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ularly, it relates to a process

FIELD OF THE INVENTION

This invention relates to |a process for desulfurizing

catalytically cracked gasoline.

ore particularly, it

ralates to a process for desulfurizing catalytically cracked

gasoline containing sulfur compouﬁds and olefin components in

the presence of a catalyst.

- UND OF

E _INVENTION

In the field of petroleum refining, éatalytically

cracked gasoline is a stock of high-octane number gasoline

containing a certain amount of olefin components.

Catalytically cracked gasoline is

gasoline fraction

obtained by catalytically cracking a heavy petroleum fraction

as a stock oil, such as a vacuum

s oil or an atmospheric

residual oil, and recovering and dlistilling the catalytically

cracked products.

primary blénding stock of automotipe gas&line. B

Catalytically cracked gasoline is a

While some stock oils have|a small sulfur content and

may be subjected to catalytic cracking without treatment, a

stock oil for catalytic cracking generally has a relatively

high content of sulfur compounds.

When an untreated stock

oil having a high sulfur content is subjected to catalytic

cracking, the resulting catalyticaily cracked gasoline also

has a high sulfur content.

Such a' gasoline fraction having a-

hlgh sulfur content would cause environmental pollution 1f
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residual oil, and recovering and distilling the catalytically cracked

pr oduet s, Catalytlcally cracked gasoline i a primary bl ending stock of

aut oot i ve gasoline. While some stock oils|have a small sul fur content and
may be subjected to catalytic cracking without treatnent, a stock oil for
catal ytic cracking generally has a relatively high content of sulfur
conpounds. Wen an untreated stock oil havi{ng a high sulfur content is
subjected to catalytic cracking, the ctegulting catalytically cracked

gasol ine also has a high sulfur content. Such a gasoline fraction having a

hi'gh sul fur, £QDtaNt WiuhA1A§USE&E ¢d°A0EBHEE 198! ddd12Rel.

Consequently, the stock oil is usually subjected to a

desulfurization process prior to ¢atalytic cracking.

A hydrodesulfurization précess has hitherto been
carried out to achieve the above-@entioned desulfurization in
the field of petroleum refining. :A hydrodesulfurization

* process comprises contactxng a st&ck oil that is to be
desulfurized with an appropriate éatalyst for
hydrodesulfurlzatxon in a pressurﬂzed hydrogen atmosphere at

f

a high temperature.

Catalysts used for hydrod%sulfurizing a stock oil for
catalytié cracking (e.g., a vacuué gaé oil or an atmospheric
residual oil) comprise a group VI:element {(e.g., chromium,
molybdenum and tungsten) and 2 group VIII element (e.qg.,
cobalt and nickel) supported on a& appropriate carrier (e.g.,
alumina). The hydrodesulfurizati&n'process is usually
conducted at a temperature of'abouF 300 to 400°C, a hydrogen
-partial pressure of about 30 to 2ob kg/cn?, and a liquid -
hourly space velocity (hereinafter%ahbreviated as LHSV) of
about 0.1 to 108 1l/hr. i

In the case of hydrodesulfurizing a heavy petroleum
fraction, such as a vacuum gas oilior an atmospheric residual
oil, which is a stock oil for cataiytic cracking, the
processing is carried 6ut at a high temperature and high:
pressure as stated above. Therefoie, stxict conditions are .

k3

xmposed on apparatus design, thereby incurxing high
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-2- used as a blending stock for autonotive gasoline. Consequently, the
stock,oil is usually subjected to a desul fdiri zati on process prior to °
catalytlc cracki ng. A hydrodesul furizationjprocess has hitherto been
carried out to achieve the above-nentioned|desul furization in the field of
petrol eum refining. A hydrodesul furizationiprocess conprises contacting a
stock oil that is to be desulfurized with an appropriate catal yst for

hydr odesul furization in a pressurized QydrqQgen at nosphere at a high

t enper at ur e. Catalysts used for hydrod&sul furizing a stock oil for

catalytic cracking (e.g., a vacuumgas oil or an atnDs%her % resigual oil)
conprise a @?Qﬂ}ﬂfnﬂtlepeﬁgﬁ'{:sm Q}so,cﬁ.pom cases an undesulfurize

‘stock 0il i{s subjected to catalytic cracking as described
above. Even in cases where a stock oil is desulfurized priox
to catalytic cracking, there has been a tendency to enhance
the catalytic cracking apparatus without adeguately
desulfurizing the stock oil. '

Catalytically cracked gas&line obtained from a
desulfurized stock oil contains s&lfur in an amount of 30 to
300 ppm by weight (in the whole f%actzon) and that obtained
from an undesulfurized stock oil contains as much as 50 to
several thousand ppm sulfur by weight (in the whole
fraction). Under these circumstances; there is increasing
difficulty in complying with prese;t day environmental - -
regqulations. ‘

Catalytically cracked gasoiine can be directly
subjected to hydrodesulfurization. 1In this case, however,
the olefin components present in the cracked gasoline.
fractiomr are hydrogenated to -reduce the olefin conient,'hnd
the resulting cracked gasoline fraétion has a reduced octane
number. The reduction in octane n%mber is significant when a
high rate of desulfirization is re&uired.

Sulfur compounds contained lin catalytically cracked
gasoline include thiophenes, giiacyclopalkanes,.thiolé and
sulfides. The proport;on of thlophenes ie larxge, while the
|

proportions of thiols and sulfldes are small.

Sulfur is removed as hydrogen sulfxde by

- e — -
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nol ybdenum and tungsten) and a group VIII elenent (e.g., cobalt and nickel)
supported on an appropriate carrier (e.g., alumna). The

hydr odesul f'uri zati on process is usually conducted-at a tenperature of about
300 to 400[err]C, a hydrogen partial pressure of about 30 to 200
kg/cnferr], and a liquid hourly space velocity (hereinafter abbreviated as
LHSV) of about 0.1 to 10 1/hr. In the case of hydrodesul furizing a heavy
petrol eum fraction, such as a vacuumgas oil or an atnospheric residual

oil, which is a stock oil for catalyti® Tracking, the processing is carried
out at a high tenperature and hi gh pressure as stated above. Therefore,
strict conddesvhfunizatigosdmtohydppgemtusliide gn, thecgasgoism@hasieng hi gh

reacts with olefins in the catalytically cracked gasoline to
produce thiols. In order to attain a certain minimum rate of
desulfurization, olefins should be hydrogenated to prévent
the production of thiols. Thus, a high desulfurization rate
cannot be obtained without being accompanied with a further
reduction in octane number.

If catalytically cracked gasoline is desulfurized
while its olefin components remain non-hydrogenated, thiols
are unavoidably produced. Because thiols are corrosive, they
must be ﬁade non~corrosive, This is done by converting the
thiols to disulfides by a catalytic reaction, which
necessitates installation of a sweetening apparatus.

Catalysts use& for hydrodesulfurization of
catalytically cracked gasoline containing sulfur compounds
and olefin components comprise a group VIII element {e.g.,
cobalt and nickel} and a group VI element (e.g., chromium,
molybdenum and tungsten) supported on an éppropriate carrier
(e.g., alumina) similar to other desulfurization catalysts.
These catalysts are activated by preliminarily sulfiding in
the same manner as used for treating desulfurization
catalysts for naphtha. That is, naphtha is mixed with a
sulfur compound, such as dimethyl disulfide, and the mixture
is heated to 150 to 350°C together with hydrogen and passed
through a reaction tower packed with the catalyst. The

sulfur compaund, e.q.. dimethyl disulfide, is converted to
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construction costs. Also, in sone cases an pndesul furized stock oil is
subj ected to catal ytic cracking as describeg above. Even in cases where a
stock oil is desulfurized prior to catalytigc cracking, there has been a
t endency to enhance the catal ytic cracking aApparatus w thout adequately
desul furizing the stock oil. Catalytically tracked gasoline obtained froma
desul furized stock oil contains sulfur in ah amount of 30 to 300 ppm by
wei ght (in the whole fraction) and that obtained froman undesul furized
stock oil contains as nmuch as 50 to sevéral |thousand ppm sul fur by wei ght
(in the whole fraction). Under these circupstances, there is increasing
hydrogen sulfide by reacting with hydrogen at the surface of
the active metal of the catalyst. The hydrogen sulfide is
further reacted with the active metal to form a metal sulfide
active in the desulfurization reaction.

Thus, a reduction in octane number due to
hydrogenation of olefins has been a great problem in
hydrodesulfurization of catalyticglly cracked gasoline.

There has been a need to develop a technique of efficiently
hydrodesulfurizing catalytically cracked gasoline while
minimizing the reduction of olefin components.

