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PROCESS FOR DESULFURIZING CATALYTICALLY CRACKED GASOLINE

FIELD OF THE INV NTION

The present lnventlon relates to a process for

desulfurizing a catalytically cracked~gasollne. More

particularly, this invention relates ito a process for

catalytically hydrodesulfurizing a:: alytically cracked
gasoline containing sulfur compound: ﬁd olefin components.
In the inventive process; not only_is'there a small decrease

in the octane number of the gasoline because the

hydrogenation of olefins is inhibitéa”'but-also high
catalytic activity can be maintained- ﬁer a long period of
time. ;;.
BACKGROUND OF THE iﬁ?ﬁNTION
Among the products producedﬁin;the field of petroleum

refining is a catalytically crackedfﬂ

soline. This product
serves as an ingredient for high-octané gasolines containing

a large amount of olefin components. ~‘The catalytically

cracked gasoline is a gasoline frac: n having a boiling

point range of from about 20 to 250;"and is obtained by
catalytically cracking a heavy petrblea fraction feedstock,

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

and distilling the catalytically cracked product. This
product is used as a major blendlng-lngredlent for automotive

gasolines.
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However, the feedstock that_""i":-i fed to a catalytic

cracking apparatus originally conteinsee relatively large

amount of sulfur compounds. If thiSQTntreated feedstock is

catelytically cracked, the resultingg'atalytically cracked
gaeoline necessarily has a high sulfur compound content.
Since the use of this cracked product'as a blending

ingredient for automotive gasoline y adversely influence

the environment, the feedstock may ‘be desulfurized prior to
cracking.. The catalytically cracke:"esolines produced from
desulfurized feedstocks contain suljﬁ;:compounds in an amount
of from 30 to 300 ppm by weight (ofitﬁe whole fraction),
while those produced from untreate&_:eedstocks contain sulfur
compounds in an amount of from 50 to several thousands of ppm
by weight (of the whole fraction). Wlth such catalytically

cracked gasolines, it is becoming d;fflcult to comply with

the recent strict regulations for environmental protection.

A hydrodesulfurization proeééé conventionally

employed in the field of petroleum refining is generally used

to desulfurize feedstock oils prio# to cracking. In this

process, the feedstock to be desulf -zed is contacted with

an appropriate hydrodesulfurlzatlon catalyst in a high-

temperature hydrogen atmosphere unde_ipressure.

In the hydrodesulfurizatio :1feedstocks that are to

be catalytically cracked, such as, " ;, vacuum gas oils and
topping residues, a hydrodesulfuriZa_;Bn catalyst is used

which is obtained by fixing Groups _;-and VI elements,
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e.g., chromium, molybdenum, tungsten, cobalt, nickel, etc.,

to an appropriateisupport, e.g., aidlina. 'The
hydrodesulfurization is generallyec ttied out at a
temperature of from about 250 to 35“°C, a partial hydrogen
pressure of from 30 to 200 kg/cm%?, and a llquld hourly space

0 10 1/hr.

veloc1ty (LHSV) of from about 0.1 t
However, when undesulfurlze _feedstocks or
inadequately desulfurized feedstocégéare fed to a catalytic

cracking apparatus, the resulting c;talytically cracked

gasolines must be directly hydrodesilfurized. Ordinary

naphthas are desulfurlzed at a temp rature of from about 250

to 350°C, a total reactor pressure about 30 kg/cm’G, a
hydrogen/oil ratio of about 500 scﬁ[bbl, and a liquid hourly
space velocity (LHSV) of from about?3 to 5 1/hr. These

conditions for the hydrodesulfuriza%ion of a catalytically

cracked gasollne, however, are dlsa vantageous in that the
olefin components contained in the. gasollne in an amount of

from about 10 to 50 vol% are hydrog’lated. The reduced

olefin content in turn results in a’ reduced octane number.

There is another problem in that ol ;in components polymerize

on the catalyst surface to yield a coke, which in turn

reduces the catalytlc activity.

