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FI ELD OF THE | NVENTI ON The present invention_relfa¥ <

desul furization nmethod for catalytically cracked gdsoline. re
specifically, the invention relates to a desulfurization method including
subj ecting catal ytically cracked gasoline containing sulfur conpounds and
ol efi-n conponents to a hydrodesul furization treatnent using a catalyst,
wherein the exothermc reaction is restrained fromthe begi nning of the

initiation of hbbgr FERFIAPTON | MBHOH PGt CAPAIOPE ALV CRACKED GASOLINE

FIELD OF THE INVENTION

The present invention relates to a desulfurization
method for catalytically cracked gasoline. More
specifically, the invention relates to a desulfurization
method including subjecting catalytically cracked gasoline
containing sulfur compounds and olefin components to a
hydrodesulfurization treatment using a catalyst, wherein the
exothermic reaction is restrained from the beginning of the
initiation of the reaction, lpwering of the octane value is
less, aﬁd a stabilized reaction can be carried out.

BACKGROUND OF THE INVENTION

In the field of petroleum refining, as a high-octane
value gasoline stock containing a large amount of olefin
components, there is catalytically. cracked gasoline. This is
a gasoline fraction obtained by catalytically cracking a
heavy petroleum fraction, for example, a stock oil such as a
vacuum gas oil or an atmospheric residual oil and recovering
and distilling the catalytically cracked product, and is used
as one of the main blending stocks of an automotive gasoline.
The catalytically cracked gasoline has a boiling point of
from about 20°C to about 220°C and a high octane value stock
oil largely containing olefins and aromatics.

On the other hand, the foregoing stock oil for

catalytic cracking fundamentally contains a relatlvely large
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| ess, and a stabilized reaction can be carried out.
BACKGROUND OF THE | NVENTI ON In the field of petrol eumrefining,
a high-octane value gasoline stock containing a | arge anount of olefin

conponent s,

there is catalytically.cracked gasoline. This is a gasoline

fraction obtained by catalytically cracking a heavy petroleumfraction,

for exanpl

e, a stock oil such as a vacuumgas oil or an atnospheric

residual oil and recovering and distilling the catalytically cracked
product, andmbntsef saifafecompdblifdspi andll ¥REhNghéet sE&6k0HLANIiGUt ONDLI Ve

gasol i ne

The catalytically cracked gasoline has a boiling point of fro

about 20[ erspBjeotedotd 226fetalytiandracking treatmentl as $toit&, thé
| argely containing olefins and aromati cs. On the other hand, the

f or egoi ng

stontkent| of osul far a¢gmpoundscin nghé uadbatyt itaylyontacked a

relatively lar

proguct becomes large. Accordingly, when the concentration
of sulfur components in ﬁhe stock oil for catalytic cracking
is low, the stock o0il is catalytically cracked as it is, but
when_the concentration of sulfur components is high, if the
qatalytically cracked product of the stock oil is used as a
blending stock of an automotive gasoline, there is a
possibility of causing a problem for the environment, and
hence it is frequently practiced that the stock oil for
catalytic cracking apparatus is previously subjected to a
desulfurization treatment.

As the desulfurization treatment, a
hydrodesulfurization treatment is conventionally carried out
in the field of petroleum refining, and in the
hydrodesulfurization treatment, a stock oil to be
desulfurized is brought into contact with a proper
hydrodesulfurization treatment catalyst in a high temperature
and high pressure hydrogen atmosphére.

In the case of tﬁe hydrodesulfurization treatment of
a vacuum gas o0il, an atmospheric residual oil, etc., which
are the stock oils for catalytic cracking, as the
hydrodesulfurization treatment catalyst, a catalyst composed
of at least one element belonging to groups VIII of VI of the

periodic table, such as chromium, molybdenum, tungsten,

i
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2 amount of sul fur conpounds, and when the stock oil is subjected to a
catalytlc cracking treatnent as it is, the content of sulfur conpounds in
t'he catal yticall'y cracked product becomes | arge. Accordingly, when the
concentration of sulfur conponents in the stock oil for catalytic cracking

is low, the stock oil is catalytically cracked as it is, but when the
concentration of sulfur components is high, if the catalytically cracked
product of the stock oil is used as a blending stock of an autonotive

gasol i ne, thEp£1ts Mickel, etc., carried on a proper base material such
as alumina, etc., is used. Also, as the conditions for the
hydrodesulfurization treatment, a temperature of from about
300°C to about 400°C, a hydrogen partial pressure of from
about 30 to about 200 kg/cm?, and a liquid hourly space
velocity (LHSV) of from about 1 to about 10 per hour are
employed. | |

However, in the case of the hyd:odesulfurization
treatment of a heavy petroleum fraction such as a vacuum gas
oil, an atmospheric residual oil, etc., which are stock oils
for catalytic cracking, since the treatment conditions are a
high temperature'and a high pressure as described above, the
design condition of the apparatus becomes severe, and in the
case of increasing an apparatus for coping with the
deficiency of the apparatus, there occurs a problem that the
construction cost is high. |
Catalytically cracked gasoline can be directly

subjected to a hydrodesulfurization tredtment, but in this
case, there is a problem that since the olefin components
contained in the catalytically cracked gasoline are
hydrogenerated and the content of the olefin components is
reduced, the octane value is lowered. Also, the heat value
generated by the hydrogenation reaction is as large as 30
kcal/mol, whereby it is accompanied by a considerable
difficulty to proceed with the desulfurization reaction by

restraining the hydrogenation reaction. In particular, at
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possibility of causing a problemfor the environnment, and hence it is
frequently practiced that the stock oil for catalytic cracking apparatus
i's previously subjected to a desul furization treatnent. As the
desul furization treatnent, a hydrodesul furization treatnent is
conventionally carried out in the field of petroleumrefining, and in the
hydr odesul furi zation treatnment, a stock oil to be desulfurized is brought
into contact with a proper hydrodesul furization treatnent catalyst in a
hi gh t enper héarkbegimlihg gbf ptles sreac tion pgene hydsphenation activity ofie
case of the hydrodesul furization treatnment of a vacuumgas oil, an
at nospheri cthestatalyst|isevery highchandrkeree everkwhensafkeatatal ytic
cracking, as the hydrodesulfurization treatnment catalyst, a catal yst
conposed prevention and cooling counterplan such as hydrogen

quenching, etc., is applied, it is required to control the

apparatus with the utmost care for preventing the occurrence

of a run-away reaction.

As the catalyst being used in the apparatus for
hydrodesulfurizing catalytically cracked gasoiine containing
sulfur compounds and olefin components, a'catalyst composed
of at least one element belonging to groups VIII and VI of
the periodic table, such as chromium( molybdenum, tungsten,
cobalt, nickel, etc., carried on a proper base material such
as alumina, etc., is used. The catalyst is activated by pre-
sulfurizing, and as the pre-sulfurization method, a method
which is the same as the formation of a desulfurized catalyst
of naphtha can be used. That is, a method of mixing a
naphtha with a sulfur compound such as dimethyl sulfide,
etc., heating the mixture to a temperature of from about
150°C to about 350°C together with hydrogen, and passing the
mixture through a reaction tower packed with the catalyst is
generally used. The sulfur compound such as dimethyl
sulfide, etc., is converted into hydrogen sulfide by reacting
with hydrogen at the surface of the active metal of the
catalyst, and the hydrogen sulfide is further reacted with
the active metal to form a metal sulfide active to a
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of at |east one elenent belonging to groups VIII or VI of the periodic
table, such as chrom um nolybdenum tungsten, cobal t, nickel,
etc., carried on a proper base material such as alumna, etc., is used.

Al so, as the conditions for the hydrodesulfurization treatnent, a
tenperature of fromabout 300[err]C to about 400[err]C, a hydrogen parti al
pressure of from about 30 to about 200 kg/cnferr], and a liquid hourly
space velocity (LHSV) of fromabout 1 to about 10 per hour are enpl oyed.

In the case of using a desulfurizing catalyst,
usually, after pre-sulfurizing the catalyst, a stock oil is
passed through the catalyst, but the catalyst after being
pre-sulfurized has a greatly high:hydrogenation activity, and
hence when catalytically cracked gasoline is passed through
the catalyst, there is a problem that not only olefin
components are hydrogenated to lower the octane value but
also the control of the reaction temperature is difficult
because of the heat generated by the hydrogenation. Also,
the reaction proceeds locally to increase tﬁe'temperature,
whereby there is a possibility that the catalyst is quickly
deteriorated. 'Catalytically cracked gasoline usually

" contains about 30% by volume olefin components, and when
these olefin components are hydrogenated, the temperature
increases greatly and reaches 100°C at the highest. For
preventing the large temperature increase, it is necessary to
gradually pass catalytically cracked gasoline and increase
the temperature while applying a heat removing and cooling
counterplan such as hydrogen quenching, etc.

Since coke is also deposited by the desulfurization
reaction of catalytically cracked gasoline, when the
deposited amount of coke reaches about 3% by weight of the
catalyst, the hydrogenation reaction is restrained. However,
not only the temperature management is difficult until
reaching.a stabilized stage but also even a danger of causing

a run-away reaction follows. Also, during the period before
- e
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However, in the case of the hydrodesul furization treatnment of a heavy
petrol eum fracti on such as a vacuumgas oil, an atnospheric residual oil,
etc., which are stock oils for catalytic cracking, since the treatnent
conditions are a high tenperature and a high pressure as descri bed above,
the design condition of the apparatus becones severe, and in the case of
I ncreasing an apparatus for coping wwth the deficiency of the apparatus,
there occurs a problemthat the construction cost is high.

Cat al yti cal lphet lsd@Ad 1GR3 |9t eS 2R he hYidrgeng t iBHPira¢ied df° Aefi

hydr odesul furization treatnent, but in"this case, there is a préglen1that
since the olfdomes0ighcnnd thenoeitand iva luke bedories! 16w, wherapled

gasoline are hydrogenerated and the content of the olefin conponents is
reduced, thexpressdy desalifarizedr gdsolAneo canheothdet utdli€ed as a
gasoline stock and must be diverted as a petrochemical
naphtha having a low addition value.
SUMMARY OF THE INVENTION

An object of the present invention is to provide a
desulfurization treatment method for catalytically cracked
gasoline by contacting catalytically cracked gasoline
containing sulfur compounds and olefin components with a
catalys;,-whérein the hydrogenating exothermic reaction of
olefin components is restrained from the beginning of the
.initiation.of the reaction, lowering of the octane value is
less, and the stabilized reaction can be carried out.

