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Hydr odesul furi zati on Process For Gasoline Fractions BACKGROUND OF THE
INVENTION 5 Field of the Invention [0001] The present invention relates
to a hydrodesul furization catal yst and hydrodesul furization process for
gasoline fractions. 10 Rel ated Background Art [0002] Em ssion standards
are currently being established throughout,, the world for greenhouse gases
such as carbon dioxide, and reduction neasures for such gases 15 are
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(0001]

The present invention relates to a
hydrodesulfurization catalyst and hydrodesulfurization
process for gasoline fractions.

10 Related Background Art

[o002]

Emission standards are currently being established
throughout“ the world for greenhouse gases such as
carbon dioxide, and reduction measures for such gases

15 are becoming an increasingly important topic. One such
reduction measure is to contrel carbon dioxide
emissions from transportation internal combustion
engines which run on gasoline, and improved engine fuel
efficiency is an essential condition for achieving this.

20 It is Dbelieved that new systems such as direct
injection engines or lean burn engines, which offer
relatively enhanced fuel efficiency, will become even
more prevalent in the future.

[0003]

25 Nevertheless, such new systems pose a problem in

that NOx gases cannot be sufficiently removed by using -



catal ysts for exhaust gas. Although several novel No, renoval catalysts
have been proposed to deal with this problem such NO renoval catalysts
are generally 5 contam nated by sul fur, which |Iowers the NOx renova
activity. This has required further renoval of sulfur of the gasoline fuel
itself, and in recent years sonme discussion has regarded the need for
gasoline with a sulfur content of no greater than 10 ppm by wei ght 10
("sulfur-free gasoline") . (00041 |Incidentally, processes for production
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of the gasoline fuel itself, and in recent Yyears some
discussion has regarded the need for gasoline with a
sulfur content of no greater than 10 rpm by weight

10 ("sulfur-free gasoline").

(0004]

Incidentally, processes for production of gasoline
stocks iQFlude appropriate treatment of Ggasoline
fractions obtained by reforming straight run gasoline

15 fractions yielded from distillation of crude oil, or
treatment of gascline fractions obtained by cracking
heavy oil. Of the product o¢ils vyielded by such
processes, catalytically - cracked gasoline fractions
obtained by fluid catalytic cracking (FCC) are

20 characterized by having rich olefin and aromatic

component contents compared to straight run gasoline,

as well as a high octane number.

[0005)
However, when it is attempted to accomplish
25 hydrodesulfurization of gasoline fractions containing

olefin components, hydrogenation of the olefins occurs -



nunber of the gasoline fraction obtained by the hydrodesul furization
process is reduced. The S hydrodesul furization process for gasoline
fractions including catalytically cracked gasoline fractions nust be

sel ective by preventing hydrogenation of the olefin conmponents while
pronoting only the hydrodesul furization reaction. Such a process is also
10 known as "sel ective hydrodesul furization process". (0006] Technol ogies
such as the followi ng have been disclosed to neet the demands for

sel ective hydrodesul furization. For exanple, Japanese 15 Transl ation of
PCT publicat?&ﬂuigﬁnﬁEPSéYS tB@s%MiEé?%?H%ﬂ%ﬁ%ﬁ??%ﬂnréé@@Fiﬁ@-the
oct ane nunber .reqduced by hydrogenation treatnent, by carrying out a

catal yst ref SPAPndaS eb® rtPsém§%5&RQ%wP§?%ba&f%Er4&%§hfﬁ&ﬁo@éﬁaﬂeon
treatnment. Al so, Japanese Patent 20 Application Laid-Open No. 2000-239668
describes a NBRBEEss Ofor HoduEeFRhine giZBFLAEnf r sbttiadmedinikh  thepri ses
a step of hydrogenation of the unsaturated sulfur-containing conpounds and
a step of deBYApBSrAYLIvREZaLLORat eBFOGRFST - cdft ai HafpRasshpounds. Théer e
have 25 al so_ been proposed a process of using a nolybdenum and cobalt

cat al yst havhﬁ6r9€ﬁ§P£fP§az§EbﬁﬁrtPF@Fﬁﬁé aﬁ%WB sAmporingur faeetbera (see
Japanese Transl ation of PCT publication No. 2000-505358), a process for
preventing &BFARELRENFaaLygacaildy BFackssi masoding tfracticuls toust

be selective by preventing hydrogenation of the olefin

conponents while promoting only the
hydrodesulfurization reaction. Such a process is also
10 known as "selective hydrodesulfurization process".
[0006]

Technologies such as the following have been

disclosed to meet the demands for selective
hydrodesulfurization. For example, Japanese
15 Translation of PCT . publication No. HEI 6-509830

describes a process for restoring the octane number
reduced by hydrogenation treatment, by carrying out a
catalyst reforming step or isomerization step after the
hydrogenation treatment. Also, Japanese Patent
20 Application Laid-Open No. 2000-239668 describes a
process for production of gascline fractions which
comprises a step of hydrogenation of the unsaturated
sulfur-containing compounds and a step of decomposing
the saturated sulfur-containing compounds. There have
25 also been proposed a process of using a molybdenum and

cobalt catalyst having controlled support wvolume and .



catal yst (see U S. Patent No. 5, 352,354) and a process 5 of using a

catal yst subjected to specific pretreatnent (see U S. Patent No.

4,149, 955). SUMVARY OF THE | NVENTI ON (0007] However, the present inventors
have found that 10 with the prior art processes described in these patent
publications, reduction in octane nunber cannot be adequately prevented
even if the sulfur content of the gasoline fraction is successfully
reduced to below 10 ppm by weight. In addition, these prior art processes
15 require construction of special apparatuses and the operating

condi ti ons mFSPPIEE tnefiaare orreachisgeeplanadestefeanspafiane afot PCT
necessarily efficient in terns of equipnent investnent cost. (0008] 20 It
i s an obj ect poblilkatpoasdin- | 20@HtPGR38) . proHIRE e shyfR DdREEVEDELRGL | ON
catal yst and hydrodesul furization process for gasoline fractions which
exhi bi t hi ghosghaet invgnkgnir sedyat-toni Xat | opmpbnetionwwdtdbya hgdedibaat i on
of olefins generated as by 25 products during hydrodesul furization of the
catal yti cal | gatedyiesdd (FesolU e fPatenbnNoas Jodd20f35%4e ahd npopraness
constituent bases of gasoline, can he adequately inhibited to maintain the
oct an® nunbeprf ushine autstalgat| pubdedtiedg tchespetifiic cpretneabhenhe

hydr odesul furi zed catal ytically cracked gasoline
{see U.S. Patent No. 4,149,965} .

SUMMARY OF THE INVENTION

[0007]
However, the present inventors have found that
10 with the prior art processes described in these patent
publications, reduction in octane number cannot be
adequately prevented even if the sulfur content of the
gasoline fraction is successfully reduced to below 10
ppm by weight. In addition, these prior art processes
15 require construction of special apparatuses and the
operating conditions must be managed for each step, and

hence they are not necessarily efficient in terms of

equipment investment cost.

[0008]
20 It is an object of the present invention to
provide a hydrodesulfurization catalyst and

hydrodesulfurization process for gasoline fractions
which exhibit high selective hydrodesulfurization power,
whereby hydrogenation of olefins generated as by-
25 products during hydrodesulfurization of the

catalytically cracked gasoline fraction, as one of the -



5 fraction. (0009] As a result of mnmuch diligent research directed toward
achi eving the object stated above, the present inventors have conpleted
this invention based on the 10 discovery that it is possible to adequately
prevent 15 only hydrogenati on of olefins wi thout inhibiting the

hydr odesul furi zati on reaction, by using a catalyst having the support.
nodified with a specific nmetal oxide, for hydrodesul furization of gasoline
fractions. (0010] The hydrodesul furization catal yst for gasoline
fractions according to the invention conprises a support conposed nmainly
of alum na, &MREEERNGx| deenEbhEdeRt ngPasaSeaset ongagetanesel esated beom t he
group 20 consisting of iron, chromum cobalt, nickel, copper, zinc,
yttrium scandiedvedsdy ahphabRéitgdbated meintaln ftdre noditkineat hombet, t he
support, and at least one active nmetal selected fromthe group consisting
of Goup VI BhéAp asiif Giolgntay | regycingalthe | 9alifdr ogonlien?s sflippbet . The
ratio of the weight of the metal oxide wth respect to the weight of the
support is nmbrvergdesuléngbleed]- 30cakadytioally Thwankeal oxgdeolsed is
preferably a nmetal oxide containing at | east one netal selected fromthe
groupd fraction.

[G6009]

As a result of much diligent research directed
toward achieving the object stated above, the present
inventors have completed this invention based on the

10 discovery that it 1is possible to adequately prevent
only hydrogenation of olefins without inhibiting the
hydrodesulfurization reaction, by wusing a catalyst
having the support modified with a specific metal oxide,
for hydrodesulfurization of gasoline fractions.

15 [0010]

The hydrodesulfurization catalyst for gasoline
fractions according to the invention comprises a
support composed mainly of alumina, a metal oxide
containing at least one metal selected from the group

20 consisting of iron, chromium, cobalt, nickel, copper,
zinc, yttrium, scandium and lanthanoid-based metals,
for modification of the support, and at least one
active metal selected from the group consisting of
Group VIA(6A) and Group VIII(8) metals, loaded on the

25 support. The ratic of the weight of the metal oxide

with respect to the weight of the support is more -



5 consisting of copper, zinc, yttrium |anthanum cerium neodym um
samarium and ytterbium nore preferably a netal oxide containing at

one net al

| east

sel ected from the group consisting of copper, zinc, yttrium

cerium and ytterbium and furthernore preferably ytterbium 10 oxi de or
cerium oxide, with ytterbium oxide being nost preferred for use. A

hydr odesul furi zati on catal yst for

netal oxides will tend to exhibit very high hydrodesul furization

selectivity. Use of cerium oxide |eads to inproved

[0012] The BF&TEFERNY dri

gasoline fractions which enpl oys such

15 econom c benefits.
3Latitdn catal yst for gasoline fractions according

to the invention is preferably used for hydrodesul furization of gasoline

fracti ons of whi ch 083 1dt

gasoline fraction, since this will allowits effect to be exhibited
greater degree. [(GhE3|metaml agdideomsadhel iyprefiezablyr iazatéal cakabdgst 25

preferably conpri ses,

| east 70 vol % consists of a catalytically cracked

to a

as active netals, at | east one netal selected from

the group cosons@imgngf & obpavtAotersnetasl | salledtad Fro20 wihés gmotipr ns of

its netal

cat al yst, angoasilsgdeg GRORAT s et e edyttoivmhel agthampur pnsest. g
metals | oaded at 3-6 w%5 in terns of its netal oxide with
respect to tReodyghm, samarium and ytterbium, more preferably a

Group VIII

10

15

20

25

metal oxide containing at least one metal selected from
the group consisting of copper, zinc, yttrium, cerium
and ytterbium, and furthermore preferably ytterbium
oxide or cerium oxide, with ytterbium oxide being most
preferred for use. A hydrodesulfurization catalyst for
gasoline fractions which employs such metal oxides will
tend to , exhibit very high hydrodesulfurization
selectivity. Use of cerium oxide leads to improved
econcomic benefits.

[0012]

The hydrodesulfurization catalyst for gasoline
fractions according to the invenéion is preferably used
for hydrodesulfurization of gasoline fractions of which
at least 70 vol% consists of a catalytically cracked
gasoline fraction, since this will allow its effect to
be exhibited to a greater degree.

