, SPECI FI CATI ON HYDROCRACKI NG CATALYST FOR HEAVY O L 5 TECHN CAL

FI ELD [ 0001] The present invention relates to a catal yst for

hydr ocracki ng of heavy oil and, nore particularly, to a catalyst for
hydr ocracki ng of heavy oil which exhibits excellent desul furizing
function and excellent activity 10 for deconposition of heavy oil.
BACKGROUND ART [00021 The atnospheric residue obtained from crude
oil is 15 hydrodesul furized by a®PRPFRICATSONr direct

desul furization of fuel oil (hereinafter, referred to as "a direct
desul furi zation apparatus”), and distillates such as desulfurized
napht ha, desul furized kerosene and desulfurized gas oil and

desul furized fuel dIYDRECRACEINDEATALYSTHORIHEIAWYIOIIs used as
fuel for boilers for generation of electricity and others as 20

| ow-sul fur fuel oil C. Desulfurized fuel oil is used also as the raw

mat eri al uiég in fluid catalytic cracking (FCC) apparatuses, and
| i ght Sy I | ui d catal ytically cracked gasoline

(hereinafter, n@f ﬁlL to as "FCC gasoline"), fI uid catal ytically
cracked kerose O? reinafter, referred to as as the

abbrevi ati on of ht cycle oil LPG C are

produced. RecenTli‘?/%TE? ) A tb%‘b gaste§ htg f"a%itﬁ'g?[ ﬁ)ﬁ LB&T“?WW@ of
Ponvy of1 dthyyoand med PRARTNAGY ARY Saly P RtV tn B PR
raw mat erigl with exhibits excellent desu]fummg function and excellent act:mty

10 for decomposition of heavy oil.

BACKGROUND ART
[0002]

The atmospheric residue obtained from crude oil is
15  hydrodesulfurized by an apparatus for direct desulfurization of fuel oil
(hereinafter, referred to as “a direct desulfurization apparatus”), and
distillates such as desulfurized naphtha, desulfurized kerosene and
desulfurized gas oil and desulfurized fuel oil are formed. Desulfurized
fuel o1l is used as fuel for boilers for generation of electricity and others as
20 low-sulfur fuel oil C. Desulfurized fuel oil is used also as the raw
material used in fluid catalytic cracking (FCC) apparatuses, and light
fractions such as fluid catalytically cracked gasoline (hereinafter, referred
to as “FCC gasoline”), fluid catalytically cracked kerosene (hereinafter,
referred to as “LCO”, as the abbreviation of light cycle oil) and the LPG

25  fraction are produced.

Recently, crude oil used as the raw material oil in the purification



. Moreover, the anount of the demand for heavy oils is decreasing. For
exanple, the demand for fuel oil for generation of electricity and
fotr 5 boilers is decreasing. The demand for the LCO fraction forned
fromthe apparatus for fluid catalytic cracking is al so decreasing.
In contrast, the demand for gasoline is increasing, and the denmand
for the LPG fraction and the naphtha fraction used as the raw

mat erial foff o8 YbecBElin@ChOA 62! albd QIUAE Soib UERtARIMY BRUVE M1 BULenS:
and BTX including 10 benzene, toluene and xylene is al so increasing.
Ther ef or e, ardexstoperds toofhet @ebiomegy ﬁ@ﬁu@xﬁﬂﬁuﬁé Nhel k@Rt rh&RSIA1063,
such as gasoline, the naphtha fraction and the LPG fraction from
heavy oi | Mowdoves, the anowspbBthe demeand for keavipals andeci2B03d. Ré
Under the above circunstances, hydrocracki ng processes in which
desul furi zzaninlel thel demdande ey fueli 2ddfdve geyerpdmnoiof abttziamgd amyl for
hydr ocracki ng of heavy oil b’F a hydrodesul furi zation a%parat us such
as a @i r ewileseas deckdasmsg. onl bp gamandkfarbeahCnfracgen formed from the
desul furization a atus are further decpnposed to ingrease the
anount of JHPEERELS gﬁfaﬁw (2 2 1§, redfang) f by icomtrast, the

the. desul RaProeh vt 8psGFfe I5indleastien arcbiie ASRAPGLS B1 it §ackgh,
f [ h [ | i fracti d

the Loy 1 PR R phABRRLE, ERHA s “ap e3R8 MigehRlC G Ay
conver si o opyocf efilid g??t%ﬁxj:v%lt %:lﬁ(‘lf: rC ?%@%F}E{égﬁ%@&éﬁe Ic?aled: B Cﬁ%?%%i%%by

For exanple, a proces an a rnc resi rea

hydr ogpachkicigetd {0M6ERR3Rd REleNkaLthIRh lﬁeleeaﬁ I ffpﬁéx%ﬁﬁcek%lfegéﬁgﬁmmd
2 gas oil fraction and the desul furized naphtha fraction an Crease
t he of technology for producing light fractions such as gasoline, the naphtha

fraction and the LPG fraction from heavy oil such as the atmospheric
residue is important.
[0003]

15 Under the above circumstances, hydrocracking processes in which
desulfurized fuel oill and desulfurized heavy gas oil obtained by
hydrocracking of heavy oil by a hydrodesulfurization apparatus such as a
direct desulfurization apparatus and an indirect desulfurization
apparatus are further decomposed to increase the amount of production of

20  desulfurized naphtha, desulfurized kerosene and desulfurized gas oil have
been developed. Conversion of the desulfurized fuel oil and desulfurized
heavy gas oil into light fractions such as the LPG fraction, the FCC
gasoline fraction and the LCO fraction by catalytic cracking with a great
degree of conversion by a fluid catalytic cracking apparatus is conducted.

25 For example, a process in which an atmospheric residue is treated

by hydrocracking to increase the yield of the desulfurized kerosene and



. anount of the desulfurized fuel oil, and the desulfurized fuel oil is
treated by the fluid catalytic crack| ng apparatus to produce the LPG
fraction, the FCC gasoline fraction and the LCO fraction so that the
anount of the 5 residue is decreased and the armount of the light oil
fractions is increased as the result of the entire process, is
proposed (for exanple, refer to Patent Reference 1). In the above

process, aggabil #abti6MHd $he HedudfPRRA n 2 hdly BlRbohNgnd decrease the
al um nosilicate described, for exanple, in Patent Reference 2 I's used

as 10 theamauat yéthé d@s@&dﬁ@@d@ﬁ&(ﬂg afd feayseifhyiz&0 W51 1stﬂ€atb?13
of the above catal yst has drawbacks in that the decrease in the

content ofbythé fluid satalgtiticraéldant apparbtud teppaiuceaitid LPE Bhction, the
desul furization, and that the activity for deconposition of
conmponent st Cﬁaﬂaﬂ@mﬂ ftacbion| ang thei hCO ifraditon savihmitthei anosnt hofathe
t he vacuum resi due_15 having_a_boiling point of 525C or higher is
smal |, andeﬁhiél%Seql%fge@‘fed aad thegeopntef thmlight @ﬂn&acfsms Iscinemeased

Ther ef ore, at al ﬁﬁt é% hydr.ocr acki ng .of heavy_oj |l exhibiting
excel | ent %:Fe ?fli‘ﬁs Ab thgnéRties DIseesSx de| PHoROsedt Qmey ample, refer to

deconposi t4 gn fractions having a high boiling point of 525C or
hi gher sucﬁrﬁ% Egh‘?g \}zcuum reS| due is required. [0004] [Patent

Ref erence 1] J t |ct|on Lai d-

5(1993) - 112785 %‘P‘?‘% $£?°8 ﬁ%}%a?%%ﬂﬁ%?eﬁts‘ﬁ@“tz%é‘g@éaﬂ%

DI Saosu%ﬁﬁliﬁb@lk%ﬁgéc%ed? for example, in Patent Reference 2 is used as
10 the catalyst for hydrocracking of heavy oil.

However, the use of the above catalyst has drawbacks in that the
decrease in the content of sulfur is insufficient due to the poor ability of
desulfurization, and that the activity for decomposition of components
having high boiling points in the raw material such as the vacuum residue

15  having a boiling point of 525°C or higher is small, and the yields of the
light fractions are not sufficient.

Therefore, a catalyst for hydrocracking of heavy oil exhibiting
excellent desulfurizing function and excellent activity for decomposition of
fractions having a high boiling point of 525°C or higher such as the

20  vacuum residue is required.

[0004]

[Patent Reference 1] Japanese Patent Application Laid-Open No.
Heisei 5(1993)-112785

[Patent Reference 2] Japanese Patent No. 2008959

25
DISCLOSURE OF THE INVENTION



. [Problenms to be Overcone by the Invention] [0005] The present

i nvention has been made under the above circunstances and has an
oby ect of providing a catalyst for hydrocracking 5 of heavy oil
exhi biting excellent desulfurizing function and excellent activity
for deconposition of fractions having a high boiling point of 525C
or higher such as the vacuumresidue. [Means for Overcom ng the

Probl ems] [PrOBR&ds ﬂ@bé@ﬁeﬂ&xﬁ@%?'%e%vbﬁﬁ%ﬁ?i ve studies by the

present inventors to achieved the above object, it was found that

t he above probl[@d06bul d be overconme with a catal yst using a support
conprising a specific crystalline alumnosilicate and a porous

i norgani ¢ oxi dél'he gpesérti cimwedndidny e hasoubden ansldhavindgr a theecibdve
di stribution of pores. The present invention has 15 been conpl et ed
based on ticuppeaneesend]loa0ah objdns of mevwding raveatnlywt for hyddesackihle
catal yst faqr_hydrocracking of heavy oil which conprises a support
conpri 8i n@fchoaval ¢ rexhibiiing ssicellent ei@ﬁéfuenq@ngggmtm gad exosdletd
20 excluding the,crystalline alymnasilicate and an active netal
suppor t ed 4§ “ﬁyrfé’rftlffﬁﬁwpﬁim? Acays h‘ﬁ'@%ﬁﬁégb heding peiny afif25°C

crystalline,alumnosilicate in an apount of 18% by mass or greater
and smal | &F l{lﬁﬁﬁr ﬁ%gs%‘ §%ﬁ§§’§mé‘ﬁﬁ‘ ]E%é‘ﬂgeporous i norgani ¢ oxi de

cE6h 9 A P LG ALU BRGS0, 20 22 arount exceeding
amount of the gpyggp! | i ne aluminosilicate and the amount of
10 As the result of intensive studies by the present inventors to
achieved the above object, it was found that the above problem could be
overcome with a catalyst using a support comprising a specific crystalline
aluminesilicate and a porous inorganic oxide in specific relative amounts
and having a specific distribution of pores. The present invention has
15 been completed based on the knowledge.
[0007]
The present invention provides:
[1] A catalyst for hydrocracking of heavy oil which comprises a support
comprising crystalline aluminosilicate and a porous inorganic oxide
20  excluding the crystalline aluminosilicate and an active metal supported on
the support, wherein
(a) the support comprises the crystalline aluminosilicate in an
amount of 18% by mass or greater and smaller than 45% by mass and the
porous inorganic oxide excluding the crystalline aluminosilicate in an
25 amount exceeding 55% by mass and of 82% by mass or smaller based on a

sum of the amount of the crystalline aluminosilicate and the amount of



. 4 the-porous inorganic alumnosilicate excluding the crystalline
alum nosilicate, (b) the active netal is at |east one netal selected
from nol ybdenum tungsten and nickel, and (c) a distribution of
pores in the catalyst for hydrocracking of heavy oil is such that a
vol ume of pores 5 having a dianmeter of 500 to 10,000 A is 10% or
smaller and a volume of pores having a dianeter of 100 to 200 Ais

60% or gr ehker poasesd dhofganiel UgRiRinRIlidate Pex@adRAY] RHed ShARENSRIe
of 50 to 10,000 A; [2] A catalyst for hydrocracki ng of heavy "oil
descri bed adlnnfiipsilishtes b} sheusaild atetal s xedeheid ohy dnog@ssdlédtbil Zabion
apparatus; 10 [3] A catalyst for hydrocracking of heavy oil described
in any onanelybdehunanihufgaten winer vickel, hand g)s & alibtrien o f pasbs iinahe
is USY zeolite or USY zeolite supporting a netal, and a nain
conponent cgfalyik fppdoidrocraskipmiof hesvydelliis swchnithat andlymp of pores
cat al ygt for .hydrqcracki ng of heavy oil. described in any one of [1]

to 15°[ 3RAGREAefipmeter Al e ilHO0 Arisnb%| goamalley augya sebrmeet

i U n € e BOECS AT GRSt et 100 46,400 s CAe pcRsabac beRg om. o

nerivity Porh8sbeRBaBiEEke BV HER e R R LT pBR 001 T ol nt

o 525 oL A A D AT AT BRI [ i
used for a fixed bed hydrodesulfurization apparatus;

10 [3] A catalyst for hydrocracking of heavy oil described in any one of [1]
and [2], wherein the crystalline aluminosilicate is USY zeolite or USY
zeolite supporting a metal, and a main component of the porous inorganic
oxide is alumina; and
[4] A catalyst for hydrocracking of heavy oil described in any one of [1] to

15  [3], wherein the crystalline aluminosilicate is USY zeolite supporting iron.

