TI TLE OF THE | NVENTI ON Hydr odesul furi zation Catal yst and
Hydr odesul furi zati on Process For Gasoline Fractions BACKGROUND OF THE

| NVENTI ON 5Field of the Invention [0001]
Thepresenti nventi onrel at est oa hydrodesul furi zati on catal yst and

hydr odesul furi zati on process for gasoline fractions. 10Rel ated
Background Art [0002] Em ssion standards are currently being
est abl i shed throughout, the world for greenhouse gases such as carbon

di oxi de, and reducti S for such gases 15 are becom ng an
i ncreasingly ig:,}?dﬁg 5§§ag&$§§rﬂ¥$ch reduction neasure is to
ansportation internal
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bel i oved L hat AERCERE( BE GUTALUAS AEASHIoRR, et fon engines or | can

burn engi nes, ' r Ll | nced fuel efficiency, wll
becone even nD%ﬂbﬁBR ] fs' o . [ 0003] 25Neverthel ess, such
new systems pose a pYoPheftithe Invention

(0001]

The present invention relates to a

hydrodesulfurization catalyst and hydrodesulfurization
process for gasoline fractions.

10 Related Background Art

[oo002]

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 <control <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



t hat NO gases cannot be sufficiently renoved by using conventional
three-way catal ysts as NOrenoval catal ysts for exhaust gas. Although
several novel NO. renoval catal ysts have been proposed to deal with
this problem such NO renoval catalysts are generally 5 contan nated
by sul fur, which Iowers the NO renoval activity. This has required
further renoval of sulfur of the gasoline fuel itself, and in recent
years sone di scussion has regarded the need for gasoline with a

| f t ent b i ght 10("sul fur-f
asol  ne"). [ oooR e eRALT, HBRe e P LBt alEads't oy olibet | amabal

gasol i ne").
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cont & ni ng. ol of 1 omponent o hydr oqeaatan of “Re o TAE SECERLAL
of the gasoline fuel itself, and in recent years some
discussion has regarded the need for gasoline with a
sulfur content of no greater than 10 ppm by weight
10 ("sulfur-free gasoline"),
(00041
Incidentally, processes for production of gaseline
stocks iqplude appropriate treatment of gasoline
fractions obtained by reforming straight run gasoline
15 fractions yielded from distillation of crude o©il, or
treatment of gascline fractions obtained by cracking
heavy oil. 0f the product oils yielded by sﬁch
processes, catalytically - cracked gasoline fractions
obtained by fluid catalytic eracking {FCC) are
20 characterized by having rich olefin and aromatic
component contents compared to straight run gasoline,
as well as a high oc¢tane number.
[0005)
However, when it is attempted to accomplish

25 hydrodesulfurization of gasoline fractions containing

clefin components, hydrogenation of the olefins occurs



simul t aneously with the hydrodesul furization reaction. This has |ed
to a serious problemin which the octane nunber of the gasoline
fraction obtained by the hydrodesul furization process is reduced. The
5 hydrodesul furization process for gasoline fractions including
catalytically cracked gasoline fractions nust be selective by
preventing hydrogenation of the ol efin conponents while pronoting
only the hydrodesulfurization reaction. Such a process is al so

10known as "sel ecti desu urlzatl process” 6]
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sat ur at ed SU|f!ﬁcﬁﬁﬁﬁﬁﬁr%éﬁh1¥¥ﬁﬁﬂi crhBRE] H§%§+§§@|f s must

proposed a process of using a nol ybdenum and co cata avl ng
control | ed supper kevettiDee apg psaﬁa@tin§%§r H=3 oS J@l{&lf@ﬁ@fm
Transl ati on of PCT publication No. 2000-505358), a process for
preventing octameponeriey reducthide by copbbmati@@ W th énzgolite the
catal yst (see U S. Patent No. 5,352,354) and a process

hydrodesulfurization reaction. Such a process is also
10 known as "selective hydrodesulfurization process".
(000E]

Technologies such as the féllowing 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 gasoline ffactions 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 volume and



5 of using a catalyst subjected to specific pretreatnent (see U S.
Patent No. 4, 149,965). SUMMARY OF THE | NVENTI ON [0007] However, the
present inventors have found that 10 wth 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 bel ow 10 ppm by wei ght.
In addition, these prior art processes 15 require construction of
speci al apparatuses and the operating conditions nust be rmanaged for
each step, andsHepestts@rface waeane adapanesfef | Traralatdonerafs BT
equi pment i nvestent cost. (0008% 201t is an object of the present

i nvention to pPePLéeakiegdFededdPPuPP23%8bn eabrpyess afidr preventing
hydr odesul furi zati on process for gasoline fractions which exhibit

hi gh sel ecti ve Ry aREdEMPLEH iAMICOACBoRT | Cmtdmady oRy dridde rmat zeplidfe

olefins_generateg Zs Py- 25pﬁogucgsduringhydrodesulfurizationofthe
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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 cast.

{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



[ 0009] As a result of nuch diligent research directed toward
achieving the object stated above, the present inventors have
conpleted this invention based on the 10 discovery that it is
possi bl e to adequately prevent only hydrogenation of ol efins wthout
i nhibiting the hydrodesul furization reaction, by using a catalyst
havi ng theosupport nodified with a specific netal oxide, for

hydr odesul furi zati on of gasoline fractions. 15(0010] The

hydr odesul furizati on catal yst for gasoline fractions according to the
i nvention conpfPEREtANEpSERELasHPBEed ARl y off Aasdliae.a maral be
oxi de - containin% at ieasj one netal selected fromthe group 20
consi sting of AABAYBER+YBniiRRiIRIGEE ¢ toniRadaitaiaophlee | ogtmae ynumbem

scandi um and Iagtganohg-baied getgéé, for npdification of the
support, and alPii&stUSAEcieRFi¥ 4F1ag| fheedulivsm weatgpsupt the
consi sting of up . Vi A)..and Goup VIII(8) netals, |oaded on the
25support . The gg&f%?%ﬁé¥€ka*ﬁﬁ ht S?E%+¥;*é§lﬁy oxi Ferhath r eSPERYLN
t he wei ght of ch ort is nore preferably 1-30 wt% 10011]
The nmetal oxidée USéd 1s preferably a netal oxide containing at |east

one netal selected fgedgithe group 5 consisting of copper, zinc,
yttrium |anthanum ceri'um neodym um sanmarium and ytterbium nore

preferably a netal xxide s096p¢ NigR Mich €@l 1908 Meldlea ghecci Jtle@m

the group consisting of copper, zinc, yttrium ceriumand ytterblium
and further noreopdad eaahlyviid ethe UBb;2RLOXItAQr aBRkeYMt@% Jfiresdnih
ytterbi um oxi de being nost preferred for use. A hydrodesul furization
catal yst for gasodnteed rhave oreompliietkdemhliey siswamtioet dbased des Wikl
tend to ,1 exhibit very high hydrodesul furization selectivity. Use of
ceri umt8xi de |@dksiptary nphatedit is possible to adequately prevent

only hydrogenation of olefins without inhibiting the
hydrodesulfurization reaction, by using 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, c¢hromium, cobalt, nickel, copper,
zinc, yttrium, scandium and lanthancid-based metals,
for modification of Ehe 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 ratioc of the weight of the metal oxide

with respect to the weight o¢f the support is more



15econom ¢ benefits. 0012] The hydrodesul furization catalyst for
gasoline fractions according to the invention is preferably used
for hydrodesul furization of gasoline fractions of which 20at |east 70
vol % consists of a catalytically cracked gasoline fraction, since
this will allowits effect to be exhibited to a greater degree. '
(0013] In addition, the hydrodesul furization catal yst
25preferably conprises, as active netals, at |east one netal selected
fromthe group consisting of Goup VIA netals |oaded at 10-20 w% i n

terms of its mPE&fesrbdE Wr3® wikpect to the weight of the
hydr odesul furi zation catalyst, and at |east one netal selected from
the group consistindg®#tlGoup VI1I netals |loaded at 3-6 W% 5in terns

of its metal oxide with respect to the weight

The metal oxide used is preferably a metal oxide

containing at least one metal selected from the group
S consisting of copper, zinc, yttrium, lanthanum, cerium,
neodymium, samarium and ytterbium, more preferably a
metal oxide containing at least one metal selected from
the group consisting of copper, zinc, yttrium, cerium
and ytterbium, and furthermore preferably ytterbium
10 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

15 economic benefits. |

[0012]

The hydrodesulfurization catalyst for gasoline
fractions according to the invenéion is preferably used
for hydrodesulfurization of gasoline fractions of which

20 at least 70 vol% consists of 2 catalytically cracked
gasoline fraction, since this will allow its effect to
be exhibited to a greater degree. |

{0013)

In addition, the hydrodesulfurization catalyst

25 preferably comprises, as active metals, at least one

metal selected from the group consisting of Group VIA



of the hydrodesul furization catalyst. [0014] The hydrodesul furization
catalyst is preferably obt ai ned by adding the netal oxide to
an alum na 10precursor and than firing the mxture to yield a support
nodified with the netal oxide, and | oading the active netal (s) onto

t he support. (00151 Although the factors responsible for the high 15
hydr odesul furi zation selectivity exhibited by the

hydr odesul furi zati on catal yst of the invention are not fully
understood at the present tinme, the conjecture of the present
inventors is ameftellsowsadetd it BEFEevetdt hat tachs voEyité metal oxide
hydr ogenati on is reduced because the 20 netal oxide used to nodify

t he support inwadithctrespekscttiovdihe wieilghthe fadthievdmitodesol furization
hydr ogenati on of the olefins. At the same tine, presunably, it

i nhi bits react F8fawWsh, hyaicbgah siggdtdeony- meddlct sebécted s from the
responsi bl e for production of mercaptans, one of the 25reasons for

| oner desul f ur PFAEPoRCRF$FBIRASE GURie VI Inpebalsi sonrded | atr 36 iwis,

however, to these conjectured factors. X ‘
5 in terms of its metal oxide with respect to the weight

of the hydrodesulfurization catalyst.
(0014)
The hydrodesulfurization catalyst is 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 nmetal (s} onto the support. .
(0015)
Although the factors responsible for the high
15 hydrodesulfurization selectivit§ 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 production of mercaptans, one of the
25 reasons for lower desulfurization efficiency. There is

no particular limitation, however, to these conjectured



(0016] In the hydrodesul furization process for gasoline
fractions according to the invention, a gasoline 5 fraction is

subj ected to hydrogenation treatnent in the presence of the
desul furi zation catal yst for gasoline fractions descri bed above,
under reaction conditions with a reaction pressure of 1-5 MPa, an
LHSV of 1-10 ICl, a reaction tenperature of 190-300C and a
hydrogen/oil 10 ratio of 100-600 NL/L, so that the catal yst exhibits
activity of at |east 90% desul furization efficiency and a

hydr ogenati on fakceocek.no greater than 40% The sul fur content in the
obt ai ned product oil is preferably no greater than 10 ppm by wei ght.
15BRI EF DESCRI PTI ON{@F21&HE DRAW NGS (00171 Fig. 1is a
schematic illustration of a hydrodesul furization catal yst according
to a preferred enbo@inndiite ohydivaid suidhuriieatidf DESCRERF| A rOFgdsline
PREFERRED EMBCDI MENTS (0018) Preferred enbodi nents of the

i nvention w || frawtbengxpkaraeding deeai the(0fnvgntion, a gasoline

25Fi rst, apr ef erredenbodi ment of a hydrodesul furization catal yst for
gasol i ne@ fract £6agtion is subjecteéd 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 is a schematic illustration of a

hydrodesulfurization catalyst according to a preferred
embodiment of the invention.

