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A METHOD OF TREATMENT OF HEAVY HYDROCARBON OLL

BACKGROUND OF THE INVENTION
1. Field of the invention

The present invention relates to a novel method of treatment of
heavy hydrocarbon oil. More particularly, the present invention relates
to a method of treatment of heavy hydrocarbon oil in which a naphtha
fraction, a kerosene fraction and a gas oil fraction can be obtained
efficiently with a high yield by hydrotreétment of the heavy hydrocarbon
oil. It also relates to a method of treatment of heavy hydrocarboh oil in
which a naphtha fraction, a kerosene fraction and a gas oil fraction can
be obtained efficiently with a high.yield by hydrotreatment, followed by
fluid catalytic cracking, thermal hydrocracking with a slurry bed and
further elaborate treatments of the heavy hydrocarbon oil or the vacuum
distilled heavy hydrocarbon oil.

2. Description of Related Art

Various methods have been proposed for catalytic hydrotreatment
of heavy hydrocarbon oil. For example, a method comprising
demetallization and hydrodesulfurization was disclosed in Laid Open
Japanese Patent Application Showa 62-89793. Desulfugization is the
main object of this method and the method has a problem that the yield
of the fraction of 343°C or lower is low. Another method utilizing a
catalyst comprising metals of the group VIA or the group VIII of the

Periodic Table supported on a supporter comprising an iron-containing
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aluminosilicate and inorgani(': oxides for hydrocracking of heavy
hydrocarbon oil was disclosed in Laid Open Japanese Patent Application
Heisei 2-289419. A high cracking yield can be obtained by utilizing the
disclosed catalyst but this method has a problem that the contents of
sulfur compounds and nitrogen compoundé in the fraction of 343°C or
higher are high and hence the quality of the product is inferior. A
method of hydrotreating heavy hydrocarbon oil by successive
demetallization, hydrodesulfurization and hydrocracking was disclosed
in Laid Open Japanese Patent Application Heisei 1-275693. Main object
of this method is the treatment of heavy distillates containing light cyclé
oil and main components of the product oil are gas (C; ~ C4) and heavy
light naphtha. This method was not intended for the treatment of heavy
hydrocarbon 011 containing an asphaltene fraction.

In conventlonal methods of catalytic hydrotreatment of heavy
hydrocarbon oil directly, the heavy hydrocarbon oil is first hydrotreated
with a fixed bed, a moving bed or a fluidized bed mainly for
demetallization and then hydrodesulfurized or hydrotreated with a fixed
bed or a fluidized bed. In the operation in which desulfurization is the
main part, the reaction temperature is increase_d to compensate
deactivation of catalysts and this situation causes the problem that the
conversion during the whole period of the operation is very low. On the
other hand, in the operation in which cracking is the main part, the
conversion can be increased to some degree but a problem on the quality
of tfxe product remains that the content of sulfur in the residue fraction

is increased while deactivation of the catalyst proceeds. Moreover, the
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operation in which cracking is the main part requires complicated
control of the processes and the desulfurization and the cracking can not
be controlled independently with each other.

Recently, price of crude oil jumped high, the crude oil is becoming
heavier and the demand for lighter hydrocarbons are increasing. Thus,
development of technology for cracking of residue oil comprising heavy
hydrocarbon oil and for efficient production of the naphtha fraction and

| the gas oil fraction for transportation fuel has been desired. Flexibility of
production in which constitution of products can be varied according to
the season and the location is particularly important for making
satisfactory response to the change of demand.

Various methods have been proposed to solve the problems
déscribed above. For example, a method of treating atmospheric residue
by the combination of the atmospheric residue hydrodesulfurization

- process and the residue fluid catalytic cracking (R-FCC) was proposed.
This method has a problem that the cracking in thé atmospheric residue
hydrodesulfurization process is insufficient and a high capacity R-FCC
process is required. This method has another problem that a large
amount of catalytically cracked gas oil fraction of lower value is
produced which has a lower cetane number and is not suitable for direct
use as transportation gas oil, such as diesel engine fuel. =

In another method proposed, after separation of atmospheric
residue to vacuum gas oil and vacuum residue by vacuﬁm distillation,
the vacuum gas oil and vacuum gas oil obtained by hydrotreatment of

the vacuum residue are combined together and the combined oil is
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hydrodesulfurized and then treated by the R-FCC process. This method
can treat relatively heavier oil but has a problem that the main product
of the method is FCC gé_asoline and oils of lower value like cracked gas oil
fraction and cracked residue are produced simultaneously. This
method can not produce high quality gas oil fractions other than the
FCC gasoline.

| In still another method proposed, vacuum residue, such as the
one in the preceding method, is' desulfurized with a fixed bed and then
treated by the R-FCC process. This method has problems that a long
operation of the desulfurization with the fixed bed is difficult, that the
reactivity in the R-FCC process is possibly decreased remarkably
because the feed oil for the process is a product of cracking of vacuum
residue and that, in addition to the FCC gasoline, a 1arge amount of
lower value ;)ﬂs like cracked gas oil fraction and cracked residue are
produced simultaneously .

Other related methods were proposed in Japanese Patent
Publications Showa 59-31559, Showa 61-8120,Heisei 1-15559, and Heisei 1-
38433 and Laid Open Japanese Patent Application Showa 63-258985.
These methods have all difficult problems, such as treatment of
asphaltene, complicated processes and the like.

Thus, it has been the actual situation that a satisfg'ctory method of
efficiently producing the naphtha fraction and the light oil fraction for
transportation fuel by cracking of residue can not be found and that such
a method has been in-gently desired.
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SUMMARY OF THE INVENTION

| An object of the present invention is to provide a method of
utilizing heavy hydrocarbon oil eﬁimently as the resource of the naphtha
fraction and the kerosene and gas oil fraction which are useful as
transportation fuel.

Another object of the invention is to provide a method of treatment
of heavy hydrocarbon oil which can realize stable operation with simple
control. _
Still another object of the invention is to provide a method of
treatment of heavy hydrocarbon oil by which f_,he naphtha fraction and
the kerosene and gas oil fraction can be obtained efficiently with high
yields.

The present invention provides a method of hydrotreatment of
heavy hydrocarbon oil in the presence of catalysts which‘ comprises
hydrodemetallizing and hydrocracking the heavy hydrocarbon oil
successively and thereafter hydrodesulfurizing and hydrodenitrogen-
ating the treated heavy hydrocarbon oil (Invention 1).

The present invention also provides a method of treatment of
heavy hydrocarbon oil which comprises hydrotreating the heavy
hydrocarbon oil in the presence of catalysts as described above,
fractionating the hydrotreated heavy hydrocarbon oil byedistillation and
fluid catalytically cracking the residue obtained by the distillation
(Invention 2). |

The present invention further provx;des a method of treatment of

heavy hydrocarbon oil which comprises hydrotreating the heavy
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hydrocarbon oil in the presence of catalysts as described above,
separating the hydrotreated heavy hydrocarbon oil to vacuum gas oil I
and vacuum residue I by at.mospheric and vacuum distillations,
thermal hydrocracking the vacuum residue I with a slurry bed,
separating the thermal hydrocracked oil to vacuum gas oil II and
vacuum residue II by atmospheric and vacuum distillations and fluid
catalytically cracking the vacuum gas oil II and the vacuum gas oil I
obtained before (Invention 3). The invention also provides a method of
treatment of heavy hydrocarbon oil which comprises fluid catalytically
cracking the vacuum gas oil II, the vacuum gas oil I obtained before and
- at least a part of the vacuum residue II (Improved Invention 3).

The present invention also provides a method of treatment of
heavy hydrocarbon oil which comprisesl hydrotreating the heavy
hydrocarboxi oil in the presence of catalysts as described above,
separating the hydrotreated heévy hydrocarbon oil to vacuum gas oil I
and vacuum residue I by atmospheric a.nd vacuum distillations,
thermal hydrocracking the vacuum fesidue I with a slurry bed,
separating the thermal hydrocracked oil to vacuum gas oil II and
vacuum residue II by atmospheric and vacuum distillations and
recycling the vacuum gas oil II and the vacuum gés oil I .obtained before
to a stage before or after the hydrodemetallization (Inyention 4). The
invention also provides a method of treatment of heavy hydrocarbon oil
which comprises recycling the vacuum gas oil II, the vacuum gas- oil I
and at least a part of the vacuum residue II to a stége before or after the

hydrodemetallization in the hydrotreatment (Improved Invention 4).
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The present invention still further provides a method of treatment
of heavy hydrocarbon oil which comprises separating the heavy
hydrocarbon oil to vacuum gas oil and vacuum residue by vacuum
distillation, thermal hydrocracking the vacuum residue with a slurry
bed, separating the thermal hydrocracked vacuum residue to a light
fraction and a residue fraction by fractionation and hydrotreating the
residue fraction and the vacuum gas oil in the presence of catalysts by
the method described above (Invention 5). The invention also provides a
method of treatment of heavy hydrocarbon oil which comprises recycling
at least a part of the residue fraction obtained by the fractionation to a -
stage before or after the hydrodemetallization in the hydrotreatment

(Improved Invention 5).

The invention will be described with reference to the
accompanying drawings, wherein:

Figure 1 shows an example of the basic construction of units to
practice the Invention 1.

Figure 2 is a drawing explaining the basic concept of Invention 2.

Figure 3 shows an example of the basic construction of units to
practice the Invention 2. -

Figure 4 is a drawing explaining the basic concept of Invention 3.

Figure 5 is a drawing explaining the basic concept of Improved
Invention 3. |

Figure 6 is a drawing explaining the basic concept of Invention 4.
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Figure 7 is a drawing explaining the basic concept of Improved
Invention 4. |
Figure 8 is a drawing explaining the basic concept of Invention 5.
Figure 9 is a drawing explaining the basic concept of Improved
Invention 5.
The numbers and characters in the figures have the meanings as
listed in the following:
1: a hydrodemetallization reactor
2: a hydrocracking reactor
ra hydrodesxﬂfu:rization and hydrodenitrogenation reactor
: an atmospheric distillat;ion tower
: a recycling line
: a fluid catalytic cracking reactor
ta rfser
: a regenerator
: an atmospheric distillation towef
: hy&rotreatment
: fluid catalytic cracking
: thermal hydrocracking with a slurry bed
: atmospheric distillation

U Q W » © ™ 1 & < s

Dji: vacuum distillation

Dg: atmospheric and vacuum distillation
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The feed oil which is treated by the method of the invention is
heavy hydrocarbon oil -of various kinds, such as atmospheric residue
and vacuum residue from crude oil, heavy gas oil, solvent deasphalted
oil, demetallized oil, cai:alytic cracked oil, visbreaking oil, tar sand oil,
shell oil and the like.

General properties of the heavy hydrocarbon oil are as shown in
the following.

boiling point content of the fraction of 343°C or higher:
90 weight % or more

metal content 20 ~ 150 ppm

sulfur content 1.0 ~ 5.0 weight %

carbon residue -2~ 18 weight %

asphaltene concentration
1 ~ 10 weight %

Invention 1 described above will be explained first.

The heavy hydrocarbon oil is hydrodemetallized in the
hydrodem_etallization reactor which is the first stage of the
hydrotreatment. For the hydrodemetallization, the heavy hydrocarbon
oil and hydrogen are mixed and the mixture is sent to the
hydrodemetallization reactor. The hydrodemetallization reactor is
operated in one or more feactors. When it is operated with the fixed bed,
every reactor is divided into more than one catalyst beds and fluid is

introduced into every catalyst bed to cool the reactants.
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The catalyst utilized in'the hydrodemetallization may be selected
from any kinds of commercially available demetallization catalysts
which comprise compounds of one or more kinds of metal or metal
compound (occasionally called simply metals, including both of metals
and metal compounds) of the group VIA and the group VIII of the
Periodic Table supported on inqrganic porous ox_ides, such as alumina,
silica, silica-alumina or zeolité':—“j , |

" The conditions of the hydrodemetallization are as following: the
reaction temperature, 300 to 450°C; the partial pressure of hydrogen, 30
to 200 kg/cm2G; the hydrogen/oil ratio, 300 to 2,000 Nm3/kl; and LHSV
(liquid hour space velocity), 0.1 to 10 hr-1; and preferably, the reaction
temperature, 360 to 420°C; the partial pressure of hydrogen, 100 to 180
kg/cm2G; the hydrogen/oil ratio, 500 to 1,000 Nm3/kl; and LHSV, 0.3 to
50hrl,

The value of the ratio, which is the composition ratio of aromatic
components and saturated components (aromatic/saturate) in the
fraction of 343°C or higher of the oil treated by the hydrodemetallization
divided by the corresponding 'composition ratio in the feed oil (the
composition ratio of the oil treated by the hydrodemetallization process /
the composition ratio of the feed oil), is preferably 0.2 or more, more
preferably 0.4 or more. The reaction in the hydrocrackl;x.lg by which the
hydrodemetallized heavy hydrocarbon oil be treated is promoted in this
condition.

The oil finished f_.he treatment of the hydrodemetallization is next

sent to the hydrocracking reactor. The hydrocracking reactor is
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operated in one or more reactors. When it is operated with the fixed bed,
every reactor is divided into more than one catalyst beds and fluid is
introduced into every catalyst bed to cool the reactants.