THE EFFECT OF THE INVENTION
[0008]
In accordance with the present invention, the catalyst for
20  hydrocracking of heavy oil exhibiting excellent desulfurizing function and
excellent activity for decomposition of fractions having a high boiling point

of 525°C or higher such as the vacuum residue can be provided.

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE
25 INVENTION
[0009]




. The present invention provides a catalyst for hydrocracking of heavy
oi | which conprises a support conprising crystalline alumnosilicate
angd a porous inorgani c oxide excluding the crystalline

alum nosilicate (hereinafter, referred to as a porous inorganic
oxide, 5 occasionally) and an active netal supported on the support,
wherein (a) the support conprises the crystalline alumnosilicate in

an anmount of 1Bhebyrd¥eas dvediigat rovales SABlatElyst R HpdbdRyadlBag and
the porous inorganic oxide excluding the crystalline alum nosilicate

in an andvervyexcskdi whichS%dompriss aad &upBate byorfassiar SeRydiglline
based on 10 the sum of the anount of the crystalline alumnosilicate
and t he araduminosilicabe gl euporows dgamiganat wxido sixchakihg, thebpridtalline
active nmetal is at least one netal selected from nolybdenum
tungst en sHuMHPERBicate idereinafies, referred bist iasn aobopwrednorgarie oxide,
cat al y'%t for hyd;ﬁ}éac ing of heavy oil is such that the _volunme of
pores Ravi%f§a#on g agr achiye mgtalsupperied en thesuppas, whereiar and
t he vol une of r.t05e havi ng a di aneter .of 100 to 20Q A is 6§0% or
greater based off v8PH GPWeéth‘?érﬁﬁ N RURYNSSHICAhR 18y aFy

2010 10,0083 of S840l R0 b BB o
0L SOk AgnRgTbeFBLANER, 2ol SN SRR
o, 1l Mt SATVOSHAL 9 90 BRSOy n
1L e AT it o UL R
crystall i n€ tht pornesiddrgahtsaludiosilicate, (b) the active metal is at least one
metal selected from molybdenum, tungsten and nickel, and (c¢) the
distribution of pores in the catalyst for hydrocracking of heavy oil is such
that the volume of pores having a diameter of 500 to 10,000 A is 10% oxr
15 smaller and the volume of pores having a diameter of 100 to 200 A is 60%
or greater based on the volume of the entire pores having a diameter of 50
to 10,000 A.
[0010]
It 1s necessary that the catalyst for hydrocracking of heavy oil of the
20 present invention be a catalyst which comprises a support comprising a
mixture of crystalline aluminosilicate and a porous inorganic oxide and a
metal supported on the support.
Various aluminosilicates can be used as the crystalline alumino-
silicate described above. Examples of the crystalline aluminosilicate
25 include faujasite of the hydrogen type, USY zeolite and USY zeolite

supporting a metal. Among the above crystalline aluminosilicates, USY



. 6 zeolite and USY zeolite supporting a nmetal are preferable, and USY
zeolite supporting a nmetal is nore preferable. As the USY zeolite
supporting a netal, USY zeolites supporting a netal which are USY
zeolites supporting one or nore netals selected from 5 netals of

G oups 3 to 16 of the Periodic Table are preferable, and USY zeolites
supporting iron which supports iron as the netal is nore preferable.

[00111 Theolty aed USY aseliteheublSirtae!d thefPRAY irBf@bIEt #hd USY
descri bed 10 above can be produced, for exanple, in accordance wth

t he proceszolitesuppirding a méial iohoreiprgferdble he raw material for the
USY zeolite, zeolite of the Y type containing silica and alumna in
anount s such t s thetliSYofedlite sappartisg dmetal, USY sddlites stippattiing ma,
i.e., SI2/AL2C8, is 4.5 or greater and 15 preferably 5.0 or greater
and Na20 iRet# valshmred!SY zendibss supporomg armet morametatesaeaiedyfrdams %
by mass or smaller_ is used. As the first_ step, zeolite of the Y type
descri ged me %Ogsf}lfql@ét dopip Ogttharﬁ’ﬁﬁfgodlé Tahlm aneepnedarabde) ané.UéEfe
condi tion f&hthe st eam nt can be.suitably selected in

ng. treat.
accor danc&°Q't9Y SHEPEY En’?s“togné@?gﬁw“m’o?% Hiogr @isafihe mpdel (1§ more
t r eat ment %gfe?ggfluct ed at a tenperature of 510 to 810C in the
presence SFESTeqm Steam may be introduced fromthe outside, or
physi cal |y absqg@fﬂ wat er or crystal water contained in zeolite of
the Y type may be used. A mineral acid is added to the USY zeolite

obt ai ned aft er Tiheusiyeaniing iieehaungy 2pflid Qﬁgg]&ﬁgkrg a%emlxaetg&%@;gm

25 treated by m xing under stirring so that a I'S remnove
the 10 above can be produced, for example, in accordance with the process

described in the following.
As the raw material for the USY zeolite, zeolite of the Y type

containing silica and alumina in amounts such that ratio of the amounts

by mole of silica to alumina, ie., SiO9/Aly05, is 4.5 or greater and

15  preferably 5.0 or greater and Nas0O in an amount of 2.4% by mass or

smaller and preferably 1.8% by mass or smaller is used.

As the first step, zeolite of the Y type described above is treated by
steaming to form the USY zeolite. The condition for the steaming
treatment can be suitably selected in accordance with the circumstances.

20 It is preferable that the treatment is conducted at a temperature of 510 to
810°C in the presence of steam. Steam may be introduced from the
outside, or physically absorbed water or crystal water contained in zeglite
of the Y type may be used. A mineral acid is added to the USY zeolite
obtained after the steaming treatment, and the resultant mixture is

25 treated by mixing under stirring so that aluminum is removed from the

skeleton structure of zeolite and the zeolite is cleaned from the removed



. skel eton structure of zeolite and the zeolite is cleaned fromthe
renoved 7 alum numby the steam ng and the treatnent with the
mneral acid. As the mneral acid, various mneral acids can be used.
In general, hydrochloric acid, nitric acid and sulfuric acid are
used. As other mneral acids, inorganic acids such as phosphoric
acid, perchloric acid, 5 peroxodisulfonic acid, dithionic acid,

sul fam ¢ aalvonianch iyt thessts atnfio ine dadiedre AmEer Gathi 1heanisis a3 4ely as
formc acid, trichloroacetic acid and trifloroacetic acid can be

used. The anoudts dfe mieeril meid|vanius minde] aithechr Be @sbd! 0IR @eABlAS
and preferably 3 to 16 noles per 1 kg of the USY =zeolite. The
concent r athwoioshlarkeacid) nitrisracdd andesulfurie atidamiedises. 046 dthet GnERYaby
mass and preferably 1 to 20% by mass. The tenperature of the _
treat ment 3944, ¥MGESABIGGABHS { Fuchodd t Bhpwhmis eacid, 10eecotic  acid,
preferably 50 to 100C. The.tjme of the treatment is 0.1 to 12 hours.
[0012]% TH&WPX%%§B#8PFHW“gf&ﬁhﬁg?%?m§aﬁ Am1g ggehang nifeseptliimieacid
system so that .the netal i,s supported on.the USY zeolite. .
Exanpl es S1"1 h& 5P te ! SorS%fdbpaﬁtE?ﬂm& el %’ﬁ&ﬁ@ﬁ@cﬁﬁ‘é 138t ek
of m xi ng L0 LppI rocess, apd. the. i egnati gn
pr ocess. fﬁ%ﬂﬁrgé%ént%{f ngif c%]%engsg(gnggkgsaﬁ?lﬂlﬁafl%@e %@gﬁt’“’ be
Exanpl es g ' t f 0 3;
zi rconi umqéir(lic?a '?l isgﬁﬁh%%ogégﬁ%&k?bfé%a |%rtr{) 61%{1 ﬁp%g} e&n% gﬁd’%&@%’m
of (Group Seolfl OMThdNcoffdRAABH B LURARAPBE Bk AUR) e dHRURARC
and rheniumof Goup 7; iron, ruthenium an osmumo oup “8;

the

cobe 16 0%, e aispssenrus o e Tl bpuman oL
12; al um treatarshigalihithmrahgGob e F8omttempdrati:@ud 100°C and preferably
50 to 100°C. The time of the treatment is 0.1 to 12 hours.
[0012]
Then, a solution of a metal salt is added to the obtained system so
15 that the metal is supported on the USY zeolite. Examples of the process
for supporting a metal include the treatment of mixing under stirring, the
dipping process and the impregnation process. The treatment of mixing
under stirring is preferable. Examples of the metal include yttrium and
lanthanum of Group 3; zirconium and titanium of Group 4, vanadium,
20 niobium and thallium of Group 5; chromium, molybdenum and tungsten
of Group 6; manganese and rhenium of Group 7 iron, ruthenium and
osmium of Group 8; cobalt, rhodium and iridium of Group 9; nickel,
palladium and platioum of Group 10; copper of Group 11; zinc and
cadmium of Group 12; aluminum and gallium of Group 13; tin of Group
25  14; phosphorus and antimony of Group 15; and selenium of Group 16; of

the Periodic Table. Among these metals, titanium, iron, manganese,



. 25 14; phosphorus and antinony of G oup 15; and sel enium of G oup 16;
of the Periodi c Table. Anong these nmetals, titanium iron,
manganese, 8 cobalt, nickel, palladium and pl ati num are pref er abl e,
and iron is nore preferable. [00131 As the salt of the netal,
sulfates and nitrates are preferable. 5 Wen the treatnent with a
solution of the nmetal salt is conducted, in general, the tenperature

of the tr e@baﬁntnml&l?:@)all@di:@:ﬂcaﬁﬂ%lﬁhﬁflﬁﬁ ad%ypre‘@&a%@e 80¢d @5}9 1& hﬁore

time of the treatment is 0.1 to 12 hours and preferably O.

hours al t prefgrable condition is different depending on the
circunstances and cannot be deci ded independently of the

ci rcunst ances. 10018k s preferable that the netal is supported on the

support sinultaneously when alum numis renoved fromthe skel eton
structure of zeWi ithe. s@kteof ttheamasal, sflfates su;ipnrﬂrateg iase corefencthdel

at a pH s ably selected in the range of O or smaller and
pr ef er abl M en trpatment |$5§u§:pntﬁ%th¢ ypetabfsalhds sandugted, rion

i ncl ude ferrou c sul fate, andferrlc 15 sulfate is

et raol £ hRE, iﬂ'sﬁt‘é‘fmﬁwelifg N S Cbho andineebudhl
Y 32d%bf‘%?5’@ bt B SRS or e e R 18&?338&%@1%0“ Laretdspbly
i ron, any g9l iert 1ol of1egas. tge SOLYSaS S8 highloht aanibe ysed.

Water, al co ol's, ones are p

Ihe conceshealisaingle 4R ofysH CUEi g bRRelRBrl tﬁéec?%?f %‘ﬁngS

iy g S i

pr ef er abl esHemablurhtnmshuisr yerid@édPfrom the skeleton structure of zeolite. The

treatment of the supporting is conducted at a pH suitably selected in the

range of 2.0 or smaller and preferably 1.5 or smaller. Examples of the

type of the salt of iron include ferrous sulfate and ferric sulfate, and ferric

15 sulfate is preferable. It is preferable that the sulfate of ivon is added as a

solution although the sulfate of iron may be added without being dissolved

into a solvent. For the solvent dissolving the salt of iron, any solvent

which can dissolve the salt of iron can be used. Water, alcohols, ethers

and ketones are preferable as the solvent. The concentration of the

20  sulfate of iron used for preparing the solution is, in general, 0.02 to 10.0
moles/liter and preferably 0.05 to 5.0 moles/liter.

When the crystalline aluminosilicate is treated by adding the

mineral acid and the sulfate of ivon, it is preferable that the slurry ratio,

L.e., the volume (liter) of the solution for the treatment / the weight (kg) of

25  aluminosilicate, is in the range of 1 to 50 and more preferably in the range

of 5 to 30.



