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DESCRIPTION CATALYST FOR FLUID CATALYTIC CRACKING OF
HYDROCARBON OIL AND METHOD FOR FLUID CATALYTIC
CRACKING OF HYDROCARBON OIL WITH 5THE SAME Technical Field
[0001] The present invention relatesito a catalyst for fluid 10 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 toreemethod: for fluid catalytic cracking of
hydrocarbon oil with it. 15 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 20 been

cargdeveloped sodfarfon the purpose-of abiaining-gaseline iradighyieldand anp
attaining a low coke yield (e.g., see PTL 1). However, catalysts for fluid

MEGaRlYHe graskingthah eantain a silica-nased binderhaveheemieqyiredyiory
attain a higher degree of bottom cracking. 2 [0003]  And, in order to
obtain gasoline and a keroseneflight @il feaction (a kerosene fraction and a
light oil fraction, or light cycle oil; hereinafter, also referred to as "LCO") 5
and to improve the degree of bottom cracking, in other words, to reduce
the yield of a heavy fraction (heavy cycle oil; hereinafter, also referred to

TecrdS HGOL), catalysts for fluid catalytic cracking containing an
aluminum-compound binder, such as basic aluminum chloride, as a

mooqﬁ\ding agent are also 10 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] ..,
InGieritaly: uid CACIVIE CTAcking Apparatis (Tull-L5 SCalS apparatis) e

sually used with any catalyst for fluid catalytic cracking that may be.
2t et Srovida ahy (AR aTORAUIaton of eIt on (g High =7
proportion of gasoline," "a high proportion of light cycle oil," and so forth).
& ga&lsg,l ifngean ands of 1 r%wbr%a?er}:a eré@é;l{? 5r%v%&lle |ffé/r%aer31iL ?(?Srmau?éjtioansf?dfgn
g resultant oil, and thus the, cata%/stjor fluid catalytic cgacnlkingﬁis usuallt%/, 4
9 angedd provids ahy intehdad fofmdiation 8f fFestiftant ol When the <
catalyst is changed, the following cases are possible: (1) A catalyst
and Shidinitig 4 SflicaHaskd'Bifdéris thihgéd 10 % e that colliding &5 -0
.. different silica-based binder; (2) A catalyst containing an
©11 Himinudrh:compound binder is changed to one that contains a different
aluminum-compound binder; (3) a catalyst containing a silica-based

Bacikgingerid dhanged to one

[0002]

In fluid catalytic cracking of hydrocarbon oil,
catalysts for fluid catalytic cracking containing a silica-
based binder, such as silica scl, as a binding agent have
been developed so far for the purpcose of obtaining gasoiine
in a high vield and attaining & low coke vield (e.g., saee PTL
1} . However, catalysts for fluid catalytic cracking that
contain a silica-based binder have been reguired to attain a

higher degree of bottom cracking.
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5 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 volume
of a second 10 catalyst is put into the apparatus. In this case, the inside of
the fluid catalytic cracking apparatus is subjected to a gradual change in
[ 00 Oothe mixing proportion (mass proportion) of the first catalyst to the second
catalyst, and finally the content inside the apparatus, the first catalyst, is
replaged; 15 with-theseceond catalysts bhisrhasdnvolyed shargesin 1 ght
catalytic activity, conversion rate, gasoline yield, and some other
oil ganditions; howeyekdthasbelieyed that these changes are attributable o,
a newly added catalyst or operating conditions of the apparatus. 20[0005]
or 1Agfar additive eatalysia(added eatalysts), wvhich are-added to g catalysin)
for fluid catalytic cracking, these are intended for supplementing the
and Reformance-ofithe catalyst for fluig catalytic Gracking (e.g; remaval of . - 45,
NOx, removal 4 of S0x, resistance against metal, improvement of octane
to JUmper, degree of hottam cracking, and.sq forth), Aat for obtaining ;1 ;
gasoline and a gas oil fraction in high yields or attaining a high degree of
her<HOUOM cracking.and adow,cokedyield. Gitation LisLRatent Ltgratyre ¢, 4
[0006] PTL 1: Japanese Unexamined Patent Application
10Ryblication No, 2007:748, . ; PTL 2 Japaness Ynexamined.Paten
tajvt 1 t d
e aA pll:itcation PuNlicgtion rIilo‘fj%foﬁicl)él-gl4aZZ7§Summary gf)ln 8H(t?|lon Tecrclgr?ijéél
Proéjl m éggO? However, known catalysts for fluid catalytic crackin
S PR S prObIAH I b ot SO Tas ohek SAfefcs Aot & hagy S1e0
asoline yield, a high yield of a ga gfr ction,.a low coke yield,.and a
e P s Ciacking SOI0008] Mt (i hesg e e for
circumstances, the present invention aims to provide a catalyst for fluid
LSS Srcking of Mk ECarbion of Wit et Gasoli el GRg o
b dfraCtE)D can be obtained in igh'a/ields and a hciigh degree of bottom 5
NG acKingand s low c8ke Vit are At&iREd and & méthod forfitiid citdytic
000 cking of hydrocarbon oil with it. Solution to Problem [0009] 5More
[ ecifically, the gist of he present invention is

Incidentally, fluid catalytic cracking apparatus (full-
scale apparatus) is usually used with any catalyst for fluid
catalytic cracking that may be changed to provide any
intended formulation of resultant cil {e.g., "a high
proportion of gascline," "a high proportion of light cycle
oll,” and g0 forth). Also, different kinds of raw material
cil provide different formulations of resulitant oil, and thus
the catalyst for fluld catalytic cracking is usually changed
to provide any intended formulation of resultant oil. When
the catalyst is changed, the following cases are possible:

(1) A catalyst containing a silica-based binder is changed to
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as follows: [1] A catalyst for fluid catalytic cracking of hydrocarbon oil,
comprising Catalyst Composition A that comprises zeolite and 10 to 30 %
by mass of a silica-based 10 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:WB), provided that
one \WAeis the:massef thecatalyst-composition ArangeWb isnkhthe mass of
the catalyst composition B. [2] The catalyst for fluid catalytic cracking
catz0fihydrecarban.oil-according ten [t whetgin each of Catalyst:compasifien o
A and Catalyst Composition B has a K value as expressed by the
one follawingdormula:(1), whichds equalto,6f20.highertham-k [0 value) 5
= Conversion rate/(100-Conversion rate)(1)  where the conversion rate
cat A% gxpressedbythefollowing fermula(2); {9011 Ganversigndate-(6 by
mass) = (a-b)/a x 100 ... (2) where the symbol "a" represents the mass

thatOfdawmaterial gil.angd, by represepts the totalgaass oflight gycle alland, o+

heavy cycle oil. [3] The catalyst for fluid catalytic cracking of

cont%%q{%%’ bon alhageprding tofH arlal, wherein, whepihe K values fore -y, .«

Catalyst Composition A and for Catalyst Composition B are expressed as

cont XA KB respectively, the 10 ratio. of KAKR i In the. [ange as shown

in the foIIowing formula_ (3); [OQ12] KA:KB=1:0.5 to _1:1.5 : (3_). [4] The
cha %%'}’S %é‘”%%ﬁ!é’“& f%Ckﬂglcgfah% ro5aoopn %aﬁ&%%'ﬁgé% 20y ?_j;ut
as

to [3], wherein, when the K value for the above catalyst Is expresse

ot ISl K s regier than e Kvalug for catayst Composition 8 (<)

and t value for Catalyst 80mp03|ti%lﬁe8 Ylg ). he cata?yst for

fluid catalytic cracki f.20 hydrocarbon oil accarding to any of [1] to.[4], .
e Gabaine ikt By VBE'St o SBove LA W s g

.expressed.as "Gm", is.greater than a gasoline yield by use of Catalys
O S bbktion A WA 1s oH/SLSuA aSDCA ANEa bSO By e

f t tC iti B,whenitis 7 [ "GB". 6].Th 2 ~
G e T ek e EHAd BERT et on B SucHate st o

to [5], wherein the above silica-based binder is one or more of the
the hdim catalyst to the second catalyst, and finally the

content inside the apparatus, the first catalvst, 1s replaced
with the second catalyst. This has involved changes in
catalvtic activity, conversion rate, gasoline yield, and some
other conditicns; however, it has believed that these changes
are attributable to a newly added catalyst or operating
conditions of the apparatus.
[0005]

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 fiuld catalvtic cracking {e.g., removal of NOx, removal
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5 agent(s) selected from the group consisting of a silica sol, a water glass,
and an acidic liquid of silicic acid. [7] The catalyst for fluid catalytic
cracking of hydrocarbon oil according to any of [1] to [6], wherein the
aluminum-compound binder is one of more of the binding 10agent(s)
selected from the group consisting of the following compound (a) to (c);
(a) Basic aluminum chloride, (b) Aluminum biphosphate, (c) Alumina sol.
of J5i8] Thescatalystforfluid gatalytic.cracking,of- bydracarboroil, according
to any of [1] to [7], wherein the zeolite has a crystal structure selected
numfEom t%@m %@1%‘{\939{ %%%!ém%géluiéélﬁe M%QWA}XF’%&H%OK
type, and MOB type, or a mixture thereof and is contained in 20 Catalyst
ot A39MAGSian M and Catalyst Gampgsition B, in thg range of 1p 10, 60,% by, .
mass respectively on a catalyst basis. [9] The catalyst for flaid catalytic
at £ £7Acking of hydrocarbon.ail gecording o [8l. whergin the zeolite, when, it
has a Crystal structuré of the PAU type, is any one of 8 hydarogen -type
vi < 14¢olite (HY), ultrastable Y-type zeolite (USY), rare-earth exchanged
’ Y-type zeolite (REY), and rare-earth exchanged ult-astable Y-type zeolite
. ita@i%ﬂsf)i . [10] The catalyst for fluid catalytic cracking of 5
hydrocarbon oil according to any of [1] to [9], wherein Catalyst
Pat e%gn@g%iggn tAanad Catalyst Composition B further comprise, besides the
zeolite and the Einding agent, a clay mineral. [11] A
thodforfluidcatalytic crackingof 10 hydrocarbon oil, with use of the
above catalyst according to any of [1] to [10]. [12] The method for fluid
c ?iyti% .cr%ckin% of hy%rocarbo,n oil accqydin% to [11], wherein the
hydrocarbon oif Comprises & T8SiAGa! oif 18[13] e method fr fluid
catalytic cracking of hydrocarbon oil according to [12], wherein the
PUEblh“lycd_’lr c&rbol il %o%wqp%i‘segs%vanadium and nickel being equal to or more
than 0.5 ppm by mass for each. [14]The method for fluid catalytic cracking
o?%éh%'roeéﬂr%%ﬂ%‘ﬂeaé@a?aﬁﬁ@w%ﬂy%@ffﬁtiof%m,l%%ﬁ%e

Publication No. 2006-142273

[0

Summary of Invention
Technical Problem
[Goo7]