{0013]

In addition, the hydrodesulfurization catalyst
preferably comprises, as active metals, at least one

metal selected from the group consisting of Group VIA

oxide wth respect to the weight of the hydrodesul furization

of



of the hydrodesul furization catalyst. [0014) The hydrodesul furization
catalyst is preferably obtained by adding the netal oxide to an alum na
10 precursor and then firing the mxture to yield a support nodified with
the metal oxide, and |oading the active netal(s) onto the support. [00151,
Al t hough the factors responsible for the high 15 hydrodesul furization
selectivity exhibited by the hydrodesul furization catalyst of the invention
are not fully understood at the present tine, the conjecture of the
present inventors is as follows. It is believed that activity of
hydr ogenat i omeitalseduseted extause-2hew2® nmt dermsi def uses hetabdbkydehe
support interacts selectively with the active sites of hydrogenation of
t he ol efi ns. wAttht heesgseos: t toethpr e=imitl \of | thé nhiydirbdesndfatioativbhh
hydr ogen sul fi de by-product which is responsible for production of
mer capt ans, en&adfysthe 2hdr emsoneasdr bawermeesll fsglaatiddn febii ctrRacy.
There is no particular limtation, however, to these conjectured 7
factors. [0@t6up konisie thyd edeRdduy IVEL] aefilcebsaded H0SHFH6NRLE
fractions according to the invention, a gasoline 5 fraction is subjected
to hydr ogenatinortdmmata®nits nmébel pxedencd tof dAdwpeadasuld uthgakkogheat al yst
for gasoline _
of the hydrodesulfurization catalyst.
[0014]
The hydrodesulfurization catalyst 1is preferably
obtained by adding the metal oxide to an alumina
10 precursor and then firing the mixture to vyield a
support modified with the metal oxide, and loading the
active metal(s) onto the support.
[0015)
Although the factors responsible for the high
15 hydrodesulfurization selectivity exhibited by the
hydrodesulfurization catalyst of the invention are not
fully understood at the present time, the conjecture of
the present inventors is as follows. It is believed
that activity of hydrogenation is reduced because the
20 metal oxide used to modify the support interacts
selectively with the active sites of hydrogenation of
the olefins. At the same time, presumably, it inhibits
reaction with hydrogen sulfide by-product which is
responsible for productlion of mercaptans, one of the
25 reasons for lower desulfurization efficiency. There is

no particular limitation, however, to these conjectured -



fractions described above, under reaction conditions wth a reaction
pressure of 1-5 MPa, an LHSV of 1-10 h"1l, a reaction tenperature of
190- 300C and a hydrogen/oil 10 ratio of 100-600 NL/L, so that the catalyst
exhibits activity of at |east 90% desul furization efficiency and a
hydrogenation rate of no greater than 40% The sulfur cgntent in the
obt ai ned product oil is preferably no greater than 10 ppm by weight. 15
BRI EF DESCRI PTION OF THE DRAWNGS [0017] Fig. 1 is a schematic
illustration of a hydrodesul furization catalyst according to a preferred
enbodi nent offatiterisnventi on. 20 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
[0018] Preferred enbodi nents of the invention will now be explained in
detail. [0019] 250®iledt, a preferred enbodi ment of a hydrodesul furization
catal yst for gasoline fractions 8 according to the invention (hereinafter
referred to sinplly ashédésdrbdeispdifiuen zedatiany sptdcess | five dgasolbed.  This
enbodi nent of the desulfurization catalyst conprises a support conposed
mai nly of al fraeaiochsoméxddrmlistigandponi nthef iimoremdadiomg t e sgesolinearea of
the 10 catalyst. The alum na is preferably porous y-alum na

5 fraction is subjected to hydrogenation treatment in the

presence of the desulfurization catalyst for gasoline
fractions described above, under reaction conditions
with a reaction pressure of 1-5 MPa, an LHSV of 1-10 h™,
a reaction temperature of 190-300°C and a hydrogen/oil

10 ratio of 100~-600 NL/L, so that the catalyst exhibits
activity of at least 90% desulfurization efficiency and
a hydrogenation rate of no greater than 40%. The
sulfur content in the obtained product oil is
preferably no greater than 10 ppm by weight.

15 BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Fig. 1 1is a schematic illustration of a
hydrodesulfurization catalyst according to a preferred
embodiment of the invention.

20 DESCRIPTION OF THE PREFERRED EMBQDIMENTS

[0018]
Preferred embodiments of the invention will now be
explained in detail.
[0019]
25 First, a preferred embodiment of a

hydrodesulfurization catalyst for gascline fractions .



(y-AI' 203), but a-alum na, P-alum na, anorphous alumna or the |ike may be
used instead. (00201 The support may also contain silica (SiQ2), silica-
alumna (Si O7-/Al 2Q3) boria (B203) , titania (Tioz) magnesia (MO or
conpound oxi des thereof, and may al so contain pllpsphorus. The contents of
t hese substances are preferably no greater than 5 W% w th respect to 15
the weight of the support. If their contents exceed 5 w%wth respect to
t he support weight, acidic substances will be generated on the

desul furization catalyst, resulting in accel erated -coke production, and

t her eby af f ecddaurdimey hydr odbsul fuvezhioon Aoereinafiodr 2@fidrwed to
desul furi zation catalyst. [00211 The alum na serving as the nmain conponent
of the suppaimpiny de Tdesebfwrbzaniah uoahalyst®l nedilat be desairieéadby a
met hod of neutralizing or hydrolyzing an 25 alum numsalt or alumnate or a
met hod of hydinlsy/zi riboddmentm nofh anetgamdesul fiimimahiddrcohab&béysal so, a
9 commercially avail able alum na internedi ate or boehmte powder may be

used as the alomprisgy eaursgppordtO2@hpofked supirary of tdilkumbesay f driomat i on
catalyst of 5 this enbodinent is nodified with a netal oxide containing at

| east Pne netidle sstandpdift onft henareagingotlse ssbegidfici raarea chf orhem
cobalt, nickel, copper, 7
catalyst. The alumina 1s preferably porous y-alumina
(y=Al;03}, but o-alumina, f-alumina, amorphous alumina
or the like may be used instead.
[0020]

10 The support may also contain silica (SiQz}, silica-
alumina (Si0;/Al,03), boria (B;0s3), titania (Ti0;),
magnesia (Mg0O) or compound oxides thereof, and may also
contain phesphorus. The contents of these substances
are preferably no greater than 5 wt% with respect to

15 the weight of the support. If their contents exceed 5
wt% with respect to the support weight, acidic
substances will be generated 6n the desulfurization
catalyst resulting in accelerated coke production, and
thereby affecting the hydrodesulfurization activity of

20 the desulfurization catalyst.

[0021]

The alumina serving as the main component of the
support may be formed via an alumina intermediate
obtained by a method of neutralizing or hydrolyzing an

25 aluminum salt or aluminate or a method of hydrolyzing

an aluminum amalgam or aluminum alcoholate. Also, a -



zinc, yttrium scandi um and | ant hanoi d-based netals. The support of the
desul furization catalyst of this 10 enbodi nent is preferably nodified with
a netal oxide containing at |east one netal selected fromthe group

consi sting of copper, zinc, yttrium |anthanum cerium neodym um.,.
samarium and ytterbium nore preferably nodified with a netal oxide
containing at |east one 15 netal selected fromthe group consisting of
copper, zinc, yttrium ceriumand ytterbium furthernore preferably

nodi fied with ytterbium oxide or cerium oxide, and even nore preferably
nodi fi ed wit hcoterdialny oxvalklalSieicalorinamintarmetiiabet be bophedlte
rare-earth 20 mnerals, i.e. nonazite, bastnasite and xenotine, is higher
t han ot her r arm+dar thae|emade) aertihend umiime prersingelzy. obt ai nabl e.
(referred to "The economics of Rare Earths & Yttrium 9th Edition",
Roskill InformantieoeXBervi ces, London(1994)). The ratio of the 25 weights
of these netal oxides with respect to the weight of the support is

preferably 0.3-30 Mo suppert0 pfef ehabl gedabFRPi i Qhorev e tals tPr effer abl y
0.7-10 wt% and nost preferably 0.9-7 wt% If the weight ratio of netal

oxi dessis gregtiey tbabodOmshes tibe nnydiHdesul iehzatd onmaeil vi bxiak t he
desul furization 5 catalyst will tend to be reduced. If the weight ratio of

netal oxi des dentaissirgaat 0l3awt%orid netpdsselleetetinatrdd® ther greupnt in
hydr odesul furi zation selectivity wll be achieved by the nodification.
consisting of iren, chromium, cobalt, nickel, copper,
zinc, yttrium, scandium and lanthanoid-based metals.
The support of the desulfurization catalyst of this
10 embodiment is preferably modified with a metal oxide
containing at least one metal selected from the group
consisting of copper, zinc, yttrium, lanthanum, cerium,
neodymium,  samarium and ytterbium, more preferably
modified with a metal oxide containing at least one
15 metal selected from the group consisting of copper,
zinc, yttrium, cerium and ytterbium, furthermore
preferably modified with ytterbium oxide or cerium
oxide, and even more preferably modified with ytterbium
oxide. Since cerium content in the typical rare-earth
20 minerals, 1.e. monazite, bastndsite and xenotime, is
higher than other rare-earth elements, cerium 1is
inexpensively obtainable. (referred to "The economics
of Rare Earths & Yttrium, 9th Edition", Roskill
Informantion Services, London(19%4)). The ratio of the

25 weights of these metal oxides with respect to the

weight of the support 1is preferably 0.3-30 wt%, more -

10



[00231 10 Wile the mechani sm by which the desul furization catalyst

exhi bits high selectivity according to this enbodi nent has not been

el ucidated, the following nechanism may be considered as an exanpl e.
Presumably, the metal oxides interact selectively with the active 15 sites
of hydrogenation of the olefins, thereby lowering 20 their activity. At the
sane tinme, reaction with hydrogen sulfide by-product which is responsible
for production of nercaptans,--,one of the reasons for | ower

desul furization efficiency, is inhibited. (00241 The desulfurization

catal yst of thriefeanibddi nMerf-2 T onpt | Seseat nogastpryterailal ceterdedtkromt he
group consisting of Goup VIA and Goup VIII nmetals, supported as an

active netal ankd mustf esebferadtsby 26. suppetted atf l@astweonghietatisebect ed
fromthe group consisting of Goup VIA netals and at | east one netal 11

sel ected frometthe gr @idensi sisng gke&teup Vikhanmet&des. Wsy specthic
exanpl es of conbinations of such active netals there may be nentioned

cobal t - nol ybdgaudde stilghelizarliybdeaumi veepal bft upEst edesil eliel zhbngat en, 5
cobal t - ni ckel - mol ybdenum and the |ike. Anong these, 10 the conbi nation of

cobal ts ol ybgamamyiss REl cidid | Yo Beekedueddhecausernd welght epdtis
notably increase the
of metal oxides is less than 0.3 wt%, it is possible
that no improvement in hydrodesulfurization selectivity
will be achieved by the modification.

(0023]

10 While the mechanism by which the desulfurization
catalyst exhibits high selectivity according to this
embodiment has not been elucidated, the following
mechanism may be considered as an example. Presumably,
the metal oxides interact selectively with the active

15 sites of hydrogenation of the olefins, thereby lowering
their activity. At the same time, reaction with
hydrogen sulfide by-product which is responsible for
production of mercaptans, one of the reasons for lower
desulfurization efficlency, is inhibited.

20 [(0024]

The desulfurization catalyst of this embodiment
comprises at least one metal selected from the group
consisting o©of Group VIA and Group VIII metals,
supported as an active metal. It preferably has

25 supported at least one metal selected from the group

consisting of Group VIA metals and at least one metal -

11



hydr odesul furi zation activity and prevent olefin hydrogenation reaction.

[ 00253 There are no particular restrictions on the anpunts of active
netal s supported, but they are preferably 10-20 wt % of G oup VIA netals
and 3-6 W% of Goup VIII netals, preferably 12-18 w % of G oup VIA 15
metals and 3.5-5.5 wt% of Goup VIII netals and nore preferably 13-17 wt%
of Goup VIA netals and 4-5.3 % of Goup VIII netals, in terns of those
netal oxides wth respect to the weight of the desul furization catalyst.
20 [ 00263 The desul furization catalyst of this enbodi nent as described

above may be splepaked fnom ttenvuErdupnedns 1et irogl, o sUsho@s vheIf aekawsng, for
exanple. First, the support is obtained by preparing an "al um na

precursor” 23ssUgpedsfs addfplegelosotunbohatDeRBMde RAMEr s@EidR
al um na suspension or kneaded m xture by a conventional 12 nethod. Next,

for introductie®al@f tfiger®t almagxi dBés) mdifgbri<d Mdbby1thRoEYBABKM, @
solution of acetates, chlorides, nitrates, sulfates, naphthenates,

\tN; Itfe Iruggogﬁt (E)a?&sdé!lf-%a?baeﬁhmqoor@bbatlitm&uﬁg_aﬁeﬁpds ficRelbeufiBkakhy) in
ganic solvent is added by. addition to the al um na precursor
or by scopr ecicBbhati-aickel-hbe ybidk@um( 082d1 the like.  Among these,
the combination of cobalt-molybdenum is particularly
preferred because it will tend to notably increase the
hydrodesulfurization activity and  prevent clefin
hydrogenation reaction.
10 [0025]

There are no particular restrictions on the
amounts of active metals supported, but they are
preferably 10-20 wt% of Group VIA metals and 3-6 wt% of
Group VIII metals, preferably 12-18 wt% of Group VIA

15 metals and 3.5-5.5 wt¥% of Group VIII metals and more
preferably 13-17 wt% of Group VIA metals and 4-5.3 wth
of Group VIII metals, in terms of those metal oxides
with respect to the weight of the desulfurization
catalyst.