To meat this demand, the xeaction between hydrogen
sulfide resulting from desulfurizatioh and olefins must be
controlled to thereby control the formation of thiols.

However, an increase in desulfurization rate leads to an
increase in hydrogen sulfide concentration in the gas phase,
resulting in acceleration of thiol formation. In other
words, it has conventionally been difficult to achieve a high
* - desulfurization rateé while supprdssimg the hydrogenation
reaction of olefins. Rather, it has been necessary to
hydrogenate olefins in oxder to prevent the same from
producing thiols to thereby increase the desulfurization
rate, which in turn results in a2 reduction in octane number.
Y OF THE I N
An object of the present invention is to provide a

process for hydrodesulfurizing catalytically cracked gasoline

while suppressing hydrogenation of' olefin components to

L T
SSUL SET
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difficulty in complying with present day environnental regul ations.

Catal ytically cracked gasoline can be directly subjected to
hydrodesul furi zation. In this case, however, the ol efin conponents present
in the cracked gasoline fraction are hydrogenated to reduce the olefin
content, and the resulting cracked gasoliné fraction has a reduced octane
nunber. The reduction in octane nunber is significant when a high rate of
desul furization is required. Sulfur conpgunds contained in catalytically
cracked gasoline include thiophenes, thiacyclopal kanes, thiols and

sul fides. The Eroportion of thiophenes is large, while the proportions of

thiols and Bdpinize arxedyahion in e¢kane W@Weﬂnﬁsy?&cﬂ"%@é’(esﬁl pigR py

rate of desulfurization.

As a result of extensive investigation, the present
inventors have discovered an innovative process for-
hydrodesulfurizing catalytically é?acked gasoline containing
sulfur compounds and olefin compenents in which hydrogenation
of olefins is.controlled to minimize a reduction in octane
number and yet a high desulfurization rate is achieved. The
process -is characterized by dividing a hydrodesulfurization
process that has hitherto been carried out in a single stage
into two or more divided stages, each under specific reaction
conditions, so that the reaction may broceed on a gradual
basis.

The invention provides a process foi desulfurizing
catalytically c;acked gasoline cbntaining sulfur compounds
and olefin components to reduce the sulfur content to a
target concentxration, which éomprises the steps of:

—— 1) -#irst desulfurizing the catalytically cracked
gasoline in the presence of a hydrodesulfurization catalyst
at a desulfurization rate of 60 to 90%, a reaction
temperature of 200 to 350°C, a hydrogen partial pressure of 5
to 30 kg/cm?, a hydrogen/oil ratio of 500 to 3,000 scf/bbl
and a liquid hourly space velocify (hereinaﬁggr abbreviated
as LHSV) of 2 to 10 1/hr, said first desulfufizing step
comprising supplying a feed having a hydrogen sulfide vapor

concentration of not more than 0.1% by volume, and
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-4- desul furization, but hydrogen sulfide in the gaseous phase reacts with
olefins.,in the catalytically cracked gasoline to produce thiols. In order
to attain a certain mninumrate of desu]fufization, olefins should be
hydr ogenated to prevent the production of t&iols. Thus, a high

desul furization rate cannot be obtai ned W thout being acconpanied wth a
further reduction in octane nunber. |f catalytically cracked gasoline is
desul furized while its olefin conponent s; remai n non- hydrogenated, thiols
are unavoi dably produced. Because thlolsTare corrosive, they

2) desulfurizing the treated oil obtained in the first
step in the presence of a hydrodesulfurxization catalyst at a
desulfurization rate of 60 to 30%, a reaction temperature of
200 to 300°C, a hydrogen partial pressure of 5 to 15 kg/cm?,
a hydrogen/oil ratio of 1,000 to 3,000 scf/bbl, and an LHSV
of 2 to 10 1/hr, and said secoﬁd desulfurizing step
comprising supplying a feed having a hydrogen sulfide vapor
concentration of not more than '0.05% by volume.

‘In a preferred embodimént, the process further
comprises repeating the second'désulfurizing step until the
sulfur concentration is reduced to a target concentration
when the sulfur concentration of the treated oil obtained in
the second step is higher than the target concentration.

DETAILED DESCRIPTION OF THE INVENTION

The language 'hydrogeﬁ-sulfide concentration at the
inlet of a reactor” as used herein means the percent by
volume of hydrogen sulfide in &he vapor of a stock oil at the

— inlet of a. reactor. The-térm';hyéxogen partial pressure”
means the partial pressure of dydrogen in the vapor of a
stock oil at the inlet of a reactor.

The first step of the process according to the
invention includes hydrodesulfurizing most of the sulfur
compounds presént in catalytically cracked gasoline. The
first step is carried out under special conditions
characterized by a lower temperature, a lower pressure, and a

higher hydrogen to oil ratio so as to minimize hydrogenation

o I
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must be made non-corrosive. This is done by converting the thiols to
disulfides by a catalytic reaction, mhich necessitates installation of a
sweet eni ng apparatus. Catal ysts used for: hydr odesul furi zati on of
catalytically cracked gasoline containing sulfur conmpounds and ol efin
conponents conprise a group VIII elenent:(e.g., cobalt.and nickel) and a
group VI elenent (e.g., chrom um nolybdenum and tungsten) supported on an
appropriate carrier (e.g.,-alunina)osiq%lar to other desulfurization

catal ysts. These catal ysts are activated by prelininarily sulfiding in the

That is, na ﬁﬁiﬁfﬁ*éﬁ’%ﬁe&%ﬁeﬁ?%ﬁ ST S A
disul fi de, pagh i hod U e ghieeg! S o 38106 3B0L € e dUAEBR Vi ¢

hydr ogen an
rate of olefins being taken into consideration, the reaction

conditions are specifically selected so that the
desulfurization rate is within a range of from 60 to 90%.
Under reaction conditions which may attain a desulfurization
rate of more than 90%, the formation of thiols could be
suppressed by hydrogenation of olefins. However, the octane
number would be reduced. If the desulfurization rate is less
than 60%, the number of required steps increases, and this is
uneconomical. The reaction temperature and the contact time
are selected so that the desulfurization rate is within the
range of from 60 to 90% by weight. The lower reaction
temperature tends to prevent olefin hydrogenaéion. However,
desulfurization at temperatures below 200°C is too slow for
practical use. At temperatures above 350°C, deactivation of
the catalyst is accelerated.

As the hydrogen/eil ratio increases, fiydrogen sulfide
is diluted so that formation of thiols is further suppressed.
However, a range of from 500 to 3,000 scf/bbl is practical in
view of the size of the apparatus. Because the hydrogen
sulfide concentration during the reaction should be low, the
hydrogen sulfide concentration at the inlet of a reactor is
desirably not more than 0.1% by volume. To this effect,
hydrogen sulfide in recycled hydrogen gas may be removed By

means of, for example, an amine absorbing apparatus. Use of -

Cm—— s .
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through a reaction tower packed with the catalyst. The sul fur conpound,
e.g., dinethyl disulfide, is converted to -5- hydrogen sul fide by
reacting with hydrogen at the surface of the active nmetal of the catalyst.
The hydrogen sulfide is further reacted with the active netal to forma
metal sulfide active in the desul furization reaction. Thus, a reduction in
oct ane nunber due to hydrogenation of olefins has been a great probllemin
hydr odesul furi zati on of catalytically cracked gasoline. There has been a
need to devel op a techni que of efficientgy .

the amine absorbing apparatus dan reduce the hydrogen sulfide
concentration to about 0.01% bf v&lume. The gas separated by
gas-liquid separation after each step of the second and the
following steps, so-called recycled gas, has a low hydrogen
sulfide concentration. As loné as'the‘hydrogen sulfide
concentration of the recycled gas is 0.1% by volume or lower,
the recycled hydrogen can be fed to the first step without
passing through an amine absorbing apparatus. It is
preferable to seiect the reaction ?onditions of the first
step so that the hydrogenationfratL of olefins does not
exceed 20%, to thereby minimize thL reduction in octane

