catal ytically cracked gasoline. Mre particularly, this inven
to a process for catalytically hydrodesul furizing a catal ytica
gasol i ne containing sul fur conpounds arld ol efin conmponents. In

;f?PQOCESS FOR DESULFURI ZI NG CATALYTI CALLY CRACKED GASCLI NE FI EL
| NVENTI ON The present invention relates to a process for des G
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i nventive process, not only is there a snall decrease in the octane nunber
of the gasol i BRODESQUBER! DESUNFURUEIRG | CATALYPIGALIS CRACKED [GASOLINRIL al so
high catal ytic activity can be maintained overia |ong period of tine.
BACKGROUND OF THE | NVENTI ON Anong t he products produced in the field of
petroleumrefining is a catalytically cracked gasoline. This product
serves as an ingredient for h|ghEDmtaneTgﬂsDNVmwBIQMntalnlng a | arge amount
of olefin conponents. The catalytically cracked gasoline is a gasol i ne
fraction having a Fbel prgseoitntinvengéonf redeteshbot a2precegs0frand is
obt ai ned by catalytically cracking a _heavy petrol eumfraction feedstock,

e.g., a vadesmldarigiingoe gatedytigaldy erackedd
the catalytically cracked product. This produ
i ngr edi ent Peatt isWlemdnl v Ehdas dnveagion relate

catalytically hydrodesulfurizing a

© a process fo

gasoline containing sulfur compound:

r

alytically cracked

greediaei-ngMane dlstllllng
| s used as a_mmj or bl ending

ﬁd olefin components.

In the inventive process, not only_ié'there a small decrease

in the octane number of the gasoliné?because the

hydrogenation of olefins is inhibited, but-also high

catalytic activity can be maintainediover a long period of

time.

BACKGROUND OF THE INVENTION

Among the products producedfin;the field of petroleum

refining is a catalytically cracked"éasoline. This product

serves as an ingredient for high-octe

a large amount of olefin components

-The catalytically

& gasolines containing

cracked gasoline is a gasoline fraction having a boiling

point range of from about 20 to 250§Cband is obtained by

catalytically cracking a heavy petroleum fraction feedstock,

e.g., a vacuum gas oil or a topplng reSLdue, and recovering

and distilling the catalytically cgackgd product. This

product is used as a major blehding _qgredient for automotive

gasolines.
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s27However, the feedstock that is fed to a catal ytic cracking apparatus
originally contains a relatively |arge anount of sul fur conmpounds.. If this
untreated feedstock is catalytically cracked, the-riesulting catalytically
cracked gasoline necessarily has a high sul fur ‘conpound content. Since the
use of this cracked product as a blendigg ingredient for autonotive
gasol i nes may adversely influence the environment,. the feedstock may be
desul furized pri or HoweveaGkithe. fébdseatkl yhaealiky fedaecbed gasalytis
produced from desul furized feedstocks contain.sulfur conpounds in an anmount
of from 30 crackitgp ppparattisglorigihalily whaltaihsaat redptiwkilye lalrgse
produced fromuntreated feedstocks contain sukfur conpounds in an anmount of
from 50 t oaseuataloft seulsandsompoppdsby WE ghis(ahtreetedofeefisiorkoas.

Wth such catal ytically cracked gasolines, it s becomng difficult to
conpl y wi t katted ntdeadilysomackedagtthet iresultingepatedyvinaalypesackerdon. A
hydr odesul furizati on process conventionally enployed in the field of

pet r ol eum gescdilng necgssardlllyy hasea hdgbesuliyr cempeugdt 6ERtENEs prior to
cracking. In this process, the feedstock to be: desul furized is contacted
with an apSisge dhe mper odedhiisucraskedn pesdacksasi # R1RNGANgt enperat ure
hydr ogen atnosphere under pressure. In the hy desul furizati,o

] of
feedstockslpﬁaﬁdéﬁﬁt;5°Eéa@§PQP$@W@aHP§°éF&€§ Ys gapezse Yg??géﬁéﬂﬁﬁlgas
oi1's'and t ggg! 1q eaaies 3l YLOERUALLEALLON SR kil ol SEBY. o

cracking.. The catalytically cracked .gasolines produced from

desulfurized feedstocks contain sulfur compounds in an amount

of from 30 to 300 ppm by weight (ofmﬁﬁe whole fraction),
whilg those produced from untreatedﬁﬂéédstocks contain sulfur
compounds in an amount of from 50 fé;bevéral thousands of ppm
by weight (of the whole fraction)..?ﬁith such catalytically

cracked gasolines, it is becoming diigicult to comply with

the recent strict regulations for environmental protection.

A hydrodesulfurization proé¢§§-conventionally
employed in the field of petroleum'féfining is generally used
to desulfurize feedstock oils prio# » cracking. In this
process, the feedstock to be desulgu ;zed is contacted with
an appropriate hfdrodesulfurizatioﬁ~c%ﬁalyst in a high-
temperature hydrogen atmosphere unéér;bressure.

In the hydrodesulfurization qﬁifeedstocks that are to

. be catalytically cracked, such as,’ .+, vacuum gas oils and

topping residues, a hydrodesulfuri% on catalyst is used

which is obtained by fixing Group Ii:-and VI elements,
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Mhich is obtained by fixing Goups VIII and VI elenents, 3eg.,
chrom um nol ybdenum tungsten, cobalt, nickel, etc., to an appropriate
support, e.g., alumna. The hydrodesul furization is generally carried out
at a tenperature of fromabout 250 to 350[err]C a partial hydrogen
pressure of from30 to 200 kg/cnferr] Gz and a liquid hourly space velocity
(LHSV) of fromabout 0.1 to 10 1/hr. However, when undesul furized
feedst ocks @rginagragRiehy fesybiehimsdrhingseénrkaopattf editRed, catalytic
cracki ng apparatus, the resulting catal ytically cracked gasolines nust be
di rectly hygsoggessappropzedte Supposty saght hakumiradeswhéurized at a
tenperature of from about 250 to 350[err]C, a-total reactor pressure of
about 30 kghedtedeslfarbydtbgenisi fenaradlyfcaboied56Gtset/ &dbl, and a
liquid hourly space velocity (LHSV) of fromabout 3 to 5 1/hr. These
condi ti ons tempébhathuydrofie§ubhuabeuti 8h0otoa3bbf Gl yai partyatrhydedgen
gasol i ne, however, are disadvantageous in tpat{the ol efin conponents
cont ai ned ipressugasefi Azomn3Antandtft kef chiGriasbia Woruisl Spumipospace
hydrogenated.  The reduced ol efin content in turn results in a réduced
oct ane nunbeeloghtye(FHSYhoPRefrpRopPelti A- LhER- Pel/ATeonponent s