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

Made under these circumstances, the present invention
aims to provide 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
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above catalyst comprises vanadium and nickel being equal to or more
than 300 ppm by mass for each. Advantageous Effects of Invention [0013]
9 A catalyst for fluid catalytic cracking of hydrocarbon oil according to
the present invention comprises tworscatalyst compositions for cracking of
different kinds of oil, more specifically, Catalyst Composition A comprising
a silica- 5 based binder and Catalyst Composition B comprising an
cracaliiminumcompayund-kindek; maixad dherein: dhis:meansthatindlidhod for
catalytic cracking of hydrocarbon oil, oil cracked by one of the catalyst
£1uiePrapesitions ean:be further eracked;by the pther catalystigpmposition,
and thus oil left after 10 cracking is lighter than ever; as a result, gasoline
seludnd,a gas ailfraction can be obtained in high yields, coke is produced in a
low yield, and the degree of bottom cracking can be high enough to
rooo@revent the formation of heavy cycle 15[0014]  In particular, when the
raw material oil is heavy oil, which contains large amounts of vanadium,
nigkel, an @5@%@@5@? poispnoys e catalysts, aluming,contained.in ;. : s
Catalyst Composition B, which comprises an alumina-compound binder,
as £20 binds.to these poisonous metals to detoxify them, and thus Catalyst
Composition A, which comprises a silica-based binder, becomes unlikely
torbe peisoneg y the aojsaning metals, as a/gsul. 4. igh oagpline yield
and a high yield of a gas oil fraction as well as a hlg?i egrée of bottom
v o Loracki re .10 achieved while the high gasoline yield and ?:Ao coke
1*yd”"g)ig%l%gr%r?n%%éingg.ﬁé)ﬁgf%gs&i:r%%gﬁﬁ%ra\Tv?nm sﬁ[Bbié]Dﬁ[ ig\.&ﬁﬁg. 1
is.a plot of K values_obtained. for apn example of the present invention.
Comp[%agg.%% lecfja.OZ1 |ls£{§1e pﬁi)?%f ggsgl?negyielas%gtaﬁga fcc))ﬁ%rar‘?1 eiér?fpfea(;%t%%ed
.___present invention. Description of diments 10[0016]. A catalyst for
b 1 ¥id acsatagiytlgc*tl:'1 r%% Qi%gao%I %@%r@ cnagl:r)%r%%ﬁq] %(I)C rc# r?gL;Tl %%Og]ﬁ %’fn%o%m%ﬁfagf

complE BIEsenLvention compises Gatalyst Composition A that comprises

" Ze0
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 W, is the mass of the catalyst composition A and Ws 1is
the mass of the catalyst composition B.

[2] The «catalyst <for fiuid catalytic cracking of
hydrocarbon oil according to [1], wherein each of Catalyst
Composition A and Catalyst Composition B has a K wvalue as
expressed 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 1s expressed by the following

formula (2}
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10 to 30 % by mass of a silica-based binder as a binding 15 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 10:99 to 90:10 (WA:WE), provided that
WA is the mass of Catalyst Composition A and WE, is the mass of
Catalyst 20 Composition B. The following details the individual catalyst
[ 00 1gompositions. [0017]  Incidentally, fluid catalytic cracking apparatus
(full-scale apparatus) sometimes reaches the above-mentioned mass 11
prapoption.during the-change fram.a, catalyst campysing:a §i'i9.a-db9§ed
binder to one that comprises an aluminum-compound binder and vise
vensa.becayse of graduat addition,of 4he replaging catalyst-Howeven dhis: 51
is not the case in the 5 present invention because a catalyst mixture
o1i1,having ayfixed mass;proportion.isccontinugusly added and.thug the mass g
proportion of catalyst compounds in the apparatus is kept constant. [0018]
heai0AISQ, the catalyst used in the present invention is a mixture of catalyst
compositions each comprising a different binder. These catalyst

g%@posiﬁiﬂ%s are jntended fordnifiating fluid catalytic cragking and ém%%rz .

erent from additive Catalysts (added catalysts), which are added to 1

nya-catalystior fuid catalytic,gracking t?f%’pB'PmF.ﬁ‘ﬁ the SAIANSLS  hen the ¥

performance. [Catalyst Composition A] Catalyst Composition A comprisés,

for. example, 15 to 60 %. by mass, preferably 20.to 50 %, by mass of ,
1@k Exampie, 0. %Dy mass, prefetably Yy t
ve uzeSoIite, f% to 2%%%a%ybsi/tmass? pPéEf)Sra J[3(/),1715 toA25 c%rbdy mass of a%ﬁﬁ%g-l ¥s

based.binder as a binding agent, and,inogganic oxides other than,zeolite
CompoStjﬁce"’"béjlaﬁcéa.r<e<se|ﬁ&ai%§s§lg Bf‘nsdergé Thaengllica-lbasjéﬁ%?r?&icrlc\é#gé the

as
.any ope gf or twq or more th of silica sol, water class (sodium sili t(ﬂ .
ratio o5, Ka: .18 %p The rapge 8 3 ow% in  toe ollowing
and silicic’acid liguid. And, silica sol ¢an be produced from water glass.

£ rr&Fﬁr example, silica sol comprising Si02 at a concentration in the range of
“Moto % by mass can be 5 prepared by adding water glass comprising
[OOl%i?z at a concentration in the range of 12 to 23 % by mass and sulfuric

KatKe=1:0.5 to 1:1.5 .. (3).

[4] The catalyst for fluid «catalytic c¢racking of
hydrocarbon oil according to any of [1] to [3], wherein, when
Lhe K value for the above catalvst is expressed as “Kp”, the
Kn 1s greater than the K value for Catalyst Composition A (Kp)
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 1t is
expressed as "G,”, 1s greater than a gascline vyield by use of

Catalyst Composition A, when it is expressed as “G.” and a

gascline yield by use of Catalyst Compesition B, when it is
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acid having a concentration in the range of 20 to 30 % by mass
simultaneously and continuously. <<Zeolite>> 10The 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 so forth)
MFI type (e.g., ZSM-5, TS-1, and so 15forth), CHA type (Examples are
exprehaleasites SARO:34, and so forth), and NCR type (e.g., mordenite, Ca-Q,
and so forth). The EAU type is particularly preferable. Faujasite-type zeol
terincludes hydrogen ¥-tpe zeolite (HY); vltrastable: Vtype zeolte (WSY), of
rare-earth exchanged Y-type zeolite (REY), 20 and rare-earth exchanged
nycruiastable ¥-type.zeolites(REUSY). The latter two types of zeolijg canbe «ne
obtained by making MY and USY carry rare-earth metals by ion exchange
abov@ S%E‘?ﬂiﬁ%g@éﬂs- LQQ;@&IB Whep.the contentratio of ﬁzecﬂ'ﬁ%tobinding
Catalyst Composition A is lower than 15 % by mass, the cracking activity
ageris OftendoweWhen itexgeeds 6096y mass, the bulk density is.often-, o0,
high, leading to a decreased strength_ <<Inorganic Oxides>> The
a walotganic, oxides can be, besides kaplin and other, clay. minerals, activated
alumina, porous silica, rare-earth metal compounds, and metal capture
agents (metaliranpiag agents)- 1019020}, ., Any rarg-eayth metaj oxide
may be contained in Catalyst Composition A, "in the form of RE203, at a
hvagontent rl_?tigu.i@ the raggﬁ. f 0.5102.0% ?y ass, Rar -garthhm%tgl%usc%g
Y rhé:r%%lngludelceriﬁ%C e ,l%ef%thalonuarﬁ1 Lé)), pr@seodf}urﬁ Pr), gng 15 ©
21w %%qu_[%lg m g\ll,g?d ag(% r%’i taIyStscg

r’.1 1
or more O{'n ese as meta? oxides. escrﬂae% an

xample of the manufacturing method of Catalyst. Compasition A. First, .
92 i, SO 20 st Bowder Lt Kotalst SiuHina afe A0ded ta STE4"9
sol n&entioneg above (an example of the silica-based binder), and then

Compsthpry o{‘%itra%?ab(lg )Y-type zeolite (USY) prepared with 20 to 30 % by
mass sulfuric acid to.have pH in the range of 3 to 5; in this way, a slurry
misturé %S&%pﬁﬁéﬂ?ﬁ‘@slﬁﬂ 4 Mixture is spray-dried to form spherical
particles. The obtained spherical particles are washed, brought into

cORtactWith dn dqdu Editfortof a rare earth metal (RE) chloride for

ion exchange for the_content ratio of RE203 to be in the
{c) Alumina sol.

mposition A may carry any, one of or two
(00211 " Fie folownio ceaci

[8] The catalyst for fluid catalytic cracking of
hydrocarbon oil according toc any of [1} to [71, wherein the
zeclite has a crystal structure selected from the group
consisting of FAU type (faujasite type), MFI type, CHA type,
and MOR type, or a mixture therecf and is contained in
Cataiyst 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

hvdrocarbon oll according to [8], wherein the zeolite, when

it has a crysial structure of the FAU type, iz any one of
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5range 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 Catagyst Composition B described later;
however, it is 10on the order of 60 to 70 pm. [Catalyst Compound B]
Catalyst Composition B comprises, for example, 15 to 60 % by mass,
hydrpreferably20t0 50 86 by snassrof, zeolite; - t9:3Q: %rby: mass:z preferably
15 to 25 % by mass of an aluminum- 15 compound binder as a binding
{Usyagentaand inorganis.axideseiberthapzeclita as the halance. and rare-
<<Aluminum-compound Binder>>  The aluminum-compound binder can
earthe )hasicaluminumschiaride; (b)-akminum-biphesphate.«ar(c) alumina
sol. A 20 solution obtained by dissolving any kind of or two or more kinds
of grystailine alyming..suchas gibhsite, hayerrite; and boehmite, in-an
acid solution may be used as the aluminum-compound binder instead.

nyari0022hd5 o1 Heredbasic aluminum,chlorider is expressed by, Formula 4.
[0023] [AI2(OH)NC16-s1m - (4) (where, 0<n<6 and 110, preferably,

cata4-8s053.apd 3:Cdrs/, g and the sympbol m represents anatyral aumher.)
Aluminum biphosphate, also referred to as aluminum dihydrogen

compRNQSPhaIE Of pumary, alumigym phagphate, ds expressed by AlHZRO04)3
Alumina sol can be produced by, for example, pH adjustment of

minel g}_udoboehmite-type alumina with an 10acid. <<Zeolite and Inorganic

' Oxides>> Zeolite and inorganic oxides that can be used for Catalyst
C osition B are the same as those for, Catalyst Composition. A,
dggﬂbed aboveea“ndogan beoprreparec}i1 ﬁ]&the sgéyrﬁ%% géocnten%%féat%}élg

..those for Catalyst Composition A. [0024] .. The followi dfesgribes n
s e et g (ebhon of CSta ot CompOSton B Lrai ™S

%anIiFerc%vatiQ@j:mina, and USY slurry are added to, for example, a
solution 20 of basic aluminum chloride with an Al203 concentration in the

range of 20 to 25 % ass; in this way, a slurry mixture is prepared with
aa@f%r}y cor%%%ntrg}?ot% [%he %?{éje o%*:%gtga 45%%%‘337 Slutry mﬁ{%l%(i]sng
hua P -dried tg form spherical particles. These srgherical particles are
YOrREened hritight 18Rt Cdntact Rith'd Sotutiéh
.. chloride for ion exchange for the content ratio of RE203 to be in the range
01l GPEBTO TS "/@bﬁﬁ%ﬁf%ﬁd%én dried; in this way, Catalyst Composition

B is obtained. The average particle , ,
[13] The method fory fluid catalytic cracking of

any

hydrocarbon ¢il according te {12}, wherein the hydrocarbon

of

Lo

of

Bf & T4re Bafth metaecarhon

cil comprises vanadium and nickel being equal to or more than

0.5 pom by mass for each.