- number. L
The desulfurized catalyticLlly cracked gasoline
obtained from the first step is separated into gas and ;
liquid, and the liquid is further &esulfurized in the second
step. In the second step,'the reméining undecomposed sulfur
compounds are hydrogenolyzed and, at the same time, the
thiols produced in the firsf"steﬁ'§re-aiso hydrogenolyzed to
achieve desulfurization. The seco#d step may be carried out
under milder conditions than those employed in the first step
bacause thiéls are relatively easy to desulfurize. However,
the second step is preferably carried out at an increased
hydrogen/oil ratio and a reduced reaction pressure in order
to suppress production of thiols due to the reaction between
the olefins and hydrogen sulfide. That is, the preferred

reaction conditions are a reaction temperature of 200 to
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hydrodesulfur|2|ng catal ytically cracked,gasoline while mnim zing the
reduction of olefin conponents. To neet this demand, "t he reaction between
hydrogen sul fide resulting fromdesul furization and ol efi ns nust be
controlled to thereby control the formation of thiols. However, an increase
in desul furization rate | eads to an increase in hydrogen sulfide
concentration in the gas phase, resulting in acceleration of thiol
formation. In other words, it has convepgionally been difficult to achieve
a high desulfurization rate while suppressing the hydrogenatlon reacti on of
ol efins. Rathe% it has been necessary to hydrogenate olefins in order to
prevent the 3UNEf Bohypregesi PRFtialopressuraarfely tindbekgéemhe a

desulfur|25ulyilraie thch,ln turn results in a reduction in octane
nunber . rogen/oil ratio of 1,000 to. 3,000 scf/bbl, and an LHSV of

2 to 10 1/hr. The hydrogen silfide concentration at the
inlet of a reactor is preferably not more than 0.05% by
volume. To this effect, hydroéen sulfide in recycled
hydrogen gas should be removed by ﬁeans of an amine absorbing
apparatus, etg. The gas separ%ted by gas-liquid separation
after the reaction of the Iirs# step may be recycled to the
second step after it has been gassed through an amine
absorbing apparatus. :
The reaction conditioné of the second step should be
controlled so that the desulfuéizatioh rate is within a range
of from 60 to 90% in order to prevent a reduction in octane
number. It is preferable to sélect the reaction conditions
of the first step so that the hydrogenation rate of olefins
does not exceed 20%, to thereby minimize the reduction in
octane number. .

- - When the suifur concentration of the treated oil
obtained in the second step is still higher than a target
value, the treated oil is further desulfurized in a third
step. The third step, in principle, is a repetition of the
second step; in which the_désuﬁfurization opexration is
repeated at a desulfurization rate of 60 to 90% until the
sulfur concentration ié reduced to the target value.
Suppression in the reduction of octane number,.wﬁich is a

characteristic feature of the invention, can surely be

.. T,
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SUMMARY COF THE | NVENTI ON An obj ect of the present invention is to provide a
process for hydrodesul furizing catalytigally cracked gasoline while
suppressi ng hydrogéenati on of olefin con&onents to  -6- nmnimze a
reduction in octane nunber and yet achi¢ve a high rate of desul furization.
As a result of extensive investigation, the present inventors have

di scovered an innovative process for éro esul furizing catalytically -
cracked gasol i ne contai ning sul fur conpqﬁp s and ol efin conponents in which
hydr ogenation

accomplished by controlling the overall hydrogenation rate oif
the olefin componeﬁts from the first to the final steps at
40% or less. It is preferable to repeat the desulfurization
until the sulfuxr concentration from thiols in catalytically
cracked gasoline becomes 5 wflppm or less. 1In this case, the
corrosive property catalytically cracked gasoline can be
substantially eliminated so that a sweetening apparatus is
not necessary. |

A process comprising carrying out desulfurization in
divided steps has been proposed £ fractions having a high
sulfur contént but no olefin compoments, such as gas oil, for
the purpose of improving the hue of a treated oil, as
disclosed in Unexamined Published {Japanese Patent Appln. No.
5-78670. The present invention prpvides a desulfurization
process which is novel and entirell different from the
conventional multistage desulfurizgtion process developed to
improve the hue. That is, a multistage system is adopted in

- : the invention %o-prevent the generation of thiols as a.b§~ S

product due to the reaction between olefins and hydrogen
sulfide, in which the reaction conditions.in each stage are
specified so as to minimize the hydrogenation of olefin
components.

The catalyst for use in the invention includes those
ordinarily used for hydrodesulfurizing in the field of
petroleun refining, which generally comprise a

desulfurization active metal supported on a porous inorganic

|
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of-oteffms—Ts Tontrolled to mnimze a reduction in octane nunber and yet a
hi gh desul furization rate.is achieved. The process is characterized by
d|V|d|ng a hydrodesul furization process that has hitherto been carried out
in a single stage into two or nore divided stages, each under specific
reaction conditions, so that the reaction may proceed on a gradual basis.
The i nvention provides a process for desul furizing catalytically cracked
gasol i ne cont ai ni ng sul fur conpounds angzolefln conmponents to reduce the
sul fur content to a target concentratio hi ch conprises the steps of: 1)
first desulfurizing the catalytically cracked gasoline in the presence of a
hydr odesul feF+9®t98FFi®3tal yst at a desul furfzation rate of 60 to 90% a

reaction R
The porous inorganic oxide|carrier includes alumina,

silica, titania, magnesia, and mixtures thereof. Alumina and
silica-alumina are preferred. ;

A catalyst containing ah alkali metal (e.g.,

potassium) in the carrier for preventing coke precipitation
is also much ' preferred for use in Ihe invention.

The desulfurization active metal includes chromium,
molybdenum, tungsten, cobalt, nick 1, and mixtures thereof.
Cobalt-molybdenum and nickel-cobalt-molybdenum are prefe;red;
These metals can be in the foxm 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-precipitatiomn.

while the reaction tower is not particularly limited,
a fixed bed parallel downward flow|type reactor is preferred.
The_oberation of various types of reaction towers is well
known in the field of petroleumfréﬁinidb, and known -
techniques can be selected as aépropria;e.

The present invention will{now be illustrated in
greater detail by way of the folloying Examples, but it
should be understood that the inveAtion is not limited
thereto.

EXAMPLE 1

A small-sized fixed bed: parallel downward flow type

reactor was charged with 100 ml of |a commercially available
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tenperature of 200 to 350[err]C a hydrodgen partial pressure of 5 to 30
kg/cnferr], a hydrogen/oil ratio of 500 to 3,000 scf/bbl and a |iquid
hourly spacg velocity (hereinafter abbreviated as LHSV) of 2 to 10 1/hr,
said first desul furizing step conprising supplying a feed having a hydrogen
sul fi de vapor concentration of not nore than 0.1% by vol une, and -7- 2)
desul furizing the treated oil obtained in the first step in the presence of
a hydrodesul furization catalyst at a desul furization rate of 60 to 90% a
reaction tenperature of 200 to 300[er¥§(3 a hydrogen partial pressure of 5
to 15 kg/cnferr],

extrusion-molded catalyst (1/16 in.) comprising an alumina

carrier having suppoxted thereon 4.0% by weight of CoQ and

15% by weight of Mo0O,. A straight-run gasoline fraction

(distillation temperature: 30 to 150°C) having added thereto

5% by weight of dimethyl disulfide was passed through the

catalyst bed at a temperature of 300°C, a pressure of

15 kg/cm?, an LHSV of 2 1/hr, and a hydrogen/oil ratio of

500 scE/bbl for 5 hours to conduct preliminary sulfiding.

1) First Step:

A catalytically cracked gasoline fraction (an 80 to

220°C cut) was obtained by catalytically'cracking a stock oil

containing an atmospheric residual oil. The fraction had a

density of 0.779 g/cm’ at 15°C, a sulfur content of 220 wt

Ppm, an olefin content of 32 vol%, and a research method

octane number of B7.1. After sulfiding the catalyst bed as

described ahove, the catalytically cracked gasoline fraction

was desulfurized in the reactor at a hydrogen sulfide

concentration of §.05 volt at the inlet of the reactof, a

temperature of 250°C, an LHSV of 5 1/hr, a hydrogen partial

pressure of 12 kg/cm?, and a hydrogen/oil ratio of

2,000 scf/bbl.

