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PROCESS POR DESULFURI ZI NG CATALYTI CALLY CRACKED GASCOLI NE
FI ELD OF THE | NVENTI ON - The present invention relates to a process
for desulfurizing catalytically cracked gasoline. Mxre particularly, the
present invention relates to a process for hydrodesul furizing
catal ytically cracked gasoline containing sulfur conpounds and olefin
conponents in the presence of a catalyst. _ BACKGROUND COF
THE | NVENTI ON In the field of petroleumrefining, catalytically
cracked gasol i NePRGCRES (RO DESULPYRI 2THG NEGATALMNRICAJIIO0ICRACKED OBASOLENR) a
certain amount of olefin conponents. Catalytically cracked gasoline is a
gasoline fraction obtained by catalytically cracking ' 'a heavy petrol eum

fraction as a stock oil, such a a Qi l an at nospheric

residual oil, and recovering and%a§§¥ 5# i&#ﬁiﬁ? tically cracked

products. Catal yti cal *ﬂe%gﬁﬁog_qﬁ,@nﬂg | Sefat i’?@’ﬁo@&@a”? gt ock of
ol

aut onoti ve gasoline. wever e st oc catal ytic cracking

has a rel ati dsuliughzengt eitapiticdily ceasredngesoMirs. amorent r eat ed
stock oil is subjected to catalytic cracking, the resulting catalytically

cracked gasol paxtibudably, atle giresant! inventponncelataetia aliprocesal fong
gasoline fraction would cause environnental pollution if used as a
bl endi ng st odwdspdagubfurizing eatialysically cracked gasoline containing

sulfur compounds and olefin components in the presence of a
catalyst.
BACKGROUND OF THE INVENTION

In the field of petroleum refining, catalytically
cracked gasoline is a stock of high-octane number gasoiine
containing a certain'nmount of olefin components,
Catalytically cracked gasoline is a gasoline fraction
obtained by catalytically cracking a heavy petroleum fraction
as a stock oil, such as a vacuum gas oilior an atmospheric
rasidual oil, éhd recovering and distilling the catalytically
cracked products. Catalytically cracked gasoline is a
primary-blending stock of automotive gaaglino.

Howevexr, the stock oil fox catalytic¢ cracking has a
relatively high content of gulfur compounds. When an'
untreated stock oiliis subjected to catalytic cracking, the
resulting catalytically cracked gasoline also has a high
sulfur compound content. The resulting gasoline fraction
would cause environmental pollution if used as a blending

stock of automotive gasoline.
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-1- Consequently, the stock oil is usually subjected
to a desulfurization process prior to catalytic cracking. On the
ot her hand, a naphtha fraction obtained by distilling crude oil is

general ly subjected to catalytic reformng to at |least partially aromati ze
the sane and increase its octane nunber. Because a reforming catalyst is
general |y poi soned by sul fur conpounds, the naphtha fractlon shoul d al so
be desul furized prior to catalytic reformng

hydr odesul furi zati on sbaoeggehtsyhutheW&ﬁpq&éeﬁl éarﬂ$¥%ﬂ¥ﬁnﬂﬁbﬁ39§ﬂde$§ Bhe
above-noted desul furization in the field of petroleumrefini

hydr odesul f ur i 928%3fP53a3E408 PFHEPEﬂeEr%t%ﬁ% Ht§Fo€Ra‘3F-"rnqgn be

desul furized with an thpé#gtgtcgt ¥§g?%%ﬁgrggﬁgg@ éﬁforééggéﬁ) in a

pressuri zed hydrogen atnosph ysts
whi ch are typigddn R c&qaehasﬂiOﬂE%léx{éﬂuaaf Iaasjeétbeaw RRld1Gha'gm

fractions, such as a stock oil for catalytiC cracking (e.g., a“vacuum gas
oi |l or an_ at mosfdeing mesnduaéaatlﬁazmthkiystnmﬂnauikefthaté&munﬂnd cracki ng
(e.g., a vacuum r esi dual oil), conprise a group VIIl elenent (e.qg., cobalt
and ni ckel) anﬂlmém ogtanenpumber g. Beswl@m anq:eﬁmbtge yet is

tungsten) supported

n appr.opriate, carrier al um.n The
hydrodesulfur|9EHQQﬂi¥3 G@@§9nﬁg Lﬁﬂlinnxﬁqmmevaesatthe } Fractionnout
300 to about 4 rt RregsuLe out 30 t.o about
200 kg/crferr]® é§l§}§iqugp §f£5ﬁfae& prior 3 cata1y€$3 reforming. ,_

A hydrodesulfurization process has hitherto been

carried out to achieve the above-noted desulfurization in the
field of petroleum refining. A hydrodesulfurization process
includes contacting a stock oil to be.desulfurized with an
appropriate catalyst.for hydrodesulfurization in a
_pressurized hydrogen atmospheie at a high temparatﬁre.
Catalysts which are typically used for
hydrodesulfurization of heavy petroleum fractions, such as a
stock oil for c&talytic cracking (e.g., a vacuum gas oil or
an atmospheric residual oil) and a stock oil for thermal
cracking (e.g., a vacuum residual oil), comprise a group VIII
~ element (e.g., cobalt and nickel) and a group VI element
(e.g., chromium, molybdenum and tungsten) supported on an
appropriate carrier (e.¢g., alumina). The
hydrodesulfurization process is usually conducted at a
temperature of about 300 to about 400°C, a hydrogen partial

pressure of about 30 to about 200 kg/cm?, and a liquid hourly



space ~velocity (hereinafter abbreviated as LHSV) of about 0.1 to about 10
1/ hr. ' Catal ysts which are typically used for hydrodesul furization
of naphtha conprise a conbination of a group VIII elenent and a group VI

el enent (e.g., a conbination of cobalt and nol ybdenum supported on an
appropriate carrier (e.g., alumna). The hydrodesulfurization process is
usual ly carried out at a tenperature of about 280 to about 350[err]C, a
hydrogen partial pressure of about 15 to about 40 kg/cnierr], and an LHSV
of about 2 tosparRitvelobilty (hereinaftemn abhreyviateds aaytHIVEsoff fahdutadi.dn
of a heavy petroleumfraction such as a vacuumgas oil or an atnospheric
resi dual oil, ¥hiakryts I /B oil for catal ytic cracking, processing is

carried out at high t erature hi gh r.essyre as,dgscri bed above.
Consequent|y, strict ?%%ﬂ#ngﬁswggg% 5$hxﬁ£§}qﬂﬁi?hgsﬁﬂp P&t us design.
Fur t her mor e, %ufaiie%?uﬂh%ﬁ?ﬁ SPPR AR Qi 16838 Cobdib

ﬁéﬂ%ﬁyiak a
I nvol ves high “construction costs. and, en

catal ytically grogkedIgaieent andhy djssias w1l wlemedtu(ees. | he
above-described processing conditions, the olefin conponents present in
the cracked gasembinatiicncofosobakt hanit qupliydenum) supportedeon @refin
content, and the resulting cracked gasoline fraction has a reduced octane
nunber . Ther ef }WREORHALS garTiieyated ne aluymiad)on TBR| owi ng

hydrOdeSU|furlﬂ?ﬁf&ﬁkéﬁif%%iaggggx process is usually carxried out at a

temperature of about 280 to about 350°C, a hydrogen partial
pressure of about 15 to about 40 kg/cm?, and an LHSQ of about
2 to about 8 1/hr.

In the case of hydrodesulfurization of a heavy.
petroleum fraction such as a vacuum gas oil or ‘an atmospheric
residual oil, which is a stock 0il for catalytic cracking,
processing is carried out at high temperature and high
pressure as described above. Consequently, strict conditions
are imposed on the apparatus design. PFurthermore, an
extension of the apparatus to increase its capacity involves
high construction costs. .