114) The method forx fluid catalytic cracking

of

hydrocarbon ¢il according to any of [11] to [13], wherein the

above catalyst comprises vanadium and nickel being egual
or more than 300 ppm by mass for each.
Advantageous Effects of Invention

[0013]

to
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5 diameter of Catalyst Composition B obtained is not particularly limited;
however, it is on the order of 60 to 70 [Catalyst for Fluid Catalytic
Cracking] A catalyst for fluid catalytic cracking according to the 10 present
invention is a mixture obtained by mixing Catalyst Composition A and
Catalyst Composition B in any mass proportion in the range of 10:90 to
90:10 (WA:WB), provided that WA is the mass of Catalyst Composition A
and YV8 is thermass of Catalyst{cempesition B Wher thermass prepertien
of 15 the catalyst compositions deviates from the specified range, the
differenge:from dhe gase where the catalyst scampesitions ake individually: ys«
used for fluid catalytic cracking is small, and thus an explicit advantage is
compdiikelytober-obtained. Note that the miXingproperion (Massproperion)
of Catalyst 20 Composition A and Catalyst Composition B is preferably
specdetermined insych amannerthat the; cracking preducts obtained by , -
cracking of hydrocarbon oil using this catalyst for fluid catalytic cracking

baselin patisular,gasoline aAndLL CO).can M?dﬂte@dégrﬁ%%fﬂ@%%ﬁ%g ields)
17 [Method for Fluid Catalytic Cracking]  Fluid catalytic cracking based

a1und fatalystfor, fluid catalytic gracking according togpe presentinyention;

can be performed under ordinary conditions for fluid catalytic 5 cracking

£119f hydrag Qﬁ oil,. 8@%@, ﬁg?gl%%dg&i%%d%ﬂibeg'%e'%vyacgﬁeb@e by

i.._.]

ol

suitably used. [0025] T mat oil for catalytic'cracking can be

ordinary raw material hydrocarbon olil, for example, hydro 10 desulfurjzed
e 028 Bl {BSC0) B Taetiits Sas oh (VLG o Feddiar o S
residual oil of atmospheric distillation (AR), residual oil of vacuu
e o TRy dasdi e ToSrL Al Gl Aumsbahorc thaaador °*
DiSnAR)i’ deﬂllfgrized %aqsiduaé \(;)il Lpf vg%u%mrdgsstillfgon éQSVﬁ?handn 4
ea%haﬁenegoﬁ?f)A “FheséKinds 6f il Ear be ‘used aidne or in* ¢

go.mbigatiog thereof. A catalyst for fluid catalytic cracking according to the
gas ﬁrle%entI inventioh ¢an p?()ece %taﬁ/r}%gidhrél it At EORtAITS nféﬁg[eaﬁds
vanadium at a content ratjo equal to or h_igher than 0.5 ppm by mass |
PEOALH 2t et CAH bé Usba Wit Sppatat i For ABicCaihly e racki 5722
residual oil (Resid FCC, or RFCC), which involves the use of residual ol
can fgneNbtetedhat Wher @ kiowrt Eatalydt ™t o cdtalyfic 8raekimng i
. used with RFCC, nickel and vanadium contained in residual oil adhere to
©+--the catalyst and 18 reduce the activity ofo ever, with a catalyst for fluid
catalytic cracking according to the present invention, even processing of
(00 lériy residual oil that contains vanadium and nickel at a content ratio equal

to or higher than 0.5 ppm by 5 mass each would not affect the excellent
Cgﬁmﬁ%rtiﬁular, when the raw material oil is heavy oil,

crac

which contains large amounts of vanadium, nickel, and other
metals polsonous to catalysts, alumina contained in Catalyst
Compesition B, which comprises an alumina-~compound binder,
binds tco these poisonous metals to detoxify them, and thus
Catalyst Composition A, which comprises a silica-based binder,
becomes unlikely to be poisoned by the poisoning metals; as a
result, a high gasoline vield and a high vield of a gas oil

fraction as well as a high degree of bottom cracking are
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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
equal to or higher 10 than 300 ppm-y 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

achikymassieach. {0026} 15As farsteactien {emperature for catalytis.cracking 4
of the above-mentioned raw material hydrocarbon oil, a temperature in the

are RNEEOf 47040 550C is suitably used. As for reaction pressure, a
pressure on the order of 1 to 3 kg/cm2 is usually preferable. The mass

Br i RrOpadion;of20.catalysyoll (gatalyst/oil a 0) is preferably in the range of
2.5 t0 7.0, and the contact time is preferably in the range of 10 to 60 hr-1.

1001 % value” The K value can be determined in the following way: Raw 19
material oil is catalytically cracked by the method described above, the
fragliops having 2 boling,paintighep inan at atgasaline (oadne opderof
30 to 220C), or light cycle oil (LOG) and heavy cycle oil (HCO), are

exan ﬂghgg, ecc&/gg%'gtg rq@Jggggecgm‘ined from the mass of the raw

aterial oil and the total mass of LOG and HOG by Formula (2), and then

th alue, is determined fro canversionrate by F la (1). [0027
K{\E/Eﬁ e= on%aééig%l rgtge/@%%%n\%gvrs%%%gg%n% ( )E]gg@gn\?e%%ﬁ%%atcﬂe

for 0/% ngm%ssf@- (8"}))4: X 109 m é%)t iw@gr% thoensymbol "a" represents the
mass of raw material oil, And™ represerlﬁs]the fotal mass of light cycle oil

Descar}md an\é%/ cycl og.og)p%gl]%SHere, the K values for Catalyst Composition
Adnd’ca alyst Composition B (KA and KB, respectively) are at least 1

wmginversion rate: L-50%), preferably equal to or higher than 1.5

nversion rate: ]?]]60%), and more preferably equal to or higher than 2.3
(conversion rate: ?_70%). Any K value for 20 Catalyst Composition A or
CatdijstCompodition B bei g?@s*s%%‘ h T (COnRErsion rate: L50%) résui”
in low yields of gasoline and LOG and thus is impractical. [0029] Also, the

o1l RYaRESBF Catalyét COMBOSTGN A &ld 2 Pres=rt irvention

comprises Catalyst Composition A That comprises zeclite and
10 to 30 % by mass cof a silica-based binder as a binding

agent and Catalyst Composition B that comprises zeolite and

0 to 30 % by mass of an aluminum-compound binder as a
binding agent, mixed therein In any mass proportion in tThe
range of 10:90 to 90:10 (Wa:Wy), provided that Wi is the mass
of Catalyst Composition A and Wy 1s the mass of Catalyst
Composition B. The following detaills the individual catalyst
compositions.

[GC17]

Incidentally, fluld catalytic cracking apparatus (full-

scale apparatus}) sometimes reaches the above-menticned mass
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Catalyst Composition B follow a relationship of K:KB 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 KA:KB is 1:<0.5(lower than 0.5) or KA:KB is 1:>1.5(higher
than 1.5), 5 the difference in K value petween the two catalyst
compositions is too great, and thus it is difficult to exceed KA and KB.
[0030] Additionally, the K value for the catalyst for fluid 10 catalytic
propeaeking (Kmy is prefeeably, greaterrthan the Kavalue dor Catalyst sing a
Composition A (KA) and the K value for Catalyst Composition B (KB).
silissGaseling Yeldie>>rthe-gasalingyield farthe-catalyst.for fluid catalytic
15 cracking, Gm, is preferably greater than the gasoline y eld for Catalyst
comde@MPOsHian#: GAqard the gasalineyyield far.Catalyst Composition Bi on o
GB. The gasoline yield mentioned here is calculated from the mass of
the gasoline obtained by catalytig cracking ot ravw material performed by the 1, ¢
“method described 20 above and the mass of the raw material oil [0031]
predBaddition, g .catalystior fluid catalytic m'%%%g%wﬁg Presenteq
invention often provides LCO in a higher yield, and hydrogen, C1+C2,
mas sL %(E‘o E'gpc iacmj %‘%}(eclgnglr{%\gﬁrsxlﬁl%&géa %@lygnggmipﬁé It&QQéAé or
Catalyst Composition B used alone does. In other words, the use of a
lyst for fui ic cracki ording, to the present invention,. .
Do Sbmpared with (hG Use o Catlyet & Conpeittin A of Cataiyar®
conseam psition B alone, often increases the yields of liquid fuels, such as
gasoline and LCO, but decreases the yields of gas, heavy oil, coke, and
[OOl%ﬂ forth. EXAMPLES 10[0032] [Production of Silica-based Binders]
<<Catalyst Composition Al>>  Silica sol comprising 5i02 at a
cqncentration of 12.5 % by mass (an example of the silica-based binder)
e At T A A £ ot 4006 Gy RAIG 2oAL Cror W dter Dok
. tcompris;Ijn% Sti02l at a concentration of 17 % By mass and, 1059 g é?f Eglfuric
T Seid h%vingaa Sorcentratio Oosfilsjf%]bsy mass s?rﬁﬁlﬁgﬁeso]t%(ﬁ/ fngt-terent
b continu usl%/%To this_silica sol, 800 g of kaolin, 175 g of porous silica
IOS6vider, Bt 250'g Ot 20 actiVARSAIGMING thé eidhts'6r°4 dfy Weight
basis, were added, and then 800 g of slurry of ultrastable Y-type zeolite

IDLTAFEVY Srebated with 9596 by mase Stiffifc &6 b HAVeTiT of 3 0FAS ™

added; in this way, a slurry mixture was prepared. This slurry mixture was
frowsﬁ%9%ﬁ%ﬁﬁo?§%%éﬁﬁgﬁcﬂadded 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

o

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 incrganic coxides other
than zZeolite as the balance.