As a result, a hydrodesulfurized catalytically

cracked gasoline fraction was obtained having a sulfur

content from (contxributed by) thiois (hereinafter refexred to

as a thiol sulfur content) of 12 wt ppm, a total sulfur

content of 63 wt ppm (desulfurizatlon rate: 71%), an olefin

“Tiiiﬂ‘fiiilﬂiﬂ“l‘i‘rﬁi‘f“
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a hydrogen/orl ratio of 1,000 to 3,000 scf/bbl, and an LHSV of 2 to 10

1/ hr, and said second desulfurrzrng step conprising supplying a feed having
a hydrogen sul fi de vapor concentration gqf not nore than 0.05% by volune. In
a preferred enbodi ment, the process furtther conprises repeating the second
desul furizing step until the sul fur condentration I's reduced to a target
concentration when the sul fur concentratjion of the treated oil obtained in

the second step is higher than the targgt concentration. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The | angugge_"hydrogen sul fide concentration

at the inlet of a reactor" as used herei'n neans the percent by volume of

hydr ogen sul fi f.asto I A [ of, tor. The
ternl"hydroﬁgﬂg?ﬂﬁt?éi dxogen(i off ratbs Q@),fﬂda 'refobfeh |

method octane number of 86.0.
2} Second Step:

The treated oil obtained iln the first step was again
desulfurized under the same copditions as in the first step,
except for changing the hydrogen gulfide concentration at the
inlet of the reactor to 0.03 vols, As a result, a
hydrodesulfurized catalyticall* cracked gasoline fraction was

{
obtained, having a thiol sulfux cgntent of 9 wt ppm, a total

sulfur content of 21 wt ppm (d%su furization rate: 67%), an
olefin content of 27 vol% (hydéogjnation rate: 7%}, and a
research method octane number $f 85.3,

3) Third Step:

: The treated oil obtained %n the second step was

further desulfurized under the |same conditions as in the

second step. As a result, a h; esulfurized catalytically

cracked gasoline fraction was j:: ined, having a thiol sulfur
- -cofitent of 3.wt ppm, a total sulfuxcontent of 8 wt ppm N
{desulfurization rate: 63%); an olefin content o£v24 vols . B
{hydrogenation rate: 11%), and |a rgsearch method octane

number of 84.5.

The overall desulfurizdtion rate from the first step
through the third step was 95’!:,l and the 0verall hydrogenation

rate of olefins was 25%.

xvd sximn.g 1
The same catalyst that r s/|used in the reactor of
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means the partial pressure of hydrogen ih the vapor ofr a stock oil at the
inlet of -a reactor. The first step of the process according to the

i nvention includes hydrodesul furizing nmost of the sul fur conpounds present
in catalytically cracked gasoline. The first step is carried out under
special conditions characterized by a | ojer tenperature, a | ower pressure,
and a higher hydrogen to oil ratio so as{to m nimze hydrogenation - 8-
of olefins as conpared with ordinary desul furization of naphtha, etc.

That is, with a perm ssible hydrogenati & =

Example 1 was preliminarily sulfided in the same manner as in
Example 1. The same catalyticélly cracked gasoline fraction
as used In Example 1 was desulfurized in the reactor undex
the same reaction conditions as in Example 1, except fqr
raising the reaction temperature by 30°C, i.e., to 280°C. As
a result, a hydrodesulfurized catalytically cracked gasoline
fraction was obtained, having a thiol sulfur content of 7 wt
ppm, a total sulfur content of 15 wt ppm (desulfurization
rate: 93%), an olefin content of 18 vol% (hydrogenation rate:
43%), and a research method octane number of 82.1.

As described above, the present invention is
characterized in that hydrodesulfﬁrizétion of catalytically
cracked gasoline containing sulfur compounds and olefin
components is .carried out in divided steps uhder specific
conditions. According to the invention, hydrogenation of the
olefin components is suppressed to thereby minimize a
reduction in octane nuhber. |

- - . - "#hile the ‘invention has been described in detail and
with reference to specific examples thereof, it will be
apparent to one gkilled in the ért that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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rate of olefins being taken into consideration, the reaction conditions are
specifically selected so that the desul furization rate is wthin a range of
from®B0 to 90% Under—Tteaction conditions which may attain a

desul furizatio ' n 90% the formation of thiols could be
suppressed by mg“aw“mmum&efl ns. However, the octane nunber woul d be
reduced. If thexdesul turtzation rate is |less than 60% the nunber of
required steps increases, and this is unggonom cal. The reaction
tenperature and the contact tine are selected so that the desul furization
rate is within the range of from®60 to 90% by wei ght. The | ower reaction

t enper at ur cWHARJES tQLAIMEPeRE ol ef i N hydrogenati on. However, desul furization

at tenperatures bel ow 200[err]Cis too slow for Gl
t enper at ur ek« above %MPPFC,fJ’Ge‘&?ﬁW\ﬁéEFi‘-GhH%fcatﬂl&ma&il’ ¥2Sewal

gasoline containing sulfur compounds and olefin components,
which comprises the steps of: )
1) fixrst desulfurizing the cagalytically cracked
gasoline in the presence of a hydrodesulfurization catalyst
at a desulfurization rate of 60 to 90%, a reaction
‘temperature of 200 to 350°C, a hydrogen partial pressure of 5
to 30 kg/em?, a hydrogen/oil ratio of 500 to 3,000 scf/bbl
and a liquid hourly space velocity of 2 to 10 1/hr, said
first desulfurizing step comprising supplying a feed having a
hydrogen sulfide vapor concentration of not more than 0.1% by
volume, and
2) desulfurizing a trxeated oil obtained in the first
step in the presence of a hygrodesulfurization catalyst at a
desulfurization rate of 60 to 90%, a reaction temperature of
200 to 300°C, A hydrogen partial pressure of 5 to 15 kglcuﬁ,
— a nydrogen/oil ratio of 1,000 to 3,000 scf/bbl and a liguid
hoﬁily space velocity of 2 to 10 1/hr, said second
desulfurizing step comprising supplying a feed having a
hydzogen sulfide vapor concentration of not more than 0.05%
by volume. '
2. The process according to claim 1, wherein the
hydiogenation rate of olefin components in each of said
desulfurization steps 1) and 2) is not more than 20%, and the

ovarall hydrogenation rate of olefin components after all
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the catalyst is accelerated. As the hydrogen/oil ratio increases, hydr ogen
sulfideis diluted so that formation of thiols is further suppressed
However, a rangeof-f+em500 to 3,000 scf/bbl is practical in view of the

size of the app cause t he hydr ogen sul fi de concentration during
the reaction s (nnﬂ hydrogen sulfide concentration at the inlet
of a reactor is re than 0.1% by volune. To this effect,

hydr ogen sul fi de |n recycled hydrogen QU? nay be renoved by neans of, for
exanpl e, an am ne absorbi ng appar at us. d 5 -9-

desulfurizing steps is not more than 40%.
3. The process according to claim 1, wherein the sulfur
content from thiols of the treated oil after all o
desulfurizing steps is not more than 5 ppm by weight.
4. The process according to claim 1, further comprising
the step of.repeating the second desulfurizing step until the
sulfur concentration of the treated oil is reduced to a
target concentration.
S. &he.process according to claim 4, whexein the
hydrogenation rate of olefin components in each of said
desulfurization steps 1) and 2) is not more than 20%, and the
overall hydrogenation rate of olefin components after all
desulfurizing steps is not more than 40%.
6. The process according to claim 4, wherein the sulfur
content from thiols of the treated oil after all
desulfurizing steps is not more than 5 ppm by weight.
7. The process according to claim 1, further comprising
. the. steps” of separating the product of- the first
desulfurization step into a gas component and a liquid
component, xemoving hydrogen sulfide from the gas component
to a concentration of not more than Q.OS% by volume, and
supplying the treated gas component to the second
desulfurization step.
8. The process according to claim 7, wherein said
removing step comprises treating the gas component in an

am;ne absorbxng apparatus.
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L A RRE sy % & & ¢ LT R . e
t he anine absorbi ng appat at us ~Gerkis e sulf i de concefd at i gn.

to about 0.01% by vol omd+=The“gas SEparat e by g pi'd separation after”  °
each step of the secon ol | op ng st eps, ~.cal 1 ed recycl ed gas,

has a | ow hydrog m}\ﬁﬂm‘mﬂl tratiion. As long as the hydrogen sulfide
concentrati on of e gds is 0.1% by volune or |ower, the recycled
hydrogen can be féd to the first stgpxpﬁlhout passi ng through an am ne
absorbing apparatus. It is preferable 1o select the reaction conditions of

the first step so that the hydrogqnathgn {@iR of falrthienrs cE@BEELHHEY exceed

20% to thereby Riny roeasheateartiid % B 0ct ane nunber, The desul furized
catalytically cracked gasoline o@ﬁgi rk%%ufclgoglgt grefseacamdtep i s separated

into gas gqg steps of separating ¥ liquid

nto a gas component and a Lid

s component to the £irst

deSulfuri.zatian step i

component, and supplying the g&

desuliuri.zati.on step-
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Ii‘qm"'d,—"and the liquid is further desulfurized in the second step. In t he

second step, the remaini ng. undeconposed sul fur conpounds are hydrogenol yzed

and, at the sane tine, the thiols produced in the first step are al so
hydr ogenol yzed to achi eve desul furization. The second step may be carried
out under mlder conditions than those enployed in the first step because
thiols are relatively easy to desul furize. However, the second step is
preferably carried outat an |ncreased hydrogen/0|l ratio and a reduced
reaction pressure 0 9 g ess. pgoduction of thiols due to the
reacti on between t ydrogen sulfide. That is, the preferred
reaction condltlons “i tenperature of 200 to