.i.e.,-the volume (liter) of the solution for the treatnment / the
wei ght (kg) of 25 alumnosilicate, is in the range of 1 to 50 and
note preferably in the range of 5 to 30. 9 The crystalline

al um nosilicate supporting a netal obtained as described above is
washed with water and dried, where necessary. USY zeolite and USY
zeolite supporting a netal can be produced as described above. 5

[0014] Exanpl esThé dugetdineualini@anige Oxbsisor¢astd éialGoBtithed as
support as a mixture with the crystalline alumnosilicate iInclude

al um na, discribadabone iawashledosith atater nadobiéd, wheremharsgaryconi a and
alum na- titania. As the alum na, boehmte gel, alumna sol and

al umi na 10 pr odJ&&dzeolitenamicle 8 Yozaolids sapportsiegl a rAstrlganHespralicddss
al um na which can_support the active netal in the highly dispersed
condi tion d@crlb?@fabpaﬁl e. Aplurality of the porous inorganic oxides

may be_used as 8 mxture. In this case, it is preferable that
al umind is useo[ 944k he main conponent 15 (the content of alumna is

RAGRERIRE Lok M LSRRI o T A
e cryeLl | WS TR HhE e U A RA SRS B Sabibe
desert bod B AE G, gL NGB oA i
crystal Il Rigadiaim NQ$1 tHe 3B al SEBNNITRS Lol a¥iddhs" s@"%nd alumina
10 produced from these oxides are used. Among these oxides, alumina
which can support the active metal in the highly dispersed condition is
preferable.
A plurality of the porous inorganic oxides may be used as a mixture.
In this case, it is preferable that alumina is used as the main component
15  (the content of alumina is the greatest).
[0015]
As the support in the catalyst for hydrocracking of heavy oil of the
present invention, a mixture of the crystalline aluminosilicate such as
USY zeolite and USY zeolite supporting a metal described above and the
20 porous mnorganic oxide described above is used. As for the relative
amounts of the components in the mixture, it is necessary that the
amount of the crystalline aluminosilicate is 18% by mass or greater and
smaller than 45% by mass and the amount of the porous inorganic oxide
exceeds 55% by mass and is 82% by mass or smaller based on the sum of
25 the amount of the crystalline aluminosilicate and the amount of the

porous inorganic aluminosilicate. When the amount of the crystalline

10



. smal l er than 45% by mass and the anount of the porous inorganic oxide
exceeds 55% by mass and is 82% by nmass or smaller based on the sum of
25.the anmount of the crystalline alum nosilicate and the anount of
the porous inorganic alumnosilicate. Wen the anmount of the
crystalline 10 alumnosilicate is excessively small in the m xture
of the crystalline alumnosilicate and the porous inorganic oxide, a

hi gh t enpedatinesilitatd dguéxcessit-ely tsheall SACtheNmiueBt 8f RhEherydesilned
degree of deconposition, light fractions and internedi ate fractions
and, as thdumanosilicatehenid tlee gforbhe iBocgdrdt y@iidé, s aakiedr $ehyesdfiget RA.
When the anmount of the crystalline alumnosilicate is excessively
great, thaeguivedifoy the teantiopott vbtmnothe ldesireédrdegace wh desithoeition,
(hereinafter, referred to as VR (525+C) fraction) is decreased, and
the sel ectightiyactinms srd intermediatetfrapionmandhes theresultdibatlefe of the

fractigns igqldecr.eas d al iyho h t(?e activity in deconposition 10 of
the atnhosfSREAVE 18spaverseheralasted-or Wherethepmeunt oRthasayssalline

fraction) is increased. On the her hand, the_porous jnorganjc oxide
such as ala#] oS ?%tﬁer“%e%xc?ﬁ%vg%pﬁ??%dt &t R LRR Y %Oﬁmgﬁléwn of
excessi verytueadrchBRE By BRIttt TR ek rpn S s oLl et
e e, LGSR ) g 1 S8
Py ogenat e P o AR BoReh Ui ia s tidh

deni t iI@gephtthen atin@Ephatic Ofesi@d iR eBRHRAN rf&FBY Ao ofs @Pﬁéiﬁ@)
0

and 20 renmoval of netals are increased. Wien the anount e porous
i nor gani cfraxtidne) isirexesssl. vel y small, a problemarises in that the
activity On the other hand, the porous inorganic oxide such as alumina
disperses the supported active metal to a great degree. When the
relative amount of the porous inorganic oxide is excessively great, the
15  desired yield of decomposition cannot be obtained and it becomes difficult
to obtain the light fractions and the intermediate fractions since the
relative amount of the crystalline aluminosilicate is decreased although
the activity for hydrogenation is great and the activities of desulfurization,
denitrogenation, removal of residual carbon, removal of asphaltene and
20 removal of metals are increased. When the amount of the porous
Inorganic oxide is excessively small, a problem arises in that the activity
for hydrogenation such as the activities of desulfurization,
denitrogenation, removal of residual carbon, removal of asphaltene and
removal of metals is decreased. Therefore, as the relative amounts of the

25  crystalline aluminosilicate and the porous inorganic oxide in the catalyst,

it is preferable that the amount of the crystalline aluminosilicate is 20%

11



. for hydrogenation such as the activities of desulfurization,

deni trogenation, renoval of residual carbon, renoval of asphaltene
and renoval of netals is decreased. Therefore, as the relative
anounts of the 25 crystalline alum nosilicate and the porous

i norganic oxide in the catalyst, it is preferable that the amunt of
the crystalline alumnosilicate is 20% 11 by mass or greater and

smal | er t hbyp rd29% by gr@ger aRd SISl 488, bhan ' '
oxi de exceegs 55% by masrs and is 80% by nassg)oragfﬁgﬁlstgry%gggﬁt g%ﬂ%%e

sum of t heparomsninatahite ogides letbéddse 580U MyNAddsi GAlleis 80% byenArRupt

of the porous inorganic alumnosilicate. It is nore 5 preferable that
t he anmountsmallehbased shalhlei svenalf uhi rosidnicof thd eryRbing aluaBssoSlicate

greater and 43% by mass or smaller and the amount of the porous

i nor gani ¢ &x¢ ddie ausnmathyf diss porous energananchldbimbyilivats oft ssrahbes .
It is nost preferable that the amount of the crystalline

al umi ndsi | pxedexable thabghpyamayst of theconystalling abowinpsdicaserds |265% dnyd

t he amount_of the 10 poraus.inorganic oxide is 60% by nass or greater
and 70% by™RESEr greatehapiis%, Y M@sepp andithe amouatghohe Dproushe

talyst f.or hydrocracking,of h il of the present | tioq i
Conposed JPCFHINIE QST TS0 by SR bui Frealiv BT 4R ST, RO
i de desqi; , _a third .
corponent igiiod EEeA 0 hat hE BHR of Bel ErREABD S miRacilietesis

th ) i ' i L5 f er abl
hat "t ho- S asiiol BubatcROmRe N, thoor Pty bhd el BRORER B e,
pref engbl Y030k i35 HBde BaTis th‘sssé&mﬁ?éat%i)ean@gg%:“og%atsgeor

crystalline alum nosilicate, the andunt of tHhe porous nor gani c
oxi de and snhl@ount of the third conponent, which is set at

It is preferable that the support in the catalyst for hydrocracking of
heavy oil of the present invention is composed of the crystalline
aluminosilicate and the porous inorganic oxide described above alone.

15 However, where necessary, a third component such as a clay mineral and
phosphorus may be mixed into the support. When the third component is
mixed, it is preferable that the amount of the third component is 1 to 30%
by mass and more preferably 3 to 25% by mass based on the sum of the
amount of the crystalline aluminosilicate, the amount of the porous

20 1morganic oxide and the amount of the third component, which is set at
100%. When the amount of the third component exceeds 30% by mass,
there is the possibility that the surface area of the support is decreased,
and the activity of the catalyst is not sufficiently exhibited. When the
amount of the third component is smaller than 1% by mass, there is the

25  possibility that the effect expected by the addition of the third component
18 not exhibited.

12



. 100% -When the amount of the third conponent exceeds 30% by nass,
there I1s the possibility that the surface area of the support is
decreased, and the activity of the catalyst is not sufficiently

exhi bited. Wien the anmount of the third conponent is smaller than 1%
by mass, there is the 25 possibility that the effect expected by the
addition of the third conponent is not exhibited. 12 [0016] For
produci ng the dgppglt in the catalyst for hydrocracki ng of heavy oi

of the present invention, it is preferable that the crystalline

al um nosi | i cat Faughodsacib§Ytize dupperand tRY eyt Fof URPRIdAkiAg of
metal 5 described above is used in the condition of a slurry

cont ai ni ndhagatyeoil adft dre tpresewsts nivep tiuirt, hitwat prefertiide ahystitlel tRgtalline
al um nosilicate and the porous inorganic oxide are sufficiently
n xed wit pleaghogitiRate puch lie YP¥seenddecind USYifzkblitee stppomting aofaetal
wat er uysi %ﬁa ,{;n ader (a mxer). The porous inorganic oxide is in the
condi t Pon %ECH @gla gve as ysed irfibe copduinm of aisharmyaenéaiming evater faftered
into a slyry by .adding water simlarly to the crystalline
al um nosi #Lﬁa‘i’%gi]a‘ﬁg AW 24T hsljf}}f’em@’rs?%@é’lel plyaningpilieate end; e porous
is preferable that the content water i.n the slurry Qf the
crystalli ﬁlgmfﬁa\?ﬁ?ﬁ 9 P&t c;sengiy F’dx%‘i)f%lg@ eﬁ&é@%ﬂ PIASENE? 8bRy
40 to 70% t nt of water.in.the slurry of the

% R¥E ABES anfdGhe d)g%siragtgggl%}r%g @&%e&(}eﬁg% mix

porous 15 1 norganic oxi “nore preferably 55

norgani o1 1 rest e e B EELRYde Ban THUTORARIY FERGTRD T, PEbe "

Inorganic silicate are m I ng as

F]n)éhu'![[% |1 gé&fsﬁ%ﬁ)rgﬁ%:ﬁ&é SebrB{ b S DAY By AddLAT 8Ly Smtad? to
the crystalline aluminosilicate and mixed with the crystalline
aluminosilicate. It is preferable that the content of water in the shurry of
the crystalline aluminosilicate is 30 to 80% by mass and more preferably
40 to 70% by mass, and the content of water in the slurry of the porous

15 inorganic oxide is 50 to 90% by mass and more preferably 55 to 85% by
mass.
After the crystalline aluminosilicate and the porous inorganic
silicate are mixed by kneading as described above, the mixture is formed
into molded products having a diameter of 1/12 inch to 1/32 inch and a
20  length of 1.5 to 6 mm in a cylinder shape, a three-leaf shape or a four-leaf
shape. The molded products are dried at 30 to 200°C for 0.1 to 24 hours
and then baked at 300 to 750°C (preferably at 450 to 700°C) for 1 to 10
hours {preferably 2 to 7 hours) to obtain a support.
[0017]
25 Then, at least one metal selected from metals of Groups 6, 8, 9 and
10 of the Periodic Table is supported on the support. As the metal
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20 length of 1.5 to 6 mMmmin a cylinder shape, a three-|eaf shape or a
four-leaf shape. The nol ded products are dried at 30 to 200C for 0.1
t0+24 hours and then baked at 300 to 750C (preferably at 450 to
700C) for 1 to 10 hours (preferably 2 to 7 hours) to obtain a
support. [0017] 25 Then, at |east one netal selected fromnetals of
Goups 6, 8 9 and 10 of the Periodic Table is supported on the

support .  AselbhginEBlAtixdid BIFING i%&cg? @’a@% n?gl&iaﬁ[%?ﬁrf%é}i%ﬂh st;e%?%r%

nol ybdenum and tungsten ‘are preferable. ongfn

Groups 8 tpreféhablé.ckeb thndneaddlon@ng #F EF&IFPREH f@,aﬁialkéﬁ agﬁbcghﬁlt

conmbi nation of two netals include comnbinations of nickel-nolybdenum
cobal t - nolagedpneferablec k ebximpdes ef theardntabatibnt 8NIHE metAIPdchitRSe
conbi nati ons, the conbinations of cobalt-nolybdenum and

ni ckel - nolopbdEnations ef prickdrmblydh deauth,t ¢vbal £orbylddriwan, efckel-tungsten

ni ckel - nol ybdenum is nore preferable. The anmount of the netal

suppor fed ¥ crRbalfitypgsten.s Astongdhese gbmbiyatioms,t tue antlbantibas of
suitably se]ected in accordance with 10 various conditions such as
the type &PPaHamp %&Htlé?i apdomickglimelysdgnunm careyimedensble, hendapgheha

fraction. In,general , the amount of the netal of Goup 6 is 0.51to0
30% by mas8 aﬁP’éf"éP&‘g‘Fe’;}"%o ngEW masepigleratde. appunt of the

oS SaL2L Y Ay SRR, Sheld® JELALA! 8 OURS Bt 19
15 L At Moy gl PLACARY, Lo PRS Laffabis A
convepd i ogakioRkQUoRATti S @S at Be type of the raw material oil and the desired
vield of the naphtha fraction. In general, the amount of the metal of
Group 6 is 0.5 to 30% by mass and preferably 5 to 20% by mass of the
amount of the entire catalyst, and the amount of the metal of Groups 8 to
10 is 0.1 to 20% by mass and preferably 1 to 10% by mass of the amount of
15  the entire catalyst.

[0018]

The process for supporting the metal component on the support is
not particularly limited, and a conventional process such as the
Impregnation process, the mixing process and the coprecipitation process

20 can be used.

The product obtained by supporting the metal component on the
support 1s dried, in general, at 30 to 200°C for 0.1 to 24 hours and then
baked at 250 to 700°C {(preferably at 300 to 650°C) for 1 to 10 hours
(preferably 2 to 7 hours) to obtain the desirved catalyst.

