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DESCRIPTION

CATALYST FOR FLUID CATALYTIC CRACKING OF HYDROCARBON OIL AND
METHOD FOR FLUID CATALYTIC CRACKING OF HYDROCARBON OIL WITH

THE SAME

Technical Field
(00013

The present invention relates to a catalyst for fluid
catalytic cracking of hydrocarbon oil with which gasoline and
a gas oil fraction can be obtained in high yields and a high
degree of bottom cracking and a low coke yield are attained,
and to a method for fluid catalytic cracking of hydrocarbon
oil with it.

Background Art
[0002]

In fluid catalytic cracking of hydrocarbon oil,
catalysts for fluid catalytic cracking containing a silica-
based binder, such as silica sol, as a binding agent have
been developed so far for the purpose of obtaining gasocline
in a high yield and attaining a low coke yield (e.g., see PTL

1) . However, catalysts for Ifluid catalytic cracking that

contain a silica-based binder have been reguired to attain a

higher degree of bottom cracking.
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And, in order to obtain gasoline and a kercsene/light
0il fraction (a kerosene fraction and a light oil fraction,
or light cycle oil; hereinafter, also referred to as "LCO")
and to improve the degree of bottom cracking, in other words,
to reduce the yield of a heavy fraction (heavy cycle cil;
hereinafter, also referred to as "HCO"), catalysts for fluid
catalytic cracking containing an aluminum-compound binder,
such as basic aluminum chloride, as a binding agent are aliso

under development {(e.g., see PTL 2). However, catalysts for

. fluid catalytic cracking that contain an alumina-compound

binder have been required to produce coke in a lower yield.
[0004]

Incidentally, fluid catalytic cracking apparatus (full~
scale apparatus) is usually used with any catalyst for fluid
catalytic cxgcking that may be changed to provide any

intended formulation of resultant oil (e.g., "a high

iy

proportion of gasoline," "a high proportion of light cycle
oil," and so forth). Blso, different kinds of raw material
01l provide different formulations of resultant oil, and thus

the catalyst for fluid catalytic cracking is usually changed

to provide any intended formulation of resultant oil. When

o

he catalyst is changed, the following cases are possible:

ped

——
].”‘,l
—

A catalyst containing a silica-based binder is changed to
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one that contains a different silica-based binder; (2) A
catalyst containing an aluminum-compound binder is changed to
one that contains a different aluminum-compound binder; (3) a
catalyst containing a silica-based binder is changed to one
that contains an aluminum~compound binder; and (4) a catalyst
containing an aluminum-compound binder is changed to one that
contains a silica-based binder. Here, when a catalyst is
changed, some volume of a first catalyst is first taken out
of the apparatus, and then the same wvolume of a second

catalyst is put into the apparatus. In this case, the inside
Y K

of the fluid catalytic cracking apparatus is subjected to a
gradual change in the mixing proportion (mass proportion) of
the first catalyst to the second catalyst, and finally the
content inside the apparatus, the first catalyst, is replaced
with the second catalyst. This has involved changes in
catalytic activity, conversion rate, gasoline yield, and some
other conditions; however, it has believed that these changes
are attributable to a newly added catalyst or operating

conditions of the apparatus.

As for additive catalysts (added catalysts), which are
added to a catalyst for fluid catalytic cracking, these are
intended for supplementing the performance of the catalyst

for fiuid catalytic cracking (e.g., removal of NOx, removal



10

15

20

of 8S0x, resistance against metal, improvement of octane
number, degree of bottom cracking, and so forth), not for
obtaining gasoline and a gas oil fraction in high yields or
attaining a high degree of bottom cracking and a low coke
yield.

Citation List

Patent Literature

[0006]

PTL 1: Japanese Unexamined Patent Application
Publication No. 2007-748

PTL 2: Japanese Unexamined Patent Application
Publication No. 2006-142273
summary
Technical Problem
[0007]

However, known catalysts for fluid catalytic cracking
have had a problem that none of available ones satisfies all
of a high gasoline yield, a high yield of a gas oil fraction,
a low coke yield, and a high degree of bottom cracking.
[0008]

Made under these circumstances, the present disclosure
aims to provide a catalyst for fluid catalytic cracking of
hydrocarbon o0il with which gasoline and a gas oil fraction

can be obtained in high yields and a high degree of bottom
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cracking and a low coke yield are attained, and a method for
fluid catalytic cracking of hydrocarbon oil with it.
Solution to Problem

[0009]

More specifically, the gist of the presgsent disclosure is
as follows:

In a first aspect, there is provided a catalyst for
fluid catalytic cracking of hydrocarbon o0il, comprising a
catalyst composition A that comprises FAU type (faujasite
type) zeolite and 10 to 30 % by mass of a silica-based binder
as a Dbinding agent and a catalyst composition B that
comprises FAU type (faujasite type) zeolite and 10 to 30 % by
mass of an aluminumucompdﬁnd binder as a binding agent, mixed
therein in any mass proportion in the range of 10:90 to 90:10
(Wa:Wg), provided that Wa i1s the mass of the catalyst
composition A and Wy is the mass of the catalyst composition
B.

[1] There is provided a catalyst for fluid catalytic
cracking of hydrocarbon oil, comprising Catalyst Composition
A that comprises zeclite and 10 to 30 % by mass of a silica-
based binder as a binding agent and Catalyst Composition B
that compriseg zeolite and 10 to 30 % by mass of an aluminum-
compound binder as a binding agent, mixed therein in any mass

proportion in the range of 10:90 to 90:10 (Wa:Wp), provided
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that Wa is the mass of the catalyst composition A and W is
the mass of the catalyst composition B.

[2] The catalyst for fluid catalytic cracking of
hydrocarbon oil according to ([1], wherein each of Catalyst
Composition A and Catalyst Composition B has a K value as
expréssed by the following formula (1), which is equal to or
higher than 1.

[0010]

K value = Conversion rate/ (100-Conversion rate) (1)

where the conversion rate is expressed by the following

formula (2);
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{o011]

Conversion rate (% by magg) = (a-b)/a x 100 (2)

where the symbol “a” represents the mass of raw material
oil, and “b” represents the total mass of light cycle oil and
heavy cycle oil.

[3] The catalyst for fluid catalytic cracking of
hydrocarbon oil according to [1] or [2], wherein, when the K
values for Catalyst Composition A and for Catalyst
Composition B are expressed as "K," and "Kz" respectively, the

ratio of Kp:Kp is in the range as shown in the following
formula (3);
[0012]

Ka:Kpg=1:0.5 to 1:1.5 (3).

[4] The catalyst for fluid catalytic cracking of
hydrocarbon oil according to any of [1] to [3], wherein, when
the K value for the above catalyst is expressed as “K,”, the
Kn is greater than the K value for Catalyst Composition A (Ka)
and the K value for Catalyst Composition B (Kg).

[5] The catalyst for fluid catalytic cracking of
hydrocarbon oil according to any of [1] to [4], wherein a
gasoline yield by use of the above catalyst, when it is
expressed as “Gy”, 1s greater than a gasoline yield by use of
Catalyst Composition A, when it is expressed as “Gy” and a

gasoline yield by use of Catalyst Composition B, when it is
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expressed as “Gg”.

[6] The «catalyst for fluid «catalytic cracking of

“hydrocarbon oil according to any of ([1] to [3], wherein the

above silica-based binder is one or more of the binding
agent (s) selected from the group consisting of a silica sol,
a water glass, and an acildic liguid of silicic acid.

{7)] The catalyst for fluid catalytic cracking of
hydrocarbon oll according to any of [1] to [6], wherein the
aluminum-compound binder is one or more of the binding
agent (s) selected from the group consisting of the following
compound (a) to {c);

(a) Basic aluminum chloride,

(b} Aluminum biphosphate,

(c) Alumina sol.