20 [0028]

The desulfurization catalyst of this embodiment as
described above may be prepared by a conventional
method, such as the following, for example. First, the
support is obtained by preparing an "alumina precursor”

25 such as an alumina gel solution, boehmite powder or an

alumina suspension or kneaded mixture by a conventional -

12



When a netal oxide used to nodify the support is 10 an oxide of iron,
chrom um cobalt, nickel, copper or zinc, a nitrate, acetate or chloride is
preferred anong the salts nentioned above, with nitrates and acetates
bei ng nore preferred. Wien a netal oxide used to nodify the support is an
oxi de of yttrium scandiumor 15 a | anthanoi d-based netal, an acetate or
nitrate is preferred anong the salts nentioned above, and an acetate is
nore preferred. In this case, however, trace residue of the correspondi ng
anion of the nitrate or chloride will lower the acidity of the alum na 20

surface, ofteretwfdecti Ngxthe fodr Odesodfictigat o@n tisel @etayi bxideQe281 The
m x may be kneaded, dried, nolded, fired, etc. as necessary to obtain the

support. The ysidl toximtedisfy 2Eheodsbypegt  ha syppatiofaw Ml aeebatiat r oduced
after firing the support, by dissolving the acetate, chloride, 13 5

nitrate, sul faleritent henatdttatield, uor onghgagelsf, onat epapaeaedaraki on
conpound, etc. of the netal (s) in water or an organic sonent and

| npr egnat i ng trier 19GeRIet Hairishu 1 fidh@ te6] U 0Roor@3Al) i MO didrisRins eF t he
support with such nmetal oxides is preferably carried out before
| mpr eghat i ng thee meHAPWIt Wi twadde &F oup VtHanbE aboDieEOLp YHHbdNBYA
addition to the alumina precursor or by coprecipitation
or the like.
(0027]
When a metal oxide used to modify the support is
10 an oxide of iron, chromium, cobalt, nickel, copper or
zinc, a nitrate, acetate or chleoride is preferred among
the salts mentioned above, with nitrates and acetates
being more preferred. When a metal oxide used to
modify the support is an oxide of yttrium, scandium or
15 a lanthanoid-based metal, an acetate or nitrate is
preferred among the salts mentioned above, and an
acetate is more preferred. In this case, however,
trace residue of the corresponding anion ¢f the nitrate
or chloride will lower the acidity of the alumina
20 surface, often affecting the hydrodesulfurization
selectivity.
[0028)
The mix may be kneaded, dried, molded, fired, etc.
as necessary to obtain the support. The metal oxide(s)

25 modifying the support may also be introduced after

firing the support, by dissolving the acetate, chloride, -
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descri bed below. This will prevent the netal oxides 10 from covering the
active sites consisting of the Goup VIA netal or Goup VIIl netal and
t hereby reducing the desulfurization activity. [0030]: Next, as the
starting material for the active 15 netal, there is prepared an agueous
solution of a carbonic acid salt, nitric acid salt, sulfuric acid salt,
organic acid salt or oxide of the active netal, or a solution thereof
obt ai ned usi ng an aqueous organi ¢ solvent or a non-agueous organic
solvent. The starting 20 material for the active nmetal may be | oaded on the
support by anlitaditey retlftetey dhaphthgnased toiflhpdrodebahbulifzatten
catal ysts, such as inpregnation or ion-exchange. Wen a plurality of
netal s are | eadedinathiey meypomndoacddant siofll treanesdiy (s)si iy watexedr25
solution, or they may be | oaded in succession using sinple solutions. The
| oadi ng of the astgamidcetsallventldatde isnppegratimyg behaccuppdrshedight er
conpletion of the total preparation process for the support, or a step of
gel prepar at ithe, sohetieh.conpressi on, kneading or the |ike may be carried
out after |loading the active netal 5 on an appropriate oxi de, conpound
oxi de,5 zeolite or (DB29]li ke, during a internediate step in preparing the
support. A preferred nmethod is one wherein the active netal is |oaded on
t he support after Medijflieaitdaonofoft Hthe toimopr eprriat sweh pretatsokddeshe
support. A
is preferably carried out before impregnating the
support with the Group VIA metal or Group VIII metal
described below. This will prevent the metal oxides
10 from covering the active sites consisting of the Group
VIA metal or Group VIII metal and thereby reducing the
desulfurization activity.
[0030]
Next, as the starting material for the active
15 metal, there 1is prepared an aqueocus solution of a
carbonic acid salt, nitric acid salt, sulfuric acid
salt, organic acid salt or oxide of the active metal,
or a solution thereof obtained using an aqueous organic
solvent or a non-agquecus organic solvent. The starting
20 material for the active metal may be loaded on the
support by a loading method ordinarily used for
nydrodesulfurization catalysts, such as impregnation or
ion-exchange. When a plurality of metals are loaded,
they may be loaded simultaneously using a mixed
25 solution, or they may be loaded in succession using

simple solutions. The loading of the active metal on -
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10 desul furization catal yst according to this enbodi mrent can al so be
obtained by firing the inpregnated active netal under prescribed
conditions. [00311; The nean pore dianeter, pore volune or specific 15
area of the desulfurization catalyst of this enbodi mrent can be adjusted by
varying the conditions during preparation of the desul furization catalyst,
simlar to prior art nethods. [0032] 20 The nean pore dianeter of the
desul furization catalyst is preferably 3-10 nmand nore preferably 5-9

nm |If the mean pore diameter is smaller than 3 nm the reaction nol ecul es
wi il tend tottespappert netedmtetyonpl idteepoifser whohpletion o8 theger
than 25 10 nm the surface area of the desulfurization catalyst wll tend

to be reducedothdagirrparatiowe practdss tfor EhéoBpote @pre sbeépnefof the
desul furization catal yst of this enbodinent is preferably 0.3 nL/g or

greater. |f gehe poseavotioe, | sheeaV tdimprangion, NRhegdahgoromwf the the
netal into the desul furization catalyst will tend to becone difficult.

[0034] The speei fdayy Aeacafride desulaffiteirzatdaaiimateie/sictive pretelabl y at
| east 200 n¥/g. Fromthe standpoint of 10 the activity of the
desul fauri zat ban agatadptdiprildt® oxide, compound oxide, zeolite or the
like, during a intermediate step 1in preparing the
support. A preferred method is one wherein the active
metal is loaded on the support after completion of the
total preparation process for the support. A
10 desulfurization catalyst according to this embodiment
can also be obtained by firing the impregnated active
metal under prescribed conditions.
[0031]
The mean pore diameter, pore volume or specific
15 area of the desulfurization catalyst of this embodiment
can be adjusted by varying the conditions during
preparation of the desulfurization catalyst, similar to

prior art methods.
[(0032]

20 The mean pore diameter of the desulfurization
catalyst is preferably 3-10 nm and more preferably 5-9
nm. If the mean pore diameter is smaller than 3 nm,
the reaction molecules will tend to disperse
inadequately in the pores, while if it is larger than

25 10 nm, the surface area of the desulfurization catalyst

will tend to be reduced, leading to lower activity. -
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specific area is preferably as high as possible. If the specific area is

| ess than 200 nR2/g, the area capable of supporting the active netal is
reduced, tending to result in notably reduced activity. The 15 specific
area and the pore volunme of the 20 desul furization catal yst are nmeasured by
a nitrogen gas adsorption nethod based on BET nethod. The nean pore
dianeter is calculated fromthe specific area and the pore volune. [0035]
After preparing the desul furization catalyst of this enbodinment in the
manner descri bed a@9v it may be nolded into spheres, pellets, cylinders
or the like havin rescri bed shape and size. Appropriate 25 nol di ng of
t he catal yst mﬁllé&{lom/adjusgnent differential pressure between

f the
the entrance and ext® R¥ Hof?sbt ?get%@aéﬁﬁBﬂfBSFGﬁﬁlearCﬁéééﬁéﬁ)Oéf t he
hydr ogenati on treat nent, appar atus described hereunder, when nultiple
mol ded cat al y<tis a‘?’g;? i it OPFRECTRBAY Qo dBINFPL FIgeatiers adf
iIIustrationég;ES desul furi zation_ catal ysts according to this enbodi nent,

whi ch have b nBPERd YHtWRe cldvdalen "thisi F@aoe, {mpBeInghion of

desul f rizaﬂég%catal st. of this enbodinent nmay be used as a
desul furi zat i® cBERE st er the Apgrddesirrtirtagadmlamterwill tend

pre-SU|furiZ%g(géégééadifficult.

[0034]

The specific area of the desulfurization catalyst
is preferably at least 200 m’/g. From the standpoint of

10 the activity of the desulfurization catalyst, the
specific area is preferably as high as possible. If
the specific area is less than 200 m%?/g, the area
capable of supporting the active metal is reduced,
tending to result in notably reduced activity. The

15 specific area and the pore volune of the
desulfurization catalyst are measured by a nitrogen gas
adsorption method based on BET method. The mean pore
diameter is calculated from the specific area and the
pore volume.

20 [0035]

After preparing the desulfurization catalyst of
this embodiment in the manner described above, it may
be molded intoc spheres, pellets, cylinders or the like
having a prescribed shape and size. Appropriate

25 molding of the catalyst will allow adjustment of the

differential pressure between the entrance and exit B}
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method simlar to that enployed with ordinary hydrodesul furization

catal ysts. The pre-sulfurization 1is acconplished, for exanple, by
circulating straight run naphtha or a sulfurizing agent, or a m xture 15

t hereof, through the desulfurization catalyst and applying heat of 180C or
above under hydrogen pressurization according to a prescribed procedure.
This pre-sul furization sulfurizes the active netal on the desul furization
catalyst to allowits 20 hydrodesul furization activity to be exhibited. The
sul furizing agent used will generally be a sulfur conmpound such as

di met hyl di sudite of a qtod ysedddtdison Telwesul for | zaddcwgat alfystchey be
pre-sul furized before being filled into the catalyst |ayer for the 25

hydr odesul f urk yditd genat ires s reatmet t mapdear sily edéedribed atisireainday ,
treatment with a sul fur-containing, oxygen 17 containing or

ni t r ogen- contwhdh Negrulngaliec mollded: . cafQ0g€ksThereatpdyisdd ofidtdee efeodi nent
descri bed above exhibits high hydrodesul furization selectivity which 5

al l ows the sutdadticanposehimni N gagdlgi.ne f racéi oas t albessvhtichentlty
renoved by hydrodesul furization reaction while adequately preventing

hydr oggnat i omdedul funel 2dteiformn cotpbyetns sacdbudingasge! ithe sf readbidinmentgbt ai ned
using the catal yst satisfactorily neet the 10 demands for sulfur-free

gasol i ne, whivlel gty GidienGpeaant and derlinirero retwtd el dyldmefearse mai nt ai ni ng
: [0036]

The desulfurization catalyst of this embodiment
may be used as a desulfurization catalyst for
10 hydrodesulfurization after @pre-sulfurization by a
method similar to that employed with ordinary
hydrodesulfurization catalysts. The pre-sulfurization
is accomp%ished, for example, by circulating straight
run -naphtha or a sulfurizing agent, or a mixture
15 thereof, through the desulfurization catalyst and
applying heat of 180°C or above under hydrogen
pressurization according to a prescribed procedure.
This pre-sulfurization sulfurizes the active metal on
the desulfurization catalyst to allow its
20 hydrodesulfurization activity to be exhibited. The
sulfurizing agent wused will generally be a sulfur
compound such as dimethyl disulfide or a polysulfide.
The desulfurization catalyst may be pre-sulfurized
before being filled into the catalyst layer for the

25 hydrodesulfurization process, or it may be subjected to

activation treatment with a sulfur-containing, oxygen- -
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sufficiently high octane nunber. [00381 An enbodi nent of the

hydr odesul furi zati on process 15 for gasoline fractions (hereinafter
referred to as "desul furization process”) of the invention will now be
expl ai ned. The desul furization process according to this enbodi nent

I nvol ves passing gasoline fractions as feed oil through a catal yst |ayer
packed with hydrogen 20 gas and a hydrodesul furization catal yst according
to the invention, under prescribed reaction conditions, for hydrogenation
treatment to obtain an product oil. [0039] According to this enbodinent,

t he gasol i ne cotk diraiatg ans nisam gam-tdmntfaed my loreefier abllyentcl ude a
gasoline fraction effluent froma fluid catalytic 18 cracking (FCC
apparatus, fromthee3Endpoi nt of nore notably exhibiting the effect of the
desul furi zation catal yst- The gasoline fractions will normally have a

sul fur content of Muicat@lBR0 pEm thy venwddindte sudibed capbeat my
be in the formof, for exanple, thiaphene, alkylth iophenes,

benzot hi opherahitaltey| barot hiyeperenl futiactdloaperkasetivity which
al kyl t hi acycl opentari es, nercaptan conpounds or sulfide conpounds. The
ol efirs in thalgasol the sudcuronsommynerlfs bennglsefliine of rd SO0des i 88.
[ 00401 The gasoline fractions preferably have a sul fur
be sufficiently removed by hydrodesulfurization
reaction while adequately preventing hydrogenation of
the olefin components. Thus, gasoline fractions
obtained using the catalyst satisfactorily meet the
10 demands for sulfur-free gasoline, while avoiding octane
number reduction and therefore maintaining a
sufficiently high octane number.
[0038)
An embodiment of the hydrodesulfurization process
15 for gasoline fractions (hereinafter referred to as
"desulfurization process") of the invention will now be
explained. The desulfurization process according to
this embodiment invdlVes passing gasoline fractions as
feed o0il through a catalyst layer packed with hydrogen
20 gas and a hydrodesulfurization catalyst according to
the invention, under prescribed reaction conditions,
for hydrogenation treatment to obtain an product oil.
{0039]
According to this embodiment, the gasoline

25 fractions used as the feed o0il preferably include a

gasoline fraction effluent from a fluid catalytic -
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content of,no greater than 250 ppm by wei ght, and nore preferably no
greater than 200 ppm by weight. If the 15 sulfur content is greater than
250 ppm by wei ght, 20 hi gher desul furization efficiency will be required.
The consequent reaction tenperature increase required wll tend to

accel erate hydrogenation of olefins. (00411 The olefin content in the
gasoline fractions is preferably 10-50 vol% nore preferably 15-45 vol %
and even nore preferably 20-40 vol % An olefin content of [|ess than 10
vol-%w |l tend to prevent the effect of the invention from being
adequat el y exdikieds (Fctheappaghelisn cOrdmnthes syaediperinthasf Shovel % it
may not be possible to adequately prevent hydrogenation of the 19 5

ol efins. Thi $.oMdd1y eadhibiacag efted e edddidy 08f react desulldutheaeliehi ns by
hydr ogen sul fi de produced as a by-product of thiophene conpound

desul furizat italyidtus hrhdeghselihe Mrdicedesisl fuirlzaid i IBAChARE. a( 0042]
The feed oil used for this enbodi nent nay also contain fractions with

boi | i ng poi ntgs;16Gh rabgght 88t 2%3C, absueh 135 1gaRp| p?ﬁ foyacik @gaL obt arned from
atmospheric distillation apparatuses, gasoline fractions produced 10 from

hydr ogenat i oy | eahteAtapRey abéSesn Othe J&eeki Neff r adr oaxappodyced by
thermal cracking. The
thiophene, alkylthiophenes, benzothiophene,
alkylbenzothiophenes, thiacyclopentane,

alkylthiacyclopentanes, mercaptan compounds or sulfide

compounds . The olefins in the gasoline fractions may
10 be n-olefins or isoolefins.
[0040]

The gascline fractions preferably have a sulfur
content of no greater than 250 ppm by weight, and more
preferably no greater than 200 ppm by weight. If the

15 sulfur content 1is greater tham 250 ppm by weight,
higher desulfurization efficiency will be required.
The consequent reaction temperature increase required
will tend to accelerate hydrogenation of olefins.