On the othexr hand, when catalytically cracked
gasoline is hydrodesulfurized under the above-described
processing conditions, the olefin components present in the

cracked gasoline fraction are hydrogenated to reduce the

olefin content, and the resulting cracked gasoline fraction
has a reduced octane number. Therefore, the cracked gasoline

fraction following hydrodesulfurization is desirably



subjecfed to catalytic reform ng, isonerization, etc. so as to increase
the octane nunber. That is, two processes are involved. The techni que

di scl osed in the unexam ned publ.ished Japanese patent application No. Hei.
6- 509930 based. on a PCT application is an exanple of such a two process
system SUMVARY OF THE | NVENTI ON An obj ect of
the present invention is to provide a process for effectively.

hydr odesul furi zing catalytically cracked gasoline containing sulfur
conpounds and silgjécted dpertalptivhi teforming,zisgmekbza bl iehc.ofscokef i n
conponents. In order to solve the above-described problem the

present invFPt%ﬁ’sﬁ!ﬂiﬁﬁﬁd @?edevﬁ%%.%ﬂw 3 -o?@?é}tf @Fi;?‘?‘?c!fi’?m. @8s axmor
removi ng sul fur_canpounds. to. a permss eve ile mnimzing
reduction in t*ﬁ?éﬂﬁ%%;n e 8P8£?+F“?x#ﬁﬂﬁiﬁﬂfg.iﬂs °reagfaminad present

i nventors fou ' 18RMka1 | N God a6t Lgally
cracked gasorﬁ]%i%h:d/ng{nbggga réiﬁf/%goggs&%?%r ?ge 82% 'thrhe ease% O?;S,%;.d

difficulty in eiesaldor isppliieatyeni s e iple Of bG€h dATwas YPrceBlsr UCT UT e
of the sulfur conpounds. In view of the difference in the relative

ease or difficagyatem.n desul furization anong sul fur conpounds, the present
I nventors have di scovered a process for hydrodesul furizing catalytically

cracked gasol ine containing sulSUNMARENGBHRE EFRENSIZON n conponents, whi ch
conpri ses An object of the present invention is to provide a
process for effectively hydrodesulfuriﬁing catalytically
cracked gasoline containing sulfur compounds and olefin
components while minimjzing the reduction of olefin
components. _ )

In order to solve the above~described problem, the
present inventors sought to dévelop a hydrodesulfurization
process for removing sulfur compounds to a permissible level
while minimizing reduction in the content of olefin
components. As a result, the present inventors found that
various sulfur compounds contained in catalytically cracked
gasoline are not equally hydrodesulfurizad, and the ease or
difficulty in desulfurization varies depending on the |
molecular structure of the sulfur compounds.

In view of the difference in the relative ease or
difficulty in desulfurization among sulfur compounds, the
present inventors have discovered a process for

hydrodesulfurizing catalytically cracked gasoline containing

sulfur compounds and olefin components, which comprises
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-4- separating the catalytically cracked gasoline into a
pIurallty of fractions including at |least one of (i) a first fraction rich
in sul fur conpounds that are hard to desulfurize and (ii) a“second
fraction rich in sulfur conmpounds that are easy to desulfurize, next

hydr odesul furi zing at | east one of the first and second fractions in the
presence of a catalyst, and then mxing the hydrodesulfurized fractions)
with the remaining fractions. That is, the present invention relates to a
process for de@uhauinglhgaoeﬁtdhuhuuaﬂly cracked Qﬁﬁnﬂﬁneaﬁmanpa|3|ng '
separating the catalytically cracked gasqline into at |east one

fraction thatPﬂ&@aéiﬁYgﬂfciﬁﬁﬁﬁﬁoﬂﬁ igcipding %F %Faﬁﬁlﬂﬂﬁ iofy (&9 Qufi%#t
conpounds that are difficult to_desulfuriz a fract t hat has a high
content of a ITRFELEMFighin silfur gempgpp ? é‘at’ﬁlg Care easy to

desul furize, ol9ehi0g aénée{"ﬁr?u%”%e%gn&hﬁriéé‘ﬂd e An pulfur o

hydr odesul furization under m condi ti ons, and m Xl ng
DETAI LED DESCigoipbihid@rei&E A:&WHEByC]No desulfuride, Gadxd yt ically cracked

gasoline for use in the present invention is a gasoline fraction distilled
at a tenperathydrodeshlburibiing 30 leastbone 0§0the rfigstTiand sacangtical |y
cracked gaSOIEggciioggtfﬁngﬁgtggégga%gyg%cglLgtalyst' and then mixing the
hydrodesulfurized fraction(s) with the remaining fractionms.
That is, the present invention relates to a process for
desulfurizing catalytically cracked gasoline comprising
separating the catalytically cracked gasoline into at least
one of a fraction that has a high content of a single ;x a
plurality of sulfur compounds that are difficult to
desulfurize and a fraction thét has a high content of a
single or a plurality of sulfur compounds- that are easy to
desulfurize, subjecting at least one of the fractions to
hydrodesulfurization under optimum conditions, and mixing the
fractions. .
DETAILED DESCRIPTION OF THE INVENTION
The cu.talytically cracked gasoline for use in the
presaent invention is a gasoline fraction dist;lled at a
temperature of from about 30 to about 250°C. The
catalytically cracked gasoiine is ohtained by catalytically
cracking.a heavy petroleum fraction (e.g., a vacuum gas oil

or an atmospheric residual 0il) to mostly convert the heavy

petroleum fraction into a broad range of petroleum fractions,



€

crackinmg a heavy petroleumfraction (e.g., a vacuumagas oil or an

at nospheric residual oil) to nostly convert the heavy petroleumfraction
into a broad range of petroleumfractions,

- 5- and recoverering and distilling the catalytically cracked
products. The catalytically cracked gasoline is often separated into a

| ight fraction and a heavy fraction which are used depending on the

i nt ended application as a gasoline base. The boiling point of the |ight
fraction is franlabsedverdhg andbdistiBwy rfia cardlybicadiytdradiaaly '
fraction is from about 80 to about 250[err]C. These catal ytically
cracked gasol i peoductsd o/fhe Genaarhiggkix crackedagegelineoip witen sul fur

conpounds, such as thiophene, al kylthi ophenes, benzothi ophene,

al kyl benzot hi opfR¥eAteq dntoy & dhght aheactign anchrabgevypEretian which
t | {ides. tal yticall ‘ked |ipe which h
Cubj eotd o Srtcesd Teandihd fh . Fe' e eeBtifatiSa R i eabmadands
b | d ifii19 6D - by W
Cone om sy cpeegl MANwo111g otnFiof the JAGRE ERECIEL MY Uit Yellel"

and al kyl t hi opheteakivut QBOPCYNgadt Bt B thel hoavi!t £bact Las Uld Yokt
Al kyl t hi ophenes are nore difficult to desulfurize than thiophene. The

al kyl t hi opheneabdmte &% tooaboudli 250801t to desul furise with an increase in

the number of These catalytically ¢racked gasoline fractions
contain about 10 to about 1000 ppm of sulfur compounds, such
as thiophene, alkylthiophenes, benzothiophene,
alkylbenzothiophenes, thiacyclopentane,
alkylthiacyclopentanes, mercaptanes and sulfi@es.
C§ta1ytically cracked gasoline which has been subjected to
sweetening also contains disulfides. These sulfur compounds
can be analyzed and guantified by a GC-AED (a-gas
chromatography with an atomic emission detector).

Of these sulfur compounds, thiophene and
alkylthiophenes axe compounds that are difficult to
desulfurize, Alkylthiophénes are more difficnlt to
desulfurize than thiophene. The alkylthiophenes become more
difficult to desulfurize with an increase in the number of
constituent alkyl groups. The present invention is
characterized in that one or more sulfur compounds which arze

difficult to desulfurize are identified as such, and one or

more fractions having a high concentration of sulfur



constituent al kyl groups. The present invention is characterized in that
one or nore sul fur conpounds which are difficult to desulfurize are

i dentified as such, and one or nore fractions having a high.concentration
of sul fur - 6- conpounds that are
hard to desul furize are handl ed separately fromother fractions.

On the other hand, benzot hi ophene, al kyl benzot hi ophenes, thiacycl opent ane,
and al kyl thi acycl opent anes, anong the above-described sul fur conpounds,
are exanpl es ofowmpeunds halkoareshandt tardeankfunize azeuhandled separatedy,

benzot hi ophene _is the easjest ,to desulfurize. The al kyl benzot hi ophenes
becone nore di PR Athexr FXa6LiPRgei ze with an increase in the number of

constituent al kyl gr Separat i .Lhe catalytically cracked
gasoline into a fracgﬁgﬁhfthh?g Vf?éifk?%ﬁfgﬁiPpggﬂﬁbuhds that are hard to
desul furize anghy ' hajy i L dbdrtanl,f Hha COMPoOunds that are
easy to desulfﬂ%*gzyééﬁgﬁgggg?%gﬁ%f?%ﬂéi?#$’ anya%g'dgs?illation

adsorption, cryrkyltlizstiyclopentahe, amdity thes aboliengessribéd BELfur
conveni ent of these mnethods. The boiling points of typical sulfur
conpounds t hat compaurnés,d are ézamplesiaf sulfuas conpbunds thavpiemeasy to
84. 16l err] G desulfurize. Of these, benzotniopheﬁe is the eaalest to
desulfurize. The alkylbenzothiophenes become more difficult
to desulfurize with an increase in the number of constituent
alkyl groups.
Separating the catalytically cracked gasoline into a
fraction that is rich in sulfur compounds that are hard to
- desulfurize and into'a fraction that is rich in sulfur
compounds that are easy to de;ulfurize may be accomplished by
any of distillation, adsorption, crystallization and the
like. Distilling is the most convenient of these methods.
The boiling points of typical sulfur compounds.that
arxe hard to desulfurize are és follows. Thiophene: 84.16°C;
2-methylthiophene: 112.56°C; 3-methylthiophene: 115.44°C; 2-
ethylthiophenas 134.00°C; 3-ethylthiophene: 136.00°C; 2,5~
dimethylthiophene: 136.70°C; 2,4-dimethylthiophene: 140.70°C;
2,3-dimethylthiophene: 141.60°C; 3,4-dimothylthiophene:
145.00°C; 2-isopropylthiovphene: 153.00°C; 3-
isopropylthiopﬁene : 157.00°C; 3-ethyl-2-methylthiophene:
157.00°C; 5-ethyl-2-methylthiophene: 160.10°C; 2,3,5-



