CATALYTI C COVPCSI TI ON FOR FLUI DI ZED CATALYTI C CRACKI NG OF HYDROCARBONS AND
METHOD FOR PRODUCI NG THE SAME TECHNI CAL FI ELD [0001] The present invention
relates to a conposition for fluidized catal ytic cracking of hydrocarbons,
t he conposition increasing an octane nunber in gasoline or |ight olefins
produced by contacting the hydrocarbons to a catalyst for fluidized
catalytic cracking (sonetines referred to as FCC catal yst hereinafter) in
a fluidiz i j i i ni t
her ei naft%?%ymg(gar ong?lg%hﬁg)lgret 0 ﬁggﬁ%ﬁ)‘gxéi%fﬁﬂg‘r@e Grje
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particles and conprising phosphorus conponents, pentacyl-type zeolite, and
an inorganic oxide matrix, the catalyst characterized in that a content of

phosphor ugg# P@I r portion of the spherical fine particle is higher
t han that%l n h?‘%é?}%ﬁ“? portion thereof, and a nethod of producing the

sanme. BA ND ART [0002] A main purpose of an FCC unit in a refinery is
to crack hy carbons as a feed catalytically and produce a gasoline
fraction, and t?gegasoane shoul d have a high octa nunber.. I n sone

d gh e . :
refineries, it ESERt AR IEIgn Srlates de 2y QO&MOS@PEffP%QPIdé@Séé‘[a%}fmycrb“rl%‘%ﬂ/P%ne
and butengxé\r/ni CQ are used as,raw materials in the petrochem cal industry
si nul t ane8YEP khen GRRRRSHiNo HsTegsing aneesiansy bt dnygaseline g Hebicelefing n
the FCC unit. Conventionally, as an FCC catal yst used in production of
gasol i ne Bipdueadabytconteriing the hydopabensdicoe aeadyt fon fluidizCentalytic , cracking
catal yst based on faujasite-type zeolite has been 1 widely used. Wile the
catal yst (euetmsp refased s paFCCecatylyet haseihafias) ithadluidigérk catalytic wiackingnunit
cracki ng hydrocarbons than an anorphous catal yst, but an octane nunber of
gasol i ne (spmstimeedefyredi4o vy anhECCawjit beremafigy dfor dyiliocarbbas end catmithystt of s
| ow and al so a content of olefin in the gasoline is low, which is
di sadvant prpducing the same. More specifically, the present invention relates to a catalyst for
fluidized catalytic cracking of hydrocarbons having a form of spherical fine particles and
comprising phosphorus components, pentacyl-type zeolite, and an inorganic oxide matrix,
the catalyst characterized in that a content of phosphorus in a surface portion of the
spherical fine particle is higher than that in the central portion thereof, and a method of

producing the same.

BACKGROUND ART
[0002]

A main purpose of an FCC unit in a refinery is to crack hydrocarbons as a feed
catalytically and produce a gasoline fraction, and the gasoline should have a high octane
number. In some refineries, it is required to produce light olefins, especially propylene
and butene which are used as raw materials in the petrochemical industry simultaneously
when hydrocarbons as a feed are catalytically cracked in the FCC unit.

Conventionally, as an FCC catalyst used in pfoduction of gasoline by catalytically

cracking hydrocarbons in the FCC unit, a catalyst based on faujasite-type zeolite has been




[ 0003] To increase an octane nunber of or a content of light olefins in
gasoline produced wth an FCC unit, there has been enpl oyed a nethod of
catal ytically cracking hydrocarbons by m xing an FCC catal yst contai ni ng
pentacyl -type zeolite such as ZSM5 (sonetine referred to as additive
catal yst hereinafter) to the FCC catal yst based on faujasite-type zeolite,
and there have been proposed various types of additive catal ysts and a

nmet hod of _ . cin he .cat s. ,[0004]. For, i nstangce, ,Japanese,.Pat ent
02069743 APEDANEL "IMRCwERLRINE bien pdhe biimotie APRE: bASRERG A"

catal yst w.th. hi attrition resistance and capapl e of increasi an,.

oct ang nurf aé:irgmgf }%Sié%cgft?oﬁé tﬁ%&ﬂcaéﬁorggmﬁs?aﬁ%yﬁth me AR ACADE NUMRET ‘ﬁggaﬁglme
net hod, zeoljte, s added in a water-hased slurry containing a phosphate
T or n” BRodubey e oS dnfndts Ba beolis Bt eaiatet S Tet 4 Bcoe PeBRL p
added to tre$ m xture to.obtain, ,horm(geneous slurry, and then the slurry
i s spray- Q840 5 geselmeds %’V@?&b‘éfltsﬁ Y9@geqYse pat ent document 1 al so

di scl oses M}ﬁ pentacyl -type zeolite such as ZSM5 and ZSM 11 as the zeolite
avai | abl el lthe net hod. [ 0005] Japanese Patent 2004143373 A (Patent
docunent 2) describes a nethod of producing olefins, and in the method,
when ol ef i ns ar &0 FeaRAse ad opiane avmbsrtafealal qpntenheklighy odefing e gawoding produeed
pentacyl -type zeolite containing a rare earth el enent and al so contai ni ng
nmanganes e “aRdndiCG i dhira hasbeen eowlaiey stmetiiprbofratadyticallp cracking hydrcabons
di scl oses that the catalyst contains phosphorus by 0.1 to 5% by weight. 2
[ 0006] JapaneikingPan &6iC 200527 0@BdiniAg( Rataeyt-typo cagobitet swBh adeZSWi- b ésongetime
catalytic conposition for increasing an octane nunber in gasoline or |ight
ol efins, tdlerabtpesiatditive catabgst heieimfipd nbathy | EEY patakyesolbased amdagasitertgpegani ¢
oxide matrix, and in the catalytic conposition, the total pore volune is
0.30 m / gzanditeymné thdrbdavey beamgeropesce veliioumetypes bSadditiveheatalyanaged & mashddof + 20
nm and a percentage of the pore volune in the pore dianeter range of
producing the catalysts.

[0004]

For instance, Japanese Patent 05064743 A (Patent document 1) describes a method
of preparing an FCC catalyst with high attrition resistance and capable of increasing an
octane number of gasoline produced by using the catalyst, and in the method, zeolite is
added in a water-based slurry containing a phosphate and with pH in the range from 2 to 6
and further a matrix precursor is added to the mixture to obtain a homogeneous slurry, and
then the slurry is spray-dried to form catalyst particles. The patent document 1 also
discloses the pentacyl-type zeolite such as ZSM-5 and ZSM-11 as the zeolite available in
the method.

[0005]

Japanese Patent 2004143373 A (Patent document 2) describes a method of
producing olefins, and in the method, when olefins are produced by catalytically cracking a
hydrocarbon feed, pentacyl-type zeolite containing a rare earth element and also containing
manganese and/or zirconium as a catalyst. The patent document 2 also discloses that the

catalyst contains phosphorus by 0.1 to 5% by weight.



