, and VO and especially V205
(vanadi um pent oxi de) is preferable because the desulfurization activity is
hi gh. [0013] An average particle dianeter of the particul ate vanadi um
oxide is preferably in a range fromO0.1 to 10 m Wen the average particle
dianeter of the particulate vanadiumoxide is smaller than 0.1 m the
state is close to that in which vanadi um oxi de i s honbgeneously carri ed,
and sonetines the high desulfurization activity can not be obtai ned.
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desulfurization catalyst for FCC gasoline is used together with the FCC
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
is more than 10 um, 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 pum, and further preferably in the
range from [ to 5 um.

[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



average particle dianeter of vanadi um oxi de used as the particul ate
vanadi um 6 oxide or of particul ate vanadi um conpounds such as ammoni um
nmet avanadate which changes to vanadi um oxi de at a use tenperature of the
desul furization catalyst for gasoline is identical to an average particle
di anmeter of the particular vanadium oxide in the desul furization catal yst
for gasoline, the average particle diameter of the particulate vanadi um
oxide in the desulfurization catalyst for gasoline my be expressed with
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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]



by vanadi um oxi de, and generation of hydrogen and coke is suppressed.

[0016] 7 In the desulfurization catalyst for FCC gasoline according to the
present invention, preferably a content of the particul ate vanadi um oxi de
calculated as that of V205 is in the range fromO0.3 to 3 weight % Wen the
contents is less than 0.3 weight % the desulfurization perfornmance for
renmoving a sulfur content in the gasoline fractions may drop in cracking
heavy hydrocarbon oil or vacuumgas oil. On the contrary, when the content
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vanadi um . §%Bhecomes higher, but amounts of generated hydrogen and coke increase,
and a yield of gasoline fractions generally drops. More preferably the content
of vanadium oxide calculated as that of V,Os is in the ranger from 0.5 to 2
weight %.
[0017]

The desulfurization catalyst 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 SbVOy, Sb,VOs, SbyoV,10, to suppress dehydrogenation reaction by
vanadium.

[0018]
A content of antimony calculated as that of Sb,Oj; 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 %.



A content of antinony calculated as that of Sb203 in the catalyst is in

the range fromO0.3 to 5 weight % and nore preferably in the range fromO0.5
to 4 weight % 8 Furthernore, the desul furization catalyst for FCC
gasoline according to the present invention nmay contain, in addition the
vanadi um oxi de as descri bed above, a netal such as zinc, nickel, iron, and
cobalt which are typically used as desulfurization catalyst for FCC
gasoline. [0019] In the desulfurization catalyst for FCC gasoline according
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cat al yst CC gasoline according to the present invention is preferably
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The porous inorganic oxide, which can be used in the present invention,
includes 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.
[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



[0021] A content of the crystalline alumnosilicate zeolite is preferably
inthe range from5 to 50 weight %in the catalyst. The crystalline

alum nosilicate zeolite is ion-exchanged with at |east one kind of cation
selected fromthe 9 group consisting of hydrogen, amni um and pol yval ent
metals like in the ordinary catalytic cracking catalyst. Especially, it is
advant ageous in the present invention to enploy the desulfurization
catalyst for FCC gasoline conprising por ous spherical particles of
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The desulfurl zdtion catal yst dccording to the present invention is
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regenerat q@ atal yst. An average particle dianeter of the spherical
particles %referably in the range from40 to 90 m [0023]

The desulfurization catalyst according to the present invention 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 um 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 um.