As the catalyst for the hydrocracking, catalysts prepaied by the
methods disclosed in Japanese Patent Publications Showa 60-49131,
Showa 61-24433 and Heisei 3-21484 may be utilized. These catalysts
comprise oxides of one or more kinds of metal of the group VIA and the
group VIII of the Periodic Table supported on a support comprising 20 to
80 weight % of an iron-containing zeolite and 80 to 20 weight % of
inorganic oxides. Catalysts prépared by the method disclosed in Laid
Open Japanese Patent Application Heisei 2-289419, which comprises
oxides of one or more kinds of metal of the group VIA and the group
VIII of the Periodic Table sqpported on a support comprising 10 to 90
weight % of an iron-containing zeolite and 90 to 10 weight % of inorganic
oxides, may also be utilized. The iron-containing zeolite prepared
according to the latter method by treating the steaming zeolite with an
aqueous solution of iron salts is very effective for enhancing the yield of
the fraction of 343°C or lower by the cracking of the fraction of 343°C or
higher. As the metal of the group VIA of the Periodic Table,
molybdenum and tungsten are preferred. As the metal of the group
VIII of the Periodic Table, nickel and cobalt are preferrede

The conditions of the hydrocracking are as following: the reaction
temperature, 300 to 450°C; the partial pressure of hydrogen, 30 to 200
kg/cm2@; the hydrogen/oil ratio, 300 to 2,000 Nm3/kl; and LHSV, 0.1 to
2.0 hr-1; and preferably, the reaction temperature, 380 to 420°C; the
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partial pressure of hydrogen, 100 to 180 kg/csz; the hydrogen/oil ratio,
500 to 1,000 Nm3/kl; and LHSV, 0.2 to 1.0 hr-1,

As the result of the hydrocracking, the fraction of 343°C or higher
is cracked to form the fraction of 343°C or lower and the naphtha
| fraction and the kerosene and gas oil fraction having high quality can be
obtained in high yields.

The oil treated by the hydrodemetallization and the hydrocracking
successively and coming out of the hydrocracking process is next sent to
the hydrodesulfurization and hydrodenitrogenation reactor. The hydro-
desulfurization and hydrodenitrogenation reactor is operated in one of
more reactors. When it is operated with the fixed bed, every reactor is
divided into more than one catalyst beds and fluid is introduced into
every catalyst bed to cool the reactants.

As the_ catalyst in the hydrodesulfurization and hydrodenitrogen-
ation, catalysts generally used for conventional atmospheric residue
hydrodesulfurization units can be utilized. @ An example of such
catalysts is a catalyst comprising one or more kinds of metals selected
from metals of the group VIA of the Periodic Table and metals of the
group VIII of the Periodic Table supported on a support, such as
alumina, silica, zeolite or mixtures thereof. Examples of the metal of
the group VIA of the Periodic Table are molybdenum‘ and tungsten.
Examples of the metal of the group VIII of the Periodic Table are cobalt
and nickel. Particular examples of the metals are cobalt-molybdenum

and nickel-molybdenum.
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The conditions of the hydrodesulfurization and hydrodenitrogen-
ation are as following: the reaction temperature, 300 to 450°C; the partial
pressure of hydrogen, 30 to 200 kg/cm2G; the hydrogen/oil ratio, 300 to
2,000 Nm3/kl; and LHSV, 0.1 to 2.0 hr-1; and preferably, the reaction
temperature, 360 to 420°C; the partial pressure of hydrogen, 100 to 180
kg/cm2G; the hydrogen/oil ratio, 500 to 1,000 Nm3/kl; and LHSV, 0.1 to
0.5 hr-1,

As the result of the hydrodesulfurization and hydrodenitrogen-
ation, the quality of the fraction of 343°C or higher is improved.

In the hydrodemetallization treatment, the hydrocracking
treatment and the hydrodesulfurization and hydrodenitrogenation
treatment, 20 to 70 weight % of the fraction of 343°C or higher contained
in the feed oil can be cracked to form the fraction of 343°C or lower by
varying the temperature at the inlet of each process in a suitable
manner within the range from 300 to 420°C.

The sulfur content, the nitrogen content and the carbon residue,
particularly the sulfur content among them, in the fraction of 343°C or
higher can also be controlled within the range from 0.1 to 2.0 weight %.

The oil coming out of the hydrotreatment after finishing the
catalytic hydrotreatment including the hydrodemetallization treatment,
the hydrocracking treatment and the hydrodesuifurization and
hydrodenitrogenation treatment is next sent to the separation process
according to the general method and separated to the gas fraction and
the liquid fraction by the treatment in more than one separation units.
The gas fraction is subject to the treatment of removing hydrogen

-
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sulfide, ammonia and the like and to the treatment of enhancing purity
of hydrogen and then recycled to the reaction process in combination
with ﬂiake up hydrogen gas.

The liquid fraction separated in the separation process is
introduced into the distillation process and fractionated (separated) to
fractions according to the general method. For example, the liquid
fraction can be separated at the atmospheric pressure, by the
atmospheric distillation, to the naphtha fraction, the kerdsene fraction,
gas oil fraction and the residue by setting the cutting temperature of the
naphtha fraction at 145 to 190°C, the cutting temperature of the kerosene
fraction at 235 to 265°C and the cutting temperafure of the gas oil
fraction at 343 to 380°C and by taking the fraction of 380°C or higher as
the residue. The fractionation can be made i)y the vacuum distillation as
well. -

A part of the oil coming out of the hydrotreatment or the residue
separated by the distillation may be recycled to the reaction process
depending on the condition of the operation of the processes.

Figure 1 show.s an example of the basic construction of units to
practice the Invention 1. The heavy hydrocarbon oil is hydrodemetal-
lized at 1, hydrocracked at 2, and hydrodesulfurized and hydro-
denitrogenated at 3, all of which constitute the hydrotrgatment process.
The oil coming out of the hydrotreatment process after finishing the
hydrotreatment is separated to the naphtha fraction, the kerosene
fraction, the gas oil fraction and the residue by the fractionation at the

atmospheric distillation tower 4. A part of the oil coming out of the
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hydrotreatment process or the residue separated by the distillation is
recycled to the hydrotreatment process via the recycling line 5.

The present invention also provides a method of obtaining the
naphtha fraction and the kerosene and gas oil fraction more efficiently
by treating with the fluid catalytic cracking, the thermal hydrocracking
with the slurry bed and other treatments in addition to the
hydrotreatment. |

Thus, Invention 2 of the present invention provides a method of
treatment of heavy hydrocarbon oil comprising hydrotreating the heav;lr'
hydrocarbon oil and then fluid éatalytically cracking the residue
separated from the reaction product.

In Invention 2, the residue separated by the distillation after thg
hydrotreatment is fluid catalytically cracked in the fluid catalytic
crackmg process with or without mixing of a part of the gas oil fraction
separated by the distillation. | ‘

General properties of the heavy hydrocarbon oil are as shown in
the following.

specific gravity 0.78 ~ 0.95
‘kinematic viscosity 1.8 ~ 20 (100°C) cSt
sulfur content 0.01 ~ 2.3 weight %

The fluid catalytic cracking unit is constituted with, for example,
a reactor attached with a riser and a regenerator. The residue is
introduced into the unit with the regenerated catalyst from the
regenerator. Cracking reaction of the residue is m’ac_le in the riser. The

reaction products of the cracking and the catalyst are separated in the
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reactor. The catals'st separated in the reactor is steam stripped and then
sent to the regenerator. In the regenerator, the catalyst is regenerated
- by burning cokes and reused in the fluid catalytic cracking.

Examples of the supporter of the catalyst utilized in the fluid
catalytic cracking process are silica, alumina, silica-alumina, alumina-
magnesia, silica-titania, alumina-titania, various kinds of clay, various
kinds of crystalline aluminosilicate and mixtures thereof.

The condition of the fluid catalytic cracking is varied depending
on the specification of the apparatuses, properties of the residue to be
processed and other like factors and can be suitably selected according to
the situation. For example, the temperature at the outlet of the riser is
480 to 530°C and the catalyst/oil ratio is 4.0 to 6.5 weight/weight and,
preferably, the temperature at the outlet of the riser is 500 to 525°C and
the catalyst/bil ratio is 4.3 to 5.9 weight/weight.

The reaction product of the cracking separated from the catalyst
in the reactor of the fluid catalytic cracking unit is sent to the distillation
process and separated to fractions according to the general method as
described above. |

For example, the reaction product can be separated at the
atmospheric pressure, by the atmospheric distillation, to the gasoline
fraction, gas oil fraction and the residue by setting the cutting
temperature of the gasoline fraction at Cs to 180°C:nd the cutting
temperature of the gas oil fraction at 180 to 360°C and by taking the
fraction of 360°C or higher as the residue. The ffactionation can be

made by the vacuum distillation as well.

__//——’
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Figure 2 is a drawing explaining the basic concept of Invention 2,
Figure 3 shows an example of the basic construction of units to practice
the Invention 2. The heavy hydrocarbon oil is treated with the
hydrotreatment by the hydrodemetallization reactor 1, hydrocracking
reactor 2, and hydrodesulfurization and hydrodenitrogenation reactor 3,
all of which constitute the hydrotreatment process. The oil coming out
of the hydrotreatment process after finishing the hydrotreatment is
separated to the naphtha fraétion-, the kerosene fraction, the gas oil
fractioh and the residue by the fractionation at the atmospheric
distillation tower 4. The residue separated by the atmospheric
distillation in the atmospheric distillation tower 4 is treated with the
fluid catalytic cracking in the reactor 6 attached with the riser 7. The
used catalyst.in the fluid catalytic cracking in the reactor is regenerated
in the regenerator 8 and reused in the fluid catalytic cracking. After the
fluid catalytic cracking process, the reaction product of the cracking is
separated to fractions in the atmospheric distillation tower 9 by the
similar process in the distillation tower 4.

Invention 3 of the present invention provides a method of
treatment of heavy hydrocarbon oil comprising hydrotreating the heavy
hydrocarbon oil, thermal hydrocracking the reaction product with the
slurry bed and then fluid catalytically cracking. -

In Invention 3, after the hydrotreatment, the hydrotreated oil is
introduced into the separation process according to the general method
and separated to the gas fraction and the liquid fraction by treating in

more than one separation units. The gas fraction is subject to the
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treatment of removing hydrogen sulfide, ammonia and the like and to
the treatment of enhancing purity of hydrogen and then recycled to the
reaction process in combination with make up hydrogen gas.

The liquid fraction separated in the separation proceés is sent to
the distillation process and separated to fractions according to the
general method. For example, the liquid fraction can be separated at the
atmospheric pressure, by the atmospheric distillation, to the naphtha
fraction, the kerosene fraction, the gas oil fraction and the residue
(hydrotreatment residue) by setting the cutting temperature of the
naphtha fraction at 145 to 190°C, the cutting temperature of the kerosene
fraction at 235 to 265°C and the cutting temperature of the gas oil
fraction at 343 to 380°C and by taking the fraction of 380°C or higher as
the residue. The naphtha fraction is utilized as the feed oil in the
catalytic ref:orming to prepare reformed éasoline having high octane
numbers.

In Invention 3, the hydrotreatment residue obtained by the
atmospheric distillation is separated to the vacuum gas oil I (VGO) and
the vacuum residue I (VR) by the the vacuum distillation. -

The residue I separated in the vacuum distillation is mixed with
hydrogen and thermal hydrocracked with the slurry bed in the presence
of the catalyst. Detailed conditions of the reaction@of the thermal
hydrocracking will be described later in the description of Invention 4.
The treated oil is separated to the gas fraction and the liquid fraction by
the same method as before. The liquid fraction separated herein is

distilled by the atmospheric distillation and then by the vacuum
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distillation by the same method as before and separated to the vacuum
gas oil II and the vacuum residue II. |

The vacuum gas oil II thus produced after the thermal
hydrocracking and separated by the vacuum distillation in the vacuum
distillation tower is combined with the vacuum gas oil I produced before
and fluid catalytically cracked by the fluid catalytic cracking process by
the same method as before.

In the Improved Invention 3, the thermally hydrocracked oil in
the thermal hydrocracking process is separated to the vacuum gas oil II
and the vacuum residue II by the atmospheric distillation and by the |
vacuum distillation. The vacuum gas oil II is combined with the
vacuum gas oil I and at least a part (a part or all) of the vacuum residue
II and the combined oil is fluid catalytically cracked by the fluid catalytic
cracking process by the same method as before. |

The fluid catalytic cracking process is operated in the same way
as described before in the unit constituted, for example, with the reactor
attached with the riser and the regenerator. The fracti.on comprising
the vacuum gas oil IT and the vacuum gas oil I or the vacuum gas oil II,
the vacuum gas oil I and the vacuum residue II is introduced into the
unit together with the regenerated catalyst from the regenerator. The
'cracking reaction is made ixi the riser and the reactionsproducts of the
éracking and the catalyst are separated in the reactor. The catalyst
separated in the reactor is stea_rh stripped and then sent to the
regenerator. In the regenerator, the catalyst is regenerated by burning

cokes and reused in the fluid catalytic cracking.
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The reaction product of the cracking separated in the reactor of
the fluid catalytic cracking process is sent to the distillation process and
separated to fractions according to the generally practiced method like
the preceding similar processes. For example, the reaction product can
be separated at the atmospheric pressure, by the atmospheric
distillation, to the gasoline fraction, the gas oil fraction and the residue
by setting the cutting temperature of the gasoline fraction at Cs to 180°C
and the cutting temperature of the gas oil fraction at 180 to 360°C and by
taking the fraction of 360°C or higher as the residue.

Figure 4 is a drawing explaining the basic concept of Invention 3.
Figure 5 is a drawing explaining the basic concept of Improved
Invention 3.

The flow rate of oils in each process is different depending on the
situation of the operation but generally in the following range: the flow
rate of the vacuum gas oil I which is obtained by the atmospheric or
vacuum distillation of the hydrotreated oil prepared by the
hydrotreatment followed by fractionation is 6 to 56 volume % based on the
flow rate of the charged heavy hydrocarbon oil and 98 to 23 volume %
based on the flow rate in the fluid catalytic cracking process. The flow
rate of the vacuum gas oil II which is obtained by the atmospheric
distillation and vacuum distillation of the thermally _l;ydrocracked oil
prepared by the thermal hydrocracking of the vacuum résidue I with the
slurry bed is 2 to 77 volume % (including the vacuum residue II in some

cases) based on the flow rate in the fluid catalytic cracking process.
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Invention 4 of the preéent invention provides a method of
treatment of heavy hydrocarbon oil comprising hydrotreating the heavy
hydrocarbon oil, thermal hydrocracking the reaction product with the
slurry bed and other treatments.