As the result of various investigations for solving
the foregoing theme, the inventors.have achieved the epoch-
making present invention of subjecting catalytically cracked
gasoline containing sulfur compounds to a hydro-
desulfurization treatment using a catalyst having deposited
on the surface thereof coke in an amount of from about 3 to
about 10% by weight of the catalyst. 1In one embodiment, the
present invention involves subjecting catalytically cracked
gasoline containing sulfur compounds and olefin components to
a hydrodesulfurization treatment, which comprises carrying
out the reaction using a coke-modified catalyst having

deposited on the surface thereof coke in an amount of from
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generated by the hydrogenation reaction is as large as 30 kcal/nol,
whereby it is acconpanied by a considerable difficulty to proceed with the
desu!furization reaction by restraining the hydrogenation reaction. In
particul ar, at 4 the beginning of the
reaction, the hydrogenation activity of the catalyst is very high, and
hence even when a heat- prevention and cooling counterplan such as
hydrogen quenching, etc., is applied, it is required to control the

appar at us wWabbuthg ttbmasbutanesf by wegyhmtt ofg thee catalysence

DETAILED DESCRIPTION OF THE INVENTION

When coke is deposited on the surface of a catalyst,
both the desulfurizing activity and the hydrogenating
activity of olefins are lowered, but in this case, since the
lowering extent of the activity is larger in the

- hydrogenating activity, when the reaction is cariied out at
the same desulfurization ratio, the hydrogenation ratio of
olefins is restrained, and the desulfurization proceeds
selectively. Also, since the hydrogenation reaction, which
is an exoﬁhermic reaction, is restrained, a stabilized |
desulfurization can bé operated. When the amount of coke
being deposited on the surface of the catalyst is from about
3 to about 10% by weight, which is the range defined in this
invention, a high desulfurization ratio and an excellent
selectivity can be attained.

The amount of coke to be deposited can be selected in
the range of from about 3 to about 10% by weight as described
above. For maximally restraining the hydrogenating activity
of olefins and minimizing lowering of the octane value, the
deposition amount of coke may be increased, and when a high
desulfurization faculty is desired while allowing lowering of
the octane value a little, the deposition amount of coke may
be decreased. If the deposition amount of coke is less than
about 3% by weight, the hydrogenating activity of olefins is

-
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of a run-away reaction. As the catal yst being used in the apparatus
for hydrodesul furizing catalytically cracked gasoline containing sulfur
conpounds and ol efin conponents, a catal yst conposed of at |east one

el ement belonging to groups VIII and VI of the periodic table, such as
chromi um nol ybdenum tungsten, cobalt, nickel, etc., carried on a proper
base material such as alumna, etc., is used. The catalyst is activated by

pre- sulfurizing, and as the pre-sul furization nmethod, a nethod which is
the sanme as ndte sufffidientlyf redasirded, aersbynititd fadturpdhacifain be
used. That is, a nmethod of m xing a naphtha with a sul fur conmpound such as
di net hyl sulpgressnt enventient iisy diff idudtturt the obteniperdyt whellse if ctheabout

- 150[err] C to_about 350[err]C together w th hydrogen, and passing the '
m xture t hr clepesd tiqp tampuntofr gakskdd wiver tahpuiatlan%yshy iweight, the

influence on the life of the catalyst becomes large.

As to the property of coke which is used for
modifying the catalyst in this invention, it is preferred
that the atomic ratio of carbon to hydrogen is not highef
than 0.7. The coke wherein the atomic ratio of carbon to
hydrogen ié not higher than 0.7 is a so-called soft coke, and
in the case of using such a coke, since the pores and the
active points of the catalyst are incompletely covered by the
coke, sulfur compounds in the gaseous state easily reach the
active points and are desulfurized. A coke wherein the
atomic ratio of carbon to hydrogen is higher than 0.7 is a
strong coke clogging the pores and the active points of the
catalyst, and in the case of using such a coke, the
desulfurization activity of the catalyst is greatly lowered.

As a modification method with coke, any desired
method may be used, but a method of depositing coke by
contacting hydrocarbons, etc., with the catalyst is generally
used. In this case, it is preferred that the hydrocarbons be
brought into cdntact with the catalyst, and the conditions of
contacting the hydrocarbons with the catalyst are selected
such that coke having an atomic ratio of carbon to hydrogen
not higher than 0.7 is depdsited on the surface of the

catalyst. For example, there is a method of contacting
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general ly used. The sul fur conpound such as dinethyl sulfide, etc., is
converted into hydrogen sulfide by reacting wth hydrogen at the surface
of the active netal of the catalyst, and the hydrogen sulfide is further
reacted with the active netal to forma netal sulfide active to a

desul furization reaction. 5
In the case of using a desul furizing catalyst, usually, after
pre-sul furizing the catalyst, a stock oil is passed through the catalyst,

but the cat ipddocairitonsd®aRdng a ratio of olefin components in the
composition of not more than about 10% by volume, a content
of dienes of not more than 0.1% by volume, a content of
bicyclic aromatics of not more than about 5% volume, and a
content of tricyclic or more aromatics of not more about 1%
by volume and having a boiling'point of not higher than about
300°C with the catalyst together with hydrogen. Furthermore,
it more preferred té use hydrocarbons not containing olefin
components, dienes, and bicyclic or more aromatics. This is
because these components have a possibility of becoming
materials which result in the formation of a strong coke
having an atomic ratio of carbon to hydrogen of higher.than
0.7.

Examples of the hydfocarbons which can be used in
this invention are a straight naphtha, kerosene, and gas oil
fractions obtained in a petroleum refining process, and
further light hydrocarbons having C; to Cé compounds may be
used. |

The contact temperature of the hydrocarbons with the
catalyst can be desirably selected in the range of from about
200°C to about 350°C. 1If the contact temperature is lower
than about 200°C, the déposition speed of coke is so slow
that such a temperature is not practical. If the contact
temperature is higher than about 350°C, the deterioration of
the catalyst is feared, and further the cyclizatibn and the

polycondensation of coke are liable to proceed. Thereby, the
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pre-sul furized has a greatly high hydrogenation activity, and hence when
catalytically cracked gasoline is passed through the catalyst, there is a
problemthat not only olefin conponents are hydrogenated to | ower the
octane value but also the control of the reaction tenperature is difficult
because of the heat generated by the hydrogenation. Al so, the reaction
proceeds locally to increase the tenperature, whereby there is a
possibility that the catalyst is quickly deteriorated. Catalytically
cracked gasdonmatiemaldfy a etroagnsokeowhel@imbyrheolatomial ehtio odnoamdons,
and when these ol efin conponents are hydrogenated, the tenperature
i ncreases greatydrogen dschdghegofthan) Q.4t prieseledghes?lsPor aspitdeent i ng t he
| arge tenperature increase, it is necessary to gradually pass
cat al yti cal [temperatareyesomes highexer &hse deprsitdepe spEde OfhCP&Cappl yi ng
a heat renoving and cooling
becomes faster.
Other conditions for contacting the hydrocarbons with
the catalyst can be selected from a hydrogen partial pressure
" of from about 5 to about 50 kg/cm?, a liquid hourly space
velocity (LHSV) of from about 1 to about 10 per hour, and a
hydrogen/oil ratio of from about 100 to about 3000 scf/bbl.
Since the relation between the conditions of
contacting the hydrocarbons with the catalyst and the
deposited amount of coke differs according to the kind of the
catalyst, the deposited amount is confirmed empirically, and
the treatment conditions in an actual apparatus may be
determined accordingly.
The pre-treatment for depositing coke on the surface
‘of the catalyst in this invention may be carried out before
or after the pre-sulfurization of the catalyst or may be
carried out simultanéously with the pre-sulfurization, but
when the hydrocarbons are brought into contact with the
catalyst without pre-sulfurizing the catalyst, it sometimes
happens that a hydrogenation cracking reaction occurs, and
hence it is preferred to carry out the coke deposition
treatment after pre-sulfurizing the catalyst.
As the catalyst having coke deposited on the surface

thereof, a drawn out catalyst used for an ordinary
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counterplan such as hydrogen quenchi ng, etc. Since coke is al so
deposited by the desulfurization reaction of catalytically cracked
gasol i ne, when the deposited anount of coke reaches about 3% by wei ght of
the catalyst, the hydrogenation reaction is restrai ned. However, not only

the tenperature managenent is difficult until reaching a stabilized stage
but al so even a danger of causing a run-away reaction follows. Also,
during the period before the stabilized stage, the hydrogenation

ratio of Olﬁ&h?oqenation refining of petroleum can also be used. This
is because since in an ordinaﬁy hydrogenation refining
apparatus for petroleum, coke is gradually deposited on the
catalyst used during the use, and it sometimes happens that
coke is deposited on the surface of the drawn out catalyst
used in an amount of from about 3 to about 10% by weight,
which is the range defined in this invention.

However, in the case of the drawn out catalyst used
for an ordinary hydrogenation refining of petroleum, since
the catalyst was used for a iong period of time of at least
one year, the cyclization and the polycondensation of the
coke deéosited on the catalyst proceeded to frequently form a
strong coke wherein. the atomic ratio of carbon to hydrogen
was higher than 0.7. Thus, such a catalyst has the faults
that the activity is low as compared with the activity of the
catalyst obtained by depositing coke on a new catalyst and
that the life of the catalyst is short as compared with the
latter catalyst. Accordingly, in the case of using a drawn
out catalyst, it is better to use the catalyst after carrying
out an analysis of the coke on the catalyst and an evaluation
of the activity of the catalyst.

As the drawn out catalyst, a catalyst used in a
desulfurization apparatus for a naphtha, kerosene, or a gas
oil is preferably used. Since the catalyst used for the
treatment of heavy oils has deposited thereon a coke having a

very high atomic ratio of carbon to hydrogen, the use of the
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becones high and the octane val ue becones | ow, whereby expressly
desul furized gasoline cannot be utilized as a gasoline stock and nust be
diverted as a petrochem cal naphtha having a | ow addition val ue.
SUMVARY OF THE | NVENTI ON An object of the present invention is to
provide a desulfurization treatnment nmethod for catalytically cracked
gasoline by contacting catalytically cracked gasoline containing sulfur
conpounds and ol efin conponents with a catalyst, wherein the hydrogenating
exot herm c eagalliye® @& uabekipablepanenhisi inveatienned from the begi nning
of the initiation of the reaction, |owering of the octane value is |ess,
and the stabilized Asatheocatabyst baingeusedt for a hydrodesutfurigation
various investigations for solving the foregoing thene, the inventors. have
achi eved t happpuvabus which is applied for the present invention, a
hydrodesulfurization catalyst composed of a desulfurization
active metal carried by a porous inorganic oxide carrier,
which is usually used in the field of petroleum refining, can
be used.

As the porous inorganic oxide carrier, there are
alumina, silica, titania, magnesia, etc., and they can be
used singly or as a mixture thereof. Among these materials,
alumina and silica-alumina are preferably used.

As the desulfurization active metal, there are
chromium, molybdenum, tungsten, cobalt, nickel, etc., and
they can be used singly or as a mixture thereof. Among these
metals, cobalt-molybdenum and nickel-cobalt-molybdenum are
preferably used. These metals can exist on the carrier in
the form of each metal, each oxide, each sulfide, or a
mixture thereof. As the carrying method of the active metal,
a known method such as an impregnation method, a co-

. precipitation method, etc., can be used.