20 DESCRIPTION QF THE PREFERRED EMBODIMENTS

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

hydrodesulfurization catalyst for gasoline fractions



according to the invention (hereinafter referred to sinply as

"desul furization catalyst”) will be described. This enbodi nent of the
desul furi zation catal yst conprises a support conposed mainly of
alumna, from5 the standpoint of increasing the specific area of the
catalyst. The alumna is preferably porous y-alumna (y-Al 203), but
a-al um na, p-alum na, anorphous alumna or the |ike may be used

I nstead. (0020] 10The support nay also contain silica (5i02), silica-
al um na (Si 02/ Al 203), boria (B203),titania (Ti02)1 nmagnesia (MO or
conpound oxi desaddeerddaly, and gy dhsentOodhai theapedapboers.réfftrred to
contents of these substances are preferably no greater than 5 wt %

W th respect taikplhasveidgsuldhrt het somppoatal ysit ™) heiillc bt eletsgribed.
exceed 5 % wi th respect to the support wei ght, acidic substances

wi || be generatldson ekeodixsanit ur oZat ithe catesyifuresatiamg icatalyst
accel erated coke production, and thereby affecting the

hydr odesul f uri zempsdsast idvi SYPPProchordeed| mainkst iodh abumingt . from

[ 0021] The al um na serving as the main conponent of the support
may be férnmed VW@ &Fadpeiing ok eifERasiadoithe mreahfis maesodbf the

neutralizing or hygrolyzin an 25al um.pnum salt or_alum nate or_a
met hod of hydr G&F2i¥gtan aﬁlﬁn’?\ WAL 48 mPEREGF ¥R URPEPRH YTt wnina

Also, a (y=Al:;03), but «-alumina, f-alumina, amorphous alumina
or the like may be used instead.

[0020]

10 The support may also contain silica (5i0Q;}, silica~
alumina (Si0;/Al,03), boria (B:0:), titania- (Ti0z),
magnesia (MgO)} or compound oxides thereof, and may also
contain prsphorus. The contents of these substances
are preferably no dJgreater than 5 wt% with respect to

15 the weight of the support. If their contents exceed S
wt® with respect to the support weight, acidic
substances will be generated 6n the desulfurization
catalfst“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 hydrelyzing an

25 aluminum salt or aluminate or a method of hydrolyzing

an aluminum amalgam or aluminum alcoholate. Also, a



comercially available alum na internedi ate or boehmte powder may be
used as the alum na precursor. (0022) The support of the

desul furization catalyst of 5 this enbodinent is nodified with a
net al oxide containing at | east one netal selected fromthe group
consisting of iron, chromum cobalt, nickel, copper, zinc, yttrium
scandi um and | ant hanoi d- based netal s. The support of the
desul furi zation catalyst of this 10 enbodinent is preferably
nodified with a nmetal oxide containing at | east one netal selected
fromthe group comsdriialdyofavedppble alaminytimtdrRediafihaUBoehmite
cerium neodym umi, samariumand ytterbium nore preferably nodified
with a netal oxpaleleromayi bengset dedsite alamkna petehrsstected from
the group consisting of copper, zinc, yttrium ceriumand ytterbium
furthernore preferall®p2@ddi fied with ytterbium oxide or cerium oxide,
and even nore preferably nodified with ytterbi umoxide. Since cerium
content in the typi Gile r avppentt PR20the desalfuriizetiomnazttadyst of
bast nasite and xenotine, is higher than other rare-earth el enents,
ceriumig i nexfdndi vesnposimentablis  (Redidfiesdd twittThez ecombad csoside
Rare Earths & Yttrium, 9th Edition", Roskill Informantion Services,
London(1994)) . CAR¢3HRArg &t tIRasis\ R HR_t %ﬁle%%t%t@r%xﬂa@sqwm

h f f 0.3:30 wt%
oretorabl y 0. 5 SBNEHARE,F nbF pr EREFBBI, GEOEALE v Bi-akeL mEoPBSL,
ferably 0.9-7 w% f |
than 30 wt % tﬁénhydr%‘é%%%w“?uf%%ﬁ% 2] %9%?&??3% e PPERH T on
5 catalyst w | te&%p%&@e 'fedbi?eeddekﬁlg{} ﬂﬂ} EQEAB%&? %‘%tachms

oxides is |less W% it I's possi no I nprovenent
hydrodessil f uri éﬁnbba]@méﬁteq.@ foe'féfualﬂlybe&u@&hﬁeé@dwmt BE metal oxide

nodi fication. [O
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
oxlide, and even more preferably modified with ytterbium
oxide. Since cerium content in the typical rare-earth
20 minerals, 1i1.e. monazite, bhastnidsite and xenotinme, is
higher than other rare-earth elements, cerium is
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 is preferably 0.3-30 wt}, mnore

10



10Whi | e the mechani sm by which the desul furization catalyst exhibits
hi gh selectivity according to this enbodi nent has not been

el ucidated, the foll ow ng nechani sm may be consi dered as an exanpl e.
Presumably, the netal oxides interact selectively with the active
15sites of hydrogenation of the olefins, thereby |owering their
activity. At the same tine, reaction with hydrogen sul fide by-product
whi ch is responsi ble for production of nercaptanS,-one of the reasons
for | ower desulfurization efficiency, is inhibited. 20(00241

The desul furi zaidre eyl Y15t titss eRedinyrat ;ﬁi@@ﬁﬁ:hg@% at 7Leastirs
one netal selected fromthe group consisting of Goup VIA and G oup
VIIT metals, suppbricyt greferadliyve . wevakislt pretfeabkYghfSratio of
25supported at | east one netal selected fromthe group consisting of
Group VIA netalmetanld atodielast orne net@leateel ectRanfr opot hewggpup the
consisting of Goup VIII netals As specific exanples of conbinations
of such active htrakdesuhfueinayide regttiivitgd obbathie nulasud€antization
ni ckel - nol ybdenum cobal t-tungsten, nickel-tungsten, 5

cobal t - nbckel - maibpdgeiumiddd tend Itiokde Aedngethesdf the wetbhhatavio
of cobal t-nol ybdenumis particularly preferred because it wll tend
to notably incrdaRRetdHe ¢¥EFtedsl L8FFz&DRBN Cadt Wy Hhdipr poeaible
ol efin hydrogenati on reaction. There are no Rarticular

10[ 0025] :
restrictions orr@fe "2nddREOVEReREt 1he hydrafesutipdratdonpselerbivire

preferably, 10-2 % of, roup .VI A netal s_and_3-6 wt% of Goup VIII
net al s, prefergﬁg§m%§-i§hhfﬁg fb¥3§§§pmepiflcatl°n'
[0023]
10 While the mechanism by which the desulfurization

catalyst exhibits high selectivity according to this
embodiment has not been elucldated, 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 0of the reasons for lower
desulfurization efficiency, is inhibited.
20 [0024] |
The desulfurization catalyst of this embodiment
comprises at least one metal selected from the group
consisting 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

il



15 nmetals and 3.5-5.5 wt% of Goup VIII netals and nore preferably
13-17 % of Goup VIA netals and 4-5.3 wt% of Goup VIII netals, in
ternms of those netal oxides with respect to the weight of the

desul furization catal yst. 20[0026] The desul furization catal yst
of this enbodi nent as descri bed above may be prepared by a
conventional nethod, such as the follow ng, for exanple. First, the
support is obtained by preparing an "al um na precursor” 25such as an
al um na gel solution, boehmte powder or an al um na suspension or

kneaded m xt ur esdiect e@0PERR! itBRAlgroiBt BeAsi Nexdy JPrG:ici’ﬁqu/é:??t QR a9k .

the netal oxide(s) used to nodify the support, a solut

acetates, chlorAglespenitiot ekanpllebates, coRBMAREIBHLSof such active
trifluoromet hansul fonates or coordination compounds of 5 the

metal (s) in vatestalls antleggani nagol went mentadted bycaskdid-in@) oaehif,
al um na precursor or by coprecipitation or the |ike. (0027) en a
met al oxi de used.ckelrmdilpdeemsuppmbalits thfigs8en oXi dfidel-t@Agsten,
chromium cobalt, nickel, copper or zinc,, a nitrate, acetate or
chloridedis predelédnagbay-rhkyhbdéngn nendi dihed hidove, whidngi theses
and acetates being nore preferred. Wien a netal oxide used to nodify
the support is e o%P@eirAtian r pém cekaidingdvbdensn ais particularly
| ant hanoi d- based tal, an acetate or nitrate is preferred anong the
salts nentione@r$ggyé?daﬁacﬁﬁsﬁcéFaﬁé1?3tﬁB@etBréPE@béH.1Bﬁr@¢ﬁ% the
case, however, .trac ?%due of. t he cornesgonding ani on of the
8 ¥ vy

nitrate or chi 6¢F48 W[sﬁ Hed 19 aBCHTITHf 1A al BRETEDS0s P RER
of ten affeCtinQYHQSgQMQ£BQ§$}QJ&H£35ﬁtiOn selectivity.