[0041]

20 The olefin content in the gasoline fractions is
preferab;y 10-50 vol%, more preferably 15-45 vol% and
even more preferably 20-40 vol%. An clefin content of
less than 10 vol% will tend to prevent the effect of
the invention from being adequately exhibited. If the

25 olefin content is greater than 50 vol$%, it may not be

possible to adequately prevent hydrogenation of the -
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feed oil preferably has a catalytically cracked gasoline fraction content
of at least 70 vol% and nore preferably at |least 80 volt, fromthe
standpoint of is nore notably exhibiting the effect of the 20

desul furization catalyst. If the catalytically cracked gasoline fraction
is less than 70 vol% the low olefin content of the feed oil wll tend to
prevent the effect of the invention from being adequately exhibited.

[ 00431 The boiling point range for the gasoline fractions of the feed oi
used for this eq?odinent ig,not , rticularlg restricted so long as it is
an ordinary YottitRy poi nfRiEngdifldr =@ i nkof r a6crdAsatput apklighsier abl v
the initial boiling point_is 30C or higher and the stop point is no higher
than 250C. | frRaESP it e 9beFiRy bBEi Avdregsel sulfode prowucedi esd to be

difficult to sa&%;f t he standards of vapor pressure or distillation
characteristi%s c‘c%’r%%d: t 8% hdhgerhanse compesmdds desudfniriredion, JI S

K2202, "Autonqpile,S Gasoline". on the other hand, a stop point of higher
than 250C wi |10 d0nde&Eng e fivdpadassiifanigat iome rescidgard of vapor
pressure according to_the gasoline standards established by JIS K2202,
while 1t will al so-99%4%drease the content of hi gh boiling point conpounds 10
exhibiting | ow desul furization reactivity, and will therefore tend to

hi nder the desul f Fi&zaf P8R itisle| #sed for this embodiment may also

contain fractions with boiling points of about 30-250°C,
such as gasoline fractions obtained from atmospheric
distillation apparatuses, gasoline fractions produced

10 from hydrogenation purification apparatuses, or
gasoline fractions produced by thermal cracking. The
feed o©il preferably has a catalytically cracked
gasoline fraction content of at least 70 vol%, and more
preferably at least 80 vol%, from the standpoint of

15 more notably exhibiting the effect of the
desulfurization catalyst. If the catalytically cracked
gasoline fraction is less than 70 vol%, the low olefin
content of the feed oil will tend to prevent the effect
of the Invention from being adequately exhibited.

20 (0043]

The boiling peoint range for the gasoline fractions
of the feed o0il wused for this embodiment is not
particularly restricted so long as it is an ordinary
boiling point range for gasoline fractions, but

25 preferably the initial boiling point is 30°C or higher

and the stop point is no higher than 250°C. If the -
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(0044] The term"sul fur content” as used throughout the present
specification refers to the weight content of 15 sulfur conponents based
on the total gasoline fractions, as neasured according to JI S K2541,
"Sul fur Content Test Method" or the nethod described in ASTM D5453. The
term "desul furization efficiency"” is defined by the followng fornula (1),
where So is the sulfur content in 20 the feed oil and S is the sulfur
content in the product oil. (Desulfurization efficiency) <% = 100 -
(S/Se) x 100 . . (1) 25 (0045] The term"olefin content” refers to the
val ue est i matied tfiraimidid ibygomais tnuinb eve bas e3i0 D), t hie gabdbl teed2tof bacti ons,
as neasured according to JI'S K2605, "Petrol eum Product Brom ne Nunmber Test
Met hod - El ectirfitiidulat iten"sadrisfhe tried hothmdscds befl vapdEThkedd2e ofhe
"ol efin hydrogenation rate" which represents the 5 degree of hydrogenation
of the ol ef i Micaingnritiion tdleadd-feedstids bscdefiingd toy the Hakbdiheg
formula (2), where Ba is the brom ne nunber of the feed oil, and Bis the
br om ne nunbeitaefdarye pr edtabloshed( Alefi n JBar ogezai,on ratepmnsB@1200 -
(13/Bo) x 100 .. (2)
5 Gasoline". On the other hand, a stop point of higherx
than 250°C will also make it difficult to satisfy the
standard of wvapor pressure according to the gasoline
standards established by JIS K2202, while it will also
increase the content of high boiling point compounds
10 exhibiting low desulfurization reactivity, and will
therefore tend to hinder the desulfurization itself.
[0044]
The term "sulfur content” as used throughout the
present specification refers to the weight content of
15 sulfur components based on the total gasoline fractions,
as measured according to JIS K2541, "Sulfur Content
Test Method" or the method described in ASTM-D5453.
The term "desulfurization efficiency" is defined by the
following formula (1), where S; is the sulfur content in
20 the feed oil and S is the sulfur content in the product
oil.
(Desulfurization efficiency) <%>
= 100 - (5/S¢) x 100.. (1)
(0045]
25 The term "olefin content" refers to the value

estimated from the bromine number based on the gasoline -
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[ 0046] The octane nunber of the gasoline fractions is neasured by the
Research Method, and nore specifically, it is measured according to JIS
K2280, "Octane Nunmber 15 and Cetane Nunber Test Method and Cetane | ndex
Cal cul ating Met hod", or the nethod described in ASTM D2 699 . (0047] The
catalytically cracked gasoline fraction used 20 in the feed oil wll tend
to have a greater sulfur content in its heavy gasoline fraction (high
boiling point fraction). On the other hand, the catalytically cracked
gasoline fraction used in the feed oil will tend to have a_ higher olefin
content in itEaGgRNS25 §asol PRRSFFERt i FFAEWS0i | FRg pdiht £2EOSion) The
catalytically cracked gasoline fraction nmay therefore 22 be distilled into
a light gasol'|BREFHEWT onPERAGUREaVETEEIS | niluRbeEt | destni thethedheavy
gasoline fraction with a relatively low olefin content being used as the
feed oil. MrdeapeaFitdatipn't or ekBpprethededesghibedgisoPSTM-DL482i.on
with a boiling point of 30-180C and  the heavy gasoline fraction with a
boi | i ng poi nt 8olefspC hydrozerpsion | @ Uset ovbhahnd, repre st hedhy
gasoline fraction al one passed through the aforenentioned

hydr odesul f urdegaeonoatteldroganaféon 10f THihe wlefin| eantens efii chent

hydr odesul furi zation_of the gasoline fraction.
feed o©il, is defined by the following formula (2},

where By is the bromine number of the feed o0il, and B is
the bromine number of the product oil.
| (Olefin hydrogenation rate) <%>
10 = 100 - (B/Bg) x 100..(2)

{0046)

The octane number of the gasoline fractions is
measured by the Research Method, and more specifically,
it is measured according to JIS K2280, "Octane Number

15 and Cetane Number Test Method and Cetane Index
Calculating Method", or the method described in ASTM-
D2639.
[0047]
The catalytically cracked gasoline fraction used
20 in the feed o0il will tend to have a greater sulfur
content in its heavy gascline fraction (high boiling
point fraction). On the other hand, the catalytically
cracked gasoline fraction used in the feed oil will
tend to have a higher olefin content in its light
25 gascline fraction {low boiling point fraction). The

catalytically cracked gasoline fraction may therefore
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[00481 The reaction pressure for the desulfurization process of this
enbodi nent is 1-5 MPa, preferably 1-3 15 MPa and nore preferably 1.2-2.5
MPa. |If the reaction pressure is above 5 MPa, the hydrogen sul fide by-
product will add to the olefins in the feed oil to produce nercaptan
conpounds, thereby lowering the desulfurization efficiency. If the
reaction pressure 20 is lower than 1 MPa, the hydrodesul furization reaction
wi |l not proceed sufficiently. [00491 The LHSV (liquid hourly space
velocity) in the catalyst layer of this enbodinent is 1-10 h-', 2

5
preferably 1.5 8dE§£i§PQdm}?&opr§f ﬂ?ﬁlty %35%ﬂ1| ' ffa&%ﬁﬁ%?gﬁji}‘%ﬁw{i ng

than 1 hr', hydrogenation of the ol efins W be ac

in a lower og THben, Qf; dhe preductn@i el dyt N ddiSVd S dhighglt han 10
| X

h-1, the hydfodesulfurization'reaction w not~ procee satisfactorily. 5

00501 The " LSy 3&2§rég§ti,{9%£?elt>ho‘ﬁlre¥i% Oéoﬁi{é;ql'xsi{ B '%g@ﬁ%e%sﬁﬁ%rd

state (25' C, volunme of cata aye

CaLol Vot Skddy SSBLESellork Ukder LoV s DRl cdp (UGB The
200-299* C and ;e Yy ef 1@ ¥n with a boiling point of 30-180°C and
the heavy gascoline fraction with a boiling point of B80-
250°C may be distilled beforehand, and the heavy
gasoline fraction alone passed through the
aforementioned hydrodesulfurization <catalyst layer.
10 This will allow more efficient hydrodesulfurization of
the gasoline fraction.
[0048]
The reaction pressure for the desulfurization
process of this embodiment is 1-5 MPa, preferably 1-3
15 MPa and more preferably 1.2-2.5 MPa. If the reaction
pressure is above 5 MPa, the hydrogen sulfide by-
product will add to the olefins in the feed oil to
produce mercaptan compounds, thereby lowering the
desulfurization efficiency. If the reaction pressure
20 is lower than 1 MPa, the hydrodesulfurization reaction
will not proceed sufficiently.
[0049]
The LHSV ({(liquid hourly space velocity) in the
catalyst layer of this embodiment is 1-10 h™,
25 preferably 1.5-8 h™' and more preferably 2-5 h™'. If the

LHSV is lower than 1 h™, hydrogenation of the olefins -
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210-290*C.;, If the reaction tenperature is |ower than
be possible to achieve adequate is hydrodesul furization.
tenperature is above 300*C, hydrogenation of olefins w

1900C, it will not
If the reaction
|1 proceed

rapi dly, possibly leading to runaway reaction. [0052] The hydrogen/oil
ratio, which is the proportion of 20 hydrogen gas acconpanying the feed
oil, is 100-600 NL/L, preferably 200-500 NL/L and nore preferably 250-450

NL/L. If the hydrogen/oil ratio is smaller than 100 NL/
possible to adequately renove the hydrogen sulfide int

Lit will not be
he system thus

making it 254 $8 FHecaleRtabntresdl tivn b1 adydevgenosbanpdeunbert he
olefins. If the hydrogen/oil ratio_is |larger than 24 600 NL/L, thelgasoline
fractions wildf rfdte mu@duatufeiki en LcEheaddSH tiis tHahem dihan | 1owking it

i npossi ble to achieve the desired reactivity, and requi

ring an

econoni cal | y tivedediyduside ssilAnnifz adgifirpergactsiamyesi hentnot 00p8¢cedte units
of "NL" representing the hydrogen volune in the hydrogen/oil ratio is the
hydr ogen vol sagislflactarilgt.andard state (O°C, 101,325 Pa). 10 (00541
According to this enbodinent, the reaction conditicns are adjusted within
t he aforenenti oned00afde to achieve~, desul furization efficiency of at

| east 90%

The "LHSV" is the volume flow rate of the feed oil

at standard state (25°C, 101,325 Pa), per volume of

catalyst layer packed with catalyst, and is expressed

in units of inverse hours (h™!).

10 [O0051]

The reaction temperature in the catalyst layer 1is

190-300°C, preferably 200-295°C and more

preferably

210-290°C., If the reaction temperature is lower than

190°C, it will not be possible to achieve adequate

15 hydrodesulfurization. If the reaction temperature is

above 300°C, hydrogenation of olefins will proceed

rapidly, possibly leading to runaway reaction.

[0052]

The hydrogen/oil ratio, which is the proportion of

20 hydrogen gas accompanying the feed oil, is 100-600 NL/L,

preferably 200-500 NL/L and more preferably 250-450

NL/L. If the hydrogen/oil ratio is smaller than 100

NL/L it will not be possible to adequately remove the

hydrogen sulfide in the system, thus

making it

25 impossible to prevent addition of hydrogen sulfide to

the olefins. TIf the hydrogen/oil ratio is
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desul furization efficiency and nore preferably at |east 15 93% and an

ol efin hydrogenation rate of no greater than 40% This wll yield a

sul fur-free gasoline stock fromthe product oil, while nmaintaining a high
octane nunber for the gasoline stock. If the desulfurization efficiency
or olefin hydrogenation rate is outside of 20 the aforenenti oned range, the
effect of the invention of high hydrodesul furization selectivity wll
become less significant. (00551 The product oil obtained in this

enbodi ment 25 preferably has a sul fur content of no greater than 10 ppm

by wei ght, ambomorRLpLef etdlel y gus@l Bes er firhanidbnd5 pamby Met ghkakd sul fur
content of the product oil of no greater than 10 ppm by weight wll make

it possible duffidiaint a sohtaetfrestgasothee Haaek yistgm tﬂ@kpﬁ%duqﬁt oi I,
while mnimzing the effect on the exhaust gas 5 purifier of the gasoline

engi ne. [ 0056hpokiid ARpartas Usastspsvé or thydr adesubkfur irzatikeriel, t hgngf eed
oil may have any desired construction. A single catalyst |ayer-packed

reaction col yapiminee disesbowsmicd D1 P! uhakkiYaBBy Bezused ieruGemanpat i on.
In order to |ower the hydrogen sulfide concentration in the " reaction

colums a gas/ivedtimdnieparator or other type of hydrogen sulfide renoving
device may be situated before the reaction colum, or between nultiple

[0053]

The units of "NL" representing the hydrogen volume
in the hydrogen/eil ratieo is the hydrogen volume "L" at
standard state (0°C, 101,325 Pa).