(8] The catalyst for fluid catalyti

0
0
=
py
9]
=
*_3.
o]
te]
O
Fh

hydrocarbon oil according to any of [1] to [7], wherein the
zeolite has a crystal structure selected from the group
consisting of FAU type (faujasite type), MFI type, CHA type,
and MOR type, or a mixture thereof and is contained in
Catalyst Composition A and Catalyst Composition B in the
range of 15 to 60 % by mass respectively on a catalyst basis.
[9] The catalyst for fluid catalytic cracking of
hydrocarbon oil according to [B], wherein the zeolite, when

it has a crystal structure of the FAU type, is any one of
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hydrogen Y—typé zeolite (HY), ultrastable Y-type zeolite
(USY), rare-earth exchanged Y-type zeolite (REY), and rare-
earth exchanged ultrastable Y-type zeolite (REUSY).

[10] The catalyst for fluid catalytic cracking of
hydrocarbon oil according to any of [1] to [9], wherein
Catalyst Composition A and Catalyst Composgition B further
comprise, besides the zeclite and the binding agent, a clay
mineral.

In a second aspect, there is provided a method for fluid
catalytic cracking of hydrocarbon oil, with use of the above
catalyst as defined above.

{11} There 1is provided a method for fluid catalytic
cracking of hydrocarbon oil, with use of the above catalyst
according to any of [1] to [10].

[12] The method for fluid <catalytic cracking of
hydrocarbon oil according to [11], wherein the hydrocarbon
0il comprises a residual oil.

[13] The method for fluid catalytic cracking of
hydrocarbon oil according to [12], wherein the hydrocarbon
oil comprises vanadium and nickel being equal to or more than

0.5 ppm by mass for each.
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[14] The method for fluid catalytic cracking of
hydrocarbon oil according to any of (111 to [13], wherein the
above catalyst comprises vanadium and nickel being equal to
or more than 300 ppm by mass for each.

Advantageous Effects

[0013]



10

15

20

A catalyst for fluid catalytic cracking of hydrocarbon oil
according to the present disclosure comprises two catalyst
compositions for cracking of different kinds of oil, more
specifically, Catalyst Composition A comprising a silica-
based binder and Catalyst Composition B comprising an
aluminum-compound binder, mixed therein. This means that in
fluid catalytic cracking of hydrocarbon oil, oil cracked by
one of the catalyst compositions can be further cracked by
the other catalyst composition, and thus oil left after
cracking is lighter than ever; as a result, gasoline and a
gag oil fraction can be obtained in high yields, coke is
produced in a low yield, and the degree of bottom cracking
can be high enough to prevent the formation of heavy cycle
oil.

[0014]

In particular, when the raw material oil is heavy oil,
which contains large amounts of vanadium, nickel, and other
metals poisonous to catalysts, alumina contained in Catalyst
Compogition B, which comprises an alumina-compound binder,
binds to these poisonous metals to detoxify them, and thus
Catalyst Composition A, which ;omprises a silica-based binder,
becomes unlikely to be poisoned by the poisoning metals; as a
regult, a high gasoline yield and a high yield of a gas oil

fraction as well as a high degree of bottom cracking are
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achieved while the high gasoline yield and a low coke yield
are maintained.

Brief Description of Drawings

[0015]

[Fig. 1] Fig. 1 is a plot of ¥ values obtained for an
example of the present invention.

[Fig. 2] Fig. 2 1is a plot of gasoline yields obtained
for an example of the present invention.

Description of Embodiments
[0016]

A catalyst for fluid catalytic cracking of hydrocarbon
0il according to an embodiment of the present invention
comprises Cataiyst Composition A that comprises zeolite and
10 to 30 % by mass of a silica-based binder as a binding
agent and Catalyst Composition B that comprises zeolite and
10 to 30 % by mass of an aluminum-compound binder as a
binding agent, mixed therein in any mass proportion in the
range of 10:90 to 90:10 (Wa:Ws), provided that Wp is the mass
of Catalyst Composition A and Wg 1s the mass of Catalyst
Composition B. The following details the individual catalyst
compositions.

[0017]
Incidentally, fluid catalytic cracking apparatus (full-

scale apparatus) sometimes reaches the above-mentioned mass
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proportion during the change from a catalyst comprising a
silica-based binder to one that comprises an aluminum-
compound binder and vise versa because of gradual addition oif
the replacing catalyst. However, this i1s not the case in the
present invention because a catalyst mixture having a fixzed
mass proportion is continuously added and thus the mass
proportion of catalyst compounds in the apparatus is kept
constant.

[0018]

Also, the catalyst used in the present invention is a
mixture of catalyst compositions each comprising a different
binder. These catalyst compesitions are intended for
initiating fluid catalytic cracking and thus are different
from additive catalysts (added catalysts), which are added to
a catalyst for fluid catalytic cracking to supplement the
catalyst's performance.

[Catalyst Composition A]

Catalyst Composition A comprises, for example, 15 to
60 % by mass, preferably 20 to 50 % by mass of zeolite, 10 to
30 % by mass, preferably, 15 to 25 % by mass of a silica-
based binder as a binding agent, and inorganic oxides other
than zeolite as the balance.
<<Silica-based RBRinder>>

The silica-based binder can be any one of or two or more
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of silica sol, water glass (sodium silicate), and silicic

acid liguid. And, silica scl can be produced from water

A

b

glass. For example, silica sol comprising Si0; at a
concentration in the range of 10 to 15 % by mass can be
prepared by adding water glass comprising S5i0; at a
concentration in the range of 12 to 23 % by mass and sulfuric

acid having a concentration in the range of 20 to 30

o

by
mass simultaneously and continuously.

<<LZeolite>>

The zeolite used here can be any kind of zeolite
commonly used in a catalyst for catalytic cracking of
hydrocarbon oil, for example, any one of or two or more of
FAU type (faujasite type; e.g., Y-type zeolite, X-type
zeolite, and sco forth), MFI type (e.g., ZSM-5, T5-1, and so
fortn), CHA type (Examples are chabasite, SAP0O-34, and so
forth), and MOR type {(e.g., mordenite, Ca-Q, and so forth).
The FAU type is particularly preferable. Faujasite-type
zeolite includes hydrogen Y-type zeolite (HY), ultrastable Y-
type zeolite (USY), rare-earth exchanged Y-type zeolite (REY),
and rare-earth exchanged ultrastable Y-type zeolite (REUSY).
The latter two types of zeolite can be obtained by making HY
and USY carry rare-earth metals by ion exchange or some other

means.
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When the content ratio of zeolite to Catalyst
by mass, the cracking

Composition A is lower than 15 %
exceeds 60 % by mass, the

When i1t

activity is often low.
bulk density is often high, leading to a decreased strength.

5 <«<Inorganic Oxides>>

The inorganic oxides can be, besides kaolin and other

activated alumina, porous silica, rare-earth
(metal-trapping

clay minerals,
and metal capture agents

metal compounds,

agents) .

3

o3

[0020]
Bny rare-earth metal oxide may be contained in Catalyst
content ratio in the

at a

Composition A, in the form of RE,0;,
0.5 to 2.0 % by mass. Rare-earth metals used here
praseodium (Pr), and

range of

(Ce},

lanthanum (La),

include cerium
and Catalyst Composition A may carry any one

15 neodymium (Nd),
of or two or more of these as metal oxides.
(00217
The following describes an example of the manufacturing
ethod of Catalyst Composition A. First, kaolin, porous
20 silica powder, and activated alumina are added to silica sol
mentioned above {an example of tThe silica-based binder), and
Y-type zeolite (USY) prepared with
of 3

-
i

ultrastable

then slurry of
by mass sulfuric acid to have pH in the range
This slurry

o3
6]

20 to 30
a slurry mixture is prepared.

this way,

[

.
T in t

o 5;
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mixture is spray-dried to form spherical particles. The
obtained spherical particles are washed, brought into contact
with an agueous solution of a rare earth metal (RE) chloride
for ion exchange for the content ratio of RE,O3 fLo be in the
range of 0.5 to 2.0 % by mass, and then dried; in this way,
Catalyst Composition A is obtained. The average particle
diameter of Catalyst Composition A obtained is not
particularly limited as long as the composition can be mixed
with Catalyst Composition B described later; however, it is
on the order of 60 to 70 pm.