<<8ilica-based Binder>>

The silica-based binder can be any one of or two or more
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22 particles having an average particle diameter of 60 mm. [0033] The
obtained spherical particles were washed, brought into contact with an
agueous solution of a rare earth metal 5(RE) chloride (this solution
contained chlorides of cerium and lanthanum; the same applies
hereinafter) for ion exchange for the content ratio of 12E203 to be 1.0 %
by mass, and then dried in an oven at 135C. In this way, Catalyst
of sComposition Akhwasprepased, 10{00341:Theiformulation of CGatalyst «: ¢
Composition Al was as follows: Si02 of silica sol origin: 20 % by mass;
acidkaolign 32 % by mass; 3i02:0fporous silica pewder eging ¢ % hysvass;
activated alumina: 10 % by mass; USY: 30 % by mass. 15 The properties
g1asQf CatalystCompasition Al are shewn dnJable-stGatalyst Gemposition
A2>>  Silica sol comprising Sw02 at a concentration of 12.5 % by mass
cond@n-examplg Oiﬁh%ﬁ'éc%i@é%d bindey) was Preparg _%%‘é’!%h @:weight of
4000 g by adding 2941 g of water glass comprising Si02 at a
prep%%nﬁetlga&ué %bymass and 1059, ofsylfurie a¢id having a

concentration of 25 % by mass simultaneously and continuously. To this

concillica sal; 800 g.of kaolin, 125 g of pprous.siliea powder, and 250.9 0£123, 15 ..
activated alumina, the weights on a dry weight basis, were added, and
acidNgRA0.9 of slupry of RE uiltrs t%?!egﬁg’P?a??é’Qteo@%‘dS! pepared,
with 25 % by mass sulfuric acid to have pH of 3.9 was added as Y-type
s 250103 10 this wa, 8 5, slyny mixture was prepared. This slurry mixture
was spray-d"rlecsl {6 form spherical particles"having an average particle
<<Zeo(l)i rr%ggof 60 him, [0035] The obtained spherical particles were washed
and then 10 dried in an oven at 135C. In this way, Catalyst Composition
was prepared. The properties of Catalyst Composition A2 are shown in
TR 2B e o RN o2 T 0m B oP st s
comprising SiQ2 at a concentration of 17 % by mass (an example of the
comm g Y RS ety B0'G OF kot 175 6 OF b0rcns SNICA Somar, and
Hod 250 g of activated alumina, the weights on a dr¥ weight basis, were
Y- gided dhdthen 8bB7 &f'liiry of RE Hirraatanted Yoy psZRofite (REUSYY
prepared with 25 % byfmasg, sulfuric acid to 20 have pH of 3.9 as Y-type
FAU Jogifte wal'atted™ in thidiay “a Sturry mixtite was preépared. TR Slurry
mixture was spray-dried to form spherical particles having an average

ze0 lgdficle®didmeter’ot 80 003ET 24 YPhd Dbtained SPherical patticléiters

washed and then dried in an oven at 135C. In this way, Catalyst
forg@émpggﬁoﬁype (Examples are chabasite, SAPC-34, and so

forth), and MOR typs (=.g9., mordenite, Ca-Q, and so forthi.
The FAU type is particularly preferable. Faulasite-~type
zeollte includes hvdrogen Y-type zeolite (HY), ultrastable Y-
type zeolite (USY), rare-earth exchanged Y-type zeolite (REY),
and rare-earth exchanged ultrastable Y-type zecolite (REU3Y).
The latter two Types of zeollte can be cbtalined by making HY
and USY carry rare-earth metals by lon exchange cr some other
means.

[0019]
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A3 was prepared. The properties of Catalyst Composition A3 are shown in
Table 1. 5[00371 [Table 1] Table 1 Composition A, Composition A2
Composition A3 Zeolite USW REUSY REUSS' Binder Silica sol Silica sol
Water glass Chemical properties Ligss on carcination%by mass 13.6
12.6 14.6

When the content ratio of zeclite to Catalyst

o

Composition A is lower than 15 % by mass, the cracking
activity is often low. When it exceeds 60 % by mass, the
bulk density is often high, leading tc a decreased strength.
<<Inorganic Oxides>>

The inorganic oxides can be, besides kaolin and other
clay minerals, activated alumina, porous silica, rare-earth
metal compounds, and metal capture agents (metal-trapping
agents) .

[00z0]

Any rare-earth metal oxide may be contained in Catalyst
Composition A, in the form of RE:03, at a content ratic in the
range of 0.5 tc 2.0 % by mass. Rare-earth metals used here
include cerium {Ce), lanthanum (La), praseodium (Pr), and
nacdymium {Nd), and Catalyst Composition A may carry any one
of or two or more of these as metal oxides.

[00Z21]

The following describes an example of the manufacturing
method of Catalyst Composition A. First, kaclin, porous
silica powder, and activated alumina are added to silica sol
menticned above (an example of the silica-based bindexr), and
then slurry of ultrastable Y-type zeolite (USY) prepared with

20 to 30 % by mass sulfuric acid to have pH in the range of 2

to 5; in this way, a sliurry mixture is prepared. This slurry
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Al203% by MaSS 30.4 28.2 28.0 RE203%by mass 0.99 3.70 3.78 910 by

Na2C mass 0.13 0.15 0.23 % by SO4 mass 0.23 0.32 0.36 Physical

properties Specific surface aream.2/g

14

mixture is spray-dried to form spherical particles. The
obtained spherical particles are washed, brought intc contact
with an agqueous solution of a rare earth metal (RE) chloride
for ion exchange for the content ratio of RE;0: to be in the
range of 0.5 to 2.0 % by mass, and then dried; in this way,
Catalyst Composition A 1s obtained. The average particle
diameter of Catalyst Compesition A obtained is not
particularly limited as long as the composition can be mixed
with Catalyst Composition B described later; however, 1t is
on the order of 60 tc 70 um.

[Catalyst Compound E]

Catalyst Composition B 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 an aluminum-

compound binder as a binding agent, and inorganic oxides
other than zeolite as the balance.
<<Aluminum-compound Binder>>

The aluminum—compound binder can be (a) basic aluminum
chleride, (b) aluminum biphosphate, or (c) alumina =ol. 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 sclution may be used as the
aluminum-compound binder instead.

[0022]
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259 263 238 Bulk specific gravityg/m 0.73 0.65 0.67 10[0038] Note that
the specific surface area and the bulk specific gravity were measured by
the BET method and COP Method 254-65, respectively. And, the loss on
carcination represents a decrease ininass observed after carcination at
151000C for one hour. (The same applies hereinafter.) [Production of
Aluminum-compound Binders] 25 <<Catalyst Composition BI>> To 1201

g 0f adiasicaluminunnchierde-solution comprising-AlRO3Atd, rormula 4.

concentration of 23.3 % by mass (an example of the aluminum-compound
[0o2gnder), 840 g of kaol 5 260 g of activated alumina, and 640 g of USY

slurry were added; in this way, a slurry mixture was prepared with a slurry

cqneentration of 41%. Thig slurry mixture was spray-dried to form
spherical particles having an average particle diameter of 60 pl. These

skhgrical patticles were wgfﬁ&%}%?reoy&ﬁﬁg coptact with an agueous -

solution of a rare earth metal chloride for ion exchange for theé content

=na raiie of RE208 1o be 1.0.%.by mass, and then drigglin an oven at 135C. In

this way, Catalyst Composition Bl was prepared. The formulation of

Catalyst amposition Bl plained was.aseLs [allows; AlR0%,9f basit,

aluminum chloride solution origin: 14 % by mass; kaolin: 41 % by mass;

dihy%@}%é%{jce@mﬂ%%% %.by g}%ﬁ% yfé%géf;{ga y Emé}§‘\,§.ﬁTﬂe roperties of

Catalyst Composition B1 are shown'in << atayp/)st orhpaosition
expr28224019 B20L.9,01 3 basic aluminum.chioride solution +, oy by, for

example, pH adjustment of pseudoboehmite-type alumina with an
acid.
<<Zeclite and Incrganic Oxides>>

Zeolite and incorganic oxides that can be used for
Catalyst Composition B are the same as those for Catalyst
Compositicn 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, kaclin, activated
alumina, and USY slurry are added to, for example, a sclution
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



10

15

20

comprising Al203 at a concentration of 23.3 % by mass (an example of
the aluminum-compound binder) , 840 g of kaolin, 260 g of activated
alumina, and 640 g of REUSY slurry as Y- type zeolite were added; in this
way, a slurry mixture was 26 prepared with a slurry concentration of 43%.
This slurry mixture was spray-dried to form spherical particles having an
average particle diameter of 60 pm. These spherical particles were
intavashediand themdded it ar oyen at 135¢: -5 this way, Gatalyst 1 ori de
Composition B9 was prepared. The properties of Catalyst Composition B2

for argrshowmiantable 2y <ctatalyst:Gompesition B3>, cAluming sok (@n; 1
example of the aluminum-compound binder) was prepared by adding 63%

randiitrigsacid to 2400 goof:an,10 agueous selution of pseudoboghmite-typg.
alumina (Catapal-A, a product from Sasol) comprising A1403 at a

Cat 00pceNtration of 12 5.%:by: massuniilpH was ﬁeo'ar%%%zél ina 5oh,
840 g of kaolin, 260 g of activated alumina, and 640 g of REUSY slurry as

diamfbype geolite were added; in this-way, & sl mixfure was prepared with a

slurry concentration of 43%. This slurry mixture was spray-dried to form

partﬁ@ﬂ'&?h@arﬂﬂﬁ§&?¢y ,in%@@_éiygEageipeaqigleoqiia%éeroq_jc?gra%g%e,t o 70
spherical particles were carcinated in"an electric furnace at 600C. In this
way, Catalyst Composition B3 was 20 prepared. The properties of

Ht Catalyst Composition B3 are shown in Table 2. "Catalyst Composition

134>B To 17 of.a 17.4 % by mass_aluminum biphosphato solution (an
[Catéaiaﬁr/ﬁ%e%o%hze;% ulrﬁjiné?nt-go%géﬁn? ?nc(}g)r}%ﬁm g 27 of kaolin, 260 g of

ag'v%%%gyé‘%'”%b%“%?ﬁ% of %E&\A’?Jﬁ'“g X E}%ﬁp%ﬁ%%'% M0 the
added; in this way, a slurry mixture was prepared with a slurry

concentration of 43%. This slurry mixture was spray-dried. to form
S 6% erical 5 particles hali nréllafﬁ{c'ﬁ}{/reeraé;D e %%]r"tﬂ:?ea dFa%fn St&¥ P80 i These®
spherical p%rtic!%ag ere gﬁlrcinated in an electric furnace at 600C. In this

CompEgy, CRAlyst EmpGsifion’ §4 wadFrapared The propafties Bt Catalyst

Composition 84 are shown in Table 2, 10[0039] {Table 2] Table 2111
proportion in the range of 10:90 to S0:1I10 (Wa:Wg), provided

that Wp is the mass of Catalyst Composition 2 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 fluid catalytic cracking is small,
and thus an explicit advantage is unlikely to be obtained.
Note that the mixing proportion (mass proportion) of Catalyst
Compesition A and Catalyst Composition B is preferably
determined in such a manner that the cracking products
obtained by cracking cof hydrocarbon oil using this catalyst
for fluid catalytic cracking (in particular, gasoline and

LCC) can have intended formulations (yields).



I Composition B.4 Composition B2 Composition B3 Composition B4
Zeolite USY RESSY REUSY REUSS Binder ACH ACH Alumina soi
Aluminum ".. Pipnosphate Chemical properties
17
[Method for Fluild Caetalytic Cracking]

Fluid catalytic cracking based on a catalyst for fluid
catalytic cracking according to the present invention can be
performed under ordinary conditicns for fluid catalvtic
cracking of hydrocarbon oil. For example, the conditions
described below can be suitably used.