10 [(0054]

According to this embodiment, the reaction
conditions are adjusted within the aforementioned range
to achieve, desulfurization efficiency of at least 90%
desulfurization efficiency and more preferably at least

15 93%, and an olefin hydrogenation rate of no greater
than 40%. This will yield a sulfur-free gasoline stock
from the product oil, while maintaining a high octane
number for the gasoline stock. If the desulfurization
efficiency or olefin hydrogenation rate is outside of

20 the aforementicned range, the effect of the invention
of high hydredesulfurization selectivity will become
less significant.

{0055]

The product o¢il obtained in this embodiment

25 preferably has a sulfur content of no greater than 10

ppm by weight, and more preferably no greater than 35 -

25



15 reaction colums. [0057] The reaction systemfor the

hydr odesul furi zati on treatnent apparatus used for this enbodi nent may be a
fi xed-bed system Specifically, the hydrogen nmay be in 20 a countercurrent
or cocurrent with respect to the feed oil, or it may be in a conbination
of countercurrent and cocurrent with respect to nmultiple reaction colums.
A common setup is a downflow system wth both the gas and liquid in a
cocurrent. The reaction colum may be 25 constructed with nultiple catalyst
beds, and the hydrogen gas (quenchi ng hydrogen) nay be injected 26 between

the catal yst sp § oweigeyal Aofsulamet icshthad o®rthe® ppsagaseokedgydrogen
pressure. According to the desul furization process of this 5

enbodi rrent @gﬁwﬁsmﬁnlmbr@w Wed tgihew] BROm@kE, 18S paRRtikhared
above. The method of introducing theqq%ydr%%en gas may be EIFﬁEF of the

fol I owing twao BYthOds a (dd1fmieELéONgREE 0L Bet BEoERAGLAN LR BFBJLIRE 10
reaction colum in which the feed oil is initially introduced). (2)

I nj ection betgygen ghfifier eitniget At thedsepfecti b hensassapfudp! tg'a@I e
reacti on col unms, between different reaction colums. 15 According to this
enbodigrent , ?ﬂdﬂ@fléerPQr(el)ga%roline engine.
[0056]
The apparatus used for hydrodesulfurization of the
feed 0il may have any desired construction. A single
catalyst layer-packed reaction column may be used, or a
10 plurality may be used in combination. In order to
lower the hydrogen sulfide concentration in the
reaction column, a gas/liguid separator or other type
of hydrog%n sulfide removing device may be situated
before the reaction column, or between multiple
15 reaction columns.
[0057]
The reaction system for the hydrodesulfurization
treatment apparatus used for this embodiment may be a
fixed~bed system. Specifically, the hydrogen may be in
20 a countercurrent or cocurrent with respect to the feed
0ll, or it may be in a combination of countercurrent
and cocurrent with respect to multiple reaction columns.
A common setup is a downflow system, with both the gas
and ligquid in a cocurrent. The reaction column may be

25 constructed with multiple catalyst beds, and the

hydrogen gas (quenching hydrogen) may be injected -

26



conbi nati on of both nmethods (1) and (2) may be enployed, but the hydrogen
gas is preferably introduced by both nethods (1) and (2). In order to nore
reliably renove hydrogen sulfide by-product and nore efficiently 20
pronote the hydtodesul furization reaction, preferably no greater than 90
Vol % of the total anount of injected hydrogen gas is injected by nethod
(1), while the rest of the hydrogen gas is injected by nmethod (2) . The
anount of hydrogen gas injected by nethod (1) is nore 25 preferably no
greater than 80 Vol % even nore preferably no greater than 70 Vol % and
nost pref er abefWerIndhft edd b2 lyflanbedsy ey drendval Rhl readtben ohepfj ect ed
hydrogen gas. In other words, a greater anount of the remainder of

hydr ogen gas oithjtec lag e sgetthed hygrogern) priessygreo al |l ow the effect of
hydrogen gas addition to be 5 exhibited nore efficiently. The entrance port
of the first readf9&®8lcolum referred to here may be situated before the
heating furnace which acconplishes heatin of the feed oil to the
prescribed tenper dcgosding ate the e&¢$ubgmxi@atiM@ rcaceng faf nkbés 10
(00591 The desul turization process of the enbodi nent described above can
sat i sflact ori lejpboddmeaty hehydreeenr 96 siff untinedwasgucyibhl sheanfepd
therefore very useful for production of sulfur-free gasoline. In addition,
i s the desul Pidizaisi Genirieness 3Rt ai nBhe heghodcenentredbeingnthfe

catal ytically cracked gasoline fraction, _
hydrogen gas may be either of the following two

methods:

{1) Injection before the reaction column (the

10 reaction column in which the feed o0il is initially
introduced) .

{(2) Injection between different catalyst beds or,
in the case of multiple reaction columns, between
different reaction columns.

15 According to this embodiment, either method (1} or a
combination of both methods (1) and (2) may be employed,
but the hydrogen gas is preferably introduced by both
methods (1) and (2)}. In order to more reliably remove
hydrogen sulfide by-product and more efficiently

20 promote the hydrodesulfurization reaction, preferably
no greater than 90 vol$% of the total amount of injected
hydrogen gas is injected by method (1), while the rest
of the hydrogen gas is injected by method (2). The
amount of hydrogen gas injected by method (1) is more

25 preferably no greater than 80 vol%, even more

preferably no greater than 70 vol% and most preferably
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avoi di ng any notable reduction in the octane nunber, and therefore can
yield , gasoline with very high conbustion efficiency. Thus, a gasoline
product 20 manufactured using an product oil obtained by the

desul furization process of this enbodiment can contribute to alleviating
the environnmental burden. (00601 An product oil obtained by the

desul furization 25 process of this enbodinent will tend to have a | ow
content of thiols such as nmercaptans if the sulfur 28 content of the feed
oil isrelatively low, thus elimnating the need for sweetening in latter

steps. Thispgl geeaRBki @naW&D URI1NO Gt ol oglasdll faldadl 190N iRpeEagus
whi ch perforns the reaction in two stages. 5 However, since the product oi

wll soneti i Q thipi Sghér gaselkne,s N G eIy '
preferably nﬁgggg?ngag%ther aft%réﬁhe regct?og%?gﬁgﬁngbf tﬁQQ&ysthé

hydr odesul f uggﬁa?%?ara@nﬁr%a@@g@ﬁ ghieridfiet Yy B Pdpathbyr i@t 1o 1

apparatus itse 0061) e gasoline stock contalning the catalytically

cracked gasotéﬂgeetat ained Ryet @ﬂwlgﬂrﬂﬁﬂt&g@&ugﬁ?(&ﬁﬁ@ont 'so?

enbodi nent may used al one as a gasoline pro but normally It is

pref egabl y usediBacdd holdsabi e OdLp! | MRUTAE HRea bBraNYiheigasol i ne

stock. Various other gasoline stocks nay be us
first reaction column referred to here may be situated

before the heating furnace which accomplishes heating
of the feed o0il tc the prescribed temperature, or at
the exit port of the heating furnace.

10 [0059]

The desulfurization process of the embodiment
described above can satisfactorily reduce the content
of sulfur in product oils, and is therefore very useful
for production of sulfur-free gasoline. In addition,

15 the desulfurization process maintains a high octane
number in the catalytically cracked gasoline fraction,
avoiding any notable reduction in the octane number,
and therefore can vyield ' gasoline with very high
combustion efficiency. Thus, a gasoline product

20 manufactured using an product oil obtained by the
desulfurization  process of this embodiment can
contribute to alleviating the environmental burden.

[0060]

An product oil obtained by the desulfurization

25 process of this embodiment will tend to have a low

content of thiols such as mercaptans if the sulfur -
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I ncludi ng, for exanple, desulfurized straight run gasoline, thermally
cracked gasoline, catalytically reforned gasoline, isonerized gasoline,

al kyl ated 20 gasoline, residues remaining after renoving aromatic

hydr ocarbons fromcatalytically refornmed gasoline (sulfolane raffinate),
and the like. (00621 Anong these gasoline stocks other than 25
catalytically cracked gasoline, there is preferred catalytically reforned
gasol i ne having an Research 29 COctane Nunber (RON) of 95 or greater. The
proportion of catalytically reforned gasoline in the gasoline product is

preferably adiditteatt t @20-tk vofded| Nolhi siscagelatheeli/xi ngwpr opanki on of
the gasoline stock 5 obtained by the desul furization process of this

enbodi ment Wid1linghariefer ehky medr gaterswddefihyolito 1dftdhe shepisng
proportion of the gasoline stock is wthin this range, it will be possible

to obtain a diarge a¥BUNhppl iBsIhgAEAl I i¥ind 0V Suhdo@a%QlfuRe z4@ 1BROduct
with a high octane nunber, having a sulfur content of no greater than 10

ppm by wei ghtyngd-ahs OhBLER GM@MnHf tak | easic dh Wil §063kagesAS

expl ai ned above, the hydrodesul furization 15 catalyst of the invention and
the hydr odesyidiezat | HTnOE 0CBSS SrewaYt NP1t «3aN PESEePIm®S ebbAtain

hydr ogenati on and thus adequately inhibit octane nunber reduction.
thiols, a gasoline sweetening apparatus is preferably
installed either after the reaction column of the
hydrodesulfurization apparatus, or after the
hydrodesulfurization apparatus itself.
10 {0061]
The gasocline stock containing the catalytically
cracked gasoline obtained by the desulfurization
process of this embodiment may be used alone as a
gasoline product, but normally it 1s preferably used as
15 a gasoline product in admixture with another gasoline
stock. Various other gasoline stocks may be used
including, for example, desulfurized straight run
gasoline, thermally cracked gasoline, catalytically
reformed gasoline, isomerized (gasoline, alkylated
20 gasoline, residues remaining after removing aromatic
hydrocarbons from catalytically reformed gasoline

{sulfolane raffinate}, and the like.

(008621
Among these gasoline stocks other than
25 catalytically cracked gasoline, there 1s preferred

catalytically reformed gasoline having an Research -
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The aforenmentioned inhibiting effect is exhibited even nore notably when
carrying out hydrodesul furization of 20 feed oil containing catalytically
cracked gasoline with a high olefin content. The hydrodesul furization
catal yst and hydrodesul furization process are therefore highly selective
for hydrodesul furization. Thus, by applying the hydrodesul furization
catal yst of the 25 invention and the hydrodesul furizati on process
enploying it, it is possible, without nmgjor investment 30 5 10 in
equi pnment, to efficiently produce a gasoline stock allow ng production of
sul fur-free gatanendiumpamg{RONsubfurdcont egteafeno gris epropantién ppm by
wei ght. [Exanples] [0064] The invention will now be explained in greater
detail by exafpl eatalWwthcehéyundefstrandi ngathdtinthese thanpjasohieein no
way |imtative on the invention. (Exanple 1) [0065] in a steam
j acket - equi ppeddneactiar prefferabdne adnuwsted00og20+5aqwedts allm thubs sul fate
(3.9 % alum na copcentration) and 500 g of sodiumalumnate (1.9 W%
al um na conceaseati th whikénbgeaprogoati6fC, of5 theobgasol ame al sito cla
hydrate slurry. After filtering and washing the slurry, 50 m of 27%
aqueolsls ammopbaained by the desulfurization process of this
embodiment will be preferably no greater than 60 volsg.
If the mixing proportion of the gasoline stock is
within this range, it will be possible to obtain a
large amount of high-gquality, low-sulfur gasoline
10 product with a high octane number, having a sulfur
content of no greater than 10 ppm by weight and an
olefin content of at least 10 wt%.
(0063]
As explained above, the hydrodesulfurization
15 catalyst of the invention and the hydrodesulfurization
process employing it can prevent olefin hydrogenation
and thus adequately inhibit octane number reduction.
The aforementioned inhibiting effect is exhibited even
more notably when carrying out hydrodesulfurization of
20 feed 0il containing catalytically cracked gasoline with
a high olefin content. The hydrodesulfurization
catalyst and hydrodesulfurization process are therefore
highly selective for hydrodesulfurization. Thus, by
applying the hydrodesulfurization catalyst of the

25 invention and the hydrodesulfurization process

employing it, it is possible, without major investment -
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and 100 m of distilled water were added and the mxture was stirred at
90C for 12 hours to obtain alumna hydrate with an alum na concentration
of 24% 20 The obtai ned hydrate was concentrated and kneaded whil e

mai ntai ning the tenperature. at 95C, and then 110 nL of aqueous rcopper
nitrate containing 140.0 g of copper (Ill) nitrate pentahydrate was added.
[0066] 25 After kneading, the mxture was extrusion nolded into a 1/16

i nch col umar shape, dried at 110C for 2 31 hours and then fired at 550C
for 1 hour to obtain a support. The copper content in the support was 5.1
W % based onnoxédleinmdri}67¥o = MNEdlerdA¥ nbroduveat ar g laddedstock50 g of
ammoni um nol ybdenate ((NH4) 6Mb7Q24.4H20) , the m xture was heated to

di ssol ution, adndwiingn pooduotidasict nisakEur-cacbongd so ( MEChaing( Q) 2.
4H20 was added to the aqueous solution to prepare an inpregnating
solution. Afterfi@ tbanehmpbEgnat ghgaiteri nhan500 gpaf bguppoghtby the pore-
filling nethod, the support was fired at 550C for 2 hours. The specific
area of the catal ygkamptlasped in this manner was 240 nB/g, and the pore
volune was 0.49 nl/g. The supported netals were 4.9 % N as NiO and 15
14.7 & % Mo as Mo@B0o6@49068) A 50 g portion of the obtained catal yst was
packed

The invention will now Dbe explained in greater
detail by examples, with the understanding that these
examples are in no way limitative on the invention.