[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



When the desul furization catalyst for FCC gasoline contains antinony in
addition to the particul ate vanadi um oxi des, for instance, the

desul furi zation catalyst for FCC gasoline described above is mxed into a
hydrochl oric solution with antinony chloride being dissolved therein,
neutralized with sodium hydroxi de, dehydrated, washed, dried and sintered
if needed, so that 10 the desul furization catalyst for FCC gasoline is
produced. [0024] METHOD OF DESULFURI ZI NG FCC GASCLINE In the

desul furi AB the present

i nventi onﬁ?et ﬂ%é uﬁ%g)rrl{ géattal}c%%flggwcgor rrelgé) hﬁﬂ&é%gousl y wth a

catal yti c % k| ng by contacting heavy hydrocar bon oil and/or vacuum gas
oil wth e “m xed catal yst of the desul furization catalyst for FCC

gasol i ne Nﬁ%’i’ (DBE@F(’]BE ugeer the fluidized

catal ytic i 00 i atal yst, the

catal yst oLy t@g' §af1§fvf%‘5@ mei?%f@ ﬁqr %Zf(ibgeso S E G sk 1 Uhe

for ﬁéf‘cﬁteé‘%n ¥l S ntanffePy 457 PeRolorR, & w‘é‘%«ﬁét@alﬁ"bﬂf B

o1 ca astdd ﬂc&gfaam Ry ?%t&gghgofmafy%xsﬁ‘?%%é@rrg R 99 Re s HRP i il 1

10 WL?S%% ?é“ﬁﬁnwi%s AR Hl 1hRg e IgHA8 0D A gl i AecRiioG

ZRICR N e A e e T
conditions.

[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 Si0O,/Al,05 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

11



Catal ysts & Chem cals Industries Co. Ltd) and the like are exenplified. As
the FCC catal yst according to the present invention, equilibriumcatalyst

of the FCC catalyst used for catal ytic cracking hydrocarbon oil in the FCC
unit may be enployed. [0026] In the m xed catal yst descri bed above, the

m xing ratio of the 11 desulfurization catalyst for FCC gasoline and the
FCC catalyst is in the range from5/95 to 50/50 by weight. Wen the m xing
ratio of the desulfurization catalyst for FCC gasoline is |ess than 5/95

b ht i f tl
y weig dew%ﬁﬁaﬁ&mfﬂlga f&olf'a %gﬁﬁesu??% rtpggiqgnncaggryasp% P hd bglgnt 1y

be renoved because a quantity yst 1s not

enough.  \Wagy, 19195 FL*4 6@8 /@% vge&\i,\l,tet hWhQﬁHé fnllll)dtlﬁgtr?ﬂa Gl Y8dulhitizdi(dn

gﬁsol i nledl S nore tha Ic cracking activity and
catal yat Snd! ﬁﬁ%}‘:é%@c%%?;‘?? P e er@EXﬁf% *é%#liﬁgt&?ﬂﬁ@&%% EB“%@“ .
30170 by wRldlile RORH L. S nﬁf&e&%g FSbUUA! BARR £ gk SRS crackl 9

accordi ng esen | nven I on 1 on an

ore peroquEus i %8@? eGSR B SRR L,
catel Eggn#%.ﬁﬁ%?%go 018 A T R
et ance, RaRle e a?ﬁ}gﬁ A R
800 degrees Cel "ﬂxe mixing ra%io of the desulfurization catalyst and the FCC catalyst is
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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[ 0028] The present invention is described below further specifically bel ow
with reference to the exanples, but the present invention is not limted to
the exanples in any way. [Exanple of Production I] [0029] 12 Suspension a
of particul ate anmoni um net avanadate 857 grans of pure water was added to
643 grans of ammoni um netavanadate (produced by Kashimakita El ectric Power
Corp.) to obtain a suspension of V205 with the concentration of 30 wei ght
% The obtained suspension was sufficiently agitated and pul verized for 1

hour wi t hSh[E‘geIﬁ%% Iof Sfpaﬂi'ﬂu‘@tre' eﬁﬁfn&rﬁuﬂfﬁ%@éﬁrﬁa&%@pens' on a of particulate
amoni um metavan f amoni um

d
et avanadat e | I hepr SRS SRR fatlie MIRASHIEH 1 [ ek EF iR |
aver age PRIAFRAETRENNIEP 2 Khs b EraTp| 24gf Fogdvschn 2 40559