[Catalyst Compound B]

bt

Catalyst Composition B comprises, for example, 15 to
60 % by mass, preferably 20 to 50 % b§ mass of zeolite, 10 to
30 % by mass, preferably 15 to 25 % by mass of an aluminum-
compound binder as é binding agent, and inorganic oxides
other than zeollite as the balance.
<<Aluminum-compound Binder>>

The aluminum-compound binder can be (a) basic aluminum
chloride, (b) aluminum biphosphate? or (c) alumina sol. A
solution obtained by dissolving any kind of or two or more
kinds of crystalline alumina, such as gibbsite, bayerrite,
and boehmite, in an acid solution may be used as the

aluminum-compound binder instead.

(00221
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Here, basic aluminum chloride is expressed by Formula 4.
[0023]

[AL; (OH) nClg-nln (4)

(where, 0<n<6 and 1<m<g10, preferably, 4.8<n<5.3 and 3sm<7,
and the symbol m represents a natural number.)

Aluminum biphosphate, also referred to ag aluminum
dihydrogen phosphate or primary aluminum phosphate, is
expressed by Al ({H;PO4);. Alumina sol can be produced by, for
example, pH adjustment of pseudoboehmite-type alumina with an
acid.
<<Zeolite and Inorganic Oxidess>>

Zeolite and inorganic oxides that can be used for
Catalyst Composition B are the same as those for Catalyst
Composition A described above and can be prepared in the same
content ratios as those for Catalyst Composition A.

[0024]

The following describes an example of the manufacturing
method of Catalyst Composition B. First, kaolin, activated
alumina, and USY slurry are added to, for example, a solution
of basic aluminum chloride with an Al,0; concentration in the
range of 20 to 25 % by mass; in this way, a slurry mixture is
prepared with a slurry concentration in the range of 35 to
45%. This slurry mixture is spray-dried to form spherical

particles. These spherical particles are washed, brought
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into contact with a solution of a rare earth metal chloride
for ion exchange for the content ratio of RE0; to be in the
range of 0.5 to 2.0 % by mass, and then dried; in this way,
Catalyst Composition B is obtained. The average particle
diameter of Catalyst Composition B obtained is not
particularly limited; however, it is on the order of 60 to 70
pm.
[Catalyst for Fluid Catalytic Cracking)

A catalyst for fluid catalytic cracking according to thé

present invention 1s a mixture obtained by mixing Catalyst

Compesition A and Catalyst Composition B in any mass

proportion in the range of 10:90 to 90:10 (Wai:Wz), provided

that W, 1s the mass of Catalyst Composition A and Wy is the

mass of Catalyst Composition B. When the mass proportion of
the catalyst compositions deviates from the specified range,
the difference from the case where the catalyst compositions
are individually used for £luid catalytic cracking is small,
and thus an explicit advantage is unlikely to be obtained.
Note that the mixing proportion (mass proportion) of Catalyst

Composition A and Catalyst Composition B is preferably

determined in such a manner that the cracking products

4

obtained by cracking of hydrocarbon oil using this catalyst

for fluid catalytic cracking (in particular, gasoline and

LCO) can have intended formulations (yields).
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iMethod for Fluid Catalyt
Fluid catalytic cracking based on a catalyst for fiuid
invention can be

performed under ordinary conditions for fluid catalytic
the conditions

catalytic cracking according to the preser
For example,

cracking of hydrocarbon oil.

5
described below can be suitably used.

[0025]
The raw material oil for catalytic cracking can be
for example, hydro

ial hydrocarbon oil,

Fo

e

ordinary raw mate
desulfurized vacuum gas oil (DSVGO) or vacuum gas oil (VGO),

10
oil such as residual oil of atmespheric
vacuum distillation (VR),
(DSAR),

of
tion

or residual

distillation (AR), residual oil

desulfurized residual oil of atmospheric distilla
j (DSVR), and

desulfurized residual oil of vacuum distillation
oil can be used

15 deasphaltened oil (DAO). These kinds of
in combination thereof. A catalyst for fluid
ng to the present invention can

alone or
: ing accordi
process any residual oil that contains nickel and vanadium at

ly

catalytic crack
to or higher than 0.5 ppm by mass each,

a content ratio egual
and can be used with apparatus for fluid catalytic cracking
or RFCC), which involves the use

(Resid FCC,
Note here that when a known catalyst

20
of residual oil
of reéidual cil alone
for fluid catalytic cracking is used with RFCC, nickel and
vanadium contained in residual oil adhere fo the catalyst and
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reduce the activity of it; however, with a catalyst for fluid
catalytic cracking according to the present invention, even
processing of any residual oil that contains vanadium and
nickel at a content ratio equal to or higher than 0.5 ppm by
mass each would not affect the excellent catalytic
performance of the catalyst. Furthermore, a catalyst for
fluid catalytic cracking according to the present invention

keeps its catalytic performance even when it contains

vanadium and nickel at a content ratio egual to or higher

b

than 300 ppm by mass each. The maximum acceptable limit of
vanadium and nickel contained in a catalyst for fluid
catalytic cracking according to the present invention is
about 10000 ppm by mass each.
[0026]

As for reaction temperature for catalytic cracking of
the above-mentioned raw material hydrocarbon oil, a

temperature in the range of 470 to 550°C is suitably used.

~h

As

or reaction pressure, a pressure on the order of 1 to 3

kg/cm? is usually preferable. The mass proportion of
catalyst/oll (catalyst/oill ratio) is preferably in the range
of 2.5 toc 7.0, and the contact time is preferably in the
range of 10 to 60 hr™*.

<<K wvalue>>

The K value can be determined in the following way: Raw
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material oil is catalytically cracked by the method described
above, the fractions having a boiling point higher than that
of gasoline (on the order of 30 to 220°C), or light cycle oil
(LCO) and heavy cycle oil (HCO), are weighed, the conversion
rate is determined from the mass of the raw material oil and
the total mass of LCO and HCO by Formula (2), and then the K

value 1s determined from the conversion rate by Formula (1).

{0027}
K value = Conversion rate/(100~Conversion rate) (1)
Conversion rate (% by mass) = (a-b)/a x 100 (2)

where the symbol “a” represents the mass of raw material
oil, and “b” represents the total mass of light cycle o0il and
heavy cycle oil.

[0028]

Here, the K values for Catalyst Composition A and
Catalyst Composition B (K, and Kz, respectively) are at least
1 (conversion rate: 250%), preferably equal to or higher than
1.5 (conversion rate: 260%), and more preferably equal to or
higher than 2.3 (convergion rate: 270%). Any K value for
Catalyst Composition A or Catalyst Composition B being less
than 1 (conversion rate: <50%) results in low yields of
gasoline and LCO and thus is impractical.

[0029]

Also, the K values for Catalyst Composition A and



10

[
(&)

20

20

Catalyst Composition B follow a relationship of Ka:Kz in the
range of 1:0.5 to 1:1.5, preferably 1:0.8 to 1:1.2, and more

preferably 1:0.9 to 1:1.1. In the case where Ki:Kz i3

fomed

:<0.5(lower than 0.5} or Kp:Kg is 1:>1.5(higher than 1.53),
the difference in K value between the two catalyst
compositions 1s too great, and thus it is difficult to exceed
Ka and ¥g.

[0030]

Fh

Additionally, the K value

¢t

or the catalyst for fliuid
catalytic cracking (Ky) 1s preferably greater than the K
value for Catalyst Composition A (K,) and the K value for
Catalyst Composition B (Kg).
<<Gasoline Yield G>>

The gasoline yield for the catalyst for fluid catalytic

cracking, Gm, 1s preferably greater than the gasoline yield

for Catalyst Composition A, Gi, and the gasoline yield for

Catalyst Composition B, Gg. The gasoline yield mentioned here
is calculated from the mass of gasoline obtained by catalytic
cracking of raw material performed by the method described
above and the mass of the raw material oil.