PROCESS FOR DESULFURIZING CATALYTICALLY CRACKED GASOLINE
ABSTRACT

A process for desulfurizing catalytically cracked gasoline containing sulfur
compounds and olefin components, which comprises the steps of:

first desulfurizing the catalytically cracked gasoline in the presence of a
hydrodesulfurization catalyst at a deshlﬁxrization rate of.60to 90%, a reaction temperature
of 200 to 350°C, a hydrogen partial pressure of 5 to 30 kg/cm2, a hydrogen/oil ratio of
500 to 3,000 scf/bbl, and a liquid hourly space velocity of 2 to 10 1/br, said first
desvlfurizing step comprising supplying a feed having a hydrogen sulfide vapor
concentration of not more than 0.1% by volume, and

next desulfurizing the treated oil obtained in the first step in the presence of a

) hydmdudﬁ:ﬁnﬁméaﬂys;atadeénﬁlﬁuﬁbnmofﬁzmgm%;uuéﬁoﬁwmpemmm
of 200 to 300°C, a hydrogen partial pressure of 5 to 15 kg/cm?, a hydrogen/oil ratio of
1,000 to 3,000 scf/bbl, and a liquid hourly space velocity of 2 to 10 1/hr.
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- 10 -~300[err]C a hydrogen parti al
ratio of 1,000 to 3,000 scf/bbl,
The ‘hydrogen sul fide concentration at the inlet of a reactor
not’e than 0.05% by vol ume. To this effect,

hydro

not

gen/ di |

pressure of 5 to 1

and an LHSV of

GEH34%4 TPOS
5 kg/cnferr], a

hydr ogen gas shoul d be renoved by neans of an am ne absorbi ng appar at us,

etc.

The gas separated by gas-liquid separdti-on after the reaction of the
first step may be recycled to the second step after

it

has been passed

2 to 10 1/ hr.
is preferably
hydrogen sulfide in recycled

t hrough an anPREC&SSOFOR PESULFURIEING [CATAXTICALEO CRAGCKED GASOLENEBecond
step should be controlled so that the desulfurization rate is within a

range

FIELD OF THE INVENTION

This invention relates to a process for desulfurizing

catalytically cracked gasoline.

More particularly, it

relates to a process for desulfurizing catalytically 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 gasoline

containing a certain amount of olefin components.

Catalytically cracked gasoliné is a gasoline fraction

obtained by catalytically cracking a heavy petroleum fraction

as a stock oil, such as a vacuum gas oil or an atmospheric

residual o0il, and recovering and distilling the catalytically

cracked products.

Catalytically cracked gasoline is a

primary blending stock of automotive gasoline.

While some stock 01ls have a small sulfur content and

may be subjected to catalytlc cracking without treatment, a

stock oxl for catalytlc cracking generally has a relatively

hlgh content of sulfur compounds.

When an untreated stock

0il having a high sulfur content is subjected to catalytic

cracking, the resulting catalytically cracked gasoline also

has a high sulfur content.

Such a gasoline fraction having a

high sulfur content would cause environmental pollution if
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of from60 to 90%in order to prevent a reduction in octane nunber. It is
preferabl é to select the reaction conditions of the first step so that the
hydr ogenati on rate of ol efins does not exceed 20% to thereby m nim ze the
reduction in octane nunber. Wen the sul fur concentration of the treated
oil obtained in the second step is still higher than a target value, the
treated oil is further desulfurized in-aZ2hird step. The third step, in

principle, is a repetition of the second step, in which the desulfurization

operation issedpaiebéndi igssitotki Z6L1 AtomdCivé §8s60DiR% until the
sul fur concentration is reduced to the target value. Suppression in the

reducti on of octan€onsdipientily chthe stodlarerl eis siswalbpt siilbjettédleto a
i nvention, can surely be
desulfurization process prior to catalytic cracking.

A hydrodesulfurization process has hitherto been
carried out to achieve the above-mentioned desulfurization in
the field of petroleum refining. A hydrodesulfurization
process comprises contacting a stock oil that is to be
desulfurized with an appropriate catalyst for
hydrodesulfurization in a pressurized hydrogen atmosphere at
a high temperature.

Catalysts used for hydrodesulfurizing a stock oil for
catalytic cracking (e.g., a vacuum gas oil or an atmospheric
residual o0il) comprise a group VI element (e.g., chromium,

molybdenum and tungsten) and a group VIII element (e.g.,

cobalt and nickel) supported on an appropriate carrier (e.g.,

alumina). The hydrodesulfurization process is usually ..

conducted at a temperature of about 300 to 400°C, a hydrogen
partial pressure of about 30 to 200 kg/cm?, and a liquid
hourly space velocity (hereinafter abbreviated as LHSV) of
about 0.1 to 10 1/hr.

In the case of hydrodesulfurizing a heavy petroleum
fréction, such as a vacuum gas oil or an atmospheric residual
oil, which is a stock oil for catalytic cracking, the
processing is carried out at a high temperature and high
pressure as stated above. Therefore, strict conditions are

imposed on apparatus design, thereby incurring high
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acconplished by controlling the overall hydrogenation rate of the olefin
conponents fromthe first to the final steps at 40%or less. It is
preferable to repeat the desulfurization until the sulfur concentration
fromthiols in catalytically cracked gasoline becones 5 w ppmor less. In
this case, the corrosive property catalytically cracked gasoline can be
substantially elimnated so that a sweet®ni ng apparatus i s not necessary. A
process conprising carrying out desul furization in divided steps has been
proposed fopnbtaucitdos lcasitsy a Alisgh, sinl faomes araseyd anutunmde sl efuri zed
conponents, such as gas oil, for

stock o0il is subjected to catalytic cracking as described

above. Even in cases where a stock oil is desulfurized prior

to catalytic cracking, there has been a tendency to enhance

the catalytic cracking apparatus without adequately

desulfurizing the stock oil.

Catalytically cracked gasoline obtained from a
desulfurized stock oil contains sulfur in an amount of 30 to
300 ppm by weight (in the whole fraction) and that obtained
from an undesulfurized stock oil contains as much as 50 to
several thousand ppm sulfur by weight (in the whole
fraction). Under these circumstances, there is increasing
difficulty in complying with present day environmental
regulations.

Catalytically cracked gasoline can be directly
subjected to hydrodesulfurization. 1In this case, however, ..
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. The reduction in octane number is significant when a
high rate of desulfurization is required.

Sulfur compounds contained in catalytically cracked
gasoline include thiophenes, thiacyclopalkanes, thiols and

sulfides. The proportion of thiophenes is large, while the

proportions of thiols and sulfides are small.
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t he purpose of inproving the hue of a treated oil, as disclosed in

Unexam ned Published Japanese Patent Appln. No. 5-78670. The present

i nvention provides a desul furization process which is novel and entirely

different fromthe conventional nultistage desul furization process

devel oped to inprove the hue. That is, a nmultistage systemis adopted in

the invention to prevent the generation4of thiols as a by- product due to
the reaction between ol efins and hydrogen sulfide, in which the reaction

condi ti ons ddb ARG S AU/ qo@@exg,éf@eeﬁ O @Pf i @e M A £he egaasoay%gggaat i on

of olefin conponents. The catalyst for use in the i1nvention Inc t hose

ordi narily nesestd aFidly GRsesid fih i ghdOcatalPeiédel§ ofadrbdohesd1IgET 5N,
whi ch generally conprise a
produce thiols. In order to attain a certain minimum rate of
desulfurization, olefins should be hydrogenated to prevent
the production of thiols. Thus, a high desulfurization rate
cannot be obtained without being accompanied with a further
reduction in octane number.

If catalytically craéked gasolihe is desulfurized
while its olefin components remain non-hydrogenated, thiols
are unavoidably produced. Because thiols are corrosive, they
must be made non-corrosive. This is done by converting the
‘thiols to disulfides by a catalytic reaction, which
necessitates installation of a sweetening apparatus.