There is no particular restriction on the system of
the reaction tower, but a fixed bed system is preferred. For
contacting the catalyst with a catalytically cracked gasoline
fraction and hydrogen, an ascending cocurrent system, a

descending cocurrent system, or a counter-current system may

be employed. These operations are known in the field of
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maki ng present invention of subjecting catalytically cracked gasoline
contai ning sul fur conpounds to a hydro- desulfurization treatnment using a
catal yst having deposited on the surface thereof coke in an amount of from
about 3 to about 10% by weight of the catalyst. In one enbodinent, the
present invention involves subjecting catalytically cracked gasoline
cont ai ni ng sul fur conpounds and ol efin conponents to a

hydr odesul furi zation treatnent, which conprises carrying out the reaction

gnggi-ﬁ ggkgengﬁité%xfedﬁgﬁaiﬂé; &Y | $igey dePShé espOToNAEL § Usé Peetéder eof

The desulfurization reaction conditions in the
present invention include a low temperature, a low pressure,
and a high hydrogen/oil ratio as compared with the case of an
ordinary desulfurization of a naphtha, etc., and the reaction
temperature can be selected in the range of from about 200°C
to about 350°C, the hydrogen partial pressure in the range of
from about 5 to about 30 kg/cm?, the hydrogen/oil ratio in
the range of from about 500 to about 3000 scf/bbl, and the
liquid hourly space velocity (LHSV) in the range of from
about 2 to about 10 per hour. More preferably, by selecting
the reaction temperature in the range of from about 200°C to
about.300°C and the hydrogen partial pressure in the range of
from about 5 to about 15 kg/cm?, the hydrogenation of olefins
is more restrained, and the dehydration reaction can be
carried out while keeping a high octane value, which is an
important feature of the present invention.

The present invention is explained in more detail by
the foiiowing examples, which should not be construed as
limiting the present invention in any way. Unless otherwise
indicated, all parts, percents, ratios and the like are by
weight.

Example 1

In each of two fixed bed, ascending, cocprrent

systems, a small-sized reaction apparatus was packed with 60

ml of a 1/16-inch, extfusion-molded, commercially available
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about 3 to about 10% by wei ght of the catalyst. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON When coke is deposited on the surface
of a catalyst, both the desulfurizing activity and the hydrogenating
activity of olefins are lowered, but in this case, since the |owering
extent of the activity is larger in the hydrogenating activity, when the
reaction is carried out at the sane desulfurization ratio, the
hydrogenation ratio of olefins is restrained, and the desul furization
proceeds seatataiyat \composed sifhan taiamiydr apanzitancamatingrihesdarh 4% s an
exotherm c reaction, is restrained, a stabilized desulfurization can be
operated. \Werweightar@Gohtanst &k by etightdddki-t ed on the surface of the
catalyst is from about

Then, a straight run gasoline fraction of a
temperature of from 30°C to 150°C added with 5% by weight
dimethyl disulfide was used for pre-sulfurization in each of
the two reaction apparatus for 5 hours at a temperature of
300°C, a pressure of 15 kg/cm?, an LHSV of 2 per hour, and a
hydrogen/oil ratio of 500 scf/bbl.

After finishing the pre-sulfurization, the
temperature of each reaction apparatus was increased to
330°C, and a straight run kerosene (olefin content: not
detected, dienes: not detected, bicyclic or more aromatics:
0.5% by volume) having a boiling point range of from 150°C to
250°C was passed through each reaction apparatus for 24 hours
at an LHSV of 5 per hour, a hydrogen partial pressure of 15
kg/cm?, and a hydrogen/oil ratio of 500 scf/bbl. When the
catalyst was taken out from one of the reaction apparatus and
analeed, the deposited amount of coke was 3.9% by weight,
and the atomic ratio of carbon to hydrogen was 0.53.

In another reaction apparatus, catalytically cracked
gasoline of 80°C to 220°C fractions obtained by catalytically
cracking a stock oil containing an atmospheric residual oil
was successively subjected to a desulfurization reaction test
as catalytically cracked gasoline. The density was 0.779

g/cm® at 15°C, the sulfur content was 220 ppm by weight, the

olefin content was 32% by volume, and the research octane
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3 to about 10% by wei ght, which is the range defined in this invention, a
hi gh desul furization ratio and an excellent selectivity can be attai ned.
The amount of coke to be deposited can be selected in the range of from
about 3 to about 10% by wei ght as described above. For maximlly
restraining the hydrogenating activity of olefins and m nim zing | owering
of the octane value, the deposition anount of coke may be increased, and
when a high desulfurization faculty is desired while allow ng | owering of
the octane yahder awdd td7 €. the deposition anount of coke may be decreased.

I f the deposition anbunt of coke is less than about 3% by weight, the

hydr ogenati ng acti Widwy tHe Qtedfdtion Tonditions, the temperature was
250°C, the hydrogen partial pressure was 12 kg/cm?, the LHSV
was 7 per hour, and the hydrogen/oil ratio was 2000 scf/bbl.
As a result thereof, hydrodesulfurization treated
catalytically cracked gasoline having a sulfur content of 63
ppm by weight, an olefin content of 29% by volume, and a
research octane number of.86.0 was obtained.

Example 2

Using the two reaction apparatus and the catalyst as
used in Example 1, pre-sulfurization was carried out in the
same manner as in Example 1.

After the pré-sulfufization was over, the temperature
of each reaction apparatus was increased to 350°C, and a
straight run heavy gasoline fraction (olefin content: not
detected; dienes: not detected, bicyclic or more aromatics:
0.1% by volume) havihg a boiling point range of from 120°C to
230°C was passed through each reaction apparatus for 72 hours
at‘an LHSV of 5 per hour, a pressure of 15 kg/cm?, and a
hydrogen/oil ratio of 500 scf/bbl.

When the catalyst was taken out from one of the
reaction apparatus and analyzed, the deposited amount of coke
was 7.3% by weight, and the atomic ratio of carbon to
hydrogen was 0.58.

In another reaction apparatus, the catalytically

cracked gasoline as 1sed in Example 1 was subjected to a
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8 not sufficiently restrained, whereby the feature of the present
invention is difficult to be obtained, while if the deposition anmount of
coke is over about 10% by weight, the .influence on the life of the

catal yst becones | arge. As to the property of coke which is used
for nodifying the catalyst in this invention, it is preferred that the
atomc ratio of carbon to hydrogen is not higher than 0.7. The coke
wherein the atomc ratio of carbon to hydrogen is not higher than 0.7 is a
so-cal | ed sgébulpkeizabloni Pedbtionstest undag thehsameokendstiorsthe pores

and the active points of the catalyst are inconpletely covered by the
coke, squuExgmpneunds As ahEGQEEEOUheEleB kydrogesehfurisation treated
catalytically cracked gasoline having a sulfur content of 72
ppm by weight, an olefin content of 31% by volume, and a
research octane number of 86.9 was obtained.
Example 3

Using the two reaction apparatus and the catalyst as
used in Example 1, pre-sulfurization was carried out in the
same manner as in Example 1.

After the pre-sulfurization was over, a mixture'oil
of 20 parts by weight of the catalyticaily cracked gasoline
of 80°C fo 220°C fractions and 80 parts by weight of the
straight run kerosene fractions having a boiling point range
of about 150°C to 250°C as used in Example 1 was passed
through each reaction apparatus for 72 hours at a temperature
of 300°C, an LHSV of 5 per hour, a pressure of 15 kg/cm?, and
a hydrogen/oil ratio of 500 scf/bbl.

When the catalyst was taken out from one of the
reaction apparatus and analyzed, the deposited amount of coke
was 5.8% by weight, and the atomic ratio of carbon/hydrogen
was 0.55.

Then, using the catalytically cracked gasoline as
used in Example 1, the desulfurization reaction test was
carried out using another reaction apparatus under the same
conditions as in Exampie 1. As a result thereof,

hydrodesulfurization treated catalytically cracked gasoline
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active points and are desul furized. A coke wherein the atomc ratio of
carbon to hydrogen is higher than 0.7 is a strong coke cl ogging the pores
and the active points of the catalyst, and in the case of using such a
coke, the desulfurization activity of the catalyst is greatly |owered.

As a nodification method with coke, any desired nethod nay be used, but a
nmet hod of depositing coke by contacting hydrocarbons, etc., with the
catalyst is generally wused. In this case, it is preferred that the

hydr ocar bonshi&eingr@ughl fant cosoanacdf wes hppmeby ad@ight, amdoldfimonditions
of contacting the hydrocarbons with the catal yst are selected such that
coke havi ng eonténtri cfr30% cbyfvelwben andhydregearchoechag@enuntben @£ 7 is
deposited on the surface of the catalyst. For exanple, there is a nethod
of contacting6.7 was obtaJ.ned '

Example 4

When coke of a hydrodesulfurized catalyst (a 1/16-
inch, extrusion-molded, commercially available catalyst
compoéed of an alumina carrier carrying 4.5% by weight CoO
and 17% by weight MoO;) used for the desulfurization of gas
oils for 2 years was analyzed, the deposited amount of the
coke was 8.6% by weight, and the atomic ratio of carbon to
hydrogen was 0.74. Then, 60 ml of the catalyst was packed in
the reaction apparatus used in Example 1, and using the '
catalytically cracked gasoline as used in Example 1, the
desulfurization reaction test was carried out under the same
conditions as in Example 1. As a result thereof,
hydrodesulfurization treated.catalytically cracked gasoline
having a sulfur content of 143 ppm by weight, an olefin
content of 31% by volume, and a research octane number of
86.9 was obtained.

Then, the temperature of the reaction apparatus was
increased from 250°C to 300°C, and then a desulfurization
reaction was carried out under the same conditions as above
except the temperature. As a result thereof, hydro-
desulfurization treated catalytically cracked gasoiine having
a sulfur content of 48 ppm by weight; an olefin content of .

27% by volume, and a research octane number of 84.5 was
—_—
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hydr ocarbons having a ratio of olefin conponents in the conposition of

nore than about 10% by volune, a content of dienes of not nore than O

by volunme, a content of bicyclic aromatics of not nore than about 5%
volune, and a content of tricyclic or nore aromati cs of not nore about

by vol une and having a boiling point of not higher than about

not

. 1%

1%

300[err]C

with the catal yst together with hydrogen. Furthernore, it nore preferred
to use hydrocarbons not containing olefin conponents, dienes, and bicyclic

or nore arogpthagfedlhis is

becom ng

Comparative Example

because these conponents have a possibility of

Using the reaction apparatus and the catalyst as used

in Example 1, pre-sulfurization was carried out in the same
manner.as in Example 1.

Directly after the pre-sulfurization, using the
catalytically cracked gasoline as used in Example 1, a
desulfurization reaction test was carried out under the same
conditions as in Example 1. 1In this case, since heat was
generated by the hydrogenation reaction of olefins and the
temperature of the catalyst layer was increased, the
temperature of the electric furnaée was controlled to lower
the temperature of the catalyst layer to 250°C. As a result
thereof, hydrodesulfurization treated catalytically cracked
gasoline having a sulfur content of 37 ppm by weight, an
olefin content of 8% by volume, and a research octane number
of 79.1 was obtained.

According to the present invention of subjecting
catalytically cracked gasoline containing sulfur components
and olefin components to a hydrodesulfurization treatment,
which comprises carrying out the reaction using a coke-
modified catalyst having deposited on the surface thereof
coke in an amount of from about 3 to about 10% by weight to
the catalyst, the hydrogenation reaction of olefins is
restrained from the beginning of the reaction, whereby

lowering of the octane value is less, the heat generation is

-
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materials which result in the formation of a strong coke having an atonmic
ratio of carbon to hydrogen of higher than 0.7. Exanpl es of the
hydr ocar bons which can be used in this invention are a strai ght naphtha,
kerosene, and gas oil fractions obtained in a petroleumrefining process,
and further |ight hydrocarbons having CJerr] to CJerr] conpounds may be
used. The contact tenperature of the hydrocarbons with the
catal yst can be desirably selected in the range of fromabout 200[err]Cto
about 350[ eeakfly tbnthelleal aghd! &NMPeabBiligedSréavkiont ban bBObarried
200[err] C, the deposition speed of coke is so slow that such a tenperature
is not pracbutal. |If the contact tenperature is higher than about
350[err]C, the deterioration of

While the invention has been described in detail and

with reference to specific embodiment thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.