[0031]

£
-

In addition, a catalyst for fluid catalytic cracking
according to The present invention often provides LCO in a

higher yield, and hydrogen, C1+C2, LPG, HCO, and coke in
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lower yields than Catalyst Composition A or Catalyst
Composition B used alone does. In other words, the use of a
catalyst for fluid catalytic cracking according to the
present invention, when ﬁompared.with the use of Catalyst
Composition A or Catalyst Composition B alone, often
increases the yields of liquid fuels, such as gasoline and

LCO, but decreases the yields of gas, heavy oil, coke, and so

h

orth.
EXAMPLES
[0032]
[Production of Silica-based Binders]
<<Catalyst Composition A;>>

Silica sol comprising Si0O; at a concentration of 12.5 %
by mass (an example of the silica-based binder) was prepared
with a weight of 4000 g by adding 2941 g of water glass
comprising Si0; at a concentration of 17 % by mass and 1059 g
of sulfuric acid having a concentration of 25 % by mass
simultaneously and continuously. To this silica sol, 800 g
of kaoclin, 175 g of porous silica powder, and 250 g of
activated alumina, the weights on a dry weight basis, were
added, and then 800 g of slurry of ultrastable Y-type zeolite
(USY) prepared with 25 % by mass sulfuric acid to have pH of

3.9 was added; in this way, a slurry mixture was prepared.

This slurry mixture was spray-dried to form spherical



10

15

22

Jrt

particles having an average particle diameter of 60 um.
[0033]

The obtained spherical particles were washed, brought
into contact with an agqueous solution of a rare earth meta
(RE) chloride (this solutlon contained chlorides of cerium
and lanthanum; the same applies hereinafter) for ion exchange
for the content ratio of RE;03 to be 1.0 % by mass, and then
dried in an oven at 135°C. 1In this way, Catalyst Compesition
A; was prepared.

[0034]

The formulation of Catalyst Composition A; was as

follows: Si0; of silica sol origin: 20 % by mass; kaolin:

32 % by mass; Si0, of porous silica powder origin: 7

e

oy
mass; activated alumina: 10 & by mass; USY: 30 % by mass.
The properties of Catalyst Composition A; are shown in Table
1.
<<Catalyst Composition Ay>>

Silica sol comprising Si0; at a concentration of 12.5 %
by mass (an example of the silica-based binder) was prepared
with a weight of 4000 g by adding 2941 ¢ of water glass
comprising 810, at a concentration of 17 % by mass and 1059 ¢
of sulfuric acid having a concentration of 25 % by mass
simultaneously and continuously. To this silica sol, 800 g

of kaolin, 175 g of porcus silica powder, and 250 g of
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activated alumina, the weights on a dry weight basis, were

added, and then 800 g of slurry of RE ultrastable Y-type

e

zeolite (REUSY) prepared with 25 by mass sulfuric acid to
have pH of 3.9 was added as Y-type zeclite; in this way, a
slurry mixture was prepared. This slurry mixture was spray-
dried to form spherical particles having an average particle
diameter of 60 um.

[0035]

The obtained spherical particles were washed and then
dried in an oven at 135°C. 1In this way, Catalyst Composition
A, was prepared. The properties of Catalyst Composition A;
are shown in Table 1.
<<Catalyst Composition Az>>

To 2941 g of water glass comprising $10; at a
concentration of 17 % by mass (an example of the silica-based
binder), 800 g of kaolin, 175 g of porous silica powder, and
250 g of activated alumina, the weights on a dry weight basis,
were added, and then 800 g of siurry of RE ultrastable Y-type
zeolite (REUSY) prepared with 25 % by mass sulfuric acid to
nave pH of 3.9 as Y-type zeolite was added; in this way, a
slurry mixture was prepared. This slurry mixture was spray-
dried to form spherical particles having an average particle
diameter of 60 um.

[00306]
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The obtained spherical particles were washed and then
dried in an oven at 135°C. In this way, Catalyst Composition
A; was prepared. The properties of Catalyst Composition As

are shown in Table 1.

5 [0037]
[Table 1]
Table 1
Compoesition | Compoesition Composition
Ay B, By
| zZeolite usy REUSY REUSY
Binderx Silica sol Silica sol Water glass
Chemical properties
0,
Loss on carcination % by 13.6 12.6 4.6
mass
% by
1 2
Al,0; 4 30.4 28.8 28.0
% by i
2 . . 3.7
RE,O3 ase 0.99 3.70 8
% by
15
Na,0 N~ 0.13 ¢.1 0.23
% by
2 2 n
SO4 mass O 2_4 0-02 v 36
Physical properties
Specific surface area /g | 259 263 238
| Bulk specific gravity g/m | 0.73 0.65 C.867

10 [0038]

Note that the specific surface asrea and the bulk
specific gravity were measured by the BET method and UOP
Method 254-65, respegtively. And, the loss on carcination
represents a decrease in mass observed after carcination at

15 1000°C for one hour. (The same applies hereinafter.)

[Production of Aluminum-compound BRinders]
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<<Catalyst Composition Bi;>>
(an

To 1201 g of a basic aluminum chloride solution
by mass

%

£ kaolin,

comprising Al,0z at a concentration of 23.3

example of the asluminum-compound binder), 840 g o
and 640 g of USY slurry were

260 g of activated alumina,
slurry mixture was prepared with a

5
in this way, a
This slurry mixture was spray-

added;
average particle

slurry concentration of 41%.

an

es having

o
4

dried to form spherical partic
These spherical particles were washed,
earth

diameter of 60 pm.
brought into contact with an agueous solution of a r
for the content ratio of REO3
In

ion exchange

10
for
and then dried in an oven at 135°C.

metal chloride

to be 1.0 % by mass,
this way, Catalyst Composition Bl was prepared. The

formulation of Catalyst Composition B: cobtained was as
basic aluminum chloride solution origin:
activated alumina: 13 %

15 follows: Alx03 ©
14 % by mass; kaolin: 41 % by mass;
by mass; USY: 32 % by mass. The properties of Catalyst

in Table 2.

Composition By are shown

<<Catalyst Composition Bx>>
To 1201 g of a basic aluminum chloride solution
% by mass {(an

0
uomprisin Alﬁh at a concentration Oz 23.3
£ g 3
840 g of kaolin,

the aluminum-compound binder),
and 640 g of REUSY slurry as Y-

Fh

example ©

260 g of activated alumina,
type zeolite were added; in this way, a slurry mixture was
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prepared with a siurry concentration of 43%. This slurry
mixture was spray-dried to form spherical particles having an
average particle diameter of 60 um. These spherical
particles were washed and then dried in an oven at 135°C. 1In
this way, Catalyst Composition B; was prepared. The
properties of Catalyst Composition B, are shown in Table 2.
<<Catalyst Composition Bs>>

Alumina sol {an example 0f the aluminum-compound binder)
was prepared by adding 63% nitric acid to 2400 g of an
agqueous solution of pseudoboehmite-type alumina (Catapal-A, a
product from Sasol) comprising Al,0; at a concentration of
12.5 % by mass until pH was 3.0. To this alumina sol, 840 ¢
of kaoliﬁ, 260 g of activated alumina, and 640 g of REUSY
slurry as Y-type zeolite were added; in this way, a slurry
mixture was prepared with a slurry concentration of 43%.
This slurry mixture was spray-dried to form spherical
particles having an average particle diameter of 60 um.
These spherical particles were carcinated in an electric
furnace at 600°C. 1In this way, Catalyst Composition B3 was
prepared. The properties of Catalyst Composition B; are shown
in Table 2.
<<Catalyst Composition Bs>>

To 1723 g of a 17.4 % by mass aluminum biphosphate

solution {an example of the aluminum-compound binder), 840 g
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of kaolin, 260 g of activated alumina, and 640 g of

slurry as Y-type zeolite were added; in this way, a

mixture was prepared with a slurry concentration of 43%.