100 + 20 nmis 50% or nore against the total pore volune. [0007] In the
conventional catal ytic conpositions as descri bed above, for increasing an
octane nunber of or a content of light olefins in gasoline, it is required
to make higher a content of pentacyl-type zeolite in the catalyst
particles. However, the pentacyl-type zeolite is expensive, and in
addition, when the content is nmade higher, the attrition resistance of the
cat al yst ggcles beconmes di sadvant ageously | ower. DI SCLOSURE OF THE
INVENTICNBﬁP 08] An object of the present invention is to provide, for

solving the problens descri e, FCC.catal ytj.c conposition, .
(additive catal s}é’f“i‘esﬁag?tﬁ’& %?ﬁ#@?g i/i i gé:at?lﬁsfi%"t éa)ndlescgﬁfi% hoAAEH | ent
effect in increasipg.an octane nunber in _gasoline of and_a content of |ight
ol ef i ns cGUAPIMER KY SeasHE B OGTIG AEYer 1y 8aSOHEG |oF dight plefine tﬁ%ﬁ%m%seﬂon
particles is l.qw, and a nethod of producing the FCC conposition. 009]
The pr eseRtMPRYRH PSRIECYIHHRS FEPIMR LB 2B fipgrepmic Grde anafing apth dn fhe Haghgic
descri bed above, and found the fact that the problenms can be sol ved by
maki ng hi §PEPOSHiNe Hednial pare vehunagis OriPsml/s oamers thecavepage poerdigmetspisdn thea
fine particles constituting an additive catalyst than that in the central
portion. THES HoesHI+ 20 penenda prsenageef the petsevolumeliniye parethametanangels

al so found that, when a prinmary phosphate is used as a raw material for

t he phosph@ 1120 aensSAkner, mereagainsithe totalpphee yhovphor us conponent in a
surface portion of the spherical fine particle is higher than that in the
central pBlO7bn. [0010] The present invention provides, in a first aspect,
a catalytic conposition for fluidized catalytic cracking of hydrocarbons
havi ng a form ol thphenvawionili catalpide torapaitionndis deseribeld siboge, oo Spheasing an

pent oxi de (P2C5) by 5 to 20% by wei ght, pentacyl-type zeolite by 10 to 50%
by wei ght octamedniniperodws a dvdkagid f tighxoldfndin @olinke, SiSKorbyuivkdi tghhakel Highidiey
spherical fine particles, a content of P20b in a surface portion is by

1. 05 ti mesorént &Y Perftdcghfpet Adflite in the catalyst particles. However, the pentacyl-type

zeolite is expensive, and in addition, when the content is made higher, the attrition

resistance of the catalyst particles becomes disadvantageously lower.

DISCLOSURE OF THE INVENTION
[0008]

An object of the present invention is to provide, for solving the problems described
above, an FCC catalytic composition (additive catalyst) having high attrition resistance and
showing excellent effect in increasing an octane number in gasoline of and a content of light
olefins even when a content of bentacyl-type zeolite in the catalysf particles is low, and a
method of producing the FCC composition.

[0009]

The present inventors made strenuous efforts for solving the problems described
above, and found the fact that the problems can be solved by making higher a content of
phosphorus in a surface portion of spherical fine particles constituting an additive catalyst

than that in the central portion. The present invention is based on the finding.




that in the central portion. [0011] The present invention provides, in a
second aspect thereof, a nmethod of producing the catalytic conposition for
fluidized catal ytic cracking of hydrocarbons, and the nethod conprises the
steps of: (1) mxing the following (i) to (iii) conponents: (i) an agueous
solution of primary phosphate as P20 by 5 to 20% by weight; (ii)

pentacyl -type zeolite by 10 to 50% by weight; and (iii) a precursor for a

porous inorgani guEXi i i i ni ¢.oxides aother than P206 in {he
pri mary phosphate E&ggghg%&gggﬁg§ﬁﬁg%%ﬁ%%8%n8ﬁQ§¥m@gW%§3ﬁ?§?%%r?%gm%%?gined
slurry tog r fine partigles 0012] The pr.esent. invention
ot ovi tes. o BEBAPRBREELE Bondrl Aot B g a SR P BTGP GF ARG SRR |
method,  Pobieaphoch] Al BRutE dthérTps B e U8 Rruelok®E from the group
consistin%xa@ al um num prinmary phosphate, magnesi um primary phosphate,

cal ci um pri Jy phosphate, zinc primry phosphate, and nanganese primary
phosphate. 4 [02.1113] The ECC catal ytic conpgsition (additive catalyst)
according to the HriEeERt MVERYRIM PIOHdSo AR & HiESt prshedc l catglpec semppsibion fox he
catal yst particles, and is excellent in the attrition resistance.

Furt her m)BEIdtL‘;f‘Fé qetslytica¢ragking of Byrpersbensoinvingna dareef saherigali finer pasdelesand
octane nunber .i.n gasoline or a content of light olefins even when a content
of the pefeEBRyTing phesphors pertexids (Pdy) by to 200 byrweights peragydtynsdzeatitedndi ng
to the present invention, the FCC catalytic conposition according to the
present i h¥ENG%akY cemehicand apaeie inergariniosideby 30g0 BpYdicedight, BRIbEREpherical
DESCRI PTI ON OF THE DRAW NGS [0014] FIG 1 shows a cross-sectional inmage of a
catal yst A Rertislss.appertentiaf P28 i keutfagnportion is by 1.05 times or more higher than

that in the central portion.
[0011]

The present invention provides, in a second aspect thereof, a method of producing
the catalytic composition for fluidized catalytic cracking of hydrocarbons, and the method
comprises the steps of:

(1) mixing the following (i) to (iii) components:

(1) an aqueous solution of primary phosphate as P,0s by 5 to 20% by weight;

(i) pentacyl-type zeolite by 10 to 50% by weight; and

(iii) a precursor for a porous inorganic oxide including inorganic oxides other than
P70s in the primary phosphate by 30 to 85% by weight, and
(2) spray-drying the obtained slurry to produce spherical fine particles.

[0012]

The present invention provides, in a third aspect thereof, a method of producing the
catalytic composition for fluidized catalytic cracking of hydrocarbons, and in the method,
the primary phosphate is at least one selected from the group consisting of aluminum
primary phosphate, magnesium primary phosphate, calcium primary phosphate, zinc

primary phosphate, and manganese primary phosphate.




probe m croanal yzer (WDS) and an el enent distribution chart obtained by
linearly analyzing a linear portion of a central portion of the inage; and
FIG 2 is a cross-sectional inmage of a catal yst B phot ographed with an

el ectron probe mcroanal yzer (WDS) and an el enent distribution chart
obtained by linearly analyzing a |inear portion of a central portion of

t he i mage. DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [0015] Catal ytic
Conposi ti eeoipr Fl uidi zed Catalytic Cracking of Hydrocarbons In the FCC
catal ytic conposition according to the present invention, a content of the

hosph S cdehlyd 9 ght
O ent of T RBENCE odillyhd Cohiddifoh Ay Ccfily P BURE 1P inE ibeggien
bi ndi ¢ _ . s ' _

indi ng f oeguis coﬁt&‘ﬁg@%%%%’l-%a%@ﬁﬂ@ li—‘:ﬂ&lh? ge}t gt; %l\ége risanderidae n éh%y

attrition resistance r. ect provi
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bt ai ned d J he desired ef f
ot oasi ng ik bt S BEY sPREp ol Bl efie eptehcrrie! S Beriae-

obtained.tV%eQd% content of P2C6 as the phosphorus conponent is nore than
20% by V\Blyé)ﬁtz, 1815818?% vol unme of the catal yst becones snmaller with

di ffusion of re ants ipn the catalytic. pore suppressed, and e desired
ef fect of incr e%ﬁthnﬁe é’ﬁ"d(;‘ﬁ‘%.‘hgleﬁl‘?ﬂ‘t?@f’or 78 tq tho RreaTit I%WenthI?’éﬂfE FgEe‘?ait?ﬁ%“cc an
not be obtained, A desirable content of the phosphorus conponent is _in the
range f roﬁ?n?p‘i’sbt‘ol’@%‘brgmgvﬁ@iﬂbehﬁreW‘}é’r‘ilVélﬁlQ?Lﬂaateé%IYa?éldteﬁ%@m’@)‘Fan?WrO{lW%] I'n
the FCC catal ytic conposition according to the present invention, a content
of pentacyl-type zeolite is in the range from10 to 50% by wei ght. Wen a

content of ent ac I-tﬁge zeolite is |l ess than 10% by wei ght, the desired
effect of B E%@PE NABLRLE DRAWINGSnd a content of |ight ol efins may

not be obtai ned. Wien a quantity of the
[0014]