[0025]

The raw material oil for catalytic cracking can be
crdinary raw material hydrocarbon oil, for example, hydro
desulfurized vacuum gas olil (DSVGC) or vacuum gas oll (VGO),
cr residual oil such as residual o0il of atmospheric

distillation (AR}, residual oil of vacuum distillation (VR},

desulfurized residual oil of atmospheric distillation (DSAR),

by

desulfurized residual oil of wvacuum distillation (DSVR), and
deasphaltened o0ll (DAO). These kinds of oil can be ussd
alone or in comblnation thereof. A catalyst for fluid
catalytic cracking according to the present invention can
process any residual oll that contains nickel and wvanadium at
a content ratlo equal to or higher than 0.5 ppm by mass each,
and can be used with apparatus for fluid catalytic cracking
of residual oil {(Resid FCC, or RFCCY, which involves the use
of residual cil alone. Note here that when a known catalyst

for fluid catalytic cracking 1s used with RFCC, nickel and

vanadium contained in residual o0il adhere to the catalyst and
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Loss on carcination mass% 17.3 14.3 7.7 4.4 Al203 mass% 49.7 40.2

40.4 39.8 RE203 mass% 0.97 3.79 3.81 3.17 na2o0 mass% 0.26 0.15

0.18 0.17

18

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 ratilo 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 catailvytic cracking acccrding to the present invention
keeps its catalytic performance even when it contains
vanadium and nickel at a content ratico squal to or higher
tharn 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.
[002¢6]

As for reaction temperature for catalytic cracking of
the above-mentioned raw material hydrocarbon oll, a
temperature in the range of 470 to 550°C is suitebly used.
As for reaction pressure, a pressure on the corder of 1 to 3
kg/cm? is usually preferable. The mass proportion of
catalyst/oil {catalyst/cll ratio) is preferably in the range
of 2.5 to 7.0, and the contact time is preferably in the
range of 10 to 60 hrt.
<<K value>>

The K value can be determined in the following way: Raw
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S04 mass% 2.64 2.33 0.03 0.08 Physical properties Specific surface

area m2/g961 274 283 156 Bulk specaiic gravity g/mi0.73 0.78 0.67 0.56

[0040] 15<<Experiment |: P11-81>> (Example 1: Catalyst 1) Catalyst

Composition Al and Catalyst Compuosition Bl were mixed in a mass

proportion of 70:30 on a dry weight basis to
material oil is catalytically cracked by the method described
above, the fractions having & boiling point higher than that
of gasoline (on the order of 30 to 220°C), or light cycle oil
{L.CO} and heavy cycle oil (HCC), are welghed, 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 is determined from the conversion rate by Formula {(1).
[00z7]

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
0il, and “b"” represents the total mass of light cycle oil 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 egual to or higher than
1.5 {(conversion rate: 260%), and more preferably egual to or
higher than 2.3 (conversion rate: 270%). Any K value for
Catalyst Composition A or Catalyst Composition B being less
than 1 {conversion rate: <b(0%) results in low yields of
gasoline and LCC and thus 1s impractical.

[00z¢9]

Also, the ¥ values for Catalyst Composition A and
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28 form Catalyst for Fluid Catalytic Cracking 1. (Example 2: Catalyst 2)
Catalyst Composition Al and Catalyst Composition Bl were mixed in a
mass proportion of 50:50 on a dry weight basis to 5 form Catalyst for Fluid
Catalytic Cracking 2. (Example 3: Catalyst 3) Catalyst Composition
741 and Catalyst Composition Bl were mixed in a mass proportion of
30:70 on a dry weight basis to form Catalyst for Fluid Catalytic Cracking 3.
catat0fCOMPative Exampte Gatalyst 4 =1 Catalysticomposgifion Al wasne
used as Catalyst for Fluid Catalytic Cracking 4. (Comparative Example 2:
randeal@lyst 5) 5 o Catalyst Compesition\B1 wag used.as:Catalyst for-Flyid. ¢
15 Catalytic Cracking 5. (Test 1)  With Catalysts for Fluid Catalytic
prefCracking 1 to54catglytic cracking reagtion testwas perfopmed using a
pilot reaction test unit (a product from ARCO) with the same raw 20
1: <gnaterialoll apd.under ihe same reaction conditions;, The pilot feaction dest
unit, which had a circulation moving bed for the circulation of a catalyst
tne IDSiAeANd alternately tepeated.eaction andeatalystiegeneration, was a
simulator of apparatus for fluid catalytic cracking in commefcial use. 29
congfJ08:SANE also anplies fo e examplas described belgu.) ., First, Prigreeq
to the reaction test, Catalysts for Fluid Catalytic Cracking 1 to 5 were
Rret ated by the cyclic metal deposition (CMD) method in such a manner
that théy should 5 each contain vanadium octylare and nickel octylate at,
0oL amass basis, 4000 ppm by mass in terms of vanadium and 2000 ppm
: aby’ mass in terms of nickel, respectively. Here, the CMD method is a
e in which impregnation of a catalyst for fluid catalytic cracking with
AT BhSUIL Ot A 26 rickat SHE SUBLE e rE5enerouin of
, t&e{ catalyst for fluid catalytic cracking at a high temperature are r peated
2% A Y an AN ARY nOkE! depOSTIGNS TEACH a FaTGet Goncertrationin the
; catgclyst for fluid cg}aIF:yrltic cracking, and then oxidation and reduction are
valygpedteddtd high'tefparatird inT's the' rangé BF400to BoG& s £°F
method is a simulator of apparatus for fluid catalytic cracking In
CatadofimerdBPase! (FRE sBme also applies to the examples described
below.) The fluid catalytic cracking mentioned here was performed under
<<Gapg reattion-Eantifions shown in Table 3. 20 Table 4 and Figs. 1 and 2
show the results of reaction. In Table 4, the calculations for Catalysts 1 to.
3 Wte Hetived 1By théweighed dvetage niethsd) frorm theé fésulFsfratytic
reaction test for Catalyst 4 (i.e., Catalyst Composition Al only), that for
cracafafyst Sni.et SCaERSE CUMpPoSHIGIFBESNIyRahdt e gasoline yield

<y

for Catalyst Composition A, Gi, and The gasoline vield for
Catalyst Compositicn B, Gg. The gasoline yield menticned here
is calculated from the mass of gasoline obtained by catalvtic
cracking of raw material performed by tThe methcd described
zbove 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 vyield, and hydrogen, Cl+CZ, LPG, HCO, and coke in
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30 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] 5The K values and gasoline yields shown in
Table 4 are plotted in Figs. 1 and 22respectively. Note that in Figs. 1 and
2, the symbol "E" represents measurements, and represents
“calculations.” As shown in Table 4, with Catalysts 1 to 3, "Gasoline" and

LowetGRQ'ewere ebtainethindugh 400delds sand JACO" andCokey were in low
yields, compared with the calculations. In Fig. 1, examples with a mass

ComplRropertion of Gatalyst Compasition Al intherange.of 4910 40.% hy:massna
other words, the ratio WA:WB in the range of 10:90 to 40:60) provided a K

catavaje farcatalyst 4 (Kaphigher-15 thanthose fer-Catalysy Gompesition Al
(KA) and Catalyst Composition Bi (KB). In Fig. 2, examples with a mass

pred¥opPORioROf Gatalys Composition-Alin therange of 1@ t@ 90 %y mass
(in other words, the ratio WA:WB in the range of 10:90 to 90:10) provided

comp® 9280line yield-for Catalysti1 20, higherthan each of those fer Catalyst
Composition Al and Catalyst Composition Bl. [0042] [TaBIe 3] Table 3

incr3gaction iemperatuie 520C,Regenerafion temperglure 5 AGRAW, . anq

material oil Desulfurized Atmosphere residual oil(DSAR) Nickel content2

1.co, PRI-DY Dass Yanadium contentz ppm by, mass Gafalysyoll rafla. %y, <
mass/% by mass
forth.
EXAMPLES
[0032]
[Production of Silica-based Binders]
<<Catalyst Cocmposition Ai>>
Silica sol comprising $10; 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

o3

comprising 8i0, at a concentration of 17 % by mass and 1059 g
of sulfuric acid having a concentration of 2% % by mass
simultanecously and continuously. To this silica scl, 800 g
of kaolin, 175 ¢ of porous silica powder, and 250 g of
activated alumina, the weights on a dry welght basis, were
added, and then 800 g of slurry of ultrastable Y-type zeclite
(USY) prepared with 25 % by mass sulfuric acid to have pH of

3.9 was added; in this way, a2 slurry mixture was prepared.

This slurry mixture was spray-dried to form spherical
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particles having an average particle diameter of 60 pm.
(00333

The obtained spherical particles were washed, brought
into contact with an aguecus solution of a rare earth metal
(RE} chloride (this solution contained chlorides of cerium
and lanthanum; the same applies hereinafter) for ion exchange
for the content ratic of RE;0: o be 1.0 % by mass, and tThen
dried in an oven at 135°C. 1In this way, Catalyst Compesiticn
Ay was prepared.
[0034]

The formulation of Catalyst Composition A: was as

o]

follows: 510, of silica scol crigin: 20 % by mass; kaolin:

]

32 % by mass; 210; of porcous silica powder origin: 7 % by

mass; activated alumina: 10 % by mass; USY: 30 % by mass.

The properties of Catalyst Composition A; are shown in Table

<<Catalyst Composition A;>>

Silica sol comprising 8i0; 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 o of water glass
comprising 3510, at a concentration of 17 % by mass and 1059 g
of sulfuric acid having & concentration of Z5 % by mass

gimultaneously and continuously. To this silica sol, 800 g

of kaolin, 175 g of porous 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
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 gspray-~
dried to form spherical particles having an average particle
diameter cf 60 um.

[0035]

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 Ag
are shown in Table 1.
<<Catalyst Composition As»>

To 2941 g of water glass comprising $10; at a
concentration of 17 % by mass (an examplie of The silica-based
binder}), 800 g of kacolin, 17> ¢ of porous silicae powder, and
250 ¢ of activated alumina, the weights on a dry welght basis,
were added, and then 800 ¢ of slurry of RE ultrastable Y-type
zeolite (REUSY) prepared with 25 % by mass sulfuric acid to
have pH of 2.9 as Y-type zeollite waes 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.

[0036]
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The obtained spherical particles were washed and then

dried in an oven at

Az was prepared.

are shown in Table 1.

135°C.

In this way,

Catalyst Composition

The properties of Catalyst Composition As

{00377
[Table 1]
Table 1
Composition | Composlition Composition
A, 2, As
Zeolite Usy REUSY REUSY
Binder Silica sol Silica sol Water glass
Chemical properties
% b
Losgs on carcination o by 13.6 12.6 id. 6
Mass
% b
BI04 o by 3C.4 25.8 2B.0
mass
% b
RE,0; o 0.99 3.70 3.78
% b
Na,0 nfasg 0.13 0.15 0.23
% b
50, > by 0.23 0.32 0.36
mass
Physical propertles
Specific surface area /g 255 263 238
Bulk specific gravity g/m 0.73 0.65 .67

[00381

Note that the specific surface area and the bulk

specific gravity were measured by the BET method and UOP

Method 254-65,

represents &

1000°C for one hour.

[Production of

respectively.

And,

the loss on carcination

decrease in mass observed after carcination at

(The same applies hereinafter.)

