HYDROCRACKI NG CATALYST FOR HYDROCARBON O L, METHOD FOR PRODUCI NG
HYDROCRACKI NG CATALYST, AND METHOD FOR 5HYDROCRACKI NG HYDROCARBON O L W TH
HYDROCRAGKONG 204831b YST BACKGROUND OF THE | NVENTI ON 1. Firelrasedtiioine72

I nventi on [0001] The present invention relates particularly to a 10

hydr ocracki ng catal yst for hydrocarbon oil, the catal yst being capabl e of
producing mddle distillates (kerosene and gas oil; kerosene-gas oil) from
heavy hydrocarbons, such as vacuumgas oil (hereinafter, also referred to
as "VA&0') and deasphalted oil (also referred to as "DAO'), in high yield.
15 2. Description of the Related Art [0002] Hi therto, hydrotreating

catal ysts including zeolites in which titaniumand/or zirconiumis carried
on (conbined with) on nmesopores have been used for treating bottom oi

(see, for exanple, Japanese Unexam ned Patent 20 Application Publication

Nos. 2000- 3343053.0c2R0R1 #9393, v3Rd r3R03y 2289 on LRROINERE o2l e,
Japanese Unexam ned Patent Application Publication No. 2000-334305

di scl oses a hyd&%%%B@E&?anﬁEd@R%%%IhEC%é%§ﬂ¥%Ta %%?[ggfﬁ8@ﬁ¥§%nEtal carried

on a catalyst support that 1's conpose aZe ultrafine

Bre. conbi nel eRCATAr SurR A @l s SRor et T Rar Kol b b ¢ rat | o

of alum numto silicon 5in the zeolite, i.e., [Al]/[Si], of 0.01 to 0.1 (in
other words, a nolar ratio of Si02 to Al 203 (hereinafter referred to as a

"Si 02/ Al 203 nolar ratio” or "a silica-alumna ratio") of 20 to 200). It is
descri bedBEREFEYHR WAt THReIZEHT¥R conbined with the ultrafine particles
conposed of the 10 titaniumgroup netal oxide are prepared by bringing a

raw mat er fal Zeold 1o wihehIngsopotes i nto contact with an aqueous sol ution
of atitaniumgroup netal salt of titania or zirconia at a pHof 0.8 to 2,
washi ng t he0¢EDI i t €hwi Phenaterinimiing trhéatresulditnguzeolitee and firing
the dry zeolite at 15400C to 600C.
10 hydrocracking catalyst for hydrocarbon o0il, the catalyst
being capable of producing middle distillates (kerosene and
gas o0il; kerosene-gas oil) from heavy hydrocarbons, such as
vacuum gas oil (hereinafter, also referred to as "VGO") and
deasphalted o0il (also referred to as "DAO"), in high yield.
15 2. Description of the Related Art
[0002] Hitherto, hydrotreating catalysts including
zeolites in which titanium and/or zirconium is carried on
(combined with) on mesopores have been used for treating
bottom 0il (see, for example, Japanese Unexamined Patent
20 Application Publication Nos. 2000-334305, 2002-255537, and
2003-226519) .
[0003] For example, Japanese Unexamined Patent Application

Publication No. 2000-334305 discloses a hydrogenation

catalyst including a hydrogenative metal carried on a



[ 0004] Japanese Unexam ned Patent Application Publication No. 2002-255537

di scl oses a zeolite having a high nesopore content, an atomc ratio of

al um numwo 2eiddissim, i.e., [Al]/[Si], of 0.01 to 0.2 (i mCotuserilnes2ds, a
silica-alumna 20 ratio of 10 to 200), a volune percent of the nesopores
each having a pore dianmeter of 50 to 1000 A of 30%to 50% a volune of the
nmesopores of 0.14 cc/g or nore, and a proportion of tetracoordi nated

al umi num atons with respect to all alum num atons of 25 atom c percent or
nore, in which netal oxide ultrafine particles of titania and/or zirconia,
which is petareadiduppeducrds B em@rBenedr w thedinner isurhaces of mesopores
of the above zeolite, and a hydrotreating catalyst including a

hydr ogenat,i Ve fEtdlpa2 talkk edorhb R Latraky 8t + SHPROr opRessd ©fi dhe above
zeolite. The zeolite having a high nmesopore content is prepared by bringing

a raw mt gei al 200l id:e ity LOUACT MbliRed FLopndlne achdigoagusous sol ution
at a pHof 0.8 to 2, drying the zeolite at 50C to 200C and firing the dry