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 nmetals and 3.5-5.5 wt% of Group VIII metals and more
preferably 13-17 wt¥% of Group VIA metals and 4-5.3 wt%
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
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(0028) The m x may be kneaded, dried, nolded, fired, etc. as
necessary to obtain the support. The netal oxide(s) 25nodifying the
support may al so be introduced after firing the support, by

di ssolving the acetate, chloride, nitrate, sulfate, naphthenate,
trifluoronethansul fonate, coordination conpound, etc. of the netal (s)
in water or an organic solvent and inpregnating the support with the
sol ution. 5(0029) Modi fication of the support with such netal
oxides is preferably carried out before inpregnating the support with

the Goup VIA neéghodr CNewm, Vidor NBittoddessshbed BeleoWetHNl SoMidd(s)
prevent the netal oxides 10 fromcovering the active sites consisting

of the Group Vidse@t 8b Qiod¥uptive! Isuppbat, and sHBHEdh I 8dUG At alcRE,
desul furization activity. [00301, Next, as the starting nmaterial for

the active 15 nelibdriddwre i snptepaeed an al€aysssol ut igdpitthehates,
carbonic acid salt, nitric acid salt, sulfuric acid salt, organic
acid salt or oxtdifloforcmethansuéfonités or zosadihabbois hebmpbunds of

obt ai ned using an aqueous organic solvent or a non-aqueous organic
sol vent . 3The stkha imgfadd siatidy waltefoprt BB atganke neilatentayi sheddeddbyt

on the supportz§¥.alloadin met hod ordinarily used for o .
hydr odesul f uri 2fdidioRatta &%‘Fs,alé’tl]@ﬁaaEfPﬁBF%@ﬁaﬂ Y OFORIHEIBitAEAGR.

When a pIuraIiaﬁ%of nit | s are | oaded, they may be | oaded
si mul t aneously '955 i¥ered 25sol ution, or they may be | oaded in

successi on usi ng (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 chloride 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 15 more preferred. In this case, however,
trace residue of the corresponding anion of the nitrate
or chloride will lower the acidity of the alumina
20 surface, often affecting the hydrodesulfurization
selectivity.
(o028}
The mix may be kneaded, driéd, molded, fired, etc.
as necessary to obtain the support. The metal oxidt?:(s)
25 modifying the support may also be introduced after

firing the support, by dissolving the acetate, chleoride,
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sinple solutions. The | oading of the active netal on the support may
be acconplished after conpletion of the total preparation process for
the support, or a step of gel preparation, thermal conpression,
kneading or the like may be carried out after |oading the active
nmetal 5 on an appropriate oxide, conpound oxide, zeolite or the
like, during a internediate step in preparing the support. A
preferred nethod is one wherein the active netal is | oaded on the
support after conpletion of the total preparation process for the
support . A 10desni tinatiez atsulif acat, alnegththeaatdj ngri sl cneetfadivl®hate,
can al so be obtained by firing the inpregnated active netal under
prescri bed condiadrsiigatief3tpnPhendeaatporel diteretedral (50r énvehtiee of
specific 15 area of the desulfurization catalyst of this enbodi ment
can be adj ust ed®rbyoxgayiagsehgenbnding oimprhgnatdnpgr dper asupwont twheh
desul furization catalyst, simlar to prior art nmethods. (0032] 20The
nean pore di andthe selutpendesul furization catalyst.is preferably 3-10

nm and ggre prefera?lé 5-9 nm [|f the nmean pore dianeter is snaller
than 3 , the reacttP8A%hol ecules will tend to di sperse i nadequately

in the pores, while_if.Lt is.larger_than 2510 rim the surface area
of the desulfurizatFBHltéfﬁﬁﬁ%? SF the support with such metal oxides

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 is prepared an aqueous 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-aqueous organic solvent. The starting
20 material for the active metal may be loaded on the
support by a loading method ordinarily used for
hydrodesulfurization catalysts, such as impregnation or
ion~-exchange. When a plurality of metals are loaded,
they may be loaded simultaneously using a mixed
25 gsolution, or they mayg be loaded in succession using

simple solutions. The loading of the active metal on
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will tend to be reduced, leading to | ower activity. (0033) The
pore vol une of the desul furization catalyst of this enbodinent is
preferably 0.3 nL/g or greater. |If the pore volune is belowthis
range, inpregnation of 5the metal into the desul furization catalyst
will tend to becone difficult. [0034] The specific area of
the desul furization catalyst is preferably at |east 200 nR/g. From

t he standpoint of 10the activity of the desul furization catalyst, the
specific area is preferably as high as possible. If the specific area
is | ess than 20theduppartie e Pec Hraomplished uppoet | cognplled iaat iofe the
nmetal is reduced, tending to result in notably reduced activity. The
15 specific aretrtald RuePaF@tdonobypcess foe s 3URRYrAat iosn ac stapy of
are nmeasured by a nitrogen gas adsorption method based on BET net hod.
The mean pore di&hePEerzEakEdbul bhedmak oRPRpEe SHiedl f | kneadingner t be

pore vol une. 20[ 0035 After preparing the desul furization
catal yst of thi Rt S % QA%NﬂﬁtQHééH%QQ%&ﬂ &bgvactivennptad

nol ded inpto spheres, pellets, .cylinders or the |ike having, a
T escr i bad shaf: @it AREASPIABSEBRLGEe. SOPRTHIth Poren B e0diary OF Fhe

a||OMIadeStrEHEié§: t%%ring a2 intermediate step in 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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differential pressure between the entrance and exit ports of the
reaction colum (or reactor) of the hydrogenation treatnent apparatus
descri bed hereunder, when nultiple nolded catal ysts are packed into

the reaction colum. Fig. 1 is an illustration of 5 desulfurization
catal ysts according to this enbodi nent, which have been nolded into
"cloverleaf" cylinders. (0036] The desul furization catal yst of

this enbodi nent may be used as a desul furization catalyst for 10
hydr odesul furi zation_after pre-sulfurization by a method simlar to
that enployed with o?Qﬂ:ﬁdry hydr odesul furi zati on catal ysts. The

pre-sul furization is_ acconplished, far exanple, by circulatin
strai ght run -napht I‘H‘eorp‘)@rfg)estﬁ €29 gtgﬁeﬁﬁ?ugfuﬁl?ﬁ%qn é‘:ajl:@%.yst of

t hereof, through fhe desul furization cat st. and_appl yi ng heat of
180C or above u ﬂ%%d"ﬁ?tprlésﬁméiﬁsgﬁ QcéoF‘B?Eg"FogﬁeEFEécri Béd
rocedure. This e-sul fori.zatian sul furizes the active nmetal on the
8esu| furizati ontrgéz’at g?g%t Q’to% Fl oW FI?PS{% ﬁgﬁ? o§BRERf ur-fPEePpBAtion of

activitycto be i pi o fuyizi t used W1l generall
be a sul fur corr‘g{dglunlgétté%%hlgggdi%#%t %S{l&?gﬁ giggléo%rcit%ﬂoﬁ/‘éu”ﬁie&%e

desul furi zati on. £ Rloyst J9RY¥;Rg1Pre-sul furized before being filled
into the catal yst layer for the 25hydrodesul furization process, or it

may be subjected to[gesygyation treatment with a sul fur-containing,
oxygen- containing or nitrogen-containing organic solvent. [0037]

The catal yst of theThebagierticdazeni kad ot RXTRIiEEtIbAN catalyst
hydr odesul furi zati on selectivity which 5 allows the sul fur conponents
in gasoline frdst poeferabbe suflexsterrdly mPlgoVeRkdny the standpoint of
hydr odesul furization reaction while adequately preventing

hydr oge¥fat i on &het hacSi¥iEd cofpohbat sdeghufurigatdbnne chtatysbns the

obt ai ned using the catalyst satisfactorily neet 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 1is 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 into 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
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10demands for sul fur-free gasoline, while avoiding octane
nunberreduction and therefore maintaining a sufficiently high octane
nunber. [00381 An enbodi nent of the hydrodesul furization process
15for 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 invd Ves passi ng gasoline
fractions as ' feed oil through a catal yst | ayer packed with hydrogen
20 gas and a hydrodesul furization catalyst according to the
i nvention, undegopt£Lsaf betier eaebtOlon ONE Tun@NS (okOr réyEifNGENJLH ORthe
treatnment to obtain an product oil. (0039] According to this
enbodi ment, thehpghsajdnadt i2nhf rastdtmentusapaztile deaedibel heafeanablky
i nclude a gasoline fraction effluent froma fluid catal ytic
when multiple molded catalysts are packed intec the
reaction <c¢olumn. Fig. 1 is an illustration of
5 desulfurization catalysts according to this embodiment,
which have been meolded into "cloverleaf" cylinders.
{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 accomplished, for example, by circulating straight
run -naphtha or a sulfurizing agent, or a mixture
15 thereof, through the desulfurization catalyst and
applying heat of 1B0°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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cracki ng (FCC) apparatus, fromthe standpoint of nore notably
exhibiting the effect of the desulfurization catalyst. The gasoline
fractions will normally have a sul fur content of about 10-1000 ppm by
wei ght. The 5sul fur content nay be in the formof, for exanple,

t hi ophene, al kyl t hi ophenes, benzot hi ophene, al kyl benzot hi ophenes,

t hi acycl opent ane, al kyl t hi acycl opent anes, nercaptan conpounds or

sul fide conpounds. The olefins in the gasoline fractions may 10be
n-ol efins or isoolefins. [0040] The gasoline fractions

preferably havechtauhfing 6th§ﬁfo@éw¥t§brg:ra§.%tiﬂ8 bPgdn £ Os PRANY,
wei ght, and nore preferably no greater than 200 ppm by weight. If the

15 sul fur content igogggater than 250 ppm by wei ght, higher
desul furization efficiency will be required. The consequent reaction

t enperature increas@heequatelyst | loft etHet certieeidhnenat eddyuliegenabbeve
of olefins. [0041] 20The olefin content in the gasoline fractions is
preferably 10-&xhibli%s nbighprydraddsnliord3avbdto asul entdivitayr ewhich
preferably 20-40 volt An olefin content of less than 10 vol % w ||
tend to brevenraliligwseftthect swifehecomperenteh in osadel ing afvagtiswly to
exhibited. If the 250l efin content is greater than 50 vol% it may
not be possi bl ®et o SHEddsierylr evERPOYSHr og®hat iflrgrlesyd furization

reaction while adequately preventing hydrogenation of
the olefin c¢omponents., Thus, gasocline fractions
obtained using the catalyst satisfactorily meet the
10 denmands for sulfur—-free gascline, while aveoiding octane
number reduction and therefore maintaining a
sufficiently high octane number.
[0038]
An embodiment of the hydrodesulfurization process
15 for qaso;ine fractions (hereinafter referred to as
"desulfurization process") of the invention will now be
explained. The desulfurization process according teo
this embodiment invdlves passing gasoline fractions as
feed o0il through a catalyst layer packed with hydrogen
20 gas and a hydrodesulfurization céﬁalyst accarding 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 oil preferably include a

gasoline fraction effluent from a fluid catalytic -~
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olefins.This will tend to accelerate addition reaction to the ol efins
by hydrogen sul fide produced as a by-product of thiophene conpound
desul furi zation, thus hindering the hydrodesul furization reaction.