FIG. 1 shows a cross-sectional image of a catalyst A photographed with an electron
probe microanalyzer (WDS) and an eleinent distribution chart obtained by linearly
analyzing a linear portion of a central portion of the image; and

FIG. 2 is a cross-sectional image of a catalyst B photographed with an electron
probe microanalyzer (WDS) and an element distribution chart obtained by linearly

analyzing a linear portion of a central portion of the image.

DETAILED DESCRIPTION OF THE EMBODIMENTS
[0015]

Catalytic Composition for Fluidized Catalytic Cracking of Hydrocarbons

In the FCC catalytic composition according to the present invention, a content of
the phosphorus component is in the range from 5 to 20% by weight as P,0s. VWhen a
content of the phosphorus component is less than 5% by weight as P,Os, a binding force of
the catalytic composition becomes weaker and the attrition resistance becomes lower.

Furthermore, the effect provided by adding a phosphorus component, namely the effect of



catal ytic conposition is increased for achieving the effect of increasing
the octane nunber and the content of |ight olefins, cracking activity of
the FCC catal yst is degraded because a quantity of the FCC catal yst used
for catalytic cracking of hydrocarbons becones snaller. Wen the content of
pentacyl -type zeolite is higher than 50% by wei ght, the effect of

i ncreasi ng the octane nunber and the content of light olefins is the sane

as that pryi e t 1.0f olite,i.s, 40%.b i ght .. and
thereforen$¥wggﬂﬁbﬁﬂeg%#§ﬁ$%§ﬁ.S%%gg'8%2?%@% Brovided B%ﬁ@§@§|&§y§¥“9%ﬁP?te
is prefer ' from 10, 1o 40% wei ght 017] .The

bontacyl - Copobddo bAF sbCROSpRIRY fi Irelors: Bl g8itesrettons b anife T evteneon

i ncl udes, ot limted.t0 M 5, M 11, ZM5-12, ZSM 22, ZSM 23,

ZSM 35, z§Eﬁ%§§“§ﬁ§n%%£$g%gh%25%%§Qﬂ%ﬁ% c Jt-’Fﬂ@n@é'solid acid with strong
acidity and show.ng the hi hape-sel ectivity is especially advantageous,
since the conpomegc?ncome&i/gg%éitaﬁg‘eﬂg}?ﬁ &bglcé’n%/P@n%‘?tfl%Elor%@aﬁl %Q%é&’s‘i"%%l%t he
oct ane nunber i agﬁj'ne d a content of |ight olefins. [0Q018] The FCC
catal yti cacpé’ﬁ?)?@i N th?; %tf‘ag'ﬁhbecpﬁleﬁ yealereyith diffypannel wactarhdmthescatalytic
conmponents other than the phosphorus conponent (P205) and pentacyl -type
zeol i te i ROENBIPPEsitge2td Hin doired e5ok, ofyingispsing amocisne aumben andyarsonteakplies.
When an amount of the porous inorganic oxides is |ess than 30% by wei ght,
attriti onligliglefingran npfbeohiaised-al ytic  conposition is general |y degraded.
Wien a content of the porous inorganic oxide is nore than 85% by wei ght,
someti mes the efifdssirablg cantent @4 dermhosplwrectoammenentrib ar thamahgefeone 3rio é % f
light olefins can not be provided since the content of pentacyl-type
zeol i te i weightwbencalahged anthenef BOst he  porous i norganic oxide is
preferably in the range from40 to 75% by weight. [0019] As the porous
inorganicﬁﬁﬂﬁhe avail abl e for the purpose of the present invention, it 1is
possi bl e to use porous inorganic oxides which are generally used in the FCC
catal yst cont almihed'G@ujtalytit @oinppsitide addokdingl 8¢ thef (Eset EURAIYA dhtent of
gasoline, and the oxides include, for instance, refractory oxides such as
silica, al pentavgl-typel deohteaisifll tha rasdd from- RN SHYAby aldifhtNaWhen a content of

pentacyl-type zeolite is less than 10% by weight, the desired effect of increasing an octane
number and a content of light olefins may not be obtained. When a quantity of the
catalytic composition is increased for achieving the effect of increasing the octane number
and the content of light olefins, cracking activity of the FCC catalyst is degraded because a
quantity of the FCC catalyst used for catalytic cracking of hydrocarbons becomes smaller.
When the content of pentacyl-type zeolite is higher than 50% by weight, the effect
of increasing the octane number and the content of light olefins is the same as that provided
when the content of the zeolite is 40% by weight, and therefore it is not economical. The
content of the pentacyl-type zeolite is preferably in the range from 10 to 40% by weight.
[0017]
The pentacyl-type zeolite available for the purpose of the present invention
includes, but not limited to, ZSM-5, ZSM-11, ZMS-12, ZSM-22, ZSM-23, ZSM-35, ZSM-
38 and ZSM-38. ZSM-5 containing a solid acid with strong acidity and showing the high

shape-selectivity is especially advantageous, since the composition provides the remarkable




boria, titania, zirconia, silica-zirconia, calciumsilicate and cal ci um
alum nate, and clay mnerals such as kaolin, bentonite and hal oisite.
Especial ly, the porous inorganic oxide conprising of the clay mneral such
as kaolin is preferable. [0020] The FCC catal ytic conposition according to
t he present invention has a shape Iike a spherical fine particle. It is
preferable that an average particle dianmeter of the spherical fine

particl es kSl ; 90 m _1t. is al so..preferable that a
si ze of tﬁg&ts? gh%?%é@gqﬁ%%&%gug%gkgngasSOlérbeoad’fl atcﬁ)@%élg?}veﬁ)%‘gogﬁn?'ar ger than
that of argpryentional FCC catalyst, because the FCC catal ytic conposition
is used by mxing wwth the FCC catal yst containing faujasite-type zeolite
for production line used in the FCC unit. The FCC catal ytic.
composi tion accPa ReC: RIS SPatpRvioR e 1 <hecatiooht Tar AR e
catal yst, .and is. used at bl.endi ng rati o of % by, wei ght or bel ow agai nst
a wei ght ‘3PPt to(im Pyroptios %ﬁ%@?@%@%&) a4 W&CY@W@%&@&W@ % s
little affect ev3%n V\g%qyn t he . Barti cle diameter |s large. [0021] The FCC
catal yti c &8 V010 S dVdIVRight 85 PARUS ARTaHc oxident | When eh amauat oéihe ed
in that a content of the phosphorus_conponent in a surface portion of the
spher i cal PPIOHS InQsganic OKidep ds ie.S@?;hﬂtni A% by weighe atiriiea resiptance plthe gatadytic
central portion_ of the spherical fine particle. The FCC catal ytic
conposi t i GBS ggnarallyt ¢rgrasledsent i nvention can enhance attrition
resi stance of the spherical fine particle because the content of P2G5 in
the surface poMheane ¢pntenleof phirepproab ifivrganiparxidec isemiose tha@583%nks verightor e
hi gher than that in the central portion of the spherical fine particle.
Fur t her nopangtineesgh¢ elfect of increasing hengtank @aumbtrard the corbent ofilighttdiefinsaat aot  of
|l ight olefins can be provided by keeping the content of a phosphorus
conponent bofprededs pines iteatorftem eofpperitacyl-type nzeblie Bpiedomid. r ThgeonfefDa2kthahen
a ratio of the content of P205 in the surface portion of the spherical fine
particl e parothmbrgdanictdxédecie ptaferhblpan theaangf frétha@0sphnsXityaleightne particle
(hereinafter, referred to as