Invention 4 provides the methdd of treatment of heavy
hydrocarbon oil comprising hydrotreating the heavy hydrocarbon oil,
separating the hydrotreated oil obtained in the hydrotreatment to
vacuum gas oil I and vacuum residue I by the atmospheric and vacuum
distillations, thermal hydrocracking the vacuum residue with the
slurry bed, separating the product of the thermal hydrocracking to
vacuum gas oil II and vacuum residue II by the atmospheric and
vacuum distillations and recy'cling the vacuum gas oil II and the
vacuum gas oil I by adding them to the heavy hydrocarbon oil.

Improved Invention 4 provides the method of treatment of heavy
hydrocarbon oil comprising hydrotreating the heavy hydrocarbon oil,
separating the hydrotreated oil obtained in the hydrotreatment to
vacuum gas oil I and vacuum residue I by the atmospheric and vacuum
distillatilons, thermal hydrocracking the vacuum residue with the
slurry bed, separating the product of the thermal hydrocracking to
vacuum gas oil II and vacuum residue II by the atmospheric and
vacuum distillations and recycling the vacuum gas oil &, the vacuum
gas oil I and at least a part of the vacuum residue II by adding them to
the heavy hydrocérboﬁ oil.

| In Invention 4 and Improved Invention 4, the heavy hydrocarbon

oil is combined with the vacuum gas oil I and the vacuum gas oil II or
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the vacuum gas oil I, the vacuum gas oil II and at least a part (a part or
all) of vacuum resi:iﬁe II, mixed with hydrogen and treated with the
hydrotreatment and the thermal hydrocracking in the presence of
catalysts.

The vacuum gas oil I and the vacuum gas oil II or the vacuum
gas oil I, the vacuum gas oil II and the vacuum residue II can be
hydrotreated together with the heavy hydrocarbon oil in the following
way: the heavy hydrocarbon oil is first hydrotreated and thermally
hydrocracked and, when the vacuum gas il I, the vacuum gas oil II
and the vacuum residue II begin to be formed and separated by the
distillation, the vacuum gas oil I, the vacuum gas oil II and the vacuum
residue II are recycled to a stage before or after the hydrodemetallization
in the hydrotreatment process.

Gener‘al properties of the heavy hydrocarbon oil mixed with the
vacuum gas oil I and the vacuum gas oil II- or the vacuum éas oil I, the
vacuum gas oil iI and the vacuum residue II in a stage before the

hydrodemetallization in the hydrotreatment process are as followmg

speclﬁc gravity 0.90~101

kinematic viscosity (50°C) 50 ~ 15,000 cSt -
sulfur content 0.5 ~ 5.0 weight %

nitrogen content 300 ~ 4,000 ppm

carbon residue 20 weight % or less

vanadium content 250 ppm or less

nickel content _ 250 ppm or less
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The catalyst utilized in the thermal hydrocracking with the fixed
bed comprises oxides of one or more kinds of metals of the group VIA
" and the group VIII of the Periodic Table supported on a supporter
comprising alumina, silica, silica-alumina, silica-alumina-magnesia,
alumina-titania and the like. The metal of the group VIA of the Periodic
Table is preferably molybdenum or tungsten. The metal of group VIII of
the Periodic Table is preferably nickel or cobalt. The metals can be used
as a combination, such as niekel-molybdenum, cobalt-molybdenum,
nickel-tungsten, cobalt-tungsten and vanadium-nickel. The diametef of
the catalyst is generally in the range from 4 to 150 um. An example of
such catalyst is a catalyst of a diameter of 4 to 150 pum comprising 0.5 to 5
weight % of nickel and 1 to 12 weight % of molybdenum supported on a
support of silica-alumina. The catalyst can be extracted as a slurry
containing the catalyst particles and the treated oil, regenerated by
partial o:ndatlon and used repeatedly.

Used catalysts of the atmospheric residue hydrodesulfunzatlon
and used catalysts of the fluid catalytic cracking may be utilized as the
catalyst in the thermal hydrocracking as well. '

The conditions of the thermal hydrocracking are as following: the

" reaction temperature, 370 to 480°C; the partial pressure of hydrogen, 30
to 200 kg/em?2; LHSV, 0.1 to 2.0 hr-1; and the catalyst/oil r8tio, 0.01 to 0.30
weight/weight; and preferably, the reaction temperature, 420 ~ 450°C;
the partial pressure of hydrogen, 60 to 80 kg/cm2; LHSV, 0.2 to 1.0 hr-1;
and the catalyst/oil ratio, 0.03 to 0.18 weight/weight.
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In Invention 4 and Improved Invention 4, the heavy hydrocarbon
oil mixed with the vacuum gas oil I and the vacuum gas oil II or with
the vacuum gas oil I, the vacuum gas oil II and the vacuum residue II
is hydrotreated as the first treatment. The hydrotreated oil coming out
of the reaction process after finishing the hyd_rotreatment is introduced
to the separation process and separated to the gas fraction and the liquid
fraction according to the general method as described above.

The liquid fraction separated in the separation process is
introduced into the distillation process and separated to each fractions
" according to the general method. The hydrotreated residue obtained l:;y
the atmospheric distillation is then distilled by the vacuum distillation
process and separated to the vacuum gas oil I (VGO) and the vacuum
residue I (VR).

The vacuum residue I separated by the vacuum distillation
process is mixed with hydrogen and thermally hydrocracked with the
slurry bed in the presence of the catalyst. The product of the thermal
hydrocracking is separated to the gas fraction and the liquid fraction in
the separation process and the liquid fraction thus separated is,'in turn,
separated to the vacuum gas oil II and the vacuum residue II by the
atmospheric and vacuum distillations. |

General properties of the vacuum residue I whic} is treated with

‘the thermal hydrocracking process is as following:

T —————

specific gravity 0.95 ~ 1.03
kinematic viscosity 200 (50°C) ~ 2,500 (100°C) ¢St
sulfur content 0.5 ~ 6.0 weight %
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nitrogen content 1,500 ~ 4,500 ppm

carbon residue : 20 weight % or less
vanadium content 250 ppm or less
nickel content 250 ppm or less

The vacuum gas oil II separated in the vacuum distillation tower
is combined with the vacuum gas oil I obtained before and added to the
heavy hydrocarbon oil. In the improved method, the vacuum gas oil II
is combined with at least a part (a part or all) of the vacuum residue II
and the vacuum gas oil I obtained before and added to the heavy
hydrocarbon oil.

The purpose of recycling the vacuum gas oil I and the vacuum
gas oil II or the vacuum gas oil I, the vacuum gés oil IT and the vacuum
residue II by adding to the heavy hydrocarbon oil is to reduce the
formation of the residues and to increase the production of high quality
naphtha, kerosene and gas oil aé the scheme of treating the heavy oil.

The reaction product coming out of the thermal 'hydrocracking
process is transferred to the distillation process and separated to each
fractions according to the general method.

Figure 6 is a drawing explaining the basic concept of Invention 4.
Figure 7 is a drawing explaining the basic concept of Improved
Invention 4. -

The flow rate of oils based on the flow rate of the feed heavy
hydrocarbon oil in each process is different depending on the situation of
the operation but generally in the following range.: the hydrotreated oil
which is obtained by the hydrotreatment followed by the fractionation, 33
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to 215 volume %; the vacuum gas oil I which is obtained by vacuum
distillation of the hydrotreated oil, 5§ to 175 volume %; the vacuum
residue I, 5 to 175 volume %; the vacuum gas oil II which is obtained by
thermal hydrocracking with the slurry bed of the vacuum residue I,
followed by the vacuum distillation of the thermally hydrocracked oil
(sometimes including vacuum residue II), 0.5 to 110 volume %; and fhe
vacuum gas oil I and the vacuum gas oil II which are recycled to a stage
before or after the hydrodemetallization, 5 ~ 205 volume %.

Invention 5 and Improved Invention 5 of the present invention
provides a method of treatment of heavy hydrocarbon oil comprising the
vacuum distillation, hydrotreatment and the thermal hydrocracking
with the slurry bed and other treatments of the heavy hydrocarbon oil

~ In Invention 5, the heavy hydrocarbon oil is separated to the

- vacuum gas—oil and the vacuim residue by the vacuum distillation. The

vacuum residue is then thermal hydrocracked with the slurry bed and

the thermal hydrocracked oil is fractionated to the light fraction and the

residue. The residue is hydrotreated in combination with the vacuum
gas oil obtained before. '

The heavy hydrocarbon oil is distilled in vacuum and separated to
the vacuum gas oil and the vacuum residue as the first step in this
method. -

The vacuum residue thus obtained is mixed with hydrogen and
thermally hydrocracked with the slurry bed in the presence of the
catalyst. The thermally hydrocracked oil is then introduced into the
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separation process according to the general method and separated to the
gas fraction and the liquid fraction.

The liquid fraction separated in the separation process is sent to
the distillation process (the atmospheric distillation or the combination
of the atmospheric distillation and the vacuum distillation) and
separated to ihe light fraction and the residue according to the generally

practiced method. For example, the liquid fraction can be separated at

the atmospheric pressure, by the atmospheric distillation, to the

naphtha fraction, the kerosene fraction, the gas oil fraction and the
residue by setting the cutting temperature of the naphtha fraction at 145
to 190°C, the cﬁtting temperatur;a of the kerosene fraction at 235 to 265°C
and the cutting temperature of the gas oil.. fraction at 343 to 380°C and by
taking the fraction of 380°C or higher as the residue. The naphtha
fraction is utilized as the feed oil in the catalytic reforming process to
prepare reformed gasoline having high octane numbers.

- In this method, the residue obtained by the distillation is
hydrotreated in combination with the vacuum gas oil which is obtained
by the vacuum distillation of the heavy hydrocarbon oil in the vacuum
distillation process.

The hydrotreated oil coming out of the reaction process after
finishing the hydrotreatment is introduced to the sep‘é'ration process
according to the general method and separated to the gas fraction and
‘the liquid fraction. '

The liquid fraction Separated in the separation process is sent to

the distillation process and separated to the fractions according to the
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generally practiced method. For example, the liquid fraction can be
separated at the atmospheric pressure, by the atmospheric distillation,
to the naphtha fraction, the kerosene fraction, the gas oil fraction and
the residue by setting the cutting temperature of the naphtha fraction at
145 to 190°C, the cutting temperature of the kerosene fraction at 235 to
265°C and the cutting temperature of the gas oil fraction at 343 to 380°C
and by taking the fraction of 380°C or higher as the residue. The
naphtha fraction is utilized as the feed oil in the catalytic reforming
process to prepare reformed gasoline having high octane numbers.

Improved Invention 5 comprises the method of treatment of heavy
hydrocarbon in which at least a part (a part or all) of the residue
obtained by the hydrotreatment of the oil followed by the fractionation is
recycled to a stage before or after the hydrodemetallization in the
hydrotreatnient process and the combined fraction is hydrotreated as
described before. |

Figuie 8 is a drawing explaining the Basic concept of Invention 5.
Figure 9 is a drawing explaining the basic concept of Improved
Invention 5. '

The flow rate of oils based on the flow rate of the feed heavy
hydrocarbon oil in each process is different depending on the situation of
the operation but generally in the following range: th?' vacuum gas oil
and the vacuum residue which are obtained by the vacuum distillation
of the heavy hydrocarbon oil, 20 to 80 volume % for each of them; the
residue which ié obtained by thermal hydrocracking of the vacuum

residue with the slurry bed, 2 to 64 volume %; the combined oils of the

P}
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residue obtained after the thermal hydrocracking and the vacuum gas
oil in the hydrocrac.king process, 28 to 96 volume %; the residue after the
hydrotreatment including the recycled oil, 0 to 68 volume %; and the feed
oils in the hydrotreatment process when the residue is recycled, 28 to 164
volume %.

To summarize the advantages obtained by the invention, the
naphtha fraction and the kerosene and gas oil fraction can be efficiently
obtained with a high yield from the heavy hydrocarbon oil by
hydrotreating the heavy hydrocarbon oil by the treatment comprising
hydrodemetallizing and hydrocracking the heavy hydrocarbon oil
successively and thereafter hydrodesulfurizing and hydrodenitrogen-
ating the treated heavy hydrocarbon oil. '

The naphtha fraction and the kerosene and gas oil fraction can be
efficiently obtained with a high yield from the heavy hydrocarbon oil also
by the combined treatment of the hydrotreatment described above and
the fluid catalytic cracking. |

The naphtha fraction and the kerosene and gas oil fraction can be
efficiently obtained with a high ﬁeld from the heavy hydrocarbon oil also
by the combined treatment of the hydrotreatment, the thermal
hydrocracking with the slurry bed and the fluid catalytic cracking

respectively described above. -

The naphtha fraction and the kerosene and gas oil fraction can be
efficiently obtained with a high yield from the heavy hydrocarbon oil also
by the combined treatment of the hydrotreatment described above and
the thermal hydrocracking with the slurry bed and by recycling the

I —
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vacuum gas oil and the vacuum residue obtained in the above processes
to the heavy hydrocarbon oil in a suitable manner.

The naphtha fraction and the kerosene and gas oil fraction can be
efficiently obtained with a high yield from the heavy hydrocarbon oil also
by the combined treatment of the vacuum distillation, the thermal
hydrocracking with the slurry bed and the hydrotreatment or by
recycling the residue obtained by the hydrotreatment process to a stage
before or after the hydrodemetallization reactor in a suitable manner.