pol yneri ze on the catal yst surface éo yigld,a oke, which in turn reduces
the catal ytic activﬁgvgver, when undesulfurized feedstocks or

inadequately desulfurized feedstocks

are fed to a catalytic

cracking apparatus, the resulting détalytically cracked

gasolines must be directly hydrodesilfurized. Ordinary

naphthas are desulfurized at a tem ature of from about 250
to 350°C, a totalzreactor pressure about 30 kg/cm’G, a
hydrogen/oil ratio of about 500 scf?bbl, and a liquid hourly
space velocity (LHSV) of from abouéﬁS.to 5 1/hr. These

conditions for the hydrodesulfuriza%ion of a catalytically

antageous in that the

cracked gasoline, however, are dis__
olefin compohents contained in theigésoline in an amount of
from about 10 to 50 vol% are hydrogenated. The reduced

olefin content in turn results in reduced octane number.

There is another problem in that qlefin components polymerize
on the catalyst surface to yield Qﬂcéke, which in turn

reduces the cataiytic activity.

Similar to desulfurizatioﬁfcaﬁalysts for feedstocks
other than naphthas, catalysts foﬁ- é desulfurization of
naphthas are obtained by fixing Groups VIII and VI elements,

e.g., chromium, molybdenum, tungsﬁén;icobalt, nickel, etc.,




Simlar to desulfurization catalysts for feedstocks other than naphthas,
“catal ysts for the desul furization of naphthas are obtained by fixing G oups
VII1T and VI elenents, e.g.;.chromum nolybdenum tungsten, cobalt, nickel,
etc., 4 onto an appropr.iate support, e.g., alumna. These catalysts are
activated by presul furizat , Which ig the sane nethod used to activate
t he napht ha desul furizatio atalysts. The activation treatnent generally
conpri ses BpddGhiapPdtbr¥ate: duppbit!, eQERQuUEdiimeéng.., dheskhyhtdigsukfide,
heating the m xture to 150:to 350[err]C together. with hydrogen, and passing
t he heat ed gHextattd vdtedl ¥y, pricsadforizatien , Wwhichhdscahal game m&hbodul f ur
conpound, e.g., dinethyl disulfide, reacts w ‘hydrogen on the surface"of

' iatarts ; ford@atéon chéadystsi.nt Bhe
hydrogen sul fide, which further reacts with theractive netals to yield
net al sul f iaddsi vadtiione tineativende genfemaildyt icomprdsesi oaxigsgVvRRRVtOR Wijth
| NVENTI ON An obj ect of the“present invention ['siito provide a process for .
desul f uri ziengul fam slompiosaid y eogack ddmexdaili dd sgdadgdeni Agaddrguth@onpounds
and ol efin conponents by catal ytic hydrodesul furization. In this process
not only i suitdtaime £os rirgq ‘L’dé@l%ége togetherosithe hyd#pErNof aife P§EESNONe
because the hydrogenation of:ol efi n_ conponent S.inhibLt%g,
the heated mixture:through a reactor”packed with the

dimethyl disulfide,
the active metals

he same into hydrogen

process for dest
containing sulff
catalytic hydro_
there a small df
because the hyd;
but also high d

a long period of time.

The present inventors haveicoﬁducted extensive

studies in ordq:'ﬁp accomplish the{?b&?e'described

objectives. As a’result,'the preséhtf'nventors have
discovered an e: eedingly useful pr cess for

hydrodesulfuriii a catalytically?éfégked gasoline
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;Jbut also high desul furization activity can be maintained over a |ong period
“ofti me. The present inventors have conducted extensive studies in order to
acconpl i sh the above described objectives. As a result, the present
i nventors have di scovered an exceedingly useful process for
hydrodesul furizing a catalytically crag%ed gasoline 5 cont ai ni ng sul fur
conpounds and ol efin conponents in which not only is the hydrogenation
reaction ofgg fc}{ d{ EOBONEH ot Rided Iuei € denplaraaid iion warml so be
i nhibited by conduct1ng the: hydrodesul furizatien in the vapor phase using
specific rQﬁ%l&mdfo{EjltEhé)_f'_ s eh S freactiiol yof . thheladfite obj ects
have been achi eved by providing a process for-desulfurizing a feedstock oi
of a cat al yidmsdnents atkeibYesd | bute auled alepomitsiod war @imuridgs and ol ef i n
conponents in areactor having a reactor .inlet “which conprises
hydrodesulfiﬁhibimpdrhygpﬁnuuomnnguhherhydrodﬁsulﬁuhxz&#mpmﬂmthhe1Wagor
bel ow using a desul furi zation catal yst shown in (b) below (a) Reaction
condi t i ons:phasy disigen spach fit crenctiordcendipioneanda ispedifdc from 1 to
5 nols per nol of the feedstock oil and of fron1 '

catalyst. :

The above objects have been achleved by providing a

process for desulfur1z1ng a feedstock 0il of a catalytically

cracked gasollne contalnlng sulfur compounds and olefin

components in a. reactor having a re;ctor inlet which
comprises hydrodesulfur1z1ng the ga line under reaction
condltlons shown ln (a) below u51ng a desulfurlzatlon
catalyst shown In (b) below; .