25 [0019]
It 1s necessary that the catalyst for hydrocracking of heavy oil of the
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.inpregnation process, the mXxing process and the coprecipitation
process 20 can be used. The product obtained by supporting the netal
conponent on the support is dried, in general, at 30 to 200C for 0.1
to 24 hours and then baked at 250 to 700C (preferably at 300 to
650C) for 1 to 10 hours (preferably 2 to 7 hours) to obtain the
desired catalyst. 25 [00191 It is necessary that the catal yst for

hydr ocr ackpmegent iheationchavethd BistribdtidheFPdied AYRMY AN ANEHOIBS/ing.
distribution of pores described in the following. |In the catalyst
for hydr odmatte cafabystifornydoidrackinighef lsesedil of thiephésent ihbentiyg) tHee
of pores having a dianmeter of 500 to 10,000 A, which are nacro
pores, is vodumerofsperdschavdng prdfmesd yf 50000 01800k, hased a0 hhero
volunme 5 of the entire pores having a dianeter of 50 to 10, 000 A,
whi ch ar e RO¥eS, 18307% er gaadleriand preterabdy p&4 or amallendased unﬁ:hegvggmms
havi di ter,.of 100.to0.200 A, which are neso pores, is 0 or
great o ami ECPRITELPITCDRAVNE gr dinnartencafs) dn 1h800ohuids endlc
ti .in the.catalyst, Jt i referable that, the volunme o
bor s havIUE RiFAna APE shealist i i Sobhe ok papchavios bignetral
f th I res..having a di aneter 50 to 500 A The 0
gat al ssro&g@?ﬁ jo‘%Cﬁg S‘ﬁ'sl?ﬁ Refitaneing %?reﬁo}seg%ﬁcgﬁeﬂg?}' %‘3\?59%&?\?]13’ 70% )
control dif.fus) f r i ) ul ar -wei ghts suc
as asphalo%gggm%? all%tsfeg)rég ﬁl%a{ gﬁie@éﬁe%t%reﬁgg%ﬁgﬁﬁF#a&g?tt)n easi er,

and 15 hydrogepad pifeAiile RGO ROTH IR oﬁ%o%ﬁi’%ﬁﬁ.g:ca &ﬁ%&%ﬁ of 1% tg

facilitated. In the present invention, t vol une pores havi
di ameter @00 SQcdugsies JUeRbLErddict BE UE@VEIMSEE of BoFRATAVIEE a diameter of

corresponding to the dianeter
50 to 500 A.

The catalyst having the distribution of pores described above can
control diffusion of hydrocarbons having great molecular weights such as
asphaltene fractions in the residue to make the diffusion easier, and

15  hydrogenation and decomposition of heavy oil can be facilitated.

In the present invention, the volume of pores having a diameter of
50 A or greater in the catalyst is measured corresponding to the diameter
of the pores in the catalyst. The volume is measured in accordance with
the method of mercury injection described in ASTM D4284-03. In the

20 present invention, the contact angle of mercury is set at 140 degrees, and
the surface tension of mercury is set at 480 dyne/cm for the calculation.

[0020]

It is preferable that the catalyst for hydrocracking of heavy oil of
the present invention satisfies the following conditions.

25 (1) Specific surface area
It 1s preferable that the catalyst for hydrocracking of heavy oil of

15



.of the pores in the catalyst. The volune is neasured in accordance
with the method of nercury injection described in ASTM D4284-03. In
the 20 present invention, the contact angle of mercury is set at 140
degrees, and the surface tension of mercury is set at 480 dyne/cm
for the calculation. [00201 It is preferable that the catal yst for
hydrocracking of heavy oil of the present invention satisfies the
f ol | owi ng thenpitesienh Snvebti¢d haSpe ehbti€ic dinfageamiaeaf RH0its 6Ue el a ki@
that the catal yst for hydrocracking of heavy oil of 15 the preSent
i nvent i on thaxe prefeeablyi 256 do fddGemafea WhedOthet opdafiic sltfacandeaivr®o
preferably 250 to 450 n2/g. When the specific surface area is 200
n2/ g or ngé o, gltelﬁéeia(ﬁhﬁ\ﬂeﬁtlﬁelpmn’saurllltableefoltdlecahaposm@he@){]mwndiel
can be osed on the surface of the catalyst in an anoun
suf fi ci ent‘"ﬁg}b‘?s @J@hitbetﬁwéa@me)faéhe v@&tylyfsbrlrdeeubrmugunt osutfivkesns fdve
or smal | t he catal yst can have

;8?glsf§uf %"i‘i‘@%{f}% Iber@%lflﬂ‘%ﬁg O Jr¢npaiont  Nohen thespor danfacsi azea
wth the dbRvEhIBRgr %@eﬂ?l%ttﬁg ag?ﬁftﬁhﬂ av}a'a &5 '%&al“gyg%‘it:ﬂora
nosi |1
sarple | h GfispB BRI [ 42 Srhk BBecifis ittty oS o4
cont ai ned A4t Skal mﬂim%bfdraahhmayw@go&v n*«afo?fagf@) Mo Rhriden

hours under a va uum e gases were di scharge

for ‘the r ageififor?/ PASTNI t MeRtr-o5) ali B @he l BEaNL AGE A eaysLARM.

the BET plot, five points between 0.01 to relnterpolae
15 t heo cakbwhatbsilicatEhenethoshabld e rfﬁaswmeaf RS WAt BRAt DRV ENES

used al so for
preliminary treatment, contained water is sufficiently removed by heating
at 400°C for 3 hours under a vacuum while gases were discharged to the
outside. As for the range of P/PO in the calculation of the surface area
from the BET plot, five points between 0.01 to 0.10 are interpolated for
15  the calculation.

The method of the measurement described above is used also for
the measurement of the specific surface area of the crystalline
aluminosilicate constituting the catalyst for hydrocracking of heavy oil
used in the present invention.

20  (2) Volume of the entire pores

It is preferable that the volume of the entire pores in the catalyst
obtained in accordance with the method of nitrogen gas adsorption is 0.50
cc/g or greater and more preferably 0.55 cc/g or greater. When the
volume of the entire pores is 0.50 cc/g or greater, diffusion of molecules of

25  heavy oil such as the vacuum residue can be increased.

The volume of the entire pores in the crystalline aluminosilicate
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. the nmeasurenent of the specific surface area of the crystalline

alum nosilicate constituting the catalyst for hydrocracki ng of heavy

oil wused in the present invention. 20 (2) Volune of the entire pores
It is preferable that the volune of the entire pores in the catalyst

obt ai ned in accordance with the nethod of nitrogen gas adsorption is

0.50 <cc/g or greater and nore preferably 0.55 cc/g or greater. Wen
the vol ungn@inthe eafirec@tMYEEE el 16 Sl @b f
nol ecul es of 25 heavy oi Iﬂ?l%ch asctﬁg%ggﬁ%img?éﬁg%ﬁiggg%%&%geg xt
i ncr eased. isttierwolofinEitafgebh ASTM T81222-88, DasiheDr y#satld Peeliminary

alumnosilicate 16 and in the entire catalyst is cal culated based on
t he adsor preatmeniegsonpained wateotihsufficéntiy remoead bAHM M2 22408°C for

D4641-94). As the prelimnary treatnent, contained water is

suf fi ci entd honewsuder byvacuam mduibet g8 Gvéwr dischhmedstouhderutai deac ditra

whi | e %ases were discharged to the outside. The 5 volune of the

entir e poredume ghtthienentire opanencisaabtained frats dhpeamonintr ofjedsatbed

P/ PO=0.99 i.n the d]rg Lhorb-. desorption, isqtherm of nitrogen,

fol | oned JYHX08RTER ﬂ%‘gr &8 %é@swm‘ esPBlioRdsotiaype of pdioegen,

Th t al f hyd Ki h il of t (O ti
10° exhi bi {OLANCH RSy GaSERARE R oBlaPel FpttinlBiatheobiohoayy

fractions. The Pﬁ%y\éity for deconposition of the fraction having a
boi | i ng poi nt (g C or higher (the VR fraction) is great, and the

|ing point Ol : : Cti S . f
2950 or i oner HEEAR <t yarbbAEkINGe RANY G Be 0k ol ilnBln
the cabal yshilgdiali figréaHEaLIAR vl B¥d%@g(r)er1]1%§ioﬁlegpﬁl:35‘9y BERLNE! The

carbon, desulfurization and deni'trogehati
activity for decomposition of the fraction having a boiling point of 525°C or

higher (the VR fraction) is great, and the activity for decomposition of
fractions having a boiling point of 343°C or higher (the AR fraction) is also
relatively great. Moreover, the catalyst exhibits a great activity for
15 removing residual carbon, desulfurization and denitrogenation.
Therefore, when the hydrocracking is conducted using this catalyst, the
properties of the obtained desulfurized heavy oils (DSAR, ie., the
desulfurized atmospheric residue, and DSVGO, ie., the desulfurized
vacuum gas oil) are advantageous as the raw material used in the
20  apparatus for fluidized catalytic cracking.

[0022]

The catalyst for hydrocracking of heavy oil of the present invention
is used for the hydrocracking. Hydrodesulfurization, hydrodenitrogen-
ation and hydrodemetalation are conducted simultaneously with the

25  hydrocracking. These reactions are conducted under the condition of a

high pressure of hydrogen. As the apparatus for conducting the

17



. Therefore, when the hydrocracking is conducted using this catalyst,
the properties of the obtained desulfurized heavy oils (DSAR, i.e.,
the desulfurized atnospheric residue, and DSVGED i.e., the

desul furized vacuumgas oil) are advantageous as the raw nateri al
used in the 20 apparatus for fluidized catalytic cracking. [00221
The catal yst for hydrocracki ng of heavy oil of the present invention

i s used fadiydierdydngataidsi fhighiysegiasuid gehealli an, afdpadasde plt aRgen-
ation and hydrodenetal ati on are conducted sinultaneously with the 25
hydr ocr ac kiesglfuliesion sagcsddons are conducted under the condition of a
hi gh pressure of hydrogen. As the apparatus for conducting the 17
hydr ocr acki ng JRaesl a hi gh pressure, in general, an apparatus for
direct desulfurization is used. [00231 The condition in the
hydr ocr acki ng uSheigcemditiom ainysthe ohydsoargdringr asitngg the hasalysbi Forof
the present jnvention is not partjcularly limted, and the

Nt orHdrpEsAc 6 5

conven ¥ doheaysi 6 pbihayereserbaryenfiamds not particularly

rycrodesu e LAt on 61 e Ly Lo SHnT e 1L, The emerat e of,

o o RSB0, 0, BRI ROt Bl e

L0 90 P AR o 309538k B 98 AT DAL

o) AR5, BSOS vy s e R ™

sel ected pagfirRr@botetl HrelgabBNELIHY rdhge 601 B B0 MPR%nd more preferably
in the range of 5 to 17 MPa; the ratio of the amounts of hydrogen to oil can
be selected preferably in the range of 100 to 2,000 Nm3/kl and more
preferably in the range of 300 to 1,000 Nm9/kl; and the liquid hour space
velocity (LHSV) can be selected preferably in the range of 0.1 to 5 h~1 and

15 more preferably in the range of 0.2 to 2.0 h-1.

Heavy oils such as the vacuum residue, coker oil, synthetic crude oil,
topped crude oil, heavy gas oil, vacuum gas oil, LCO, HCO (heavy cycle
oil), CLO (clarified oil), GTL oil and wax may be treated by the
hydrocracking as a mixture with the atmospheric residue.

20 [0024]

The catalyst for hydrocracking of heavy oil of the present invention
may be used singly or in combination with conventional catalysts for
hydrogenation. As the pattern of the combination, for example, it is
preferable that 10 to 40% by volume of a demetalation catalyst is packed

25 into the first stage, 0 to 50% by volume of a desulfurization catalyst is

packed into the second stage, 10 to 70% by volume of the catalyst for
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.15 nore preferably in the range of 0.2 to 2.0 h-1. Heavy oils such as
t he vacuum resi due, coker oil, synthetic crude oil, topped crude
oil., heavy gas oil, vacuumgas oil, LCO HCO (heavy cycle oil), CLO
(clarified oil), GIL oil and wax may be treated by the hydrocracking
as a mxture with the atnospheric residue. 20 [0024) The catal yst for
hydrocracki ng of heavy oil of the present invention may be used

singly or hydworddkiagi afhhebih otloot ehtipraknt ahabysds ikOfacked into the
hydr ogenati on. As the pattern of the conbination, for exanple, it is
pr ef er abl ethtibrdistdge, tamdi 0%oby0 % dyureluohie af dedesdfatizamior 2hedlyst fdrSthe
packed 25 jnto the first stage, O to 50% by volune of a

desul f ur i Zzpishing it pagkad ingo thadkedthi sttaget baclsbasetios tthgemdaht of %
by volune of the catalyst for 18 hydrocracking of heavy oil of the
present i rRAdHie Backed paatestsi nfhetpaitett pf ghe tnaghing mayd be chsoetyin
vol une _of a desul furi.zat%él}r;{ catalyst for the finishing is packed

into tRe PGHIYS YRRy aseadlapse Stilla fhe REORAHEISHOf GherRe mgberiaboacled
vaye In asEbshae o PROvRE BrERSr LT EOBb iR SFAltend dFaIPGTder And
hor gani o Ber e bahfes fRlfTc P in RERAra st iheT 31 ma, BB ofageNdabl o
a stage %{l@i‘ tg%%gﬁggg@ﬁf%ﬁ 8&%'%%15%%% )‘;ﬁ% ﬁﬁgg?%{gﬁst stage. [0025]

10 The cata ocracking o eav e present
invention can[pgostilized, for exanple, as described in the
follow ng. Using the catal yst for hydrocracking of heavy oil of the

presemd i nventincataly AtfoPaRdesdrackidy sBedwy bl @RURE PR¥sent invention
hydr ocr acki ng, and the
can be utilized, for example, as described in the following.