{(Example 1)

10 [0065]

In a steam Jjacket-equipped reactor there were
mixed 400 g of aqueous aluminum sulfate (3.9 wt%
alumina copcentration) and 500 g of sodium aluminate
(1.9 wt% alumina concentration) while heating at 60°C,

15 to obtain an alumina hydrate slurry. After filtering
and washing the slurry, 50 ml of 27% aqueous ammonia
and 100 ml of distilled water were added and the
mixture was stirred at 90°C for 12 hours to obtain
alumina hydrate with an alumina concentration of 24%.

20 The obtained hydrate was concentrated and kneaded while
maintaining the temperature at 95°C, and then 110 mL of
aqueous copper nitrate containing 140.0 g of copper
(II) nitrate pentahydrate was added.

[0066]

25 After kneading, the mixture was extrusion molded

into a 1/16 inch columnar shape, dried at 110°C for 2 -
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into a fixed-bed downfl oW bench reactor, and then the tenperature was
gradually increased to 300C in a 20 hydrogen stream containing 5 vol %
hydrogen sul fide, for 4 hours of pre-sulfurization. Next, the tenperature
was | owered to 230C, and catalytically cracked gasoline was allowed to run
t hrough for hydrodesul furization under conditions wwth a 25 tenperature of
240C, a pressure of 2 MPa, an LHSV of 4 h-1 and a hydrogen/oil.ratio of
250 NL/L. The 32 5 10 properties of the catalytically cracked gasoline were
a density of 0.733 g/cnB at 15C a boiling point of 31- 198C, a RON of 91,
a sul fur contheMrsofamd spaRbyEingd ght 2738 &n ©iefinhevat &m ePtdbnval %

[0069] As a result, the sulfur content of the obtained product oil was
3.4 ppm by WSUHPOI06% B SIRRE 7 seoBEenef incthacyyppant vae 6l &f W
hydrogenation rate was 13% (RON = 89). (Exanple 2) [0070] A catalyst was
prepared in theeshwm oxiges.as in the same manner as Exanple 1, except that
aqueous zinc nitrate containing 155.0 g of zinc (Il) nitrate 15
hept ahydrate was U$éb7iinst ead of the aqueous copper nitrate containing
140.0 g of copper (Il) nitrate
5 Next, 330 mL of water was added to 150 g of
ammonium molybdenate ((NHy)¢M07024°4H,0}, the mixture was
heated to dissclution, and then €9 g of basic nickel
carbonate (NiCO3-2Ni(OH),-4H;0) was added to the agueous
solution to prepare an impregnating solution. After
10 then impregnating it into 500 g of support by the pore-
filling method, the support was fired at 550°C for 2
hours. The specific area of the catalyst obtained in
this manner was 240 m’/g, and the pore volume was 0.49
nL/g. The supported metals were 4.9 wt% Ni as NiQ and
15 14.7 wt? Mo as MoOs;.
[0068)
A 50 g portion of the obtained catalyst was packed
into a fixed-bed downflow bench reactor, and then the
temperature was gradually increased to 300°C in a
20 hydrogen stream containing 5 vol% hydrogen sulfide, for

4 hours of pre-sulfurization. Next, the temperature

was lowered to 230°C, and «catalytically cracked

gasoline was allowed to run through for
hydrodesulfurization under conditions with a

25 temperature of 240°C, a pressure of 2 MPa, an LHSV of 4
h™ and a hydrogen/oil ratio of 250 NL/L. The .
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pent ahydrate. The zinc content of the support was 4.9 w%in ternms of

oxi des, and the catalyst had a specific area of 220 nB/g and a pore vol une
of 0.44 ni/g. The 20 supported netals were 4.8 % N as N O and 14.8 wt %
Mo as Mb(3. [0071] A 50 g portion of the obtained catal yst was subjected
to pre-sulfurization in the sane manner as 25 Exanple 1. This was foll owed
by hydrodesul furization under the sane conditions as in Exanple 1. As a
result, 33 the sulfur content of the obtained product oil was 3.9 ppm by
wei ght (96% desul furization efficiency), and the olefin hydrogenation rate

was 14% (RONpr 3kt ieEX@dmlthed)cata IPOIZd 1 AR &tadkd@ ?¥Q6P§.§e Wgerergpared
in the sanme manner as Exanple 1, and after” concentrafing and kneadi ng

whi | e mai nt aigunid thhe £ eIPEI Rt 4y EnAt a05€5°L!, Washo XM OThETb fed into a
1/ 16 inch colu#hargghape, drieg 10 a? 110C for 2cﬁbur§H§%d fﬂgﬁéf?%ed at

550C for 1 hqugect,o obti 3eSUPPOrty Ahiehri MUAUIAL i Bg 348 [Hémpfb agueous
copper nitrate containing 87.5 g of copper (lIl1) nitrate per~tahydrate into

500 g of the RRt@NgdgsupPanribY cbieeper 6¢f klgl k3g ¢met hod, the support was
fired at 15 550C for 1 hour. The copper content in the support was 5.2 wt%

based son oxi des. [[0@@33}

As a result, the sulfur content of the obtained
product oil was 3.4 ppm by weight (96% desulfurizatiocon
efficiency), and the olefin hydrogenation rate was 13%
(RON = 89).

10 (Example 2)

(00701

A catalyst was prepared in the same manner as in
the same manner as Example 1, except that agqueous zinc
nitrate containing 155.0 g of zinc (II} nitrate

15 heptahydrate was used instead of the agqueous copper
nitrate containing 140.0 g of copper (II} nitrate
pentahydrate. The zinc content of the support was 4.9
wt% in terms of oxides, and the catalyst had a specific
area of 220 m’/g and a pore volume of 0.44 mlL/q. The

20 supported metals were 4.8 wt% Ni as NiO and 14.8 wt% Mo
as MoOs.

[0071]

A S0 g portion of the obtained catalyst was
subjected to pre-sulfurization in the same manner as

25 Example 1. This was followed by hydrodesulfurization

under the same conditions as in Example 1. As a result, -
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Next, 220 mL of water was added to 100 g of ammoni um nol ybdenate ((NH4)
6M724 4H20) , the m xture was 20 heated to dissolution, and then 46 ¢
of basic nickel carbonate (Ni CO3.2Ni (OH) 2.4H20 was added to the aqueous
solution to prepare an inpregnating solution. After then inpregnating it
into 330 g of support by the pore- filling nethod, the support was fired at
550C for 2 25 hours. The specific area of the catalyst obtained in this
manner was 220 nB/g, and the pore volunme was 0.43 34 nlL/g. The supported
netals were 5.0 w% N as NNO and 15.1 wt% Mo as MDO3 (00741 A 50 g

portion of theeokidifmad cattdntstoMagheSobtihjitelied dortute-csiul fwdd zatpon in
the sanme manner as Exanple 1 - This was foll owed by hydrodesul furization

under the sappmCedivdigrs a@é deupterizat’vo éesikiencyhe sndf thecont ent
of the obtained product oil was 4.7 ppm by weight (95% desul furization

efficiency), cag¢ihhaydi8qgehatiBnhydtegqast ias rnaby wagsis% (RON = 89).
(Exanple 4) (0075] A catalyst was prepared in the sanme manner as Exanpl e
3, except that 119gfkafpdt 3inc (I1) nitrate 15 heptahydrate was used
instead of 87.5 g of copper (lIl) nitrate pentahydrate. The zinc content of
the suypport was 4097#% in terns of oxides, and the catalyst had a
specific area of 220 1t3/g and a pore volune of 0.43 ni/g.

An alumina hydrate was prepared in the same manner
as Example 1, and after concentrating and kneading
while maintaining the temperature at 95°C, it was
extrusion molded into a 1/16 inch columnar shape, dried

10 at 110°C for 2 hours and then fired at 550°C for 1 hour

to obtain a support. After impregnating 310 mL of

agqueous copper nitrate containing 87.5 g of copper (II)

. nitrate pentahydrate into 500 g of the obtained support

by the pore-filling method, the support was fired at

15 550°C for 1 hour. The copper content in the support
was 5.2 wt® based on oxides.

[0073]

Next, 220 mL of water was added to 100 g of
ammonium molybdenate ((NH;)sM09024-4H;0), the mixture was

20 heated to dissolution, and then 46 g of basic nickel
carbonate (NiCQ;-2Ni (OH):-4H;0) was added to the aqueous
solution to prepare an impregnating solution. After
then impregnating it into 330 g of support by the pore-
filling method, the support was fired at 550°C for 2

25 hours. The specific area of the catalyst obtained in

this manner was 220 nﬁ/g, and the pore volume was 0.43 -
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The supported netals were 5.0 % N as NNO and 15.0 20 wt % Mo as MIO3.
(00761 A 50 g portion of the obtained catal yst was subjected to
pre-sul furization in the sane manner as Exanple 1. This was foll owed by
hydr odesul furizati on 25 under the same conditions as in Exanmple 1. Az a
-result, the sulfur content of the obtained product oil was 4.9 35 5 ppm
by wei ght (95% desul furization efficiency), and the olefin hydrogenation
rate was 17% (RON = 88). (Exanple 5) [0077] A catalyst was prepared in
the same manner as Exanple 1, except that 200 nL of an aqueous sol ution
cont ai ni ng 9M&/g-of The csEPRET beet Bebalst Wahpdidale Wids Niusasl ¥h@t ead of the
110 nmL of aqueous copper nitrate containing 140.0 g of copper (lIl) nitrate
pent ahydr at e151.3 wt& Yot @sbM@@seont ent of the support was 1.0 w%in terns
of oxides, and the catal yst had a specific area of 250 nB/g and a pore
vol ume of 0.48 nlL/{§078He supported zetals were 4.9 W% N as N O and 14.9
w% M as MbGB. 15 (0078] A 50 g portion of the obtained catalyst was
subj ected to pre-&ul Bdri Zat portipnt hefsatbenrnnbtriasd Exatplgst. Whss was
foll owed by hydrodesul furization
5 subjected to pre-sulfurization in the same manner as
Example 1. This was followed by hydrodesulfurization
under the same conditions as in Example 1. As a result,
the sulfur content of the obtained product oil was 4.7
ppm by weight (95% desulfurization efficiency), and the
10 olefin hydrogenation rate was 15% (RON = 89).
{(Example 4)
(0075]
A cataplyst was prepared in the same manner as
Example 3, except that 118.7 g of zinc (II} nitrate
15 heptahydrate was used instead of 87.5 g of copper (II)
nitrate pentahydrate. The zinc content of the support
was 4.9 wt% in terms of oxides, and the catalyst had a
specific area of 220 m’/g and a pore volume of 0.43 mL/g.
The supported metals were 5.0 wt®% Ni as NiO and 15.0
20 wt¥ Mo as MoO;.
[0076]
A 50 g portion of the obtained catalyst was
subjected to pre-sulfurization in the same manner as
Example 1. This was followed by hydrodesulfurization

25 under the same conditions as in Example 1. As a result,

the sulfur content of the obtained product oil was 4.9 -
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under the sane conditions as in Exanple 1. As a result, 20 the sulfur
content of the obtained product oil was 3.0 ppmby weight (97%
desul furi zation efficiency), and the olefin hydrogenation rate was 11%
(RON = 90). (Exanple 6) (0079] 25 A catalyst was prepared in the sane
manner as Exanple 1, except that 200 nL of an aqueous sol ution 36
containing 13.0 g of yttrium acetate tetrahydrate was used instead of the
110 nL of aqueous copper nitrate containing 140.0 g of copper (Il) nitrate
pent ahydrate. The yttriumcontent of the support was 1.1 w%in terns 5 of

oxi des, and tha Al lysdhthaoss spesaiferos e &l efbicBi8ypndangpene vol ume
of 0.44 nlL/g. The 'supported netals were 4.9 % N as NNO and 14.9 wt % M

as MGB. [0Q3Qlrid 3YdFoRRHEIBROL altlRe waldt ai7Bed roAt al }asgr.was 10 subj ect ed
to pre-sulfurization’in the sane manner as Exanple 1. This was followed by

hydrodesul furi zat i @xanpiders)t he same conditions as in Exanple 1. As a

result, the sulfur,. content of the obtained product oil was 3.3 ppm by
wei ght (96% desul figgizzati on efficiency), and the 15 olefin hydrogenation
rate was 12% (RON = 90). (Exanple 7) [0081] A catalyst was prepared in

the same manner ag ExgfRi9st, waseRirddidleL0OnnieRé ahmduedusetol 4ki on
Example 1, except that 200 mL of an aqueous scolution
containing 9.6 g of ytterbium acetate tetrahydrate was
used instead of the 110 mL of aqueous copper nitrate
containing 140.0 g of copper (II) nitrate pentahydrate.
10 The ytterbium content of the support was 1.0 wt% in
terms of oxides, and the catalyst had a specific area
of 250 m/g and a pore volume of 0.48 mnL/g. The
supported metals were 4.9 wt% Ni as NiO and 14.9 wt% Mo
as MoOs;.
15 (0078]
A 50 g portion of the obtained catalyst was
subjected to pre-sulfurization in the same manner as
Example 1. This was followed by hydrodesulfurization
under the same conditions as in Example 1. As a result,
20 the sulfur content of the obtained product oil was 3.0
ppm by weight (97% desulfurization efficiency), and the
olefin hydrogenation rate was 11% (RON = 30}.
{Example 6)
[0079]
25 A catalyst was prepared in the same manner as