[0019]

As the porous inorganic oxide available for the purpose of the present invention, it
is possible to use porous inorganic oxides which are generally used in the FCC catalyst
containing faujasite-type zeolite used for production of gasoline, and the oxides include, for
instance, refractory oxides such as silica, alumina, silica-alumina, silica-magnesia, alumina-
boria, titania, zirconia, silica-zirconia, calcium silicate and calcium aluminate, and clay
minerals such as kaolin, bentonite and haloisite. Especially, the porous inorganic oxide
comprising of the clay mineral such as kaolin is preferable.

[0020] |

The FCC catalytic composition according to the present invention has a shape like

a spherical fine particle. It is preferable that an average particle diameter of the spherical
fine particles is in the range from 60 to 90 um. It is also preferable that a size of the
spherical fine particle is about the same as or larger than that of a conventional FCC catalyst,
because the FCC catalytic composition is used by mixing with the FCC catalyst containing

faujasite-type zeolite for production of gasoline used in the FCC unit.




"Surface P/Central P) is smaller than 1.05, a content of a phosphorus
conponent has to be increased for obtaining desired attrition resistance
of the spherical fine particle, and it is difficult to achieve the effect
of increasing the octane nunber and the content of light olefins. Surface
P/ Central Pin arange from1l.05to 1.2 is preferable in the FCC catal ytic
conposition according to the present invention. [0023] The "surface

osi ti on ac to the present inv The "surface
ot i ned as a porly ¢ CeSanyi B PPulbf nfeclnk F 48 FRET ihIAEPR i€ Upges &
ttriti her.ical, .fi ti.cle is fill i nt yl i ndri cal
catal vt ¢ Pace S TUGLR R n R S o 20P g s tes B v gt ferehl

parci ol o oF B4 ROE ST otdaefr Aol bl sobfist il bl cionrendin o

not exceed %@%t .of t.hi central portion. A spherical fine particle, in

whi ch t hePg afléfém?}f)rrlts'% C-separated from the spherical fine particle due
to attri ti@llgxceeds t he remai ni ng anount of the spherical fine particle,

i s not pr@ ble as the FCC catal yst because the attrition resistance is
not sufficient. Ln the present invention, the "surface portion" and the
"central portiofhfe BFE qrialyticyesmprstionaserrding te thepressnt amwgntionyis:oheragterisdd t he
spherical .fine particle, because concentrations of phosphorus in the
surface pdtiheba copint At theephasphoras compenesh i arsurface pelition o |the bphesinall feed.
[0024] In the exanples of the present invention, contents of P20b5 in the
surface pBRfiFlgns timgs toneneretighelr thay thabm efcentral pptien iof dhe sphedcyafing cl e
are obtained as described below. As a pre-treatnent for the FCC catal ytic
conposi ti b#tiglécording to the present invention, a spherical fine particles
are prepared as a test sanple by calcinating the FCC catal ytic conposition
for 2 hours at TBOFCCaratalytie vompuositiomgcdordiag powte prdsant ingerdtivd Sinzénhande 40
gmor below with a sieve. Then, the spherical fine particles are neasured

accor di ngattritionaresiptah@nofathd spherrbhfife gasicleiteeslist fhe' didn @1 Po0; Yems uiha:
Attrition Resistance for Catalyst, by Yoshiaki OChishi, Shokubai Kasei
G hou, voportidiof Mee spheribdi-fife pRti€ld 965 times or more higher than that in the central
portion of the spherical fine particle. Furthermore the effect of increasing the octane
number and the content of tht olefins can be provided by keeping the content of a
phosphorus component of the spherical fine particle in the optimal range.
[0022]
When a ratio of the content of P,Os in the surface portion of the spherical fine
particle to that in the central portion of the spherical fine particle (hereinafter, referred to as
“Surface P/Central P) is smaller than 1.05, a content of a phosphorus component has to be
increased for obtaining desired attrition resistance of the spherical fine particle, and it is
difficult to achieve the effect of increasing the octane number and the content of light
olefins.
Surface P/Central P in a range from 1.05 to 1.2 is preferable in the FCC catalytic
composition according to the present invention.

[0023]

The “surface portion” of the spherical fine particle in the present invention is




[ 0025] Nanely, 45 grans of the test sanple is mxed wwth 5 grans of water,
and the mxture is filled in a cylindrical catalytic tube constituting a
catal yst attrition neasurenment device, and then fine powder (F) of a
surface portion of the sanple pulverized by attrition is collected by
blowing air into the catalytic tube at a rate of 0.104 nmsec and fl ow ng
the sanple in the catalytic tube for 20 hours. 9 The obtai ned fine powder

F) i i : i: f t. herical . fi
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B j t : ' f t I ical fi

bart 1 ol es T OSERICR Bk B £ EPBloaPRUMAS o P B TR MRS T i B o

P2C5 in t i .0bt ai ned ‘ [ t ent f P20Ob i

the fine houtorid e BREhHRLpaBRE iF BEFhEr R M SRR el eEiol e sBigieal Bept h

f th ti bt ai i djff t

aver age pErtifr ST 4B EPRanRaute ogit ebis Brrupehas Sheud nEt SoRet kot

fi ti,cl B). .Int FCC catal ytic | 0Si ti di to th

br osent. 1 HFeSHRIrBHBOroR o A plipica TRacptire: B Pocehe srioRe pRTiAE Seevided Tom ¢ o

that in tt}le spherical fi.ne particle (B) is 1.05 tinmes or nore. [0027]
thesphciirel fige paticledh

Met hod fo th g Iq treionsxpesss thegsmpmingameunt pEthe cahesiopt fire
Cracki ng of . Eﬁy.drocar hons The catal ytic conposition for FCC according to
the preseR¥UCHVISROE Bisigrablpanhg ded caialyddseauspthe autionresipines isowt siffinent.
particles as the FCC catal ytic conposition are prepared by spray-drying a
slurry obt ai nedmipenirrical itysntien dbei SswicatpogiondfanBxs “aentyal ipoetion” aphosphat e
(sonetines referred to as di hydrogen phosphate) by 5 to 20% by wei ght,

pent acy| - fsfedz baset en by ceoter carBo® Hiamwtsrghf | thenspherigal efine gartidor bgansus

i norgani c oxi des including those other than P2C5 in the prinmary phosphate
by 30 to eBweHyatigas ghtphof®pg] in the surface portion and in the central portion can not

directly be analyzed.
[0024]

In the examples of the present invention, contents of P,Os in the surfacevportion
and in the central portion of the spherical fine particle are obtained as described below.