Using the catalyst for hydrocracking of heavy oil of the present
invention, an atmospheric residue is treated by hydrocracking, and the
fluidized catalytic cracking is conducted using the residue of the obtained

15 oil or a mixture of the residue with a distillate as the raw material oil.

In this case, as the distillate, a distillate having a boiling point of
120 to 400°C is preferable, and a distillate having a boiling point of 150 to
350°C are more preferable. When the distillate has the boiling point in
the above range, decomposition products having the boiling point in the

20  advantageous range can be obtained, and the effect of increasing the
amount of the FCC gasoline is exhibited. It is preferable that the
amount of the distillate in the raw material for the fluidized catalytic
cracking is 1 to 30% by volume and more preferably 3 to 20% by volume.
When the amount is in the above range, the effect of excellently increasing

25  the LPG fraction and the FCC gasoline fraction can be exhibited.
[0026]

19



.fluidirzed catalytic cracking is conducted using the residue of the
obtained 15 oil or a mxture of the residue with a distillate as the
raw material oil. In this case, as the distillate, a distillate
having a boiling point of 120 to 400C is preferable, and a
distillate having a boiling point of 150 to 350C are nore
preferable. Wien the distillate has the boiling point in the above

range, deconposid eon@itialet $hbautAlgticheabRidd NInbe ba&tﬂ:ﬂla&g}ﬁ ]i%@itet%,e

advant ageous range can be obtained, and the effect of I ncreasing t
armount of amhle theCcgtdgticneradiaghedn tbd. cdidicted®r Bf eibl®atdeatyithea
amount of the distillate in the raw material for the fluidized

catal yti c copvemriivmgl process ondefmlrynvehtiorabeshditios. piFef ekahiple 3utiag
20% by volunme. Wen the anmount is in the above range, the effect of
excel | ent B2 pprphonagatalyst machpe filaaat adlormbrad andesiBES masésiaeor a
fraction can.be exhibited. [0026] 19 The condition of the catalytic
crackihg 780l calalystcemelt 185 uvstaline aluminppidicate of whie favjanite tgoean
be conducted in accordance with conyent j onal _process_ under a
convent i offaf E‘?J‘H&%’tof‘]orﬂanFﬁ?e e@&&ﬁ%?l@ Sﬁlsﬁcﬁﬂi dh theordpHewing arangest a

h L 1ica-al um d silica- ' i I
Such as cryuparnE oiniriadion GRES apnenat As0adsDi Apsbrrelerably in
Femper at e Sphgs 3 4S80l BR5IG 4 R ardiRer s h GO fhe Tanee of

f bl ¥xi - f
Fegenerat fon roohe. Faae Plastily beralioion & UEPHA S E02 o 5 VPR on
in thg rapggepjblg).jﬁ&hgqaﬁtgwg@go oh@ppreferably in the range of 0.2

to 2 MPa. [00271 In the tfreatnent for deconposition of the
at nospheri c reRioh®

In the treatment for decomposition of the atmospheric residue
described above, the amounts of the products can be adjusted so that the
amounts of the FCC gasoline fraction and the LPG fraction useful as the

15 fuel and the raw material for petrochemical products are increased, and
the amount of the LCO fraction having limited demand is decreased.

Moreover, the yield of the kerosene and gas oil fraction which is the
intermediate fraction and the naphtha fraction which is a light fraction in
the product formed by the hydrocracking by the apparatus for the direct

20  desulfurization as an intermediate stage are increased and can be utilized
as the fuel and the raw material for petrochemical products.

[0028]

The present invention will be described more specifically with
reference to examples in the following. However, the present invention is

25  not limited to the examples.

In Examples and Comparative Examples, an atmospheric residue of

20



. descrirbed above, the anpbunts of the products can be adjusted so that
the anounts of the FCC gasoline fraction and the LPG fraction useful
as.the 15 fuel and the raw material for petrochem cal products are

i ncreased, and the amount of the LCO fraction having limted denmand
is decreased. Moreover, the yield of the kerosene and gas oi
fraction which is the internediate fraction and the naphtha fraction
whi ch i s aAtdlghh Heaytdxdnbiting thepiopedties showaesh Dyblehe wixdiRarac#iang
by the apparatus for the direct 20 desulfurization as an

i nt er nedi awav vtatguiadre i ncreased and can be utilized as the fuel and
t he raM/nateriﬁb fOL petrochem cal products. [00281 The present
invention will 19828kscribed nore specifically with reference to
exanples in the follow ng. However, the present invention is 25 not
limted to the exanples. In Exanples and Conparative Exanples, an

at nospheric residue of 20 Arabian heavy exhibiting the properties
shown in Table 1 was used as the raw material. [00291 21 Table 1
Item (unit) Value Standard 5 Property sulfur (air nmethod using
burning tube) 4.42 JIS K 2541-3 (% by nmass) nitrogen (chem cal |ight
em ssion nmethod) 2,720 JIS K 2609 (ppm by nass)
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.10 vanadi um (ppm by mass) 86 JPI-5S-62-2000 nickel (ppm by mass) 27
JPI -5S-62-2000 conponents insoluble in C7 (% by mass) 7.9 UOP 614-80
residual carbon (mcro nethod) (% by mass) 14.1 JIS K 2270 density
(vibration nmethod) @5C (g/cnB) 0.9939 JIS K 2249 15 kinematic
viscosity @0C (m2/s) 3070 JIS K 2283 Hcont. (concentration of
hydrogen) 1086 JPI-5S-65-2004 (% byp E? 20 Di stribution of
fractions naphtha (C5-150C) (% by masgs?1 .0 nethod of gas kerosene

fraction ( - n
3.3 with vacuumagas oil fraction (343525C)

(250-343C) (%b 50?353

di stillation %@\ﬁ( B mass) 36.7 vacuum resi dues YER8+C) (9B tmndaads)
60. 0 ASTM_residues. (343+C) (% by mass) 96.7 D 5307-97 [00301 30 The
preparation of catalysts for hydrocracking of heavy oil used in 22
Exanpl és dfubp@otypar ati ve Exanpl es and the eval uati on of the

properties of e prepared catalysts were conducted as described in
the follow A ui@ﬁr@%&l}eﬁtv%}ﬁg&ﬁlr@matw& 5 [ Catdyst fdES K 2541-3

hydr ocr acki ng 4 byenessloi| 1] (1) Preparation of a crystalline
al umi nosi i Clalit%ogen (chemical light emission method) 2,720 JIS K 2609
(ppm by mass)
10 vanadium (ppm by mass) 86 JPI1-58-62-2000
nickel (ppm by mass) 27 JPI-58-62-2000
components insoluble in C7 (% by mass) 7.9 UOP 614-80
residual carbon (micro method) (% by mass)  14.1 JIS K 2270
density (vibration method) @15°C (g/cm3) 0.9939 JIS K 2249
15 kinematic viscosity @50°C
(mm?/s) 3070 JIS K 2283
Hcont. (concentration of hydrogen) 1086  JPI-5S-65-2004
(% by mass)

20  Distribution of fractions

naphtha (C5~150°C) (% by mass) 0.0 method of gas
kerosene fraction (150~250°C) (% by mass) 0.0  chromatography
gas oil fraction (250~343°C) (% by mass) 3.3 with
vacuum gas oil fraction (343~525°C) distillation
25 (% by mass) 36.7
vacuum residues (5251°C) (% by mass) 60.0 ASTM
residues (343+°C) (% by mass) 96.7 D 5307-97
[0030]
30 The preparation of catalysts for hydvocracking of heavy oil used in
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. Zeolite of the Na-Y type (the content of Na2O 13. 3% by nass;

Si 2/ A12G3 (the ratio by nole): 5.0) was treated by the ion exchange
into the ammoniumtype, and zeolite of the NH4-Y type (the content
of Na2O 10 1. 3% by mass) was obtai ned. The obtained zeolite was
treated by steam ng at 650C, and zeolite of the steamng Y type was
formed. After 10 kg of the fornmed zeolite of the steamng Y type was

suspended ERarhbles | bh@r Cohp PrtBeeERimplée 2RY 2itREd SHRRADH OBF “‘ﬁﬁﬁ
heated at 75C and stirred for 30 m nutgg. To the sugpenm on, 63.7 kg

of a 10% lpropesied Bf sthieupicpared cathliysts wetei@ndastcddds de@¥AbedSn the

m nutes and, then, 11.5 kg of a solution of ferric sulfate having a

concent r atfoBawdig.0. 57 moles/liter was added over 10 minutes. The

m xt ure obtained by the addition was stirred for 30 m nutes,

filtered and Feppwaationnd celystsol ite slurry supporting iron I having
conqponents of 30,.5% by 20 mass was obt ai ned.

a concentrati of, solid

The |aptid a@%@?ﬁi’ﬁh rardang oL heawy ddde with the X-ray
diffracti hod s 24.30 A .. (2 repargtion of an alumna slurry
Into a ve E)er?’tr%a&%ﬁ% °%a§63f~°&?41§3}12 n%’é’(?lsﬂ?‘ﬁaéﬁ uminate (the
concentration: e by # S thati of ,A1203)
and 25 240 g oZ} 0%%/50% E‘ﬁ%ﬁ?ﬁ%ﬁ?‘éﬁ Cg%l@%?ﬁggﬁrgg‘?cgcilg%v%r%yplfﬂgg%’d

and heat egiah,/A00, @hs Pkl 90 nifleR!3i) %@t%é‘éﬁeﬁtlgy% %}%éig%gggleg&%@mt&%“i

2.5% by mass ™ 23 expressed as the concentration

amount  of tB8 dtgmoaiupl BaRY anidnzalies HEThy eSHgHY %ﬁ%@ (fhesoniadded Nacggd&he

above solution in 15 mnutes in a manner such that pH was adj uste

4 20 INOB, B At ahum e g ratea SHN A Bbued g
t he sl urr ytesasinegept 680°C04nd kioliter fthiesteaming Y type was formed. After
10 kg of the formed zeolite of the steaming Y type was suspended in 115
liters of pure water, the obtained suspension was heated at 75°C and
stirred for 30 minutes. To the suspension, 63.7 kg of a 10% by mass
15 solution of sulfuric acid was added over 35 minutes and, then, 11.5 kg of a
solution of ferric sulfate having a concentration of 0.57 moles/liter was
added over 10 minutes. The mixture obtained by the addition was
stirred for 30 minutes, filtered and washed, and USY zeolite slurry
supporting iron I having a concentration of solid components of 30.5% by
20 mass was obtained. The lattice constant obtained in accordance with the
X-ray diffraction method was 24.30 A.
(2) Preparation of an alumina slurry
Into a vessel, 80 kg of a solution of sodium aluminate (the
concentration: 5.0% by mass expressed as the concentration of Al,0Og) and

25 240 g of a 50% by mass solution of gluconic acid were placed and heated at

60°C. A solution of aluminum sulfate (the concentration: 2.5% by mass
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.renove water and washed with amonia water, and an al um na cake was
obtained. Using a portion of the obtained al um na cake, pure water
and 15% by nmass ammonia water, a slurry having a concentration of
alumna of 12.0% by nass and a pH of 10.5 was obtai ned. The obt ai ned
slurry 10 was placed in an aging tank and aged at 95C for 8 hours
under stirring. Pure water was added to the aged slurry so that the
sl urry wasxfitesgesidag the ¢vancentratomceihhlofly) an aof ambumi 0888 kOwaspyced
mass. Then, the resultant slurry was transferred to an autocl ave

equi pped vintdnathet vessel andgeiterataddb456 therabove @eleian th tiBefinutes in a
concentrated by heating while ammoni a was 15 renoved si mul t aneously,
and a sl umgnheavismghathzgnpEntwast hdjustéd 26941y amdiss sbxpiest athasihe
concentration of A1208 was obtained. Alum na slurry A was obtained
as descri Betlrapisiee wasoobtzined.3) Theephtainedrslufrya of atlamjintn? hyds¥xide
zeollte slurry sgg‘gortl ng iron I (the concentration: 30.5%% mass)
in an ano(ds gge di Aannten sviyle theyslwmnyawes vrent at GORE, filtered to
concentration: 20%b V\@re added into a kneader._ After the
mixed sl GPPPYGARAES @&E?Vﬁa% ity mena Watermanstan alupgimacake &as
concentr at make the. extrusio | e, the concentrat ed
curry. oo okilindd) MR B eSin phHeReAReT Alding gal Pe%?r%Wé\S%T and
1/ 18 inch % e |_els e dried at 6 hours
and baked g)}?g&&;jg%ﬁ%&% %&%eﬂs ée}uawgéﬁwgia coﬂﬁ nc?fr?é}}w{l?on
of USY zegfifLo®UpPeL | lof 1,40 p t he
rati o of the am)ﬁ %%/sn%’nagsé %?{ ﬁw%vg%sn%i%%%t é) \;\&g)sé %@%ﬁ%{ggfmry
Then, 1@ suaRepRiced ifhiAhpRG: Rih1S YRR 994y PS8 WS ki IS tirring,
Pure water was added to the aged slurry so that the slurry was diluted to
have a concentration of alumina of 9.0% by mass. Then, the resultant
slurry was transferred to an autoclave equipped with a stirrer, aged at
145°C for 5 hours and then concentrated by heating while ammonia was
15 removed simultaneously, and a slurry having a concentration of 20% by
mass expressed as the concentration of AlyO3 was obtained. Alumina
slurry A was obtained as described above.
[0031]
(3) Preparation of a catalyst
20 USY zeolite slurry supporting iron I (the concentration: 30.5% by
mass) in an amount of 738 g and 2,625 g of Alumina slurry A (the
concentration: 20% by mass) were added into a kneader. After the mixed
slurry was concentrated under heating and stirring to have a
concentration which make the extrusion possible, the concentrated slurry

25 was extruded to form pellets having a four-leaf shape of 1/18 inch size.