T
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the catalyst is feared, and further the cyclization and the

pol ycondensati on of coke are liable to proceed. Thereby, the

10 formation of a strong coke wherein the atomc ratio of carbon to
hydrogen is higher than 0.7 proceeds. Al so, as the tenperature becones
hi gher, the deposition speed of coke becones faster

conditions for contacting the hydrocarbons wth mﬂm\ﬂ%‘!‘lm be

sel ected froma hydrogen partial pressure of fr sabout 50
kg/ cni er r] ,weA® i X8I CLARMED yIsspace

1. A desulfurization method for catalytically
cracked gasoline, which comprises pretreating a catalyst to
deposit coke on its surface in an amount of from about 3 to
about 10% by weight of the catalyst, said coke having an
atomic ratio of carbon to hydrogen of not higher than 0.7,
and then initiating a hydrodesulfurization reaction of
catalytically cracked gasoline containing sulfur compounds

~using the catalyst which has been pretreated.

2. The desulfurization method for catalytically
cracked gasoline described in claim 1, wherein for the
pretreating before initiating the hydrodesulfurization

- reaction, a hydrocarbon oil having a composition in which
olefin components are containéd in the composition in an
amount of not more than about 10% by volume, a content of
dienes is not more than 0.1% by volume, a content of bicyclic
aromatics is not more than about 5% by volume, and a content
of a tricyclic or more aromatics is not more than about 1% by
volume, and having a boiling point of not higher than about
300°C, is brought into contact with the catalyst together
with hydrogen at a temperature of from about 200 to about
350°cC.

3. A desulfurization method for catalytically
cracked gasoline, which comprises packing a catalyst in a
reaction apparatus, presulfurizing the catalyst, pretreating

the catalyst to deposit coke on its surface in an amount of

—
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velocity (LHSV) of -fromabout 1 to about 10 per hour, and a hydrogen/oil
ratio of from about 100 to about 3000 scf/bbl. . Since the relation
bet ween the conditions of contacting the hydrocﬁmmllmnnmnﬁlnat al yst
and the deposited amount of coke differs accord f the
catal yst, the deposited anount is confirnmed enpirfcatly, &nd® the treatnent
conditions in an actual apparatus nmay be determ ned accordingly.

The pre-treatnment for depositing coke on the surface of the catalyst in
this inventigoabdha CArHd eboud 108 By weldlghaf tofr thiee ettt Urdaaat | on of
the catalyst or may be carried out sinultaneously with the

pre-sul furi zagked mavililg ashatdnie hmadriec arfh aesrbaore tor hyghtogent @fcomttact with

the catalyst without pre-sulfurizing the catalyst, it sonmetines happens
that a hydr dgieyraday ashaor ekl n@ndeddteinoindddtdngared hydrodesulfurization

reaction of catalytically cracked gasoline containing sulfur
compounds using the catalyst which has been pretreated.

4., The desulfurization method for catalytically
cracked gasoline described in claim 3, wherein for.the
pretreating before initiating the hydr&desulfurization
reaction, . a hydrocarbon oil having a composition in which
olefin components are contained in the composition in an
amount of not more than about 10% by volume, a content.of
dienes is not more than 0.1% by volume, a content of bicyclic
aromatics is not more than about 5% by volume, and a content
of a tricyclic or more aromatics is not more than about 1% by
volume, and having a boiling point of not higher than about
300°C, is brought into contact with the catalyst together
with hydrogen at a temperature of from about 200 to about
350°C.

5. The desulfurization method for catalytically
cracked gasoline described in claim 2,.wherein the
hydrodesulfurization feaction of the catalytically cracked
gasoline is carried out under a reaction temperature of from
about 200 to about 300°C, a hydrogen parfial pressure of from
about 5 to about 15 kg/cm?, a hydrogen/oil ratio of from
about 500 to about 3000 scf/bbl, and a liquid hourly space

velocity of from about 2 to about 10 per hour.

//
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hence it is preferred to carry out the coke deposition treatnent after
pr.e-sul furizing the catalyst. As the cataly rmg coke

greg;)ﬁ;)e/d on the surface thereof, a drawn out (13?'[ aszE\“\ﬁm‘m‘“mHm' ng

of petroleumcan also be used. This 1is because sinc an. ordi rsar

hydr ogenation refining apparatus for petroleum coke is gradually

deposited on the catalyst used during the use, and it sonetinmes happens

that coke is deposit.ed The tesulfufrdzetibnt e thoavicauicatallgttisally
cracked gasoline described in claim 4, wherein the
hydrodesulfurization feaction of the catalytically cracked
gasoline is carried out under a reaction temperature of from
about 200 to about 300°C, a hydrogen partial reaction of the
catalytically cracked gasoline is carried out under a
reaction temperature of from about 200 to about 300°C, a
hydrogen partial pressure of from about 5 to about 15 kg/cm?,
a hydrogen/oil ratio of from about 500 to about 3000 scf/bbl,
an a liquid hourly space velocity of from about 2 to about 10
per hour.

7. The desulfurization method for catalytically
cracked gasoline described in claim 1, wherein the catalyst
contains cobalt and molybdenum.

8. The desulfurizatibn method for catalytically

| cracked gasoline described in claim 1, wherein the catalyst
contains nickel, cobalt and molybdenum.

9. The desulfurization method for catalytically
cracked gasoline described in claim 2, wﬁerein the catalyst
contains cobalt and molyﬁdenum.

10. The desulfurization method for catalytically
cracked gasoline described in claim 2, wherein the catalyst
contains nickel, cobalt and molybdenum.

11. The desulfurization method for catalytically
cracked gasoline described in claim 3, wherein the catalyst

contains cobalt and molybdenum.

is Sheet Has Been Replaced

T ||II| T




-

used in an anount of fromabout 3 to about 10% by weight, which is

range defined in this invention. However, in the ¢ the dramn
out catal yst used for an ordinary hydrogenation refi |ng of

since the catalyst was used for a |ong period of ti

year, the cyclization and the pol ycondensati on of th 05|téd on
the catal yst proceeded to frequently forma strong °mhere|n the atomc
rati o of carbon to hydrogen was higher than 0.7. Thus such a catal yst has
the faults that thd2act iThet deisullfawiza tdonp metthod floxt lva tadlyitdicay. 1¢f t he
catal yst obtained by depositing coke on a new catalyst and that the life
of the catalorsickes gJamdliae descaibédiiinh dlladm (35t whensdimlthst catalyst
Accordingly, in the case of using a drawn out catalyst, it is better to
use the cat siopstaiais evicked,yicepalt and molybdenum.

13. The desulfurization method for catalytically
cracked gasoline described in claim 3, wherein the reaction
apparatus is a fixed bed system.

14. The desulfurization method for catalytically
cracked gasoline described in claim 4, wherein the.catalyst
contains cobalt and molybdenum.

15. The desulfurization method for catalytically
cracked gasoline described in claim 4, wherein the catalyst
contains nickel, cobalt and molybdenum.

16. The desulfurization method for catalytically
cracked gasoline described in claim 4, wherein the reaction

apparatus is a fixed bed system.
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out an analysis of the coke on the catal yst and an evaluation of the
activity of the catal yst. As the drawn out catalyst, a catalyst
used in a desulfurization apparatus for a naphtha, kerosene, or a gas oi
is preferably used. Since the catalyst used for the treatnent of heavy
olls has deposi ! $eshAREATION Mol FOREATALYMRAL VI cRRCRDOBASOLERE | © Of
carbon to hydrogen, the use of the- catalyst 1s undesirable in
this invention. As the catal yst
hydrodesul furizati on appar at@f2iEeh Q5
a -

be| no us&

he present invention,

A desulfurization method for catalytically cracked
gasoline includes subjecting catalytically cracked gasoline
containing sulfur compounds to a hydrodesulfurization
treatment using a catalyst having deposited on the surface
thereof coke in an amount of from about 3 to about 10% by
weight of the catalyst. Preferably, the coke has an atomic

ratio of carbon to hydrogen of not higher than 0.7.
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hyqudesulfurization_catalyst conmposed of a desul furization active metal
carried by a porous inorganic oxide carrier, which t@s g} %% used in the

field of petroleumrefining, can be used. &f?”’%r”&ﬁﬂﬁ c

oxide carrier, there are alumna, silica, titania, nmagnesia and
they can be used singly or as-a mixture thereof. AnDatg: th &?E%Gerlals
alum na and silica-alumna are preferablly_ used. :

desul furization active netal, there are chrom um nolybdenun1 t ungst en,
cobal t, ni ckeIDEWURWIQIﬁéﬁEWP HROR, SCATAL ABIGAIRY LRACKER t GASORINE e of .
Anong these metal s, cobal t-nmol ybdenum and ni ckel - cobal t - mol ybdenum ar e
preferably used. - These metal s can exist on the carrier in the form of

each netal, each oxide, each suIEng 08 TRE INVENTION

.The preéent invention relates to_a desuliurization'
" method for'catalytically cracked gasoline. More
speéifidaily, the inventién relétés to'a'desulfurization
methodlinéluding subjecting cétalytically éracked gdsoliﬁe
containing sulfur 6ompoﬁnds and olefin components to a
hydrédestlfurization treatment usingla catalyst, wherein the
exothermlc reaction is restralned from the beginning- of the
.inltlatlon of the reactlon, lowering of the octane value lS
less, and a stablllzed-reactlpn can be carried ogt.