Suspensi on par t ni-um met avana pure wat er

Wwas adqedﬁjﬁﬁ)ee%é)rg ro‘"fnﬁflz Qs O@E’?ﬁoﬂ{eu %n%ﬁt@é@@ﬁd&{ %gl’ﬂp@ %‘héaé@ﬂaméﬂ ta

El ectric suspensi on o
concentragj

agitated an IOUfOVrg%azeéﬂ*1 Ele{%]é;r ga%n?ﬁg]tﬂt@y&%\? nf?)l ﬁ glpg\ﬁsvl\?/@;{ﬂzeer ﬁ? fity

prepare a,sHRRRAR e Bréfartia B e'n%%bna DIPIRELAR 2HRhBXARAIAL Byanadate.

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
2.1 ym.

[Example of Production 2]
[0030]

Suspension B 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 and pulverized for 10 hours with the
Attriter pulverizer to prepare a suspension B 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 vy of particulate ammonium metavanadate

13



An average particle dianmeter of armoni um et avanadate in the suspensi on (3

was neasured with a particle size analyzer (produced by Horiba Sei sakusho

Corp., CAPP-700) to find that the average particle dianmeter was 1.2 m

[ Exanpl e of Production 3] [0031] Suspension y of particul ate amoni um

nmet avanadate 13 857 grans of pure water was added to 643 grans of anmoni um

nmet avanadat e (produced by Kashimakita Electric Power Corp.) to obtain a

suspension of V205 with the concentration of 30 weight % The obtained

suspensi on was 887f pfimOtdY probt ARG I RUUYEN 7 943 raB@ B athsoiuhh t he

Attriter pulverizer to prepare a suspension y of particulate anmmonium

et avanadaictavMhBNET (@ISR 'BS}' R AhatBkeh PleQAEOPHURY r@bg&.y&@d%@ih m the

suspension y was measured with"a particle size analyzer (produced by Horiba

Sei sakushgudgRion APH,N0VithotHd REnkEralibf SVEDAGRIAR! 44.Cl Thdi FHRIRE] Was

4.1 m [Exanple of Pr oduct i on 4] [0032] Suspension of particul ate

anmoni um RiRYANAdaEEs S8TALANS Al o t R1ifAR IR 194

anmoni um t avanadat e (p}oguggdé%§£§g3%%ﬁa Cggtgfre?((:) éaeﬂ%SCorp.) to

obtain a ASH4HRENS| V205 t he at,i j VA
éb%r?ger 20 P}’\ééfaj?e ?y sgg‘lﬁftﬁ?é@ ﬁlo%gr @fart‘?’&l‘ﬁf'é WHhn¥enitiie

obt ai ned suspensSion was suf I ent pare a suspension 6 of
parti cul ahfto JMARRkUM Met avanadat e.

An average particle diameter of ammonium metavanadate in the
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 d 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 um.

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

1125 grams of kaolin, 125 grams of active alumina, and 875 grams of

14



An average particle dianmeter of amoni um netavanadate in the suspension 6
was neasured with a particle size analyzer (produced by Horiba Sei sakusho
Corp., CAPP-700) to find that the average particle dianmeter was 6.5 m

[ Exanpl e of Production 5] [0033] FCC Catal yst (a) 1125 grans of kaolin,
125 grans of active alumna, and 875 grans of 14 ultra stable Y-zeolite
slurry were added to 1609 grans of basic alum num chloride with the A12C3
concentration of 23.3 weight % (al um num chlorohydrol referred to as AHC

her ei naf t gfgq ts@atﬂ%eyaié’olﬁen@mﬁg %vé%éré(d%érd‘ 8. 160 aﬁ{su'b'fybe}lﬁg SAQRAYu i ed

to prepare a spherical partic and e spheri c partic wer e washed

until a cerfffe Olyifip2@d SAY, V‘@bﬁé@nﬁé@ n PEFOVs. BanWm%lti'ten%"’aéaétggr}lﬁE{rﬂ n a

drier at a tenperature of 1 degr ees SI us to prepar st (a).