cal

l_.r -

This slurry mixture was spray-dried to form spher

5 9particles having an average particle diameter of 60 um.
These spherical particles were carcinated in an electric
furnace at 600°C. In this way, Catalyst Composition By was
prepared. The properties of Catalyst Composition By are shown
in Table 2.
10 [0039]
{Table 2]
Table 2
CompositioniComposition|Composition|Composition
Bj BQ :‘.33 B4
Zeollite JsSy REUSY REUSY REUSY
Binder ACH ACH Alumina sol e%umlnum
biphosphate
Chemical properties
Loss on carcination mass$ 17.3 14.3 3.7 4.4
Als0z mass 49.7 40.2 40.4 38.8
RE20, mass$ 0.97 3.78 3.81 3.17
Nas mass? 0.26 .15 0.18 0.17
80, ___mass$ 2.64 2.33 0.03 0.08
Physical propercies
Specific surface area mwl/gl 261 274 283 156
Bulk specific gravity g/ml .73 0.78 0.67 0.56
[0040]
15 <<Experiment 1l: A3-B;>>

[}

(Example 1: Catalyst
Catalyst Compesition A and Catalyst Composition B; were

nixed in a mass proportion of 70:30 on a dry weight basis to



=
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form Catalyst for Fluid Catalytic Cracking 1.
(Example 2: Catalyst 2)

Catalyst Composition A; and Catalyst Composition B; were
mixed in a mass proportion of 50:50 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 2.

(Example 3: Catalyst 3)

Catalyst Composition A; and Catalyst Composition B; were
mixed in a mass proportion of 30:70 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 3.

(Comparative Example 1: Catalyst 4)

Catalyst Composition A; was used as Catalyst for Fluid
Catalytic Cracking 4.

(Comparative Example 2: Catalyst 5)

Catalyst Composition B; was used as Catalyst for Fluid
Catalytic Cracking 5.

(Test 1)

With Catalysts for Fluid Catalytic Cracking 1 to 5,
catalytic cracking reaction test was performed using a pilot

reaction test unit (a product from ARCO) with the same raw

83}
s

materi 0il and under the same reaction conditions. The
pilot reaction test unit, which had a circulation moving bed
for the circulation of a catalyst inside and alternately

repeated reaction and catalyst regeneration, was a simulator

of apparatus for fluid catalytic cracking in commercial use.
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(The same also applies to the examples described below.)
First, prior to the reaction test, Catalysts for Fluid
Catalytic Cracking 1 to 5 were pretreated by the cyclic metal

deposition (CMD) method in such & manner that theyv should
P

=

-

each contain vanadium octylate and nickel octylate at, on a
mass basis, 4000 ppm by mass in terms of vanadium and 2000

ppm by mass in terms of nickel, respectively. Here, the CMD

E.._

method is a method in which impregnation of a catalyst for
fluid catalytic cracking with small amounts of vanadium and
nickel and subseguent regeneration of the catalyst for fluid
catalytic cracking at a high temperature are repeated until
vanadium and nickel depositions reach a target concentration
in the catalyst for fluid catalytic cracking, and fhen
oxidation and reduction are repeated at a high temperatu
the range of 400 to 800°C; this method is a simulator of
apparatus for fluid catalytic cracking in commercial use.
(The same also appiies to the examples described below.)
The fluid catalytic cracking mentioned here was

performed under the reaction conditions shown in Table 3.
Table 4 and Figs. 1 and 2 show the results of reaction. In
Table 4, the calculations fbr Catalysts 1 to 3 were derived
(by the weighed average method) from the result of reaction

test for Catalyst 4 (i.e., Catalyst Composition A; only),

[@x

that for Catalyst {i.e., Catalyst Composition B; only), and



the mixing proportion of catalysts. (The same also applies
to the examples described below.) Note that the K values
were calculated from the conversion rates.

[0041]

5 The ¥ values and gasoline yields shown in Table 4 are
plotted in Figs. 1 and 2, respectively. Note that in Figs. 1
and 2, the symbol "HE" represents measurements, and ®
'represents "calculations." As shown in Table 4, with
Catalysts 1 to 3, "Gasoline"™ and "LCO" were obtained in high

10  yields, and "HCO" and "Coke"” were in low yiélds, compared
with the calculations. In Fig. 1, examples with a mass
proportion of Catalyst Composition A; in the range of 10 to
40 % by mass {(in other words, tﬁe ratic Wa:Wps in the range of

10:90 to 40:60) provided a K value for Catalyst 1 (K,) higher

I,__\
(@)}

than those for Catalyst Composition A; (Ka) and Catalyst

-y
43

Composition B; (Kg). In Fig. 2, examples wit mass
proportion of Catalyst Composition Al in the range of 10 %o
90 % by mass (in other words, the ratio Wp:Wg in the range of
10:90 to 90:10) provided a gasoline yield for Catalyst 1

20 higher than each of those for Catalyst Composition A; and
Catalyst Composition Bi.

[0042]

[Table 3]



Table 3

Reaction temperature |520°C
Regeneration o
temperature 670 °C

Raw material oil

Desulfurized Atmosphere residual
cil (DSAR)

Nickel content 2 ppm by mass
Vanadium content 2 ppm by mass

Catalyst/0il ratio

7 % by mass/% by mass
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[Table 4]
Table 4
Catalyst 1 Catalyst 2 Catalyst 3 Catalyst 4 | Catalyst 5
Catalyst
Composition 70 50 30 100 0
Ay
Catalyst
Composition 30 50 70 0 100
By -
Measurement |Calculation|Measurement | Calculation | Measurement | Calculation | Measurement | Measurement
COMVErsion ol 72,9 72.6 73.2 72.8 73.5 73.0 72.2 73.4
rate
K value 2.69 2.64 2.73 2.68 2.717 2.71 2.60 ~ 2.76 ~
Hydrogen % 0.51 0.54 0.51 0.55 0.52 0.55 0.53 0.56
Ci+C2 % 2.3 2.4 2.3 2.4 2.3 2.4 2.3 2.5
LPG % 13.3 13.6 13.2 13.6 13.2 13.5 13.7 - 13.4
Gasoline % 52.9 50.8 52.3 51.0 52.5 51.2 50.6 51.4
LCO % 18.6 18.5 18.7 18.6 18.8 18.7 18.3 18.8 .
HCO % 8.5 9.0 8.1 g.7 7.7 8.3 9.5 7.8
Coke % 4.8 5.2 4.8 5.3 4.9 5.4 5.0 5.5

4
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Note the following:
- Conversion rate (% by mass)=(a-b)/a x 100
a: Mass of raw material oil
5 b: Total mass of light cycle oil (LCO) and heavy cycle

oil (HCO)

1

K value=Conversion rate/(100-Conversion rate)

Hydrogen (% by mass)=c/a x 100
c: Mass of hydrogen in the gas produced

10

Cl+C2 (% by mass)=d/a x 100
d: Mass of Cl (methane) and C2Z (ethane and ethylene) in
the gas produced
- LPG (ligquefied petroleum gas; % by mass)=e/a x 100
e: Mass of propane, propylene, butane, and butylene in
15 the gas produced

K~

- Gasoline (% by mass)=f/a x 100
f: Mass of gasoline (boiling point range: the beiling
point of C5 (butane) (20°C) to 204°C) in the o0il produced
- LCO (% by mass)=g/a x 100
20 g: Mass of light cycle oil (boiling point range: 204 to

343°C) in the oil produced

- HCO (% by mass)=h/a x 100

foms
.

Mass of heavy cycle oil (boiling point range: 2343°C)

in the o©0il produced
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~ Coke (% by mass)=1/a x 100
Mass of coke precipitated on the catalyst mixture

it
The same also applies to the examples described below.

<<Experiment 2: A;-By>>

4: Catalyst 6)
Catalyst Composition A; and Catalyst Composition B, were
ht basis to

i

(Example
mass proportion of 70:30 on a dry weight

-

@

mixed in
form Catalyst for Fluid Catalytic Cracking 6.