BACKGROUND OF THE INVENTION

In the field of petroleum refinlng, as a hlgh-octane
value gasollne stock containing a large amount of olefin
components, there is catalytically,cracked gasoline. This is
a gasoline fraction obtained by catalytically cracking a
heavy.pet;oleum.fréction, for éxamﬁle, a stock oil such as a
vacuuﬁ gas oil or.ﬁn atmospheric residual oil and recovering
and distilling'the cataiytically cracked product, and is.used
-as one of the maih bléhding stocks of an automotive gasoline.
The catalytically cracked_gasoline has a boiling poiﬁt of
from about 20°C to aboﬁtlzzo?c and a high octane value stock
oil largely éontaining olefins and aromatics; |

On the other hand, the fore901ng stock o;l for

A e

catalytlc cracklng fundamentally contalns a relatlvely large
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m xture thereof. As the carrying nethod of the active netal, a known
met hod such as an inpregnation nmethod, a co- - precipitation method, etc.
can be used. _ - There is no partlcul ar ' r est Thistis the mplamwahem of
the reaction tower, but a fixed bed systemis preferred. For contacting
the catalyst with a catalytically cracked gasolinﬁ? qug é?é and hydrogen
an ascendi ng cocurrent system a descemdling cocu 195 ¢ % m or

counter-current system na be enpl oyed. These: operatlons are knomm in the
field of.  amount ofys %rﬁq“@q%% aficy whegy PedptQidhdisy

sel ected. subjected to a catalytic cracking treatment as it is, the
content of sulfur-compounds in_the catalytically cracked
product becomes large. Accordingly, when the concentration
‘of sulfur components in the stock oil for catalytic cracking
is low, the stock oil lS catalytically cracked as it is, but
when the concentration of sulfur components is high, if the
catalytically cracked product of the stock oil is used as a
blending stock of an automotive gasoline, there'is a
pOssibility'of'causing a problem for the environment, and
hence it is frequently practiced that the stock oil for
catalytic cracking apparatus is preViously subjected to a
desulfurization'treatment;- |
As the desulfuriZation treatment; a
hydrodesulfurization treatment'is conventionally carried out
in the field of'petroleum'refining, and in the
hydrodesulfurization treatment, a stock oil to be
desulfurized is brought into contact with a proper
hydrodesulfurization treatment catalyst in a high'temperature
and high pressure hydrogen atmosphereg |
In the case of the hydrodesulfurization treatment of
a vacuum gas oil, an atmospheric residual 0il, etc., which
- are the stock oils for cataIYtic cracking, as the
hydrodesulfurization'treatment catalyst, a'catalyst composed
of at least_one element belonging to groups VIII or VI of the

periodic table,,such as chromium, molybdenum, tungsten,
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The desul furization reaction conditions in the present invention I ncl ude a
| ow tenperature, a |ow pressure, and a high hydrogen/0|l o) %nggﬁgﬁred-
with the case of an ordinary desul furization of avhﬁﬁ& ace

reaction tenperature can be selected in the range of fron1about 200[err] C

to about 350[err]C; the hydrogen parti al pressure | r\ g § from
about S5 to about 30 kg/cnferr], the -hydrggen/oil iﬂ? I n E@ ange of -

from about 500 to about 3000 scf/bbl armd t.he I|qU|d hourly space velocity
(LHSV) in theobahge Bickebm en@outcerrnec&b@mwlpr@perhbese maberial such
preferably, by selecting - the reaction tenperature in the range of from
about 200[ era§ @1enindo®#t300[ &% rpeednd Aheohy@f oble pandibiopsefenrthen
the range of  fromabout 5 to about 15 kg/cnR, the hydrogenatlon of ol efins

is nore rest¢¥9¥RQPSQ&QP¥+ﬁ?Ek%&d?%???ﬁ??%ac?|BﬁmE%ﬁaB%re of from about
300°C to about 400°C, a hydrogen partial pressure of from

about 30 to about 200 kg/cm?, and a liquid hourly space
velOcity (ﬁHSV) of from about 1 to about 10 per hour are |
employed. o
However, in the case of the hydrodesulfurlzatlon
treatment of a heavy petroleum fraction such_as a vacuum gas
| oil, an.atmdspheric reeiduai oil, etc., which are stock oils
for catalytlc cracklng, since the treatment conditions are a
'hlgh temperature and a hlgh pressure as described above, the
design condition of the apparatus becomes severe, and in the
case of inc:easihg an epparatns for coping with the
defiéiency of the apparatus, there_occurs a problem that the
construction cost is high. | |
Catalyticaliy cracked gasoline cen be directly
subjected to aehYdrodesulfurization_treatment, but in this
ICase, there is a.probleh that since the olefin components
contained ih the catalytieally cracked gasoline are
hydrogenerated and the content ef the olefin components is
reduced,.the octaneevalue.is'lowered. Also, the heat value_
generated by the hydrogeﬁation reaction is as'large as 30
-kcal/mol whereby it is accompanled by a considerable
difficulty to proceed w1th the desulfurizatlon reaction by

restraining the hydrogenatlon reactlon. In particular, at
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carried out while keeping a high octane value, which is an inportant

feature of the present invention. ' - The present jnv ghssheét
explained in nore detail by the follow ng exanpléﬁ“sﬁ%W@Hggﬁngh not be

construed as

limting the present invention in any may Unl ess othermnse'

In each of two fi xed béd ascen

I ndicated, all parts, percents, ratios and the I|k J WQ ght . o
|ng co é syst ens,

Exanple 1

a small -sized reactlon appar at us was packed with 60 m of a 1/16 |nch
ext r usi on- noltde&l begdmpding A }h@\/a‘iiela&ﬂlémr the hydrogenation activity of

_.the catalyst is very hlgh, and hence even when a heat-

prevention'and cooling counterplan such as_hYdrogen

‘quenching, etc., is applied; it is required to control the

apparatds with the utmost'care for preventing the occurrence
of a run-away reaction.
As the catalyst being used in the apparatus for

hydrodesulfurlzlng catalytlcally cracked gasoline containing

sulfur compounds and olefln components, a catalyst composed

of at least one element_belonging'to groups VIII and Vi of
the_périddic table, such as chromium, molybdenum, tungsten,
cobalt, nickel, etc., caxiied_on a prdpe# bése'material such
as alumina, etc., is uséd. 'The'catalyst is activated by pfe--
sulfurizing, and as the pre-sulfurization method, a method
which is the same as the formatiohqu a desulﬁurized catalyst
of naphtha can.be used. That is, a method of mixing a’
naphtha with a Sulfu:.compound such as dimethyl sﬁlfide,
etc., heating the mixture to a temperature,of from about
150°C to about'350°c together with hydrogen, and passing the
mixture through a reaction tower packed with the catalyst is

generally used. The'sulfur'compound such as dimethyl

sulfide, etc., is converted into hydrogen sulfide by reaCtihg

with hydrogen at the surface of the active metal of the

_cataiyst, and the hydrogen sulfide is further reacted with

the active metal to form a metal sulfide active to a

desulfurization reaction.
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14 catal yst conposed of an alum na carrier carrying thereon 4% by weight
CoO and 15% by wei ght MO[err]. Then, a straight run gasol. ne
fraction of a tenperature of from30[err]C to 150ftis ig meammemqnﬁSB%tby
wei ght. ‘di met hyl disulfide was used for pre-sulfurization in each of the
two reaction apparatus for 5 hours at a tenperature of 3 ]C a
pressure of 15 kg/cn{err] an LHSV of 2 ger hour, Qate: o gg ggen/oil ratio
of 500 scf/bbl. Aft er finishing—the pre-sul furization, the
tenperature of each ¥edde strspmf asingwes desulfseir ing cheysﬂ,C and a
strai-ght run kerosennﬁéolefln content: not detected, dienes: not detected,
bi cyclic or Wpal LS Pr%r%ﬂ%ﬁﬁF%RﬂQBm§h¢uﬁﬁ¢E}¥§%Kn4|$&P?kn¢&1rhﬁge

of fron1150[err4ed éhrough the catalyst, but the catalyst after being
| flpre-sulfurlzed has a greatly high hydrogenation activity, and_

”hence when catalytically ‘cracked gasollne is passed through
the catalyst, there is a problem that’ ‘not only olefin
components are hydrogenated to lower the octane value but
“also the control of the reaction temperature is difficult
because of the heat generated by the hydrogenation. Also,
the reaction proceeds locally to increase the temperature,
whereby there is a possibility that the catalyst is qulckly
.deterlorated. Catalytlcally cracked gasoline usually
contains about 30% by volume olefin_components, and when
these olefin components are hydrogenated, the temperature
'increases greatly and.reaches 100°C at the highest. For
preventing the large temperature increase, it is necessary to
gradually pass catalytically cracked_gasoline and increase
the temperature.while applying a heat removing andlcooling
.counterplan such_as_hydrbgen qguenching, etc.

Since coke is also deposited by the desulfurization
reaction of catalytically cracked gasoline,'when the' |
deposited amount of coke reaches about 3% by weight'of the
catalyst, the hydrogenation reaction is restrained. However;
'not only the temperature management is difficult until
reachlng a stabilized stage but also even a danger of cauSLng

a run-away reaction follows. Also, durlng the period before
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250[ err] C was passed through each reaction apparatus for 24 hours at an

LHSV of 5 per hour, a hydrogen partial pressure of 15 kglcuder. o
hydrogen/oil ratio of 500 scf/bbl. \Wen the -catalystnﬂg ﬂ%?&%*out }%ert

one of the reaction apparatus and analyzed, the deposited anount of coke
was 3.9% by weight, and the atonmic ratio of carbon t oD&ed ‘ 3 pas 0. 53.

I n another reaction apparatus, catalyticgly cracked gasol 80[err]C
to 220[err] C. fracti ons obtained by catal’yfically cracking a stock oi

cont ai ni ng athetswaphkiried resEgkialthe |hydwesyenecisss i net o objcldfichto a

desul furization reaction test as catalytically cracked gasoline. The
density was Mecones Jrigh énd the Bitang Faluee haddmes cowehaweby?20 ppm by
wei ght, the olefin content was 32% by volunme, and the research octane
-expressly desulfurized gasoline cannot be utilized as a
gasoline stock and must be diverted as a petrochemical_
naphtha hav;ng a low addition value
_SUMMARY OF THE INVENTION

Anlobject of the present invention is'to_provide a .
desulfurization treatment.method for catalytically c;ecked
gasoline by oontacting catalytically cracked gasoline |
containing sulfur compounds and olefin components with a
catalyst, wherein the hydrogenating exothermic reaction of
olefin components is :estrained from the beginning of the
initiation;of the reection; lowering of the octane value is
less, and the stabilized reaction can be carried out.

As thelfesult of various investigations for solving
the.foregoing theme, the inventors,hane acnieved the epooh-.
making present invention.of subjecting catalytically cracked
gasoline.containing sulfur compounds to a hydro- |
:desulfurization t:eetment using a catalyst haning deposited
on the_SurfaCe“thereof coke in aniamount of from about 3 to
about 10% by ueight of the.catalyst.. In one embodiment, the
oresent invention_inuolves subjeoting catalytically cracked
gasoline containing suifur compounds and olefin components to
a hydrodesulfutization'tneatment, which comprises canryino |
out the'reaction.using a coke-modified catalyst having

deposited on the surface thereof coke in an amount of from



5

nmunber was 87. 1. .~ For the reaction conditions, the tenperature was
250[err] C, the hydrogen partial pressure was 12 kg/cnferr], the LHSV -was 7
per hour, and the hydrogen/oil ratio was 2000 scf/bbl. Thisisalficesplacement sheet
t hereof, hydrodesul furization treated catalytically cracked gasoline . '

havi ng a sul fur content of 63 ppm by weight, an oIefiQﬁ@%pte of, ' 29% by
volunme, and a research octane nunber of;ﬁ@.o was obt ai . 'EiéngT
at

Exanple 2 - Using the two reaction apparatus and the ¢
used in Exanpbeutl, 3pte-sbdatr ekt bprnwasghtaofi eheocatabyshe

st as
'DETAILED DESCRIPTION OF.THE INVENTION

When coke is deposited on the surface of a catalyst,
both the desuifurizing activity aﬂd the hydrogenating
activity of olefins afe lowered, but in this.case, since the
'lowéfing extent of thé-activity is largér in the
hYdrogenating activity, when the reaction is carried out at
.ﬁhe same'desulfurization'ratio, the hydrogenétion ratio of
olefihs is restrained, and the desulfurization proceeds
selectively. Also, sinée the hydrogénation reaction, which
is an exothermic reéction, is restrained, a stabilized |
desulfu:iiation can be operated. When the amount of'ccke
being déposited onathe sﬁfface of the catalyst is_from about
3 to about 10% by weight, which is the range defined in this
inVention, a high desulfurization ratio and an ekcellent
selectivity éan be attained; | o