5[ 0042] The feed oil used for this enbodi ment may al so contain
fractions with boiling points of about 30-250C, such as gasoline
fractions obtained from atnospheric distillation apparatuses,
gasoline fractions produced 10 from hydrogenation purification
apparatuses, or gasoline fractions produced by thermal cracking. The

feed oil pref %%Ql:hia (f?c@fa‘t 64%6 dretuky gk athedasidpR ka4 Offore

content of at |east 7 vol % nore preferably at |east 80 vol %
fromthe standpgiBb19f edEpTiagnotiedl wrewbibids neghé haeshlieoti pitide
desul furization catalyst. If the catalytically cracked gasoline
fraction is | egathgst70 whk* galsbeihewreketionsoniEntnefmdliey fleack ai |
will tend to prevent the effect of the invention from being
adequat el y exhishifed. cjtea43]of aboufhé&ObddDDngpmoiby wehgetfor Thee
gasoline fractions of the feed oil used for this enbodi ment is not
particulf@rly resffirt ezbrdmatongass bet iw &beor Hhmmr 9Lboifdmgeranpie,
range for gasoline fractions, but 25preferably the initial boiling
poi nt is 30C othhipghereand t he atkpliEmiorhanesno hi ghebergathiepkens,

the initial b0|I|ng point is below 30C, it will tend. to bf di fficul
to satisfy theaskihBaraetBioRAgARS pressure or di sti [AdpF¥RIoPentans,

—

characteristi CS acfgﬁgéggc{open aso':r'tercaptan compounds or sulfide
conpounds. The olefins in the gasoline fractions may
190 be n-olefins or isoolefins.

[0040)

The gasoline 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 is greater than 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
preferably 10-50 vol%, more preferably 15-45 vol% and
even more preferably 20-40 vol%. An olefin 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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standards established by JI'S 1(2202, "Aut onobi |l e 5Gasoline”. On the

ot her hand, a stop point of higher than 250C will also nake it
difficult to satisfy the standard of vapor pressure according to the
gasol i ne standards established by JIS 1(2202, while it will also

i ncrease the content of high boiling point conmpounds 10exhi biting | ow
desul furi zation reactivity, and will therefore tend to hinder the
desul furization itself. [0044] The term "sul fur content” as

used t hroughout the present_specifjcation refers to the weight
content of 15 %Itﬁffe‘JEs -conpoffehit s Walsed ##1d heta otagcegasetiene addition

fractions, as nmeasyr.ed gcéc di ng %o JI'S é2541, "Sul fur Content Test
Met hod" or the 4Tt fGed1PALASTRY DBYSERdemsuldige produced as

"desul furizatiaqgn fficignc ! if dtf.in d by the following fornmula (1),
3ﬁ¥en?i pﬁuéa

where So is thé sONfEF® T e §OBPPUBH d dsSUd fugd 2a b ey

oo 5 b s S e G 100
value g [0042]

The feed oil used 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 oil preferably has a catalytically cracked
gasoline fraction content of at least 70 vol%, and more
preferably at least 80 wvol%, 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 (00431

The boiling point range for the gasoline fractions
0f the feed oil wused for this embodiment is not
particularly restricted so long as it is an ordinary
boiling point range Ffor Ggasoline 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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estimated fromthe brom ne nunber based on the gasoline fractions,
as neasured according to JI'S K2605, "Petrol eum Product Brom ne Nunber
Test Method - Electrotitration” or the nethod described in

ASTM D1492. The "ol efin hydrogenation rate" which represents the 5

degree of hydrogenation of the olefin content in the feed oil, is
defined by the following formula (2), where Bo is the brom ne nunber
of the feed oil, and B is the brom ne nunber of the product oil.

(A efin hydrogenation rate) <% 10= 100 - (B/B0) x 100..(2) (0046]
The oct ane nuntedtdslt beilmsylpoisntf rizctiedow 39°0pastreill bytéd to be
Research Met hod, and nore specifically, it is nmeasured according to
JIS 1(22801 "Odidfechlibbee I8tisky Chtearssandaids FEsvapbr hpdessutre or
Cet ane I ndex Cal cul ating Met hod", or the nmethod described in
ASTVD2699. [ 004ipti¥hbatiom| gheradiariaticise kagesdinge tor dthe opasmsliche20
in the feed oil will tend to have a greater sulfur content in its
heavy gasol i neSERRERF&R (IESFALBEFREAg RV nt TP acti@RR, On"Amkonntide

hand, the catalytically cracked gasoline fraction used .in the feed

oi | will3tend FBSRAVRED hi §Re N8I RTcoRPENt 3 FYOPs RAMGS of5duiddierne
fraction (1ow boLli 09oPal 0%5ir a9thoRadS A2 1o VAT tne
standard of vapor 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 fto 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 {1l), where Sy is the sulfur content in
20 the feed oil and S is the sulfur content in the product
oil.
{Desulfurization efficiency) <%>
= 100 - (S/So¢) x 100.. (1)
(0045]

25 The term "“"olefin content" refers to the wvalue

estimated from the bromine number based on the gasoline
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be distilled into a |light gasoline fraction and heavy gasoline
fraction, with the heavy gasoline fraction with a relatively | ow

ol efin content being used as the feed oil. Mre specifically, for
exanple, the light 5 gasoline fraction with a boiling point of
30-180C and the heavy gasoline fraction with a boiling point of 80-
250C may be distilled beforehand, and the heavy gasoline fraction

al one passed through the aforenenti oned hydrodesul furizati on catal yst

| ayer. 10This will allow nore efficient hydrodesul furization of the
gasol i ne fractif&®ctpoBdg] 25 DERRUFYAct AEROPEE S Ur E°f orTkshe K2605,

desul furization, process of this enbodinent is 1-5 MPa, preferably 1-3
15 MPa and nnrgP%FEPgFHBIfo9§9§$5 %BgmlPF t HsmbeRCt i 16 tor i 5™

b 5 fea, hyd | fide b d 1]l ad .th | ef i
" the feod of ETRSCEPRRRRREHETT 4FF Mot RIS ERPERy hoRSETRL e
d | furi ' ffyci -l k [ '
1WPa, the. hyaRBResur ey oY SFOTEAETE BRFP MBRLER e seiEs (O

LY GO o ALY S AR

t he cat al yst r his e Iment is 1- : prererab
1.5-8 11-1 and sggge pipf ehabloefimdd bhe ddVebsrbhrey 'HiRuta (),

hydr ogenation of the olefins
where By is the bromine number of the feed oil, and B is

the bromine number of the product oil.
v (Olefin hydrogenation rate) <%>
10 = 100 - {B/Bq) 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-
D2699.
[0047]
The catalytically cracked gasoline fraction used
20 in the feed o0il will tend to have a greater sulfur
content in its heavy gasoline fraction (high bolling
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 gasoline fraction (low boiling point fraction). The

catalytically cracked gasoline fraction may therefore
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will be accelerated, resulting in a | ower octane nunber of the

product oil. If the LHSV is higher than 10 h-1, the
hydr odesul furi zati on reaction will not proceed satisfactorily.
5[ 0050] The "LHSV' is the volunme flowrate of the feed oil at

standard state (25C, 101, 325 Pa), per volune of catal yst |ayer packed
with catal yst, and is expressed in units of inverse hours (11-1).

10[ 0051] The reaction tenperature in the catalyst |ayer is

190- 300C, preferably 200-295C and nore preferably 210-290C. If the

reaction tenpergyt %fﬁ%,i}llggié\gﬂ‘#&ma 1906t blﬁféﬁ‘H] e NBLaLELAPSSHE! Reld

achi eve adequate uri zation. e reaction tenperatutre

i s above 300C, faudnagenasiob:dn 0l @fiitRS ¥hd | Hahogeesh SRl Y fraction
possi bly | eading to runaway reaction. [0052) The hydrogen/oil ratio,

which is the prARertl %l@fti%lgy(ibﬁg@legaﬁ 26R08RANYL Ny theed e2d o1d .
is 100-600 NL/L, preferably 200-500 NL/L and nore preferably 250-450
NL/L. If the hydrdgesiloi | Malrieo $iecsinfildadn yl ha@orlGdkadp/lle,i ttivd | Lidot
be possible to adequately renove the hydrogen sulfide in the system
t hus nek$ng it gdscapnesifehetionpwétbnt dddiingnpointydfodenlsutd i amed
to the olefins. If the hydrogen/oil ratio is larger than 600 NL/L,
t he gasol i ne frthet heavyywgkbohbee nkeckidf iwitdnte bontdoy ppihttog 80-
catal yst, making it inpossible to achieve the desired reactjvi t%/, and
requiring an e@880Ri cBRrYy bAdedifFhblled| Refiredgidpreand the heavy

gasoline fraction alone passed through the
aforementioned hydrodesulfurization catalyst layer.