(a) Reaction condltlons-

a hydrogen feed rate measured at the reactor inlet of

from 1 to 5 mols per mol of the. feedstock oil and of from

5 to 50 mols;per mol of the ole;rn components contained
in the feedsﬁock oil, a reactioﬂitemperature of from 200
to 300°C, a: total pressure 1n51de the reactor of from 10

to 20 kg/cm%; and a liquid hourly space velocity (LHSV)

of from 2 to;8 1/hr;

(b) Catalyst:

a catalyst'ﬁhich comprises a su ”ort:mainly comprising

alumina and5ﬁaving a surface are TOf 200 m?/g or larger, '

wherein MoOS in an amount of fro 0 to 20 wt% and CoO in

an amount of from 3 to 6 wt% 1n't=-_s of inner content
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S5 to 50 nols per nol of the oleffin conponents contained in the feedstock
“oil, a reaction tenperature of from 200 to 300[err]C, a total pressure
inside the reactor of from 10 to 20 kg/cnferr]G and a liquid hourly space
velocity (LHSV) of from2 to 8 1/hr; (b) Catalyst: a catal yst which
conprises a support mainly conprising um na and having a surface area of
200 nferr]/g or larger, wherein MoJerr] in an anount of from10 to 20 wt %
and CoO I n an ammeintixdd ftonthe tSudport?p idhd alHss wafi ghina@fatd@niodniMo0; foar e
fixed to the support, and the weight ratio of Mo(JQerr] to CoOis from2.5
to 4.5. DETAl LER>®BESCRIASM QN SORtd HE § NVENTI ON Al t hough the desul furi zation
reactions of various kinds of general petroleumfractions are conducted in
vari ous phases (e.g., tDETAELED DESCRIPTIONIGF [UHES ENVENTIONor/|iquid m xed
phase), one of the features of the process of the present invention is that
t he desul furi zat i odldfhcugheartst aldsudiflunizatdion exbamdti oast iofevpriipushe vapor
phase. The desul furization reaction is preferably conducted at a | ow

t enper at ur &g e generis Petraleun diraatdensomue condusdiedy 1y yead@isat

| ow tenperatures as conpared to the hydrogenation of ol efins. Hence, | ower
desul furi zRNaHPT et ot Jihe vapqy tphdse, liquid phase, and vapor/liquid

mixed phase), one of the features of the process of the

present invention is that the desulfurization of a feedstock
oil is carried out entirely in the vapor phase. The
desulfurization reaction is preferably conducted at a low
temperature because the desulfurization reaction more readily
procgeds at low temperatures as éompared to the hydrogenation
of olefins. Hence, lower desulfurization temperatures result
in smaller decreases in octane numbef. In liguid-phase
desulfurization, the catalyst is contacted with sulfur
compounds and hydrogen via a liquid. In contrast, in vapor-
phase desulfurization, the cat&lyst is ih direcf contact with
sulfur compounds and hydrogen, so that the reaction proceeds
at a higher rate. Because of this, the vépor—phase
desulfurization reaction is advantageous in that the reaction
can be carried out‘at a lower temperature as compared to a
liquid-phase reaction. ©Namely, the desulfurization reaction
in the vapor phase can be conducted while inhibiting the
hydrogenation of olefins. The liquid-phase reaction is
further problematic in that the olefins contained in the

feedstock oil whiéh wets the catalyst surface tend to
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4An smaller decreases in octane nunber. In |iquid-phase desul furization, the
catalyst is contacted wth sul fur conpounds and hydrogen via a liquid. In
contrast, in vapor- phase desulfurization, the catalyst is in direct '
contact with sulfur conmpounds and hydrogen, so that the reaction proceeds
at a higher rate. Because of this, the-apor-phase desul furization reaction
i s advantageous in that the.reaction can be carried out at a |ower '

t enper at Ur podymeoTRe ed taudel bakbdappasEtEcacthos. riisaety, ihhg
desul furi zation reaction in%the vapor phase can be conducted while
i nhi bi ti ngcbheidpgdablendeiceBask @hethbalythe hkcgiivdtphase reaction is.
further problematic in that-the ol efins contained in the feedstock oi
whi ch wets the cat@kyshoslidi:beenbeed, t howevé@rpothatr sircéoreacsionoke
deposits. This results in a considerable decrease in catalytic activity.
It shoul d Bentyeddishdididculthduestactheeastiremedynhigh actiéiviticaft due
to the extrenely hi%h activity of the desul furization catal yst during the
initial stihe oesuddurhepséon chtadpstl duringt the initipdnshagebefcvaduct ed
at a | ower genperaturbe in the presence of a liquid ghase for several days
until the EBEEPPEIcthet Aesuyfyripatioasreactingl BagnbeceAdnrend adtAod for
sel ecting ionditions for the vapor-phase reaction_is tqQ use conmerci al
_ ower temperature in the presence of a liquid phase for
several days unt;l-the catalytic activity stabilizes.
A simple¥§nd convenient method for selecting
conditions for théivapor-phase reaction is to use commercial
process computatian software. |
Another characteristic feature of the present

invention is thgﬁﬁthe'feedstock oil that is contacted with a

catalyst is fedlﬁggether with hydroggn_at a hydrogen feed

rate such that tﬁé;hydrogen amount méasured at the reactor

inlet is at leastil mol and preferably from 1 to 5 mols per

mol of the feedétéck oil, and from Sfto 50 mols per mol of

olefin componentﬁ;contained in the féédstock oil. The use of

such a large molé?lproportion of hyd;ogén is effective not

only in preveﬁtigézthe generation of-coke which deteriorates

catalytic activity, but also in prevT'ting reaction

inhibition by thefédsorption of hydrogen sulfide onto active

sites due to reduéed hydrogen sulfide:concentration in the

vapor phase. Moreover, the reactioﬂi@f hydrogen sulfide

resulting from desulfurization with ‘olefins to yield thiols

can be suppreséed, so that a high degﬁge of desulfurization
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.process conputation software. Another characteristic feature of the present
invention is that the feedstock oil that is contacted with a catalyst is
fed together w th hydrogen at a hydrogen feed rate such that the hydrogen’
amount neasured at the reactor inlet is at least 1 nol and preferably from
1to 5 nols per nol of the feedstock oigl, and from5 to 50 nols per nol of
ol efin conponents contained in the feedstock 0il. The use of such a large
mol ar  propaidd Gk A ttniHayan trol! RaliotRMlinthd BIRFRKRNt | AGi he
generation of coke which deterioratés catal yti:¢:ractivity, but also in
preventi ng ferassdDry iambdit i Hpdridyermesss Hd Yaiehlhwddodeons thid de onto
active sites due to reduced hydrogen sul fide goncentration in the vapor
phase. Mor enmaragd e Yexackd o wedfghty drfogtie Bdddsdmakeadlit.i ng from
desul furization with olefins to yield thiols:can be suppressed, so that a
hi gh degree of desrf he atihmr hangl,c ahebhydaiogeinadd on bifoofelfjdsodenat i ng
the olefins. The necessary -amount of hydrogen:imay be cal culated fromthe
aver age nolkess dmijignrediby Hde asdsun @rapdrtion wofe hydrogenatdant kbe
hydrogenati on of olefins is:less influenced ‘by:the nolar proportion of
hydr ogen t KigftHakiEaliqn izeaqtdPncafanaequenidsoqiantiiepding hydaiogen
hydrogen in a | arge (excess) nolar proportion;:desul furization can be

in a large (excess) molar proportion;:desulfurization can be

carried out while' minimizing the de "éase in octane number.