Al §§$&e%0 9 9896 il 4.8 daeﬁﬁ“ g éhef p% L LS dhys
possible to are a zeo in iC oxi di rafrne particles are
conbined w t carri.ed on) |nn r.f. ces o] ores [0 05]J anese

Unexani ned" g?% %e%hﬁa |cét?0h @ ﬁfhé 5063236518 4 %ﬁoses
ahydrotreatingcatal yst for 15 hydrocarbon oil, the h drotreatl cat al yst
|nclud|ngW8rﬂ%d|?|W? aFe6PFte 9 SWi che o F4aj 285 1% "Pé PFteeﬁ%ﬁ?%gié)crystal

| attice constant of 24.28 A or nore and 24.46 A or |ess contains a netal

el ement (EBFtani UM/ 21 rCoRPURd Gtieaf ritund Fhl e “tFigrotipt b9 "t IKE peri odic
table, the nodified 20 zeolite having a netal elenment content of 0.1%to
10% by weighto ot @n ellénent &¢sasited Basirsinamhal /e geomiiteratio of 0.01 to
0.1 (in other words, a silica-alumna ratio of 20 to 200), and further

cont ai ni ngoabhryelt ogematheeuhetafind pairsidéserided dchiepéi hheéhat the nodified
zeolite is prepared by bringing a faujasite zeolite having a crystal

| atti t@ consi@nim-Gfrc2é. 28tAL tax ik 46 cAprraporcedniaciringtithgan sgueous

sol ution containing a water-soluble conpound of an elenent in the 4th group
of the penbhodiLal alg iHAARE t RGhEH HBRRAL bt ONSentR{A00B)hnah hegeous
hydrotreati ng catal ysts, however, the nmesopores are clogged with the

carried ngtals;oangd %h%&%£9£@m1$@§ﬁ>%@EQHY§£§tW@ﬂ%nﬁ%hl§ub£ed inacertain
case to hydrotreating (or hydrocracking) of heavy hydrocarbon oil such as

VGD and DAO, -30{ 0007LAS . di sch osed, 1 W2007) 032232, hydr gt Feati ng. cat al yst

i ncluding as a support, a Y-type zeo ite contalnlng a tltanlun1aton1

i ncor pora |t fra her e zeollte in
mhlchpaluﬁ?glﬁqéiéhgeggggg fﬂe %gaﬁg%or are sgbs?o% % mnth

tltan # %é a%ons) Q@% been developed The above zeolite can be prepared by
treatThg 2 fbe eoli'te with an acidi c aqueous sol ution containing
titaniumat a pH of_ 1.5 or less, followed by filtering, washing, and

dryi ng. THEP %ﬁﬁ tH@pEQSF?t%P%%ﬁ?ﬁﬂ?dnﬁéeePB Mgt o0t BRP bt icis

incorporated into a zeolite
No. 2002-255537 discloses a zeolite having a high mesopore

content, an atomic ratio of aluminum to silicon, i.e.,
[A1]1/[Si], of 0.01 to 0.2 (in other words, a silica-alumina
20 ratio of 10 to 200), a volume percent of the mesopores each
having a pore diameter of 50 to 1000 A of 30% to 50%, a
volume of the mesopores of 0.14 cc/g or more, and a
proportion of tetracoordinated aluminum atoms with respect to

all aluminum atoms of 25 atomic percent or more, in which



20 framework structure w thout clogging nesopores. It is described that
when the hydrotreating catal yst including the above zeolite as a support is
appl i ed twohlytrwassieati ng of heavy hydrocarbon oil, yi el #sTafS20midad2e2
distillates are inproved because heavy hydrocarbon oil is readily diffused
i nto nesopores. SUMVARY OF THE | NVENTI ON [ 0008] Thehydrotreati ng catal yst

i ncluding as a support, 5 the zeolite in which a part of al um num at ons
constituting the zeolite framework is replaced with titani um atons,

however, has excessively high reactivity (deconposition activity) and
excessi vehyt deconpises tker osenes:gas 1eisl ot husatli s adviant-ageoust 34 ,r educi ng
yields of mddle distillates. 10[ 0009] The present invention has been made