Example 1, except that 200 mL of an aqueous solution -
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20 containing 10.3 g of cerium acetate nonohydrate was used instead of the
110 nmL of aqueous copper nitrate containing 140.0 g of copper (ll) nitrate
pent ahydrate. The cerium content of the support was 1.2 wt% in ternms of
oxi des, and the catalyst had a specific area of 240 25 n8/g and a pore

vol une of 0.46 nlL/g. The supported netals were 4.7 ww% N as N O and 14.7
wt % Mo as Mb(B. 37 [00821 A 50 g portion of the obtained catal yst was

subj ected to pre-sulfurization in the same nanner as Exanple 1. This was
foll owed by hydrodesul furization 5 under the sanme conditions as in Exanple

1. As a resuldontaifgngul {310 content yetrin elicdiated guioeiiojdnite Waas4. 1
ppm by wei ght (95% desul furization efficiency), and the olefin

hydr ogenat i o gedt iMeSeddYoERANe 89). dIFXafplagubusldyids] niteatal yst
was prepared in the sane manner as Exanple 3, except that 310 nL of an

aqueous sol UtdoRfta i¢ARMGRI NG, - Jf OcObp¥tt €Lh) upl aegtat pehekhahydtate was
used instead of the 310 nL of aqueous copper nitrate 15 contalning 87.5 ¢

of copper (I heNidttatitmperdratattt ajfe. thd hsupbd £ bisalin copteny eh themgupport
was 1.2 wt%in terns of oxides, and the catal yst had a specific area of

250 nB g and oF RiRiasD) Wi Ofh8. 48taLLEt The Supnuied etéd sopepess. 1 w %
Ni as NNO and 14.9 wt% Mo 20 as Md03 .
m°/g and a pore volume of 0.44 mL/g. The supported
metals were 4.2 wt% Ni as NiO and 14.9 wt% Mo as MoO;.
[0080]
A 50 g portion of the obtained catalyst was
10 subjected to pre-sulfurization in the same manner as
Example 1. This was followed by hydrodesulfurization
under the same conditions as in Example 1. As a result,
the sulfur,K content of the obtained product oil was 3.3
ppn by weight (96% desulfurization efficiency), and the
15 olefin hydrogenation rate was 12% (RON = 90).
(Example 7)
{00B1]
A catalyst was prepared in the same manner as
Example 1, except that 200 mL of an aqueous solution
20 containing 10.3 g of cerium acetate monohydrate was
used instead of the 110 mL of aqueous copper nitrate
containing 140.0 g of copper (II) nitrate pentahydrate.
The cerium content of the support was 1.2 wt% in terms
of oxides, and the catalyst had a specific area of 240
25 m*/g and a pore volume of 0.46 mL/g. The supported

metals were 4.7 wt3 Ni as NiQ and 14.7 wt% Mo as MoO;. -
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(0084] A 50 g portion of the obtained catal yst was subjected to
pre-sulfurization in the same manner as Exanple 1. This was foll owed by
hydr odesul furi zati on 25 under the sanme conditions as in Exanple 1. As a
result, the sulfur content of the obtained product oil was 4.8 38 5 ppm by
wei ght (95% desul furization efficiency) , and the olefin hydrogenation
rate was 16% (RON = 88). (Exanple 9) [0085] A catalyst was prepared in
t he sane manner as Exanple 1, except that 158 g of cobalt nitrate
(CAN®B) 2-6HzO was used instead of the 69 g of basic nickel carbonate
(NNCO 3 - 2N (OH)[0BB2]4H20) . The copper content of the support was 5.0
w%in ternms of oxides, 10 and the catal yst had a specific area of 230 ng
and a pore voluma of00. 43 mbrgiohhe ofupphet edbietiakbd weaealgs® w8sCo as
CoO and 15.0 wt% Mo as MD03. [ 00 8 61, A 50 g portion of the obtained
cat al yst was sub§ egttljdect ®d pre pra-faidifastizal | N ithet hgameMmamiyIer ags
Exanple 1. This was foll owed by hydrodesul furization under the sane
condi ti ons a&xiampeanpl e Thiks wasedwll oweldhebguhf/dtodestettrbtat hen
obt ai ned product oil was 3.0 ppm by weight (97% desul furization
ef fici®ency), vadért hthe 2ana efdrdityidrogermt irorExaigEl eval. 1286 (ROhesu o) .
the sulfur content of the obtained product oil was 4.1
ppm by weight (95% desulfurization efficiency), and the
olefin hydrogenation rate was 14% (RON = 89).
(Example B8)
10 (0083]
A catalyst was prepared in the same manner as
Example 3, except that 310 mlL of an aqueous solution
containing,5.4 g of ytterbium acetate tetrahydrate was
used instead of the 310 mL of aqueous copper nitrate
15 containing 87.5 g of copper (II) nitrate pentahydrate.
The ytterbium content of the support was 1.2 wti% in
terms of oxides, and the catalyst had a specific area
of 250 m’/g and a pore volume of 0.48 ml/g. The
supported metals were 5.1 wt% Ni as NiO and 14.9 wt% Mo
20 as ModQs;.
[ooB4]
A 50 g portion of the obtained catalyst was
subjected to pre-sulfurization in the same manner as
Example 1. This was followed by hydrodesulfurization

25 under the same conditions as in Example 1. As a result,

the sulfur content of the obtained product oil was 4.8 -
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(Exanpl e 10) [00871 A catalyst was prepared in the same manner as Exanple
2, except that 158 g of cobalt nitrate 25 (Co(NO03)2' 6H20) was used instead
of the 69 g of basic nickel carbonate (NNCO3 - 2N (OH) 2 - 4H20) . The
zinc 39 5 content of the support was 5.1 w%in terns of oxides, and the
catal yst had a specific area of 230 nB/g and a pore volunme of 0.43 niL/g.
The supported netals were 4.9 wt% Co as CoO and 14.9 wt % No as MD0O3 (00881
A 50 g portion of the obtained catal yst was subjected to pre-sulfurization
in the sane manner as Exanple 1. This was foll owed by hydrodesul furization

under the sampnCidivddiofs apai &XeiDierizavsord é£5ikiendP) | hgngULhHr
content of the obtained product oil was 3.1 ppmby weight (97%

desul furi zat iqQR fahf heideaerhatadd tthee ohefiigshydoggengsion rate was 12%
(RON = 90). (Exanple 11) [0089] 15 A catalyst was prepared in the sane

manner as Exanpl qgkam@teepy that 158 g of cobalt nitrate (Co(NO3)26H20)
was used instead of the 69 g of basic nickel carbonate (N C03.2N (OH)
2.4H20) . The ytteqpbiggm content of the support was 1.0 w%in terns of
oxi des, 20 and the catalyst had a specific area of 235 nB8/g and a

5 A catalyst was prepared in the same manner as
Example 1, except thdt 158 g of cobalt nitrate
(Co(NO3)2*6H;0) was used instead of the 69 g of basic
nickel carbonate (NiCQ3-2Ni(OH}z-4H,0). The copper
content of the support was 5.0 wt% in terms of oxides,

10 and the catalyst had a specific area of 230 m’/g and a
pore volume of 0.43 mL/g. The supported metals were
4.9 wt% Co as Co0 and 15.0 wt% Mo as MoQs.
[0086]
A 50 g portion of the obtained catalyst was
15 subjected to pre-sulfurization in the same manner as
Example 1. This was followed by hydrodesulfurization
under the same conditions as in Example 1. As a result,
the sulfur content of the obtained product oil was 3.0
ppm by weight (97% desulfurization efficiency), and the
20 olefin hydrogenation rate was 12% (RON = 90).
{(Example 10}
[0087]
A catalyst was prepared in the same manner as
Example 2, except that 158 g of cobalt nitrate
25 (Co {NO3)2' 6H,0) was used instead of the 68 g of basic

nickel carbonate (NiCOs+ 2N1i (OH) ;- 4H;0) . The zinc -
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pore volune of 0.44 nL/g. The supported netals were 4.8 w% Co as Coo and
14.8 wt% Mo as Mb03. [0090] A 50 g portion of the obtained catal yst was

25 subjected to pre-sulfurization in the same manner as Exanple 1. This was
foll owed by hydrodesul furization 40 under the sane conditions as in Exanple
1. As aresult, the sulfur content of the obtained product oil was 2.1

ppm by wei ght (98% desul furization efficiency), and the olefin

hydr ogenati on rate was 10% (RON = 90). 5 (Exanple 12) [0091] A catal yst
was prepared in the sane manner as Exanple 7, except that 158 g of cobalt

nitrate (CodMNe@htZ o5HAQA 4@ ( O_?géﬁﬁdwlagﬂseqd vﬂ:f% the 6&s 0brbagiQeslO

ni ckel carbonate (N CQO3. 2N 4H20 The cerium content of the slUpport
was 1.0 wt % igho &I @stﬂw@%adaad nya%ﬁ%ala»e%a hogl B36PRTIS | gn@r g2 0;

240 n8/g and a pore volune of 0.4 /g. The supported netals were

W % Co as CoQapd oy fhaM YEMy a3 'VHQ?g' S (@ng]sug %Qt%dp%e%] £ OfeLbe

obtalned catalyst was subjected to pre-sulfuriz |on in the sane nmanner as

Exanple 1. Thi g Wwas$ Eglggwggobgn@quo@eg%gfﬂgl gtMBpurunder the sane

conditions as in Exanple 1. a result, 20 the sul content of the
obt ai ned product  Qqigly g¢as 2 4 ppm by melght (97% desul furi zation
efficiency), and the

A 50 g portion of the obtained catalyst was
subjected to pre-sulfurization in the same manner as
Example 1. This was followed by hydrodesulfurization
under the same conditions as in Example 1. As a result,

10 the sulfur content of the obtained product oil was 3.1
ppm by weight (97% desulfurization efficiency), and the
olefin hydrogenation rate was 12% (RON = 90).

(Example 11)

{00B9]

15 A catalyst was prepared in the same manner as
Example 5, except that 158 g of cobalt nitrate
{Co{NQ3)2-6H;0) was used instead of the 69 g of basic
nickel carbonate {NiCO0;+2Ni (OH):-4H,0). The ytterbium
content of the support was 1.0 wt% in terms of oxides,

20 and the catalyst had a specific area of 235 m’/g and a
pore volume of 0.44 mnml/g. The supported metals were
4.8 wt% Co as CoO and 14.8 wt¥ Mo as MoOs.

[00390]

A 50 g portion of the obtained catalyst was

25 subjected to pre-sulfurization in the same manner as

Example 1. This was followed by hydrodesulfurization -
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ol efin hydrogenation rate was 10% (RON = 90). (Exanple 13) (0093] 25 A
catal yst was prepared in the sane manner as Exanple 6, except that 158 g
of cobalt nitrate 41 (Co(NO3)2-6H20) was used instead of the 69 g of basic
ni ckel carbonate (N C03.2N1 (OH) 2. 4H20) . The yttrium content of the
support was 1.1 wt% in terns of oxides, and the catalyst had a specific
area of 240 nB/g and a 5 pore volune of 0.45 nL/g. The supported netals
were 4.9 wt% Co as Coo and 14.9 wt % Mo as Mb03. [0094] A 50 g portion of
t he obt ai ned catalyst was subjected to pre-sulfurization in the sane

manner as 10 o sl ot igh0uRd By dysliodestl f Ukl 22t gudp under

t he sane con |t|ons as in re t he su ur content of

r
el 1 S.blteﬁl;Sfd e e, e#*?%-'ﬁc b oERG PRRer BES e TS, (AN 508 T

Ex 14 0 |
5, extept aph? i o5 B A D D ol Lt heread o

{he 46 g of R3YrGn’RyArEEBhaEA6ROREEE LAERBL2NROML256120) . The ytterbium

5 (Example 12)
(0091]
A catalyst was prepared in the same manner as
Example 7, except that 158 g of «cobalt nitrate
(Co{NQO3),+6H;0) was used instead of the 69 g of basic
10 nickel carbonate (NiCOs-2Ni(OH),-4H,0). The cerium
content of the support was 1.0 wt% in terms cof oxides,
and the catalyst had a specific area of 240 m’/g and a
pore volume of 0.43 mL/g. The supported metals were
4.8 wt% Co as CoO and 15.0 wt% Mo as MoOs.
15 {oo9z2]
A S0 g portion of the obtained catalyst was
subjected to pre-sulfurization in the same manner as
Example 1. This was followed by hydrodesulfurization
under the same conditions as in Example 1. As a result,
20 the sulfur content of the obrained product oil was 2.4
ppm by weight {97% desulfurization efficiency), and the
olefin hydrogenation rate was 10% (RON = 30).
(Example 13)
(0093]
25 A catalyst was prepared in the same manner as

Example 6, except that 158 g of cobalt nitrate
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content of the support was 1.0 wt% in terns of oxides, and the catalyst
had a specific area of 230 n8/g and a pore volune of 0.46 nL/g. The
supported netals were 5.0 wt% Co as CoO and 14.9 wt % No as MD0O3 (0096] A
50 g portion of the obtained catal yst was 42 subjected to pre-sulfurization
in the sane manner as Exanple 1. This was foll owed by hydrodesul furization
under the sanme conditions as in Exanple 1. As a result, the sulfur content
of the obtained product oil was 3.5 5 ppm by wei ght (96% desul furization
efficiency), and the olefin hydrogenation rate was 13% ( RON = 89).