2-met Qyl t hi ophene: 112.56[err] C, 3-net hyl t hi ophene: 115.44C;, 2-

et hyl t hi ophene, 134.00[err]C, 3-ethylthiophene: 136.00[err]C, 2,5-

di met hyl t hi ophene: 136.70[err] C, 2,4-dinethylthiophene: 140. 70[err]C;

2, 3-di met hyl t hi ophene: 141.60[err] C, 3, 4-dinethylthiophene: 145.00[err]C;
2-1 sopropyl thi ophene: 153.00[err].C, 3- isopropylthiophene: 157.00[err]C,
3-et hyl - 2-net hyl t hi ophene: 157.00[err] C, 5-ethyl-2-nethylthi ophene:

160. 10[err] C, 2, 3, 5- -7-

trinet hyl t hi opiximethydthsophaned G,64a:50°C; 3andt 2 det +arimatdhyidhdophena:
172.70[err] C The boiling points of typical sulfur conpounds that
are easy to dddd-7@’Fze are as follows. Thiacyclopentane: 121.12[err]C

2- met hyl t hi acycl opent gne: 23l ernr]lC  3- t hyl t hi,acycl oapent gne;
138.64[err]C, 2, tr ans'-%gg b%iiﬁé\% O 5c§/’§l Sﬁgg?%%e'fﬂlﬁ%ﬁ@r'g’?% that s 5.
di et hyl t hi acy, : y 3 LeEt h ' e:
145.00[ err] C a%%g%ggﬁ%tﬁ%ﬁjh"ﬁg‘%’%[ ]385 n? 3n§°}g?'g§ o&%ﬁiyr:?ce;isbgae%ép

_ 3-ethyl t hi acyglzapanrgyez-ndeby i iicykcTopereané bi ppdeze=c;283 90[ err] C,

met hyl benzot hi ophene: . 243.90[ err] C. Thus, sone of the sul fur
conpounds t hatmethylbhidcyeloprstdrniasr i138 .848CsoRptrdng+4fe- sul f ur conpounds
that are easy to desulfurize have boiling points that are close together
Accordi ngly, idimethydthiacyglaopentyans: dé?epgfﬁé 2els-3-

dimethylthiacyclopentane: 142.28°C; 3,3~
dimethylthiacyclopentane: 145.00°C; 2,3~
dimethylthiacyclopentane: 148.00°C; 3-ethylthiacyclopentane:
165.00°C; benzothiophene: 219.90°C; methylbenzothiophene:
243.90°C, ) | )

Thus, some of the sulfur compounds that are hard to
desulfurige and some of the sﬁlfur compounds that are easy to
desulfurize have boiling points that are close togethex.
Accordingly, it is necessary to first determine the
distribution of sulfur compounds by analysis, and to then
select a distillation apparatus and distillation conditions
that would provide tho greatest degree of separation
possible. After separation, the fraction that is rich in
sulfur compounds that are hard to desulfurize desirably
contains sulfur compounds that axe hard to desulfurise in an
amount of more than 50 mols, preferably at least 60 mol%, of
the total sulfur compound content. Likewise, the fraction

that is rich in sulfur compounds that are easy to desulfurize

desirably contains sulfur compounds that are easy to
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di stribution of sulfur conpounds by analysis, and to then select a
distillation apparatus and distillation conditions that would provide the
greatest degree of separation possible. After separation, the fraction
that is rich in sulfur conpounds that are hard to desul furize desirably
contai ns sul fur conpounds that are hard to desul furize in"an anpbunt of nore
than 50 nol % preferably at |east 60 nol% of the total sulfur conpound
content. Likewi se, the fraction that is rich in sulfur conpounds that are
easy to desul f gesdPFurie® BabhY anshet Nof MordeithaanBoundiss hprefemahiysntt o

- 8- desul furize in an anount of nore than 50 nol % preferably at
| east 60 nol % ledst D mwlAl, of the towpbusrlinnicenpound c@bmgi e B0 sampl e
contai ni ng both sul fur conpounds that are_ hard to desul furize and sul fur
conpounds t hat separais\p egmpdesaepteining Reth sulfvx sewp?ﬁg‘i'bom% arg

multi-stage djstillatjon ratus.is preferred tq a,sipgle distillation
apparat us for t%ﬁy‘i’?n %%g‘ggéfa??%ns'&ﬁ%“’%ocmﬁf i gt’ i Bﬁagtag?n%$ &2

efficiency. f 1f¥?§n dinitsl, g AuitfCieddethat is
rich in sul furd%%%%%%%% ?ﬁ%ﬂgrgiﬁ%dﬂ%o es&{furi ze and a fréa%'?i on t hat

is rich in sul ﬂﬂétfﬂ&ﬁt&?ﬂ%pbaéatasewwﬂareaew Businglésdist iliatdon
according to the 1 ntended purpose. The | anguage "rich in sulfur

conpounds t hat apperaess] £dx0 cdesylihgr owe "sepagtation defli concentrationtaton
contai ning sul fur conpounds that are hard to desulfurize in an anmount of
nmore than 50 nbnoyezsed effilofencykeast 60 nol % of the total

The method used for desulfurizing a fraction that is
rich in sulfur compounds that are hard to desulfurize and a
fraction that is rich in sulfur compounds that are easy to
desulfurize is selected according to the intended purﬁsse.

The lanQUage."rich in sulfur compounds that are hard
to desulfurize” might be defiﬁed as a fraction containing
sulfur compounds that are hard to desulfurize in an amount of
more than 50 mol%, preferably at least 60 mol%, of the total
content of sulfur compounds contained in the fraction.

The language "rich in sulfur compounds that are easy
to desulfurize” might be dafinad as a fraction containing
sulfur compounds that axe easy to desulfurize in an amount’ of
more than 50 mol$, preferably at least 60 mol%, of the total
.content of sulfur compounds contained in the fractiom.

For example, where the sulfur content i; to be
reduced to a limited extent, only a fraction that is rich in
sulfur compounds Ehat are casy to desulfurize is subjected to

hydrodesulfurization under mild conditions, for example, in

-9—



contept of sul fur conmpounds contained in the fraction. The

| anguage "rich in sul fur conpounds that are easy to desulfurize" m ght be
defined as a fraction containing sulfur conpounds that are easy to

desul furize in an anount of nore than 50 nol % preferably at |east 60
nmol % of the total content of sulfur conpounds contained in the fraction.
For exanple, where the sulfur content is to be reduced to a |imted extent,
only a fraction that is rich in sulfur conpounds that are easy to

desul furi ze i stheljpraictdel 0f Aydavabget ffur hyidredennlitirikatiaoat & ons,
for exanple, in the presence of a catal yst for
hydrodesulfur|tﬁmpeﬂﬂﬁﬂxea°ftéhp@ta?@ﬂeiQﬁahﬂ@GuﬁOQOO:té h&ﬁxngenxqagnipa a

hydr ogen parti al ressure_of about 5 to gw g@ 20,kg/ c err and an LHSV
of about 4 td® & ®f phPut 5 to abouy 20, kgdemiy A Pheabedtt i on

that is rich | sul fur nds that are easy to desulfurlze can be
per f or med mhll ?ﬂ%ﬂq“thégpﬁggﬁrefln conponents that are originally

present in the 1act! farbatey PAGE Gl el knePEOREESSE Yoid L QAN LTS
I Za

are sel ected, a desul lon rate as o Of even noreée can

achi eved whi | egy DAY TeRirpRBdBY £7.06 00 'é?ﬂsyOftot 88581864 1150 @6 DY Vol U

or lower, thus mnimzing a reduction in“octane nunb S
necessary to sperfurnede whihei retainirg ﬁhﬁdmdéﬁinl&umpdwéntslﬁhat.eaah

fraction, taking intq _ consideration the kinds and anounts of sul fur

conpounds originally present in the fraction. More particularly, if
propexr reaction conditions are selected, a desulfurization
rate as high as 70% or even more can be achieved while
controlling hydrogenation of the olefins to 10% by volume or
lower, thus minimizing a reduction in octane number. -

It is necessary'to select the conditions of
hydrodesulfurization for each-fraction, taking into
consideration the kinds and amounts of sulfur compounds
contained therein and the kinds and amounts of olefin
components concurrently contained therein, in order to
achieve the desired desulfurization rate and a permissible
reduction in octane number.