10 This will allow more efficient hydrodesulfurization of
the gasoline fraction.

[op48]
The reaction pressure for the desulfurization
process of this embodiment 1s 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 o0il 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 h7,
25 preferably 1.5-8 h™ and more preferably 2-5 h'. If the

LHSV is lower than 1 h™', hydrogenation of the olefins

23



5i nvestment. [0053] The units of "NI," representing the hydrogen
volume in the hydrogen/oil ratio is the hydrogen volume "L" at
standard state (0C, 101,325 Pa). 10(0054] According to this
enbodi ment, the reaction conditions are adjusted within the

af orenmenti oned range to achi eval desulfurization efficiency of at

| east 90% desul furization efficiency and nore preferably at |east 15
93% and an ol efin hydrogenation rate of no greater than 40% This
will yield a sulfur-free gasoline stock fromthe product oil, while
mai ntai ni ng a Wigh bet ageehepalesds aresHdigasdhi ae lowerkoctdne heunber
desul furization efficiency or olefin hydrogenation rate is outside of
20 the af or eneRfi ShedPFadeet ehb. ef FEcEneLESE iskighegn tdmmhilghh™,
hydr odesul furi zati on selectivity will becone |ess significant. [0055]
The product oi En8pbt BYREREe TG 2RI néﬁFCESBPef%¥g%Iyn%%s R aggedr
content of no greater th 10 ppm by weight, and nore preferably no
greater than 5gaﬁgﬁf§8$%§§ . A sulfur content of the product oil of
no grea&;r t han 10 ggg%gy weight will nmake it possible to obtain a
sul fur-free gasolin ck fromthe product oil, while mnimzing the

effect on the exhaugfy 0afAPUrid 1 8le UYortE 3350 LREe 08 Aife £80P%N1
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 [0051]

The reaction temperature in the catalyst layer is
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
rapldly, 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 nore 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. If the hydrogen/oil ratio is larger than
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The apparatus used for hydrodesul furization of the feed oil may have
any desired construction. A single catalyst |ayer-packed reaction
colum may be used, or a 10 plurality may be used in conbination. In
order to | ower the hydrogen sulfide concentration in the reaction
columm, a gas/liquid separator or other type of hydrog$n sul fide
removi ng device may be situated before the reaction colum, or
between mul ti ple 15reaction colums. [0057] The reaction system
for the hydrodesul furization treatnent apparatus used for this

enbodi ment nay dpe a Mii/xgd- hatk sygdeam irRpeck 4 o@aldns tﬂ%lﬂé@id)&e%ﬂ?é/

be in 20 a countercurrent or cocurrent with respect to t eed ol

or it may be i BuZféebhbat ic@RtattCOWIEr CUiHeNt cANM &G UT iRt t it
respect to nultiple reaction columms. A common setup is a down! | ow

system with bambokbtblas and htiqlévk i ntlee Calayiredt . rEREtLi@AEY) OMand
colum may be 25constructed with multiple catal yst beds, and the
hydrogen gas (geeuthimyg aydeogaonicmdlparidysdcable bettween tH@ipment
catal yst beds for renoval of reaction heat or to increase the

hydr ogerP pr essip#estes8] According to the desul furization process of
this 5 enbodi nent, hgdrqﬁen gas is introduced with the feed oil, as
nenti oned above. Th&%%®&thod of i ntroduci ng the hydrogen gas may be

either of the follow ng two nethods, . (1) Injection before
the reaction col umiRs EHET eoa%ti CORART S LA 5}\eth§d¥%%%}‘ ovelyme
initially in the hydrogen/oil ratio 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 aforementioned range, the effect df the invention
of high hydrodesulfurization 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 $

25



i ntroduced). (2) I'njection between different catal yst beds or,
in the case of nmultiple reaction colums, between different reaction
col ums. 15According to this enbodinent, either nethod (1) or a

conbi nati on of both methods (1) and (2) may be enpl oyed, but the
hydrogen gas is preferably introduced by both nethods (1) and (2). In
order to nore reliably renove hydrogen sul fide by-product and nore
efficiently 20 pronote the hydrodesul furization reaction, preferably
no greater than 90 vol % of the total anmount of injected hydr ogen gas

is injected b i | hggh
I'S 1 hjected by i Z)Je]:%;h | g stdl%dre%ncﬁfenﬁz Bt ¥ﬂ5°gct e%é‘% 6§1

i njected by net e ‘amount of hydrogen gas | nj y et f

(1) is nore 25FHoefg%f Aoy N9 %tgfn{%nu%(lg’ﬁ@ %lQVﬁQkHDEE poss:.ble
preferably no greater than 70 vol A)and nost preferably no greater

than 60 vol % ofedf dthehala 3UWDENE-Died %@ﬁm&%d&e@reasménp?&&@ét
words, a greater amount of the remai nder of hydrogen gas injected by

method (2) willoilendeilel honinheief f eae offdast ogen tgas eHiusitongd ®
be 5 exhibited nore efficiently. The entrance port of the first
reacti ons col umpurdteeredft thdieyasaidynebengihaat ed before the heating
furnace which acconplishes heating of the feed oil to the prescribed
tenperature, or at tfi@5€kit port of the heating furnace. 10(0059]
The desul furization process of the enbodi nent described above can
satisfactorily redufget Repesatentuesd stax &Y@P%ﬁb‘dlﬁéfléﬂ%ona?ﬂ fFhe
t herefore very useful for Jgroductlon 8f sul fur-free gasoline,

addi tion, 15 tﬁ@eée&HLf d‘?‘ﬁ RFCh PHCREILTRE nERHE Oé‘h odt aﬁbngle
nb th t | f t di

notabl e r eduﬁtca% HsE e o TG gt R e D of Y BY bR S

gasol | gy W th ¥SLya0hgh Gafp GRTPUSLT Qe T LT RAGKs nThUS, 07 OblB8r o

product™ 20 nan fure usi'ng an product oil obtalned by t
desul furizatioRg %ch%ﬁeof ﬁ*&ﬁ:g@@o%lﬂﬁﬂdéancm:ﬁﬂﬂ‘&ESntoln the

al l eviating the environnent bur den
reaction column, a gas/liquid separator or other type
of hydrogen sulfide removing device may be situated
before the reaction column, or between multiple
15 reaction columns.
[0057]
The reaction system for the hydrodesulfurizétion
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
oil, 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 liquid in a cocurrent. The reaction column may be

25 constructed with multiple catalyst beds, and the

hydrogen gas (guenching hydrogen) may be injected
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[ 0060] An product oil obtained by the desul furization
25process of this enbodinment will tend to have a | ow content of
thiols such as nercaptans if the sulfur content of the feed oil is
relatively low, thus elimnating the need for sweetening in latter
steps. This also applies when using a hydrodesul furization apparatus
whi ch perforns the reaction in two stages. 5 However, since the
product oil wll sonetinmes contain thiols, a gasoline sweetening
apparatus is preferably installed either after the reaction colum of
t he hydr odesul betiveani sheapgpiriyas, bedsafoer reneval debdeeadt ion Zaedton
apparatus itself. 10[0061] The gasol i ne stock containing the
catal ytical |l y eratRedngteas$é nchopivsineggnbpressuiresul furi zation
process of; this enbodi nent may be used al one as a gasoline product,
but normally it is pPRPRIably used as 15a gasoline product in

adm xture with another gasoline stock. Varj ous other gasoline siock
may be used i ncl udiﬁﬁ?ogﬁn%xgﬁplté’fe ReTHEELZE lgf‘r%rﬁﬁfasﬁur?ft Ents

O s Lo Ll SRR BB a1 £ U SR LR, sonc

e e omhor PhLSTBH) RS 9RRA1 0L oA B Shebaberd Ve
hydrogen gas may be either of the feollowing two
nethods:

{1) Injection before the reaction column (the

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

{2) Injection between different catalyst beds or,
in the cgse 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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[ 0062] Anmongt hesegasol i nest ocksot hert han 25catal ytically cracked
gasoline, there is preferred catalytically refornmed gasoline having
an Research Octane Nunber (RON) of 95 or greater. The proportion of
catalytically reforned gasoline in the gasoline product is preferably
adjusted to 20-50 vol% In this case, the m xing proportion of the
gasoline stock 5 obtained by the desul furization process of this
enbodi nent will be preferably no greater than 60 vol% If the m xing
proportion of the gasoline stock is within this range, it will be

D The 1 g frdht & AU vl WeORRAUBLELY: st e Wnjected

gasoline 10 produ octane "nu r, having a su

content of no t 1 p, I ef.l nt.en f
at | east 10 Mﬂ%ﬁ&l@ eSIp aﬁ}l@é&: \é\%%%te%’ ﬁ%%&%%dgggﬁﬁgrkga{tpgn
15 catal yst ofdiaiidueerss onyaRsdiiealy dingestdd uby ZEERSY PYOFCRS 1L
enploying it can prevent ol efin hydrogenation and thus adequately

i nhi bit octane duyhey d1edetdnen.erERetaber ppBRRLdaNakd HidiitibRo tef hect

is exhibited even nore notably when carrying out hydrodesul furization
of 20fegd oil HoAItYAGuEss abFficiaddtyar ackiesl ensedridee poith arfhigd
ol efin content. The hydrodesul furization catal yst and -

hydr odesul f ur i ZHatdtonrgraidess arlemnhereffearedhitghhgrsehnegt bee sfidnated
hydr odesul furi zati on. Thus, by applying the hydrodesul furization
catal yst of theZienvime i brahdntctfignedeswhiighi zadoonpishess heating

of the feed oil to the prescribed temperature, or at
the exit port of the heating furnace.
10 [0058]

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 " yield ' 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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enploying it, it is possible, without mgjor investnent in equipnent,
to efficiently produce a gasoline stock allow ng production of

sul fur-free gasoline having a sulfur content of no greater than 10
ppm by wei ght. [ Exanpl es] 5(0064] The invention witl now be
explained in greater detail by exanples, with the understandi ng that
t hese exanples are in no way 'imtative on the invention. (Exanple 1)
10[ 0065] In a steam j acket-equi pped reactor there were m xed
400 g of aqueous alum numsulfate (3.9 wt% al um na ccincentration)

and 500 g of segﬁgml U natibe (leeddMt %53 U 'narsfggfaéfyf“A érwh'u%

heating at 60C, 15 to obtain an alumna hydrate slurr

filtering and weshimgkidie Sher meeddOrdit SledddR R CONS 12FHRRI &

100 M of distilled water were added and the m xture was stirred at

90C for 12 hoursid 0 aalcai Bppl UEs NayHBMr akeny th 8QdabYEL B urizatio
concentration of 24% 20 The obtained hydrate waS concentrated an

kneaded whil e appadatius nghible pexmerakuntdeat r@aEicandid hewolldt afesof
aqueous copper nitrate containing 140.0 g of copper (Il) nitrate
pent ahyér at e Vidswensed. s{0O66Fha5Atbdnckneddi ngd.l1t omitinese dvadtain
extrusion nolded into a 1/16 inch col umar shape, dried at 110C for 2
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 gasoline sto;k containing the catalytically
cracked gasoline obtained by the desulfurization
process of, this embodiment may be used alone as a
gasoline product, but nermally it is preferably used as
15 a gasoline product in admixture with another gascline
stock. Various other gasoline stocks may be used
including, for example, desulfurized straight run
gasoline, thermally cracked gasoline, catalytically
reformed gasoline, isomerized gascline, alkylated
20 gasoline, residues remaining after removing aromatic
hydrocarbons from catalytically reformed gasoline
{sulfolane raffinate), and the like. |
[0062]
2mong these gasoline stocks other than