Catalysts used for hydrodesulfurization of

catalytically cracked gasoline containing sulfur compounds

and olefin components 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) similar to other desulfurization catalysts.
These catalysts are activated by preliminarily sulfiding in
the same manner as used for treating desulfurization
cafalysts for naphtha. That is, naphtha is mixed with a
sulfur compound, such as dimethyl disulfide, and the mixture
is heated to 150 to 350°C together with hydroéen and passed
through a reaction tower packed with the catalyst. The

sulfur compound, e.g., dimethyl disulfide, is converted to
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desul.furization active nmetal supported on a porous inorganic - 12 -
oxi de carrier. The porous inorganic oxide carrier includes alumna, silica,
titania, magnesia, and m xtures thereof. Alum na and silica-alumna are
preferred. A catalyst containing an alkali netal (e.g., potassium in the
carrier for preventing coke precipitation is also nuch preferred for use in
the invention. The desul furization act+v® fretal includes chrom um
nol ybdenum tungsten, cobalt, nickel, and m xtures thereof.
hydrogen sulfide by reacting with hydrogen at the surface of
the active metal of the catalyst. The hydrogen sulfide is
further reacted with the active metal to form a metal sulfide
active in the desulfurization reaction.

Thus, a reduction in octane number due to
hydrogenation of olefins has been a great problem in
hydrodesulfurization of catalytically cracked gasoline.
There has been a need to develop a technique of efficiently
hydrodesulfurizing catalytically cracked gasoline while
minimizing the reduction of olefin components.

To meet this demand, the reaction between hydrogen
sulfide resulting from desulfurization and olefins must be
controlled to thereby control the formation of thiols.
However, an increase in desulfurization rate leads to an
increase in hydrogen sulfide concentration in the gas phase,
resulting in acceleration of thiol formation. In other -
words, it has conventionally been difficult to achieve a high
desulfurization rate while suppressing the hydrogenation
reaction of olefins. Rather, it has been necessary to
hydrogenate olefins in order to prevent the same from
producing thiols to thereby increase the desulfurization
raté, which in turn results in a reduction in octane number.

SUMMARY OF THE INVENTION
An object of the present invention is to provide a

process for hydrodesulfurizing catalytically cracked gasoline

while suppressing hydrogenation of olefin components to
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Cobal t - nol ybdenum and ni ckel - cobal t - nol ybdenum are preferred. These netal s
can be in‘the formof a netal, an oxide, a sulfide or a mxed form thereof
on the carrier. The active netal can be supported on the carrier by a known
met hod, such' as inpregnation or co-precipitation. Wiile the reaction tower
I's not particularly limted, a fixed bed parallel dowward flow type _
reactor is preferred. The operation of varPous types of reaction towers is
well known in the field of petroleumrefining, and known techni ques can be

sel ect ed asniappriof iftredddiei g e5eNbctaNe hhibei Ahd Nput Dechibvst §aheghi N
greater detail by way of the follow ng Exanples, but 1t should be -
under st ood datat dfhelédsukhitigattomot |inmted thereto.

As a result of extensive investigation, the present
inventors have discovered an innovative process for
hydrodesulfurizing catalytically cracked gasoline containing
sulfur compound§ and olefin components in which hydrogenation
of olefins is controlled to minimize a reduction in octane
number and yet a high desulfurization raﬁe ié achieved. The
process is characterized by dividing a hydrodesulfurization
process that has hitherto been carried out in a single stage
into two or more divided stages, each under specific reaction
conditions, so fhat the reaction may proceed on a gradual
basis. f

The invention provides a process for desulfurizing
catalytically cracked gasoline containing sulfur compounds
and olefin components to reduce the sulfur content to a .
target cohbentration, which comprises the steps of:

1) first desulfurizing the catalytically cracked
gasoline in the presence of a hydrodesulfurization catalyst
at a desulfurization rate of 60 to 90%, a reaction
temperature of 200 to 350°C, a hydrogen partial pressure of 5
to 30 kg/cm?, a hydrogen/oil ratio of 500 to 3,000 scf/bbl
and a liquid hourly space velocity (hereinafter abbreviated
as LHSV) of 2 to 10 1/hr, said first desulfurizing step

comprising supplying a feed having a hydrogen sulfide vapor

concentration of not more than 0.1% by volume, and REPLACEN&%H‘SHE

1C LA R drn~

e e e g <



EXAMPLE 1 A snmall-sized fixed bed parallel dowward flow type reactor was
charged wi'th 100 ml of a commercially avail able - 13 - extrusion-nol ded
catalyst (1/16 in.) conprising an alum na carrier having supported thereon
4. 0% by wei ght of CoO and 15% by wei ght of Mo err]. A straight-run
gasoline fraction (distillation tenperature: 30 to 150[err]C) havi ng added
thereto 5% by wei ght of dinethyl disulf+deé was passed through the catal yst
bed at a tenperature of 300[err]C, a pressure of 15 kg/cnferr], an LHSV of
2 1/hr, an@)a hydr dgevldiurirzing tHe treated oil obtained in the first

step in the presence of a hydrodesulfurization catalyst at a
desulfurization rate of 60 to 90%, a reaction temperature of
200 to 300°C, a hydrogen partial pressure of 5 to 15 kg/cm?,
a hydrogen/oil ratio of 1,000 to 3,000 scf/bbl, and an LHSV
of 2 to 10 1/hr, and said second desulfurizing step
comprising supplying a feed having a hydrogen sulfide vapor
concentration of not more than 0.05% by volume.

In a preferred embodiment, the process further
comprises repeating the second desulfurizing step until the
sulfur concentration is reduced to a target concentration
when the sulfur concentration of the treated oil obtained in
fhe second step is higher than the target concentration.

DETAILED DESCRIPTION OF THE INVENTION

The languaée "hydrogen sulfide concentration at the
inlet of a reactor" as used herein means the percent by )
volume of"hydrogen sulfide in the vapor of a stock oil at the
inlet of a reactor. The term "hydrogen partial pressure"
means the partial pressure of hydrogen in the vapor of a
stock oil at the inlet of a reactor.

The first step of the process according to the
inﬁention includes hydrodesulfurizing most of the sulfur
compounds present in catalytically cracked gasoline. The
first step is carried out under special conditions
characterized by a lower temperature, a lower pressure, and a

higher hydrogen to oil ratio so as to minimize hydrogenation
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500 scf/bbl for 5 hours to conduct prelimnary sulfiding. 1) First Step: A
catalytically cracked gasoline fraction (an 80 to 220[err]C cut) was
obtained by catalytically cracking a stock oil ‘containing an atnospheric
residual oil. The fraction had a density of 0.779 g/cnierr] at 15[err]C, a
sul fur content of 220 wt ppm an olefin content of 32 vol % and a research
net hod octane nunber of 87.1. After swHf8 di ng the catal yst bed as descri bed
above, the catalytically cracked gasoline fraction was desul furized in the
react or atof baydfdgsnasukbingparednednir aridimaafy @le@mhMalrhzdt iidre ol et of
the reactor, a tenperature of 250[err]C an LHSV of 5 1/hr, a hydrogen
partial preaphthaefete.kg/ Ehpérip, aridhaahpemodesidille haptdnpgsngt G0
scf/ bbl .
rate of olefins being taken into consideration, the reaction
conditions are specifically selected so that the
desulfurization rate is within a range of from 60 to 90%.
Under reaction conditions which may attain a desulfurization
rate of more than 90%, the formation of thiols$ could be
suppressed by hydrogenation of olefins. However, the octane
number would be reduced. If the desulfurization rate is less
than 60%, the number of required steps increases, and this is
uneconomical. The reaction temperature and the contact time
are selected so that the desulfufization rate is within the
range of from 60 to 90% by weight. The lower reaction
temperature tends to preveht-olefin hydrogenation. However,
desulfurization at temperatures below 200°C is too slow for
practical use. At temperatures above 350°C, deactivation of ,
the catalYSt is accelerated.
As the hydrogen/oil ratio increases, hydrogen sulfide
is diluted so that formation of thiols is further suppressed.
However, a range of from 500 to 3,000 scf/bbl is practical in
view of the size of the apparatus. Because the hydrogen
sulfide concentration during the reaction should be low, the
hydrogen sulfide concentration at the inlet of a reactor is
desirably not more than 0.1% by volume. To this effect,

hydrogen sulfide in recycled hydrogen gas may be removed by

means of, for example, an amine absorbing apparatus. Use of
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As a result, a hydrodesul furized catalytically cracked gasoline fraction
was obt ai ned having a sulfur content from (contributed by) thiols
(hereinafter referred to as a thiol sulfur content) of 12 w ppm a total
sul fur content of 63 wt ppm (desul furization rate: 71%, an olefin - 14
- content of 29 vol % (hydrogenation rate: 9%, and a research nmethod octane
nunber of 86.0. 2) Second Step: The treatgd oil obtained in the first step
was agai n desul furized under the sane conditions as in the first step,

the amine absorbing apparatus can reduce the hydrogen sulfide
conéentration to about 0.01% by volume. The gas separated by
gas~-liquid separation after each step of the second and the
following steps, so-called recycled gas, has a low hydrogen
sulfide concentration. As long as the hydrogen sulfide
concentration of the recycled gas is 0.1% by volume or lower,
the recycled hydrogen can be fed to the first step without
passing through an amine absorbing apparatus. It is
preferable to select the reaction conditions of the first
step so that the hydrogenation rate of olefins does not
exceed 20%, to thereby minimize the reduction in octane
number.