The reaction conditions of hydrodesulfurigation are
gelected from a temperature range of from about 200 to about
350°C, a hydrogen partial pressure range of from about 5 to
about 30 kg/cm*, an LHSV range of from about 1 to about
20 1/hr, and a hydrogen/oil ratio range of from about 300 to
about 5000 scf£/bbl. The lower the temperature or pressuré,
or the higher the hydrogen/oil ratio, the more effectively

- 10 -



contai ned therein and the kinds and anmounts of olefin conponents
concurrently contained therein, in order to achieve the desired

desul furization rate and a perm ssible reduction in octane nunber.

The reaction conditions of hydrodesul furization are selected froma

t enperature range of from about 200 to about 350[err]C, a hydrogen parti al
pressure range of fromabout 5 to about 30 kg/cnferr], an LHSV range of
fromabout 1 to about 20 1/hr, and a hydrogen/oil ratio range of from

about 300 to abe#inWedkrafdratilon thA beVEipptusdRTRY Rlininiga Pressure,

or the higher the hydrogen/oil ratio, the nore effectively

- 10 - reductied i in lhatange namben. can be suppressed to mninize a
reduction in octane nunber. On the other hand, where a high
overal | rate of desul9riheaOEBAT] §awéqmlma? ’o@tiﬁhaq"ﬁﬁeuoﬁﬂ'fme& in r| ch

ch in sulfy %%gﬁgit%@ﬁ% 1ga%g8§g§g$b et o oSy A b& i g

hydrodesul f uri ggi f@R- cdubdutide tRRE: ak8hafdNl fdém:% 4BU0ERE S e | O

are optimzed for each ‘fraction to achieve the deS|re high rate o
desul furizati ogha¥his ecmﬂtirrplshuarhas&ﬁp&ﬁ&m itHatobre! 8hbPstéd ddBul firi®ed

reduction in octane nunber. The catal yst for use”in the present

i nvention are subjected to hydrodesulfurization. In this case, the
conditions of hydrodesulfurization are optimized for each
fraction to achieve the desired high rate of desulfurization
while controlling hydrogenation of olefins to minimize-a
reduction in octane number.

The catalyst for use in the present invention -
includes those ordinarily used for hydrodesulfurization in
the field of petroleum refining. That is, the catalyst
generally comprises a desulfurization active metal supported
on a porous inorganic oxide carrier.

The porous inorganic oxide carrier includes alumina,
;ilica, titania, magnesia and mixtures thereof. Alumina and
gllica-alumina are prefexred.

The desulfurization active metal includes chromium,
molybdenum, tungsten, cobalt, nickel and mixtures thereof.
Cobalt-molybdenum and nickel-cobalt-molybdenum are preferxed.
These metals can have the form of a metal, an oxide, a
sulfide or a mixed form thereof on the carrier. The active

metal can be supported on the carrier by a known method, such

as impregnation or co-precipitation.

- 1] -



i ncl udes those ordinarily used for hydrodesul furization in the field of
petroleumrefining. That is, the catalyst generally conprises a
desul furi zation active netal supported on a porous inorganic oxide

carrier. . The porous inorganic oxide carrier includes alum na,
silica, titania, magnesia and m xtures thereof. Alumna and silica-alumna
are preferred. The desul furization active netal includes chrom um

nol ybdenum tungsten, cobalt, nickel and m xtures thereof.

Cobal t - nol ybdenum andIni thel poebaitt -imviepitden. na acatplysfte cosprisingse netal s
can have the formof a netal, an oxide, a sulfide or a m xed formthereof
on the carri ercobpit-godybdenypior nigkedocobaisrralydeny supporsedponaan

known met hod, such as inpregnation or co-precipitation,

In the present®iMI&R CHRTLGT 13 PHRieTTsr | ThRgamewRh 2L fhe) Btiym Bptal

i ckel -cobal t - l, um ' ' d., Th
Brount of ¢ he SmAREs B REGHESS Al ert HTL RGeS ot 3T 15 PRy
about 1 to aboyyy #%E&n‘é’?iﬂ&e fémyeasehﬁl §bgs/tarbuto 29q0y 20% by

wei ght, in terns the oxide of the active netal. The netals nay be
prelimnarily wedighe,t ¢d terms! éf delre ioxidek od\Wehe nactive haftale uThei n

hydr ogenat i on. The reaction tower for hydrogenation may be of a
fixed bed typaetals mayi bedpoelininpridy sobyerted teculfides Anfaxknowed
type reactor |5 fer betors uss in hydrogenation.
The reaction tower for hydrogenation may be of a
fixed bed type, a fluidized bed type or a boiling bed type.
A fixed bed type reactor is preferred. The catalytically
cracked gasoline fragtion.can be contacted with the catalyst
in any of a parallel upward flow system, a parallel downward
flow sysﬁem or a countercurreﬁt flow system. These
operations are well known in the field of’ petroleum refining,
and known technigues can be selected as appropriate.
EXAMPLES
The present invention will now be illustrated in
greater detail by way of the following Examples. However,
the present invention should not construed as being limited
'~ to those Examples.
COMPARATIVE EXAMPLE 1
A catalytically cracked gasoline light fraction
(about a 30 to B0O°C fraction) was obtained by catalytically
cracking a stock oil containing an atmospheric residual oil.

The term *about a 30 to 80°C fraction" as used herein is a

=12 -



cracked gasoline fraction can be contacted with the catalyst in any of a
paral l el upward flow system a parallel dowward flow systemor a
countercurrent flow system These operations are well known in the field
of petroleumrefining, and known techniques can be sel ected as

appropri ate. EXAVPLES The present

i nvention will now be illustrated in greater detail by way of the
foll owi ng Exanpl es. However, the present invention should not construed as
being linmted nomitiadsdedigugticm. This fraction actuall@ObBARAThed FIX/NPLE

1 A catalytically cracked gasoline light fraction (aboutoa 30 to
80[ err] C fract banyedabt oof 2 rfé@ccvaoaabavwgcmhqilmmm& afs302¢ or|
0, 80C

cont ai ni ng an gtnospheri esidual, oil. _ Th tern1"%Po t a 30 i
fraction" as uggﬁeﬁe?ﬁg t4% Py weight of a fraction having aiboiling point

Fraction havi ng S oRat 8016 AT RIE HeEO e n B0+ P Re o °
fraction havi nﬁhéwﬁoﬂliT%I@ilntbel%qeeﬁ%xégam{@ri 138_kBeegPBatLaEL I Hadb

to as an 80+[err] cut) as shown in Table 1 below. The about a 30 to
80[ err] C fract aodehsiity cofl B 75y gffemd. 417 A 50 nReku) fak doiint Gf @7spph)r

content of 27 ppm an olefin content of 65% by volune, and a researc
nmet hod oct aneanuobefimfc@fteht of 65% by Avabmey @nd byresaateblmetimidl yst
COMPIISING AN ctane number of 93.8. '

A commercially available catalyst comprising an
alumina carrier having supported thereon 5% by weight of CoO
and 17% by weight of MoQ, was used for hydrodesulfurization |
after it was preliminarily converted to a sulfide forﬁ'in a
usual maﬁner. The above-described catalytically cracked
gasoline fraction was hydrode;ulfnrized using a fixed bed
parallel downward flow type hydrogenation reaction apparatus
under relatively mild conditions, i.e., at & reaction
temperature of 250°C, a partial hydrogen pressure of
10 kg/cm?, an LHSV of § l/hr, and a hydrogen/cil ratio of
1000 scf/bbl.