As a pre-treatment for the FCC catalytic composition according to the present
invention, a spherical fine particles are prepared as a test sample by calcinating the FCC
catalytic composition for 2 hours at 600 °C and then removing fine powder having the size
of 40 um or below with a sieve. Then, the spherical fine particles are measured according
to a system and a method described in “Method for Measuring Attrition Resistance for
Catalyst, by Yoshiaki Ohishi, Shokubai Kasei Gihou, vol. 13, No. 1, 65-66 pp (1996)”.
[0025]

Namely, 45 grams of the test sample is mixed with 5 grams of water, and the
mixture is filled in a cylindrical catalytic tube constituting a catalyst attrition measurement
device, and then fine powder (F ) of a surface portion of the sample pulverized by attrition is
collected by blowing air into the catalytic tube at a rate of 0.104 m/sec and flowing the

sample in the catalytic tube for 20 hours.




In the production nethod according to the present invention, it is

i nportant to use a dihydrogen phosphate as a source material of a
phosphorus conmponent. A spherical fine particle having a content of
phosphorus in the surface of the spherical fine particle higher than that
in the central portion cannot be obtained from phosphorus conpounds such as
10 t E phosphoric acid and amoni um phosphate ot her than di hydrogen

phosphates. It i | al um num di hyde o hesphat e
ragnes, um di hyar Sy ShErEH e det B SRR i B O BHARE PO g of e
di hydr oge t anese. di hydrogen phosphate as,the .di hydrogen
phosphat egl? %%%%ﬁﬁ@%ﬁ g’géﬁmﬁlﬁwg%/f Ca?gne 8%88%?5} G ﬁabﬁ&l&&%ﬁ @s A0029]
In the ne of , pr.oducti on according to the. sent .invention, a slurry is
pr epar ed %§§gﬁ¥%1%ﬁﬁgﬁﬁ%ﬁgggﬁgngg&ﬁﬁgﬂﬂg&PgFﬁg{ﬁ?%@ﬁ?ﬂ@%n phosphat e,
pentacyl-b%gﬁ zeolite and the precursor of the porous inorganic oxide. The
slurry pr l\bly has an oxide content in the range from25 to 50 % by
wei ght, because  the con tration jn the range is suited for spray- drying.
Then, the pr epamnWR%ﬁf s the spefacgosyonyandeticonten of BQs in A ceapplaroriier
fine particles are washed and dried, and then the FCC catal ytic .
conposi ti 8% ARABFPRaeesngecontanis einP2Gsrincthe e rosvdeb (R and theyphesicali fieg i on,
if necessary. [0030] The FCC catal ytic conposition according to the present
i nvent i onPEHAEs t(B)e” Femites) psdepth of (the sutfgcenpsatiog ceint be ghtaiied bwtradagening
containing faujasite-type zeolite by 0.1 to 10% by weight in the m xed
catal yst Fiferangpuibetweercan aneyage padickedinmgteo bf thy desd szmploasd thiat hf tha spie@iCalini t .
As the FCC catalyst containing faujasite-type zeolite, a conventional FCC
cat al yst finapabeles§8)d in an FCC unit. Such FCC catal ysts include, for
i nstance, FCC catalysts procurable fromthe market such as HVR STW DCT
ACZ, CVZ (all thethe KT shtpbtis canpositiomderoadikg tothe p@bsit Gnvedtibn, adeiardfa
~owned by Catalysts & Chem cals Industries Co., Ltd.). [0031]

content of P,Os in the fine powder (F) to that in the spherical fine particle (B) is 1.05 times

Oor more.
[0027]

Method for Producing the Catalytic Composition for Fluidized Catalytic Cracking of

Hydrocarbons

The catalytic composition for FCC according to the present invention is produced
as described below. Spherical fine particles as the FCC catalytic composition are prepared
by spray-drying a slurry obtained by mixing an aqueous solution of P,Os as primary
phosphate (sometimes referred to as dihydrogen phosphate) by 5 to 20% by weight,
pentacyl-type zeolite by 10 to 50% by weight, and a precursor for porous inorganic oxides
including those other than P,Os in the primary phosphate by 30 to 85% by weight.

[0028]

In the production method according to the present invention, it is important to use a
dihydrogen phosphate as a source material of a phosphorus component. A spherical fine
particle having a content of phosphorus in the surface of the spherical fine particle higher

than that in the central portion cannot be obtained from phosphorus compounds such as

10



When an anount of the FCC catal ytic conposition according to the present
invention (additive catalyst) mxed in the FCC catal yst containing the
faujasite-type zeolite is less than 0.1 % by weight in the m xed catal yst,
the desired effect of increasing an octane 11 r s nunber and a content of
i ght ol efins may not be achieved. In addition, when the anount of the FCC
catal ytic conposition according to the present invention (additive

cat al yst) i i catal yst .is.nmore than 10% ight in the
m xed cat é’f‘gg??‘ ?g%%&%gn%(ﬁzn'@%&umf ﬁ}é(}g %&e 83‘?5{%9%&955‘? Hﬁ‘#@ﬁtﬁ%j asite-type
zeolite beconesysquller..apnd it is.not desirabl ecause the catalytic
cracki ng activi %tyls(ﬁre%ﬁweogoa%eo?‘llgquém’a YAGREE f’e}’tﬁ’épt}%%tﬁadﬂ"l‘gn&flu?’hihy‘%é@n v
catal ytic osition mxi with the FCC caf.al yst contajning
f auj asit epﬁéy)S”‘éat%ea?ﬁcw idihy%%gspeﬂaoap t?=nz¥1ﬁé}1€)5%@%¢nf nghﬁphat{ﬁ oo MBYSAREF G ht .
[ 0032] Conditions of fluidized catalytic cracking of hydrocarbons for  the
convent i Oﬁ&ydrqg@:pﬁ?ﬁ AGES tlﬁfeggﬁ%PS?}éthsﬁhaéespr SeBaEumydihydiggen phesphae & yvi i c
cracki ng of h%ﬁroc rbons using the FCC catal ytic conposition according to
the preseftPeFHUERISIGAPIEEXAMPLES [Exanpl e 1] ~[0033] 1786 grans (25% by
wei ght ing%gs final catalytic conposition) of slurry containing ZSM5
zeolite ( NHA:  Produced by Tosoh Corporation) by 28% by weight is m xed
with 1395 grans_of kaolin (60% by weight in the final catalytic
conposi tion), f Bl thewethasyof paefictign 2@ardjngtestho presentannestios, asimy isquemited
al um num di hydr ogen phosphate [Al (H2PO4) 3] (Produced by Yoneyama Chemi cal
Co., Ltd. by aisingiani aqged:s sodutipnvodithgh dihyfiroad? pRosphate, 32tB8Yb-type weolightand theP2 06
(15% by weight in the final catalytic conposition). Furthernore, 1096
grams of pucersewriche peroasltedganic dxide. mi Rteusharyt prefpitdy hasamoxide cotentriy tha t h
the concentration of 40% by weight. This mxed slurry is spray-dried to
obt ai n sptaege fan 23 0 Paytwaplsbecand thheorsphestiondh td rasgRIshited B8 sprae
calcinated for 2 hours at 600 C to prepare Catalyst A
drying. Then, the prepared mixed slurry is spray-dried, the resultant spherical fine
particles are washed and dried, and then the FCC catalytic composition according to the
present invention is obtained by calcination, if necessary.

[0030]

The FCC catalytic composition accbrding to the present invention (additive
catalyst) is used by mixing with an FCC catalyst containing faujasite-type zeolite by 0.1 to
10% by weight in the mixed catalyst in fluidized catalytic cracking of hydrocarbons with an
FCC unit.