rhe = cobnlyals er R R R e S o Bt
T 0 g 5 AL R ST
o O, SRRl AR R ICERER] N R DS BT R
act 've al g andqthi{ B AR £ HARPLAE o P54 RIS SN L8 AR o
FCC catalyst (a).
The FCC catalyst (a) was made of Al,O; by 15 weight % from the
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 a 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 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 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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with the Al 203 concentration of 23.3 weight % by 25 grans, 1100 grans, 125
granms, and 875 grans respectively so that the concentrations in the
solution were 1 weight % 44 weight % 5 weight % and 35 weight %
respectively, to prepare a mxed slurry. This m xed slurry was spay-dried
to prepare spherical particles, which were washed until a content of Na20
dropped to 0.5 weight % or below and dried in a drier at a tenperature of
135 degrees Celsius to prepare desulfurization catalyst A for FCC

gasol i ne. aAd SaPheeas BRARAL ChidieiR Nhas! Ra3uRR! thOMhsirlify maximum
desul furization catalyst A for FCC gasoline tfor 2 hours at tenperature

f 600 d loFi " ' | t d
0 edlBRSetS 0T U50 vahadRi d%‘é{%.{@gﬁeasg%&% g)}giﬁ d%'ng]glr%t ;ﬁz‘it[h"‘@%cﬁﬁﬁ €

by neasuring maxi nrum dianeters o cles fromthe

G aneter sastsTIRRRRopEIFEMER MheRarRR ST} it E AT o
catalyst B for FHEiSIRE bR e Bufuri SRR A SORER sae s o
producti on 3 I 138 i ve aluntna. and ultra stable V-zeolite slurry
wer e add\tla\g;:%%{lf)&ogl/grans of the AHC solution wth the A1203 concentration

of 23.3 25 granms, 1100 grans, 125 granms, and 875 grans
respectivm} Sgo that the concentrations in the solution were 1 weight %
44 wei ght*t% wei ght % and 35 wei ght % respectively, to prepare a m xed
slurry Tfy'e 'a 3 ; <dried,.to prepare spherical particles,
whi ch” wer e=nasHed iR 39304

ropped to 0.5 weight %
To adjust a concentration of Al,Oj; in the catalyst to 15 weight %, the

suspension P 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 ALL,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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or below and dried in a drier at a tenperature of 135 degrees Celsius to
prepare desul furization catalyst B for FCC gasoline. Characteristics of

t he desul furization catalyst B for FCC gasoline are as shown in Table 1.

[ Exanpl e 3] [0036] Desulfurization catalyst C for FCC gasoline To adjust
a concentration of A1203 in the catalyst to 15 weight % the suspensiony
prepared in Exanple of Production 3, kaolin, active alumna, and ultra
stable Y-zeolite slurry were added to 1609 gramns of the AHC solution 16

with the Mg0theanaoNtobateda®bn 2313 984 6idht %,y m 11000896 anE25 125
grans, and 875 grans respectively so that the concen rat| ons in the

sol ution oWahe dndeTi r%s‘%sﬁ@é%lﬁ%o ﬁqé”te&&h&ox{éerﬁﬂﬂlcﬁ@ wekghkofbtion

respectivély, to prepare a m rry. This mxed slurry was spay-dried

t o prepar gesphelctdtht vpaf4 Wél ¢ V4 ang\tbééﬁfe% waaed \k’@frgHt V) &Qgé&Welgf td\IaZO

dropped to 0.5 wei ht % or d’iinadrie rrpera ure of

L4 e e dymr s T W el ety s
gasol i ne %‘éuf?lce}é &Hﬂ:‘i‘f‘w‘e?e g@#h@déunt lEﬁ(@Sg?ﬂeﬁt%]sz[l @ﬁ?«l) Aﬁ(ggséj?dré%ﬂew

cat al yst gasoln ust™ a concentrat i on

cat al yst Bf’géfbkvﬁ%flﬂ'&rle{‘i ﬁQ%HeﬁL!E&%%%}S) ﬁlrglr ra Sgg‘%fbee%fgfo ittg];pre are

Pr oducti on I ve um na an sturry

were addeded RLSIRIH @%l}%’t ¢ 6 AOe %8%(%1’1@.”