Similar to desulfurizationfcaialysts for feedstocks

other than naphthas, catalysts foﬁ{tﬁé desulfurization of

naphthas are obtained by fixing Groups VIII and VI elements,

e.g., chromium, molybdenum, tungsﬁen;icobalt, nickel, etc.,
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onto an appropriate support, e.g., alumina. These catalysts

are activated b esulfurization,'f ¢h is the same method

used to activate

activation treat:

a sulfur compoun@, e.g., dimethyl sulfide, heating the

mixture to 1501@? 50°C together w;; hydrogen, and passing

the heated mixture through a reactor packed with the

catalyst. The s fur compound, e. dimethyl disulfide,

reacts with hyd?;?en on the surfac -the active metals

contained in th iétalyst to conveﬁﬁithe same into hydrogen
sulfide, which {?f’her reacts withlt'& active metals to yield
metal sulfides ac ’_ ization reaction.
SUMMARY OF THE INVENTION

An objeg;ipf the present inﬁ ntion is to provide a

process for desulfurizing a catalYt?iallY cracked gasoline

containing sulf ompounds and ole  . components by

catalytic hydrod:j'lfurizafion. Iﬁ_ ié process not only ié

ease in the octa@_:ﬁumber of the gasoline

because the hydrogenation of olefin ‘components is inhibited,

but also high desulfurization activity can be maintained over

studies in order

objectives. As ‘result,' the preséhtfinventors have

discovered an exceedingly useful pfbééss for

hydrodesulfurizl i;a catalyticallyﬁéfégked gasoline
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containing sulfur;compounds and oléfin components in which

not only is thesiydrogenatlon react >n of the olefin

components lnhlblted but coke depos ;1on can also be

inhibited by conductlng the hydrodesulfurlzatlon 1n the vapor

phase using SpelelC reaction condi lons and a specific
catalyst. | &

The above objects have beeuiéchievedlby providing a
process for desulfur1z1ng a feedstock oil of a catalytically

cracked gasollne contalnlng sulfur compounds and olefin

components in a. reactor having a re”ctor inlet which

comprises hydrodesulfur1z1ng the ga ine under reaction

condltlons shown ln (a) below u51ng a desulfurlzatlon
catalyst shown 1n (b) below; .
(a) Reaction condltlons- _

a hydrogen feed rate measured at the reactor inlet of

from 1 to 5: mols per mol of themfeedstock oil and of from

5 to 50 mols per mol of the ole ln components contained
in the feedstock oil, a reactlon temperature of from 200

to 300°C, a*tqtal pressure lnsr'e'the reactor of from 10

to 20 kg/cm’G, and a liquid hourlyfspace velocity (LHSV)
of from 2 toyS 1/hr; .

(b) Catalyst:

a catalyst which comprises a support mainly comprising

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

wherein Moos in an amount of from 0 to 20 wt% and CoO in

an amount oi:from 3 to 6 wt% 1n rms of inner content
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ére fixed to the support, and the weight ratio of MoO; to
CoO is from 2.5 to 4.5.
DETAILED DESCRIPTION OF THE INVENTION
Although the desulfurizétion reactions of wvarious

kinds of general petroleum fractions are conducted in various
phases (e.g., the vapor phase, liquid phase, and vapor/liquid
mixed phase), one of the features of the process of the
present invention is that the desulfurization of a feedstock
oil is carried out entirely in the vapor phase. The
desulfurization reaction is preferably conducted at a low
temperature because the desulfurization reaction more readily
procgeds at low temperatures as éompared to the hydrogenation
of olefins. Hence, lower desulfurization temperatures result
in smaller decreases in octane number. 1In liquid-phase
desulfurization, the catalyst is contacted with sulfur
compounds and hydrogen via a liquid. In contrast, in vapor-
phase desulfurization, the cat&lyst is ih direcf contact with
sulfur compounds and hydrogen, so that the reaction proceeds
at a higher rate. Because of this, the vépor—phase
desulfurization reaction is advantageous in that the reaction
can be carried out‘at a lower temperature as compared to a
liquid-phase reaction. ©Namely, the desulfurization reaction
in the vapor phase can be conducted while inhibiting the
hydrogenation of olefins. The liquid-phase reaction is
further problematic in that the olefins contained in the

feedstock oil whiéh wets the catalyst surface tend to
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polYmerize to caﬁéf coke deposits. This results in a

considerable deo;'ese in catalytic détivity

It shouldLbe noted, however, that since reaction
control is dlfflcult due to the extremely high activity of
the desulfurlzatlon catalyst during. the initial stage of use
thereof, the desulfurlzatlon reactlon-may be conducted at a
lower temperatuféiin the presence of a liquid phase for
several days unt}l—the catalytic activity stabilizes.