-The'ambuht of coke to be depbsited can be'selected in
the range of from.about 3 to about 10% by weight as described
‘above. For magimaily restraining the hydrogenating acti&ity
of olefins and minimizihg lowering of the octane value, the
'depoéition amount ofncoke may be increased, and when a high
desulfﬁrizatipn faculty is desired while allowing lowering of
the octane value a litﬁle,_thé_deposition amount of coke may
be decreased. If the depositioh amount of cbke is.less_than |

aboﬁt 3% by weight; the hydrogenating activity of olefins is



same manner as in Exanple 1. _ After the pre-sulfurization was over
the tenperature of each reaction apparatus was in_c_r'_ga,seg tﬁ?r‘é’&%@ﬂ@ﬂ@“““d
a ~straight run heavy gasoline fraction,(olefin'con'_['WF'l no det ect ed,

di enes: not detected, bicyclic or nore aromatics: 0.1% by volune) having a
boi'l'i ng point range of from120[err]Cto 230[err]C \(rgepats t @rdugh each
reaction apparatus for 72 hours at an LHESV of 5 per hour, ‘al pressure of 15
kg/cnferr], and a drogen/oil ratio of 500 scf/bbl. . . - _Wen the
catal yst wasPQaiBHtR19 ok FRStrained, (IRTSRY Eipafed taranet atkeyzed,

t he deposi-ted anobunt, of coke was 72396Q¥%mei ht, and the atopnjc ratio of

carbon to IRARTJEh iR¥enrign is difficult, to ke Hbrained onviible, b khe he
catal ytically, S AGKSH SR50M W Bokl oS ' ARG L o8y WL ERL Y L0 2
| influence on the life of the catalyét becomes large.

As to the property of coke which is used for
modifying the catalyst in this invention, it is preferred
that_the atomic ratio of carbon to hjdrogén is not higher
than 0.7. The coke wherein the atomic ratio of carbon to
hydrogeh is not.higher than 0.7 is a so-called soft cpke, and
in the case of ﬁsing such a coke, since the pores and the_

~active poinﬁé of the_cataiyst are incompLetely covered by the

- .coke, sulfﬁr compounds‘in_the gaseous state easily reach the
active points-and are desulfurized. A_cdke wherein the
atomic'ratio of carbon to hydrogen is higher.than 0.7 is a
strong coke clbggingﬁthe pores and the active Qoints of the
catalysﬁ,_and in the ﬁase’of using such a coke, the
desulfurizatién activity of the catalyét is greatly lowered.

As a modification method with coke, any desired
method may be used, but a method of depdsiting ;oké by
contacting hydrocarbons, etc., with ﬁhe catalyst is generally
used. In this case, it is preferred that the hydrocérbons be
brought into contéét with the catalyst, and the conditions of

'contacting the hydfocafbbné with thé'catalysﬁ'are selected
such that coke having an atomic ratio of carbon to hydrogeﬁ
not.higher than Oa7lis.deposited on the surface of the

catalyst. For example, there is a method of contacting



16 desulfurization reaction test under the sanme conditions as in Exanple"
1. As aresult thereof, hydrodesul furization treated catalytically

criacked gasoline having a sulfur content of 72 ppm tpmswgltghtreplaceme@tf?pwet
content of 31% by vol uneg, and a research octane nunber of 86.9 mas e

obt ai ned.

Exampl e 3

reacti on apparatus and the catal yst as _aised in Examﬂé\ie-l Ex |
pre-sul furization was carried out in the ‘'same manner as in Exanple 1.

hydrocarbons having a ratio of olefin components in the
composxtlon of not more than about 10% by volume, a content
of dienes of not more than 0 1% by volume, a content of -
blCYCllC aromatlcs of not more than about 5% volume, and a

content of tricyclic or more aromatics of not more about 1%

by volume and having a boiling point of not higher than about

300°C with the'catalyst together with hydrogen. Furthermore,
it more preferred to use hydrocarbons not containing olefin
components, dienes, and bicyclic or more aromatics. This is
because these components have a possibility of becoming
materials which result in the formation of_a strong coke
haming an atOmic;ratio of carbon to.hydrogen of higher than
0.7. - | |

Exampies of the hydrocarbons which can be used in
this invention are a'straight naphtha, kerosene, and gas oil

fractions obtained in a petroleum refining process, and

'further light hydrocarbons having C; to C4'compounds may be

used.

The contact,temperature of the hydrocarbons with the
catalyst can be desirably.selected in‘the range of from about
200°C to about 350°C. If the contact temperature is lower

than about 200°C, the deposition speed of coke is so slow

that such a temperature 'is not practlcal. If the contact

temperature is hlgher than about 350°C, the deterloratlon of
the catalyst is feared, and further the cycllzatlon and the

polycondensation of coke are liable to proceed. Thereby, the



After the pre-sulfurization was over, a mxture oil of 20 parts by wei ght
of the catalytically cracked gasoline of 80[err]C to 220[err] C fractions

and 80 parts by weight of the straight run ker nséh%r Efdcgﬁr%r‘h&mﬂg a
boiling point range of about 150[err]Cto 250[ sed in Exanple 1

was passed through-each reaction apparatus for 72 hour t a tenperature
of 300[err]C, an LHSV of 5 per hour, a %essureoﬁg 15 Eq err] and a
“hydrogen/oil ratio of 500 scf/bbl. - Wen the cat st was taken out

from one of fbkmatieacbEoa appengt uskenghapaliyizete hhemdepeattedoarreaaboaf
coke was 5.8% by weight, and the atom c ratio of carbon/hydrogen was.

0. 55. to hytengensiaghigberathant Dcdl pyoceaedked Zasol,i as &he used in
Example 1, the desulfurization reaction test  was ..carried out using another
reaction appsmasugtuneebesﬁ@esahtgher, the deposition Speed of coke

becomes faster.

Othe:fccndltions for contacting the hydrccarbons Qith
the catalyst_can.be selected from a hydrogen partial pressure
of from about 5'to_aboct.50 kg/cm?, a liquid hcurly space
velocity (LHSV) of from about l.to about 10 per hour, and a
hydrogen/011 ratio of from about 100 to about 3000 scf/bbl

Slnce the relatlon between the condltlons of
contacting the hydrocarbons with the catalyst and the
deposited amount of coke differs according to thé kind of the
catalyst, the deposited amount is confirmed empirically, and
the t:eatment-conditicns in_aﬁ actual apparatus'may be |
determined accordingly. |
| The pre-treatmcnt for depositing coke on the surface
of the catalyst in this inventicﬁ may be carried out before

- or after the pre-sulfurization of the catalyst or may be
catried out simultaneously with the'pre-sulfurlzatlon, but
when the hydrocarbons are brought into contact with the
catalyst without pre-sulfurizing the catalyst, it-sometimes'
happens that a hydrogenation cracking reaction occurs, and
hence it is preferred to car;y out the coke deposition
treatment after_pre—sulfurizing the catalyst. |

As the'catalystlhaving coke deposited on'the surface

thereof, a drawn out catalyst used for an ordinary



conditions as in Exanple 1. As a result thereof, hydrodesulfurization
treated catalytically cracked gasoline havi ng a sulfur content

of 65 ppm.by weight, an olefin content of 30¢ @a saent sheakar ch
oct ane-nunber of  86.7 was obt ai ned. /Mw‘é/‘meu' wm - Exanple 4

When coke of a hydrodesul furized catal yst (a 1/ 16- extrusi on- nol ded,
connerCIaIIy avai |l abl e catal yst conposeg_of aﬂmMHlun R%?q i er carrying

4.5% by wei ght CoO

_ hydrogenatlon reflnlng of petroleum can also be used. This
is because since ln an ordlnary hydrogenatlon reflnlng
apparatus for petroleum, coke is gradually depos;ted_on the
catalyst used durlng the use} and it sometimes happens”that
coke is deposited on'the'sgrface of the drawn out catalyst
used in an amount of from about 3 to about 10% by weight,
which is the range deflned in thls lnventlon. _ |

| However, in the case of the drawn out catalyst used
for an ordinary hydrogenatlon refining of petrolenm, since
the catalySt was used for a long period of time of at least
one year, the'cycliZation and:the polycondensation of the
coke deposited on. the catalyst proceeded to frequently form a.
strong coke wherein. the atomic ratlo of carbon to hydrogen

~was higher than 0.7. Thus, such a catalyst has the faults
that the activity_is low as compared with the activity of the
catalyst obtained by depositing coke on a new catalyst and
'that the life of the catalyst is short as compared with the
latter catalyst. Accordlngly, in the case of using a drawn

. out catalyst, it is better to use the catalyst after carrying
out an analysis of the coke on the catalyst and an evaluation
of the activity-of the catalyst, |

As the drawn out catalyst, a catalyst nsed in a

desulfurization apparatus for a.naphtha, keroSene, or a gas
0il isapreferably'used, Since the catalyst.used for the |
'treatment of heavy oils has deposited thereon a coke having a

‘very high atomic ratio of carbon to hydrogen, the use of the



and 1796by wei ght Mo(Jerr]) used for the desul furi zation of gas oils for 2

years was anal yzed, the deposited anount of the_ cok .6% by wei ght,
and the atomic ratio of carbon to hydrogen msTﬂﬁfﬁ%%ﬁm@ﬁnﬁhﬁ t he

catal yst was packed in the reaction apparatus used in Exanple 1, and using

the catalytically cracked gasoline as used in Ea“ﬁplﬁz g!ﬁgg . _
desul furization reaction test was carriegugyt under -t he conditions as

in Exanple 1. As a result thereof, hydrodesulfurization treated
cat al yti cal ISptalyated yavWlasicadsiiny thisu|inwerddmnent of 143 ppm by
wei ght, an olefin content of 3196b¥>volune, and a research octane. nunmber

of 86.9 was obtai nd§ the catalypfepeing usaddonr & hysrodesuldagiization

apparatus was _increased fraom 250[ err to 300[err]C, and then a

desul furi zaﬁpﬁrar%ct‘ﬁ%dw?w @9[111&5} gﬁ" Jﬁ'tfe LeRe VS M 0fs as:

above. | hydrodesulfurizatioh.cataIYSt composed'of a desﬁlfurization
éctive metal carried by a porous inorganic oxide carriér,
which.is usually used in the field of petroleum refining, can
be used. o

 as the pordus iﬁbrgahic oxide'carrier,_there are

alumina, silica, titania, magnesia, etc., and théy can be
used singly or as a mixture thereof. Among these_materials,
aiumina and silica-alumina are preferably used. |

As the desulfurization active metal, there are
chromium, molybdenhm, tungstén, coba;t;_nickel; etc.,-aﬁd
they can be used singly oi as a mixture thereof. 'Amohg theSé
metals, cobalt—mblybdenum and nickel-cobalt-molybdenum are
preferably used. Theée metals éan e#ist on the carrier in
the form_df each me;al,'each oxide, eaéh sulfide, o? a
mixture thereof. As the'carrying'method'of the active metal,
a known method such as an impregﬁatiqn method, a co-

. precipitation method, etc., can be used.