The method of the invention can utilize the heavy hydrocarbon oil
which has been consumed as fuel for boilers and the like as the resource
for obtaining the naphtha fraction and the kerosene and gas oil fraction
which are highly more valuable. Thus, the industrial advantage of the
method is very remarkable. |

The invention will be understood more readily with referenge to
the following examples; however, these examples are intended to
illustrate the invention and are not to be construed to limit the scope of

the invention.

Example 1 (Invention 1)
' The following Arabian heavy atmospheric residue was used as

the feed heavy hydrocarbon oil:

Properties N
specific gravity 0.9798
kinematic viscosity (50°C) 1098 cSt
sulfur content 4.13 weight %
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nitrogen content - 2,500 ppm

vanadium content ' 85 ppm

" nickel content 26 ppm
carbon residue 15 weight %
asphaltene content 7.7 weight %

" The atmospheric residue had the initial boiling point of 281°C, the
5% distillation temperature of 341°C, the 10% distillation temperature of
376°C, 30% distillation temperature of 460°C and the 50% distillation
temperature of 546°C. This result was obtained by evaluation time of 400

_ to 1,400 hours.

Catalysts for the catalytic hydrotreatment

1) Hydrodemetallization catalyst
alumina as the supporter; nickel oxide, 3 weight %;
molybden_um oxide, 1.5 weight %; and vanadium oxide,
3 weight %.

2) Hydrocracking cataiyst
Fe SHY-Alp0O3 containing 65 weight % of Fe SHY (an iron-
containing aluminosilicate prepared according to Example
1 of Laid Open Japanese Patent Application Heiséi 2-289419)
as the supporter; cobalt oxide, 4 weight %; and molybdenﬁm
oxide, 10 weight %. | -

3) Hydrodesulfurization and hydrodenitrogenation catalyst
alumina as the supporter; nickel oxide, 1 weight %; cobalt
oxide, 1 weight %; and molybdenum oxide, 11 weight %.
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Into a 1 liter fixed bed reactor, 21 volume % of the hydrode-
metallization catalyét, 26 volume % of the hydrocracking catalyst and 53
volume % of the hydrodesulfurization and hydrodenitrogenation catalyst
were charged in this order successively. The Arabian heavy
atmospheric residue was treated in the presence of these catalysts in the
condition of the partial pressure of hydrogen of 160 kg/cm2G and the
hydrogen/oil ratio of 800 Nm3/kl. The Arabian heavy atmospheric
residue was passed downward through the reactor at the flow rate of 160
cc/hr. Temperatures in each catalyst layer were: 407°C at the
hydrodemetallization catalyst layer, 405°C in the hydrocracking catalyst
layer and 402°C in the hydrodesulfurization and hydrodenitrogenation
catalyst layer.

Example 2 (invention 1

The same kind of the heavy hydrocarbon oil as in E:}ample 1 was
used as the feed oil. The same kinds of catalysts for the hydrocracking
as in Example 1 were also used here. |

Into a 1 liter fixed bed reactor, 21 volume % of the hydro&emetal-
lization catalyst, 36 volume % of the hydrocracking catalyst and 43
volume % of the hydrodesulfurization and hydrodenitrogenation catalyst
were charged in this order successively. The aArabian heavy
atmospheric residue was treated in the presence of these catalysts in the
condition of the partial pressure of hydrogen of 160 kg/cm2G and the
hydrogen/oil ratio of 800 Nm3/kl. The Arabian heavy atmospheric
residue was passed downward through the reactor at the flow rate of 160

2
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cc/hr. Temperatures in each catalyst layer were: 390°C at the
hydrodemétallization catalyst layer, 395°C in the hydrocracking catalyst
layer and 370°C in the hydrodesulfurization and hydrodenitrogenation

catalyst layer.

Comparative Example 1

The same kind of the heavy hydrocarbon oil as in Example 1 was
used as the feed oil. The same kinds of catalysts for the hydrocracking
as in Example 1 were also used here. |

Into a 1 liter fixed bed reactor, 21 volume % of the hydrodemetal-
lization catalyst, 53 volume % of the hydrodesulfurization and
hydrodenitrogenation catalyst and 26 volume % of the hydrocracking
catalyst were charged in this order successively. The Arabian heavy
atmospheric residue was treated in the presence of these catalysts in the
condition of the partial pressure of hydrogen of 160 kg/cm2G and the
hydrogen/oil ratio of 800 Nm3/kl. The Arabian heavy atmospheric
residue was passed downward through the reactor at the flow rate of
160 cc/hr. Temperatures in each catalyst layer were: 407°C at the
hydrodemetallization catalyst layer, 402°C in the hydrodesulfurization
and hydrodenitrogenation catalyst layer and 405°C in the hydrocracking
catalyst layer. -

Comparative Example 2
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The same kind of the heaﬁ hydrocarbon oil as in Example 1 was'
used as the feed oil. The same kinds of catalysts for the hydrocracking
as in Example 1 were also used here. |

Into a 1 liter fixed bed reactor, 21 volume % of the hydrodemetal-
lization cétalyst and 79 volume % of the hydrodesulfurization and
hydrodenitrogenation catalyst were charged in this order successively.
The Arabian heavy atmospheric residue was treated in the presence of
these catalysts in the condition of the partial pressure of hydrogen of 160
kg/cm2G and the hydrogen/oill ratio of 800 Nm3/kl. The Arabian heavy
atmospheric residue was passed downward through the reactor at the
flow rate of 160 cc/hr. Temperatures in each catalyst layer were: 407°C
at the hydrodemetallization cai;alyst layer and 403°C in the hydrode-

sulfurization and hydrodenitrogenation catalyst layer.

The oils coming out of the reactor in Examples 1 and 2 and
Comparaﬁve Examples 1 and 2 were treated according to the general
method and then the liquid fractions were fractionated into each fraction
by the atmospheric distillation according to the general method.

Results of the qleasurements in Examples 1 and 2 and

Comparative Examples 1 and 2 are shown in Table 1.
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Table 1

naphtha kerosene and residue 343°C+
fraction gas oil fraction conversion
(volume %) (volume %) (volume %) (weight %)

Example 1 31 3 42 58

Example 2 21 30 54 45

Comparative 7 27 68 30
Example 1

Comparative 5 25 72 26
Example 2

The results in Table 1 show that, in Examples 1 and 2, the fraction
of 343°C or _lower could be obtained by the cracking of the fraction of
343°C or higher with a very excellent yield. In Example 1, the 343°C+
conversion increased by about 30 % in comparison with Comparative
Example 2 which is in the 'same condition as the conventional
atmospheric residue hydrodesulfurization method. |

The results of Comparativé Example 1 in which the feed oil was
treated with i:he hydrodemetallization, the hydrodesulfurization and
hydrodenitrogenation and the hydrocracking in this order show that the
result was almost the same as in the conventional met;god even though
the hydrocracking process was introduced.

The 343°C+ conversion was obtained according to the following

equatidn:
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343°C+ conversion = (weight % of the fraction of 343°C or higher in
the feed oil — weight % of the fraction of 343°C
or higher in the product oil) / (weight % of the

fraction of 343°C or higher in the feed oil)
Boiling point ranges of the fractions were Cs to 171°C for the

naphtha fraction, 171 to 343°C for the kerosene and gas oil fraction and
343°C or higher for the residue.

Example 3 (Invention 2)

The following Arabian heavy atmospheric residue was used as

the feed heavy hydrocarbon oil:

Properties
specific gravity 0.9852
kinematic viscosity (50°C) 2,018 ¢St
sulfur content 4.14 weight %
nitrogen content 2,430 ppm |
vanadium content 95 ppm
nickel content 30 ppm
carbon residue ' 15.1 weight %
asphaltene content 9.3 weight %

In the atmospheric distillation after-the hydrg.treatment, the
fractions were separated as following: the gas fraction, lower than Cg;
the light naphtha fraction, Cs5 to 82°C; the heavy naphthh fraction, 82 to
150°C; the kerosene and gas oil fraction, 150 to 343°C; and the residue,
343°C and hig'her. In the atmospheric distillation after the fluid
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catalytic cracking process, fractions were separated as following: the
gasoline fraction, Cs to 180°C; the gas oil fraction, 180 to 360°C; and the
residue, 360°C or higher. These results were obtained by evaluation
time of 1,000 hours.
1) Hydrotreatment
(1) Hydrodemetallization catalyst
alumina as the supporter; nickel oxide, 3 weight %;
~ molybdenum oxide, 1.5 weight %; and vanadium oxide, 3
weight %. |
(2) Hydrocracking catalyst
FeSHY-Al;03 containing 65 weight % of FeSHY (an iron-
containing aluminosilicate prepared according to Example
1in Japanese Patent Publication Showa 61-24433) as a
supporter; cobalt oxide, 4 weight % and molybdénum oxide
10 weight %.
(3) Hydrodesulfurization and hydrodenitrogenation catalyst
alumina as the supporter; nickel oxide, 1 weight %; cobalt
.. oxide, 1 weight %; and molybdenum oxide, 11 weight %.
| (4) Conditions of hydrotreatment |

temperature 390 ~410°C
partial pressure of hydrogen 130 kg/cm2G3™
" hydrogen/oil ratio . 1,200 Nm3/kl

Into a 1 liter fixed bed reactbr, 20 volume % of the hydrode-
metallization catalyst, 60 volume % of the hydrocracking catalyst and 20
volume % of the hydrodesulfurization and hydrodenitrogenation catalyst
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were charged in this order successively. The Arabian heavy
atmospheric residue described above was treated in the condition
described above. The Arabiaq heavy atmospheric residue was passed
downward through the reaction vessel at the flow rate of 200 cc/hr.

The oil coming out of the reactor was treated according to the
generél method and then the liquid fraction was separated to fractions
by the atmospheric distillation according to the general method. Result
of the separation by distillation is shown in Table 2.

Table 2
kind of the fraction yield
gas (~Cq 5.0 (weight %)
light naphtha (Cs ~ 82°C) 5.1 (volume %)
heavy naphtha 82~ 150°C) 20.6 (volume %)
kerosene and gas oil (150 ~ 343°C) 40.1 (volume %)
residue (343°C or higher) 40.8 (volume %)
2) Fluid catalytic cracking
(1) Properties of the residue

specific gravity 0.923 d

kinematic viscosity (50°C) 217 cSt

sulfur content - 0.46 weight %

nitrogen content 1,290 ppm

vanadium content 0.7 ppm

-
.38
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nickel content 2.1 ppm
carbon residue 7.48 weight %
(2) Fluid catalytic crackmg catalyst
The USY type residue FCC equilibrium catalyst
(Alo03, 23 weight %; surface area, 156 m2/g; USY: a
Y-type zeolite treated with steaming)
(3) Condition of the fluid catalytic cracking

reaction temperature 500 ~ 525°C
| regeneration temperature 750 ~ 850°C

caf.alyst/oil ratio 5~7

feed rate of the residue 1liter/h r

a circulating flow type bench unit
The prodﬁct of the catalytic cracking was separated to fractions by
the atmospheric distillation according to the general method. Result of
the separation by distillation is shown in Table 3.

‘Table 3
kind of the fraction yield
.LPG (Cs, C4) 172  Jvolume %)
gasoline (Cs ~ 180°C) 492 (volume %)
gas oil (180 ~ 360°C) 284 (volume %)
residue (360°C or higher) 104 (volume %)
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—



Thé overall yields by the cpmbination of the hydrotreatment and

the fluid catalytic cracking are shown in Table 4.

Table 4
kind of the fraction yigld

gas (~Co) 62  (weight %)
LPG (Cs3, Cq) 7.0 (volume %)
light naphtha (Cs ~ 82°C) 5.1 (volume %)
heavy naphtha | (82 ~ 150°C) 20.6 (volume %)
kerosene and gas oil (150 ~ 343°C) ' 40.1 (volume %)
FCC gasoline (Cs ~ 180°C) 20.1 (volume %)
gas oil by catalytic (180 ~ 360°C) 11.6 (volume %)

cracking
residue by ~ (360°C or higher) 4.2 (volume %)

catalytic cracking
Example 4 (Invention 2)

The same heavy hydrocarbon oil as in Example 1 was used as the

feed oil.
1) Hydrotreatment

(1) Hydrodemetallization t;atalyst

alumina as the supporter; nickel oxide, 3 weight %;

molybdenum oxide, 1.5 weight %; and vanadium oxide, 3

weight %.

40
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(2) Hydrocracking catalyst
FeSHY-Al203 containing 65 weight % of FeSHY (an iron-
containing.alumindsilicate prepared according to Example
1in Laid Open Japanese Patent Application Heisei 2-289419)
as a supporter; cobalt oxide, 4 weight % and molybdenum
oxide 10 weight %.

(3) Hydrodesulfurization and hydrodenitrogenation catalyst

RO Alumina as the supporter; nickel oxide, 1 weight %; cobalt
- | oxide, 1 weight %; and molybdenum oxide, 11 weight %.
(4) Conditions of hydrotreatment .

temperature 390 ~410°C
partial pressure of hydrogen 160 kg/cm2G
hydrogen/oil ratio 800 Nm3/kl

Into a 1 liter fixed bed reactor, 21 volume % of the hydrode-
metallization catalyst, 36 volume % of the hydrocracking catalyst and 43
volume % o_f the hydrodesulfurization and hydrodenitrogenation catalyst
were charged in this order successively. The Arabian heavy

- atmospheric residue described above was treated in the condition
described above. The Arabian heavy atmosperic residue was passed
downward through the reaction vessel at the flow rate of 200 cc/hr.