A simplepgnd convenient method for selecting
conditions for theivapor-phase reaction is to use commercial
process computatioﬁ software. |

Another,oﬁatacteristic featufe of the present
in#ention is thet;the'feedstock oil that is contacted with a
catalyst is fedltggether with hydrogen_at a hydrogen feed
rate such that tﬁe;hydrogen amount méasured at the reactor
inlet is at least;l mol and preferably from 1 to 5 mols per
mol of the feedetéok oil, and from Seto 50 mols per mol of
olefin componente;contained in the feedstock oil. The use of
such a large molar proportion of hydrogen is effective not
only in preventlng .the generation of: coke which deteriorates

catalytic act1v1ty, but also in preventlng reaction

inhibition by the adsorptlon of hydrogen sulfide onto active

sites due to reduced hydrogen sulfld -concentratlon in the

vapor phase. Moreover, the reactlon_of hydrogen sulfide

resulting from desulfurlzatlon w1thferf1ns to yield thiols

can be suppreseed, so that a high deggee of desulfurization




8

-¢an be attalned w1thout hydrogenatlng'the olefins. The

necessary amount of hydrogen may be lculated from the

average molecular’welght of the fee ock oil.
On the other hand, the hydrogenation of olefins is
less 1nfluenced by the molar propo of hydrogen than the

desulfurlzatlon;reactlon. Consequently, by féeding hydrogen

in a large'(excesé) molar proporti desulfurization can be

‘carried out whlle ‘minimizing the def ase in octane number.
When a feedstock oil contalsiﬁg no olefin components,
such as, e.g., a naphtha or ker031n' is desulfurized in the
vapor phase, hyd;ggen is used usua in an amount of about
from'0.3 to 0.5 mol per mol of the dstock o0il, which
amount is far leée_than the hydrogen’amount of from 1 to 5

mols per mol of the feedstock oil sed in the present

invention. Fur?hermore, the total:: 2actor pressure for an

olefin-free fee&étpck oil is 30 kQ/ﬁ ’G, which is higher than
the total preSsﬁré;of from 10 to 2;"¢?cm%3 that is used in
the present invehhion.

The reaétion conditions of : . present invention,

which are optimﬁ@?conditions seledéédgbased on the mechanism

found by the préaent inventors concerning the desulfurization

of catalyticallyihracked gasolines ﬁre;fundamentally

different from'eehyentional reactio: onditions for the
desulfurization of naphtha fractions.

Various;apparatus are used:for ;he partial

hydrogenation ofithermally cracked
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plefines. Such apparétus have not been designed for
_ désuifurization, but rather for selective hydrégenation of
dienes that are present in small émounts. Thus, hydrogen is
"féa.tﬁ.such apparatus in an amount as small as about 0.5 mol
per mol of the feedstock oil. Therefore, the process of the
present invention, in which hydrogen is used in an amount of
from 1 to 5 mols per mols of the feedstock, employs entirely
different conditions based on investigations of the
desulfurization of catalytically cracked gasolines.

Other important reaction conditions in the present
invention include a reaction temperature of from 200 to
300°¢, a total pressure inside the reactor of from 10 to 20
kg/cm?G, and a liquid hourly space velocity (LHSV) of from 2
to 8 1/hr. Although lower reaction temperatures are
advantageous from the standpoint of inhibiting olefin
hydrogenation, temperatures lower than 260°C are impractical
becaﬁse this results in reduced desulfurization activity.
Temperatures higher than 300°C are undesirable in that the
olefin hyd;ogenation reaction proceeds, resulting in a
reduced octane number.

The total pressure inside the reactor is preferably
20 kg/cm®’G or lower from the standpoint of inhibiting olefin
hydrogenation. Total pressures lower than 10 kg/cm’G are
impractical because of the ﬁeed for a larger apparatus and
are also disadvantageous in that the catalytic deteriorates

considerably deteriorates due to coke deposition.
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The liquid hourly space veloﬁity (LHSV) is from 2 to
.8ﬁl/hr because desulfurization can be carried out efficiently
_:-gF ;hese rates. LHSV's lower than 2 1/hr are undesirable in
.:Léﬁat:an increased amount of the catalyst is needed, whereas
LHSV's higher than 8 1/hr are undesirable in that the
iﬁ#eqﬁency of catalyst exchange is inéreased.

| Although the reaction tower is not particularly
limited, a fixed bed type is preferred. For promoting gdod
contact of the catalytically cracked gasoline, hydrogen and
the catalyst with one another, a co-current descending flow-
type reaction tower is generally used.