(Exanmple 5: Catalyst 7)
Catalyst Composition A; and Catalyst Composition B; were

10
mixed in a mass proportion of 50:50 on a dry weight basis to

form Catalyst for Fluid Catalytic Cracking 7.

(Example 6: Catalyst 8)
yst Composition A; and Catalyst Composition B; were

ey 7
Latal

mass proportion of 30:70 on a dry weight basis to

15 mixed in a
form Catalyst for Fluid Catalytic Cracking 8.
(Comparative Example 3: Catalyst 9)
Catalyst Composition A; was used as Catalyst for Filuid
Cracking 9.
Fluid

Catalytic
Catalyst 10)

20 (Comparative Example 4
Catalyst Composition B; was used as Catalyst for

Catalytic Cracking 10.

{(Test 2)
With Catalysts for Fluid Catalytic Cracking 6 to 10,
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fluid catalytic cracking was performed as in Test 1. Table 5
shows the results of reaction. As shown in Table 5, with
Catalysts 6 to 8, "Gasoline" and "LPG" were obtained in high
yields, and "HCO" and "Coke" were in low yields, compared

with the calculations.
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[Table 5]
Table 5
Catalyst 6 Catalyst 7 Catalyst 8 Catalyst 9 | Catalyst 10
Catalyst
Composition 70 50 30 100 0
Ay
Catalyst
Composition 30 50 70 0 100
By
Measurement | Calculation |Measurement| Calculation | Measurement {Calculation| Measurement | Measurement
Conversio o 77.7 77.5 78.6 78.2 79.2 78.9 76. 4 79.9
n rate
K value 3.48 3.43 3.67 3.58 3.81 3.73 3.24 3.98
Hydrogen % 0.35 0.36 0.35 0.37 0.36 0.37 0.35 0.38
Cl+C2 % 2.3 2.3 2.4 2.4 2.4 2.4 2.3 2.4
LPG % 18.8 18.7 19.0 18.8 19.0 18.9 18.5 18.1
Gasoline % 47.8 47.5 48.2 47.8 48.5 48.1 47.0 48.5
LCO % 13.4 13.3 13.4 13.4 13.4 13.4 13.3 13.4
HCO % 8.9 9.2 8.0 8.5 7.4 7.8 10.3 6.7
Coke % 8.4 8.6 8.6 8.9 8.9 9.1 8.2 9.5

9¢
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[004¢6]
<<Experiment 3: A;-B3>>
(Example 7: Catalyst 11)

Catalyst Composition A, and Catalyst Composition By were
nixed in a mass proportion of 70:30 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 11.

(Example 8: Catalyst 12)

Catalyst Composition A; and Catalyst Composition B; were
mixed in a mass proportion of 50:50 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 12.

(Example 9: Catalyst 13}

Catalyst Composition A, and Catalyst Composition B3 were
mixed in a mass proportion of 30:70 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 13.

(Comparative Example 5: Catalyst 14)

Catalyst Composition Bs was used as Catalyst for Fiuid
Catalytic Cracking 14.

(Test 3)

With Catalysts for Fluid Catalytic Cracking 9 ana 11 to
14, fluid catalytic cracking was performed as in Test 1.
Table 6 shows the results of reaction. As shown in Table o,
with Catalysts 11 to 13, "Conversion rate,” "Gasoline," and
"LPG" were obtained in high vields, and "HCO" and "Coke" were

in low yields, compared with the calculations.
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[Table 6]
Table 6
Catalyst 11 Catalyst 12 Catalyst 13 Catalyst 9 | Catalyst 14
Catalyst
Composition 70 50 30 ioo 0
Ay
Catalyst
Composition 30 50 70 0 100
B3 )
Measurement| Calculation | Measurement | Calculation | Measurement | Calculation |Measurement | Measurement
conversio 77.6 77.2 78.0 77.7 78.5 78.2 76.4 78.9
n rate
K value 3.46 3.38 3.55 3.47 3.65 © 3.58 3.24 3.74
Hydrogen % 0.35 0.36 0.35 0.36 0.36 0.36 0.35 0.37
Cl+C2 % 2.3 2.3 2.4 2.4 2.4 2.4 2.3 2.4
LPG % 18.9 18.9 19.0 18.9 19.0 18.9 18.8 19.0
Gasoline % 47.8 47.3 48.0 47.6 48.1 47.8 47.0 48 .1
LCO %) 13.4 13.3 13.4 13.4 13.4 13.4 13.3 13.4
HCO 3 9.0 9.5 8.6 9.0 8.1 8.5 10.3 7.7
Coke % 8.2 8.4 8.3 8.6 8.6 8.8 8.2 9.0

8¢
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[0048]
<<Experiment 4: A;-Bs>>
(Example 10: Catalyst 15)

Catalyst Composition A; and Catalyst Composition B, were
mixed in a mass proportion of 70:30 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 15.

(Example 11: Catalyst 16)

Catalyst Compesition A; and Catalyst Composition By were
mixed in a mass proportion of 50:50 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 16.

(Example 12: Catalyst 17)

Catalyst Composition A; and Catalyst Composition By were
mixed in a mass proportion of 30:70 on a dry weight basis tb
form Catalyst for Fluid Catalytic Cracking 17.

(Comparative Example 6: Catalyst 18)

Catalyst Composition By was used as Catalyst for Fluid
Catalytic Cracking 18.

(Test 4)

With Catalysts for Fluid Catalytic Cracking 9 and 15 to
18, fluid catalytic cracking was performed as in Test 1.
Table 7 shows the results of reaction. As shown in Table 7,
with Catalysts 15 to 17, "Additive rate," "Gasoline," and
"LPG" were obtained in high yields, and "Hydrogen," "Cl+C2,"

"LCO," "HCO," and "Coke" were in low yields, compared with
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[Table 7]
Table 7
Catalyst 15 Catalyst 16 Catalyst 17 Catalyst 9 Catalyst 18
Catalyst
Composition 70 50 30 100 0
N2
Catalyst
Composition 30 50 70 0 100
By
Measurenent!Calculation| Measurement [CalculationiMeasurementj Calculation | Measurement | Measurement
Conversion ol 73y 62.5 72.0 53.3 50.6 44.0 76.4 30.1
rate
K value 2.80 1.67 2.57 1.14 1.02 0.79 3.24 0.43
ydrogen % 0.34 0.36 0.33 0.36 0.35 0.36 0.35 0.37
Cl+C2 % 2.0 2.1 1.8 2.0 1.7 1.8 2.3 1.6
LPG & 16.9 13.9 15.7 10.8 9.3 7.7 18.5 3.0
Gasoline % 46.9 37.9 47.2 31.8 31.4 25.7 47.0 16.6
LCO % 14.3 15.1 14.8 16.3 17.1 17.4 13.3 19.2
HCO % 12.0 22.4 13.2 30.5 32.3 38.6 10.3 50.7
Coke 3 7.5 8.3 6.9 8.4 7.8 8.4 8.2 8.5

%



<<Experiment 5: Az-By>>
to

(Example 13: Catalyst 18)
Catalyst Composition Az and Catalyst Composition B, were
mixed in a mass proportion of 70:30 on a dry weight basis
racking 19.

R

form Catalyst for Fluid Catalytic C

{(Example 14:

Catalyst 20)
Catalyst Composition A; and Catalyst Composition B, were
mixed in a mass proportion of 50:%50 on a dry weight basis to

to

form Catalyst for Fluid Catalytic Cracking 20.
Catalyst Composition Az and Catalyst Composition B; were

J—

g
{Example 15: Catalyst 21}

A
mixed in a mass proportion of 30:70 on a dry weight basis
form Catalyst for Fluild Catalytic Cracking 21.

(Comparative Example 7: Catalyst 22)
Catalyst Composition B; was used as Catalyst

15

1 As

- .

Catalytic Cracking 22.