Aluminum~compound Binders]
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<<Catalyst Composition B:>>

To 1201 g of a basic aluminum chleride soluticn
comprising Al:Cs at a concentration of 23.3 % by mass {an
example of the aluminum-compound binder), 8490 g of kaolin,
260 g of activated alumina, and 640 g of USY slurry were
added; in this way, a slurry mixture was prepared with a
slurry concentration of 41%. This slurry mixture was spray-
dried to form spherical particles having an average particle
diameter of 60 pm. These spherical particles were washed,
brought into contact with an agueous solution of a rare earth
metal chloride for ion exchange for the content ratlio of RE;O;
to be 1.0 % by mass, and then dried in an oven at 135°C. 1In
this way, Catalyst Composition Bl was prepared. The
formulation of Catalyst Composition B, obtained was as
follows: Al;0; of basic aluminum chloride solution origin:
14 % by mass; kaclin: 41 % by mass; activated alumina: 13 %
by mass; USY: 32 % by mass. The properties of Catalyst
Composition B; are shown in Table Z.
<<Catalyst Composition By>>

To 1201 g of a basic aluminum chlioride scolution
comprising Al,0; at a concentration of Z2.3 % by mass (an
example of the aluminum-compound binder), 840 g of kaolin,

260 g of activated alumina, and 640 g of REUSY slurry as Y-

type zeolite were added; in this way, & slurry mixture was
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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 washed and then dried in an oven at 135°C. In
this way, Catalyst Composition B: was prepared. The
preperties of Catalyst Compositicn B,y are shown in Table 2.
<<Catalyst Ccmposition Bs>>

Alumina scl (an example of the aluminum-compound binder)
was prepared by adding 63% nitric acid te 2400 g of an
agueous scluticn of pseudoboehmite-type alumina (Catapal-A, a
product from Sascl) comprising Ri,0C3; at a concentration of
12.5 % by mass until pH was 3.0. To this alumina sol, 840 g
of kacolin, 280 g of activated alumina, and 640 g of REUSY
slurry as Y-type zeolite were added; 1n 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. In this way, Catalyst Composition B; was
prepared. The properties of Catalyst Composition Bz are shown
in Table 2.
<<Catalyst Composition Bi>>

Toe 1723 g of a 17.4 % by mass aluminum biphosphate

solution {an example of the aluminum-compound binder), 840G g
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1% 33 [00441 Note the following: Conversion rate (% by mass)=(a-b)/a x
100 a: Mass of raw material oil 5b: Total mass of light cycle oil (LCO) and
heavy cycle oil (HCO) K value-Conversion rate/(100-Conversion rate)
Hydrogen (% by mass)=c/a x 100 2z7c: Mass of hydrogen in the gas
produced 10- C1+C2 (% by mass)=d/a x 100 d: Mass of Cl (methane)
and C2 (ethane and ethylene) in the gas produced LPG (liquefied

of Weetroleymygas; §o by mass)welecd 10Qumina e Massafprgpane REUSY
propylene, butane, and butylene in 15 the gas produced Gasoline (% by

s1udpass)sfax 100 fMass ef:gasoline(bailing pointrange:the boiling:peint,
of CS (butane) (20C) to 204C) in the oil produced LCO (% by

mix tasS)rka ¥ A00:200; Mass-oflight gyele ail(heling pointdange: 20410
343C) in the oil produced HCO (% by mass)=h/a x 100 h: Mass of

Thisheavy:cyele.ol {boiling,paint range- 343G) indhe ollpraduged; 34:- Coke

(% by mass)=ida x 100 i: Mass of coke precipitated on the catalyst
partTWe The same.alsa applies tq the.examples described below. |,
<<Experiment 2: A2-B2>>
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 Tabkle 2.
[0039]
[Table 2]

Table 2

CoempositioniComposition | Composition|Composition
B, By By By

Zeclite Usy REUSY REUSY REUSY
Binder ACH ACH Alumina sol| ~luminum

biphosphate

Chemical properties

Loss on carcination mass$ 17.3 14.3 3.7 4.4
BA1,04 massh 49.7 40,2 40,4 39.8
RE,O4 mass% 0,97 3.79 3.81 2.17
Na,O massd 0.26 G.15 0.18 0.17
SO, masss 2.64 2.33 0.03 0.08
Physical properties
Specific surface area m'/g 261 274 283 156
Bulk specific gravity g/m 0.73 0.78 C.67 0.56
[C040]

<<Experiment 1: A -Bi>>
(Example 1: Catalyst 1)
Catalyst Composition A; and Catalyst Composition B were

mixed in a mass proportion of 70:30 on a dry weight basis to
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5(Example 4: Catalyst 6) Catalyst Composition A2 and Catalyst
Composition B2 were mixed in a mass proportion of 70:30 on a dry weight
basis to form Catalyst for Fluid Catalytic Cracking 6. (Example 5: Catalyst
7) 10Catalyst Composition A2 and Catalyst Composition B2 were 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) Catalyst Composition

formAZ and Gatalyst compositianaB2 were d Sonixedin@ mass proportion of
30:70 on a dry weight basis to form Catalyst for Fluid Catalytic Cracking 8.

(Exaffgoraparativg Example 3; Catalyst 9) Catalyst Composition A2 was
used as Catalyst for Fluid Catalytic Cracking 9. 20(Comparative Example

dceatalysitl O omp CaIAlySiCOMPosHionB2 wasusedasGatalyst fer, were
Fluid Catalytic Cracking 10. (Test 2) With Catalysts for Fluid Catalytic

mi xGracking &.1e,40,, 35:fuid catalyie cracking was:performed:as in Testik o

Table 5 shows the results of reaction. As shown in Table 5, with Catalysts

forn 10,847Gasoling; apd [LBG  yere pbtained in-high.yields, and "HCO" and

"Coke" were in low yields, compared 5 with the calculations. 37 [00461

(Exaﬁlﬁ)éo%ri.m%%tt% 1@%‘@3?? (Example 7: Catalyst 11) Catalyst

Composition A2 and Catalyst Composition 93 were 5 mixed in a mass

gﬁ:%;ﬁ’%i%?;&%%@%ﬁ dry, weightbasis to fopm.CatglystfarnRud 5 e
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
Cataivtic Cracking 5.

{Test 1)

With Catalysts for Fluid Catalytic Cracking 1 to 5,
catalytic cracking reaction test was performed using a pllot
reaction test unit (a product from ARCO) with the same raw
material oill and under the same reaction conditions. The
pilot reacticon test unit, which had a circulation moving bed
for the clrculation c¢f a catalyst inside and alternately
repeated reaction and catalyst regeneration, was a simulator

of apparatus for fluld catalytic cracking in commercial use,
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(Example 8: Catalyst 12) Catalyst Composition A2 and Catalyst
Composition B3 were mixed in a mass proportion of 50:50 on a dry weight
basis to 10 form Catalyst for Fluid Catalytic Cracking 12. (Example 9:
Catalyst 13)  Catalyst CompositigreA2 and Catalyst Composition 93
were mixed in a mass proportion of 30:70 on a dry weight basis to form
Catalyst for Fluid Catalytic Cracking 13. 15(Comparative Example 5:
(TheCatalyst 44y o Latalyst Composiion@3wes Jsedas-Cataly st forfluid
Catalytic Cracking 14. (Test 3) With Catalysts for Fluid Catalytic Cracking

9and:tl tq:20 44, fluidigatalytic,eracking-was pedfermed asdn fest fluid
Table 6 shows the results of reaction. As shown in Table 6, with Catalysts

catallyto 13 Gonversion rate, "s'Gaseling,r and="LPG!' wererobtainediin bightal

yields, and "HCO" and "Coke" were in ow yields, compared with the

depccaleylations:n38 Gatalyst 14,0QT-guemennsespa 8¢ 6f ieLEsQd. B4
0.611*8b [7' E 0.6 LL Catalyst 9 00 [
each contain vanadium coctylate and nickel octyiate at, on a
mass basis, 4000 ppm by mass in terms of vanadium and 2000
ppm by mass in termg of nickel, respectively. Here, the CMD
method is a method in which impregnation of a catalyst for
fluid cataelytic cracking with small amounts of vanadium and
nickel and subseqguent regeneration of the catalyst for fluild
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 then
oxidation and reduction are repeated at a high temperature in
the range of 400 to 800°C; this method is a simulator of
apparatus for fluid catalytic cracking in commercial use.
(The same alszso applies 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 for Catalysts 1 to 3 were derived
{by the weighed average method) from the result of reacticn
test for Catalyst 4 (i.e., Catalyst Composition A; only),

that for Catalyst 5 (i.e., Catalyst Composition B; only), and
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the mixing proportion of catalysts. (The same also applies
to the examples described below.) Note that the K wvalues

were calculated from the conversion rates.
(0041]

The K values and gasoline vields shown in Table 4 are
plotted in Figs. 1 and 2, respectively. Note that in Figs. 1
and 2, the symbol "B" represents measurements, and @
represents "calculations." As shown in Table 4, with
Catalysts 1 to 3, "Gascline"” and "LCO" were obtained in high
yvields, and "HCO" and "Coke"™ were in low vields, compared
with the calculations. In Fig. 1, examples with a mass
proportion of Catalyst Compositicn A4 in the range of 10 te
40 % by mass {in oTher words, The ratio Wa:Wz in the range of
10:20 to 40:60) provided a K value for Catalyst 1 (K} higher
than those for Catalyst Composition A; (Ka) and Catalyst
Composition By (Kg). In Fig. 2, examples with a mass
proportion of Catalyst Compositicon AL in the ranges of 10 to
90 % by mass {in other words, the ratioc Wa:Wy in the range of
10:90 to 80:10) provided a gasoline vield for Catalyst 1
higher than each of those for Catalyst Composition Ay and
Catalyst Composition Bj.

[0042]

[Table 3]
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Table 3
Reaction temperature |520°C
Regeneratlion 670°C
temperature
Raw material oil Desulfurized Atmosphere residual
ol]l (DSAR)
Nickel content 2 ppm by mass
Vanadium content 2 ppm by mass
Catalyst/Cil ratio 7 % by mass/% by mass
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[0044]
Note the following:
- Conversion rate (% by mass)=(a-b)/a x 100
a: Mass of raw material oil
5 b: Total mass of light cvcle oil (LCO) and heavy cycle

olil (HCO)

- K wvalue=Conversion rate/{100-Conversion rate)

Hydrogen (% by mass)=c/a x 100

c: Mass of hvdrogen in the gas produced

19 C1l+C2 (% by mass)=d/a x 100

d: Massgs of C1 {(methane) ana C2 {(ethane and ethylene) in
the gas produced

~ LPG {liguefied petroleum gas; % by mass)=e/a x 100

e: Mass of propane, propylene, butane, and butvlene in

15 the gas produced

(=3

- Gasoline (% by mass)=f/a x 100

f: Mass of gasoline (boiling point range: the bolling
point of C5 (butane) (20°C) to 204°C) in the oil produced

- LCO (% by mass)=g/a x 100

20 g: Mass of light cycle coil (boiling point range: 204 to

343°C) in the oil produced

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

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

in the oil produced
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ITO32 oNO91 39 [00481 <<Experiment 4: A2-B4>> (Example 10: Catalyst
15) Catalyst Composition A2 and Catalyst Composition B4 were 5
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
Composition A2 and Catalyst Composition B4 were mixed in a mass
proportion of 50:50 on a dry weight basis to 10 form Catalyst for Fluid

Catalyic:Cracking 46 s(Example 121 Catalyst 17) Catalyst Composition
A2 and Catalyst Composition BL were mixed in a mass proportion of

30:70versa dry weight hasis-toform Catalyst fof & luidCatalytic:Cracking
17. 15(Comparative Example 6: Catalyst 18) Catalyst Composition B4

wasdiseghas GatalystforFluid Catatytic Cracking(d est4)-With-Gatadysts: .

for Fluid Catalytic Cracking 9 and 15 to 20 18, fluid catalytic cracking was
<<experformad-as in feskl: Jable 7 shows the results of reaction. As shown in

Table 7, with Catalysts 15 to 17, "Additive rate,” "Gasoline," and "LPG"

(Exawere-ohtained-inhigh yiglds, and "Hydrogen,” "C1 +C2," "LCO," "HCO,"
and "Coke" were in low yields, compared with the calculations. 42

[Q050} ffgﬁ(p@@m@é orExample13; Gatalyst,19) cofsdtalysti on B, were

Composition A3 and Catalyst Composition B2 were mixed in a mass

miXeefogqrt;gorh%fs@:g@%a&wowetgbt basisdo form, CatalystdorFluid 15 o
Catalytic Cracking 19.

form Catalyst for Filuid Catalytic Cracking 6.