As a result, a hydrodesulfurized catalytically
cracked gascline light fraction was obtained having a sulfur
content of 12 ppm, an olefin content of 44% by volume, and a

regsearch method octane number of 86.1. There was no loss of

liquid components due to the treatment.
' EXAMPLE J

- 13 -



al um na carrier having supported thereon 5% by wei ght of CoO and 17% by
wei ght of Mo err] was used for hydrodesul furization after it was
prelimnarily converted to a sulfide formin a wusual manner. The
above-descri bed catal ytically cracked gasoline fraction was

hydr odesul furized using a fixed bed parallel dowward flow type

hydr ogenation reaction apparatus under relatively mld conditions, i.e.,
at a reaction tenperature of 250[err]C, a partial hydrogen pressure of 10
kg/cnferr], an LHSV ofrhe #&hé.catehykiltudngUenaskbd gdédslitie ak0@@aaciabbl .
As a result, a hydrodesul furized catalytically cracked gasoline Iight
fracti on was dlomparativevErgmplsul fwas distiddedotoldivide the @iambki Aneenyent
of 44% by volune, and a research nethod octane nunber of 86.1. There was

no | oss of | iHk& e@Ghpbicat 1ftRranse Ha diskiildation temperature of

- 13 - ° T tal yticall d i d
2 cormar at | A9 GeanP® 7RG PR ke SLGEAE FRRREL 3 S5k
each by a di ff&{;‘ﬁg% 5;10%31*%%1@& RRG,ature of 10[err]C. The yield,

sul fur content olefin conte of each 'cut are shown in Table 1 bel ow.
TABLE 1 Distillation TABLES§|fUV Aefin
Distillation Sulfur Olefin
Jemparature Yield Contant Content
(°C) (wt$) (ppm) (vols)
I.B.P. to 30 11.9 0 82
30 to 40 36.0 1 73
40 to 50 1.9 7 84
50 to 60 . 7.7 3 42
60 to 70 28.3 24 55
70 to 80 11.0 129 62
g0+ 3.2 154 ° 51

totél 100.0 27 65

On analysis of the sulfur content of the 70 to 80°C
cut, it was found that 90 molt of the sulfur content was
thiophene, a sulfur compound that is hard to desulfurize.
Analysis of the sulfur content of the 80+°C cut revealed that
94 mol% of the sulfur content also was thiophene. The 70 to
80°C cut and 80+°C cut which were rich in sulfur compounds
that are hard to desulfurize were mixed together and
hydrodesulfurized using the same reaction apparatus and the
same catalyst as used in Comparative Example 1 at a

temperature of 300°C, a hydrogen partial pressure of

- 14 -



Tenperature Yield Cont ent Cont ent ([err] O
11.9

(wt % (ppm (vol % |.B.P. to 30

82 30 to 40 36.0 1 73 40 to 50
1.9 7 . 84 50 to 60 7.7 3

42 60 to 70 -28.3 24 55 70 to 80
11.0 129 . 62 80+ 3.2 154

51 t ot al 100. 0 27 . 65 On

anal ysi s of thgosklyom?,cani REVOSEL Hiel /ik | anB0mehipl€ogansoil tratdo fofund
that 90 nol % of the sul fur content was thiophene, a sul fur conpound that
in hard to desdi00dr sg€/bblnal ysis of the sulfur content of the 80+[err]C

cut revealed that 94 nol % of the sulfur content al so was thiophene. The 70
to 80[err]C cut and SBhe¢ dxtura,efwshen7dete §0%h dut endi thec®dptimis: t hat

hard to d |furi 1 xed t h d. _hydrod | furized '
the sane react ABA SpBAFENE,CORRPANET SATcPRR Y &1 S1STIBICPRCERRRF AV e

Pl 13l ooyl BRgegt 0 B sy R Lagi S50 0 O
[Fe S0 T SEER bontens nd cicomaLyeoent v et st ofL o
59% by vol unrevolime, hyespetasivielyni z%he otreatsd redt wasdaddeddt be the
remaining cuts to obtain catalytically cracked gasoline
having a sulfur content of 8 ppm, an olefin content of 62% by
volume, and a research method octane number of $1.8. There
was no loss of liquid componehts due to the treatment.
_ EXAMPLE 2 . )

The same catalytically cracked gasoline as used in
Comparative Example 1 was dis£illed into 7 cuts each by a
difference in distillation tempexature of 10°C in the same
manner ag in Example 1. The 70 to 80°C cut and the 80+°C cut
rich in sulfur compounds that are hard to desulfurize were
mixed and treated under the same conditions as.in Example 1.

§eparate1y, as & result of analysis, 95 mol% of the
sulfur content of the 60 to 70°C cut was found to be n-
propylmercaptane. The 60 to 70°C cut was hydrodesulfurized
using the same appardtus and catalyst as used ‘in Comparative
Example 1 at a reaction temperature of 250°C,.a hydrogen

partial pressure of 5 kg/cm?, an LHSV of 5 1/hr, and a
hydrogen/oil ratio of 1000 scf/bbl.
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sul fur. content and the olefin content to 3 ppmand 5% by vol une,
respectively. The treated oil was added to the remaining cuts to obtain
catalytically cracked gasoline having a sulfur content of 8 ppm an olefin
content of 62%.by volune, and a research method octane nunber of 91.8.
There was no loss of liquid conponents due to-the treatnent.

EXAVPLE 2 The sanme catalytically cracked gasoline as used in
Conparative Exanple 1 was distilled into 7 cuts each by a difference in
distillation tenperat Ufge Gfulir icontBAt SE® tHRIBIIEIRS contbi8NpE etHe e 70
to 80[err]C cut and the 80+[err]C cut rich in sulfur conpounds that are
hard to desul f #oi 20°Cecet ware @4apgnt andt B3R Uyl arolnime s awepeobiivélpns as in

Exanpl e 1. Separately, as a result of analysis, 95 nol % of the
sul fur content WBN?hE%%PtQF %M@@aﬁum#mﬂwmﬂomeﬁ PPm and 41%
propylnercaptag§ Hg?e 60 to rr C cut was hydrodesul furized using the
sane appar at us™éan %T%ﬁ JETr n Conparative Exanple 1 at a reaction

LHSV of 5 1/hr, and a io of 100
The sul fur conpgat tREdgeHer et 'aﬂdCQHéeﬂi'e@Eed L 160E ftﬁe7@be£6]£bf@tcd@r e
24 ppm and 55% by vol une, respectively while those of
hydrodesulfurlwedeoaddsuwtb!ihpptenaﬂnﬂﬂgécﬂns\nd|mhtainesaea1yutéqaly

The treated oil of_ the m xture of the 70 to 80[err]C cut
cracked gasoline having a sulfur content of 3 ppm, an olefin

tenperature of 250[errg é%cﬁ%ﬁ%?%ﬁblﬁﬁra?aéﬁé ;;gg??tgF §0kgécggfgrgux'an

content of 57% by volume, and a research method octane number
of 89.5. There was no loss of liquid components duve to the
treatment.
COMPARATIVE EXAMPLE 2

A catalytically cracked gasoline whole fraction
(about a 30 to 210°C fractioni obtained by catalytically
cracking stock oil containing an atmosphetric residual oil was
used as a catalytically cracked gasoline. The term "about a
30 to 210°C fraction" as used herein is a nominal
designation. '..l‘his fraction actually contained 4.9% by weight
of a fraction having a boiling point of 30°C orx lower and
1.5% by welght of a fraction having a boiling point exceeding
210°C (hereinafter referred to as 210+°C cut) as shown in
Table 2 below. The whole fraction had a density of
0.731 g/cnm® at 15°C, a sulfur content of 92 ppm, an olefin
content of 43% by volume, and a research method octane number

of 92.0.



and the 80+[err]C cut and the treated oil of the 60 to 70[err]C cut were

added to the r
having a sul fu
a research net
conponent s due
2 A ca
210C fraction)

emai ning cuts to obtain catalytically cracked gasoline

r content of 3 ppm an olefin content of 57% by vol une, and

hod octane nunber of 89.5. There.was no loss of liquid

to the treatnent. , . COVPARATI VE EXAMPLE
talytically cracked gasoline whole fraction (about a 30 to
obtained by catalytically cracking stock oil containing an

at nospheric resi dual OAl coviferdiaddydsvai LabEd \ddtialyst comapkedifgsari ne. The

term "about a
desi gnati on.

fraction havin
a fraction hav
referred to as

fraction had ah¥erefese

92 ppm an ole
nunber of 92.

30 to 210[err]C fraction"” as used herein is a nom nal
alumiha acarciexn davd ngy sapport ek cchex@wnb B . 88i birt weDdht of

g a boiling point of 30[err]C or |lower and 1.5% by wei ght of

Fag andol?i 5% Moweighkcebdely wasOpeed] X herei nafter
210+[ err (%é;ﬂ% as shown in Table 2 bel ow. The whol e

Cuppor ted 1 her SakeSYEEEELT, HBlcKeATBA SIS o, RptiilesiiER Chod MG

supported ther
was used for’

bier oaine Ubdatt i bpPacites 48 uwid AneCbipasative chatgleed t o

under mild conditions, i.e., at a reaction temperature of
240°C, a hydrogen partial pressure of 10 kg/cm?, an LHASY of
7 1/hr, and a hydrogen/oil ratio of 1000 scf/bbl.