The obtained pellets were dried at 110°C for 16 hours and baked at 550°C
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. 5 and-ni ckel carbonate in pure water was heated at 90C, and nmalic
acid was added to the suspension to obtain a solution. Support | was
I mpregnated with the obtained solution so that the concentration of
nol ybdenum expressed as MoG3 was 10.5% by nmass and the concentration
of nickel expressed as NNO was 4.25%by nmass in the entire 10

catal yst. The obtai ned product was dried and baked at 550C for 3

hours, arfor 8dalrssinl Guphodt Dhadetkd AGoalp dReANY o TUSY 28@StORl dieithe
The obtained catalyst had a specific surface area of 381 nR/g and a

vol ume of itde/ ehimiea of BOLH (fxpRed2dcay the Thto \vBItHERINELPRT IS nhds 610
a dianmeter of 500 to 10,000 A was 1% of the volunme of the entire

por es havisaljdaodimmmends) whs 5btaifedo 10, 000 A, and the vol ume of pores
having a dianeter of 100 to 200 A was 73% of the volune of the
entire pores haheny & suspemiien ditaed by suepeoding meyhdaseme tribxide

accordance with_the rcury injection nethod. The conposition and
t he physi @Qﬂ B%ﬁﬂrcﬁ%@? innBuEe A tes twag Beatrshat i99°Crapidenmalicogeid

[ 0032] [ Catal yst, f,or. _hydrocracking of heayy oil _I11] In accordance
with the Sk aﬁdﬁgeﬁﬁr a%‘SPﬁB@ngCB% f nsqlpEiong, e%‘é?ﬁ?litoﬁ yas

Catal yst for hyd ' foh il t_that 1,148 g  of USY
ceorite stapPELREo SOt oh PR, Sotagiant Sy Batorhe somsapbipiAR of

25 and 2, ezfiyBd@iud)l Uskmassddir by Abbhe cemizagt ipn: % b
were added |ynto %1 kneaders, Supporté’P:g h‘g\gliglng@ag%orrl%gsint?%é)n %‘?&fﬁ@é

co0 L1, Empatensts ohghad dosl s, MOWAED oy
Then, 1@ SEEREAKI OTHADSINANEEH BYo Bt ReAT NG d TRl & BIRSW T 55D 8F 3 hours,
and Catalyst for hydrocracking of heavy cil I was obtained. The obtained
catalyst had a specific surface area of 381 m2/g and a volume of the entire
pores of 0.62 cc/g. The volume of pores having a diameter of 500 to
10,000 A was 1% of the volume of the entire pores having a diameter of 50
15 to 10,000 A, and the volume of pores having a diameter of 100 to 200 A
was 73% of the volume of the entire pores having a diameter of 50 to
10,000 A, as measured in accordance with the mercury injection method.
The composition and the physical properties of the catalyst are shown in
Table 2.
20 [0032]
[Catalyst for hydrocracking of heavy oil IIJ
In accordance with the same procedures as those conducted in the
preparation of Catalyst for hydrocracking of heavy oil I except that 1,148 g
of USY zeolite slurry supporting iron I (the concentration: 30.5% by mass)
25 and 2,625 g of Alumina slurry A (the concentration: 20% by mass) were

added into a kneader, Support II having a composition of USY zeolite
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.and nirckel carbonate in pure water was heated at 90C, and nmalic acid
5 was added to the suspension to obtain a solution. Support Il was

| mpregnated with the obtained solution so that the concentration of
nol ybdenum expressed as MoG3 was 10.5% by nmass and the concentration
of nickel expressed as NiO was 4.25% by mass in the entire catalyst.
The obt ai ned product was dried, baked at 550C for 3 hours, 10 and
Cat al yst fsoppbyidngdr@ckiahgnoia bLaByem0(dxpkéssvdsaPticat M6 of THE amounts
obt ai ned catal yst had a specific surface area of 409 nR/g and a

vol ume of bytinesenof soléd ponesnefits) vl dahinedlhe vol une of pores having
a dianmeter of 500 to 10,000 A was 2% of the volunme of the entire
pores havi ng a Thiimnetsespersisn dbaibt0be Ayspandingheolgbderumf tyotide
having a diameter_of 15 100 to 200 A was 79% of the volunme of the
entire pop&sl wkewaabmaatﬁépeﬁur@fwﬁer tvas beage At 9SCheadumeadici acid
accordance wt ge mercury injection _nmethod. The COH%IUOH and

t he physi &S r £9 eoﬁ“ﬂ?@%%a?cyﬁb @i 2 SABVFPTLN perp 11| wes3]
20 [ Cat al t for dro eay, 0| I 1] accordance, w t
the same h e° Fﬁ%&ﬁat é?)l ton; 58 ﬂiﬂteglé? afqsRngration 0?

Cat al yst Bﬂﬂ B&é’x’i@ﬁf a@fﬂx‘%@sé& BeavMioDs| daSXqpRiost 32}1@0 8nd Ofth%JSY

zeolite slurry supporting tron I (the“concentration: Yo by nmass

Sn atioq POt utiBh A ntldl ol I CRIGSIAL 82500 by AR, PRERpYE ©
zeolite §ét'1fb‘29£tt' rqglé baﬂnﬁe&';ﬂ%uﬁ@t AHfaPQiel, 63%&9&%&58%0@? 8 ffﬁ&f‘s

of the anmpunt’s mass of solid conponehts was o t ai ned.
suspersi oanabt:aata@@t bﬂns UFHLRSGh R NED | DHEARM dil I IXiHR obtained. The

a

obtained catalyst had a specific surface area of 409 m2/g and a volume of
the entire pores of 0.60 cc/g. The volume of pores having a diameter of
500 to 10,000 A was 2% of the volume of the entire pores having a
diameter of 50 to 10,000 A, and the volume of pores having a diameter of
15 100 to 200 A was 79% of the volume of the entire pores having a diameter
of 50 to 10,000 A, as measured in accordance with the mercury injection
method. The composition and the physical properties of the catalyst are
shown in Table 2.
[0033]
20 [Catalyst for hydrocracking of heavy oil III]

In accordance with the same procedures as those conducted in the
preparation of Catalyst for hydrocracking of heavy oil I except that 1,230 g
of USY zeolite slurry supporting iron I (the concentration: 30.5% by mass)
and 1,876 g of Alumina slurry A (the concentration: 20% by mass) were

25 added into a kneader, Support III having a composition of USY zeolite

supporting iron / alumina of 50/50 (expressed as the ratio of the amounts
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. and nirckel carbonate in pure water was heated at 90C, and malic acid
was added to the suspension to obtain a solution. Support IIl was 5

i npregnated with the obtai ned solution so that the concentrati on of
nol ybdenum expressed as MoG3 was 10.5% by nmass and the concentration
of nickel expressed as NiO was 4.25% by mass in the entire catalyst.
The obt ai ned product was dried, baked at 550C for 3 hours, and

Cat al yst floy masdroficold lcongp oplenbgawys obtaihéd. Was obt ai ned. The 10

obt ai ned catal yst had a specific surface area of 473 nR/g and a

vol ume of the EBménre popessioh Gbined by stimendihygnmobbdeanss thiaxidwg
a diameter of 500 to 10,000 A was 10% of the volune of the entire
pores havianf aickiil aasbenatss irsPpure waled0vas heated tate0/s), Lamed afalpornesl
having a diameter of 100 to 200 A was_59% of the volune of the
entire poreas adfadyta heasuseensignoto mbtaig 80 sobvion. aSunperudHd vias
accordance with the nercury injection _nethod. The conposition and
the physi ¢HIPISERBESG i‘@ﬁoﬂ’\{% r@téa%%io yelutiens sosikBah ‘Z%ﬁ‘ tameentyatipnosi)
[ Cat al yst r ' f a il b c c it

t he sane #gfgggégggfag% éégg&co%gujé%be% i#atglhef&grﬁgpgﬁa%ggﬁognw &e

Catel yot e N ReRaF L CluER 8 b SASEASHTIY eddR B Bl

zeolite slurry supporting iro

and 1, 500 ,g¢9f<A ﬂg%gﬁ%g{eayp %&%&QW AN at %%%é@ﬁ%ﬁéﬁre e

added into a knea ort aving a conposition of

2 SapRo" A AN St Bl BeRy P el o e

suspengi onbodhadnedalit HasPs Rfetidicnalvridemtn of 19X i®s and a,volume of
the entire pores of 0.61 cc/g. The volume of pores having a diameter of
500 to 10,000 A was 10% of the volume of the entire pores having a
diameter of 50 to 10,000 A, and the volume of pores having a diameter of
100 to 200 A was 59% of the volume of the entire pores having a diameter

15 of 50 to 10,000 A, as measured in accordance with the mercury injection
method. The composition and the physical properties of the catalyst are
shown in Table 2.

[0034]
[Catalyst for hydrocracking of heavy oil TV]

20 In accordance with the same procedures as those conducted in the
preparation of Catalyst for hydrocracking of heavy 0il I except that 1,476 g
of USY zeolite slurry supporting iron I (the concentration: 30.5% by mass)
and 1,500 g of Alumina slurry A (the concentration: 20% by mass) were
added into a kneader, Support IV having a composition of USY zeolite

25 supporting iron / alumina of 60/40 (expressed as the ratio of the amounts

by mass of solid components) was obtained.
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. and nickel carbonate in pure water was heated at 90C, and malic acid
was added to the suspension to obtain a solution. Support |V was

I npregnated with the obtained solution so that the concentration of 5
nol ybdenum expressed as MoG3 was 10.5% by nmass and the concentration
of nickel expressed as NiO was 4.25% by mass in the entire catalyst.
The obt ai ned product was dried, baked at 550C for 3 hours,713 and

Catal yst for hyrhégrackispension heiwing byl 3 dﬂ%@ﬁé! dedlif trioxide
obt ai %ed cat al ystémhad a fsjpecific surfacg ar%%ﬁof 17 gglg and a

vol ume of ail nivkediarbengieres pate Gvater oedg hedbwl wol90Te, eindaifse acid
having a dianeter of 500 to 10,000 A was 32% of the volunme of the
entire poress faldedgta thei anepersiof 0 obtaib0 2086w orandStipporto [Werasf
pores having a dianmeter of 100 to 200 A was 43% of the volune of the
entire pol@Pragnated avithatha ebtaigledseokusionn sootha the cwasmteatiom of

The. pys ERishih | BebieYed oo URDs, WPE Dniin T PRt 5nd] 0Bs)
AL . SRR 9% THBR AL BRR o0 Zba% Ak AOmaRe hA Bty
e obt ai BT oo PhEReed TP 4 e, ke, BB Hhp & Bovss,
o1 encanl RERREORLTHy Al ERTok hebll MY SEAT FHha ca TRE”
compos! &1 onraneLRgPaRaT HAd ASHRHRE sterelnp QLR ofR 136180

20/ 68{d2 (RXRLESEahras JIE56 3L/P Ahd DEIARP WRLHrEY hiRSSy &f dodhdidy of8
500 to 10,000 A was 32% of the volume of the entire pores having a

diameter of 50 to 10,000 A, and the volume of pores having a diameter of
100 to 200 A was 43% of the volume of the entire pores having a diameter
of 50 to 10,000 A, as measured in accordance with the mercury injection
15 method. The composition and the physical properties of the catalyst are
shown in Table 2.
[0035]
[Catalyst for hydrocracking of heavy oil V]
Boric acid was added to Alumina slurry A in an amount such that
20  the ratio of amounts by mass Als03/BsO3 was 85/15, and a slurry of
alumina and boric acid was obtained. In accordance with the same
procedures as those conducted in the preparation of Catalyst for
hydrocracking of heavy oil I except that the slurry of alumina and boric
acid obtained above was used in place of Alumina slurry A, Support V
25 having a composition of USY zeolite supporting iron / alumina / boria of