Characteristics of the desulfurization 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 Al,Os in the catalyst to 15 weight %, the
suspension § 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]
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with the

A1203 concentration of 23.3 weight % by 25 granms, 1100 grans, 125

granms, and 875 grans respectively so that the concentrations in the

sol uti on

were 1 weight % 44 weight % 5 weight % and 35 weight %

respectively, to prepare a mxed slurry. This m xed slurry was spay-dried
to prepare spherical particles, which were washed until a content of Na20

dr opped t

0 0.5 weight % or below and dried in a drier at a tenperature of

135 degrees Celsius to prepare desulfurization catalyst D for FCC

gasol i ne.
gasol i ne
cat al yst
cat al yst

I}é@aﬁﬁﬁ’fzﬁﬁbﬁtda%élyg{ gtf%? ﬂﬁ?%d&&iﬁﬁéa“ on catalyst D for FCC
are : e 5] [0038] 17 Desul furization
E . . . 0ok h

or T6G OO% 'C?)ﬁggﬂtrgﬁbﬂ%f A#%%”ﬁ?ﬂ%é éég?fsgotfgxgﬁm%féeiggp ok Nehe

to 15 weig suspensi o prepare

ol uni na, - SAppRRR Y PRAACY MERRte Ak 1 SRR GBEUMEL byt (e

AHC sol ut

gr ans, 105@8&?3}’11@&?%0? g}?@?&gﬁega%ghg‘)%&ﬁ u(rftgas %@%%;g%o;sy%@%%a ?ﬁgﬁso 2
vt ant o6 ARGk PGR0 G LT AHC PR Wi a G Sttt B & °

wei ght %

m xed slu

m Xe 1 UENeie SRR 9L SRt FPRSTASEL R Lles M STLRre
Pl SRS LR Lok R SSHRoR RSt PR Syieh 2. 1

desul furi
desul furi

&2 gi}ﬁr%(,: %%a\lv%?gthtﬁ’/of, 5l er%«ﬁng(%s, %lnidr?S Vel gﬁ? % %Qsopwcﬁg:tiivgl};[ %8|pere;1)are
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 metavanadate 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 Production,
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

18



[ Conparative Exanple 1] [0039] Desul furization catalyst (b) for FCC
gasoline 6.4 grans of ammoni um net avanadate was di ssolved in 165.0 grans of
an aqueous solution of am ne. Then the solution was inpregnated in 495.0
grans (dry base) of the FCC catalyst (a) prepared in Exanple 3 of
Production, and the catalyst was dried for 12 hours at a tenperature of
135 degrees Celsius. Then the catalyst was sintered for 2 hours at a
tenperature of 600 degrees Celsius to prepare desulfurization catalyst (b)

for FCC gag@lddevm Ir{?n&@ﬂ?éjﬂéﬁﬂlﬁﬂ%ﬁt% d&ta %tr(b?%ﬂpg@gﬁsolﬁ?éed on a
result of line analysis wth an electron probe m croanafyzer (WDS), it was

confirmed that MRS n

i nside the desuFfBgl;l zat;gltl)érisrrgg %’%Qﬁgﬁ?tl%r&%g glﬂi’or reg ?%(g?%r ?get?l (ofS}
of the de§ygp‘1g\r,;,hziﬁt 4d4leqatal yst (b) for FCC gasoline are as shovvn in Table
1. [0040] Table aracteristics of Catalysts Ato E, a, and b Catal yst
No. Ex. | Ex3Ex4Ex5Pr05C0m1 ABCDEab Loss of ignition
(1000C, 1 Eﬂ% \A/t % 18.3 18.5 18.0 18.1 18.8 18.0 4.5 Residual Na20OwWm %O0.4