As the FCC catalyst containing faujasite-type zeolite, a conventional FCC catalyst
may be used in an FCC unit. Such FCC catalysts include, for instance, FCC catalysts
procurable from the market such as HMR, STW, DCT, ACZ, CVZ (all these catalysts are
trademarks or registered trademarks owned by Catalysts & Chemicals Industries Co., Ltd.).
[0031]

When an amount of the FCC catalytic composition according to the present
invention (additive catalyst) mixed in the FCC catalyst containing the faujasite-type zeolite

is less than 0.1% by weight in the mixed catalyst, the desired effect of increasing an octane

11




[0034] 12 Table 1 shows properties of the Catalyst A including the
conposition, contents of P20 in a surface portion and a central portion
of catalyst particle, Surface P/Central P, and an average particle

di anmeter of each sanple neasured before and after the attrition test. Fig.
1 shows an inmage of a cross section of Catalyst A taken with an electron
probe mcroanalysis system (WDS), and a distribution chart prepared by

linearly j i g i O c I rii o] i

[ Compar at oA Gonyr P HENEALEAC Dbt KR DRy bt e MRER o
as that enpl i | except the ppint that a phosphoric i

sol ution v%m? ttﬁeyft%ﬁg g%tn eg}tjcro gr{pl%(s)l n O%fa%{é‘gﬁ%nlgytovﬁ‘le d?{?sepg “5’38@%1 %%Hrzihtb‘fea%agﬁxg) t he
sol ution qf. ' i_hydrogen 0S te [A . (HPA).3], t hat the
concentra |D(§%i %ﬁﬁh? ﬁ?dfj ?aﬁ%}rm&g{rlgf{/)t?‘ﬁ% %%’rﬁ?’o F‘?Pé‘ﬁz‘ﬁ% “%’SJ%GS?F? j 4fmount of
Propertie t t .are.shown in Table 1. Figqg. shqws. an i of a
cross sect%‘.‘egﬁ(@a%ﬁ%ﬁ%%m@& BRENSIPR 75 ‘tSFbé‘é‘?IP%Sng‘barlébé‘ngdf i Bl AP OB
system (WD), and a distribution.charj. of elenments prepared by linear]y
anal yzi n\é\gggaihf% rcaﬁag?“t“? gRCoPe gLkt Péhy‘{fB?atrP‘Hﬁ léfdegﬁéecﬁnaﬂ@. af{‘%\*rﬁ’zrdé‘f ive
Exanpl e 21[5 0036] Catal yst C s prepared using the_ sane method as fhat
enpl oyed 7 GCOmpas @éa{llth}gerﬂbfhﬁtF%a%talasfs“@ptﬂmw\f%l:asamfﬁeﬁﬁﬁhte is

di hydr ogen phosphate [ Al H2PO4)§] is added so that the total

concent r aPTederally inthegangefiomd g SVnbx weight-nal catal ytic conposition is 5% by
wei ght and kaolin is used as bal ance. Properties of Catalyst C are shown in
Tabl e 1. [@33]’@ e 2] [0037] Catalyst Dis prepared using the sanme net hod
as that enployed in .Exar’rPI e 1 except the point that a solution of alum num
di hydr ogen phoskhaditiopsapt (luizied) @lalytec amdeidg ofhydrocarbons for the conventional

FCC unit may be employed in a process for fluidized catalytic cracking of hydrocarbons

using the FCC catalytic composition according to the present invention.

EXAMPLES
[Example 1]
[0033]

1786 grams (25% by weight in the final catalytic composition) of slurry containing
ZSM-5 zeolite (830 NHA: Produced by Tosoh Corporation) by 28% by weight is mixed
with 1395 grams of kaolin (60% by weight in the final catalytic composition), followed by
adding 723 grams of an aqueous solution of aluminum dihydrogen phosphate [Al (H,PO4)3]
(Produced by Yoneyama Chemical Co., Ltd.) containing 8.7% by weight of Al,O; and
32.8% by weight of P,0s (15% by weight in the final catalytic composition). Furthermore,
1096 grams of pure water is added in the mixture to obtain a mixed slurry with the
concentration of 40% by weight. This mixed slurry is spray-dried to obtain spherical fine
particles, and the spherical fine particles are calcinated for 2 hours at 600 °C to prepare
Catalyst A.

[0034]

12




so that the total concentration of A1203 and P2C6 in the final catalytic
conposition is 10% by weight and kaolin is used as bal ance. Properties of
Catalyst D are shown in Table 1. [Exanple 3] [0038] Catalyst E is prepared
using the sane nmethod as that enployed in Exanple 1 except the point that
a solution of alum num di hydrogen phosphate [Al (H2PO4)3] so that the

wei ght of total concentration of A1203 and P2G5 in the final catalytic

conposition is Y, i in.J.sused,as pbal ance... Propert.ies of
Caral yst Bare anoeahok iierdlhe AT LT (URERARE BOGARSR SOt T st
IS prepar usi t hod. as that l,oyed i I ept the
poi nt tha'?)g P gio?u ?ajgﬁ péﬁ@l%ancf Rt i%?&%%’i%ﬂﬁ%?ﬁﬁ’ﬁ&e%%&(ﬂ%@g 31{1)(%
obtain 3Q. 9% ight ,of total concentration,of Al 2 and P2Cb at a wei ght
basi s of - ChevACIRA afim o eadi PR Esu polraf A RS A E OB AFtnce.
Properties of talyst F are shown in Tabl . [ Exanpl e 4] [.0040]
Catalyst Gis p kgpéﬁg‘awﬂgl? HOPEEPa aLLevs S?%lpﬁﬁgcé?lxsﬁétta]éﬁ%wlé@/%e?ﬁr% el
except the.point that ZSM»\%ngoI ite is.weighed so that the content in the
final cat é‘?lg‘t"ﬁ‘&a Y PR ((WORS): cnd s isiribysion rehag repared by linspily jasalyaing a
al um num ?i g%drogen phosphate [Al  (H2PO4) 3] is added so that the total
concent r at & PSFHOR1S @fenisyl postien ofiihe ¥Ragei nal catal ytic conposition is 12%
by wei ght (\évith kaolin used. as bal ance. Properties of Catalyst G are shown
in Tabl e 1Compsratynxample {bo41] cCatalyst His prepared using the sane
met hod as _that enployed in Exanple 1 14 except the point that ZSM5 zeolite
is wei gheﬂ)@é]that the content in the final catalytic conposition is 40%
by weight and a solution of alum num di hydrogen phosphate [Al
Catalyst B is prepared by the same method as that employed in Example 1 except

the point that a phosphoric acid solution with the concentration of 85% by weight is added

in place of the solution of aluminum dihydrogen phosphate [Al (HoPO4)s], so that the

concentration in the final catalytic composition is 15% by weight. Properties of Catalyst B

are shown in Table 1.

Fig. 2 shows an image of a cross section of Catalyst B taken with an electron probe
microanalysis system (WDS), and a distribution chart of elements prepared by linearly
analyzing a linear portion of a central portion of the image.