20/68/12 (expressed as the ratio of the amounts by mass of solid
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. conmponents) was obtained. Catalyst for hydrocracki ng of heavy oil V
was obtained in accordance with the sane procedures as those
conducted in the preparation of Catalyst for hydrocracki ng of heavy
oil | except that the 5 concentration of nol ybdenum expressed as Mo(3
was adjusted at 15.0% by nass and the concentration of nickel
expressed as N O was adjusted at 4.2% by nmass. The obtai ned catal yst

had a speebhiponsutd)aggs abgdaned. 270 n2/ g and a volume of the entire
pores of 0.51 cc/g. The volunme of pores having a dianeter of 500 to

10, 000 A was 1%athlyste fool hydrebatliagenfi headp pir 65 hawi RPpt@ned in
di anmeter of 50 to 10,000 A, and the volune of pores having a

di anet er atcadiance 206h Atheas s78% afrochéuses! e Wfoseheordtcted por dhe
having a dianeter of 50 to 10,000 A, as neasured in accordance wth

the mer caFspRuan phi atelyssdor tuiroorasking obrheany oihd poept dhht the
> a1+ Bk Yt BingRufiof YRifessRa B Michi ik Aot 2 g%

CUPROr L SURa LIS AL Rosl Lk e USK SUPROANG L 0h s g

10 (%Y ues) MRLAL O4ile FRR08: Fep0.FRATH: FeARaSAMeo SO0 SFbr0

m?/g and a volume of the entire pores of 0.51 cc/g. The volume of pores

having a diameter of 500 to 10,000 A was 1% of the volume of the entire

10  pores having a diameter of 50 to 10,000 A, and the volume of pores having

a diameter of 100 to 200 A was 73% of the volume of the entire pores

having a diameter of 50 to 10,000 A, as measured in accordance with the

mercury injection method. The composition and the physical properties

of the catalyst are shown in Table 2.
15 [0036]
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. (% by-mass) Si 2/ Al203 (ratio by nole) 36 36 36 36 36 15 lattice
constant (A) 24.30 24.30 24.30 24.30 24.30 degree of crystallization
0.91 0.91 0.91 0.91 0.91 specific surface area (nR/g) 840 840 840
840 840 volune of entire pores (cc/g) 0.54 0.54 0.54 0.54 0.54
alumna 20 alumna slurry AAAAA fraction in support 70 60 50 40
68 (% by mass) boria fraction in spgpopt 0 0 0 0 O 25 (% by nass)
active netal netal oxide NO NGO NO NO NO MO MC3 MO3 I\/bCB

MbG3 content (based on oxide) 4.25- 4.2 4. 25 2 %

mass) 10.5 10.5 10.5 10.5 15.0 Phys‘P%'ﬂél ppabﬁrtf%ﬁﬁcat ‘Zt

n|trog n d volunme of entire pores (cc/Q) 0 62 0. 60
§ ngggspeégg

Ic surface area (nR/g) 381 410 473 517 270
I\/Ercury |nJ & ﬁs%alﬁ% ugnn\:/lglﬂmge of entire pores** (cc/ g) 0.474 0 453

0.461 0.475 0. une non- nacqgg?ores** 0.4 uﬂh450

0.325 0.403 (cc supporting 1ron sulfuric ac18 process)

relative amount in support 30 40 50 60 20
10 (% by mass)
metal oxide FegOg FegOg FegOz FegOgz FegOg
content (based on oxide) 2.5 2.5 2.5 2.5 2.5
(% by mass)
Si09/Al903 (ratio by mole) 36 36 36 36 36
15 lattice constant (A) 24,30 24.30 24.30 24.30 24.30

degree of crystallization 0.91 0.91 0.91 0.91 0.91
specific surface area (m2/g) 840 840 840 840 840
volume of entire pores (cc/g) 0.54 0.54 0.54 0.54 0.54

alumina
20 alumina slurry A A A A A
fraction in support 70 60 50 40 68
(% by mass)
boria
fraction in support 0 0 G 0 0
25 (% by mass)
active metal
metal oxide NiO- NiO- NiQ- NiO- NiO-
MoO3 MoOz MoOs MoOsz MoOg
content (based on oxide) 4.25- 4.25- 4.25- 4.25- 4.2-
30 (% by mass) 10.5 10.5 10.5 10.5 15.0

Physical property of catalyst
nitrogen adsorption method
volume of entire pores (cc/g) 0.62 0.60 0.61 0.56 0.51
35 specific surface area (m2/g) 381 410 473 517 270

Mercury injection method
volume of entire pores™ (cc/g) 0.474 0453  0.461 0475  0.414
volume of non-macro pores®* 0.467 0.450 0.413 0.325 0.403

(celg)
40 volume of meso pores** (cc/g)  0.344 0.360  0.270 0.206 0.305
volume of macro pores™* (cc/g)  0.007  0.007 0.048 0150  0.005
fraction of 500~10,000 A*** (%) 1 2 11 32 1
fraction 1 of 100~200 A*** (%) 73 79 59 43 73
fraction 2 of 100~200 A*** (%) 74 80 65 63 76

45
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. 40 volune of meso pores** (cc/g) 0.344 0.360 0.270 0.206 0.305

vol une of macro pores** (cc/g) 0.007 0.007 0.048 0.150 0.005

fraction of 50010,000 A*** (99 1 2 11 32 1 fraction 1 of 100200 A***
(%9 73 79 59 43 73 fraction 2 of 100-200 A*** (% 74 80 65 63 76 45

30 Notes: * Cat |: Catalyst for hydrocracking of heavy oil | Cat I1I:
Cat al yst for hydrocracking of heavy oil Il Cat Ill: Catalyst for
hydr ocr ackidgigs:of heavy oil 11 5 Cat |IV: Catal yst for hydrocracking

of heavy oil IV Cat V. Catalyst for hydrocracking of heavy oil V **
entire pores: pgor@s Ih@uiahgt fordiyvaretaekingfof bOv@ilJ00 A non- macr o
pores: pores having a dianeter of 50-500 A neso pores: pores having
a diameter of 1002001 Aat@lystedfor bydoreskingaitesvihaililng a di amet er of
50010, 000 A *** fraction of 500-10,000 A: fraction of pores having a
di ameter of 500-Gay 100G amlysh fgydweepcreslinggf heativadiler of 50 to 10, 000
A fragction 1 of 10&208 A. fraction of pores ha\_/igg a di aneter of
100-200 A in por éti¥vi-atglust fr ddrosrackingnbheayy pd INOO A 15 fraction 2

o 100,200 & 1 ag oh BT S IS SN oL, 100,200 A
eualuat on o BOYSLE8 PLERSEL\ShaPh A yEEQl FhospRPOT 110 20 1 ron
non-macro pores: pores having a diameter of 50~500 A
meso pores: pores having a diameter of 100~200 A
10 macro pores: pores having a diameter of 500~10,000 A
*#*%  fraction of 500~10,000 A: fraction of pores having a diameter of
500~10,000 A in pores having a diameter of 50 to 10,000 A
fraction 1 of 100~200 A: fraction of pores having a diameter of
100~200 A in pores having a diameter of 50 to 10,000 A
15 fraction 2 of 100~200 A: fraction of pores having a diameter of

100~200 A in pores having a diameter of 50 to 500 A

[0037]

2. Method of evaluation of physical properties of USY zeolites supporting
20 iron (crystalline aluminosilicates) and catalysts
(1) Lattice constant:

USY zeolite supporting iron which had been dried and powder of
silicon as the internal reference material were mixed well, pulverized and
packed into a sample holder for X-ray powder diffraction (XRD). The

25 measurement on the thus prepared sample was conducted using a Cu bulb

under an applied voltage of 40 KV and an applied electric current of 40
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. (1) Lattice constant: USY zeolite supporting iron which had been
dried and powder of silicon as the internal reference material were
m xed wel |, pulverized and packed into a sanple holder for X-ray
powder diffraction (XRD). The 25 neasurenent on the thus prepared
sanpl e was conducted using a Cu bulb under an applied voltage of 40
KV and an applied electric current of 40 31 mA in accordance with
the step smanmi agrordmacd weth did steep wwanairntadB)e bittick hen &S tAEAD) 4o
supporting iron was cal cul ated fromthe obtai ned peak angle. (2)
Degr ee of theyStal kieolite snpiorthee thogr wasofalculpsediftim athieoobimined peak
eval uated in_accordance with the nethod of ASTM D3906-03. The
crystalli rfﬁncg}e-as the zeolite of the Y type was calculated and
expressed he rel ative degree of crystallization based on the
degree of @fy CRICPE 2atiYs afipRDE SK- 40 used as the reference,

R A WE N, W R R W
ont e POy RS S AL A b ool AR St
S VLY, Sl PR KR0S 8L URL 8t DR A LAY
of 100 cCcp¥aéd on the degree of crystallization of LINDE SK-40 used as the
reference, which was set at 100%.
10 (3) Volume of pores
The volume of pores was obtained as described above.
(4) Specific surface area and volume of entire pores
The specific surface area and the volume of the entire pores were
obtained as described above.
15 [0038]
[Evaluation of activity for hydrocracking of a catalyst for
hydrocracking of heavy oil]
Example 1
Catalyst for hydrocracking of heavy oil I in an amount of 100 cc was
20 packed into a high pressure fixed bed reactor, treated by sulfurization and
subjected to hydrocracking using an atmospheric residue of Arabian heavy
shown in Table 1 as the raw material oil under the following condition:
The condition of the hydrocracking
temperature of the reaction (WAT: weight-average
25 temperature): 400°C
liquid hour space velocity (LHVS): 0.3h-1
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. 20 packed into a high pressure fixed bed reactor, treated by

sul furization and subjected to hydrocracki ng using an atnospheric
resi due of Arabian heavy shown in Table 1 as the raw naterial oil
under the follow ng condition: The condition of the hydrocracking
tenperature of the reaction (WAT: wei ght-average 25 tenperature):
400C liquid hour space velocity (LHVS): 0.3h-1 32 partial pressure

of hydrogen: 12.9 Wﬁﬁgag%rggg%}“{aﬁgé%genﬁ)_%%?gt(ilgﬁ&Cl’h,écggg N8/ ki

[ 0039] The product "ol l talne e ove ocrac

(hereinafter, 5 refigrg@detRilamtidie POGFNGH3RY!I . occasional ly) was
anal yzed in accordance wth the nethod of the gas chromat ography wth

distillation (AS08D 5307-97), and the yields of the fractions such
as the fraction having a boiling point of higher than 343C and 525C
or lower, the fTeepradudiasil phtaimedoby ithg dievethwirob2iktn g dhbaiihiftgr,
poi nt higher than 525C) and the 10 kerosene and gas oil fraction as
t he i nf er weffiraed thrascthemprodhet paAngecasiondldy) was|amaypad it : ackbddrae
343C) were obtained. Then, .the 343+C conversion and the 525+C
conver si oviffertibeemathod ié thel Easichgomatesrapbai with ditdlatiés (ASTMID
he. i nt or RORTAYD: FRC i riddantighea feactiabe: sAdly agt (s Erapéiopc havRizng
o e CaLBS! Lot DRl Rek 10cef Hem ol L Bl NS PREelt oo
moorer o phE DGty of 538488 APRYMit Pothd RigheY fhan SHEES and the
10 kerosene and gas oil fraction as the intermediate fraction (the range of the
boiling point: 150 to 343°C) were obtained. Then, the 343+°C conversion
and the 525%°C conversion defined in the following were obtained. The
results are shown in Table 3. Greater values of the yield and the
conversion of the intermediate fraction mean greater activity of
15  hydrocracking of the catalyst for hydrocracking of heavy oil of the present
invention. The raw material oil in the following definition is the
atmospheric residue of Arabian heavy shown in Table 1.
343*°C conversion (% by mass) =
(residue in raw material oil - residue in product) /
20 residue in raw material oil
525+°C conversion (% by mass) =
(vacuum residue in raw material oil - residue in product) /
vacuum residue in raw material oil
[0040]
25 The activity of desulfurization, the activity of denitrogenation, the

activity of removing residual carbon, the activity of removing asphaltene
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.(residue in raw material oil - residue in product) / 20 residue in
raw material oil 525+C conversion (% by mass) = (vacuumresidue in
raw material oil - residue in product) / vacuumresidue in raw
material oil [0040] 25 The activity of desul furization, the activity
of denitrogenation, the activity of renoving residual carbon, the
activity of renoving asphaltene 33 and the activity of renoving

net al s wer. : I i t thod f t
and the da e Ao LG el el S T B SRR TR
accor dancgn¥HdasCoOMURIHs el ¥ I : hﬂ%@ i abl e
3. 51n the pr oguct oi | g%fﬁg?ned b%fgéﬂ%é{rlgéﬁi&r%cﬁgg%r@be guc})v%i%l

(her ei naf tagrd, caledkiieé th tloc@slane Wil dustertidbn al0aeAddRNAMHA) vestll® are
content of sulfur was neasured in accordance with the excitation

met hod usishgwir adTableoh (JIS K 2541-4), the content of nitrogen was
measured in accordance with the chemcal |ight em ssion nethod (JIS
K 2609%, the 1@ncéheepredwt vidnabiainednby nhyfeicraeiagndasariled i above
accordance with the f|uorescent X-ray nethod (JPI-5S- 62-2000), the
cont ent oﬁh@m@ﬁ@m refermedotouBb ¢henpiwdush viheersasionally), adeocaziend of
with the rrgk}&od of UOP 614-80, and the content of residual carbon
was measufBHUWRs-cBegarEd 1y aerordanes ovishnther eacitatien kmelrod  using