in light ofiithe § ofegekAg; Cir edEIANCESe LbmbsSnan WAkheg¢hnof the present
invention to provide a hydrocracking catalyst for hydrocarbon oil, the

hydrocrackj,pg, cal aly sk s6apabl & o aviding. 41 ddl e disstillates in high
yield, a nmethod for producing the 15 hydrocracking catalyst, and a

hydr ocr ackj t usi hydr ckin I | The
hydrocracﬁ%ﬁgogg?gﬁggt%%g%liggfg%gf%%ﬁgogl a(%%%%¥%§HF8 téég%hesent
invention in accordance with the object describe bove is a hydrocracking
cat ol y&e FBF S0 Rugoca bbbl | ESREE SPRGS S hyth dOendEPVE TRTH “Conponent
carried on a support containing an ultra-stable Y-type zeolite, wherein the

above ul t I8¢ stabid Sy eypBRI z2ot 19k S OROF Fan®Wot'ks sibStrPated Zeolite
(hereinafter referred to as a franmework-substituted zeolite-1) in which a
part of aPGhftif 2atGHsTebRstdt ASHG 8 2B6P i T Faneworkat AeFEH 1Y s
substituted with zirconium atons and/or hafniumatons. [0011]In the

hydr ocr ackFhgl catalopsts sotuhielt cdarbel ofl Catcor dinngrvénghebpr esent
invention, 0.1 to 5 %by mass of 5 zirconium atons and/or hafniumatons in
terms of expdese i POELerabl§0 thntaaidnédriingt tiee fdramewor ktsubist3TUitced
zeolite-1 described above. [0012]1n the hydrocracking catalyst for

hydr ot@r boa 600°C. It is described therein that it is thus possible

to prepare a zeolite in which metal oxide ultrafine particles
are combined with (carried on) inner surfaces of pores.
[0005] Japanese Unexamined Patent Application Publication
No. 2003-226519 discloses a hydrotreating catalyst for

15 hydrocarbon o0il, the hydrotreating catalyst including a
modified zeolite in which a faujasite zeolite having a
crystal lattice constant of 24.28 A or more and 24.46 A or
less contains a metal element (titanium, zirconium, or
hafnium) in the 4th group of the periodic table, the modified

20 zeolite having a metal element content of 0.1% to 10% by
weight on an elemental metal basis, an Al/Si atomic ratio of
0.01 to 0.1 (in other words, a silica-alumina ratio of 20 to
200), and further containing a hydrogenative metal. It is

described therein that the modified zeolite is prepared by



according to the present invention, the franmework-substituted 10 zeolite-1
further contains preferably titaniumatons. [0013]In the hydrocracking

cat al yst wonotwussigar bon oil according to the present i meentscanj4@7part of
al umi num atons constituting the zeolite franework in the
framewor k- substituted zeolite-1 is replaced preferably with titanium
15atons. [0014]In the hydrocracking catalyst for hydrocarbon oil according
to the present invention, 0.1 to 5 % by mass of titaniumatons in terns of
oxide is preferably contained in the framework-substituted zeolite-1.

20[ 0015] | priheithydr geraeking £adaltesthakonhghydeogardionaeiklcaccording to the
present invention, the support described above preferably contains the

framewor kesubsiit Wredazeol htes b anG iANQLEaNESH Oxides texehugding, the above
framewor k- substituted zeolite-1. WO 2012/ 018819PCT/ US2011/ 046272 [ 0016] I n

the hydrogcracking Lakalyshqfor,dydracanBeon bl ARLOLE 09 Lo.hdie present
i nvention, the inorganic oxide described above is preferably alum na or

si|i ca-al upi gy, JOOLTL el by Lhe. Sdrqctagking, sat alystf oL, hydrgear bon oil 5