With Catalysts for Fluid Catalytic Cracking 10 and 19 to
performed as in Test

and

{Test 5)
"Gasoline"

19 to 21,
and "Coke" wers

luid catalytic cracking was
n HCO"

with Catalysts
and

i

22,
shown in Table 8,
ned in high yielids,

20
tal
compared with the calculations.

"I.CO" were ob

in low yields,
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[Table 8]
Table 8
Catalyst 19 Catalyst 20 Catalyst 21 Catalyst 22| Catalyst 10
Catalyst
Composition 70 50 100 0
As
Catalyst
Composition 30 50 0 100
B, -
Measurement | Calculation |Measurement | Calculation | Measurement | Calculation |Measurement| Measurement
conversio 73.9 73.0 78.3 75.0 79.0 77.0 70.1 79.9
n rate
K value 2.83 2.71 3.61 3.00 3.76 3.34 2.34 3.98
Hydrogen % 0.33 0.34 0.34 0.35 0.36 0.36" 0.32 0.38
Cl+C2 % 2.3 2.3 2.3 2.3 2.3 2.3 2.2 2.4
LPG % 17.8 17.4 19.2 17.9 19.0 18.4 16.6 19.1
Gasoline % 44,7 44.0 47.4 45.3 47.8 46.6 42.1 48.5
L.CO % 13.2 13.1 13.2 13.2 13.2 13.3 12.9 13.4
HCO % 12.9 13.9 8.9 11.9 7.8 9.8 17.0 6.7
Coke % 8.8 9.0 9.0 9.2 9.2 5.3 8.8 9.5

e
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[0052]
<<Experiment 6: A3;—B3>>
(Comparative Example 16: Catalyst 23)

Catalyst Composition Az and Catalyst Composition Bi; were
mixed in a mass proportion of 70:30 on a dry weight'basis to
form Catalyst for Fluid Catalytic Cracking 23.

{(Example 17: Catalyst 24)

Catalys£ Composition Az and Catalyst Composition Bz were
mizxed in a mass proportion of 50:50 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 24.

(Example 18: Catalyst 25)

Catalyst Composition Az and Catalyst Compesition Bz were
nixed in a mass proportion of 30:70 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 25.

(Test ©6)

With Catalysts for Fluid Catalytic Cracking 14, 22, and

23 to 25, fluid catalytic cracking was performed azs in Test 1.

Table 9 shows the results of reaction. 2As shown in Table 9,
with Catalysts 23 to 25, "Gasoline" and "LCO" were obtained
in high yields, and "HCO"™ and "Coke" were in low yields,

compared with the calculations.
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[Table 9]
Table 9
Catalyst 23 Catalyst 24 Catalyst 25 Catalyst 22 | Catalyst 14
Catalyst .
Composition 70 50 100 0
Az
Catalyst
Composition 30 50 0 100
By
Measurement | Calculation [Measurement | Calculation | Measurement | Calculation | Measurement | Measurement
Conversion . 73.2 72.7 75.4 74.5 76.8 76.3 70.1 78.9
rate
K value 2.73 2.67 3.07 2.92 3.31 3.21 2.34 3.74
Hydrogen 2 0.33 0.34 0.34 0.35 0.35 0.36 0.32 0.37
Cl+C2 % 2.3 2.3 2.3 2.3 2.3 2.3 2.2 2.4
LPG % 17.3 17.3 18.1 17.8 18.5 18.3 16.6 19.0
Gasoline % 44.4 43.9 45.8 45,1 46.8 46,3 42,1 48 .1
LCO 3 13.0 13.1 13.2 13.2 13.3 13.3 12.9 13.4
HCO % 13.8 14.2 11.4 12.4 9.9 10.5 17.0 7.7
Coke % 8.8 8.9 8.8 8.9 §.8 8.9 8.8 9.0

S
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[0054]
<<Experiment 7: A;-Bs>>
(Example 19: Catalyst 26)

Catalyst Composition A; and Catalyst Composition B; were
mixed in a mass proportion of 70:30 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 26.

(Example 20: Catalyst 27)

Catalyst Composition Az and Catalyst Composition B, were
mixed in a mass proportion of 50:50 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 27.

(Example 21: Catalyst 28)

Catalyst Composition A; and Catalyst Composition By were
mixed 1n a mass propoxtioﬁ of 30:70 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 28.

(Test 7)

With Catalysts for Fluid Catalytic Cracking 18, 22, and

26 to 28, fluid catalytic cracking was performed as in Test 1.

Table 10 shows the results of reaction. 2As shown in Table
with Catalysts 26 to 28, "Gasoline" and "LCO" were obtained
in high yieids, and "HCO" and "Coke" were in low yields,

compared with the calculations.

10,
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[Table 10]

Table 10
Catalyst 26 Catalyst 27 Catalyst 28 Catalyst 22| Catalyst 18

Catalyst
Composition 70 50 30 100 0
A;
Catalyst
Composition 30 50 70 0 100
By

Measurement | Calculation | Measurement | Calculabtion | Measurement Calculation | Measurement | Measurement
Conversio o g9 5 58. 1 65.0 50.1 47.5 42.1 70.1 30.1
n rate
K value 2.05 1.39 1.86 1.0 0.90 0.73 2.34 0.43
Hydrogen % 0.31 0.34 0.31 0.35 0.33 0.36 0.32 0.37
C1l+C2 % 2.0 2.0 1.9 1.9 1.7 1.8 2.2 1.6
LPG % 15.1 12.5 13.8 9.8 8.4 7.1 16.6 3.0
Gasoline % 41.5 34.5 41.3 29.4 29.0 24, 42.1 16.6
LCO % 14.0 14.8 14.8 16.1 17.0 17.3 12.9 19.2
HCO % 18.8 27.1 20.2 33.9 35.5 40.6 17.0 50,7
Coke % 8.2 8.7 7.6 8.7 8.0 8.6 8.8 8.5

LY
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[0056]
<<Experiment 8: Ay~As;>>
(Comparative Example 8: Catalyst 29)

Catalyst Composition A, and Catalyst Composition A; were
mixed in a mass proportion of 70:30 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 29.

(Comparative Example 9: Catalyst 30)

Catalyst Composition A, and Catalyst Composition Rs were
mixed in a mass proportion of 50:50 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 30.

(Comparative Example 10: Catalyst 31)

Catalyst Composition A; and Catélyst Composition A; were
mixed in a mass proportion of 30:70 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 31.

{Test 8)

With Catalysts for Fluid Catalytic Cracking 9, 22, and
29 to 31, £fluid catalytic cracking was performed as in Test 1.
Table 11 shows the results of reaction. As shown in Table 11,
Catalysts 29 tco 31 resulted in measurements similar to the
calculations for the yields of "Gasoline," "LCO," "HCO," and

"Coke."
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{Table 11]
Table 11
Caktalyst 29 Catalyst 30 Catalyst 31 ) Catalyst 9 [Catalyst 22
Catalyst
Composition 70 50 30 100 Q
B,
Catalyst
Composition 30 50 70 0 100
A;
Measurement| Calculation |Measurement | Calculation |Measurement Calculation |Measurement |Measurement
CONversio o\ 44,7 74.5 73.4 73.3 72.1 72.0 76.4 70.1
n rate i
K value 2.95 2.92 2.7176 2.74 2.58 2.57 3.24 2.34
Hydrogen  %i 0.34 0.34 0.33 0.34 0.33 0.33 0.35 0.32
Cl+C2 % 2.3 2.3 2.3 2.3 2.2 2.2 2.3 2.2
LPG 3 17.9 17.9 17.5 17.6 17.4 17.2 18.5 16.6
Gasoline % 45.6 45.5 44.8 44.6 43,5 43.6 | 47.0 42.1
LCO % 13.2 13.2 13.0 13.1 13.0 13.0 _13.3 12.9
HCO 3 12.1 12.3 13.6 13.7 B 14.9 15.0 10.3 17.0
Coke % 8.5 8.4 8.4 8.5 8.6 8.6 8.2 8.8

of
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[0058]
<<Experiment 9: B;-B3>>
(Comparative Example 11: Catalyst 32)

Catalyst Composition B; and Catalyst Composition Bi; were
mixed in a mass proportion of 70:30 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 32.