The oil coming out of the reactor was treated atcording to the
general method and then the liquid fraction was separated to fractions
by the atmospheﬁc distillation according to the genefal method. Result
of thg separation by distillation is shown in Table 5.
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Table 5

kind of the fraction | yield
gas (~Cy 4.0 (weight %)
light naphtha (Cs ~ 82°C) 39 (volume %)
heavy naphtha 82~ 150°C) 168 (volume %)
kerosene and gas oil (150 ~ 343°C) 30.2 (volume %)
residue ' (343°C or higher) 54.9 (volume %)
2) Fluid catalytic cracking
| (1) Properties of the residue
specific gravity 0.930
kinematic viscosity (50°C) 180 cSt
sulfur content 0.47 weight %
nitrogen content 1,320 ppm
vanadium content . 0.9 ppm
nickel content 2.5 ppm
carbon residue 7.69 weight %

(2) Fluid catalytic cracking catalyst
The USY type residue FCC equilibrium cat#fyst

(Al203, 23 weight %; surface area, 156 m2/g; USY: a
Y-type zeolite treated with steaming)

(3) Condition of the fluid catalytic cracking

- reaction temperature 500 ~ 525°C
- 42
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regeneration temperature 750 ~ 850°C
catalyst/oil ratio - 5~7
feed rate of the residue 1 liter/hr
a circulating flow type bench unit
The product of the catalytic cracking was separated to fractions by
the atmospheric distillation according to the general method. Result of
the separation by distillation is shown in Table 6.

Table 6
kind of the fraction yield
LPG (C3,Co) 17.0 (volume %)
gasoline - (Cs ~ 180°C) 496 (volume %)
gas oil (180 ~ 360°C) 28.2 (volume %)
residue (360°C or higher) - 10.2 (volume %)

The overall yields by the combination of the hydfofreatment and
the fluid catalytic cracking are shown in Table 7.
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Table 7

kind of the fraction yield
gas (~Cy) 55 (weight %)
LPG (C3,Cq) 9.3 (volume %)
light naphtha (Cs ~ 82°C) 3.9 (volume %)
heavy naphtha (82 ~ 150°C) 16.8 (volume %)
kerosene and gas oil (150 ~ 343°C) 30.2 (volume %)
FCC gasoline (Cs ~ 180°C) 272 (volume %)
gas oil lgy catalytic (180 ~ 360°C) 16.6 (volume %)
cra
residue by (860°C or higher) 5.6 (volume %)
catalytic qracking

Comparative Example 3
The same heavy hydrocarbon oil as the oil used in Example 3 was
used as the feed oil.

- The feed oil was treated by the hydrodemetallization, the
hydrodesulfurization and the hydrodenitrogenation in the conditions '
described in the following and then separated to fractions by the

_atmospheric distillation according to the general methdd. Result of the
separation is shown in Table 8.
1) Hydrotreatment
(1) Hydrodemetallization catalyst
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alumina as the supporter; nickel oxide, 3 weight %;
molybdenum oxide, 1.5 weight %; and vanadium oxide, 3
weight %.

(2) Hydrodesulfurization and hydrodenitrogenation catalyst
Alumina as the supporter; nickel §iide, 1 weight %; cobalt
oxide, 1 weight %; and molybdenum oxide, 11 weight %.

(8) Conditions of the hydrotfeatment
temperature of treatment 390 ~ 410°C
partial pressure of hydrogen 130 kg/cm2G

LHSV : 0.2 hr-l
reactor fixed bed, 1 liter
(demetallization, 20 volume %;
desulfurization, 80 volume %)
Table 8
kind of the fraction | yield
gas . (~Co 4.0 (weight %)
light naphtha (Cs ~ 82°C) 0.5 (volume %)
heavy naphtha (82 ~ 150°C) 19 (volume %)
kerosene and gas oil (150 ~ 343°C) 145 Svolume %)
residue (343°C or higher) 86.3 (volume %)
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The residue separated by the atmospheric distillation was fluid
catalytically cracked by the same method as in Example 3.

2) The fluid catalytic cracking
(1) Properties of the residue

specific gravity 0.937
kinematic viscosify (50°C) 165 cSt
sulfur content 0.49 weight %
nitrogen content 1,705 ppm
vénadium content 1.5 ppm
nickel content | 3.9 ppm
carbon residue 7.09 weight %

(2) Fluid catalytic cracking catalyst
The USY type residue FCC equilibrium catalyst
— (Alg03, 23 weight %; surface area, 156 m2/g; USY: a
Y-type zeolite treated with steaming)
(3) Condition of the fluid catalytic cracking

reaction temperature 500 ~ 525°C
regenera_tion temperature 750 ~ 850°C
catalyst/oil ratio 5~7

feed rate of the residue 1 liter/hr

a circulating flow type bench unit -
- The product of the catalytic cracking was separated to fractions by
the _atmospheric distillation according to the general method. Result of

the separation by distillation is shown in Table 9.
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Table 9

kind of the fraction - yield
LPG (Cs, Co) 171 (volume %)
gasoline (Cs ~ 180°C) 494  (volume %)
gas oil (180 ~ 360°C) 28.3 (volume %)
residue (360°C or higher) 103 (volume %)

The overall yields after the two stage treﬁtment comprising the
combined treatment of the hydrodemetallization, the hydrodesulfur-
ization and the hydrodenitrogenation and the fluid catalytic cracking of
the treated oil are shown in Table 10. |

_
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Table 10

kind of the fraction yield
gas (~Cq) 6.0 (weight %)
LPG | (C3,Co) 148  (volume %)
light naphtha (C5~82°C) 0.5 (volume %)
heavy naphtha - (82 ~150°C) 1.9 (volume %)
kerosene and gas oil (150 ~ 343°C) 145 (volume %}1G.
FCC gasoline (Cs ~ 180°C) 426 (volume %)
gas oil by catalytic (180 ~ 360°C) 244 (volume %)
cracking
residue by (843°C or higher) - 8.9 (volume %)
catalytic cracking

When the result of Comparative Example 3 is compared with the
results of Examples 3 and 4, the result of Comparative Example 3 shows
the yield of FCC gasoline about twice as high as the corresponding jields
in Examples 3 and 4 because the method of Comparative Example 3 was
focused on the production of FCC gasoline. However, the method of
Comparative Example 3 produced only less than a half of the kerosene
and gas oil of the method in Examples 3 and 4 and, moreover, the quality
of the gé.s oil produced in Comparative Example 3 was®inferior because
the method comprised the desulfurization but not the hydrotreatment.

The quality of the gas oils are shown in Table 11.

___;_-_’——————"—;_——_—_—_
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Table 11

property Example 3  Comparative Example 3
sulfur (weight %) 0.03 0.16
nitrogen (ppm) 400
cold filter plugging -11 _ -5
point (°C)

pour point (°C) -22.5 -15.0

The gas oil produéed in Example 3 had the lower content of sulfur
and nitrogen as well as the lower cold filter pluggiﬁg point and pour
point. On the other hand, the gas oil produced by the atmospheric
residue hydrodesulfurization in Comparative Example 3 needs to be
treated with the hydrotreatment additionally when it is to be used as the
diesel fuel for transportation. .The oil produced in Comparative Example
3 contained about 25 % of catalytically cracked gas oil fraction containing
a large amount of polycyclic aromatic compounds and having a lower
cetane number. Thus, the method of Comparative Example 3 is shown
to be a method of lower value.

By the method of Example 3, gasoline fraction and high quality
middle distillate (kerosene and gas oil) can be produce®in about equal
amounts and the reformed gasoline feedstock and the FCC gasoline are
produced in about equal amounts. The ratio of gasoline fraction and
middle distillate and the ratio of reformed gasoline feedstock and FCC
gasoline in the gasoline fraction can be varied by varying the cracking
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level in the hydrocracking and it is easier to comply with the need of
market. This again shows that the methods of Examples 3 and 4 are
superior to the method of Comparative Example 3 which can produce

FCC gasoline alone.

Example 5 (Invention 3)
The same heavy hydrocarbon oil as the oil used in Example 3 was
used as the feed oil.
1) Hydrotreatment
(1) Hydrodemetallization catalyst
alumina as the supporter; nickel oxide, 3 weight %;
molybdenum oxide, 1.5 weight %; and vanadium oxide, 3
) weight %.
(2) Hydrocracking catalyst
FeSHY-Alp0g3 containing 65 weight % of FeSHY (an iron-
containing aluminosilicate prepared according to Example
1 in Laid Open Japanese Patent Application Heisei 2-289419)
as a supporter; cobalt oxide, 4 weight % and molyi)denum
oxide 10 weight %. |
(3) .Hydrodesulfhrizatioﬁ and hydrodenitrogenation catalyst
alumina as the supporter; nickel oxide, 1 gveight %; cobalt
oxide, 1 weight %; and molybdenum oxide, 11 weight %.
(4) Conditions of hydrotreatment |
temperature - 390 ~ 410°C
partial pressure of hydrogen 130 kg/cm?

I
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hydrogen/oil ratio 1,200 Nm?/kl

Into a 1 liter fixed bed reactor, 20 volume % of the hydrode-
metallization catalyst, 50 volume % of the hydrocracking catalyst and 30
volume % of the hydrodesulfurization and hydrodenitrogenation catalyst
were charged in this order. successively. The Arabian heavy
atmospheric residue described above was treated in the condition
described above. The Arabian heavy atmospheric residue was passed
downward through the reactor at the flow rate of 200 cc/hr.

The oil coming out of the reactor was treated according to the

general method and then the liquid fraction was separated to fractions

by the atmospheric distillation according to the general method. Result
of the separation by distillation is shown in Table 12.

Table 12
kind of the fraction yield
gas (~C4q) 52  (weight %)
light naphtha (Cs ~ 82°C) 55 (volume %)
heavy naphtha (82 ~ 150°C) 22.0 (volume %)
kerosene and gas oil (150 ~ 343°C) - 437 (volume %)
residue (343°C or higher) 358 Rvolume %)

2) Vacuum distillation of the hydrotreatment residue
The hydrotreatment residue formed in the hydrotreatment of 1)

was vacuum distilled according to the general method and the vacuum

51
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gas oil I and the vacuum residue I were separated. Result of the

separation by the vacuum distillation was as following.

(1) Properties of the hydrotreatment residue

specific gravity

kinematic viscosity (50°C)

sulfur content
nitrogen content
carbon residue
vanadium content

nickel content

0.923

217cSt

0.46 weight %
1,290 ppm
7.48 weight %
0.7 ppm

2.1 ppm

(2) Result of the vacuum distillation
yield of the distilled fractions

vacuum gas oil I (VGO, 343 ~ 525°C)
vacuum residue I (VR, 525°C or higher)

3) Thermal hydrocracking of the vacuum residue

(1) Properties of the vacuum residue

specific gravity

kinematic viscosity (50°C)

sulfur content
nitrogen contenf:
carbon residue
vanadium content -
nickel content

(2) Reaction conditions

reaction temperature

79.4 volume %
20.6 volume %

101 .

1,850 cSt

2.14 weight %

3,200 ppm

22.5 weight %

3.0 ppm

8.2 ppm

450°C

———
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reaction pressure 70 kg/cm?

LHSV 0.45 hr-1
catalyst/oil ratio 0.09
reactor a continuous autoclave reactor
(700 cc)
(8) Catalyst
particle size 30 ~ 200 um diameter

used catalyst in the atmospheric residue hydrodesulfur-

ization unit
20 weight %
(vanadim oxide, 0.7 weight %;
nickel oxide, 2.2 weight %)

used catalyst in the fluid catalytic cracking unit
80 weight %
(vanadium oxide, 1,700 ppm;
nickel oxide, 1,500 ppm)

The vacuum residue I obtained by the distillation of 2) was treated

H
v

according to the method described before. The liquid fraction was
separated to the vacuum gas oil II and the vacuum residue II according
the general method by the atniospheric and vacuum distillations.

Result of the separation by the vacuum distillation is sho®n in Table 13.
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Table 13

kind of the fraction yield
gas ' (~Cq)- 7.0 (weight %)
naphtha - (Cs ~ 150°C) 122  (volume %)
kerosene (150 ~ 232°C) 12.6 (volume %)
gas oil (232 ~ 343°C) 24.7 (volume %)
vacuum gas oil (343 ~ 525°C) 364 (volume %)
vacuum residue (525°C or higher) 10.0 (volume %)

4) Fluid catalytic cracking of the vacuum gas oil

(1) Properties of the gas oil
. specific gravity
kinematic viscosity (50°C)
sulfur content '
nitrogen content
vanadium content
nickel content
(2) Fluid catalytic cracking catalyst

0.899

11 ¢St

0.34 weight %
940 ppm

0.5 ppm or lower

0.5 ppm or lower

a commercial silica-alumina catalyst

(3) Condition of the fluid catalytic cracking i

reaction temperature
catalyst/oil ratio
weight space velocity

flow time of oil

482°C
3.0
16 hr-1

75 seconds
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according to MAT (microactivity testing method) of ASTM
D-3907
The vacuum gaé oil I and the vacuum gas oil II obtained in 1) and
9) were fluid catalytically cracked according to the general method. The
product of the catalytic cracking was separated to fractions by the
distillation according to the general method. Result of the separation by
distillation is shown in Table 14.