As a result, a hydrodesulfurized catalytically
cracked gasoline whole fraction was obtained having a ;ulfur
content of 63 ppm, an olefin content of 38% by volume, and a
research method octane number of 90.3. There was no loss of
liquid componants due to the treatment. |

CoMpP TIVE E E

The same cgtalytically cracked gasoline whole
fraction as used in Comparative Examplae 2 was
hydrodesulfurized under more severe conditions than those
employed in Comparative Example 2, i.e., at a reaction
temperature ﬁf 2790°C, a hydrogen partiai pressure of
10 kg/cm?, an LHSV of 5 1/hr, and a hydrogen/oil ratioc of
1000 scf/bbl. The apparatus and catalyst used were the same
as those used in Comparative Example 2.

As a result, a hydrodesulfurized catalytically

cracked gasoline vwhole fraction was obtained having a sulfur

- 17--
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a sulfide formin a usual manner. The above-described catalytically
cracked gasoline was hydrodesul furized using the sane reaction apparatus
as used in Conparative Exanple 1 under mld conditions, i.e., at a
reaction tenperature of 240[err]C, a hydrogen partial pressure of 10
kg/cnferr], an LHSV of 7 1/hr, and a hydrogen/oil ratio of 1000 scf/bbl.
As a result, a hydrodesul furized catalytically cracked gasoline whol e
fraction was obtained having a sulfur content of 63 ppm an olefin content
of 38% by vol wwententd of 27eppmi cén neldfch cvindeatnofibal s dby 36 3mel ande anas
no loss of liquid conponents due to the treatnent.

COVPARATI VE EX¥@igarch method octare qumber©fl $ii8al | Jhere wasi ngadosenot

whol e fracti sed in Cbnp ratlve Exa 2 was hydrodesul furized
under nore se%‘f‘@’%r‘?&’f“ﬁ“’%}ﬁgtf e fpfhe 5%‘%9‘88 Pn Conparative Exanple 2,
i.e., at a reaction tenperature of 27g§g$g$%%gaogen partial pressure of
10 kg/cmerr], an LHSV of 5 |/hr, and /oil ratio of 1000 .
scf/bbl. The appar at uqnendaﬁate&VﬁyemCi \r@eeeabﬂeasgmlﬁfe t.-JaO%%euSiﬂ in

Conpar ative Exanple 2. a resu a hydrodesul furise

catal ytical | y CompaxatdvgaBaaipbe vmma diztildedwes oltaimeaDd Hvidedacausf ur
- 17 - content of 27 f pm an olefin content of 31% by vol ume and
a research nedafid ddE€amentuimciishildatdonTiempergtur® hpdd s ~ The .

yield, sulfur content and olefin content of each cut are
shown in Table 2.

As a result of analyeis, it was found that: 85 mol%
of the sulfur content of the 120 to 130°C cut was
thiacjclopentane, a sulfur compound that is easy to
desulfuxize; 70 mol% of the sulfur contént of the 130 to
140°C cut was Cl, C2 thiacyclbbantane, sulfur compounds that
are easy to desulfurize; and the proportion of
benzothiophene, a sulfur compound that is easy to
desulfurize, of the sulfur contént of the 190 to 200°C cut,
200 té 210°C cut and 210+°C cut was 85 mol%, 95 mol%, and

73 mol%, respectively.
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| i qui d conponents due to the treatnent. The sane catal ytically
cracked gasoline as used in Conparative Exanple 2 was distilled to obtain
20 divided cuts each different in distillation tenperature by 10[err]C.
The vyield, sulfur content and olefin content of each cut are shown in
Tabl e 2. As a result of analysis, it was found that: 85 nol % of
the sulfur content of the 120 to 130[err]C cut was thiacyclopentane, a
sul fur compound that is easy to desulfurize; 70 nol % of the sul fur content
of the 130 to 140[err]C cut was G, C2 phmg@€yr! opentane, sul fur conmpounds
that are easy to desulfurize; and the proportion of benzothi ophene, a
sul fur conpound thapigeiEbsidno desul furize, cultfur sul fublebiment of the
190 to 200[ err] C curemp@fitdre 210C Titeldnd 210€PRtedt cut Gontedt nol % 95

mol % and 73 ol % resp¥@yively.  (wtd) (ppm) (vols)
TABLE 2 Distillation ' Sul fur Gef'b
Tenper at ur e YEeBeP. to 30content 442 cont erft ?[err] C)
b 20 ko 30 t8 30 g R N ALYy
o 60 to 70 40 80 >%0t8, 20 7 5% 8 70_30 80
4.5 130 50 to &Y 88.20 90 3 2.3 42. 151
51 90 to 100 9.5 14 50 -
60 to 70 11.6 24 55
70 to 80 4.5 130 60
B0 to 90 2.3 151 51
90 to 100 9.§ 14 50 )
100 to 110 _ 4,2 93 40
110 to 120 5.5 210 32
120 to 130 . 4.6 . 60 50
130 to 140 4.2 145 ° 27
140 to 150 7.3 160 23
.150 to 160 2.0 123 35
160 to 170 6.1 153 18
170 to ieo 3.6 126 17
180 to 190 3.8 185 15
190 to 200 3.0 152 16
200 to 210 2.6 340 13
210+ 1.5 324 . 12
total 100.0 27 65

The cuts that were rich in sulfur compounds that are

easy to desulfurize, i.e., the 129 to 130°C cut, 130 to 140°C

-19‘ .



100 tq 110 4.2 93 40 110 to 120 5.5

210 32 120 to 130 4.6 60 50
130 to 140 4.2 145 27 140 to 150

7.3 160 . 23 .150 to 160 2.0 123

35 160 to 170 6.1 153 18 170 to 190
3.6 126 17 180 to 190 3.8 185

15 190 to 200 3.0 152 16 200 to 210
2.6 340 cut, 190 tol1300°C cut, WD0+o 210°C cut,].&nd 210+°C gpt were

12 t ot al 100.0 27 65 The cuts
that were richmixedytegethenpand dnhiestedr sochydredeswfiumigation nséng t he
120 to 130[err cut, 130 to 140[ersr]C cut, 190 to 200[err]C
cut, 200 to 21 Pfﬂecﬁ??‘%ﬂ"zﬁ!‘f;{ SotpaYet: efcheed dn Sompasatize and

subjected to h ubf uri ' i h apge us and_catal yst as
used in COWpaI’;%yI’V iéEéa#pl%aaéélaE%“%%r etlgénp%gnt?’é‘r’rp%?ggﬁ?'of ngFBWj‘C a
hydr ogen partlp%!naass§ﬁées@fel& Y /et arR L0y {/hehrandll a
hydrogen/oil ratio of 1000 scf/bbl. - The nixture of fthe cuts rich

in sul fur conmphyddegbisdll FeLnof 1Q0desvEfbplze had a sul fur content of
171 ppm and an ol e?i n content of 28% by vol une, which were reduced by

hydrodesul furi zati on t%hé@3mitnmnolakebeutsl vieh in esyddur compouiids that
thus treated was added to the _remaini na cuts to obtain catalytically
t

cracked gasol i #&e RAFYnkeC Aegnkinrigenhaft acpubiupmantantonds Ll BARMd of
£2.5% by VOl VIR oBRI1R ARERNEIL SOty o5 AR e Yok ehapgddShE "=
catalytically gLRcs8dsdifgti it 3h $3°93' Ppm and 26% by volume,
respectively. The oil thus treated was added to the
remaining cuts to obtain catalytically cracked gasolin.e
having a sulfur content of 69 ppm, an olefin content of 42.5%
by volume, and a xresearch met]:xod oc¢tane number of 891.7.
There was no loss of liquid components diue to the treatment.
. EXAMPLE 4
The same catalytically cracked gasoline as used in
Comparative Example 2 was distilled to obtain 20 divided curs
each different in distillation tempexrature by 10°C in the
same mannerx as in Bxample 3. A mixture of the cute rich in
sulfur compounds that are sasy to desulfurize, i.e., the 120
to 130°C cut, 130 to 140°C cut, 190 to 200°C cut, 200 to
210°C cut, and 210+°C cut, was treated under the same

conditions as in Example 3.-
As a result of analysis, it was found that: the
proportion of thiophene, a sulfur compound that is hard to