according to the ent 1nv i'on, the suppor escrib ove further
cont ai ns ﬁé ably a Lranemork-sub tituteﬁ eolit hereinafter referred
Lo as & f L aP&Gbr k- SibSCPEt b4 2RI I167S) CF h okl cHf APAT T of (AT umi num at oms
constituting a zeolite ﬁrane%ork of the uItr&-sta le Y-type zeolite is 10
subst i t ut BESOPPYS St CrPaaThnt dtortd'® FO618TY "% tre Sy drdc %%]Ref%g[ecat al yst
for hydrocarbon oil according to the present invention, when the support
descri bedtapdvecdoitvaitis"ehe 1earBork- $8b3t Feiited #é6Fi te-2, the above
framewor k- substituted zeolite-2 preferably contains 15 0.1 to 5 % by nass
of titani D¥faeortiimot épishpdr @XiadeEinp0029] rea The viiyeroshbaekehlg cat al yst
for hydrocarbon oil according to the present invention, the support
descri bedsabovaes pfaf emdbbPfOconpri ses the franmewor k-substituted zeolitel,
t he framework-substituted zeolite-2 and i norganic oxides 20 excluding the
aboveld r areoT k- subst diiatedseealrd tre2Doand3thee abowvelrbrarewondk- substi t ut ed
zeolite-2.

catalyst including as a support, a Y-type zeolite containing

a titanium atom incorporated into a zeolite framework (in

other words, a Y-type zeolite in which aluminum atoms

constituting the framework are substituted with titanium

15 atoms) has been developed. The above zeolite can be prepared

by treating a Y-type zeolite with an acidic aqueous solution

containing titanium at a pH of 1.5 or less, followed by

filtering, washing, and drying. Thereby, the zeolite can be

made to contain titanium atoms incorporated into a zeolite

20 framework structure without clogging mesopores. It is
described that when the hydrotreating catalyst including the
above zeolite as a support is applied to hydrotreating of

heavy hydrocarbon o0il, yields of middle distillates are

improved because heavy hydrocarbon oil is readily diffused



[0020] I n the hydrocracking catal yst for hydrocarbon oil according to the
present invention, the framework-substituted zeolite-1 contained in the
support pweferzhisiohas the follow ng properties (a) to @criusea)/ a2z yst al
| attice constant of 2.430 to 2.450 nm (b) a specific surface area of 600
to 900 n2/g and (c) a nolar ratio of 20 to 100 in ternms of Si02 to Al 203.
5[0021] I n the hydrocracking catal yst for hydrocarbon oil according to the
present invention, a specific surface area thereof falls preferably in a
range of 200 to 450 nR/g; a volunme of pores having a dianeter of 600 A or
| ess fallsnpsefieraldrnesin a range of 0.40 to 0.75 nml/g; and a carrying 10
anount of the hydrogenative netal conponent falls preferably in a range of
0.01 to 40 % by nmass. [0022] The net hod for producing a hydrocracking
catal yst for hydrocarbon oil in the present invention is a nethod for
produci ngsavlpyey Q¥ agkl Reveabahyst for hydrocarbon oil 15 conprising a
hydr ogenative netal conponent carried on a support containing the
f ramewor k- i tut zegliite:1 1.0 whic r I um_nu

{égggf f%% %gg&gﬁge%?¥g?§FQa%gg$_%9%ﬁué&n 121y g!%Egggg%ituted

constituting a framework u abl e zeoliteis

with zirconi um at.aons .and/ or, haf nium ato .and the frane k-substituted 20
ol b o O T LA B Oty MO B TR 0N A el BT LEE SRR L
zeolite having a crystal lattice constant falli{%i; n a range of 2.430 nm or

more and 273507 [FE8ESV AL et i PC a8 Bt dried 9600t d 900 n2/ g and a
nolar ratio of 20 to 100 in ternms of Si02 to Al 203 at 500 to 700C,
pr epar i ng"a" VR peSiSoF*REVF hE oY meSs FEEFBIBITYS (R PBPPALiEEPTs of
liquid/solid fromthe above fired ultra-stable Y-type zeolite, adding an
i nor gani cagetdlter) amcorgans el eei dsvererscsoke frfer® pRsoP1t hethilsove
suspension is 1.0 to 2.0, 5 subsequently adding a zirconi um conpound and/ or
a haf ni unvceagprounc gaed siy X aduthremyard dsheh meditraaldizitndglehes suspensi on.
[ 0023] I n anot her method for produci ng a hydrocracking
10 [0009] The present invention has been made in light of the
foregoing circumstances. It is an object of the present
invention to provide a hydrocracking catalyst for hydrocarbon
0il, the hydrocracking catalyst capable of providing middle
distillates in high yield, a method for producing the
15 hydrocracking catalyst, and a hydrocracking method using the
hydrocracking catalyst.
[0010] The hydrocracking catalyst for hydrocarbon oil
according to the present invention in accordance with the
object described above is a hydrocracking catalyst for
20 hydrocarbon o0il comprising a hydrogenative metal component
carried on a support containing an ultra-stable Y-type
zeolite, wherein the above ultra-stable Y-type zeolite is a