(Exanpl e 15) (cQ@97], AGabalysd WBedPreRAA | i1t ReSae® FRUEIbagic10
Exanpl e 14, except t%at 200 nL of an aqueous solution containing 10.3 g of

cerium acet ahg cRIohydiabaatas (Nsed,i nsi eadh pfar, B8 310 dheof yapragyeous.
solution containing;: 5.4 g of ytterbium acetate tetrahydrate. The cerium

content of the $upROde WAt lofodb# i Datels R s0fipxidas aRdokbgegatalyst

had a specific area of 230 g and a pore volune of 0.46 nL/g.

supported nghal $heer& by W RLP &S sge&%@go%e% Y £0 Mo ags NP QB4 [ Q098] A

50 g portion of the obtained catal yst was subj ected to

Er e-sul furi Z?bir%”_x}cﬁﬁr&e §8MR) MENNRL/§S  ENAIPLEphor £BUS Mas TPl ,oped by
ydr odesul furi zati on
4.9 wt% Co as Co0 and 14.9 wt% Mo as MoOs.
[(0094]
A 50 g porticn of the obtained catalyst was
subjected to pre-sulfurization in the same manner as
10 Example 1. This was followed by hydrodesulfurization
under the same conditions as in Example 1. As a result,
the sulfur content of the obtained product oil was 2.8
ppm by weight (97% desulfurization efficiency), and the
olefin hydrogenation rate was 11% (RON = 90).
15 (Example 14)
[0095]
A catalyst was prepared in the same manner as
Example 8, except that 158 -g of cobalt nitrate
(Co (NQ3) 2+ 6H0) was used instead of the 46 ¢ of basic
20 nickel carbonate (NiCQ0s-2Ni{(OH),;-4H,0). The ytterbium
content of the support was 1.0 wt% in terms of oxides,
and the catalyst had a specific area of 230 m‘/g and a
pore volume of 0.46 nL/g. The supported metals were
5.0 wt% Co as CoO and 14.9 wt% Mo as MoOs.
25 [008e6]

A 50 g portion of the obtained catalyst was -
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under the sane conditions as in Exanple 1. As a result, the sulfur content
of the obtained product oil was 3.5 ppm by weight (96% desul furization
efficiency), and the 25 olefin hydrogenation rate was 12% (RON = 90).
(Conparative Exanple 1) 43 [00991 An al um na support was obtained in the
sanme manner as Exanple 3, except that no agueous copper nitrate was added.
Next, 330 nL of water was added to 150 g of 5 anmoni um nol ybdenate ((NH4)
6Mb724 4H20) , the m xture was heated to dissolution, and then 69 g of
basi c nickel carbonate (NiC03. 2Ni (OH) 2. 4H20 was added to the aqueous
solution to pugfgertean topmpegratiligriclattionn. ikf ttdre shee irMEgnabsng it
into 500 g of support by the pore 10 filling nmethod, the support was fired

at 550C for Zxah@Ues.l The Myiecikas Foddooled hey ohydroadsadfaryshties 235
nB8/g, and the pore volune was 0.46 nL/g. The supported netals were 4.8 wt %

Ni as N O andnd4:r8 tife%gdme andi®3.onkS DI IELarifl & POr tA®naoteblitt,
obt ai ned catal yst was subjected to pre-sulfurization in the same manner as

Exanpl e 1. Thhe wag fid |owekrdty & dehdesblhunedaproptudtndarl ties sang
conditions as in Exanple 1. As a result, 20 the sulfur content of the

obt ai Bed progyat byi lwaiamtlO( 6% phaeblyEwei gt 1 {8884 tlbsidddy ) zadh@nthe
efficiency), and the
olefin hydrogenation rate was 13% (RON = 89).
(Example 15)
[0097)
A catalyst was prepared in the same manner as
10 Example 14, except that 200 mL of an agqueous solution
containing 10.3 g of cerium acetate monochydrate was
used 1instead of the 310 mL of an aqueous solution
containing. 5.4 g of ytterbium acetate tetrahydrate.
The cerium content of the support was 1.0 wt% in terms
15 of oxides, and the catalyst had a specific area of 230
m’/g and a pore volume of 0.46 mL/g. The supported
metals were 4.9 wt% Co as CoO and 14.9 wt¥% Mo as MoOs.
[(0098]
A 50 g portion of the obtained catalyst was
20 subjected to pre-sulfurization in the same manner as
Example 1. This was followed by hydrodesulfurization
under the same conditions as in Example 1. As a result,
the sulfur content of the obtained product oil was 3.5
ppm by weight (96% desulfurization efficiency), and the
25 clefin hydrogenation rate was 12% (RON = 90}.

(Comparative Example 1) -
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ol efin hydrogenation rate was 44% (RON = 78). 44 5 What is clained is: 1. A
hydr odesul furi zati on catal yst for gasoline fractions, which conprises a
support conposed mainly of alum na, a netal oxide containing at |east one
netal selected fromthe group consisting of iron, chromum cobalt,

ni ckel, copper, zinc, yttrium scandium and | anthanoid-based netals, for
nodi fi cation of said 10 support, and at |east one active netal selected
fromthe group consisting of Goup VIA and Goup VIIlI netals, |oaded on
said support. 2. The hydrodesul furization catalyst for gasoline 15
fractions accordin@osejclaim 1, which is used for hydrodesul furization of
gasoline fractions of which at |east 70 volt consists of a catalytically

cracked gasolineahr aQirdha JFupbta thyedastd fidd zad | Bfle Cabme YRhnhoF
gasoline 20 fractions according to claim 1, wherein the ratio of the

wei ght of saiad medagdplexiyje aMddbt eSRECind CadieouyetahpePf nsbkdreunpert is
1-30 % 4. The hydrodesul furization catal yst for gasoline fractions

accordi ng toaddaidm 1, nekeyeizssahl BEt atatedd Q¥bdadded @t alsoox) dgr
containing at |east one netal selected fromthe group consisting of copper,
zinc, 5 armonium molybdenate ((NH,)sM0702,-4H;0), the mixture was
heated to dissolution, and then 69 g of basic nickel
carbonate (NiCQs-2Ni(OH):-4H;0) was added to the aqueous
solution to prepare an impregnating solution. After
then impregnating it into 500 g of support by the pore-
10 filling method, the support was fired at 550°C for 2
hours. The specific area of the obtained catalyst was
235 m’/g, and the pore volume was 0.46 mL/g. The
supported metals were 4.8 wt% Ni as NiO and 14.8 wt% Mo
as MoQs;.
15 [0100]
A 50 g portion of the obtained catalyst was
subjected to pre-sulfurization in the same manner as
Example 1. This was followed by hydrodesulfurization
under the same conditions ag in Example 1. As a result,
20 the sulfur content of the obtained product oil was 10.5

ppm by weight (88% desulfurization efficiency), and the

olefin hydrogenation rate was 44% (RON = 78).
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45 yttrium | anthanum cerium neodym um samariumand ytterbium 5. The
hydr odesul furi zati on catal yst for gasoline fractions according to claim4,
wherein said netal 5 oxide is a netal oxide containing at |east one netal
selected fromthe group consisting of copper, zinc, yttrium cerium and
ytterbium 6. The hydrodesul furization catalyst for gasoline fractions
according to claim5, wherein said netal 10 oxide is ytterbium oxide or
ceriumoxide. 7. The hydrodesul furization catalyst for gasoline fractions
according to claim6, wherein said nmetal oxide is ytterbiumoxide. 8. The
hydr odesul furi zation catal yst for gasoline 15 fractions according to claim
1, which conprises, as said active netals, at |east one netal selected
from the gr@bptcdssicdningdofisG oup VIA netals | oaded at 10- 20 wt% i n
terns of its netal oxide with respect to the weight of said
hydr odesul furi zat ilon Ratydstdemndfati 20t l@astcadred yeit alfosel gasetifieom t he
group consisting of Goup VIII netals loaded at 3-6 W% in terns of its
net al oxi de drthtiespecwhiicht hempeiges of said hydrodesul furization
catal yst. 9. The hydrodesul furization catal yst for gasoline 25 fractions
accord@ ng to cl ai m guppbrthcospobedi nednby odfddilinmisa,d netal oxide to an
al um na precursor and 46

a metal oxide containing at least one metal

selected from the group consisting of iron, chromium,
cobalt, nickel, copper, zinc, yttrium, scandium and
lanthanoid-based metals, for modification of said
10 support, and
at least one active metal selected from the group
consisting of Group VIA and Group VIII metals, loaded
on sald support.
2. The hydrodesulfurization catalyst for gasoline
15 fractions according to claim 1, which 1is used for
hydrodesulfurization of gasoline fractions of which at
least 70 vol% consists of a catalytically cracked
gasoline fraction.
3. The hydrodesulfurization catalyst for gasoline
20 fractions according to claim 1, wherein the ratio of
the weight of said metal oxide with respect to the
waight of said support is 1-30 wt%.
4. The hydrodesulfurization catalyst for gasoline
fractions according to c¢laim 1, wherein said metal
25 oxide is a metal oxide containing at least one metal

selected from the group consisting of copper, zinc, -
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then firing the mxture to yield said support nodified wth said netal

oxi de, and | oading said active netals onto said support. 10. A

hydr odesul furi zati on process for gasoline 5 fractions wherein a gasoline
fraction is subjected to hydrogenation treatnment in the presence of a
desul furization catalyst for gasoline fractions conprising a support
conposed mainly of alumna, a netal oxide containing at |east one netal
selected from 10 the group consisting of iron, chrom um cobalt, nickel,
copper, zinc, yttrium scandium and | ant hanoi d-based netals, for

modi fi cati onyetrsand sbppohtnuapd serliemst neodyattmye smhatisel esh€d from
the group consisting of Goup 6A and G oup 8 netals, |oaded on said
support, 15 yadetbiemction conditions with a reaction pressure of 1-5 Mra,
an LHSV of 1-10 h-1, a reaction tenperature of 190-300'C and a

hydrogen/oi|l ratig, offhE00npAPodéklfepizabbdnt katadyakyHorexfa bl Sne
activity-of at |least 90% desulfurization efficiency and an olefin

hydrogenati ofiradfitnse ofcopdgngaties tdiaind0%, l¥heFhenhydaodestkfari zation

process for gasoline fractions according to claim9, wherein the sulfur

contept of thrigeodyctaoidetial nox pieakenthiaing0 PN oY st Weinghtme @R 47
selected from the group consisting of copper, zinc,
yttrium, cerium and ytterbium.

6. The hydrodesulfurization catalyst for gasoline
fractions according to c¢laim 5, wherein said metal

10 oxide is ytterbium oxide or cerium oxide.

7. The hydrodesulfurization catalyst for gasoline
fractions according to c¢laim 6, wherein said metal
oxide is ytterbium oxide.

B. The hydrodesulfurization catalyst for gasocline

15 fractions according to c¢laim 1, which comprises, as
said active metals, at least one metal selected from
the group consisting of Group VIA metals loaded at 10-
20 wt% in terms of its metal oxide with respect to the
weight of said hydrodesulfurization catalyst, and at

20 least one metal selected from the group consisting of
Group VIII metals loaded at 3-6 wt% in terms of its
metal oxide with respect to the weight of said
hydrodesulfurizaticn catalyst.

8. The hydrodesulfurization catalyst for gasoline

25 fractions according to claim 1, which is obtained by

adding said metal oxide to an alumina precursor and -
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10

15

20

25

then firing the mixture to yield said support modified
with said metal oxide, and loading said active metals
onto said support.

10. A hydrodesulfurization process for gasoline
fractions wherein a gasoline fraction is subjected to
hydrogenation treatment in the presence of a
desulfurization catalyst for gasoline fractions
comprising a support composed mainly of alumina, a
metal oxide containing at least one metal selected from
the group consisting of iron, chromium, cocbalt, nickel,
copper, zinc, yttrium, scandium and lanthancid-based
metals, for modification of said support, and at least
one active,metal selected from the group consisting of
Group 6A and Group 8 metals, loaded on said support,
under reaction conditions with a reaction pressure of
1-5 MPa, an LHSV of 1-10 h™, a reaction temperature of
190-300°C and a hydrogen/oil ratio of 100-600 NL/L, so
that the catalyst exhibits activity-of at least 90%
desulfurization efficiency and an olefin hydrogenation
rate of no greater than 40%.

11. The hydrodesulfurization process for gascline
fractions according to c¢laim 9, wherein the sulfur
content of the product oil is no greater than 10 ppm by

weight.
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