(Comparative Example 12Z: Catalyst 33)

Catalyst Composition By and Catalyst Composition Bz were
mixed in a mass proportion of 50:50 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 33.

(Comparative Example 13: Catalyst 34)

Catalyst Composition B; and Catalyst Composition Bz were
mixed in a mass proportion of 30:70 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 34.

{TestT 9)

With Catalysts for Fluid Catalytic Cracking 10, 14, and

32 to 34, fluid catalytic cracking was performed as in Test

Table 12 shows the results of reaction. As shown in Tabl

®

Catalysts 32 to 34 resulted in measurements similar to the
calculations for the yields of "Gasoline," "LCO," "HCO," and

Hcoke . 113

]

e

12,
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[Table 12]

Table 12
Catalyst 32 Catalyst 33 Catalyst 34 Catalyst 10 | Catalyst 14

Catalyst )
Composition 70 30 100 0
B»
Catalyst
Composition 30 70 0 100
B

Measurement| Calculation | Measurement | Calculation | Measurement | Calculation | Measurement Measurenent
Conversio .1 497 79.6 79.4 79. 4 79.3 79.2 79.9 78.9
n rate
K value 3.93 3.90 3.85 3.85 3.83 3.81 3.98 3.74
Hydrogen % 0.38 0.38 0.37 0.38 0.37 0.37 0.38 0.37
C1+C2 % 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 -
LPG % 19.1 19.1 19.1 19.1 19.0 19.0 19.1 19.0
Gasoline % 48.4 48,4 48.2 48.3 48.3 48.2 48.5 48.1
LCO 2 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4
HCO % 6.9 7.0 7.2 7.2 7.3 7.4 - 6.7 7.7
Coke % 9.4 9.4 9.3 9.3 9.2 9.2 8.5 9.0

16
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[0060]

Therefore, the present invention, namely, a catalyst for
fluid catalytic cracking comprising Catalyst Composition A
that comprises a silica-based binder and Catalyst Composition
B that comprises an aluminum-compound binder mixed therein in
any mass proportion in the range of 10:90 to 90:10, provides
"Gasoline” and "LPG" in higher yields and "HCO" and "Coke" in
lower yields than the calculations to a greater extent than
any catalyst based only on Catalyst Composition A, any
catalyst based only on Catalyst Composition B, any catalyst
as a mixture of two catalyst compositions comprising a
silica-based binder, and any catalyst as a mixture of two
catalyst coﬁpositions comprising an aluminum~compound binder.
This can be understood as follows: alumina contained in
Catalyst Composition B, which comprises an alumina-compound
binder, binds to metals poisonous to catalysts, such as
vanadium and nickel, to detoxify them, and thus Catalyst
Composition A, which comprises a silica-based binder, becomes

nlikely to be poisoned by these poisonous metals; as a
result, a high gasoline yield and a high yield of a gas oil
fraction as well as a high degree of bottom cracking are
achieved while the high gasoline yield and a low coke yield
are maintained.

[0061

[—1
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The present invention is not limited to the embodiment
described above and can be modified within the gist of the
present invention. For example, any catalyst for fluid
catalytic cracking according to the present invention
constituted as a combination of some or all of the

embodiments described above or modifications is also included

in what is claimed by the present invention.

In the examples above, a kind of Catalyst Composition 2,
which comprises a silica-based binder, and a kind of Catalyst
Composition B, which comprises an aluminum-compound binder
are combined to produce a catalyst for fluid catalytic
cracking; however, for example, two or more kinds of Catalyst
Composition A and/or Catalyst Composition B may be combined
to constitute a catalyst for fluid catalytic cracking,

regpectively.
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CLAIMS
[Claim 1]

A catalyst for fluid catalytic cracking of hydrocarbon
oil, comprising a catalyst composition A that comprises FAU
type (faujasite type) =zeolite and 10 to 30 % by mass of a
silica-based binder as a binding agent and a catalyst
compogition B that comprises FAU type (faujasite type)
zeclite and 10 to 30 % by mass of an aluminum-compound binder
as a binding agent, mixed therein in any mass proportion in
the range of 10:90 to 90:10 (W,:Wp), provided that W, ig the
mass of the catalyst composition A and Wy is the mass of the
catalyst composition B.

[Claim 2]

The catalyst for fluid catalytic cracking of hydrocarbon
oil according to Claim 1, wherein each of the catalyst
composgition A and the catalyst composition B hag a K value as
expressed by the following formula (1), which is egual to or
higher than 1.

K value = Conversion rate/ (100-Conversion rate) (1)

where the conversion rate is expressed by the following
formula (2);

Conversion rate (% by mass) = (a-b)/a x 100 (2)

where the symbol “a” represents the mass of raw material
oil, and “b” represents the total mass of light cycle oil and

heavy cycle oil.
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[Claim 3]

The catalyst for fluid catalytic cracking of hydrocarbon
0il according to Claim 2, wherein, when the K values for the
catalyst composition A and for the catalyst composition B are
expressed as "Ka" and "Kp" respectively, the ratio of Kp:Kp is
in the range as shown in the following formula (3);

Ka:Kg= 1:0.5 to 1:1.5 (3)

{Claim 4]

The catalyst for fluid catalytic cracking of hydrocarbon
0il according to any of Claims 1 to 3, wherein, when the X
value for the above catalyst is expressed as “K,”, the K, is
greater than the K value for the catalyst composition A (Ka)
and the K value for the catalyst composition B (Kg) .

[Claim 5]

The catalyst for fluid catalytic cracking of hydrocarbon
01l according to any of Claims 1 to 4, wherein a gasoline
vield by use of the above catalyst, when it is expressed as
“Gu”, is greater than a gasoline yield by use of the catalyst
composition A, when it is expressed as “Gp” and a gasoline
yield by use of the catalyst composition B, when it is
expressed as “Gg”.

[Claim 6]
The catalyst for fluid catalytic cracking of hydrocarbon

01l according to any of Claims 1 to 5, wherein the above
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silica-based binder is one or more of the binding agent(s)
selected from the group consisting of a silica sol, a water
glass, and an acidic liquid of silicic acid.

[Claim 7]

The catalyst for fluid catalytic cracking of hydrocarbon
0il according to any of Claims 1 to 6, wherein the aluminum-
compound binder is one or more of the binding agent(s)
selected from the group consisting of the following compound
(a) to (c);

{(a) Basic aluminum chloride,

(b) Aluminum biphosphate,

(¢} Alumina sol.

[Claim 8]
The catalyst for fluid catalytic cracking of hydrocarbon

il according to Claim 1, wherein the FAU type (faujasite

type) zecolite ig any one of hydrogen Y-
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type =zeolite (HY), ultrastable Y-type zeolite (USY), rare-
earth exchanged Y-type zeolite (REY) , and rare-earth
exchanged ultrastable Y-type zeolite (REUSY).

[Claim 9]

The catalyst for fliuid catalytic cracking of hydrocarbon
oil according to any of Claims 1 to 8, wherein the catalyst
composition A and the catalyst composition B further comprise,
besides the zeolite and the binding agent, a clay mineral.
[Claim 10]

A method for fluid catalytic cracking of hydrocarbon oil,
with use of the above catalyst according to any of Claims 1
to 9.

[Claim 11]

The method for fluld catalytic cracking of hydrocarbon
oil according to Claim 10, wherein the hydrocarbon oil
comprises a residual oil.

[Claim 12]

The method for fluid catalytic cracking of hydrocarbon
0il according to Claim 11, wherein the hydrocarbon oil
comprises vanadium and nickel being equal to or more than 0.5
ppm by mass for each.

[Claim 13]
The method for fluid catalytic cracking of hydrocarbon

oil according to any of Claims 10 to 12, wherein the above
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catalyst comprises vanadium and nickel being equal to or more

than 300 ppm by mass for each.