Table 14
kind of the fraction yield
LPG | | 28.8 (volume %)
gasoline . (Cs ~ 180°C) - 627 (volume %)
gas oil ’ (180 ~ 360°C) 124 (volume %)
residue (360°C or higher) 5.8 (voiume %)

The overall yields by the combination of the hydrotreatment, the
thermal hydrocracking and the fluid catalytic cracking are shown in
Table 15.
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Table 15

kind of the fraction yield
gas 6.9 (weight %)
LPG (C3, Cg) 90  (volume %)
light naphtha (Cs ~ 82°C) 6.4 (volume %)
heavy naphtha (82 ~ 150°C) . 220 (volume %)
kerosene and gas oil (150 ~ 343°C) 464 (volume %)
FCC gasoline (Cs ~ 180°C) 195  (volume %)
gas oil by catalytic (180 ~ 360°C) 3.9 (volume %)
cracking

residue (360°C or higher) 25 (volume %)
Example 6 (Invention 3)

The same heavy hydrocarbon oil as the oil used in Example 1 was
used as the feed oil.
1) Hydrotreatment
(1) Hydrodemetallization catalyst
alumina as the supporter; nickel oxide, 3 weight %:;
molybdenum oxide, 1.5 weight %; and vanadium oxide, 3
weight %.
(2) Hydrocracking catalyst
FeSHY-Al303 containing 65 weight % of FeSHY (an iron-

containing aluminosilicate prepared according to Example

1 in Japanese Patent Publication Showa 61-24433) as a
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supporter; cobalt oxide, 4 weight % and molybdenum oxide
10 weight %.
(3) Hydrodesulfurization a_.nd hydrodenitrogenation catalyst
alumina as the supporter; nickel oxide, 1 weight %; cobalt
oxide, 1 weight %; and molybdenum oxide, 11 weight %; .
(4) Conditions of hydrotreatment
temperature 390 ~410°C
partial pressure of hydrogen 160 kg/cm?2
hydrogen/oil ratio 800 Nm3/kl _
_Into a 1 liter fixed bed reactor, 20 volume % of the hydrode-
metallization catalyst, 50 volume % of the hydrocré.cking catalyst and 30
volume % of the hydrodesulfurization and hydrodenitrogenation catalyst
were charged in this order successively. The Arabian heavy
atmospheric residue described above was treated in the condition _
described above. The Arabiaﬂ heavy atmospheric residue was passed
downward through the reactor at the flow rate of 200 cc/hr.
The oil coming out of the reactor was treated according to the
general method and then the liquid fraction was separated to fractions
by the atmospheric distillation according to the general method. Result

- of the separation by distillation is shown in Table 16.
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Table 16

kind of the fraction yield
gas (~Cyq) 3.7 (weight %)
light naphtha (C5 ~ 82°C) 24  (volume %)
heavy naphtha (82 ~ 150°C) 10.7 (volume %)
kerosene and gas oil (150 ~ 343°C) 30.8 (volume %)
. residue (343°C or higher) 611 (volume %)

2) Vacuum distillation of the h}'drotreatment residue

The hydrotreatment residue formed in the hydrotreatment
treatmént of 1) was vacuum distilled according to the general method
and the vacuum gas oil I and the vacuum residue I were separated.
Result of the separation by the vacuum distillation was as following.

(1) Propertieé of the hydrotreatment residue

specific gravity 0.920
kinematic viscosity (50°C) 196 cSt
sulfur content 0.45 weight %
nitrogen content 1,210 ppm
carbon residue 7.45 weight %
vanadium content 1.7 ppm
nickel content 3.2 ppm
| (2) Result of the vacuum distillation
yield of the distilled fractions
vacuum gas oil I (VGO, 343 ~ 525°C) 62.3 volume %
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vacuum residue I (VR, 525°C or higher) 37.7 volume %
3) Thermal hydrocracking of the vacuum residue

(1) Properties of the vacuum residue

specific gravity 1.00
kinematic viscosity (50°C) 1,690 cSt
sulfur content 1.20 weight %
nitrogen content 2,900 ppm
— carbon residue | 18.6 weight %
- vanadium content : 4.3 ppm
nickel content 8.3 ppm
(2) Reaction conditions |
reaction temperature  450°C
reaction pressure 70 kg/em?2
LHSV . 0.48 hr-1
catalyst/oil ratio 0.09
reactor a continuous autoclave reactor
| (700 cc)
- (3) Catalyst
particle size ' 30 ~ 200 pm diameter

used catalyst in the atmospheric residue hydrodesulfur-
ization unit -
| | 20 weight %
(vanadium oxide, 0.7 weight %;
nickel oxide, 2.2 weight %)
used catalyst in the fluid catalytic cracking unit

9
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80 weight %
(vanadium oxide, 1,700 ppm;
nickel oxide, 1,500 ppm)

The vacuum residue I obtained by the distillation of 2) was treated
according to the method described before. After the thermal
hydrocracking, the liquid fraction was separated to the vacuum gas oil
II and the vacuum residue II according the general method by the
atmospheric and vacuum distillations. Results of the separation by the

vacuum distillation is shown in Table 17.

Table 17
kind of the fraction yield
gas (~Cy . 7.0 (weight %)
naphtha : (Cs ~ 150°C) 13.2 (volume %)
kerosene (150 ~ 232°C) 123 (volume %)
gas . (232 ~343°0C) 25.1 (volume %)
vacuum gas oil (343 ~ 525°C) 34.8 (volume %)
vacuum residue (5625°C or higher) 102 (volume %)

4) Fluid catalytic cracking of the vacuum gas oil =
(1) Properties of the vacuum gas oil
specific gravity 0901
kinematic viscosity (50°C) 255t
sulfur content ’ 0.16 weight %
60
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nitrogen content 960 ppm

vanadium content 0.5 ppm or lower

nickel content 0.5 ppm or lower
(2) Fluid catalytic cracking catalyst

a commercial silica-alumina éatalyst

(3) Condition of the fluid catalytic cracking

reaction temperature 482°C

catalyst/oil ratio 3.0 (catalyst 4.0 g)

weight space velocity 16 hr'l

flow time of 0il - 75 seconds

according to MAT (microactivity testing method) of ASTM
D-3907 | |

To 100 volume parts of the sum of the vacuum gas oil I in 2) and
the vacuum gas oil II in 3), 5 volume % of the vacuum residue II in 3)
were mixed and the mixture was fluid catalytically cracked according to
the general method. The product of the catalytic cracking was separated
to fractions by the distillation according to the general method. Result of
the separation by distillation is shown in Table 18.
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Table 18

kind of the fraction yield
LPG (C3,Cq) 28.0 (volume %)
gasoline : (Cs ~ 180°C) 60.9 (volume %)
gas oil | (180 ~ 360°C) 12.3 (volume %)
residue | (360°C or higher) 75  (volume %)

The overall yields by the combination of the hydrotreatment, the
thermal hydrocracking and the fluid catalytic cracking are shown in
Table 19.

Table 19
kind of the fraction . yield
gas (~Cq) 6.7 (weight %)
LPG (C3, C4) 13.6 (volume %)
light naphtha "(Cs5 ~ 82°C) 52  (volume %)
heavy naphtha 82~ 150°C) 10.7 (volume %)
" kerosene and gas oil (150 ~ 343°C) 396 (volume %)
FCC gasoline (Cs ~ 180°C) 295 “(volume %)
gas oil by catalytic (180 ~ 360°C) 6.0 . (volume %)
cra
residue (360°C or higher) 3.6 (volume %)
a2
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When the result of Comparative Example 3 is compared with the
results of Examples 5 and 6, the method of Comparative Example 3
produced the FCC gasoline in the amount about twice as high as the
amount by the method of Examples 5 and 6 because the method of
Coinparative Example 3 was focused on the production of FCC gasoline.
However, the product by the method of Comparative Example 3 produced
kerosene and gas oil in the amou.nt' about a half of the amount by method
of Examples 5 and 6. Moreover, .the quality of the gas oil produced in
Comparative Example 3 is inferior because the method comprises the
desulfurization but not the hydrotreatment; The quality of the gas oils

are shown in Table 20.

Table 20
property Example 5 | Comparative Example 3
sulfur (weight %) 0.04 0.16
nitrogen (ppm) 52 400
cold filter plugging -12 -5
point (°C) :
_ pour point (°C) -22.5 -15.0

-

The gas oils produced in Examples 5 and 6 had the lower contents
of sulfur and nitrogen as well as the lower cold filter plugging point and
pour point. On the other hand, the gas oil produced by the
hydrodesulfurization in Comparative Example 3 needs to be treated with
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the hydrotreatment additionally when it is to be used as the diesei fuel
for transportation. The oil produced in Comparative Example 3
contained about 25 % of catalytically cracked gas oil fraction containing
a large amount of polycyclic aromatic compounds and having a lower
cetane number. Thus, the method of Comparative Example 3 is shown
to be a method of lower value.

By the method of Examples 5, gasoline fraction and high quality
middle distillate (kerosene and gas oil) can be produced in about equal
amounts and the reformed gasoline feedstock and the FCC gasoline are
produced in about equal amounts. The ratio of gasoline fraction and
middle distillate and the ratio of reformed gasoline feed and FCC
gasoline in the gasoline fraction can be varied by varying the cracking
level of the hydrocracking and it is easier to comply with the need of
market. This again shows that the methods of Examples 5 and 6 are
| superior to the method of Comparative Example 3 which can produce

FCC gasoline alone.

Example 7 (Invention 4)

The same heavy hydrocarbon oil as the oil used in Example 3 was
- used as the feed oil.
| To 100 volume parts of the feed Arabian heayy atmospheric
residue, 34.5 volume parts of the vacuum gas oil I and 5.3 volume parts
of the vacuum gas oil II both of which were produced by the
“hydrotreatment of the feed oil, followed by the thermal hydrocracking,
were added for recycling at the stage before the hydrodemetallization.
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The hydrotreatment and the thermal hydrocracking were made by
using the combined oil as the treating oil as described in the following.

Properties of the treating oil was as following:

specific gravity 0.955
kinematic viscosity (50°C) 560 cSt
sulfur content 83 wéight %
nitrogen content 2,030 ppm

- , carbon residue ' 9.9 weight %

| ~ vanadium 62 ppm
nickel content 20 ppm
1) Hydrotreatment

(1) Hydrodemetallization catalyst
-glumina as the supporter; nickel oxide, 3 weight %;

molybdenum oxide, 1.5 weight %; 'and vanadium oxide, 3
weight %. |

(2) Hydrocracking catalyst
FeSHY-A1203 containing 65 weight % of FeSHY (an iron-

o _ containing aluminosilicate prepared according to Example
1 in Laid Open Japanese Patént Application Heisei 2-289419)
as a supporter; cobalt oxide, 4 weight %; and molybdenum
oxide 10 weight %. -

(3) Hydrodesulfurization and hydrodenitrogenation catalyst
alumina as the supporter; nickel oxide, 1 weight %; cobalt
oxide, 1 weight %; and molybdenum oxide, 11 weight %.

(4) Conditions of hydrotreatment

6
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temperature 390 ~ 410°C
partial pressure of hydrogen 130 kg/cm?
hydrogen/oil ratio 1,200 Nm3/kl

Into a 1 liter fixed bed reactor, 20 volume % of the hydrode-
metallization catalyst, 50 volume % of the hydrocracking catalyst and 30
volume % of the hydrodesulfurization and hydrodenitrogenation catalyst
were charged in ‘this order successively. The combined oil described
above was treated in the condition described above. The combined oil
was passed downward through the reaction vessel at the flow rate of 200
cc/hr.

The oil coming out of the reactor was treated according to the
general method and then the liquid fraction was separated to fractions
by the atmospheric distillation according to the general method. Result
of the separation by distillation is shown in Table 21. |

Table 21
kind of the fraction yield
gas (~Cy) 7.0 (weight %)
- light naphtha (Cs ~ 82°C) 6.8 (volume %)
heavy naphtha (82 ~ 150°C) 30.1 J£volume %)
kerosene and gas oil (150 ~ 343°C) 572 (volume %)
residue : (343°C or higher) 49.1 (volume %)
66
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2) Vacuum distillation of the hydrotreatment residue

The hydrotreatment residue formed in the hydrotreatment of 1)
was vacuum distilled according to the general method and th'e vacuum
gas oil I and the vacuum residue I were separated. Result of the
separation by the vacuum distillation was as following.

(1) Properties of the hydrotreatment residue

specific gravity 0915
. kinematic viscosity (50°C) 185 cSt
- sulfur content 0.38 weight %

nitrogen content 1,060 ppm

carbon residue 3.03 v?eight %

vanadium content 0.6 ppm

_nickel content 1.0 ppm

(2) Result of the vacuum distillation
yield-of the distilled fractions
vacuum gas oil (VGO, 343 ~ 525°C) 70.3 volume %

vacuum residue (VR, 525°C or higher) 29.7 volume %
™) 3) Thermal hydrocracking of the vacuum residue
The vacuum residue I obtained by the vacuum distillation of 2)
" was thermal hydrocracked according to the general method in the
followmg conditions. -

(1) Properties of the vacuum residue

specific gravity 0.985

kinematic viscosity (50°C) 560 cSt

sulfur content 1.26 weight %
67
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nitrogen content 3,480 ppm

carbon residue 10.4 weight %
vanadium content 2 ppm
nickel content 4 ppm

(2) Reaction conditions

reaction temperature  450°C

reaction pressure 70 kg/cm?2
LHSV 0.48 hr-1
éatalys_t/oil ratio 0.09
reactor a continuous autoclave reactor
(700 cc)
(3) Catalyst
_particle size 30 ~ 200 pm diameter

used catalyst in the atmospheric residue hydrodesulfur-

ization unit
20 weight %
(vanadiiyn oxide, 0.7 weight %;
nickel oxide, 2.2 weight %)

used catalyst in the fluid catalytic cracking unit
80 weight %
(vanadium oxide, &,700 ppm;
nickel oxide, 1,500 ppm)

After the thermal hydrocracking, the liquid fraction was

separated to the vacuum gas oil II and the vacuum residue II according
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the general method by the atmospheric and vacuum distillations.

Result of the distillation is shown in Table 29,

Table 22
kind of the fraction | yield
gas (~Cyg 70  (weight %)
naphtha (Cs ~ 150°C) 12.0 (volume %)
kerosene (150 ~ 232°C) 124 (volume %)
gas oil (232 ~ 343°C) 245 (volume %)
vacuum gas oil (343 ~ 525°C) 363  (volume %)
vacuum residue (525°C or higher) 109 (volume %)

The overall yield by the combination of the hydrotreatment and the
thermal hydrocracking is shown in Table 23.