(Example 5: Catalyst 7}

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 Catalvytic Cracking 7.

(Example &: Catalyst 8)

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 8.

{Comparative Example 3: Catalvst 9)

Catalyst Composition A; was used as Catalyst for Fluid
Catalytic Cracking 9.

{Comparative Example 4: Catalyst 10;

Catalvst Composition B, was used as Catalyst for Fluid
Catalytic Cracking 10.

{(Test 2)

With Catalysts for Fluld Catalytic Cracking 6 to 10,



(Example 14: Catalyst 20) Catalyst Composition A3 and Catalyst
Composition B2 were mixed in a mass proportion of 50:50 on a dry weight
basis to 10 form Catalyst for Fluid Catalytic Cracking 20. (Example 15:
Catalyst 21) Catalyst Compositidhh A3 and Catalyst Composition B2
were mixed in a mass proportion of 30:70 on a dry weight basis to form
Catalyst for Fluid Catalytic Cracking 21. 15(Comparative Example 7:
fluiCatadyst 22) ic CatatystrCompaesitier A3rwasi used as Catalyst for Faidle ©
Catalytic Cracking 22. (Test 5) With Catalysts for Fluid Catalytic Cracking
showk0 and 1940 20:22 fllid eatatyticrcracking=was petfarmet as it Test thAs
shown in Table 8, with Catalysts 19 to 21, "Gasoline" and "LCO" were
Cataobtaneddnhighs yields; and'HEO'sand "Coke” wene:indowayields, in high
compared with the calculations. 43 Catalyst 1010100 6'6L 86 8E O
vielBsOT Li2rCHCBO Hrd-Coke™ were in low vields, compared

with the caliculations.
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[0046]
<<Experiment 3: A;-B:>>
(Bxample 7: Catalyst 11)

Catalyst Composition A; and Catalyst Composition Bs were
mixed 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.

(Examples 9: Catalyst 13)

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

(Comparative Example 5: Catalyst 14)

Catalyst Composzition By was used as Catalyst for Fluid
Catalvytic Cracking 14.

(Test 3)

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

in low yields, compared with The calculations.
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[oo4s]
<<Experiment 4: A;-Bs>>
(Example 10: Catalyst 15)

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

(Example 11: Catalyst 16)

Catalyst Composition 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 Bs were
mixed in a mass proportion of 30:70 on a dry weight bkasis to
form Catalyst fcor Fluid Catalytic Cracking 17.

{Comparative Example ©: 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 tThe results of reaction. As shown in Table 7,
with Catalysts 15 to 17, "Rdditive rate,"” "Gasoline," and
"LPG" were obtained in high yields, and "Hydrogen,™ "CI+C2,"

"LCO, " "HCO," and "Coke" were in low yields, compared with



the

0.X0(...) 44 [0052] <<Experiment 6: A3-B3>> (Comparative Example
16: Catalyst 23) Catalyst Composition A3 and Catalyst Composition
B3 were 5 mixed in a mass proportion of 70:30 on a dry weight basis to
form Catalyst for Fluid Catalytic Cragking 23. (Example 17: Catalyst 24)
Catalyst Composition A3 and Catalyst Composition B3 were mixed in a
mass proportion of 50:50 on a dry weight basis to 10 form Catalyst for
Huid-Gatalytic-Gracking 24. (Example 18: Catalyst 25) Catalyst
Composition A3 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 25. 15(Test 6) With Catalysts for Fluid Catalytic
Cracking 14, 22, and 23 to 25, fluid catalytic cracking was performed as in
Test 1. Table 9 shows the results of reaction. As shown in Table 9, with
Catalysts 23 to 25, "Gasoline" and "LCO" were obtained 20 in high yields,
and "HCO" and "Coke" were in low yields, compared with the calculations.
46 [0054] <<Expeent 7: A3-B4>> (Example 19: Catalyst 26) Catalyst
Composition A3 and Catalyst Composition B4 were 5 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 A3 and Catalyst Composition 84 were mixed in a mass
proportion of 50:50 on a dry weight basis to 10 form Catalyst for Fluid
Catalytic Cracking 27. (Example 21: Catalyst 28)  Catalyst Composition
A3 and Catalyst Composition B4 were mixed in a mass proportion of
30:70 on a dry weight basis to form Catalyst for Fluid Catalytic Cracking
28.



[0049]

15(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. As shown in Table 10, with Catalysts 26 to 28,
"Gasoline" and "LCO" were obtained 20in high yields, and "HCO" and
"Coke" were in low yields, compared with the calculations. 47 Catalyst 18
0 00.1 Measurement 1.8%1 LI..0 O'S LE-0 8-61 991 L 'OS 8 Catalyst 22
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[GO50]
<<Experiment 5: A;-B,>>
(Example 13: Catalyst 19)

Catalyst Composition A; and Catalyst Compositicn Bz were
mixed in a mass proportion of 70:30 on a dry welght basis o
form Catalyst for Fluild Catalytic Cracking 19.

(Example 14: Catalyst 20)

Catalyst Composition As and Catalyst Composition B; were
mixed in a masg proportion of 50:50 on a dry weight basgis to
form Catalyst for Fluid Catalytic Cracking 20.

(Example 15: Catalyst 21)

Catalyst Composition A; and Catalyst Composition B, were
mixed in a mass proportion of 30:70 on a dry welght basis to
form Catalyst for Fluid Catalvtic Cracking 21.

(Comparative Example 7: Catalyst 22)

Catalyst Compeosition As was used as Catalyst for Fluild
Catalytic Cracking 22.

{(Test §)

With Catalysts for Fluid Catalytic Cracking 10 and 19 to
22, fluid catalytic cracking was performed as in Test 1. As
shown in Table 8, with Catalysts 19 te 21, "Gascline”" and
"LCO" were cbtained in high yields, and "HCO" and "Coke" were

in low vields, compared with the calculations.
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[0052]
<<Experiment 6: A3-Bi>>
{Comparative Example 16: Catalyst 23}

Catalyst Composition As; and Catalyst Composition Bs; were
mixed in a mass proporticon of 70:30 on a dry welght basis to
form Catalyst for Fluid Catalytic Cracking 23.

(Example 17: Catalyst 24)

Catalyst Composition Az and Catalyst Composition B; were
mixed in a mass proportion of 50:50 on a dry weight basis to
form Catalyet for Fluid Catalvytic Cracking 24.

(Example 18: Catalyst 25)

Catalyst Composition Ay and Catalyst Composition B; were
mixed in a mass proportion of 30:70 on a dry welight basis to
form Catalyst for Fluid Catalvtic Cracking 25.

{Test 6}

With Catalysts for Fluid Catalytic Cracking 14, 22, and

23 to 2b, fluid catalytic cracking was performed as in Test 1.

Table 8 shows the results of reaction. As shown in Table 9,
with Catalysts 23 to 25, "Gasoline" and "LCO" were obtalned
in high vields, and "HCO" and "Coke" were in low vyields,

compared with The calculations.
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Catalyst Composition
A2 and Catalyst Composition A3 #&re 5 mixed in a mass proportion of

A2-A3" (Comparative Example 8: Catalyst 29)

Fluid-Catalytic Cracking
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[0054]
<<Experiment 7T: Az-By>>
(Exampie 1%: Catalyst 26)

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

(Exanple Z0: Catalyst 27!

Catalyst Composition A; and Catalyst Composition Bs 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 As; and Catalyst Composition By were
mixed in a mass proportion of 30:70 on a dry weight basis to
form Catalyst for Fluid Catalytic Cracking 28.

{(Test )

With Catalysts for Fluld Catalytic Cracking 18, 22, and
26 to 28, fluid catalvtic cracking was performed as in Test 1.
Table 10 shows the results of reaction. As shown in Table 10,
with Catalysts 26 to 28, "Gasoline” and "LCO" were obtained

in high yields, and "HCO" and "Coke" were in low ylelds,

compared with the calculations.
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<<Experiment 8: A,-Ai>>
(Comparative Example 8: Catalyst 29)

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

(Comparative Example 9: Catalyst 30)

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

(Test 8)

With Catalysts for Fluid Catelvytic Cracking %, 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 to 31 resulted in measurements similar tc the
calculations for the vields of "Gasoline," "LCO,"™ "HCO," and

"Coke,"
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Catalyst Composition 1Conversio rate K value Hydrogen 96 1%Z9+10
1%Dig Gasoline OOH Flallop SO [0058] "Experiment 9: 22-23>>
(Comparative Example 11: Catalyst 32)  Catalyst Composition B2 and
Catalyst Composition 23 were mixeddn a mass proportion of 70:30 on a
dry weight basis to form Catalyst for Fluid Catalytic Cracking 32.
(Comparative Example 12: Catalyst 33) Catalyst Composition B9 and
[005@atalyst Composition B3 were mixed in a mass proportion of 50:50 on a
dry weight basis to 10 form Catalyst for Fluid Catalytic Cracking 33.
< <ExfSompanative Example-13: Catalyst 34) Catalyst Composition 22 and
Catalyst Composition 23 were mixed in a mass proportion of 30:70 on a
(ConiryMeightbasis 1g-form Catalyst for HuidsEatalytic Cracking 34. 15(Test
9)  With Catalysts for Fluid Catalytic Cracking 10, 14, and 32 to 34, fluid
catahdic.crackingwasiperformed as in Testh.yLable 12 shows:the rasults -
of reaction. As shown in Table 12, Catalysts 32 to 34 resulted in
mi xcRI€ARUreMENs similarfothe 20calcylatiops for the yieldg of Gaseline’s -,
"LCO," "HCO," and "Coke."

form Catalyst for Fluid Catalytic Cracking 32.
(Comparative Example 12: Catalyst 33)

Catalyst Composition B; and Catalyst Composition Bs were

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

h

orm Catalyst for Fluid Catalytic Cracking 33.
(Comparative Example 13: Catalyst 34)

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

{(Test 9)

With Catalysts for Fluid Catalytic Cracking 10, 14, and
32 to 34, fluid catalytic cracking was performed as in Test 1.
Table 12 shows the results of reaction. As shown in Table 12,
Catalysts 32 to 34 resulted in measurements similar to the
calculations for the vields of "Gasoline,"™ "LCO," "HCO," and

"Coke."
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(0060

Therefore, the present inventicn, namely, a catalyst for
fluid catalytic cracking coﬁprising Catalyst Compositicn 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 90510, provides
"Gagoline™ and "LPG" in higher vyields 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 cn Catalyst Ccmposition B, any catalyst
as a mixture of two catalyvst compcesitions comprising a
gilica-based binder, and any catalyst as a mixture of two
catalyst compositions comprising an aluminum-compound binder.
This can be understood as follows: alumina ceontalned in
Catalyst Composition B, which comprises an alumina-compound
binder, binds to metals polsonous to catalysts, such as
vanadium and nickel, to detexify them, and thus Catalyst
Composition A, which comprises a silica-based binder, beccmes
unlikely to be poisoned by these poisonous metals; as a
result, a high gasoline vield and a high vyield of a gas oil
fracﬁion as well as a high degree of bottom cracking are
achieved while the high gasoline yield and a low coke yield
are maintained.