25 catalytically cracked gasoline, there 1s preferred

catalytically reformed gasoline having an Research |

29



hours and then fired at 550C for 1 hour to obtain a support. The
copper content in the support was 5.1 wt % based on oxi des. (0067)
5Next, 330 teL of water was added to 150 g of ammoni um nol ybdenat e
((ML4) 6MD7024. 4H20), the m xture was heated to dissolution, and then
69 g of basic nickel carbonate (N CG3.2N (OH)2.4H20) was added to the
aqueous solution to prepare an inpregnating solution. After 10 then

I npregnating it into 500 g of support by the pore-filling nethod, the
support was fired at 550C for 2 hours. The specific area of the

catal yst obt ai oggand MitSeraREN) Wos 240 o8/ freatid .t herlféogﬁcdﬁﬂr%'{%n
was 0.49 nlL/g. The supported netals were 4.9 w% N as N O and 1514.7

wt % No as Mb03ef ((flyticallh SPefopmed | ayasefilinBe oht atied glalinst
was packed into a fixed-bed downfl ow bench reactor, and then the

t enper at ure wasraqdwrtualsd ywrefioredded d@dju3@eqd ito 20260bydodyen Ihr eals
containing 5 vol % hydrogen sulfide, for 4 hours of

pre-sul furi zat¢aoye Nextthe t réxingpeproportiors lodwekbe tgaR80@e astock

catal ytically cracked gasolinewasal | owedt or unt hr oughf or
hydr ode§ul f ur igetiaigweghdebtondhei ool Aarization process of this

embodiment will be preferably no greater than 60 volsg.
If the mixing propertion of the gasoline stock is
within this range, it will be possible to obtain a
large amount of high-quality, low-sulfur gascline
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 wts%.

[0063)

As explained above, thé hydrodesulfurization
15 catalyst of the invention and the hydrodesulfurizatiocn
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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25t enperature of 240C, a pressure of 2 MPa, an LHSV of 4 11.-1 and a
hydrogen/oil ratio of 250 NL/L. The properties of the catalytically
cracked gasoline were a density of 0.733 g/cnB at 15C, a boiling

poi nt of 31- 198C, a RON of 91, a sulfur content of 90 ppm by wejght
and ‘an ol efin content of 36 vol % 5[0069] As a result, the

sul fur content of the obtained product oil was 3.4 ppm by weight (96%
desul furization efficiency), and the ol efin hydrogenation rate was
13% (RON = 89). 10(Exanple 2) [00/0] A catal yst was prepared in

the same manneinagquiphBftFaFe NENYIRYeAt1PXYMRUAc, aOFRRY ihRAstock
aqueous zinc nitrate contarning 155.0 g of zinc (Il) nitrate 15

hept ahydrate wasissbey | pgbaadtobnt R agUEOWS- HARPCFasb 1A €having a
containing 140.0 g of copper (I1) nitrate pentahydrate. The zinc
content of thessuppordomamed of wo%greater nthaf 10X pasbyake Jie.
‘catal yst had a specific area of 220 nB8/g and a pore volunme of 0.44
mL, /g. The 20suppor (Eecampdtesl]s were 4.8 wt% N as NNO and 14.8 w % M
as Mb03. [0071] A 50 g portion of the obtained catal yst was
subjectéd to pre-sulddfrdlzation in the sane manner as

The invention will now be 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 jacket-equipped reactor there were
mixed 400 g of 2aqueous aluminum sulfate (3.9 wt%
alumina cqgpcentration) 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% agueous 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

intc a 1/16 inch columnar shape, dried at 110°C for 2
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conditions as in Exanple 1. As a result, the sulfur content of the
obt ai ned product oil was 3.9 ppm by wei ght (96% desul furi zation

ef ficiency),
(Exanmpl e 3) 5[ 00721

and the ol efin hydrogenation rate was 14% (RON = 89).

manner as Exanple 1, and after concentrating and kneadi ng while
mai ntai ning the tenperature at 95C, it was extrusion nolded into a

1/ 16 inch columar shape, dried 10at 110C for 2 hours and then fired

at 550C for 1 hourst ansbtiihen afdtgpoat . AEORC fopr égiatuirng: B 16btdirofa
aqueous copper nitrate containing 87.5 g of copper (Il1) . nitrate
pent ahydr at e i $UpP800-.g Fhet Keppbdr aterteriupporthebyupperpovas f 51 1 i wigs
t he su%port was fired at 15550C for 1 hour. The copper

met hod,
cont ent

in the

10

15

20

25

gapgoPR GKEd8S2 wt % based on oxides. [0073)

[o067]

Next, 330 nL of water was added to 150 g of
ammonium molybdenate ((NHq)eM07024-4H:0), the mixture was
heated to dissclution, and then €69 g of basic nickel
carbonate (NiCO3-2Ni(OH),-4H;0) was added to the agueous
solution to¢ prepare an impregnating solution. After
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
‘mL/g. The supported metals were 4.9 wt% Ni as NiO and
14.7 wt% Mo as MoO;.

[006B]

A 50 g portion of the obtained catalyst was packed
into a fixed-bed downflow bench reacter, and then the
temperature was gradually increased to 300°C in a
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
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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NeXt, 220 tuL of water was added to 100 g of anmoni um nol ybdenat e
((NH41010, 02. 1-41-120), the m xture was 20 heated to dissolution, and
then 46 g of basic nickel carbonate (N CG3. 2N (00) 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

met hod, the support was fired at 550C for 2 25hours. The specific
area of the catalyst obtained in this manner was 220 re/g and the
pore vol une mas 0 43 nl/g. The supported netals were 5.0 Wt % Ni as

N O and 15.1 wt ggr@ eQ/b?f? t997é;F$lL§ﬂc%lﬁg]tc& %{%& gggoi)Pﬁ@'»?&de a

cat al yst was 5 SU re-su at In ane nmanner as

Exanple 1. Thig )‘}’E;t%p Eo‘be%gygmﬁﬁl’ Oﬁsyﬁ*@r'éﬁbﬁ‘lﬁbﬁdﬁél&@%ﬁaﬁ’—

conditions as in As a'resulf, the su cont'ent of th

obtai ned produgyget! \@SRé}N? JPuby wei gl £ 95U deant f o 284 i 4 | 8fn_ by
efficiency), and the I0olefin hydrogenation rate was 15% (RON = 89)".

(Exanpl e 4) (0Qé&%kht and/arfdRBis coasent epares ddrg.he same manner as
Exanpl e 3, except that 119.7 g of zinc (I1) nitrate 15 heptahydrate

was used i nstead of [BF6®] g of copper (I11) nitrate pentahydrate. The
zinc content of the support was 4.9 wt% in terns of oxides, and the
catal yst had a spechéi @ arssuldf, 220 t Sigfandcanpent wdél uthe obbaissd
m./g. The supported netals were 5.0 % Ni as Ni O and 15.0
product oil was 3.4 ppm by weight (96% desulfurization
efficiency), and the olefin hydrogenation rate was 13%
{RON = 89)}.
10 (Example 2)

(0070]

A catalyst was prepared in the same manner as in
the same manner as Example 1, except that agueous zinc
nitrate containing 135.0 g of zinc (II}) nitrate

13 heptahydrate was used instead of the adqueous copper
nitrate containing 140.0 g of copper {II} nitrate
pentahydrate. The zinc content of the support was 4.5
wtd in terms of oxides, and the catalyst had a specific
area of 220 m'/g and a pore volume of 0.44 ml/g. The

20 supported metals were 4.8 wt® Ni as NioO aﬁd 14.8 wt¥% Mo
as MoOs.

{0071]

A 50 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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20wt % Mo as Mb03. (0076] 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 25under the sane conditions
as in Exanple 1. As a result, the sulfur content of the obtained
product oil was 4.9 ppm by weight (95% desul furization efficiency),
and the ol efin hydrogenation rate was 17% (RON = 88). (Exanple 5)
[0077] 5A catal yst was prepared in the sane manner as Exanple 1,
except that 200 nL of an aqueous solution containing 9.6 g of

ytterbi um acet ghe (g4 FabydpatentssUsRe bBEs SRtk Obrddifdl i ala 3.

aqueous copper nitrate containing 140.0 g of copper (Il) nitrate

pentahydrate. 1@y hhew¥ihREDI Y CQESEN U zAth@NnS URRRELeM@P) 1 - dhavihd N
ternms of oxides, and the catal yst had a specific area of 250 nB/g and

a pore vol ume gf ¢@iAdn{iffyentte ocrUpReE! Rels B8l ROMEL 49 W% N as
Ni O and 14.9 wt % No as Mb03. 15[ 0078] A 50 g portion of the

obt ai ned catal yst weBxatbledd)ed to pre-sulfurization in the sane
manner as Exanple 1. This was foll owed by hydrodesul furization under
the sans conditi ons[@872h Exanple 1. As a result,

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

tc obtain a support. After impregnating 310 mL of

aqueous 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]

Nekt, 220 nL of water was added to 100 g of
ammonium molybdenate ((NH() gM010z4-4Hz0), the mixture was

20 heated to dissolution, and then 46 g of basic nickel
carbonate (NiCO;'2Ni (OH):+*4H;0) was added to the aqueocus
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 m®/g, and the pore volume was 0.43
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20 the sulfur content of the obtained product oil was 3.0 ppm by

wei ght (97% desul furization efficiency), and the ol efin hydrogenation
rate was 11% (RON = 90). (Exanple 6) [0079] 25A catal yst was prepared
in the sane manner as Exanple 1, except that 200 ralLL of an aqueous
solution containing 13.0 g of yttrium acetate tetrahydrate was used
I nstead of the 110 nL of aqueous copper nitrate containing 140.0 g of
copper (I1) nitrate pentahydrate. The yttriumcontent of the support
was 1.1 wt% in ternms 50f oxides, and the catal yst had a specific area
of 245 nB/ g andLAgpor &heolsuppoofed. Adtald gvdie SUPpord el ned ab o viele
4.9 %N as NO and 14.9 wt % M as Mb03. [0080] A 50 g portion of

t he obtai ned cabalywt® s @D Maij.ected to pre-sulfurization in the
same nmanner as Exanple 1. This was foll owed by hydrodesul furization
under the same condi®¢dhk as in Exanple 1. As a result, the sulfur.,
content of the obtained product oil was 3.3 ppm by wei ght (96%

desul furi zati on ef fici %‘P}cﬁ roddFicRe 260! B¢ n Iidrisgdnachbalyst e wass

12%(RC]§ = 90), ul()jectgl)d 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 efficiencﬁ}, and the
10 olefin hydrogenation rate was 15% (RON = 89}.