- Table 23
kind of the fraction yield
" gas (~Cq) | 9.9 (weight %)
light naphtha : (C5 ~ 82°C) 71  “(volume %)
heavy naphtha (82 ~ 150°C) 315 (volume %)
gas oil (150 ~ 343°C) 62.6 (volume %)
residue (343°C or higher) - 16 (volume %)
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Example 8 (Invention 4)

The same heavy hydrocarbon oil as the oil used in Example 1 was
used as the feed oil. _

To 100 volume parts of the feed Arabian heavy atmospheric
residue, 46.5 volume parts of the vacuum gas oil I, 21.4 volume parts of
the vacuum gas oil II and 6.1 volume parts of the vacuum residue II all
of which were produced by the hydrotreatment of the feed oil,- followed by
the thermal hydrocracking, were added. The hydrotreatment and the
thermal hydrocracking were made by using the combined oil as the
treating oil as described in the following.

1) Hydrotreatment |

(1) Hydrodemetallization catalyst
-alumina as the supporter; nickel oxide, 3 weight %;
molybdenum oxide, 1.5 weight %; and vanadium oxide, 3
weight %. |

(2) Hydrocracking catalyst
FeSHY-Al2O3 containing 65 weight % of FeSHY (an iron-
containing aluminosilicate prepared according to Example
1 in Japanese Patent Publication Showa 61-24433) as a
supporter; cobalt oxide, 4 weight % and molybdenum oxide
10 weight %. : -

(3) Hydrodesulfurization and hydrodenitrogenation catalyst
alumina as the supporter; nickel oxide, 1 weight %; cobalt
oxide, 1 weight %; and molybdenum oxide, 11 weight %.

(4) Condiﬁons of hydrotreatment

70
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temperature 390 ~410°C
partial pressure of hydrogen 160 kg/cm2G
hydrogen/oil ratio 800 Nm3/kl

Into a 1 liter fixed bed reactor, 20 volume % of the hydrode-
metallization catalyst, 50 volume % of the hydrocracking éatalyst and 30
volume % of the hydrodesulfurization and hydrodenitrogenation catalyst
were charged in this order successively. The combined oil described
above was treated in the condition described above. The combimed oil
was passed downward through the reaction vessel at the flow rate of 200 -
cc/hr.

The oil coming out of the reactor was treated according to the
general method and then the liquid fraction was separated to fractions
by the atmospheric distillation according to the general method. Result
of the separation by distillation is shown in Table 24. |

Table 24
kind of the fraction ~ yield
gas (~Csq) 6.4 (weight %)
- light naphtha (Cs ~ 82°C) 38 (volume %)
heavy naphtha (82 ~ 150°C) 186 _(volume %)
gas oil (150 ~ 343°C) 539  (volume %)
residue (343°C or higher) 104.7 (volume %)
71
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2) Vacuum distillation of the hydrotreatment residue

The hydrotreatment residue formed in the hydrotreatment of 1)
was vacuum distilled according to the general method and the vacuum
gas oil I and the vacuum residue I were separated. Result of the
separation by the vacuum distillation was as following.

(1) Properties of the hydrotreatment residue

specific gravity 0.923
kinematic viscosity (50°C) 217 ¢St
sulfur content 0.46 weight %
nitrogen content | . 1,290 ppm
carbon residue 7.48 weight %
vanadium content 0.7 ppm

_nickel content ' 2.1 ppm

(2) Result of f.he vacuum distillation

yield of the distilled fractions

vacuum gas oil (VGO, 348 ~ 525°C) 44.4 volume %

vacuum residue (VR, 525°C or higher) 55.6 volume %
3)Thermal hydrocracking of the vacuum residue

(1) Properties of the vacuum residue

specific gravity 1.01
kinematic viscosity (50°C) 1850cSt &
sulfur content | 2.14 weight %
nitrogen content 3,200 ppxh
carbon residue 22.5 weight %
vanadium content 3.0 ppm |
- R
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nickel content

(2) Reaction conditions
reaction temperature
reaction pressure
LHSV
catalyst/oil ratio

reactor

(8) Catalyst

particle size

8.2 ppm

450°C

70 kg/cm?2

0.35 hr-1

0.09

a continuous autoclave reactor

(700 cc)

30 ~ 200 pm diameter

used catalyst in the atmospheric residue hydrodesulfur-

ization unit

20 weight %
(vanadium oxide, 0.7 weight %;

nickel oxide, 2.2 weight %)

used catalyst in the fluid catalytic cracking unit

80 weight %
(vanadium oxide, 1,700 ppm;

nickel oxide, 1,500 ppm)

The vacuum residue I obtained by the vacuum distillation of 2)

was treated according to the general method. The liguid fraction was

separated to the vacuum gas oil II and the vacuum residue II according

the general method by the atmospheric and vacuum distillations.

Result of the distillation is shown in Table 25.
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Table 25

kind of the fraction yield
gas (~Cq) 7.0 (weight %)
naphtha (Cs ~ 150°C) 119 (volume %)
kerosene (150 ~ 232°C) 123 (volume %)
gas (232 ~ 343°C) 249 (volume %)
vacuum gas oil (843 ~ 525°C) 36.7 (volume %)
vacuum residue 105  (volume %)

(525°C or higher)

The overall yield by the combination of the hydrotreatment and the
thermal hydrocracking is shown in Table 26. |

74
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Table 26
kind of the fraction yield
gas (~Co 10.6 (weight %)
light naphtha (C5 ~ 82°C) 52 (volume %)
heavy naphtha (82 ~ 150°C) 24.1 (volume %)
~ gas oil (150 ~ 343°C) 756  (volume %)
residue (343°C or higher) 0  “lvolume %)
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When the result of Comparative Example 3 is compared with the
results of Examples 7 and 8, the method of Comparative Example 3
produced only 15 % of the kerosene and gas oil fraction because the
method of Comparative Example 3 was focused on the production of FCC
gasoline and, moreover, the.quality of the gas oil produced in
Comparative Example 3 was inferior because the method comprises the
desulfurization but not the hydrotreatment. The quality of the gas oils

are shown in Table 27.

Table 27
property Example 7 Comparative Example 3
sulfur (weight %) 0.02 0.16
nitrogen (ppm) 42 ' - 400
cold filter plugging -20 ' -5
point (°C)
pour point (°C) -25.0 | -15.0

" The gas oil produced in Example 7 had the lower contents of

" sulfur and nitrogen as well as the lower cold filter plugging point and

pour point. On the other hand, the gas oil produced with the
hydrodesulfurization in Comparative Example 3 needs to be treated with
the hydrotreatment additionally when it is to be used as the diesel fuel
for transportation. The oil produced in Comparative Example 3

contained about 25 % of catalytically cracked gas oil fraction containing
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a large amount of polycyclic aromatic compounds and having a lower
| cetane number. Thus, the method of Comparative Example 3 is shown
to be a method of lower value. |

By the method of Examples 7 and 8, the naphtha fraction can be
used as the feedstock for the production of reformed gasoline or for the
production of BTX because the method produces the heavy naphtha.
Because the production of kerosene and gas oil is remarkably higher
than the method of Comparative Example 3, the method is advantageous
for complying with the market'requiring much middle distillate. The
amount of the residue can be reduced to 2 % or lower by this method in
contrast to 9 % by the method of Comparative Example 3 and thié also
clearly shows the advantage of the method of the invention.

Example 9 (Invention 5)

The same heavy hydrocarbon oil as the oil used in Example 3 was
used as the feed oil.
1) Vacuum distillation of the atmospheric residue .

The Arabian heavy atmospheric residue used as the feed oil was
separated to the vacuum gas oil and the vacuum residue by the vacuum

- distillation by the general method. Result of the vacuum distillation is

shown in the following. -
(1) Result of the vacuum distillation
yield of the distilled fractions
vacuum gas oil (VGO, 343 ~ 525°C) 36.7 volume %

vacuum residue (VR, 525°C or higher) 63.3 volume %
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2) Thermal hydrocracking of the vacuum residue

The vacuum residue obtained by the vacuum distillation described

above was thermally hydrocracked according to the general method in

the following conditions.

(1) Properties of the vacuum residue

spebiﬁc gravity

101

kinematic viscosity (50°C) 4,520 cSt

sulfur content

nitrogen content

e "

carbon residue
vanadium content
nickel content

(2) Reaction conditions

reaction temperature

reaction pressure
LHSV
catalyst/oil ratio

-’ - . reactor

(3) Catalyst
| particle size

4.9 weight %
3,250 ppm
20.9 weight %
140 ppm

45 ppm

450°C
70 kg/cm?

10.43 hr-l

0.09
a continuous autoclave reactor

(700 co)

30 ~ 200 um diamggter

used catalyst in the atmospheﬁé residue hydrodesulfuri-

zation unit
20 weight %
(vanadium oxide, 0.7 weight %;
[
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nickel oxide, 2.2 weight %)
used catalyst in the fluid catalytic cracking unit

80 weight %

(vanadium oxide, 1,700 ppm;

nickel oxide, 1,500 ppm)

After the thermal hydrocracking, the product was treated by the
method described .above and the liquid fraction was separated to the
vacuum gas oil and the vacuum residue according the general method
by the atmospheric and vacuum distillations. Results of the separation
by the distillation is shown in Table 28.

Table 28
kind of the fraction yield
gas (~Ca) 70  (weight %)
naphtha (Cs5 ~ 150°C) 119 (volume %)
kerosene (150 ~ 232°C) 12.0 (volume %)
gas oil (232 ~ 343°C) 242 (volume %)
vacuum gas oil (343 ~ 525°C) 374  (volume %)
- vacuum residue (525°C or higher) 104 (volume %)

-

3) Hydrotreatment
(1) Properties of the treating oil (when recycled)
specific gravity 0.938
kinematic viscosity (50°C) 95 cSt

- : 78
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sulfur content 2.7 weight %

nitrogen content 1,600 ppm
carbon residue 2.7 weight %
vanadium content 8 ppm
nickel content 2 ppm

(2) Hydrodemetallization catalyst
alumina as the supporter; nickel oxide, 3 weight %,
molybdenum oxide, 1.5 weight %; and vanadium oxide, 3
 weight %. |
(3) Hydrocracking catalyst
FeSHY-Al,03 containing 65 weight % of FeSHY (an iron-
containing aluminosilicate prepared by the method
_described in Example 1 in Laid Open Japanese Patent
Application Heisei 2-289419) as a supporter; cobalt oxide, 4
weight % and molybdenum oxide 10 weight %.
(8) Hydrodesulfurization and hydrodenitrogenation catalyst
alumina as the supporter; nickel oxide, 1 weight %, ; cobalt
_J oxide, 1 weight %; and molybdenum oxide, 11 weight %.
| (4) Condmons of hydrotreatment
temperature 2o 390 ~410°C
partial pressure of hydrogen 130 kg/cm2,
hydrogen/oil ratio 1,200 Nm3/kl
Into a 1 liter fixed bed, 20 volume % of the hydrodemetallization
catalyst, 50 volume % of the hydrocracking catalyst and 30 volume % of

the hydrodesulfurization and hydrodenitrogenation catalyst were
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charged in this order successively. The feed" oil adding 12 volume % of
the recycled oil was treated in the condition described above. The feed
oil was passed downward through the reaction vessel at the flow rate of
200 cc/hr.

'The hydrotreated oil was treated according to the genei'al method
and then the liquid fraction was separated to fractions by atmospheric
distillation according to the general method. Result of the separation by
distillation is shown in Table 29.

Table 29
kind of the fraction . yield
gas ) (~C4q) 51 (weight %)
light naphtha (Cs ~ 82°C) 6.8 (voh;n;e %)
heavy naphtha (82 ~ 150°C) 271 (volume %)
gas oil (150 ~ 343°C) 62.2 (volume %)
residue (843°C or higher) 149 (volume %)

_ The overall yields by the treatment of the hydfotreatment and the
thermal hydrocracking are shown in Table 30.
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Table 30

kind of the fraction yield
gas (~Co - 109 (weight %)
light naphtha (Cs ~ 82°C) 6.8 (volume %)
heavy naphtha (82 ~ 150°C) 274 (volume %)
gas oil (150 ~ 343°C) 719 (volume %)
Example 10 (Invention 5)

The same heavy hydrocarbon oil as the oil used in Example 1 was
used as the feed oil.
1) Vacuum distillation of the atmospheric fesidue
The A;'abian heavy atmospheric residue used as the feed oil was
separated to the vacuum gas oil and the vacuum residue by the vacuum
distillation by the general meth'od.. Result of; the vacuum distillation is
shown in the following.
(1) Result of the vacuum distillation
yield of the distilled fractions
vacuum gas oil (VGO, 343 ~ 525°C) 42.5 volume %
vacuum residue (VR, 525°C or higher) _57.5 volume %
2) Thermal hydrocracking of the vacuum residue
The vacuum residue obtained by the vacuum distillation of 1) was
thermally hydrocracked according to the general method in the
following conditions.
(1) Propérties of the vacuum residue

-
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specific gravity 0.998
kinematic viscosity (50°C) 3,670 cSt

sulfur content 5.05 weight %
nitrogen content | 3,490 ppm
carbon residue 21.5 weight %
vanadium content , 137 ppm
nickel content ' 43 ppm
(2) Reaction conditions
reaction temperature 450°C
~ reaction pressure 70 kg/cm?2
LHSV 0.45 hr-1
catalyst/oil ratio 0.09
reactor a continuous autoclave reactor
(700 cc)
(3) Catalyst |
~ particle size 30 ~ 200 pm diameter

used catalyst in the atmospheric residue hydrodesulfur-

ization unit
| 20 weight %
(vanadium oxide, 0.7 weight %;
nickel oxide, 2.2 wesight %)
used catalyst in the fluid catalytic crackin_g unit
80 weight %

(vanadium oxide, 1,700 ppm;

nickel oxide, 1,500 pPpm)
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After the thermal hydrocracking, the product was treated by the
general method and the liquid fraction was separated to the vacuum gas
oil and the vacuum residue according the general method by the
atmospheric and vacuum distillations. Results of the separation by the
distillation is shown in Table 31.