[0061]
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The present invention is not limited to the embodiment
described above and can be modified within the g¢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.

[0062]

In the examples above, a kind of Catalyst Compositicn A,
which comprises a gilica~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,

respectively.
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[Claim 1]

L catalyst for fluid catelytic cracking of hydrocarbon
oil, «comprising & catalyst composition A that comprises
zeolite and 10 to 30 % by mass of a silica-based binder as a
binding agent and a catalyst composition B that comprises
zeolite and 10 te 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:Wg), provided that W, is 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
composition A and the catalyst composition B has a K value as
expressed by the following formula (1), which is equal 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

©il, and “b” represents the total mass of light cycle oil and

heavy cycle oll.
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B7f03 52 [00601  Therefore, the present invention, namely, a catalyst
for fluid catalytic cracking comprising Catalyst Composition A that
comprises a silica-based binder and;€atalyst Composition 5 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"

[ c1dndhigher yields and "FCC" and "Coke" in lower yields than the calculations
to a greater extent than any catalyst based only on Catalyst Composition

Araey 1Qcatalyst based pnly; on Catalyst:Gomposition B, any catalyst as, ,qn,
a mixture of two catalyst compositions comprising a silica-based binder,

oil and-anweatalystas amixtuse of two catalyst compogitions comprsing an .

aluminum-compound binder. This can be understood as follows: alumina

caté¥¥g@n8gﬂ%é§iEﬁ@HSACQH@O§w9n§%éN@8Eg?ggnggﬂBosiiion B are

alumina-compound binder, binds to metals poisonous to catalysts, such

exprayanadium.and nickel, 1o detoxify them; and thus Catalyst Composition
mes unlike

A, which comprises a silica-based binder, bec y to be

in t@%'s%%gﬁgy_g%gs(%%g;goQ%ustmgta%%;ﬁsogﬁaqgrz %I}H% lﬂlaqh { soline yield

and a high yie a gas oil fraction as'w igh degree of bottom

cracking are achieved h:;ﬂe e nigh gasoline yield and a low coke yield
aré ’lrggintaﬁﬁi?jcdr%oo%ci]\ﬁ% .engs,

[Claim 4]

The catalyst for fluild catalytic cracking of hydrocarbon
oil according to any of Claims 1 to 3, wherein, when the K
value for the above catalyst 1s expressed as “Kp”, the K, is
greater than the K value for the catalyst composition A (K)
and the K value for the catalyst composition B (Kg).

[Claim 5]

The catalyst for fluid catalytic cracking of hydrocarbon
oil according to any of Claims 1 to 4, wherein a gasoline
yield by use of the above catalyst, when it is expressed as
“Gr”, 1s greater than a gasoline yield by use of the catalyst
composition A, when it is expressed as “G,” and a gasoline
yield by use o©f the catalyst composition B, when it is
expressed as “Gp”.

[{Claim &]
The catalyst for fluid catalytic cracking of hydrocarben

0il acccrding to any of Claims 1 to 5, wherein the above
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The present invention |s 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 5
constituted as a combination of sonsgs or all of the embodiments described
above or modifications is also included in what is claimed by the present
invention. [0062] In the examples above, a kind of Catalyst Composition
s11iAal@which comprises asilisahased kipder, afd a kindiof &atalystagent (s)
Composition B, which comprises an aluminum-compound binder are
se 1 eComBhined ta, proguce; acatalyst far fluid cqtalytic cracking: however, foryater
example, two or more kinds of Catalyst Composition A and/or Catalyst
g1asSOMpesition B may:be combined,;k5te constitute a:catalyst for fluid
catalytic cracking, respectively. 54 CLAIMS [Claim 1] A catalyst for
11 aflwid eatalytic cracking of hydrocarbon oil, comprising a catalyst
composition A that comprises zeolite and 10 to 30 % by mass of a
sifica-based pinder as,a binding agent and a-catalyst.compositionB.thak 11 on
comprises zeolite and 10 to 30 % by mass of an aluminum-compound
011 BBAeLa% 4 binding,agentmixed therein in,any mags PLORPION. INMMErns run-
range of 10:90 to 90:10 (WA:WB), provided that WA is the 10 mass of the
comp[%gﬁkxst £emREsition A and WB.is the mass gt the catalyst.composition B o

laim 2] The catalyst for fluid catalytic cracking of hydrocarbon oil

sel e%ccc&gdi%% 5%1 CJ:EH@ ]gﬁlv??,%eigo%%: socfltpl% C%@'@EQO@ Qﬁlgﬁrg é@ar{do%ound

catalyst composition'B has a K value as expressed by the following

(a) f,ToCr)m Icg (1), which is equal to or higher than 1. K value = Conversion
réte/?ldO’-Conversion rate) ... (1) where the conversion rate is expressed

by tt}e %ollg\ivéngﬁiglggym&rlna g%'lCon\é%rsion rate (% by mass) - (a-b)/a x

100 f} where the sym ol *a" répresents the mass of raw material

oil, and "b" represents the total mass of light cycle oil and heavy cycle oil.

Sélfilg?’n%%?lguﬁ'hglc% glflg or fitiid catalytic cracking of hydrocarbon oil

accaording to Claim 2, wherein, when the K values for the catalyst

cér?ﬁoo ?ﬁgﬁjﬁlﬁn& for'the catalyst composition B are 5 expressed as "KA"
and "KB" respectively, the ratio of KA:KB in the range as shown in the

"C L3 foling formula (3); KA:KB= 1:0.5 to 1:1.5 ... (3) [Claim 4] The catalyst

for fluid catalytic cracking of hydrocarbon i
The catalyst for Fluid catalytic cracking of hydrocarbon

cil according to any of Claims 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 Lype,
or a mixture thereof and 1is c¢conTained in the catalyst
composition A and the catalyst compositicn B in the range of
15 to 60 % by mass respectively on a catalyst basis.
{(Claim 9}

The catalyst for fluid catalytic cracking of hydrocarbon
0ll according to Claim 8, wherein the zeclite, when it has a

crystal structure of the FAU type, 1s any one of hydrocgen Y-
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10 oil according to any of Claims 1 to 3, wherein, when the K value for the
above catalyst is expressed as "Km", the Km is greater than the K value
for the catalyst composition A (KA) and the K value for the catalyst
composition B (KB). [Claim 5] 15The7catalyst for fluid catalytic cracking of
hydrocarbon oil according to any of Claims 1 to 4, wherein a gasoline yield
by use of the above catalyst, when it is expressed as "Gm", is greater than
typea gasdlineyieldily yseofithecatalyst compositionzAcwhea it (expressesdre-
as "GA" and a gasoline 20 yield by use of the catalyst composition B,
sartWhensitisexpressed ast'@i". [ClaimBl-e Thergatalyst ferfluid catalytie arth
cracking of hydrocarbon oil according to any of Claims 1 to 5, wherein the
exchabene; S8silicashased binderjssone.gn mose oktheskinding agent(s)
selected from the group consisting of a silica sol, a water glass, and an
[c1 a@6ldicdiquid of silicic acid. [Claim 71 5The catalyst for fluid catalytic
cracking of hydrocarbon oil according to any of Claims 1 to 6, wherein the
atynainum:compeund, bindey,is-one;er:mere of theinding agent{$hrocarbon
selected from the group consisting of the following compound (a) to (c);

011 10(a) Basicalyminum chigride; (h)Aluminum biphgsphate,(C} AUMIAR o 1yt

sol. [Claim 8] The catalyst for fluid catalytic cracking of hydrocarbon 15 oil

compBGCarding tg any of Glaims, 10,7, wherginfhe zeolite hasa coyslal comprise,
structure selected from the group consisting of FAU type (faujasite type),

ves 1MEL MRS 1A binc, apd NORBe - . iyt thergoland i aqa ed
in the catalyst composition A and the catalyst'composition B'in the range

of ZQL} to 60 % by mass respectively on a catalyst basis. [Claim 91

The ca alyst for fluid catalytic cracking of hydrocarbon oil according to

laim 8, wherein the zeolite, when. it has a cr sjfal structyre of the FAU -~ .
ypné‘c,ﬂl—’s% é)rﬁjy %rr?g 0 Eydlré)gg% V{r%% %y%eczreaoﬁ)tke a—?Y)? lﬁltr&éﬁ%ﬁig Y"’thy%ré o

[Cla

.. zeolite (U Ygl rare-earth exchanged Y-type zeolite (REY), and rare-garth
Wlthex%%%n(goé% uﬂgstggf%v\?-tycpae@ggﬁ%( 6%?&%%"%010 %thg%cat%%[yasjfms !

. 1fé)r fluid catalytic cracking of hydrocarbon oil according to any of Claims 1
~© *t0'9, wherein the catalyst composition A and the catalyst composition B

further comprise,
[Claim 12]

The method for fluid catalytic cracking of hydrocarbon
0il according to Claim 11, wherein the hydrocarbeon oil
comprises a residual oil.

(Claim 13}

The method for fluid catalytic cracking of hydrocarbon
oil according teo Claim 12, wherein the hydrocarbon oil
comprises vanadium and.nickel being equal to or more than 0.5
ppm by mass for each.
fClaim 14]

The method for fiuld catalytic cracking of hydrocarbon

oil according to any of Claims 11 to 13, wherein the above



besides the zeolite and the binding agent, a clay mineral. [Claim 11] 10A
method for fluid catalytic cracking of hydrocarbon oil, with use of the
above catalyst according to any of Claims 1 to 10. [Claim 12] The
method for fluid catalytic cracking of Bydrocarbon 15 oil according to
Claim 11, wherein the hydrocarbon oil comprises a residual oil. [Claim 13]
The method for fluid catalytic cracking of hydrocarbon oil according to

cataClaim 12omherein dhe-hydrocarbomeil 20 ceaprises vanadium and nickehore
being equal to or more than 0.5 ppm by mass for each. [Claim 14]  The

+narmethodfer fluid eatalytie gkacking-of hydrocarbon oil according to any of
Claims 11 to 13, wherein the above 58 catalyst comprises vanadium and
nickel being equal to or more than 300 ppm by mass for each.