When a feedstock oil contai 1g no olefin components,

such as, e.g., é;héphtha or kérosigé ;is desulfurized in the
vapor phase, hYd%@éen is used usuai in an amount of about
from 0.3 to O.Sfmbl per mol of the ;dstock oil, which
amount is far lééé_than the hydrogé tﬁount of from 1 to 5
mols per mol of the feedstock oiléé ﬁsed in the present
invention. Furéhgrmore, the totali jctor pressure for an
olefin-free fee&étéck oil is 30 kQ{q G, which is higher than
the total preSsﬁré;of from 10 to 2@ ké]cm%s that is used in

the present invention.

The rea¢tion conditions of;thé present invention,
which are optimq@?conditions seledﬁédfbased on the mechanism

found by the prééent inventors conc fﬁing the desulfurization

of catalyticallyi?racked gasolines, e fundamentally

different from'dbhyentional reaction:conditions for the

desulfurization of naphtha fraction

Various;apparatus are use ﬁhe partial

hydrogenation ofithermally cracked:gasolines containing
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carried out while mnimzing the decrease in octane number. Wen a

f eedst ock oi | contai ning no ol efin conponents, such as, e.g., a naphtha or

kerosine, is desulfurized in the vapor phase, hydrogen is used usually in"
an amount of about fromO0.3 to 0.5 nol per nol of the feedstock oil, which
anount is far |ess than the hydrogen anDPnt.of froml to 5 nols per nol of
t he feedstock oil as used in the present invention. Furthernore, the total

react or ?féjf S K i | %err] G which
i's higher t e‘he toi% pr d{ag:%%f fh%&%mtn%g' elélo(%gfa%rrw}: r% that is used
in the presfifulfieNdObn, Tt GatHAN £ deiieitS v Hyde dfed®@ilbonl B¥eNt i on,
which are optimum conditions selected based on the nechanlsnlfound by the

present i N\Emds AR Rrddentdasulshiailz dncumtef. cathalsyt hgalirogesr agked
gasol i nes, are fundanental I'y different from conventional reaction

condi ti ons feal #desutds Wfpararais dm efn RARNA dfy atdaldnas dhoudud .Sppadat us
are used for the partial hydrogenation of thermally cracked gasolines
cont ai ni ng per Snadl effl rde faaistamkarcdilus Therafotre)edhed peiogesd fodr the
desul furization, but rather for selective hydrogenation of dienes that are
present i n preddntanowerg.ionihius wyidho dgrirogened st mssdk inappaemousti wfan
anount as small as about 0.5 nol
from 1 to 5 mols per mols of the feedstock, employs entirely
different conditions based on investigations of the
desulfurization of catalytically cracked gasolines.
Other important reaction conditions in the present
invention include a reaction temperature of from 200 to
300°C, a total pressure inside the reactor of from 10 to 20
kg/cm?G, and a liquid hourly space velocity (LHSV) of from 2
to 8 1/hr. Although lower reaction temperatures are
advantageous from the standpoint of inhibiting olefin
hydrogenation, temperatures lower than 200°C are impractical
because this results in reduced desulfurization activity.
Temperatures higher than 300°C are undesirable in that the
olefin hyd;ogenation reaction proceeds, resulting in a
reduced octane number.
The total pressure inside the reactor is preferably
20 kg/cm®’G or lower from the standpoint of inhibiting olefin
hydrogenation. Total pressures lower than 10 kg/cm’G are
impractical because of the need for a larger apparatus and

are also disadvantageous in that the catalytic deteriorates

considerably deteriorates due to coke deposition.
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Jper nol of the feedstock oil. Therefore, the process of the present
‘invention, in which hydrogen is used in an amount of from1l to 5 nols per
nol s of the feedstock, enploys entirely different conditions based on '
i nvestigations of the desulfurization of catalytically cracked gasolines.
Qther inportant reaction conditions in §ge present invention include a
reaction temperature of from 200 to 300[err]C, a total pressure inside the

reactor of  from 10 fRe 20; Qi & "RGur AP0sBaté O ToBDLY | YLEDAF & & of Q5 ty {d-HSV)

of from2 to '8 1/hr. "Although | ower” reacti on tenperatures are advant ageous
fromthe standprinbe8bus8hiibshi Par okt istn hysh Ogenestied t G es BE Ld Bsnt Dyer
than 200[err]C are inpractical because this results in reduced

desul furi zadt otha@séi yvatys. Tenpsvasuiesehi ghan 2 hh/hB808ferufdesirable in
undesi rablesin that the ol efin hydrogenation reaction proceeds, resulting
in a reducethattaneinontased Thawountadf prhesoatalyst distheededctdhersas
preferably 20 kg/cnferr]G or |lower fromthe standpoint of inhibiting olefin
hydr ogenat i BESV” Fohagherethane8 Léheraraanndesigrhecinr]thakethepractica
because of the need for a |arger apparatus and are al so di sadvantageous in
that the cafueguencueeérratal¥stconchargably HReEpa8edtes due to coke

deposition. .- 10 The liquid hourly space velocity (LHSV) is from2 to
: Although the reaction tower is 'not particularly

limited, a fixed bed type is preferred. For promoting gdod
contact of the catalytically cracked gasoline, hydrogen and
the catalyst with one another, a co-current descending flow-
type reaction tower is generally used.