[Comparative Example 2]
[0036]

Catalyst C is prepared using the same method as that employed in Example 1
except the point that a solution of aluminum dihydrogen phosphate [Al (H,PO4)s] is added
so that the total concentration of Al;O3 and P,Os in the final catalytic composition is 5% by
weight and kaolin is used as balance. Properties of Catalyst C are shown in Table 1. |
[Example 2]

[0037]
Catalyst D is prepared using the same method as that employed in Example 1

except the point that a solution of aluminum dihydrogen phosphate [Al (H,POy);] is added
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(H2PO4) 3] is added so that the total concentration of A1203 and P2C5 in the
final catalytic conposition is 16% by weight with kaolin used as bal ance.
Properties of Catalyst Hare shown in Table 1. [Exanple 6] [0042]
Catalyst | is prepared using the same nethod as that enployed in Exanple 1
except the point that a solution of nagnesium di hydrogen phosphate [ My
(H2PO4) 2] (Produced by Yoneyama Chem cal Co., Ltd.) containing 8.0% by

LEL S o BN S sy ) o BED LIRSS PLITEAT

and P2G6 i) thgh Ll 'y osj.tion i % wei ght . . Pr. rties
of ot al 0 1R hRAAY Bl ds a0 Ak ies O amiSab A e i BP0
of adilu us solution of sodiumsilicate having the Si Q2
Pty 3}
concentration o .0% by weight is prepared by diluting sodiumsilicate
havi ng a ratio SiO2/Na20 of 3.20 and the Si Q2 concentration of 24%
L
by wei ght. solution is put in a 200-L tank having a steam jacket, 1000
grans of sodiu f .is added by agitating the mxture at. 600 rpm_and
the mixture i smﬁ’éﬁhyég‘ﬁﬁ}f Pfsp%g éswetﬁefemﬁirﬁa@e% as thatremplpygde iy Exagplgrk y
with the pH of .7.0.is obtajined by adding 8.07 kg of an aqueous sol ution of
sul furic SEEPHIgPOH thiga selytem ot alpmarnydihydmgen Phgsplie [AMERPYs orthatdke
keeping the.tenperature at 90 C. [0044] The silicate slurry is filtered
and spl as K& AGORE SAREitation olohl2Q; erdeP29sdn thesfinal catalytie cempesiéon s 0% bst ur e
of 60 C to renove by-product Na2SO4 fromthe slurry. Pure 15 water is
h’@i‘ i .
added to Wit grtkrodindaneedas bplengsar PreflediasylWatalyst RerSsiopvndoriebletlr at i on of
8.0% by weight, and then the slurry is passed through a honogeni zer to
obtai n a Hetmpwativedikasnle #y. This honpgeni zed slurry is spray-dried at the
i nlet ten‘Ferature of 280 C and the outlet tenperature of 150 C to obtain
porous si [4084] particles.

Catalyst F is prepared using the same method as that employed in Example 1
except the point that a solution of aluminum dihydrogen phosphate [Al (H,PO4)s] to obtain
30 % by weight of total concentration of Al,O; and P,Os at a weight basis of the final
catalytic composition, and using kaolin as balance. Properties of Catalyst F are shown in
Table 1.

[Example 4]
[0040]

Catalyst G is prepared using the same method as that employed in Example 1
except the point that ZSM-5 zeolite is weighed so that the content in the final catalytic
composition is 15% by weight and also a solution of aluminum dihydrogen phosphate [Al
(H2POy)3] is added so that the total concentration of AL,O; and P,Os in the final catalytic
composition is 12% by weight with kaolin used as balance. Properties of Catalyst G are
shown in Table 1.

[Example 5]
[0041]

Catalyst H is prepared using the same method as that employed in Example 1
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The porous silica particles are pulverized by a jet mll to prepare porous
silica powder (X) having the average particle dianeter of 8m Properties
of the porous silica powder (X) after calcinated at 600 C for 2 hours are
as follows, a surface area: 190 n2/g, a pore volunme: 2.5 nl/g, and an
average pore dianeter: 53nm [0045] Sulfuric acid with the concentration of
25% by weight is continuously added to water glass with the Si Q2

concent r atdl 0 g ht d. the m xture. i rqcess t ot .

t enper at uiege(eég)lI ng.eoﬂ’(ééi E)% E)\rﬁ?rl)\gg Ry ?i i Ca 'y rdé%% Ith*\;vitﬁ% Q?rﬁ?ﬁplﬁetg? %T?]Gcagﬁﬁn‘f he
Si2 con .1.on o, 12. B%. The, silica hydrosol is.wejghed . so tha

cont ent 01% 8@&’@5{)% R %éﬁcé}’a‘?’?} ]iltcandcgrﬁﬁhgﬁofli nalim ‘gnfh}c})@ggﬁ& %}H}%pha%;mf hen
kaol i n, al umn (CATAPAL- A:  Prqduced by Sas em cal Industries Ltd.)
and the poHBORal L& Ba FeSSHE feheamianng AROS Snd Be MR babRadys o
the contents in.the | yti.c_ conposition ar 6% by weight, 4.7%b

vei ght an&O%lP%%}%%“vﬁ%%t‘f W%%‘He‘wjm%qul ’il%‘?dtaﬁgalsééﬁw JRrpRertiesefosatelysin are,
prepare a Hﬂtri recursor slurry. Further, a slurry with the content of
ZSM 5 zeolt¥ {18 Produced by Tosoh Corporation) of about 30% by
weight is ﬁddecl to the matrix precursor slurry so that a content of the
zeolite i AEXaMPIePhal conposition is 28% by weight, to prepare a ni xed
slurry wth the pH of 2.6 and the tenperature of 35 T. [0046] This m xed
slurry is éy-dri ed to prepare spherical fine particles, which are
washed wi th an aqueous, sol ution of ammonium sulfate with the concentration
of 5% by 16 wefgllysthisipreparasiomingthe sfmaNagiBoil ss thabpppldyedinExbepby 1 emieght or

bel ow and then dried at 135 C in a drying machine. Then, the dried
cat al yst frndielthat aascdutiomprfagagnesidmvdibhyriragenashosphuse [Mgl(HEP@y),] ¢Prada8&dibys o

that a content of P25 in the dried catalyst particle is 7.0% by wei ght
and is drYeteyowerCliegtical 41o.,138.) Tontdintngd. 0 Echypweighicdfedg@raad 6aloes brirvettht of 2
hours at 600 Cto prepare Catalyst J. Properties of Catalyst J are shown
in Tabl e P.O{ Bxadpd & Flace of aluminum dihydrogen phosphate [Al (H,PO,)s] so that the total
concentration of MgO and P,Os in the final catalytic composition is 15% by weight.
Properties of Catalyst I are shown in Table 1.
[Comparative Example 5]
[0043]
100 kg of a diluted aqueous solution of sodium silicate having the SiO,
concentration of 4.0% by weight is prepared by diluting sodium silicate having a molar ratio
S102/NayO of 3.20 and the SiO, concentration of 24% by weight. The solution is put in a
200-L tank having a steam jacket, 1000 grams of sodium sulfate is added by agitating the
mixture at 600 rpm, and the mixture is heated up to 90 °C over 20 minutes. Then, silicate
slurry with the pH of 7.0 is obtained by adding 8.07 kg of an aqueous solution of sulfuric
acid with the concentration of 25% by weight over 50 minutes keeping the temperature at
90 °C.
[0044]

The silicate slurry is filtered and splashed and washed with 200 litters of warm

water at the temperature of 60 °C to remove by-product Na,SOy from the slurry. Pure