Table 31
kind of the fraction yield
gas (~Csq) 6.8 (weight %)
naphtha (Cs ~ 150°C) 9.8 (volume %)
kerosene (150 ~ 232°C) : 10.9 (volume %)
gas oil _ (232 ~ 343°C) 222  (volume %)
vacuum gas oil (843 ~ 525°C) 32.7 (volume %)
vacuum residue (525°C or higher) 198 (volume %)

3) Hydrotreatment
(1) Properties of the treating oil (when recycled)
specific gravity 0.943
kinematic viscosity (50°C) 125 ¢St
sulfur content 2.9 weight %
nitrogen content 1,970 ppm
carbon residue 3.5 weight %
vanadium content 12 ppm
nickel content 5 ppm
8
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(2) Hydrodemetallization catalyst
alumina as the supporter; nickel oxide, 3 weight %,
molybdenum oxide, 1.5 weight %; and vanadium oxide, 3
weight %.
(3) Hydrocracking catalyst
FeSHY-AloO3 containing 65 weight % of FeSHY (an iron-
containing aluminosilicate prepared by the method
described in Examﬂe 1 in Japanese Patent Publication
Showa 61-24433) as a supporter; nickel oxide, 1 weight %,
cobalt oxide, 1 weight % and molybdenum oxide 10 weight
%. |
" (8) Hydrodesulfurization and hydrodenitrogenation catalyst
_Y-alumina as the supporterﬁ nickel oxide, 1 weight %; cobalt
oxide, 1 weight %; and molybdenum oxide, 11 weight %.
(4) Conditions of hydrotreé.tment
temperaturé 390 ~410°C
partial pressure of hydrogen 130 kg/cm?
hydrogen/oil ratio 1,200 Nm3/kl
Tnto a 1 liter fixed bed reactor, 20 volume % of the hydrode-
- metallization catalyst, 50 volume % of the hydrocracking catalyst and 30
volume % of the hydrodesulfurization and hydrodenitrogenation catalyst
were charged in this order successively. The feed oil adding 12 volume
% of recycled oil was treated in the condition described above. The feed
oil was passed downward through the reaction vessel at the flow rate of

200 cc/hr.
e
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The hydrotreated oil was treated according to the general method

and then the liquid fraction was separated to fractions by the

atmospheric distillation according to the conventional method. Result of

the separation by distillation is shown in Table 32.

Table 32
kind of the fraction yield
gas (~Ca) 52  (weight %)
light naphtha (Cs ~ 82°C) 6.8 (volume %)
heavy naphtha (82 ~ 150°C) 273 (volume %)
gas oil (150 ~ 343°C) 63.5 (volume %)
residue ) (343°C or higher) 139 (volume %)

The overall yields by the treatment of the thermal hydrocracking

and the hydrotreatment are shown in Table 33.

Table 33
kind of the fraction yield
gas (~Cy) 7.9 - Tweight %)
light naphtha (Cs ~ 82°C) 6.9 (volume %)
heavy naphtha (82 ~ 150°C) 274 (volume %)
gas ol (150 ~ 343°C) 725  (volume %)
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When the result of Comparative Example 3 is compared with the
results of Examples 9 and 10, the method of Comparative Example 3
produced only 15 % of the kerosene and gas oil because the method of
Comparative Example 3 was focused on the produg:tion of FCC gasoline
and, moreover, the quality of the gas oil produced in Comparative
‘Example 3 is inferior because the method comprises the desulfurization
but not the hydrotreatment. The quality of the gas oils are shown in
Table 34.

Table 34
property Example 9 Comparative Example 3
sulfur (weight %) 0.01 0.16
nitrogen (ppm) 35 400
cold filter plugging - =225 i} -5
point (°C)

pour point (°C) -27.0 -15.0

The gas oil produced in Examples 9 and 10 had the lower contents
- of sulfur and nitrogen as well as the lower cold filter plugging point and
pour point. On the other hand, the gas oil pxgduced by the
hydrodesulfurization in Comparétive Example 3 needs to. be treated with
the hydrotreatment additionally when it is to be used as the diesel fuel
for transportation. The oil produced in Comparative Example 3

contained ahc‘mt 25 % of catalytically cracked gas oil fraction containing
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a large amount of polycyclic aromatic compounds and having a lower
cetane number. Thus, the method of Comparative Example 3 is shown
to be a method of lower value.

By the method of Examples 9 and 10, the pro&ucts can be used as
the feed stock for the production of reformed gasoline or for the
production of BTX because the method produces heavy naphtha.
Because the production of kerosene and gas oil is remarkably higher
than the_ method of Comparative Example 3, the method is advantageous
for complying with the market requiring much middle distillate. The
amount of the residue can be reduced by this method in contrast to the
amount of 9 % by the method of Comparative Example 3 and this also

clearly shows the advantage of the method of the invention.

While the invention has been particularly shown and described with
reference t(; preferred embodiments theréof, it will be understood by
those skilled in the art that the foregoing and other changes in form and
details can be made therein without departing from the spirit and scope

of the invention.
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WHAT IS CLAIMED IS:

1. A method of hydrotreatment of heavy hydrocarbon oil in the presence
of catalysts which comprises hydrodemetallizing and hydrocracking the
heavy hydrocarbon oil successively and thereafter hydrodesulfurizing
and hydrodenitrogenating the treated heavy hydrocarbon oil.

2. A method of hydrotreatment of heavy hydrocarbon oil in the presence
of catalysts as claimed in Claim 1 wherein the catalyst utilized for the
hydrocracking comprises metals or compounds of metals of the group
VIA or the group VIII of the Periodic Table supported on a supporter
comprising 10 to 90 weight % of an iron-containing aluminosilicate and
90 to 10 weight % of inorganic oxides.

. 8. A method of treatment of he.avy hydrocarbon oil which comprises
hydrotreating the heavy hydrocarbon oil in the presence of catalysts,
fractionating the hydrotreated heavy hydrocarbon oil by distillation and
fluid catalytically cracking the residue, the hydfotreatment comprising
hydrodemetallizing and hydrocracking the heavy hydrocarbon oil
successively and thereafter hydrodesulfurizing and hydrodenitrogen-

ating the treated heavy hydrocarbon oil.

4. A method of treatment of heavy hydrocarbon oil as claimed in Claim 3
wherein the catalyst utilized for the hydrocracking comprises metals or
compounds of metals of the group VIA or the group VIII of the Periodic
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Table supported on a supporter comprising 10 to 90 weight % of an iron-

containing aluminosilicate and 90 to 10 weight % of inorganic oxides.

5. A method of treatment of heavy hydrocarbon oil which comprises
hydrotreating the heavy hydrocarbon oil in the presence of catalysts,
separating the hydrotreated heavy hydrocarbon oil to vacuum gas oil I
and vacuum residue I by atmospheric and vacuum distillations,
thermal hydrocracking the vacuum residue I with a slurry bed,
separating the thermal hydrocracked oil to vacuum gas oil II and
vacuum residue II by atmospheric and vacuum distillations and fluid
catalytically cracking the vacuum gas o_il II and the vacuum gas oil I,
the hydrotreatment comprising hydrodemetallizing and hydrocracking

the heavy hydrocarbon oil successively and thereafter hydrodesulfur-

izing and hydrodenitrogenating the treated heavy hydrocarbon oil.

6. A method of treatment of heavy hydrocarbon oil which comprises
hydrotreating the heavy hydrocarbon oil in the presence of catalysts,
separating the hydrotreated heavy hydrocarbon oil to vacuum gas oil I

and vacuum residue I by atmospheric and vacuum distillations,

- thermal hydrocracking the vacuum residue I with a slurry bed,

separating the. thermal hydrocracked oil to vacuumwgas oil II and
vacuum residue II by atmospheric and vacuum distillations and fluid
catalytically cracking the vacuum gas oil II, the vacuum gas oil I and at
least a part of the vacuum residue II, the hydrotreatment comprising

hydrodemetallizing and hydrocracking the heavy hydrocarbon oil
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successively and thereafter hydrodesulfurizing and hydrodenitrogen-

éting the treated heavy hydrocarbon oil.

7. A method of treatment of heavy hydrocarbon oil as claimed in Claim 5
wherein the catalyst utilized for the hydrocracking comprises metals or
compounds of metals of the group VIA or the group VIII of the Periodic
Table supported on a supporter comprising 10 to 90 weight % of an iron-

containing aluminosilicate and 90 to 10 weight % of inorganic oxides.

8. A method of treatment of heavy hydrocarbon oil as claimed in Claim 6
wherein the catalyst utilized for the hydrocracking comprises metals or
compounds of metals of the group VIA or the group VIII of the Periodic
Table supported on a supporter comprising 10 to 90 weight % of an iron-
containing aluminosilicate and 90 to 10 weight % of inorganif: oxides.

9. A method of treatment of heavy hydrocarbon oil which comprises
hydrotreating the heavy hydrocarbon oil in the presenée of catalysts,
separating the hydrotreated heavy hydrocarbon oil to vacuum gas oil 1
and vé.cuum residue I by atmospheric and vacuum distillations,
- thermal hydrocracking the vacuum residue I with a slurfy bed,
separating the thermal hydrocracked oil to vacuum-gas- oil II and
vacuum residue II by atmospheric and vacuum distillations and
recycling the vacuum gas oil II and the vacuum gas oil I to a stage
before or after hydrodemetallizing the heavy hydrocarbon oil in the

hydrotreatment, the hydrotreatment comprising hydrodemetallizing
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and hydrocracking the heavy hydrocarbon oil successively and
thereafter hydrodesulfurizing and hydrodenitrogenating the treated

heavy hydrocarbon oil.

10. A method of treatment of heavy hydrocarbon oil which comprises
hydrotreating the heavy hydrocarbon oil in the presence of catalysts,
separating the hydrotreated heavy hydrocarbon oil to vacuum gas -oil 1
and vacuum residue I by atmospheric and vacuum distillations,
thermal hydrocracking the vacuum residue I with a slurry bed,
separating the thermal hydrocfacked oil into vacuum gas oil II and
vacuum residue II by atmospheric and vacuum distillations and
recycling the vacuum gas oil II, the vacuum gas oil I and at least a part
of the vacuum residue II to a stage before or after hydrodemetallizing
the heavy hydrocarbon oil in the hydrotreatment, the hydrotréatment
comprising hydrodemetallizing and hydrocracking the heavy
hydrocarbon oil successively and thereafter hydrodesulfurizing and

hydrodenitrogenating the treated heavy hydrocarbon oil.

11. A method of treatment of heavy hydrocarbon oil as claimed in Claim
- 9 wherein the catalyst utilized for the hydrocracking comprises metals
or compounds of metals of the group VIA or the gmeup VIII of the
Periodic Table supported on a supporter comprising 10 to 90 weight % of
an iron-containing aluminosilicate and 90 to 10 weight % of inorganic

oxides.

This Sheet Has Been Rep o1

BT



R

12. A method of treatment of heavy hydrocarbon oil as claimed in Claim
10 wherein the catalyst utiiized for the hydrocracking comprises metals
or compounds of metals of the group VIA or the group VIII of the
Periodic Table supported on a supporter comprising 10 to 90 weight % of

an iron-containing aluminosilicate and 90 to 10 weight % of inorganic

oxides.

13. A method of treatment of heavy hydrocarbon oil which comprises
separating the heavy hydrocarbon oil to vacuum gas oil and vacuum
residue by vacﬁum distillation, thermal hydrocracking the vacuum
residue with a slurry bed, separating the thermal hydrocracked vacuum
residue to a light fraction and a residue fraction by fractionation and
hydrotreating the residue fraction and the vacuum gas oil in the
presence of catalysts, the hydrdtreétment comprising hydrodemetal-
lizing and hydrocracking the residue fraction and the vacuum gas oil
successively and thereafter hydrodes_ulﬁxrizing and hydrodenitrogen-
ating the treated oil.

14. A method of treatment of heavy hydrocarbon oil which comprises
- separating the heavy hydrocar‘_bon oil to vacuum gas oil and vacuum
residue by vacuum distillation, thermal hydrocrackipg the vacuum
‘residue with a slurry bed, separating the thermal hydrocracked vacuum
residue to a light fraction and a residue fractioﬁ by fractionation,
hydrotreating the residue fraction and the vacuum gas oil in the

presence of catalysts and recycling at léast a part of the residue fraction
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obtained by the fractionation to a stage before or after hydrodemetallizing
in the hydrotreatment, the hydrotreatment comprising hydrode-
metallizing and hydrocracking the residue fraction and the vacuum gas

oil successively and thereafter hydrodesulfuri'zing and hydrode-

nitrogenating the treated oil.

15. A method of treatment of heavy hydrocarbon oil as claimed in Claim
13 wherein the catalyst utilized for the hydrocracking comprises metals
or compounds of metals of the group VIA or the group VIII of the
Periodic Table supported on a supporter comprising 10 to 90 weight % of
an iron-containing aluminosilicate and 90 to 10 weight % of inorganic

oxides.

16. A method of treatment of heavy hydrocarbon oil as claimed in Claim
14 wherein the catalyst utilized for the hydrocracking comprises metals
or compounds of metals of the group VIA or the group VIII of the
Periodic Table supported on a supporter comprising 10 to 90 weight % of
an iron-containing aluminosilicate and 90 to 10 weight % of inorganic

oxides.

This Sheet Has Been Replaced

RGO i