In the present invention, the catalyst comprises a
support mainly comprising alumina and having a surface area
of 200 n?/g or larger. MoO; in an amount of from 10 to 20
wt% and CoO in an amount of from 3 to 6 wt% in terms of inner
content are fixed to the support. Also, the weight ratio of
MoO; to CoO being from 2.5 to 4.5. The support preferably
contains alumina in an amount of 90 wt% or more. Use of a
support having a surface area of 200 m?/g or larger is
effective in fixing from 10 to 20 wt% MoO; and from 3 to 6
wt% Co0 thereto while inhib@;ipg;ﬁetal aggregation, so that é
highly active catalyst cah b§ préparéd. By setting the
MoO3/Co0 weight ratio to a vglué_of from 2.5 to 4.5, the
hydrogenation of olefins is inhibited and désulfurization can

be carried out efficiently}_.Ahuseful'method for fixing the
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~ 8 1/ hr because desul furization can be carried out efficiently at these
rates. LHSV's lower than 2 1/hr are-undesirable in that an increased
anount of the catalyst is needed, whereas LHSV's higher than 8 1/hr are
undesirable in that the frequency of catal yst exchange is increased.

Al t hough the reaction tower is not pari'cularly limted, a fixed bed type

is preferred. For pronoting good contact of the catalytically cracked
gasoline, hef0gere@ithd iRl UE tW Ehx0RRtAnpkhals atca- edmeedbing a
descending flow type reaction tower is generally used. In the present
i nventi on, gdwe-chitldlivgj twhiigees a support mainly conprising alunmina and
having a surface area of 200 nmferr]/g or larger. Moderr] in an anount of
from10 to 20 w % &henCaBe deamldmizttabnf catalyse Gswstchnthaetnshef inner
content are fixed to the support. Al so, the weight ratio of Mo(Jerr] to CoO
bei ng fromamduntp of 3oCghéigegpbot theeseppbty tomaet nkaxgem tkan Bk edount
of 90 wt % or nore. Use of a support having a surface area of 200 nferr]/g
or |arger itHheefamannty@f #oQsxtapablenefobengodiwpersd] con | thamdsyprertd to 6
Wt % CoO thereto while inhibiting netal aggregation, so that a highly active
cat al yst c&wnfaqs dpartde feymseft iangonieso ar] AayerwekhBt ratio to a
value of from2.5 to 4.5, the hydrogenation of olefins is inhibited and
desulfuriz&Wﬂé@gﬁmﬁq¥93x9ﬂﬂQ&§ﬁgm§ eeni beednhibitadymerel ekdersdvedy fi xi ng
t he

and dgsulfurization can be carried out more efficiently.
According to Kogyo Kagaku Zasshi, Vol. 74, No. 8 (1971), MoO;
is bonded to an.alumina surface in the manner shown in Fig. 1
of this literature reference. Since each 0> ion present on
the alumina surface occupies 8 A? and three 0> ions are
bonded to one Mo atom, the amounts Wmo (outer content) and
Wmi (inner content) of the MoO; capable of being dispersed on
the support surface in the form of a monomolecular layer are
expressed by the_following equations, respectively. The

amount Wci (inner content) of the CoO is defined as follows.

Wmo = (M/No)[S/(8x10°%)](1/3)
Wmi = Wmo/(Wmo+Wco+1)
Wei = Weco/(Wmot+Wco+1)

M : molecular weight of MoO; (143.9)
Wmo: amount of fixed MoO, dispersible in the form of
a monomolecular layer, outer content (unit: g-

MoO;/g-catalyst support)



L

netals to the support is to fix both nmetals at a time using a pore-filling
techni que. When the desul furization catalyst is such that the anount of
Mo err] fixed to the support is not larger than 80% of the anmount of

" Mo err] capabl e of being dispersed on the support surface in the formof a
nononol ecul ar | ayer, the hydrogenation;gf olefins can be inhibited nore
effectively and desul furization can be carrled out nore efficiently.

“Accordi‘ng to Kogyo Mﬁ‘ﬂak&}mﬁﬂ-ﬁém:ﬁ é@l %osNalséeC;é%i)e i NOEher Ebrins olponded

'to an alumna surface Int manner s omn I'n FIig. 1 of this I|terature

reference. Since each JgrpdndRsh &k t1 8Pt Nei @l dbh S d 3Gt es 8
[err] and three (Jerr] ions %re on t&ﬂgie Mo atom the anDunts 3@%

(outer .content) .and W ﬁ¢¢uy§;daggq§@ﬁg of the Mo(Jerr] capable of -being
di spersed on t he support surface in the form of a nononol ecul ar | ayer are

‘expressed by the foyton fgb@otiads Ofiked RIS tdwmaly .cotftermuptcoligL{ i nner
content) of the CoOis defined as fol | ows. W = (Nthb)[S/(leO[err])](1/3)

Y Wro/ (Wro+Weo+l ) Wtata Vst (SHppdsee)l ) M nol ecul ar wei ght of
NbC{err] (143.9) Wmo: anount of fixed Mo(Jerr] dispersible in the formof a
nononol ecul ar | ayechnutaauommtcemtf:(xerd tCoQ)- v radnierdat (a-4C&10/A3pport)
catalyst)
No: Avogadro’s number (6.02x10%)

S : surface area of the support (unit: m?/g)

If MoO; has been fixed in an amount exceeding the
amount corresponding to a monomolecular layer thereof, the
MoO; which remains unbonded to the alumina aggregates to form
‘aggregate particles. The aggregates are sulfurized to a
lesser extent and hence disadvantageously accelerate olefin
hydrogenation. Even if MoO; has been.fixed in an amount not
larger than the fixed MoO; amount dispersible in the form of
a monomolecular layer, part of the MoO; can aggregate as a
result of baking after fixing to the support. This
aggregation is effectively avoided by setting the amount of
the fixed MoO; to a value up to 80% of the amount of MoO,
dispersible in the form of a monomolecular layer on the
support.