si20s w baa7.7 afi80 o sy SRty BCatifngnadthy o 1 o

1.12 1.08 - 0.98 t I arl\tflcle di amet éix.bf EX2(6ExB2.Hx.4.| Zx4 (PH.5| Zoin.1 |-
atalyst A|B|C]|D ﬁE a | b
Loss of ignition (1000°C,1 hr) wt% | 18.3 | 18.5 | 18.0 | 18.1 | 18.8 | 18.0 4.5
Residual Na,O wt% | 04 | 04 | 04 | 04 | 04 | 04 0.4
Residual SO4 wt % 21 21 | 21 | 21 )21 | 21 2.1
Al O3 wt% | 47.7 | 475|473 | 475|472 | 481 | 475
V205 wt% | 1.16 | 098 | 1.04 | 1.12 | 1.08 - 0.98
Av. particle diameter of V,05 pum 21 | 1.2 | 41 | 65 | 2.1 - -
Sby03 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 1 01 102 ] 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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Sh203 wt % - - - - 1.21 - - Balk specific gravity g/m 0.68 0.68 0.68 0.67
0.69 0.68 0.68 Specific surface area n2/g 250 252 250 244 248 255 250
Abrasion resistance wt %h 0.1 0.1 0.2 0.4 0.1 0.1 0.1 [Exanple 6] [0041]
Activities of the catalysts Ato E prepared in Exanples 1 to 5 and the
catal yst (b) prepared in Conparative Exanple 1 were accessed with a pil ot
plant. This pilot plant is based on a recycling fluidized bed systemin
which reactions with catal yst and regenerati on of the catal yst are

perfornmed al tewmgtr@é(y[i@yCéﬁgl\,(pddsrgetggeqog%tv@g_yst within the reactor like in
the FCC unit for hydrocarbon oil actually used in the industry. Each of

the catal pgtgomes sintered for 13 RQWESiAl dRGust gggnoﬂt nosphere prior to
the actual reaction to subject to the catalyst to~steam ng. The catal yst

havi ng b?R’éaéH@ﬁ%&?@ré‘tﬁreﬁt eam D%O’Waei%?eégtgﬂgiug kil ograms of FCC

equilibriumcatalyst at the ratio of Y9 and the m xture was

I nj ected daﬁ‘e}l?styf%%drcﬁ??ét%: to ca@/gt ically crack feed oil. [0042] 19 The

reaction conditions are as follo Feed oil: desul furized vacuum gas oil
Facd of | EORREy RO EHER b P RN S, bon concent raton on r ogenar at ed
catal yst) cRE Qe alsd@RbninttAPPbn regenerated catalyst):  0.05 weight %

[0043]

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 A to E, and b

Catalyst No. Eq.cat| A B C D E b
Conversion ratio wt% 743 | 735|742 |74.0 738 | 743 | 72.7
Hydrogen wt% | 0.13 10.1910.15]0.15]0.15| 0.11 | 0.23
C1+C2+C2" *5) wt% 1.5 1.6 | 1.5 1515 15 | 1.6
LPG *I) wt% 145 | 13.8 1139 |14.0|13.9] 14.0 | 154
Gasoline *2) wt% | 54.8 | 542 |55.1 |54.8|54.7| 55.2 | 50.1
LCO *3) wt% 184 | 18.8|18.5]18.6|18.7| 184 | 18.3
HCO *4) wt% 73 |77 |73 |74 75| 73 | 88
Coke wt% 33 | 3735|3535 | 34 |55
Octane value in gasoline 92.1 192.0[91.9]91.892.0]| 92.0 | 92.1
S-concentration in gasoline wt-ppm 20 13 | 12 | 12 | 13 11 16
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Anal ysi s of produced gases and product oils were perfornmed by gas
chromat ogr aphy, and the product oil obtained in a range fromC5 to the
boiling point of 204 degrees Cel sius was taken as the gasoline fraction.
The obtai ned product oil was fractionated to gasoline and cycle oils by
the distillation equi pnent (theoretical plate nunber: 45 plates, by Touka
Seiki Corp.), and a concentration of sulfur in the gasoline was anal yzed
by coulonetric titration method (ASTM D-3120). A yield of each product
when t he ‘ggpst/feed oil ratiois 7 g/g and a concentration of sulfur in
gasol i ne hown in Table 2. [0044] Table 2 Activity Assessnent of
Catal ysts , Catal yst No. Eq.cat AB CD E b Conversion ratio
w % 74. 3 <ﬁb&9g§i%ﬁggzg 73.8 74.3 72.7 Hydrogen wt% 0.13 0.19 0.15 0.15