- 20 -



Conparative Exanple 2 was distilled to obtain 20 divided cuts each

different in distillation tenperature by |0[err]Cin the sanme manner as in
Exanple 3. A mixture of the cuts rich in sulfur conpounds that are easy to
desul furize, i.e., the 120 to 130[err]C cut, 130 to 140[err]C cut, 190 to
200[err]C cut, 200 to 210[err]C cut, and 210+[err]C cut, was treated under.

the sanme conditions as in Exanple 3. As a result of analysis, it
was found that: the proportion of thiophene, a sulfur conpound that is
hard to degsulfurize, of tha sulfur 2@ntent of the 7@ &ANA out endt he

sul fur content of the 70 to 80[err]C cut and the 80 to 90[err]C cut was 85
nol % and 90 nothA 8049:80°Ceryt war BHmedd andn 98 madt hyregpagtisedy;athe
sul fur compound that .is hard to desulturize, of the 110 to 120[err]C cut
was 87 nol % tBRPPYIEISE: PEoRetRrY I HaRiAne SpRuhiur campdund dhatodadhandt

is hard to d I i f the 140 ¢ OLenLLC cut was, 37 | % _t he total
proportion of eféjic{#{%ﬁ?:ﬁgsph% etflh?reltﬁ%ll%tﬂ’?f)t iSB efes 87581%%3 Q"he

propyl t hi ophe t3dnabe aithd Mﬂbgim% t Qakyw PESr NG | fyrize,
of the sul fur r%\%orﬁgeynt gf theﬂ{iG{g{]{o 17 [err]'C cu‘tlﬂfwas é‘gmrm /o(iﬁg‘r%di?he.
total proportisrdito desudfeiriyé ) dndiodtoelbyretdut i @Temols; the
di et hyl t hi ophene, and net hyl pr&)yl t hi ophene, which are sul fur conpounds
that are hard terade pxoportion trimetiylthiophene: meghylethydghiophene,

190[ err] C cut was 56 | 9% Those cuts.rich in f ur conmpoupd
thaE ar]e halrjd qqps propgv?.th?tophene, which Sa.re léuifu:lr COI{lpO\ISIiJ - l4:ha1: ggeuﬁars.‘d

to desulfurize, of the sulfur content of the 160 to 170°C cut
was 69 mol%; and the total proportion of
tetramethylthiophene, dimethylethylthiophene,
diethylthiophene, and methylpropylthiophene, which are‘ sulfur
compounds that are hard to desulfurize, of the sulfur content
of the 180 to 190°C cut was 55 mol%. |

Those cuts rich in sulfur compounds that are hard to
desuvlfurize, i.e., the 70 to 80°C cut, 80 to 90°C cut, 110 to
120°C cut, 140 to 150°C cut, 160 to 170°C cut, and 180 to
190°C cut were mixed and hydrodesulfurized using the same
apparatus and catalyst as used in Comparative Example 2 at a
reaction temperature of 300°C, a hydxogen partial pressure of
30 kg/cm?, an LHSV of 5 1l/hr, and a hydrogen/oil ratio of
1000 scf/bbl.

The mixture of the cuts rich in sulfur compounds that
are hard to desulfurize had a Qulfur content of 166 ppm and
an olefin content of 31% by volume, which were reduced to

14 ppm and 4% by volume, respectively, by the
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desul furize, i.e.; the 70 to 80[err]C cut, 80 to 90[err]C cut, 110 to

120[err]C cut, 140 to 150[err]C cut, 160 to 170[err]C cut, and 180 to

. 190[err]C cut were m xed and hydrodesul furized using the sane apparatus

and catal yst as used in Conparative Exanple 2 at a reaction tenperature of

300[err]C, a hydrogen partial pressure of 30 kg/cnferr], an LHSV of 5

1/ hr, and a hydrogen/oil ratio of 1000 scf/bbl. The m xture of the

cuts rich in sul fur conpounds that are hard to desul furize had a sul fur

content of 166hpRPLASEULfEkrifioh ¢eBheRbnel 33N6 Mrastled"ellWih6 Nad@sd to

reduced to 14 ppm and 4% by vol une, respectively, by the

- 21 - the raupuimmmm |tnabbuainreatamynicamig cragked gasoline

added to the remaining cuts to obtain catalytically cracked gasoli ne

havi ng a sul f uRaV&RG et sBIfus qsmen&noél 85 i poeorare tlefin3sontant vof (3% and

a research net od oitane n%pb . There was no.loss of |iquid
research me

conponent s by thod octanenpurREF| 9f &XrfPLE 4
fract; o vas ShE %?ﬁﬁ SE 5 558 A2 b0d BRABEC, g o
at nospheric residual oil. The wh@bﬁpgﬁﬂ@ivgwb§¥ﬁ§ &k gensity of 0.748
g/cnferr] at 15[err]C, a sulfur nten Pp an ol efin content of
38% by volune, and a Aesemlsticaligdcestked gusdldneoivh8lefrdbeiomhol e
fracti on was- hydrodesul furized using the sane apparat us

(about a 30 to 230°C fraction) was obtained by catalytically

cracking a stock oil containing an atmospheric residual oil.

The whole fraction had a density of 0.748 g/cm® at 15°C, a

sulfur content of 352 ppm, an olefin content of 38% by

volume, and a research method octane number of 91.7. The

whole fraction was hydrodesulfurized using the same apparatus

and catalyst as in Comparativé Bxample 1 at a reaction

temperaturé of 250°C, a hydrogen partial pressure of .

10 kg/em?, an LHSV of 7 llhr,'and a hydrogen/oil ratio of

1000 scf/bbl.

As a result, a hydrodesulfurized cata_lytically

cracked gasoline whole fraction was obtained having a sulfur

content of 113 ppm, an olefin content of 33% by volume, and a

research method octane number of 89.4., There was no loss of

liqﬁid components due to the treatment.

EXAMPL,
The same catalytically cracked gasoline as used in
Comparative Example 4 was divided by distillation into a 30
to 100°C cut and a 100 to 230°C cut. The ratio of the 30 to
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and catal yst as in Conparative Exanple 1 at a reaction tenperature of
250[err]C, a hydrogen partial pressure of 10 kg/cnferr], an LHSV of 7

1/ hr, and a hydrogen/oil ratio of 1000 scf/bbl. As a result, a
hydr odesul furi zed catalytically cracked gasoline whole fraction was
obt ai ned having a sulfur content of 115 ppm an olefin content of 33% by
vol une, and a research nethod octane nunber of 89.4. There was no | oss of
| i qui d conponents due to-the treatnent. - EXAMPLE
5 The 38@BCcentlta itde Mhodeafkadtioms oras32%s byseelght , Gambatled i 302
Exanpl e 4 was divided by distillation into a 30 -to 100[err]C cut and a 100
to 230[err] C ctP. 190eC eut hask a guliprigontent of 62 ppm and an olefin .- 22

:o,? Lo 100[er  PenteRt 1o Say f%E‘r%l“e‘é%'rEn%ﬂé‘?é%%%p%sgﬁé%ﬁi%aﬁ’é}ﬁﬁquéﬁﬂe‘n?e
53% . ' 30C '

\%as 68% %yv\cl)ve?g t‘ﬁgﬁ‘@@%%‘ﬁgﬁzﬁgeﬁf@c %'%gdt gntgug?ﬁrfé(gnﬁéra#tdggj
468 ppm and aNcGtchad £ Y Goncddlo bY 468 Wi ahiCahlblubys B flntlod NE

100 to 230[err]C cut was foun y analysis onsi st of

benzot hi ophene3l§lbyoidie Ty BADEEE NecHYMIE of2 thB! ¥00Tto 230°C cut
t hi acycl opentane, and 3 nol % of net hyl t hi acycl opentane, which are sulfur

conpounds t hat was efeunsd by adedysiar taeconsicst lef 26amakdcobf t hi ophene

conpounds whi ch are sul fur conpounds
benzothiophene, 31 mol% of methylbenzothiophene, 2 mol$ of

thiacyclopentane, and 3 mol% of methylthiacyclopentane, which
are sulfur compounds that are easy to desulfurize, and the
balance of thiophene compounds which are sulfur compounds
that are hard to desglfurize.. )

The 100 éo 230°C cut rich in sulfur compounds that
are easy to desulfurize was h&drodesulfurized using the same
apparatus and catalyst as used in Comparative Example 1 at a
reaction temperature of 250°c, a hydrogen partial pressure of
10 kg/cm?, an LHSV of 5 1/hr, and a hydrogen/oil ratio of
1000 scf/bbl.