{Example 4)

[0075]

A catalyst was prepared in the same manner as
Example 3, except that 119.7 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 wvolume of 0.43 mlL/qg.
The supported metals were 5.0 wt¥%¥ Ni as Ni0 and 15.0
20 wt% Po as MoOaj.

[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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[ 0081] A catalyst was prepared in the sane manner as Exanple 1,
except that 200 mL of an aqueous solution 20 containing 10.3 g of
cerium acet ate nonohydrate was used instead of the 110 nL of aqueous
copper nitrate containing 140.0 g of copper (Il) nitrate

pent ahydrate. The cerium content of the support was 1.2 ww%in terns
of oxides, and the catal yst had a specific area of 240 25ns/g and a
pore volume of 0.46 ni/g. The supported netals were 4.7 ww% N as N O
and 14.7 wt % M as Mb03. [0082] A 50 g portion of the obtained
catal yst was suybj e : € | fiur i i ne S
Beampl e 1 Thi SHBOY oft i Y bbb PRt ol Ve AR k8 e
conditions as | 4 I ol ul £ ent of the
obt ai ned produ&le?%%%?r%giﬁggﬁ?%%% g?ha‘tts ?’gﬁ%(gglgul 1?8:% ‘zation
efficiency), and tthqlaﬁBg_g pydrogenation rate was 14% (RON = 89).
(Exanpl e 8) 10[ 0083] A catal yst was prepared in the sane manner
as Exanple 3, exceptigighat 310 m of an aqueous sol ution

contai ningl5.4 g of ytterbium acetate tetrahydrate was used instead
of the 340 nL of aqaecoustabyper wast ratepdifedcohhaitiengsre S ruofer as
copper (I1) nitrate pentahydrate. The ytterbium content of the
support was 1. Exatdflien 1.erescedt okhaes208nalt hef ca abhyseohsdsalution

specific area of 250 ma/g and a pore volune of 0.48 nlL/g. The
support ed net alconbaiaisgl MmbvINcfasyNerbineg: BFegafeotprahydrate was

used instead of the 110 mL of agueous 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 nlL/g. The
supported metals were 4.9 wi% Ni as NiO and 14.9 wt¥ Mo
as MoOa.

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 &)

{0079]

25 A catalyst was prepared in the same manner as

Example 1, except that 200 mL of an agueous solution
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20as Mpb03. (0084] A 50 g portion of the obtained catal yst was
subjected to pre-sulfurization in the same manner as Exanple 1. This
was followed by hydrodesul furization 25under the sane conditions as
in Exanple 1. As a result, the sulfur content of the obtained product
oil was 4.8 ppm by weight (95% desul furization efficiency), and the
ol efin hydrogenation rate was 16% (RON = 88). (Exanple 9) [0085] 5A
catal yst was prepared in the sane nmanner as Exanple 1, except that
158 g of cobalt nitrate (Co(NO3)261.40) was used instead of the 69 g

of basic nickelg ogé%atm%e ﬁ:i\h%%ﬂ%h&ﬁ%ﬁés %QEP%¥&P£'E@”&a§f

t he support was %in terns of Oxides, 0 and the catal yst had
a specific areq g 280svr@{d dndtAePQLe Wl USE aguaeﬁé’: %ﬁﬁerTHQtrate

supported netals were 4.9 wt % Co as Coo and 15 % Mo as Mb03
[ 00861 containAn30180P0T i 86 ebphEe ODIpimEckaal Peytehyasate.
The yttrium content of the support was 1.1 wtd in terms
S of oxides, and the catalyst had a specific area of 245
/g and a pore volume of 0.44 mL/g. The supported
metals were 4.9 wt% Ni as NiO and 14.9 wt% Mo as MoOQi.
[00BO]
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, content of the obtained product oil was 3.3
ppm by weight (96% desulfurization efficiency), and the
15 olefin hydrogenation rate was 12% (RON = 350).
{Example 7)
(0081]
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 wt® Ni as NiQ and 14.7 wt% Mo as MoOs.
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15subjected to pre-sulfurization in the sane manner as Exanple 1.
This was followed by hydrodesul furization under the sanme conditions
as in Exanple 1. As a result, the sulfur content of the obtained
product oil was 3.0 ppm by wei ght (97% desul furization efficiency),
and the 20ol efin hydrogenation rate was 12% (RON = 90). (Exanple 10)

[ 0087] A catal yst was prepared in the same manner as Exanple
2, except that 158 g of cobalt nitrate 25(Co(NB)2.6H20) was used

i nstead of the 69 g of basic nickel carbonate(N CO32N1 (OH) 2. 4140)
The zinc 39 contegbogﬁ]the support was 5.1 wt% in ternms of oxides,
and the catal yst had a specific area of 230 n8/g and a pore vol une of

0.43 nl/g. The supperted ngt apsrvese 40 who Cobbsikad aataldsd Wik
No as Mb03. 5[ 0088] A 50 g portion of the obtained catalyst was

subj ected to prsabgekctudi 2ad | ppet+sul hericarsd omanier ths BatplwarherThis
was followed by hydrodesul furization under the sane conditions as in
Exanple 1. As &xmeplet ,1.10 Thhe swalsf ufoldemedntbyfhydmodesudifnedzation
product oil was 3.1 ppm by wei ght (97% desul furization efficiency),

and the bl ef i nunddrogbrasens randlibbens 285 (jROFxangdpe. 1. As a result,

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 mL of an aqueous solution
containing,5.4 g of ytterbium acetate tetrahydrate was
used instead of the 310 ml of agueous copper niltrate

15 containing 87.5 g of copper {II} nitrate pentahydrate.
The ytterbium content of the support was 1.2 wtd in
terms of oxides, and the catalyét 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 wt3 Mo

20 as MoOs.

{00B4]

A 50 g portion of the obtained catalyst was
subjected to pre-sulfurization in the same mnanner 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 11) [0089] 15A catalyst was prepared in the same manner as
Exanpl e 5, except that 158 g of cobalt nitrate (Co(NO3)6H20) was used
instead of the 69 g of basic nickel carbonate (N C33.2N (OR)241120)
The ytterbium content of the support was 1.0 wt% in ternms of oxides,
20 and the catalyst had a specific area of 235 nB8/g and a pore

vol une of 0.44 nlL/g. The supported netals were 4.8 wt % Co as Coo and
14.8 wt % No as Mb03. (0090) A 50 g portion of the obtained
catal yst was 25subjected to pre-sulfurization in the same nanner as

Exanpl e 1. Thi f gLk d h | fyrizati.Qn .. r the ne
concrjripti ons as ?ﬁm@%rrgla%&if@ '&gyg gée%%,ﬁﬂt%glgél %gr%lglc')%é]%ﬁt’ oafnq ?\%‘e
obt ai ned produ i ]:‘{fér b i ‘Vm&sgl i zation

ef ficiency), aﬁ%etmﬁ% 0 efﬁ&kﬁ?gg)eéﬁgﬁi \g%gr%f&g was 102%52%]\1 = 90).

S(Exanpl e 12) (0091}gxampleA gatal yst was prepared in the sanme nmanner
as Exanple 7, except that 158 g of cobalt nitrate (Co(NOB)2.6Hz0) was
used instead of thef&®yg of basic 10 nickel carbonate (N CG3.2N (OH)
24H20) The cerium content of the support was 1.0 wt%in ternms of .
oxi des, %and the catml yatahbgdta wpecpkepaneda iof 246 | 2MSnRePOLE
vol une of 0.43 nlL/g. The supported netals were 4.8 wt % Co as COO and
15.0 wt % Mo asExiri8le 1, except that 158 g of cobalt nitrate
(Co (NQOis} 2+ 6H20) was used instead of the 69 g of basic
nickel carbonate (Ni1C0;+2Ni(OH)z'4H,0Q) . 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 mlL/q. The supported metals were
4.3 wt$ Co as Co0O and 15.0 wt% Mo as MoOi.
[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 (87% 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 €H;0) was used instead of the 69 g of basic

nickel carbonate (NiCO3+ 2Ni (OH) z* 4H,0) . The 2zine -
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15(0092] A 50 g portion of the obtained catal yst was subjected
to pre-sulfurization in the sane manner as Exanple 1. This was
fol |l owed by hydrodesul furization under the sanme conditi-ons as in
Exanple 1. As a result, 20 the sulfur content of the obtained product
oil was 2.4 ppm by wei ght (97% desul furization efficiency), and the
ol efin hydrogenation rate was 10% (RON = 90). (Exanple 13) (0093] 25A
catal yst was prepared in the sane nmanner as Exanple 6, except that
158 g of cobalt nitrate (Co(N®B) 2. 6H20) was used instead of the 69

g of basic nickel .carbonate (N 2Nl 2.4H2Q) .. _The yttrium .
content of the CHEEM O\Ar}/gst(?f u%ri%nwt(agr_b 7 Lo %8xil&e§,er§ﬁd°lfh8"ldes'
catal yst had a 5 | f a par.e I of _0.45
m./g. The suppoa?ﬁggﬂr#efcaﬁa \?(ésr%e h%%g av%%eg%gg éggaaﬁg fé.BQH\?\AF%% &3
Mb03. [0094] o5 fi @ng8f obtal ne t

subj ected to p gFgﬁﬂ?%#%?ﬁté%n@i%gtﬁgbgéne g%%ng?ﬁgé@%%?é§%ﬁ%*% yere

This was fol | owed byshydr 9dessd fild zad i0g8ndsr 1 & hg§ame conditions
as in Exanple 1. As a result, the sulfur content o the obt ai ned

product ®il was 2. 8(ppeeby weight (97% desul furization efficiency),
and the olefin hydrogenation rate was 11% (RON = 90). 15(Exanpl e 14)
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 ¢bhtained product oll 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(NOs3)z*6H;0}) was used instead of the 69 g of basic
nickel carbonate (NiCO;+:2Ni (OH)z'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 mL/g. The supported metals were
4.8 wt% Co as Co0 and 14.8 wt% Mo as MoOs.