.There is no particular restriction on the system of
ﬁhe reaction tower,'but'a fixed bed system is prefefred. for
contacting the catalfst with a catalYtiéally cracked gésoline
fraction and'hydtqgen,'an ascending cocurrent 5ystem, a |
descénding-cocurreﬂt systém,.or é counter-current system may

be employed. These operations are known in the field of



except the tenperature. As a result thereof, hydro- desulfurization

treated catalytically cracked gasoline having daThigiid the rephicehiéntishéét PPM
by weight, an olefin content of 27@6by vol ume, and ‘a research octane

nunber of 84.5 was _ _ . : This is
t he repl acenent sheet - Date: L q_ |ned
Conparative Exanple - Usi ng the reaction apparatbts and t he catal yst
as used in Exanple 1, pre-sulfurizatio s carried out in the sane

manner as | perdTRum kefining, and idel Yol B It a1 ddidcaald on.
e ° "~ The desulfutization reaction conditions in the
present invention include a low,temperature{ a low pressure,
and a high bfdrbgen/oilltatio as compared with the case of an
ordinary desulfurieation of ‘a naphtha, etc., and the reaction
temperature can be selected in the:range of from about 200°C
to about 350°C, the hydrogen partial pressure in the range of
- from about 5 to about 30 kg/cm?, the hydrogen/o;l ratio in
.the range of-from about 500 to about 3000 scf/bbl, and the
liquid hourly spaCe velocity (LHSV) in the range of from
about 2 to about 10 per hour. More preferably; by selecting
the reactlon temperature in the range of from about 200°C to
~about 300°C and the hydrogen partlal pressure in the range of‘
-from about 5 to.about'ls kg/cuﬁ, the hydrogenation of olefine
is more restrained; aud the dehydration reaction can be |
carried out while keeping a high octane'value,_whiCh is an
important feature of tbe_present invention.
| The present invention is explaiued in more detail by
the following examples, whieh should not be_construed as
limiting the preeent invention-in any way. Unless otberwise
indicated, all parte, perceqts, ratios and the like are by
weight. |
In each of tuo fixed bed,-ascending,.cocurrentl
5ystems, a smail-siaed teaetion apparatus was packed_with 60

ml of a 1/16-inch, extrusion-molded, commercially available_



catal ytically cracked gasoline as used in Exanple 1, a desul furization
reaction test was carried out under the sane cormgﬁgmastméemﬂméﬁﬁ?'e 1.
In this case, since heat was generated by the hydrogenation reaction of

olefins and the tenperature of the catalyst |ayer was ipcyeased, the
tenperature of the electric furnace was control | Batéo 1 fﬂbthe
tenperature of the catalyst layer to 2500érr]C. As a resul t her eof ,

hydr odesul furization treated, catal yticalTy cracked asoljne having a ., - '
ot o Coont ATl damtara. Gt B Aiiga, A aaR SRS, AR E and
a research qctane: r. of, 79 .1 .was_ aqbtai ‘ According to the

present inv ivb%qq}%n‘g&ﬂ &nd r‘}}% ¥ A qthca'alrilfqg):‘(':racke_d gasol i ne contai ni ng

sul fur_coponents  aqd. ol figy Somonents L. mdrgdesylfurd gt on

temperature of from 30°C to 150°C added with 5% by weight
dimethyl disulfide was used for pre-sulfurization in each of
the two reaction:apparatus for 5 hours at a temperature of
300°C, a pressure of 15 kg/cm?, an LHSV_of 2 per‘hour, and a
hydrogen/oil ratio of 500 sc£/bbl. |

After finishing the'pié-sulfurization, the
temperature 6f'each reaction apéaratus was increased to
330°C, and a_straigﬁt run kerosene (olefin content: not
deﬁected, diénes: not détgcted; bicyclic or.more aromatics:
0.5% by'vqlumej h;ving a boiling poiht'range of.fiom1150°c to

: 250°C was passed th:ough éach reaciion apparétus for 24 hours
at én.LHS? of 5'per hqur,.é hyd:ogen partial pressure of 15
kg/cm?, and a hydrogen/oil fatio of 500'scf/bb1. When the

- catalyst was taken out froﬁ dne of the :eaction apparatus and.
analyzed, the deposited amount of coke was 3.9% by weight,
and the étomic ratio.of carbon to hydrogen was 0.53.

In another reaétion apparatus, catalytically cracked
-gasoline'of 80°C to 220°C1fractions obtained-by catalytically
cracking a stock oil céntaining an atmOspheric résidual oil
was successively éubjecﬁéd to a.désulfurization reaction test
as catalytically ciacked gasoline. The density wés 0.779
g_/cm3 at'lsbc,-thé sulfur coﬂtént was 220 ppm by weight, the |

olefin contént was 32% by volume, and the research octane



Wwhi ch conprises carrying out the reaction using a coke- nodified catalyst
havi ng deposited on the surface thereof coke in @n anpunt of from about 3

to about 10% by weight to the catalyst, the hydf I§d% dhe saplacementaheet
olefins is restrained fromthe beginning of the reaction, mhereby

| onering of the octane value i's |ess; the heat gﬁggsat
easily controlled, and a stabilized'reaqglon can be ca Q out .
reference to

Wil e the invention ha en described 1 detail and
speC|f|c enﬁ%ﬂ#ﬁg éregf it will be

For the reaction condltlons, the temperature was
l 250°C, the hydrogen partial pressure was 12 kg/cm?, the LHSV
was 7 per hour, and the hydrogen/orl ratio was 2000 scf/bbl.
As a result thereof, hydrodesulfurlzatlon treated
catalytlcally cracked gasollne having a sulfur content of 63
ppm by weight, an olefin content of 29% by volume, ‘and a
‘research octane number of 86.0 was ‘obtained.
) Example 2

Usrng the two reaction apparatus and the catalyst as
used in Example 1, pre-Sulfurization was carried out in the
same manner as in Example l._

After the pre-sulfurizatlon was over, the temperature
of each reactlon apparatus was increased to 350°C, and a
~straight run heavy gasolrne fraction (olefln content' not
'detected, dlenes: not detected,_blcycl;c or more aromatics:
0.1% by volume) having a boiling point range of from 120°C to
230°C was passed through each reaction apparatus for 72 hours
at an LHSV of 5 per hour,'a pressure of 15 kg/cm?, and a
‘hydrogen/oil ratio of 500 scf/bbl. B

When the catalyst was taken out from one of the
reaction”apparatus and analyéed, the deposited amount of coke
was 7.3% by weight, and the atomic ratio of carbon to
hydrogen was 0.58. o

- In another reaCtion apparatus, the catalytlcally

cracked gasoline as_used in Example 1 was subjected to a



apparent to one skilled in the art that various changg; fis i8 gﬁg f|c ons
can be nmade therein wi thout departing fromthe -spirit an E%gg
20. WHAT IS CLAIMED I S: 1. A desul furization nmethod for
catalytically cracked gasoline, which conprises prdWMeatlg%Ta taIyEt to .
deposit coke on its surface in an anmount of from about .3 t 10% by
wei ght of the catal yst, said coke haV|ng§gn atomc ratio of carbon to
hydrogen of not higher than 0.7,
desulfurlzatlon reaction test under the same conditions as in
Example 1. As a result thereof, hydrodesulfurlzatlon treated
catalytically crecked gésoline'having a sulfur content of 72
ppm by weight, an olefin content of 31% by volume, and a
research octane number of 86.9 was obtalned
| | Examgle 3

'Using-the tWo_reaction apparatus and the cetalyst as
used in Example 1, pre-sulfurization was carried out in the
same manner as in Exampie 1. |

After the pre-sulfurization,was over,'a mixture oil
of 26 parts by weight.of.the cetalytically crécked gasoline
.or'80°c to 220°C fractions and 80 perts by weight of the
straight run kerosene fréctions having a boiling point'range
of about 150°C to 250°C as used in Example 1 was passed
through each reaction apparatus for 72 hours at a temperature

of 300°C, an LHSV of 5 per hour, a pressure of 15'kg/cm?, and
a hydrogen/oil ratio of 500 scf/bbl.

.When the cata1yst was taken out from one of the
reaction apparatus and analyzed; the deposited amount of coke
was 5.8% by weight, and the atomic ratio'of carbon/hydrogen
was 0.55. : | .t |

Then, using the catalyticelly cracked gasoline as
.used in Example 1, the desulfurlzatlon reactlon test was
carrled out using another reactlon apparatus under the same

conditions as in Example 1. As a result thereof,

hydrodesulfurization treated catalytically cracked gasoline



and then initiating a hydrodesul furization reaction of catalytically.
cracked gasoline containing sul fur compounds using theTkigtigkhyestephuanierizbest
been pretreated.. . 2. The desul furization nethod for catalytically |
cracked gasoline described in claim1, wherein for the _pretreating before
initiating the hydrodesul furization reaction, a hydrocﬁ?ﬁbn[QJ;cugving a
conposition in which olefin conponentslare contalned in the obposi ti on

in an. anount__of t han .abqut ) u content of.. dienes is
‘not nore thg’ﬁaV A)aofm&ofutﬁreconé:ecfb te%?egofalpd‘? %%I"T%‘ Foflt iYE5R not nore

than about 3% I##u? ent [ ics is
not nore t han out O%a%&ol%t?rcrleqmea(nc?rhavﬁ %gés;éaggﬂ iorctcgtcgpno "g"lfeﬁtgfft hi gher
t han about 3%00,[ ‘%Ja@ (;btlasintgd)ught into contact with the cat aI yst together
wi t h hydrogen at tenperature of from about 200 to about

Examgle 4
When coke of a hydrodesulfurlzed catalyst. (a 1/16-

1nch extrusxon-molded,.commerc1ally avallable catalyst
‘composed of an alumlna_carrler carrying 4.5% by weight CoO
and_l?% by weight'McO;) used for the_deeulfurization of gas
oils for 2 years wasianalyced,'the_depcsited amount cf the
coke wae 8. 6% by'weight, and the atomic ratio of carbon to

- hydrogen was 0 74. Then, 60 ml of the catalyst was packed in
the reaction apparatus used in Example 1, ‘and. u51ng the |
catalytically cracked gasollne as used in Example 1, the
desulfurization'reactidn'test was carried out underlthe same
conditions as in Example l. Ae a result thereof, i
hydrodesulfur;zatlon treated catalytlcally cracked gasoline
having a.sulfur content of 143 ppm_by weight, an olefin

- content of 31% by volume, and a research-octane number of
86.9 was obtained. | |

Then, che'temperature of the reaction apparatus was

increased from 250°C to 300°C, and then a desulfurization
reaction was carried out under the same conditions as above
except'the temperature; As a result'thereof, hydro- |
desulfurizaticn treated catalytically cracked gaeoiine having
a sulfur ccntent;of'48 ppm by weigﬁt;'an olefin content of