A NS RIGM R S A LS N L
cvaluat ey 05l ol R, TRSER TR A B, e
10 contents of vanadium and nickel were measured in accordance with the
fluorescent X-ray method (JPI-53-62-2000), the content of components
insoluble in C7 was measured in accordance with the method of UOP
614-80, and the content of residual carbon was measured in accordance
with the micro method (JIS K 2270). The atmospheric residue of Arabian
15 heavy shown in Table 1 (hereinafter, referred to as the raw material oil,
occasionally) was evaluated in accordance with the same methods except
that the content of sulfur was measured in accordance with the air
method using a burning tube (JIS K 2541-3).
Activity of desulfurization (% by mass) =
20 (content of sulfur in raw material oil - content of sulfar in
product oil) / content of sulfur in raw material oil
Activity of denitrogenation (% by mass) =
(content of nitrogen in raw material oil - content of nitrogen
in product oil) / content of nitrogen in raw material oil
25 Activity of removing residual carbon (% by mass) =

(content of residual carbon in raw material oil - content of
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. method using a burning tube (JIS K 2541-3). Activity of

desul furization (% by mass) _ 20 (content of sulfur in raw materi al
oil - content of sulfur in product oil) / content of sulfur in raw
material oil Activity of denitrogenation (% by mass) = (content of
nitrogen in raw material oil - content of nitrogen in product oil) /
content of nitrogen in raw material oil 25 Activity of renoving

resi dualcarbon (% tefiias Lamhdi 8B AM bl SbAAL cPALUAN Do in

material oil - content resi carbon 1 n produc
content of residual ygarBQRetif] gilaw material oil Activity of renoving
asphaltene No by mass) _ (content of conponents insoluble in C7 in

raw nmaterial oidctivity cOrinentingfaspbaneneritsby asdsykl e in C7 in product
oil) / ~content of conponents insoluble in C7 in raw material oil

Activity of renpvi ndcargent sf (Utpynemissihselubdeaim 6f7 inonive nistenial Wiland

Ni inraw material oil - sumof contents of V and NI in product oil)
/ sumdf contents otontent®fznoipdinents neeelweeaeniGl improdd@4i]) / Exanpl e
2 The hydrocracking was conducted in accordance with the sane
procedures as those centrmicef sampenBrisiiselubless &t in haw @atexialstil f or
15 hydr ocr acki g‘rg: of heavy oil 11 \gits used in place of Catalyst for
hydr ocr acki ng &CHIVEESE Tsimoving iaet il ( rﬂﬁlaéS)l"—." The results are shown

'n (sum of contents of V and Ni in raw material oil - sum of
contents of V and Ni in product oil) / sum of contents of V
10 and Ni in raw material oil
[0041]
Example 2
The hydrocracking was conducted in accordance with the same
procedures as those conducted in Example 1 except that Catalyst for
15  hydrocracking of heavy oil II was used in place of Catalyst for
hydrocracking of heavy oil I used in Example I. The results are shown in
Table 3.
[0042]
Example 3
20 The hydrocracking was conducted in accordance with the same
procedures as those conducted in Example 1 except that Catalyst for
hydrocracking of heavy oil V was used in place of Catalyst for
hydrocracking of heavy oil I used in Example 1. The results are shown in
Table 3.
25 [0043]

Comparative Example 1
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. Tabl e~3. [0042] Exanple 3 20 The hydrocracki ng was conducted in
accordance with the sane procedures as those conducted in Exanple 1
except that Catalyst for hydrocracking of heavy oil V was used in
pl ace of Catalyst for hydrocracking of heavy oil | used in Exanple
1. The results are shown in Table 3. 25 [0043] Conparative Exanple
1 35 The hydrocracki ng was conducted in accordance with the sane

d t | Mst for
D orer et o SecuGaRer | §aE A TRyl ORI Shie
hyd e t wn
e AR e AL corifited E%?WSFH* ° TheHient adt Catil Stsm

conduct ed hytlrdeekeag Cef Viddvyt Nl SHIE waRl QERHUARS pisee! hﬁ’S@a% Hctﬁd
in Exanple 1 except that Catgltyst for 10 hydrocrackl ng of hglay\%y ol |

|V was usédtydmocickieg of heatnbil StudedrinBgiaplatki MheGbstiRawYe @hbwh in
used in Exanple 1. The results are shown in Table 3. [0045]
Conpar &t i VBaldg@pl e 3 15 The hydrocracki ng was conducted in
accordance with the same
[0044]
Comparative Example 2
The hydrocracking was conducted in accordance with the same
procedures as those conducted in Example 1 except that Catalyst for

10  hydrocracking of heavy oil IV was used in place of Catalyst for
hydrocracking of heavy oil I used in Example 1. The results are shown in
Table 3.

[0045]
Comparative Example 3\

15 The hydrocracking was conducted in accordance with the same
procedures as those conducted in Example 1 except that a commercial
catalyst for desulfurization was used in place of Catalyst for
hydrocracking of heavy oil I used in Example 1. The results are shown in
Table 3.

20 [0046]
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. procedures as those conducted in Exanple 1 except that a conmerci al
catalyst for desul furization was used in place of Catalyst for
hydrocracki ng of heavy oil | used in Exanple 1. The results are shown
in Table 3. 20 [0046] 36 Table 3 Exanple 1 2 3 Conparative Exanple 1
2 3 5 [Results of hydrocracking] (unit: % by nmass) 343+C conversion
27 29 27 33 40 23 525+C conversion 4 51 43 43 50 10 yield of

I nternmedi ate fraction 22 22 23 24 26 i 150343C) Activity for

desul furi zatien—93-92-94 91 82 05 Activity for denitrogenation 71 73
73 66 53 63 15 Activity for renoving residual 83 71 83 67 55 74

car bon ActEmmyGfor renovi ng asphaltenel68 62 65 38 73 81 Activity
for renDV| 62,70 77 82 86 20 [0047] It is shown by the
results in B?§%§W?ﬁgﬁ 8 process for hydrocrackinglof t Ke 3

at nosphkeric—residue of the present invention

[Results of hydrocracking]
(unit: % by mass)
343*°C conversion 27 29 27 33 40 23
5257°C conversion 50 49 51 43 43 50
10 yield of intermediate fraction 22 22 23 24 26 18
(150~343°C)
Activity for desulfurization 93 92 94 91 82 95
Activity for denitrogenation 71 73 73 66 53 63
15  Activity for removing residual 83 71 83 67 55 74
carbon
Activity for removing asphaltene 68 65 65 78 73 81
Activity for removing metals 75 62 70 77 82 86
20
[0047]

It is shown by the results in Table 3 that the process for
hydrocracking of the atmospheric residue of the present invention
(Examples 1 and 2) exhibited remarkably greater conversions of the VR

25  fraction in the hydrocracking than that of Comparative Example 1 which
did not use the catalyst for hydrocracking of heavy oil of the present
invention although the conversions of the AR fraction were somewhat
smaller. It is also shown that the activity for desulfurization, the activity

for denitrogenation and the activity for removing residual carbon were at
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. (Exanpl es 1 and 2) exhibited remarkably greater conversions of the VR
25 fraction in the hydrocracking than that of Conparative Exanple 1
whi.ch did not use the catal yst for hydrocracking of heavy oil of the
present invention although the conversions of the AR fraction were
somewhat smaller. It is also showmn that the activity for

desul fuiization, the activity for denitrogenation and the activity

for renoviihg 1881 SitdllehfIRQD Were at 37 the nost excellent |level. In
contrast, in the process conducted in Conparative Exanple 2 in which

the relative armpufntedst; e the ysbaddsi da@ dakttll 1P SoblFAbtiveBkiGple 2 in
catal yst for hydrocracking of heavy oil was 60% by nmass, the activity

for 5 desuwihichi zhei edlativbe aaniinti bf iy cdestiallingeshgaidiRlicnd ihehe
activity for renoving residual carbon were snaller and the quality
of the obtatalydi faebpilfacraddadgoifll hd:RFAR! anas EBMAD) mass, ithbefdtiofity for
al though the conversion_of the AR fraction in the hydrocracking was
great e?. desularizasions sthesppgvity foonrenidregenczatidysand athe activity for
desul furization conducted in Conparative 10 Exanpl e 3, the conversion
of the ARTERQVINGFeqsaal carber wone swallpr eyl dhe queditynefethe dbtained

wae gr oa dpurrend oot TsAR wnd SREYHES sbtminterionalthona hepomarion |
d. 0 15 I N TRl APPLL CABI LI TY Th talyst f )
o RS e
X . 2 xcel. ivi .
deconposi t gﬁm(#l H];C?Z[alc '?:Ig génlg Qﬁ a@?nggg‘%ﬂﬂﬁaﬁ% F%&lﬂ)%eﬂt ¥Iﬂ)f 835’%’(‘3‘1'8?‘79
hi ghefo SEGHASIe NIGhEAGHYELiES o e AR R RENCwal¥Yntiild% i £ End ?7%18 of

catal yst,
the intermediate fraction was also smaller although the conversion of the

VR fraction was greater and the properties of the obtained desulfurized
fuel o1l were good.
[0048]
15 INDUSTRIAL APPLICABILITY
The catalyst for hydrocracking of heavy oil of the present invention
exhibits excellent desulfurizing function and excellent activity for
decomposition of fractions having a high boiling point of 525°C or higher
such‘ as the vacuum residue. Therefore, by using the above catalyst,
20 heavy oil can be effectively converted into light fractions such as the
kerosene and gas oil fraction and the naphtha fraction, and the residual
heavy fraction can be efficiently converted into the gasoline fraction by an

apparatus for fluidized catalytic cracking.

38



. 20 heavy oil can be effectively converted into light fractions such
as the kerosene and gas oil fraction and the naphtha fraction, and
the- residual heavy fraction can be efficiently converted into the
gasoline fraction by an apparatus for fluidized catalytic cracking.
38 CLAIMS 1. A catalyst for hydrocracking of heavy oil which
conprises a support conprising crystalline alumnosilicate and a
porous inorgani c oxide 5 excl uding F."EL yst alline alumnosilicate
and an active netal supported on the support wherein (a) the
support conprises the crystalline alumnosilicate in an anount of
18% by mass or greater and snmaller than 45% by mass and the porous
i norgani ¢ IQXldeaea(Ifr}'btl@d}lnhyﬁ_h@nﬁékﬁ%abf hB&v o ResH 'cbﬁx?)trfse‘srh 30pprt
anount exceedi ng 55% by mass and 82% by mass or snma based on a
sum of t heoammsihgotrydtalliny silaininosilbuer aedi hi patcuarndotfemianexide
of the porous inorganic alum nosilicate excluding the crystalline
al um nbdsi lexchtding ¢h crywaline abmbicsilidate aind maattionenstal shppetted bad
from nolybdenum tungsten and nickel, and (c) a distribution of
pores in tthe SBBP@H%&WM or hydrocr acki ng of heavy oil is such that
a vol unme of por as having a dianmeter of 500 tg 10,000 Ais 10% or
smal ler and a Jhe SRPPYSr eeREFERgthe eruvhelline (ﬂlumoﬁlélca&f) in py

60% t b I f h di t
of 50 to FRGRS %st%@%zm,&%%p:fa?‘ég%rf%&w@re GE En. (3% o M gndithe
according_to Claim £ 0

oar odes aPPERTS é{‘?‘iﬁﬁ'ﬂ’éﬁp"é?a? uiEg b aaryg' B ﬁwaeﬁ%wwnopn
a8 RSO IHS AB gL k8L 8 Uller based on o

sum of the amount of the crystalline aiummoszhcate and the amount of
the porous inorgamic aluminosilicate excluding the ecrystalline
aluminosilicate, (b) the active metal is at least one metal selected from
molybdenum, tungsten and nickel, and (c) a distribution of pores in the

15  catalyst for hydrocracking of heavy oil is such that a volume of pores
having a diameter of 500 to 10,000 A is 10% or smaller and a volume of
pores having a diameter of 100 to 200 A is 60% or greater based on a
volume of entire pores having a diameter of 50 to 10,000 A.

20 2. A catalyst for hydrocracking of heavy oil according to Claim 1, which

is used for a fixed bed hydrodesulfurization apparatus.

3. A catalyst for hydrocracking of heavy oil according to Claim I,
wherein the crystalline aluminosilicate 1s USY zeolite or USY zeolite
25  supporting a metal, and a main component of the porous inorganic oxide is

alumina.
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. 25 supporting a netal, and a nmain conponent of the porous inorganic
oxidé.is alumna. 39 4. A catalyst for hydrocracking of heavy oi
according to Claiml, wherein the crystalline alumnosilicate is USY
zeolite supporting iron. 40

4. A catalyst for hydrocracking of heavy oil according to Claim 1,

wherein the crystalline aluminosilicate is USY zeolite supporting iron.

40