The desulfurized catalytically cracked gasoline
obtained from the first step is separated into gas and
liquid, and the liquid is further desulfurized in the second
step. 1In the second step, the remaining undecomposed sulfur .
compoundstare hydrogenolyzed and, at the same time, the
thiols produced in the first step are also hydrogenolyzed to
achieve desulfurization. The second step may be carried out
under milder conditions than those employed in the first step
because thiols are relatively easy to desulfurize. However,
thé second step is preferably carried out at an increased
hydrogen/oil ratio and a reduced reaction pressure in order
to suppress production of thiols due to the reaction between
the olefins and hydrogen sulfide. That is, the preferred

reaction conditions are a reaction temperature of 200 to
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except for changing the hydrogen sulfide concentration at the inlet of the
reactor to 0.03 vol % As a result, a hydrodesul furized catalytically
cracked gasoline fraction was obtained, having a thiol sulfur content of 9
wt ppm a total sulfur content of 21 wt ppm (desul furization rate: 67%, an
ol efin content of 27 vol % (hydrogenation rate: 7%, and a research nethod
octane nunber of 85.3. 3) Third Step: The tréated oil obtained in the
second step was further desul furized under the sane conditions as in the

second step30@8cya aehRytitogenhpdiredagupresisued ot 3l wo qal bdg/@:'ina?k&d
gasoline fraction was obtained, having a thiol sulfur content of 3 wt ppm

a total sulliydrogehgoilotaBivt ofipm, 0des tbf Br,i008t seif/balle: a8d%hn UKHSH &fF n

content of 24 vol %
2 to 10 1/hr. The hydrogen sulfide concentration at the
inlet of a reactor is preferably not more than 0.05% by
volume. To this effect, hydrogen sulfide in recycled
hydrogen gas should be removed by means of an amine absorbing
apparatus, etc. The gas separated by gas-liquid separation
after the reaction of the first step may be recycled.to the
éecond step after it has been passed through an amine
absorbing apparatus. |

The reaction conditions of the second step should be
controlled so that the desulfurizationﬁrate is within a range
of from 60 to 90% in order to prevent a reduction in octane
number. It is preferable to select the reaction conditions
of the first step so that the hydrogenation rate of olefins
does not exceed 20%, to thereby minimize the reduction in
octane nuﬁber.

When the sulfur concentration of the treated oil
obtained in the second step is still higher than a target
value, the treated oil is further desulfurized in a third
step. The third step, in principle, is a repetition of the
seéond step, in which the desulfurization operation is
repeated at a desulfurization rate of 60 to 90% until the
sulfur concentration is reduced to the target value.

Suppression in the reduction of octane number, which is a

characteristic feature of the invention, can surely be




(hydr.ogenation rate: 11%, and a research nmethod octane nunber of 84.5. The
overall desulfurization rate fromthe first step through the third step was
95% and the overall hydrogenation rate of olefins was 25% COVPARATI VE
EXAMPLE 1 The sane catal yst that was used in the reactor of - 15 -
Exanple 1 was prelimnarily sulfided in the sane manner as in Exanple 1.
The sane catal ytically cracked gasol i ne-fdaction as used in Exanple 1 was
desul furized in the reactor under

accomplished by controlling the overall hydrogenation rate of

the olefin componéhts from the first to the final steps at

40% or less. It is preferable to repeat the desulfurization

until the sulfur concentration from thiols in catalytically

cracked gasoline becomes 5 wt ppm or less. In this case, the

corrosive property catalytically cracked gasoline can be

substantially eliminated so that a sweetening apparatus is

not necessary.

A process comprising carrying out desulfurization in
divided steps has been proposed for fractions having a high
sulfur content but no olefin components, such as gas oil, for
the purpose of improving the hue of a treated oil, as
disclosed in Unexamined Published Japanese Patent Appln. No.
5-78670. The present invention provides a desulfurization
process which is novel and entirely different from the
conventional multistage desulfurization process developed to
improve the hue. That is, a multistage system is adopted in
the invention to prevent the generation of thiols as a by-
product due to the reaction between olefins and hydrogen
sulfide, in which the reaction conditions in each stage are
specified so as to minimize the hydrogenation of olefin
coﬁponents.

The catalyst for use in the invention includes those
ordinarily used for hydrodesulfurizing in the field of

petroleum refining, which generally comprise a

desulfurization active metal supported on a porous inorganic




the same reaction conditions as in Exanple 1, except for raising the

reaction tenperature by 30[err]C i.e., to 280[err]C. As a result, a

hydr odesul furi zed catalytically cracked gasoline fraction was obt ai ned,

having a thiol sulfur content of 7 wt ppm a total sulfur content of 15 wt

ppm (desul furization rate: 93%, an olefin content of 18 vol %

(hydrogenation rate: 43%, and a researehl@ethod octane nunber of 82.1. As

descri bed above, the present invention is characterized in that

hydr odesul faxidatcarrbércatal ytically cracked gasoline containing sul fur

conmpounds and ol efin conponents is carried out in divided steps under

specific conditionSﬂhekmmm@mmgim@mgmnicn@mﬁdéooarhydroganaﬁdee alluhhfa,

ol efin conponents is suppressed to thereby mnimze a reduction in octane

nunber . silica, titania, magnesia, and mixtures thereof. Alumina and
silica-alumina are preferred.

A catalyst containing an alkali metal (e.gq.,
potassium) in the carrier for preventing coke precipitation
is also much preferred for use in the invention.

The desulfurization active metal includes chromium,
molybdenum, tungsten, cobalt, nickel, and mixtures thereof.
Cobalt-molybdenum and nickel-cobalt-molybdenum are preferred.
These metals can be in the form of a metal, an oxide, a
sulfide or a mixed form thereof on the carrier. The active
metal can be sﬁpported on the carrier by a known method, such'
as impregnation or co-precipitation.

While the reaction tower is not particularly limited,
a fixed bed parallel downward flow type reactor is preferred.
The operation of various types of reaction towers is well
known in the field of petroleum refining, and known
techniques can be selected as appropriate.

The present invention will now be illustrated in
greater detail by way of the following Examples, but it
should be understood that the invention is not limited
thereto.

EXAMPLE 1
A small-sized fixed bed parallel downward flow type

reactor was charged with 100 ml of a commercially available




VWhil e the invention has been described in detail and with reference to

specific eéxanples thereof, it will be apparent to one skilled in the art
t hat various changes and nodifications can be made therein wthout
departing fromthe spirit and scope thereof. -16- WHAT IS CLAIMED | S 1.

A process for desulfurizing catalytically cracked gasoline containing
sul fur conpounds and ol efi n conponentsi3whi ch conprises the steps of: 1)
first desulfurizing the catalytically cracked

extrusion-molded catalyst (1/16 in.) comprising an alumina

carrier having supported thereon 4.0% by weight of CoO and
15% by weight of MoO;. A straight-run gasoline fraction
(distillation temperature: 30 to 150°C) having added thereto
5% by weight of dimethyl disulfide was passed through the
catalyst bed at a temperature of 300°C, a pressure of

15 kg/cm?, an LHSV of 2 1/hr, and a hydrogen/oil ratio of
500 scf/bbl for 5 ﬁours to conduct preliminary sulfiding.

1) First Step:

A catalytically cracked gasoline fraction (an 80 to
220°C cut) was obtained by catalytically cracking a stock oil
containing an atmospheric residual oil. The fraction had a
dénsity of 0.779 g/cm® at 15°C, a sulfur content of 220 wt
ppm, an olefin content of 32 vol%, and a research method
octane number of 87.1. After sulfiding the catalyst bed as
described above, the catalytically cracked gasoline fraction
was desulfurized in the reactor at a hydrogen sulfide
concentration of 0.05 vol% at the inlet of the reactor, a
temperature of 250°C, an LHSV of 5 1l/hr, a hydrogen partial
pressure of 12 kg/cm?, and a hydrogen/oil ratio of
2,000 scf/bbl.