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

be carried out efficiently}_.Ahuseful'method for fixing the
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metais to the support is to fix both metais at a time using a
pore;filling tedhﬁique.

When the desulfurization éatalyst is such that the
aﬁouﬁt of MoO; fixed to the support is not larger than 80% of
the amount of MoO; capable of being dispersed on the support
surface in the férm of a monomolecular layer, the
hydrogenation of olefins can be inhibited more effectively
and dgsulfurization can be carried out more efficiently.
According to Kogyo Kagaku Zasshi, Vol. 74, No. 8 (1971), MoO;
is bonded to an.alumina surface in the manner shown in Fig. 1
of this literature reference. Since each 0> ion present on
the alumina surface occupies 8 A? and three 0> ions are
bonded to one Mo atom, the amounts Wmo (outer content) and
Wmi (inner content) of the MoO; capable of being dispersed on
the support surface in the form of a monomolecular layer are
expressed by the following equations, respectively. The

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

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

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

MoO;/g-catalyst support)
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Wmi: amount of fixed MoO; dispersiblelin the form of
a monomolecular layer, inner content (unit: g-
MoQ;/g-catalyst)

Wco: amount of fixed CoO, outer content (g-CoO/g-
catalyst support)

Wci: amount of fixed CoO, inner content (g-CoO/g-
catalyst)

No: Avogadro’s number (6.02x10”)'l

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

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

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

to the alumina. According to the preprints of the Symposium
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on H&drocracking;and Hydfdtreating by Aﬁérican Chemical
Society in Philé&élphia Meeting Péée 574, Figure 11 (1975),
?CQ'isélocated o@iMo as an ion Co? and Co does not bond to
alumiia. The Cdb.serves to enhance the desulfurization
actiyity of Mo éfter sulfurization. 1In this way, only Mo can
be.diépersible iﬁ;the form of a monomolecular layer on the
supp?;t. |

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

EXAMPLES

The present invention will be explained in more
detail below by reference to the following Examples.
Howevér,'the preSent invention should_not be construed as
being limited thereto.
EXAMPLE 1 | |

| Co0 and _::B__.’l003 were fixed to a 1/16 inch extruded

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

layer on the supéprt. The support was baked again at 600°C,
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and 60 ml of £hg ssulting catalyst was packed into a small

fixed-bediéqfq: ent descending flow-type reactor.
o. 1 industrial gasoline to which 5 wt%

dimethyl dﬁsuii’ q.had been édded, presulfurization was

conductedggqrrr.ﬁdurs under conditions of 300°C, a pressure

of 15 kg/ﬁﬁFG;;a:jLHSV of 2 1/hr, and a hydrogen/oil ratio of
500 scf/bbl.
After.loiéring the temperature within the reactor to

250°C, a desulfu

ization reaction test was conducted using a

catalyticallY”br éked gasoline (density at 15°C, 0.779 g/cm?®;
sulfur content, éO ppm by weight; olefin content 32 vol$%;
research oétaqé. émber, 87.1) which was an 80-220°C fraction
having an aveﬁéq ‘molecular weight of 120 and obtained by

catalytically Cf fking a feedstock containing a topping

residue.

The rea n conditions used to conduct the
desulfurizétiéﬁJ ére a temperature of 230°C, a reaction
pressure qﬁ 15¥£g]cmFG, an LHSV of 4 1/hr, and a hydrogen/oil
ratio of 2,000 scf/bbl. The hydrogen/feedstock oil molar

ratio and -the hydrogen/olefin molar ratio measured at the

reactor inlet_we:g-Z,S and 7.3, respectively.

|t, a hydrodesulfurized, catalytically

cracked gasolin ﬁas obtained which had a sulfur content of

‘an olefin content of 29 vol%, and a

research octane number of 85.9.
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The amQuﬁE'of coke measured aftéf conducting the
reaction for 36_days was 6.8 wt%.
'EXAMPLE 2

Using ﬁhe'same reactof and catalyst as in Example 1,
the same presuifurization was conducted as in Example 1.
Thereafter, théfsame catalytically cracked gasoline as in
Example 1 was $ubjected to a desulfurization reaction test.