27% by volume, and a research octane number of 84.5 was



350C. 3. A desul furization nethod for catalytically cracked
gasol i ne, which conprises packing a catalyst in a reaction apparatus, - .
presul furizing the catalyst, pretreating the cat aI'.ystTW%'ﬁj@'ﬁo’féP[ae@mgé’t §heet
its surface in an anount of ; S o : 21 from
about 3 to about 10% by wei ght of the catal yst, said e hayfn atom c
ratio of carbon to hydrogen of not high@? than 0.7, and thent Bﬂ?ﬁgting.a
Qﬁﬁggfesulflggé§¥ﬂégi reaction of_catalytlcally cracked_gasollne contalnlng

| Comparative Example |
Using.the reaction apparafus and the catalyst as used
in Example l,ep;e?sﬁlfurization wae_caffied out in the same
manner aé in Example 1. | |
Directly after the pre-sﬁlfurizetibn, using the
'catalytically cracked gasoline as used in Example 1, a
desulfurization reaction test was carried out under the eame
condit;ons ae in Example 1. 1In this case, since heat was
- generated by the hydrogenation reaction of olefins and the
iemperature of.the caﬁalyst layer was increased, the
'temperature of the electric furnace was cohtrolled to lower
-;ﬁhe teﬁpefatﬁre of the catalyst layeﬁ to 250°C. As a result
thereof, hydrodesulfurization treated catalytically erackéd;
_gaseline havingla sulfur content of 37 ppm by weight, an
olefin cOntent'of 8% by volume, and a research octane number
of 79.1 was obtained. S |
According to the present invention of subjecting '
~catalytically cracked gaSoline cohtaining_sulfur components
and olefin components to a hjdrodesulfu:iiation treatﬁent,
which coﬁprises'carryinglout the reaction using a coke-
modified catalyst having deposited on the surface thereof
coke in an aﬁount of from ebout 3 ﬁo éﬁouteIO% by weight to
the-caﬁalyst,.the hydroéenation'reaetion of olefins is
‘restrained frem the beginning of the reaction, whereby

lowering of the octane value is less; the heat generation is



.conpounds using the catalyst which has been pretreated. 4. The
desul furi zation method for catalytically cracked g |i, i tighe
cllaim3, wherein for the pretreating before initi a?.i?ﬁ'ﬁ '?ﬁ%éj?é&éé&ﬁ&“ shest
hydr odesul furi zation reaction, a hydrocarbon oil having a conposition in
whi ch ol efi.n conponents are contained in the conposbakan‘kqﬁ qeanbunt of
not nore than about 10% by volume, a contegt of dienes .is nat ‘nore than .
0.1% by vol une, a content of bicyclic ardmatics is not nore than about 5%
by vol une, eagidycoohemblleli,aahdi ayskthbidizedr eeactieani cani dencarmied t han
about 1% by volune, and having a boiling point of not higher than about
-300[err] C, pmthrought into contact with the catalyst together wth
hydrogen at a tenperature of from about 200 to about  350[err]C. -

5. The desul furi zaWhéhenth@oénventianahgsi bgepydescribed in detail and

with reference to specific embodiment thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

- spirit and scope thereof.



;cracked gasol i ne described in claim2, wherein the hydr odesul furi zation

reaction of the catalytically cr ﬂntﬁu s c

feaction tenperature of from abﬁ“\mmlwmw l‘SOO?g{r'ér F%h%%ﬁwﬁggﬁsmet
partlal pressure of from about 5 *o‘tabbut” 15 kg/ch a hydrogen/oil ratio
of from about 500 to about 3000 scf/bbl, and a Ilquﬁumnour e
velocity of fromabout 2 to about 10 perznour {{? {t

22 _ 6. The. desul furization nmethod for catal ytical
gasol i ne deswHAWDedSi ALAIMEM 25: wherein the

cracked

1. A desulfurization method for catalytically
cracked gasoline, which comprises pretreating a catalyst to
deposit coke on its surface in an amount of from about 3 to
about 10% by weight of the catalyst, said coke having an
atomic ratio of carbon to hydrogen of not higher than 0.7,
and then initiating a hydrodesulfurization reaction of
catalytically cracked gasoline containing sulfur compounds
using the catalyst which has been pretreated.

2. The -desulfurization method for catalytically.
cracked gasoline described in claim 1, wherein for the |
pretreating before initiating the hydrodesulfurization
reaction, a hydrocarbon oil having a composition in which
olefin components are.contained in the.éomposition in an
amount of not more than about 10% by volume, a content of
dienes is not more than 0.1% by volume, a content of bicyclic
aromatics is not more than about 5% by volume, and a content
of a tricyclic or more aromatics is not more than about 1% by
volume, and having a boiling point of not higher than about
300°C, is brought into contact with the catalyst together
with hydrogen at a temperature of from about 200 to about
350°C.

3. A desulfurization method for catalytically
cracked gasoline, which comprises packing a catalyst in a
reaction apparatus, presulfurizing the catalyst, pretreating

the catalyst to deposit coke on its surface in an amount of



hydr odesul furi zation reaction of the catal yticalTy acke soline is
0% 308 rBDa8

carried out under a reaction tq $rent sheet
300[err] C, a hydrogen partial ammm Hiﬂlm II mp
. L

étalytically.cracked_
gasoline is carried out under areactiom tenperat upgpgf (if about 200 to
out

about 300[err]C, a - hydrogen partial pressure of fromabo o about 15
kg/cnferr], @& hydrogen/oil. rati-o of fromlabout 500 to ab 000 scf/bbl,
an a liquid hourly space velocity of fromabout 2 to about 10 per hour.
7. The desul fremzakeeh Fetporbeer tob Pytvedshty ofrtheedatatystnesaidcri bed
in claiml, wherein t{he catalyst confains cobalt and npl ybdenum .
8. The desufPkRiBAYIRA FRALPIOrTREIQAIQE CAFPIN €9 RXIEOFGRR T RO
o btoea MEGREE dnatF1 7] Al e ANPLsa 0RG L Ry QL SASur FORF2ACE0T
reaction of catalyticaily cracked gasoline cohtaining.sulfur
compounds using the'cataiyst which-has been pretreated.
‘4. The desulfurization method for catalytically
cracked gasoline described in claim 3, wherein for the
_ pfetreating before initiating the‘hydrodésulfurization'
reaction, a hydrocarbon_oil-having a cbmpoéition in which
olefin componénts are contained in the composition in an
émount of not mbre than about 10% by volume, a content of
dienes is not more than 0.1% by vqlumé; a content of bicyclic
aromatics is not'mpré than about 5% by Qolume, and a content
of a tricyélic or mofe arématics is not more than abéut 1% by
volume, and having'a boiling point of.not higher than Abbut
.300°C, is brought into contact with ﬁhe catalyst together
with hydrogen at a tempeiature_Of from about 200 to about
- 350°C. a |
5. The desulfurization method for catalytically
cracked gasoline described in claim 2, wherein the
hydrodesulfurization reaction of the cataiytically cracked
gasoline is carried out under a reaction temperature of from
. aboﬁt-200'tb about 300°C, a hydrogen partial.pressure of from
about 5 ﬁo_about 15 kg/cm?, a.hydrogen/oil ratio of from
'époﬁt 500 to about 3000 scf/bbl, and a iiquid hourly space

velocity of from about 2 to about 10 per hour.



9. The desul furization nethoa~?6?ﬁﬁérafy%+eaLLym_cracked gasol i ne .
16 me-gesultur 2ot on”rot o NGB 3, 7 5es seceefurioes
described in claim2, wherein tHe Eata s tai ns nickel , gobalt and
nDbedenun1- _ 11, The desu!furization_nethodlﬂlt céﬁ{R%ﬁ“pa{ly ;
cracked gasoline described in claim3, w#rein the catalyst t-at ng--Se
cobalt and nol ybdenum : - . :

. ‘ 6. The_desulfu:ization method for catalytically
cracked gasoline'describéd in claim 4,_wherein the
hydrddesulfurization reaétion of the éatalytically_c#acked

'gasoline is carried out under a reaction temperéture oflfrdm
" about 200 to about 300°C; a‘hydfogen paftial reaction of the
~catalytically cracked g&éolihe is carried out under a
reaction tempérétﬁre.of from abqut'ZOO.tO'about 300°C, a
hydrogén partial.pressuré of from abdut 5 to about 15 kQ/cmz,
a hydrogén/Oil ratio of froﬁ about 500 ﬁo about 3000 scf/bbl,
an alliquid hourly space Qelocity.of.from éboﬁt 2 to about 10
pexr hour. : | |

7. The desulfuriZation method for catalytically
cracked gasdlihe described in claim 1, wherein the catalyst
contains cobalt and molybdenum.

.8. The'desulfurization method for catalytically-
cracked gaSoline.desc:ibed in claim 1, wherein the catalyst
contains nickel, cobalt and molybdenum{ _ |

9; _The desulfurization method for'catélyfically
cracked gasoline deséribed iﬁ claim 2, wherein the catalyst
contains cobalt and molybdenum. o . |

10. The desulfurization method for cataiytically'
cracked gasoiiné descfibed in claim 2, wherein the catalyst
contains nickel, cobalt and'molybdeﬁum. | ._

_11.' The desulfurizétion method for catalytically
cracked gasoline_deéc:ibed in claim'3, wherein the ¢atalyét

contains cobalt and ﬁolybdenum;



12. The desul furization nmethod for catalytically cracked a50||é¥3h93t
described in claim 3, mh cont@hQSsnh@RQPacqmﬁ) and
ol ybdenum - mm‘c“ﬂ nﬂmllr mr on nmethod for catalytically

cracked gasoline descrlbe Laim 3 wherein the reacti apparatus is a
fixed bed system 14. The desulfurlzatlélﬂﬂeth U{l?ﬁ catal ytically
cracked gasol i ne described in claim4, <¥EEreln t he catal yst contalns
cobalt and nol ybdenum 15. The ‘desul furization ngthod for
catalytically crackéd g&he idesuddaniidedd om metdiad Lombeata Yyt iea thy al yst
contai ns nickel, cobalt and nplybdenum 16. The desul furization

met hod for GRadkad &sﬁ%lm@r seesT idesolim e ladae 3 betherein dthe Latwbyst n

t he reactlon aParatus i a fixed bed system
ontains nickel, cobalt and molybdenum.

13. The desulfurization method for catalytically
cracked gasoline described in claim 3, wherein the reaction
apparatus is a flxed bed system.

14. The desulfurization method for cataiytically
cracked gasoline described in claim 4, wherein the catalyst
contains cobalt and molybdenum.

15. The desulfurization method for catalytically
cracked gasoline described in claim 4, wherein the catalyst
contains nickel, cobalt and molybdenum.

16. The desulfurization method for catalytically
cracked gasoline described in claim 4, wherein the reaction

apparatus is a fixed bed system.
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™ Dete: ll{‘s(q(
. DESULFURIZATION METHOD FOR CATALYTICALLY CRACKED GASOLINE
* ABSTRACT OF THE DISCLOSURE

A desulfurization method for éétalytically.cracked
'gasoline includes subjecting catalytiéélly'cracked gasoline
containing sulfur éompoundé to a hy&rodesulfurization'
treatment using a'catélyst.having deposited on the surface
thereof coke in an amount of from about 3 to about 10% by
weight’oflthe catalyst. Preférably, the coke has an_atomic

ratio of carbon to hydrogén of not higher than 0.7;