On the other hand, when CoO is fixed in an amount of
from 3 to 6 wt%, it is considered that CoO remains unbonded

to the alumina. According to the preprints of the Symposium
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12 Wni: amount of fixed Mo err] dispersible in the formof a nononol ecul ar

| ayer, inner content (unit: g- Mo(Jerr]/g-catalyst) Wo: amount of fixed

CoO, outer content (g-CoQ g- catalyst support) Wi: anount of fixed CoQ

i nner content (g-Co(Q'g- catalyst) No: Avogadro's nunber (6.02x10[err]) S :

surface area of the support (unit: n2/g3 If M(Jerr] has been fixed in an

amount exceedi ng the amount .corresponding to a nononol ecul ar | ayer thereof,

t he: Mo er rdn villydaro e eaei irsy- arbd et dtraatei reg by danedgigreey dthesnitaa If or m

aggregate particles. The aggregates are sulfurized to a | esser extent and

hence di sadcrieige oirs| Bhilaxis kphita Meadfing Bareo dehfat iRbgureydd i(f1 IS .err]

has been fixed i'n an anobunt not |arger than the fixed MoJ err] anount

di sper si bl €9 nig heocared oin dMomarml dan 407 sand  Cpadeennathdwsjt@r] can

aggregate as a result of baking after fixing to the support. This

aggr egat i orejumigid ectThe | GoQuarxkas o snhange tthe gdaswifvsriaatdon xed

Mo err] to a value up to 80% of the amount of Mo(Jerr] dispersible in the

form of a rAsterolet #aM9 Bfepulfaigaidan. ofn Hidt @Y hady WMefamo

is fixed ig}an amount, of from3 to 6 W% it is consi derﬁgthat CoQ renni ns
g rf

unbonded t % tfb‘-%?%ﬁﬁ%ﬁleﬂc'b I 9, @ HRRRCYRL HEY§FBsi
support. -

When a'dgsulfurization catalyst comprising an alumina
suppért containiﬁg from 0.2 to 3.0 wt% potassium and MoO; and
CoO are fixed to the support, the coke deposition caused by
olefip polymeri?gtion can be minimized and stable
desulfurization activity can be maintained over a long period
of time. |

EXAMPLES

The present invention will be explained in more
detail below by reference to the following Examples.
Howevér,'the preSent invention should_not be construed as
being limited thereto.

EXAMPLE 1 | |

| Co0 and _::B__.’l003 were fixed to a 1/16 inch extruded
alumina support (§urface areat 264gnﬁ/g) which had been baked
at 600°C aﬁd cqqﬁaining 1 wt% potassium by a pore-filling
technique in amQﬁhts of 4.3 wt% and 15 wt%, respectively, in
terms of inner é@ntent. The fixed MoO; amount was 72% of the
fixed: MoO, amountﬁdispersible in the form of a monomolecular

layer on the supéprt. The support was baked again at 600°C,
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13 on Hydrocracking and Hydrotreati ng by Anerican Chem cal Society in
Phlladelphla Meeting Page 574, Figure 11 (1975), Co is located on Mo as an
ion Co[err] and Co does no bond to al umi na. The CoO serves to enhance the
desul furization activity of:M after sulfurization. In this way, only M
: can be dispersible in the fiormof a nol ecul ar | ayer on the support.
‘When a desul furization c: St conprl ng an al um na support containing
from 0.2 t oandO6wt fifd POt athé LfsanDt Ci£d 1P DS Pdkdd XBid @ tdigall
support, the coke deposi ti: caused by ol efin polynerization can be
mnimzed afilxedabbd desclifténtadédrertingifyowatyphe reactatned over a |ong
period of tine. EXAVPLESTh& present invention will be explained in nore
detail bel ow by ref@s.emg:eJ' Nde ¥ ai ndws thigi & age elsi neHovee weiti,.clt e wirtesent
i nvention shoul d not be co rued as being limted thereto. EXAMPLE 1 CoO
and M er riimetkyli dsuldide Hdd heeh added depreswhfual satpian twassur f ace:
area: 264 nferr]/g) which-had been baked at 600[err]C and containing 1 wt %
potaSS|un1b90adb©t§dff¢rlh 10w rinder | corditinns obf 43303 poarprassuRe,

respectively, in terns of “i:nner content The fixed Mo(Qerr] anount was 72%
of the of 15 kg/cm(?, LHSV of 2 1/hr, and a hydrogen/oil ratio of

500 scf/bbl.
After.l ering the temperature within the reactor to
250°C, a desuiﬁ zation reaction test was conducted using a

catalytically cracked gasoline (density at 15°C, 0.779 g/cm’;

sulfur content, 20 ppm by weight; olefin content 32 vol%;

research oétanﬁzjumber, 87.1) which was an 80-220°C fraction
having an average molecular weight of 120 and obtained by
catalytically cracking a feedstock containing a topping
residue. B
The reé 6n conditions used to conduct the
desulfurlzatlon ;ere a temperature of 230°C, a reaction

pressure of 15 kg/anG, an LHSV of 4 1/hr, and a hydrogen/oil

ratio of 2,000 scf/bbl. The hydrogen/feedstock oil molar
ratio and-thefhjdrogen/olefin molar ratio measured at the

reactor inlet_ﬁéi”-Z,S and 7.3, respectively.

As a r 1t, a hydrodesulfurized, catalytically

cracked gaSolinﬂ as obtained which had a sulfur content of

an olefin content of 29 vol%, and a

research octané- ymber of 85.9.
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fixed Mo err] anmount dispersible in the formof a nononol ecul ar |ayer on
the support. The support was baked again at 600[err]C, 14 and 60 m of
the resulting catal yst was packed into a small fixed-bed co-current
descending flowtype reactor. Using JIS No. 1 industrial gasoline to which
5 w % di net hyl disul fide had been addec_L,5 presul furization was conducted for
5 hours under conditions of 300[err]C, "a pressure of 15 kg/cnferr]G an

LHSV of 2 1/hr, andrite a6 @wedPidokatnicn Alrsd b medy Mundidialg lthwering the
tenperature within the reactor to 250[err]C, a desulfurization reaction
test was corshict bon uBbNg30 dayalwids cdl 8 ywiek acked gasoline (density at
15[err]C, 0.779 g/cnmferr]; sulfur content, 220 ppm by wei ght; ol efin content
32 vol %. r eBRBMPHE 02t ane nunber, 87.1) which was an 80-220[err] C fraction
havi ng an average nol ecul ar wei ght of 120 and obtai ned by catalytically
cracki ng a feedst odkspntHiei sane teglion arsbichia lyRie adot iBrampledilt,i ons
used to conduct the desulfurization were a tenperature of 230[err]C, a
reaction prihgsamefpussilfuritatiqg wasm corgineted ag hin EBxampleydr ogen/ oi |
ratio of 2,000 scf/bbl. -The hydrogen/feedstock oil nolar ratio and the
hydr ogen/ ol B1e¥eabtar , rehe sl sen il v i eably carvacfred rgagolin® 38 3dimnd 7. 3,

| respectivelg&ample 1 was $ubjected to a desulfurization reaction test.