As a result, a hydrodesulfurized catalytically
cracked gasoline fraction was obtained having a sulfur
content from (contributed by) thiols (hereinafter referred to
as a thiol sulfur content) of 12 wt ppm, a total sulfur

content of 63 wt ppm (desulfurization rate: 71%), an olefin
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gasoline in the presence of a hydrodesul furization catalyst at a

desul furization rate of 60 to 90% a reaction tenperature of 200 to
350[err]C, a hydrogen partial pressure of 5 to 30 kg/cnferr], a
hydrogen/oil ratio of 500 to 3,000 scf/bbl and a liquid hourly space
velocity of 2 to 10 1/hr, said first desulfurizing step conprising
supplying a feed having a hydrogen sul +i d4¢ wvapor concentration of not nore
than 0.1% by vol une, and 2) desul furizing a treated oil obtained in
the first sténténtt BE ppegsnge (Aydkoranedenulrhitei:z3%i)gn agdt al yeiscairch

desul furization rate of 60 to 90% a reaction tenperature of 200 to
300[ err] C, mehhddogehaper humabepr e€s@6e0af 5 to 15 kg/cnferr], a
hydrogen/oil ratio of 1,000 to 3,000 scf/bbl and a liquid hourly space
vel ocity of2® $ecefdiShep:sai d second

The treated oil obtained in the first step was again
desulfurized under the same conditions as in the first step,
except for changing the hydrogen sulfide concentration at the
inlet of the reactor to 0.03 vol%. As a result, a
hydrodesulfurized catalytically cracked gasoline fraction was
obtained, having a thiol sulfur content of 9 wt ppm, a total
sulfur content of 21 wt ppm (desulfurization rate: 67%), an
olefin content of.27 vol% (hydrogenation rate: 7%), and a
research method octane number of 85.3.

3) Third Step:

The treated oil obtained in the second step was
further desulfurized under the same conditions as in the
second step. As a result, a hydrodesulfurized catalytically
cracked gasoline fraction was obtained, having a thiol sulfur
content of 3 wt ppm, a total sulfur content of 8 wt ppm
(desulfurization rate: 63%), an olefin content of 24 vol%
(hydrogenation rate: 11%), and a research method octane
number of 84.5.

| The overall desulfurization rate from the first step
through the third step was 95%, and the overall hydrogenation

rate of olefins was 25%.

COMPARATIVE EXAMPLE 1

The same catalyst that was used in the reactor of




desul furizing step conprising supplying a feed having a hydrogen sul fide
vapor contentration of not nore than 0.05% by vol une. 2. The process
according to claim1, wherein the hydrogenation rate of ol efin conponents
in each of said desulfurization steps 1) and 2) is not nore than 20% and
the overall hydrogenation rate of olefin conponents after all -17 -
desul furizing steps is not nore than 40%53- The process according to
claim1l1l, wherein the sulfur content fromthiols of the treated oil after
al | Example 1 was preliminarily sulfided in the same manner as in
Example 1. The same catalytically cracked gasoline fraction
as used in Example 1 was desulfurized in the reactor under
the same reaction conditions as in Example 1, except for
raising the reaction temperature by 30°C, i.e., to 280°C. As
a result, a hydrodesulfurized catalytically cracked gasoline
fraction was obtained, having a thiol sulfur content of 7 wt
ppm, a total sulfur content of 15 wt ppm (desulfurization
rate: 93%), an olefin content of 18 vol% (hydrogenation rate:
43%), and a research method octane number of 82.1.

As described abbve, the present invention is
characterized in that hydrodesulfurization of catalytically
cracked gasoline containing sulfur compounds and olefin
components is carried out in divided steps under specific
conditions. According to the invention, hydrogenation of the
olefin components is suppressed to thereby minimize a
reduction in octane number.

While the invention has been described in detail and
with reference to specific examples thereof, it will be
apparent to one skilled in the art that wvarious changes and

modifications can be made therein without departing from the

spifit and scope thereof.
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desul furizing steps is not nore than 5 ppm by wei ght. 4. The process
according to claiml1, further conprising the step of repeating the second

desul furi zing stjg"mmmum liir concentration of the treated oil is
reduced to a tar ﬁum“m 5. The process according to claim
4, wherein the hydrodendti&n fat® of ol efi conponents in each of said
desul furization steps 1) and 2) is not nore than 20% and the overal

hydr ogenati on rate of olefin conponents after all desulfurizing steps is
not nore tWAATAQJ% GLAIMED IBwe process according to claim4, wherein the
sul fur content fromthiols of the treated oil after all desulfurizing steps
i s not noré-than 5ApprRosesieifgm depulfurizimg mafadsst eablyi eepeled] ai m 1,

further conprising L. .
gasoline containing sulfur compounds and olefin components,

which comprises the steps of:

1) first desulfurizing the catalytically cracked
gasoline in the presence of a hydrodesulfurization catalyst
at a desulfurization rate of 60 to 90%, a reaction
temperature of 200 to 350°C, a hydrogen partial pressure of 5
to 30 kg/cm?, a hydrogen/oil ratio of 500 to 3,000 scf/bbl
and a liquid hourly space velocity of 2 to 10 1/hr, said
first desulfurizing step comprising supplying a feed having a
hydrogen sulfide vapor concentration of not more than 0.1% by
volume, and

2) desulfurizing a treated oil obtained in the first
step in the presence of a hydrodesulfurization catalyst at a
desulfurization rate of 60 to 90%, a reaction temperature of
200 to 300°C, a hydrogen partial pressure of 5 to 15 kg/cm?,
a hydrogen/oil ratio of 1,000 to 3,000 scf/bbl and a liquid
hoﬁrly space velocity of 2 to 10 1/hr, said second
desulfurizing step comprising supplying a feed having a
hydrogen sulfide wvapor concentration of not more than 0.05%
by volume.

2. The process according to claim 1, wherein the
hydrogenation rate of olefin components in each of said
desulfurization steps 1) and 2) is not more than 20%, and the

overall hydrogenation rate of olefin components after all
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the steps of separating the product of the first desulfurization step into
a gas conponent and a |i UId c renmovi ng hydrogen sulfide fromthe
gas conponent to a\m B ﬂ not rore than 0.05% by vol une, and
supplying the treat to the second desul furization step. 8.
The process according to cIa|n17 wherein said renpving step conprises
treating the gas conponent in an am ne absbf bt ng appar at us. - 18 - 9.
The process according to claim1, further conprising

desulfurizing steps is not more than 40%.

3. The process according to claim 1, wherein the sulfur
content from thiols of the treated oil after all
desulfurizing steps is not more than 5 ppm by weight.

4, The process according to claim 1, further comprising
the step of repeating the second desulfurizing step until the
sulfur concentration of the treated oil is reduced to a
target concentration.

5. The process according to claim 4, wherein the
hydrogenation rate of olefin components in each of said
desulfurization steps 1) and 2) is not more than 20%, and the
overall hydrogenaﬁion rate of olefin components after all
desulfurizing steps is not more than 40%.

6. The process according to claim 4, wherein the sulfur
content from thiols of the treated oil after all
desulfurizing steps is not more than 5 ppm by weight.

7. The process according to claim 1, further comprising
the steps of separating the product of the first
desulfurization step into a gas component and a liquid
component, removing hydrogen sulfide from the gas component
to a concentration of not more than 0.05% by volume, and
supplying the treated gas component to the second
desulfurization step.

8. The process according to claim 7, wherein said

removing step comprises treating the gas component in an

amine absorbing apparatus. _ REPL, ACEMFN? SHEET
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the steps of separating the product of the second desul furization step into

a gas conponent and a conponent and suppl ying the gas conponent to
the first desulfuriz mr#

- 18 -
9. The process according to claim 1, further comprising
the steps of separatihg the product of the second
desulfurization step into a gas component and a liquid
component, and supplying the gas component to the first

desulfurization step.
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PROCESS FOR DESULFURIZING CATALYTICALLY CRACKED GASOLINE

ABSTRACT

A process for desulfurizing catalytically cracked gasoline containing sulfur

compounds and olefin components, which comprises the steps of:

first desulfurizing the catalytically cracked gasoline in the presence of a
hydrodesulfurization catalyst at a desulfurization rate of 60 to 90%, a reaction temperature
of 200 to 350°C, a hydrogen partial pressure of 5 to 30 kg/cm?2, a hydrdgen/oil ratio of
500 to 3,000 scf/bbl, and a liquid hourly space veloicity of 2 to 10 1/hr, said first
desulfurizing step comprising supplying a feed having a hydrogen sulfide vapor

concentration of not more than 0.1% by volume, and

next desulfurizing the treated oil obtained in the first step in the presence of a
hydrodesulfurization catalyst at a desulfurization rate of 60 to 90%, a reaction temperature
of 200 to 300°C, a hydrogen partial pressure of 5 to 15 kg/fcm?2, a hydrogen/oil ratio of
1,000 to 3,000 scf/bbl, anci a liquid bourly space velocity of 2 to 10 1/hr.
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