By carrying out the hydrodesulfurization treatment,
the sulfur content and the olefin content wexre reduced to
135 ppm and 28% by volume, respectively. The treated oil was
mixed with the 30 to 100°C cut to obtain catalytically
cracked gasoline having a sulfur content of 112 ppm, an

olefin content of 36% by volume, and a reseaxrch method octane
number of 90.5. Therxe was no loss of liguid components due

to the treatment.
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that gre hard to desul furi ze. The 100 to 230[err]C cut rich in

sul fur compounds that are easy to desul furize was hydrodesul furized using
the sane apparatus and catal yst as used in Conparative Exanple 1 at a
reaction tenperature of 250[err]C, a hydrogen partial pressure of 10
kg/cnferr], an LHSV of 5 1/hr, and a hydrogen/oil ratio of = 1000 scf/bbl. .
By carrying out the hydrodesul furization treatnment, the sulfur content and
the olefin .content were reduced to 135 ppm and 28% by vol une,

respectively. The tregh§laidi g% nPuxtdohifatiitaeiln Grh@@ber Ebf CUL 1O

obtain catalytically cracked dasoline having a sulfur Content of 112 ppm

an ol efin conteeatdhg364tdlysidally, ceacked  gasol e wwntadntagagelfuginber
of 90.5. There was no |l oss of liquid conponents due to the treatnent.

- 23 - compounds and heledfina lcptponenytis cxsdding tat the presess for
treating catalytically cracked gasoline containing sulfur conpounds and
ol ef i n conponeAN¥eRELOR 4L Fharacterjzedeln thalk dhe satpdYehsrdty cfracked n

i sul fur - conVBRRBIPHER Seutary fptce FRERTam Sieta thy ABLFOR 1ich in
FULTLY COTmOU g Rhag Syt eS80V BidgFen Tl B gl Bralhaddeion an
and the fracti gg3¢af CcbmiSduntis tHat08@bh84sy to desulfurize. One or both
of the fractions are subjected to hydrodesulfurization under
optimum conditions, and the fractions are then mixed togethex
again. The process of the present invention hakes it
p&ssible to efficiently desulfurize stqck oil while
suppressing a reduction in olefin content, to thereby )
minimize a reduction in octane nuwber. ,
It should further be épparent to those skilled in the
art that various changes in form and detail of the invention
as ghown and described above may be made. It is intended
that such changes be included within the spirxit and scope of

the claims appended hersto.



agai n., The -process of The present invention makes it possible to

efficiently ' k oil while suppressing a reduction in olefin
content, tolﬂi\iﬂ§“wn‘mfmne a reduction in octane nunber. It
shoul d furt appearent *to those skilled in the art that various
changes in formand detail of the invention as shown and descri bed above .
may be made. It is intended that such changes be included within the
spirit and scope of the clains appended hereto.

- 24 - WHATVES TCLAINEDA D | S: 1. A process for

hydr odesul furi zing catal ytically cracked gasoline containing sulfur
conpounds and ol ef i ne leonbPraness fiorchydoogesebinriging catglyhically
catalytically cracked gaspline into a plurality of fractions including at

| east one of (FFa&kF_rg ‘?4%&%i?ﬂ?tPﬁéﬁFHn’Sﬁf¥ﬁr?QﬂBﬁﬁﬂﬁHd&ndtH&?fém% hard
are casy to doSoRPaRbbte” MERAT LoneRiel phbfthuir Ve, SeadRBLSt e 11 (o1
and second cracked gasoline into a plurality of fractions including at
least one of (i) a first fraction rich in sulfur compounds
that are hard to desulfurize and (ii) a second fraction rich
in sulfur compounds that are easy to desulfurize, next
hydrodesulfurizing at least one of the first and second
fractions in the presence of a ca£alyst, and then mixing the
fractions.

2. The process of claim 1, wherein said sepa&ating
step comprising separating the catalytically cracked gasoline
into a plurality of fractions.including (i) at least one
fraction rich in sulfur compounds that are hard to |
desulfurize and (ii) at least one fraction rich in sulfur
compounds that are easy to desulfurize.

3. The process of claim 1 oxr 2, wherein said
separating step comprises distilling.

4, The process of any one ©f claims 1 to 3, wherein
the only fraction that is subjected to hydrodesulfurization

is said second fraction.

5. The process of any one of claims 1 to ¢4, wherein
said hydrodesulfurizing step comprises hydrodesulfurizing

said second fraction while controlling the degree of



.fractlons In the presence of a catalyst, and then mxing the fractions.
2. The process of claiml1, wher ei n said separating step conprising

separating the | ll cked gasoline into a plurality of
fractions incl me mn)lm Ilmﬂm one fraction rich in sul fur conpounds
that are hard to* desd fdri2e &nd (ii) at least one fraction rich in sulfur

conpounds that are easy to desul furi ze. ) 3. The process of claim1l
or 2, wherein said separating step conprises distilling. 4. The
process of aHYhfuwﬁﬁﬁndﬂﬂﬂﬁﬂbflthe Sle it cinponishesonbytaimad i m datat | S
subj ected to hydrodesul furization is said second fraction. 5. The

process of anyfraetizin donil@s byt vollumevtar diowexai d hydr odesul furi zing step
conpri ses hydrodesul furizing said second fraction while controlling the
degree of 6. The process of anpy®ne of claims 1 #yFogheredon of

the olefin co onents contained in said fraction t | une or
| ower . nP nh¥% $RaGEdoR Ghat s FrPincted,tis I&f %gh¥¥%ﬁﬁﬁﬁ$i°ﬁhe

only fraction 1£E§a%ﬁ;f§#$te§E§g £k 8n hydrodesulfurlzat|on is said first

fraction. O0CESS of any one of clains 1 to 6, wherein
said first fraction cont ai-m%ng%&aéscww%et B2t c2ambal deo 1), drelinr i ze
i n an anmount of at |east 60 It of the total

said first fraction contains sulfur compounds that are hard

to desulfurize in an amount of at least §0 mol% of the total
content of sulfur compounds,.and the second fraction contains
sulfur compounds that are easy to desulfurize in an amount of
at least 60 mol$ of the total content of sulfur compounds.

8. The process of any one of claims 1 to 7, wherein
said sulfur compounds that are hard to desulfurize comprise
at least one of thiophene and-alkylthiophene, and said sulfur
compounds that are easy to desulfurize comprise at least one
of thiacyclopentane, an alkylthiacyclopentane, benzothiophene
and an alkylbenzothiophene. '

9. The process of claim 8, wherein the alkyl group
of said alkylthiophene, alkylthiacyclopentane and
alkylbenzothiophene is selected from the gxou.p consisting of
a methyl group, an ethyl group and a propyl group.

10. fThe process of any one of claims 1 to 3, 6 and
7, wherein said sulfur compounds that are hard to desulfurize
comprise at least one of thiophene and methyl?hiophene.

11. The process of any one of claims 1 to 5 and 7,

whorein said sulfur compounds that are easy to desulfurize
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content of sutfur—ecenpounds, and the second fraction contains sulfur
conpounds tff? E to desulfurize in an anmount of at |east 60 nolt of

eas
the total co llﬂ'ﬁwﬁ “[mr’umrmounds_ - 8. The process of any one
of claims 1t s d sul fur conpounds that are hard to

desul furize conprise at feakt one of t hi ophene and al kyl t hi ophene, and
said sul fur conpounds that are easy to desul furize conprise at |east one
of thiacycl opentane, an al kylthi acycl opent ane, benzot hi ophene and an

al kyl benzot hi optmepreise at leastOondhef frercasthiophenai and, wherein the al kyl
group of said al kylthiophene, al kylthiacycl opentane and

al kyl benzot hi opathglbenzothieophenes om t he group consisting of a nethyl
group, an ethyl group and a propyl group. 10. The process of any
one of clains 1 to 3, 6 and 7, wherein said sul fur conmpounds that are hard
to desulfurize conprise at |east one of thiophene and nethyl thi ophene.

11. The process of any one of clains 1 to 5 and 7, wherein said sulfur
conpounds that are easy to desulfurize - 26 -
conprise at |east one of benzothi ophene and nethyl benzot hi ophene.
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ABSTRACT OF THE DISCLOSURE

An efficient process for desulfurizing catalytically
coracked gasoline, in which a reduction in olefin content is
controlled to thereby minimize a reduction in octane numbex.
A catalytically cracked gasoline is separated into a
plurality of fractions including one or both of a fraction
rich in sulfur compounds that are hard to desulfurize and a
fraction rich in sulfur compounds that are easy to
desulfurize. One or both of the fractions are subjected to
hydrodesulfurization. The resulting fractions are then mixed

with the remaining fractions.
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