The reaction conditions used to conduct the
desulfurizationiwere a temperature of 250°C, a reaction
pressure of 20 kg/cm’G, an LHSV of 7 1/hr, and a hydrogen/oil
ratio of 1,500 scf/bbl. The hydrogen/feedstock oil molar
ratiq and the hydfogen/olefin molar ratio measured at the
reactor inlet ﬁere 1.9 and 5.4, respectively.

As a result, a hydrodesulfurized, catalytically
cracked gasoline was obtained which had a sulfur content of
67 ppm by weight, an olefin content of 28 vol%, and a
research octéné;number of 85.4. .

The amount of coke measured after conducting the
reaction for 39_days was found 7.0 wt%.

COMPARATIVE EXAMPLE

Co0 and_; MoO; were fixed to a 1/16 inch extruded
alumina support.(surface areas 275 m?/g) which had been -baked
at 600°C by a pbfe—filling technique in amounts of 6.0 wt%
and 20 wt%, respectively, in terms of inner content. The

fixed amount of MoO; was 92% of the fixed MoO; amount

dispersible in the form of a monomolecular layer.



+ catalytically crackenigacat

¥

As a result, a hydrodesul furized, catalytically cracked gasoline was
obt ai ned which had a sul fur content of 60 ppm by weight , an ol efin content
of 29 vol % and a research octane nunber of 85.09. 15 The anmpbunt of coke’
nmeasured after conducting .the reaction for 30 days was 6.8 w % EXAMPLE 2
Usi ng the sane reactor and.catalyst as in %xanple 1, the sane

presul furization was conducted as in Exaﬁ% e 1. Thereafter, the sane
Testiswd s dacked eintovadis Wy teshdio® as in
desul furi zation reaction test. The reaction conditions used to conduct the
desul furi zaExamplher  toteopduet utlee cdaddOprxsy X3 uni 2et@icdn @s piresBrampld 20
kg/ cn2G an LHSV of 7 1/hr,; .and a hydrogen/oil ratio of 1,500 scf/bbl. The
hydr ogen/ f ekdst Begreaften} aa deswbiunikza thieomyckagieivnl wsth was arondudied
nmeasured at the reactor inlet were 1.9 and 5.4, respectively. As a result,
a hydrodessing ztlde samelgatalyticakly kexhgeadhgaroline @n dimeEranpksh had
a sulfur content of 67 ppm.by weight, an olefin content of 28 vol% and a
research octane number of .85.4. The anpunt of coke measured after

conducting the reaction for 30 days was found 7.0 w %
e reaction conditions used to conduct the

desulfurizatiqg;were a temperature of 250°C, a reaction
pressure of.30;Eg7anG, an LHSV of 5 1/hr and a hydrogen/oil
ratio of 500.s¢f[bbl. The hydrogen/feedstock oil molar ratio
and the hydrdgég[;lefin molar ratio measured at the reactor
inlet were 0.6;§nd 1.8, respectively.

As é rg§élt, a hydrodesulfurized, catalytically
cracked gasoliﬁé;Was obtained which had a sulfur content of
65 ppm by weigh#,?an olefin content of 24 vol%, and a
research octaheféﬁmber of 84.2.

The amoﬁéf of coke measured after conducting the
reaction for 30ta§ys was found 7.9 wt%.

By hydroé?éulfurizing a catalytically cracked
gasoline in thé;&épor phase using the specific conditions and
the specific_éd?ﬁlyst of the present invention, not only is
there a small'dééiease in the octane number of the gasoline

- because the hyd#égenation of-olefins is inhibited, but also
the desulfurizéﬁibn reaction can continue over é long period
of time while méintaining stable high catalytic activity

because coke deposition is also inhibited.



COVWPARATI VE EXAMPLE CoO and Mb(jerr] were fixed to a 1/16 inch extruded

‘al umi na support (surface area: 275 nferr]/g) which had been baked at
600[err] C by a pore-filling:technique in anpunts of 6.0 wt % and 20 wt %
respectively, in terms of-inner content. The fixed anount of Mo err] was
92% of the fixed MoQ err] anount di spersihle in the formof a nononol ecul ar
| ayer. 16 This catal yst was packed info the sane reactor as in Exanple 1
to conduct the sanwhineswhiclihtehitaonasaisn bBeandedctibehanedbtrai) and
desul furization reaction test was conducted using the sane catalytically
cracked gaﬁum&mn@@wmi@ewémmmm tihereafsed tt widdndbect the
desul furization were a terrperature of 250[err]C, a reaction pressure of
30kg/ cnf er EpBaremt KV cgfe Ski/lhedada &hley duwdgdivadi vardous ¢hadgessendbbl .
The hydrogen/f eedst ock oi | solar ratio and the hydrogen/olefin nmolar ratio
measur ed amodid iceddionr dagl de wede Gthersia wighouds gepaintdng fxoma thesul t,

a hydrodesul furized, catalytically cracked gasoline was obtai ned which had
a sul fur comiawt @FIGGE'PO@@% pexecdht, an ol efin content of 24 vol% and a
research octane nunber of “84.2. The amount of coke measured after
conducting the reaction fo'rr_,.,_'30 days was found 7.9 w %
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By hydrodesul furizing a catalytically cracked gasoline in the vapor phase
u5|ng'Tﬁ§"§beC|f|c condi tions and the speC|f|c catal yst of the present

i nventi “"‘mﬁl here_':a smal | ‘decrease ‘in the octane nunber of the -
gasol i ngmwms ' nation of olefins is inhibited, but also the
desul furrzation reacti 6 ontinue od& a |ong period of time while

mai ntaining stable hlgh_c' lytic activity because coke deposition is also
i nhi bi ted. waad TN EMEE Fdwention has been described in detail and with
reference to specific embodrients thereof, it W l.l be apparent to one
skilled in the art ithata \piddess @&nmlﬂrfdmm@r{g GAtficridstdiekbeinneE a
therein w thout departing fromthe spirit and’:Scope thereof. 18 WHAT IS
CLAI MED | Sicdltalyt itaices cofatkele gadoliing npricdiends) eak fud cofpdunds

catal ytically cracked ‘gas cont ai ni ng sul f'ur-- conpounds "and ol efin
conponent s amd a esfaiat aroqumn a umantmaotﬁ:eﬂaa«ﬂmj\ ac aearctees inlet

hydr odesul furi zi ng the gasgki ne under reaction:conditions shown in (a)

bel ow andlxhnqy;pomprlses hydrodesulfurLZLng; he gasollne under

reaction condlt shown in (a) be_ow and using a

desulfurization ca"alyst shown in (b) below;