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

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

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

COMPARATIVE EXAMPLE

Co0 and_; MoO; were fixed to a 1/16 inch extruded
alumina support.(surface areas 275 m?/g) which had been -baked
at 600°C by a pbfe—filling technique in amounts of 6.0 wt%
and 20 wt%, respectively, in terms of inner content. The
fixed amount of MoO; was 92% of the fixed MoO; amount

dispersible in the form of a monomolecular layer.
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yst was packed into thé same reactor as in

This cai
Example 1 to cchdﬁct the same presulfurization as in Example
1. Thereafter, a desulfurlzatlon reaction test was conducted
using the same catalytlcally cracked gasoline as in Example
1.

The reactlon conditions used to conduct the
desulfurlzatlon were a temperature of 250°C, a reaction
pressure of 30;Eg/anG, an LHSV of 5 1/hr and a hydrogen/oil
ratio of 500.scf[bbl. The hydrogen/feedstock oil molar ratio
and the hydrcgea[clefin molar ratio measured at the reactor
inlet were O.GJand 1.8, respectively.

' As a resélt, a hydrodesulfurized, catalytically
cracked gasoliﬁe;Was obtained which had a sulfur content of
65 ppm by weigh#,?an olefin content of 24 vol%, and a
research octaheféﬁmber of 84.2.

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

By hydroéeSulfurizing a catalytically cracked
gasoline in theﬁrapor phase using the specific conditions and
the specific catalyst of the present invention, not only is
there a small decrease in the octane number of the gasoline
- because the hydrogenatlon of olefins is inhibited, but also
the desulfurlzat;on reaction can continue over a long period
of time while maintaining stable high catalytic activity

because coke deposition is also inhibited.
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While the invention has been debbkibed in detail and
with reference t spécific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modification can’be made theréin withéut departing from the

spirit and scope thereof.
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WHAT IS CLAIMED IS:

reaction condi

desulfurization c

(a)

(b)

amount of Moog..
80% of the amoun

surface of the s

which compris

g a feedstock o0il of a

1. A;p; ess for desulfuri;

Reaction conditi
a hydrogén feed rate measured &_jthe reactor inlet of
from 1 t0  “ 1s per mol of thgéféedstock 0il and of from

5 to 50 molsper mol of the olefin components contained

in the feéd“ ck oil, a reactiq;:pemperature of from 200

to 300°C,; tal pressure insiéé{the reactor of from 10
to 20 kg/émf and a liquid houéiy:space velocity (LHSV)
of from.zf j 1/hr; o
Catalyst; f
a catalyst y ch comprises a suﬁég:t mainly comprising

alumina an ving a surface aﬁé&_bf 200 m?/g or larger,

whereithpog 210 to 20 wt% and CoO in

an amount of-from 3 to 6 wt$% in terms of inner content
are fixed.

fhe_support, and ti ﬁeight ratio of MoO; to

the Coohis: rom 2.5 to 4.5.

2. Th p cess as claimed claim 1, wherein the
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3. The piocess as claimed in- &léim 1, wherein the

desulfurization catalyst comprises% alumina support

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

and CoO are fixed to the support.

4. The process as claimedﬁ claim 2, wherein the

desulfurization catalyst comprises :an.alumina support

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

and CoO are fixéd to the support. _

5. The process as claimed;iﬁzclaim 1, wherein said
hydrodesulfurizing is carried out égﬁirely in the wvapor
phase. b

6. The process as claimed;;éjclaim 1, wherein said
hydrodesulfurizing comprises contacting the feedstock oil

with the desulfurization'catalyst a hydrogen in the vapor

phase and in the absence of a liquidéphase or a vapor/liquid
mixed phase. |

7. The process as claimedfi&iclaim 2, wherein said
hydrodesulfurizing is carried out gﬁ;irely in the vapor

phase.

8. The process as claimedf - claim 2, wherein said

hydrodesulfurizing comprises contacting the feedstock oil
with the desulfurization catalyst and. hydrogen in the vapor
phase and in the absence of a liquid:phase or a vapor/liquid

mixed phase.