15



[0047] An evaluation test is perfornmed for each of Catalysts Ato J
produced in the exanples and the conparative exanples respectively with the
ACE- MAT (Advanced Cracking Evaluation - Mcro Activity Test) system by

usi ng the sane feedstock oil and applying the reaction conditions. Before
the evaluation tests, each catalyst is pretreated for 13 hours under the
tenperature of 750 C and in 100 % st eam at nosphere. Each pretreated

tal yst i l. ne E ilibri t t hat .. t of
CatLv=C 5l RIS 0 B SR SRR SRS g PR, o
by th ACE- VAT, t The. i fi t.ent I 0.6%Db i gh
0 1, AT AR B8 SRS bR SRt S he B o
f 15% b ight. 2.4% ight f talyst with t 5 tent of
oL 152 O W Wl R L ML ot R SR DA

40% by weight. [00 T reaction conditions are as follows. Reaction
t enper at u ece%upe%af e@ﬁggdgg‘? pbtayy RoreRsFiliRIPaEIclaSo we 9% of desul furi zed reduced

crude (DSARj at}&SO wt %q of desul furized, vacuum_gas _oil (DSVGED) WHSV:
ghr-1 Ratio of EaPYrQpsiStiese partcley awg, pulygrizgd byow ag)mill tonpreparg| poreys silea
evaluation test js shown in Table 2. Fromthe result shown in Table 2, it
i s under sP8YEE Kathaxinedhe avgagrupasticle slameiersdfi§ wa. i Eropegivsof dhriperovpsitient of
light olefins fractions such as propyl ene and butylenes is |arger ;or t he
cat al yst s PAVE () pijer eleipatedateelOnC fond dwuisare asfollowpar suface atchel Wanzgyest s
prepared in the conparative exanples. Also, it is understood that each of
t he cat al P8tesyobies areml/grandae svsragppers divaseter: 53mml | val ue of average
attrition rate (wt % hr) resulting in a superior attrition resistance. The
spheri cal [4044¢ particles are flowed in a catalytic tube constituting the
attrition testing
Sulfuric acid with the concentration of 25% by weight is continuously added to
water glass with the SiO; concentration of 17% by weight, and the mixture is processed at
the temperature of 40 °C to prepare silica hydrosol with the pH of 1.6 and the SiO,
concentration of 12. 5%.
The silica hydrosol is weighed so that a content of SiO, ih the catalytic
composition is 18.7% by weight, and then kaolin, alumina (CATAPAL-A: Produced by
Sasol Chemical Industries Ltd.) and the porous silica powder (X) are added to the silica
hydrosol so that the contents in the catalytic composition are 36% by weight, 4.7% by
weight and 5.6% by weight respectively in the catalytic composition, to prepare a matrix
precursor slurry.
Further, a slurry with the content of ZSM-5 zeolite (830NHA: Produced by Tosoh
Corporation) of about 30% by weight is added to the matrix precursor slurry so that a
content of the zeolite in the final composition is 28% by weight, to prepare a mixed slurry
with the pH of 2.6 and the temperature of 35 °C.
[0046]

This mixed slurry is spray-dried to prepare spherical fine particles, which are

washed with an aqueous solution of ammonium sulfate with the concentration of 5% by
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machi ne and the attrition rate is neasured for a period 12 hours to 20
hours after the beginning of the testing, and the average attrition rate
is described as attrition rate per hour. 18 Nr Cfl cor N W'~ n LOMoO

Oo*co NTnM_ | I NI coNNOncc Wr Ttoco OCRLnccoCO 2T
IINN*-Orcof~~TuiNIII"an?Wcor-co CA~ULL_r di1 CO
Ol I 1 LO | LOM Nco Nr to cfl WWN I | NU) Lf') MN Nc ~ C|
NN Ovitigin o Willert of Neof o N co
03 UN it Og 1 ntent of Na: 1sQro€beWéb@lA)by %% B} E%O\Q’ ﬁ%%tegqulefi _

- F

O %cGRa ﬁrﬁﬂg machme. Then, the dried catalyst particles are impregnated with an aqueous

solution of H3PO, so that a content of P,Os in the dried catalyst particle is 7.0% by weight
and is dried overnight at 135 °C.  The dried particles are calcinated for 2 hours at 600 °C to
prepare Catalyst J. Properties of Catalyst J are shown in Table 1.

[Example 7]

[0047]

An evaluation test is performed for each of Catalysts A to J produced in the
examples and the comparative examples respectively with the ACE-MAT (Advanced
Cracking Evaluation — Micro Activity Test) system by using the same feedstock oil and
applying the reaction conditions. Before the evaluation tests, each catalyst is pretreated for
13 hours under the temperature of 750 °C and in 100 % steam atmosphere.

Each pretreated catalyst is blended with an FCC equilibrium catalyst so that a
content of ZSM-5 is stabilized at 0.6% by weight in the mixed catalyst, and evaluated by the
ACE-MAT system. The specific content value of 0.6% by weight as used herein means
4.0 % by weight for a catalyst having the ZSM-5 content of 15% by weight, 2.4% by weight
for a catalyst with the ZSM-5 content of 25% by weight, and 1.5% by weight for a catalyst
with the ZSM-5 content of 40% by weight.

[0048]
The reaction conditions are as follows.
Reaction temperature: 510 °C
Feed oil: Blended oil of 50 wt % of desulfurized reduced crude (DSAR)
and 50 wt % of desulfurized vacuum gas oil (DSVGO)
WHSV: 8 hr!
Ratio of Catalyst/Qil: Swt %/ wt%

[0049]
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A result of the evaluation test is shown in Table 2.

From the result shown in Table 2, it is understood that an octane number of
gasoline is higher and a content of light olefins fractions such as propylene and butylenes is
larger for the cafalysts according to the present invention as compared to the catalysts
prepared in the comparative examples.

Also, it is understood that each of the catalysts prepared in the examples has a
small value of average attrition rate (wt %/hr) resulting in a superior attrition resistance.
The spherical fine particles are flowed in a catalytic tube constituting the attrition testing
machine and the attrition rate is measured for a period 12 hours to 20 hours after the

beginning of the testing, and the average attrition rate is described as attrition rate per hour.
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(P23B) by 5 to 20% by wei ght, pentacyl-type zeolite by 10 to 50% by wei ght,
and a porous inorganic oxide by 30 to 85% by wei ght, wherein a content of
P26 in a surface portion of the fine particle is 1.05 tinmes or nore

hi gher than that in the central portion. 2. A nethod of producing the

catal ytic conposition for fluidized catalytic cracking of hydrocarbons
according to claim1, wherein the spherical fine particle is prepared by

spray- drying a slurry obtained by m@ﬁm aqueous sol ution of primary
phosphate as P2C5 by 5 to 20% by wei pentacyl -type zeolite by 10 to
50% by wei ght, and a precursor for porous inorganic oxides including those
other than P2Gb5 in the conposition prinmary phosphate by 30 to 85% by
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inorganic oxide by 30 to 85% by weight, wherein a content of P,Os in a surface portion of
the fine particle is 1.05 times or more higher than that in the central portion.
2. A method of producing the catalytic composition for fluidized catalytic cracking of
hydrocarbons according to claim 1, wherein the spherical fine particle is prepared by spray-
drying a slurry obtained by mixing an aqueous solution of primary phosphate as P,Os by 5
to 20% by weight, pentacyl-type zeolite by 10 to 50% by weight, and a precursor for porous
inorganic oxides including those other than P,Os in the composition primary phosphate by
30 to 85% by weight.
3. A method of producing the catalytic composition for fluidized catalytic cracking of
hydrocarbons according to claim 2, wherein the primary phosphate is at least one selected
from the group consisting of aluminum primary phosphate, magnesium primary phosphate,

calcium primary phosphate, zinc primary phosphate, and manganese primary phosphate.
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