(@) Reaction co ditions:

a hydrogénf ig rate measured at the reactor inlet of

from 1 t0 5

mqls per mol of thgéﬁ?edstock 0il and of from

5 to 50 mols per mol of the olefin components contained

in the feéd ck oil, a reaction:temperature of from 200

to 300°C,;a al pressure insiéé{the reactor of from 10
vand a liquid houéiy:space velocity (LHSV)
to' 8 1/hs;

(b) Catalyst; 

a catalyst

W: ch comprises a suéég:t mainly comprising
alumina-and ving a surface are_ bf 200 m?/g or larger,

whereln Moo ln an amount of from 10 to 20 wt% and CoO in

'rom 3 to 6 wt$ 1n rms of inner content

are flxed +t the support, and th' welght ratio of MoO; to

the Coo is m 2.5 to 4.5.

2. The process as claimed in:claim 1, wherein the

amount of Moog:fi ed to the catalyst support is not more than

80% of the émouggiff_Moo3 capable o; ﬁéiﬁg'dispersed on the

surface of the suﬁport in the form of a monomolecular layer.




ﬁesulfurlz t shown in (b) below, (a) Reaction conditions: a
ydrog““ mmm\‘“ sured at the reactor inlet of froml to 5 nols per
stotk Dil: and of from5 to 50 nols per nol of the olefin
conponents contained in the feedstock oil, a reaction tenperature of from
200 to 300[err]C, a total pressure insjigle the: reactor of from10 to 20
kg/cnferr]G and a liquid hourly space velocity, (LHSV) of from2 to 8 1/hr;
(b) Catalyst: a catd]ysthaMpEdesdMid S A PROTE 1AM Nl y WHERSiS |t
al um na and having a surface area. of 200 nierr]/g or |larger, wherein
MJ err] i rdesubfmrihia®ion redtdlyd© Shnpt 6 hbdLhmien suppmitt of from 3
to 6 W% in terns of inner content are fixed.to:the support, and the wei ght
rati o of Mx@retainimg tfuortom 2 std rdpnd vk t@@h@_uﬂn aiite whexosigs MrsOcl ai ned
in claim1, wherein the anount of MoJerr] fixed to the catal yst support is
not nore thamdamwaoﬂrerinxednmm e Mofppord. capabl e of being di spersed on
the surface of the support in the formof a noﬁonnlecular | ayer. 19 3.
The process as cl aited The @rigeds asherlsimad '@mmralzath@ﬁldat‘@%/st

conprises an al um na support containing from to 3.0 wm % pot assi um and
wherei n M09 @§#}furization catalyst comprises 3alum1na support

containing from 0.2 to 3.0 wt% pota$ ium, and wherein MoO;

and CoO are fixed to the support.
5. The process as claimedgﬁﬁzclaim 1, wherein said
hydrodesulfurizing is carried out éﬁﬁirely in the wvapor

phase.

6. The process as claimed in claim 1, wherein said

hydrodesulfurizing comprises conta ng the feedstock oil

with the desulfurization catalyst and hydrogen in the vapor

phase and in the absence of a liquid phase or a vapor/liquid
mixed phase.
7. The process as claimed ln clalm 2, wherein said

.;rely in the vapor

hydrodesulfurLZLng is carried out e
phase.

8. The process as claimed ﬁ claim 2, wherein said
hydrodesulfurizing comprises contac ﬁg the feedstock oil
with the desulfupization catalyst Sd ;hydrogen in the vapor
phase and in the absence of a liqui éhése or a vapor/liquid

mixed phase.



and CoO are fixed to the support. 4. The process as clainmed in claim 2,
“wherein the desul furization catal yst conprises an al um na support
containing from0.2 to 3.0 w % potassi um and:wherein MJerr] and CoO are
fixed to the support. 5. The process aé clalned i:n- cIa|n11 wherein said"-
hydrodesul furizing is carried out entirél’y i n“the vapor phase. 6. The
process as claimed in claim1, wherein said hiydrodesul furizing conprises

contact| 19 *sadEste sk ShlobkibehbGCIERIALYRLZRHLOTCRAL Rk oEa 28 (C ogen
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m xed phase. 7. The process as clained in cI'" ‘wher ei n sald

hydr odesul furizing is carrle@BﬂﬂRAﬂWlGRH@ﬁErDISGLGEHRE phase. 8. The
process as claimed in claim2, wherein said hydrodesul furizing conprises
contacting the feed&t@mtatwtlvmlhytheadbedl@ aneofieedstibgkt iand hydrogen

in the vapor phase and in the absence of a | d .phase_or a vapor/liquid
m xed phasedesulfurized under reaction conditions of: a hydrogen feed

rate measured at,;he reactor lnle “f:om 1 to 5 mols per

mol of the feedéﬁebk 0il and of fron 51&0'50 mols per mol of
the olefin compohénts contained i feedstock oil, a

reaction temperature of from 200 to 00‘0;'& total pressure

inside the reactor of from 10 to 'qug/cm%S, and a llquld

hourly space velqcxty of from 2 t 1/hx, and using a

catalyst which comprises a support. inly comprising alumina

r largef, wherein MoO,
i

o0 ifi-an amount of

and having a surféce area of 200 @Z
in an amount of from 10 to 20 wt%g;h
from 3 ko 6 wt%'éézterms of inneri? tent are fixed to the
support, and thefgéight ratio of MoO : o Co0 is from 2.5 to

4.5.