[0090]
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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[ 0095] A catal yst was prepared in the same manner as Exanpl e 8,
except that 158 -g of cobalt nitrate (Co(NOB)2-6H20) was used i nstead
of the 46 g of basic 20 nickel carbonate (N CG3. 2N (OH)2.4H20). The
ytterbi um content of the support was 1.0 wt% in ternms of oxides, and
the catal yst had a specific area of 230 nB/g and a pore vol une of
0.46 nL/g. The supported netals were 5.0 wt% Co as Co0 and 14.9 w %
Mo as Mb03. 25[0096] A 50 g portion of the obtained catal yst Was

subj ected to pre-sul furization in the same nanner as Exanple 1. This

was followed by hydrodesul furi zat,ion under the sa cqonditions as jn
Exanpl e 1 As SYRec,Hhe. SRESSEPRNE LT A 1 EAREESt ar nefSpAoHgslE,

o 5 oso i L P SRS i
i 10 Ex 14

oLl oL e PR e RSB At ) Sphty PLARE ene

acetate mnohy%&%ﬁnmgggégg%%{%xfg%%f wralgeléigé af aqueous

sol ution containing . I'um acet a etrahydrate. The
ceriumcgntent of they grizyas 1.0 wt%in ternms 150f oxides, and
the catalyst had a Spe%#??c ar%g of 230

(0091]

A catalyst was prepared in the same manner as
Example 7, except that 158 g of cobalt nitrate
(Co (NO3)z' 6H0) was used instead of the 69 g of basic

10 nickel carbonate (NiCOa'2Ni (OH)+4H0). The cerium
content of the support was 1.0 wt% in terms of 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 {0092]

A S0 g portieon 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 2.4
ppm by weight (97% desulfurization efficiency), and the
olefin hydrogenation rate was 10% (RON = 90).

(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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n8/g and a pore volune of 0.46 nlL/g. The supported netals were 4.9 wt%
Co as Coo and 14.9 wt % Mo as Mb03. [0098] A 50 g portion of the

obt ai ned catal yst was 20 subjected to pre-sulfurization in the sane
manner as Exanple 1. This was foll owed by hydrodesul furization under
the sane conditions as in Exanple 1. As a result, the sulfur content
of the obtained product oil was 3.5 ppm by wei ght (96%

desul furization efficiency), and the 250l efin hydrogenation rate was
12% (RON = 90). (Conparative Exanpl e 1) [ 0099] An al um na

Support was obt@inag, 1 ) ° RSB Celle 8YC8PLof NALIO

aqueous copper nitra e was adde Next L of water

150 g of 5 am"r?ﬂl'c‘k@].”‘)l:él?ﬂ@ﬂélﬁ@ (bﬁ‘iﬁ@@zﬁ@?dh yilag 2) t he rfleXt YEer Y47

heated to di ssolution, and then 69 of basic nic car bonat e

(N C3B. 2Ni (OH) 24528} was t&@d%@pbarthaaaqme@wﬁtsOhﬂt @Pm& O BT SQ%@S an
i npregnating solution. After then inpregnating it into 500 g of

support by theap@r &@hel@aftialllyishg haat Bodpeth€isuppest o¥ag4bi nddy aindHC
for 2 hours. The specific area of the obtained catal yst was 235 n8/ g,
and the pore vebuee wAumM. 46F N/ g5 Mbégsuppmrd eshpmirlal Wedtea s Swaddo
Ni as NNO and 14.8 wt % Mo as Mp03. 15[01001 A 50 g portion of

t he obtained cdtél yt% @asasudy@arsd 1tdo Ipwessiib f as iMedlai.on i n the sane

manner as Exanple 1. This was foll owed by hydrodesul furization under

the same conditions(B@2¢h Exanple 1. "‘As a result, 20 the sul fur

content of the obtained product oil was 10.5 ppm by wei ght (88%
desul furization ef ffciehcyd, BT 1Re Sfef Fhe hyRR i Rferest | GRtRAYEE watas

0 —
44% (RON = 78 )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
ppﬁ 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 (NO3) 2+ 6H0) was used instead of the 46 g of basic
20 nickel carbonate (NiC0i-2Ni(OH)3s-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 supportéd metals were
5.0 wt¥ Co as CoQ and 14.9 wt¥% Mo as MoOs;.
25 [0096]

A 50 g portion of the obtained catalyst was
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What is clained is: 1. A hydrodesul furization process for
gasoline fractions wherein a gasoline fraction having a boiling point
bet ween 30C and 250C i s subjected to hydrogenation treatnent in the
presence of a desul furization catal yst conprising a support
conprising alumna and not nore than 5 wt% w th respect to a wei ght
of the support, of silica, silica-alumna, boria, titania, nagnesia,
or conpound oxi des thereof and optionally phosphorus, a netal
oxi de containing at | east one netal selected fromthe group

o f | h I
consisting o  SaBgRkt et tid U esg@?ﬂ%@gﬁﬁ{%ﬁ‘ ]?{1% %ﬂge dahasehdRhAl §s

and at one actl veé neta group

consi sting of @QWR]8A and %QHPw%sn'eﬁcﬁll%we'doéﬂﬁ%yf%}:oﬁﬁs‘llsfﬁE@QéEion

under reaction conditions with a reaction pressure

LHSV of 1-10 hyhde? t8aCELAB EEABEEAINY Qfinl 9¢ and as a result,
hydrogen/oil ratio of 100-600 NL/L. 2. The hydrodesul furization

process for gagaki Balifacioanenacedr ¢hagobeathatinpiodbier&in e 3.5
gasoline fractions consists of at |east 70 vol % of a catalytically
cracked gasol i penf bacwiedght (96% BesThEumhiahtoicdes Wificizatiybn andctss
for gasoline fractions according to claim1, wherein the ratio of the
wei ght of sai dokefan bxﬁn@gw@wabﬁé@t was Lhd ROt &%) -sai d support
is 0.3-30 Wt % 4. The drodesul furization process for gasoline
fractions accordlng(FGaEP%?n%§ wherein said metal oxide is a neta
oxi de containing at : Ieaﬁi one netal selected fromthe group
consi sting of coppeﬁ ? rium | anthanum cerium neodym um sanmarium
and ytterbium dr odes Ifurléation rocess_far a§ollne
to aglyrﬁ | t at®

fractions accordin wﬁﬁe eR AEFCd Het arCoxPHE® | §ERT et
oxi de ggnt ai ni Egaagléeﬁat UE P! Tnatel AR Gt SPAMANGLHLMY solution

consi sting of copp tfrlun1 cerium an ytter
containing 10.3 g of cerium acetate monohydrate was

used instead of the 310 mL of an agqueous solution
containing:. 5.4 g of ytterbium acetate tetrahydrate.
The cerium content of the support was 1.0 wt% in terms
i5 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 Co0O and 14.9 wt% Mo as MoQs.
(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 olefin hydrogenation rate was 12% (RON = 90).

(Comparative Example 1)
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6. The hydrodesul furization process for gasoline fractions according
to claim1, wherein said netal oxide is ytterbium oxide or cerium

oxi de. 7. The hydrodesul furization process for gasoline
fractions according to claim 1, wherein said netal oxide is ytterbium
oxi de. 8. The hydrodesul furization process for gasoline

fractions according to claim1, wherein said catal yst conprises, as
said active netals, at |east one netal selected fromthe group
consisting of Goup VIA netals | oaded at 10-20 w% in ternms of its
metal oxide with regqpeetgjto the wei ght of said hydrodesul furization
catal yst, and at |east one netal selected fromthe group consisting
of Group VIl netal #n eddednat s8pbort Ywah dletdined i TheeisameOxhdfer
with respect to the weight of said hydrodesul furization catal yst.

9. The hydrodesus fAxampdiei Gn pxaepssthat pasafemisd ragipeansiizcacedivag
to claim1, wherein said catalyst is obtained by preparing an al um na
precursor, inteddegdi.ng VasteBaP oli df ukalter owandafigedhdosufforg , of
firing the mx to yield said supgort, and i npregnating the support
with at $east GmaogivmpreAvidenpter (§BUpM8 Gret4iz0), the mixture was

heated to dissolution, and then 63 g of basic nickel
carbonate }NiCO;-ZNi(OH)z-4HaO} was added to the aqueous
solution to prepare an impregnating solutiom. After
then impregnating it inte 500 g of support by the pore-

10 filling method, the support was fired at 350°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 MoQ;.

15 [0100}

A 50 g portion of the obtained catalyst was
subjected to pre-sulfurization in the same manner as
Exanple 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 10.5
ppm by weight (88% desulfurization efficiency), and the

olefin hydrogenation rate was 44% (RON = 78).
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What 1is claimed is:

1. A hydrodesulfurization process for gasoline
fractions wherein a gasoline fraction having a boiling
point between 30°C and 250°C is subjected to hydrogenation
treatment in the presence of a desulfurization catalyst
comprising

a support comprising alumina and not more than 5 wt%,
with respect to a weight of the support, of silica, silica-
alumina, boria, titania, magnesia, or compound oxides
thereof and optionally phosphorus,

a metal oxide containing at least one metal selected
from the group consisting of copper, yttrium, scandium and
lanthancid-based metals, and

at least one active metal selected from the group
consisting of Group 6A and Group B 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.

2. The hydrodesulfurization process for gasoline
fractions according to <claim 1, wherein the gasoline
fractions consists of at least 70 vol% of a catalytically
cracked gasoline fraction.

3. The hydrodesulfurization process for gasoline
fractions according to claim 1, wherein the ratio of the
weight of said metal oxide with respect to the weight of
said support is 0.3-30 wt%.

4, The hydrodesulfurization process for gascline
fractions according to claim 1, wherein said metal oxide is
a metal oxide containing at least one metal selected from
the group consisting of copper, yttrium, lanthanum, cerium,
neodymium, samarium and ytterbium.

5. The hydrodesulfurization process for gasoline

45



fractions according to claim 1, wherein said metal oxide is
a metal oxide containing at least one metal selected from
the group consisting of copper, yttrium, cerium and
ytterbium.

6. The hydrodesulfurization process for gasoline
fractions accerding te claim 1, wherein said metal oxide is
ytterbium oxide or cerium oxide.

7. The hydrodesulfurization process for gasoline
fractions according to claim 1, wherein said metal oxide is
ytterbium oxide.

8. The hydrodesulfurization process for gasoline
fractions according to <c¢laim 1, wherein said catalyst
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 o©f said hydrodesulfurization
catalyst, and at 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

hydrodesulfurization catalyst.

9. The hydrodesulfurization process for gasoline
fractions according to claim 1, wherein said catalyst is
obtained by preparing an alumina precursor, introducing the
metal oxide used to modify the support, firing the mix to
yield said support, and impregnating the support with at

least one group 6A metal or group 8 metal.
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