5 15,0 1540) 2906 4162 1 by i SRy R E s Ty

54 8 54.7 3) % 18.4 18.8 18.5 18.6 18.7 18.4 18.3 HCO
*4) M%7 bgég% QQd%u;H%E% 5 7.3 8.8 Coke wt% 3.3 3 7 3.53.53.53.45.5

S concent 1211 SrefATGLSOF pR& i ek inda Y et G 630 fsgling PoiRb o

for Table §Q04 ) LPG (Liquified petroleum gas) includes propane,
propylene butane, i-

*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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but ane, and butylenes. *2) Gasoline is a product fractionated in a range
fromC5 to the boiling point of 204 C. *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 fractionated in a range over the
boiling point of 343 T. *5) C 1| : nethane, C2: ethane, C2=: ethylene 21
CLAIM5S 1. A desulfurization catalyst for catalytic cracked gasoline
conprising porous spherical particles of inorganic oxide containing
particul ate vanadium oxide. 2. The dgsAiNag i zation catalyst for catalytic
cracked gasoline according to claiml1, wherein an average particle

di aneter of the particulate vanadium oxide is in a range fromO0.1 to 10 m
3. The desul furization catalyst for catalytic cracked gasoline according to

claim1, wherei A de6QHARLIGH é@&ﬁ@{)ﬁ%@gﬁ%%ﬁa&éﬁﬂ@%%e asorfptisiat ed

as that of V206 is in a range

desulfurl 8EdNs p;g«géo ®; &19[e56§f%a ﬁcggé’(oc;@eoﬁ@aﬁﬂ ' BaRRGAE PghdAunf! ai m

1, mherel t he erlca par I norgani¢c oxl de contaln
anti mony. 5%;delhe desulfurlzatlon catalyst for catalytic cracked gasoline
according to claim1, wherein the porous spherical particles of inorganic

or e | 5 e o118 dGINGHBAILIGANGL AOLLINE cHRR L, A2, 005 51
gasoline, - Mher §1 NyRerein an average particle diameter of the particulate vanadium
oxide is in a range from 0.1 to 10 pm.
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.
5. 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.

22



catal ytic cracking reaction and a desulfurization 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 desulfurization catalyst for catalytic
cracked gasoline according to claim1 and catalyst for catalytic cracked
hydr ocarbon at a weight ratio in a range from5/95 to 50/50. 22 ABSTRACT
The desul furization catalyst for catalytic cracked gasoline according to
the present invention has high perfgpmEmeadn renoval of sul fur conpounds
in gasoline fractions. This catalyst contains particul ate vanadi um oxi de
having the average particle dianmeter in the range from0.1 to 10 mat the
content in the range fromO0.3 to 3 weight % cal cul ated as that of

of crystalline aGRCheer] /anes ARysPRY LRRTICErIean R T

matri X, affh hASERCIRRIRICTORAGhILIPPLLBRRYNCe in removal of sulfur compounds in
gasoline fractions. This catalyst contains particulate vanadium oxide having
the average particle diameter in the range from 0.1 to 10 um at the content in
the range from 0.3 to 3 weight % calculated as that of V,0s. The porous

spherical particles of inorganic oxide are made of crystalline aluminosilicate

zeolite and a porous inorganic oxide matrix, and furthermore contain antimony.
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