framework-substituted zeolite (hereinafter referred to as a

framework-substituted zeolite-1) in which a part of aluminum



catal yst for hydrocarbon oil in the present invention, a zeolite obtained
by firing an ultra-stable Y-type zeolite 10 having a crystal lattice

const ant wel2bizgssim a range of 2.430 nmor nore and 2. 4pOTnusean/ok@3s, a
specific surface area of 600 to 900 n2/g and a nolar ratio of 20 to 100 in
terms of Si02 to Al203 at 500 to 700C, preparing a suspension having a nmass
ratio of 5to 15 in ternms of liquid/solid fromthe above 15 fired
ultra-stable Y-type zeolite, adding an inorganic acid or an organic acid
thereto so that a pH of the above suspension is 1.0 to 2.0, subsequently
addi ng a ZtseonidHpreenpayada angd 0rta rhafhbidar corgewsd iandus tit@ayaum
conpound and m xi ng them and then neutralizing the mxed solution is 20

used as thechramewiknsubshi tak e Zzeelrht emlat §P24] According to a third
aspect of the present invention in accordance with the object described

above, a "[‘Eéf‘f’f fofnh&’}{jé%/d@:%l&ggkﬂé(&”%rﬁ%@ obl hagludes fydsecracking

hydr ocarbon oil with the hydrocracking catalyst described above.

[0025] Pr et ef ably,, the Jret hod. Lor fiwdracracky ng Hydr acauban. oide accor ding to

the third aspect of the present invention further in des ing a

reactor vessel of a 5 hydrocracki appar at us ichis aflowreactor with
Vere Gnd 1 est] RY i

the hydr oéFackihyg" ¢acsr° ar &% hydrocarbSn 6it“havihg a boiling

poi nt of 375C tq 816C (707 to, 1500F)_in the presence of hydrogen at a
react or tBFr%Jg‘?%a[qiﬂrye C(S’P(E%&)B t o' FTATRYAF 6o Sﬁ%ﬁﬁez%‘?{h %0 30 MPa, a
liquid hourly 10space velocity (LHSV) of 0.1 to 10 11-1, and a hydrogen/oil
ratio of SBOC¥PILEHONR; [ 0026] Preferably, the method for hydrocracking

hydr ocarbon oil according to the third aspect of the present
[0012] In the hydrocracking catalyst for hydrocarbon oil

according to the present invention, the framework-substituted

10 zeolite-1 further contains preferably titanium atoms.

[0013] In the hydrocracking catalyst for hydrocarbon oil
according to the present invention, a part of aluminum atoms
constituting the zeolite framework in the framework-
substituted zeolite-1 is replaced preferably with titanium

15 atoms.

[0014] In the hydrocracking catalyst for hydrocarbon oil
according to the present invention, 0.1 to 5 2 by mass of
titanium atoms in terms of oxide is preferably contained in
the framework-substituted zeolite-1.

20 [0015] In the hydrocracking catalyst for hydrocarbon oil
according to the present invention, the support described
above preferably contains the framework-substituted zeolite-1
and inorganic oxides excluding the above framework-

substituted zeolite-1.



invention further includes filling a reactor vessel of a 15 hydrocracking
apparatus which is a flow reactor with the hydrocracking catal yst, and
treati ng wohytvaassapbon oil having a boiling point of 37BCTus2@30&20707 to
1200F) in the presence of hydrogen at a reactor tenperature of 330C to
450C, a hydrogen pressure of 7 to 15 MPa, a liquid hourly 20space velocity
(LHSV) of 0.2 to 1.5 11-1, and a hydrogen/oil ratio of 1000 to 2000 N8/ n8
to afford kerosene-gas oil. [0027]1In the nmethod for hydrocracking

hydr ocarbon oil according to the present invention, the flow reactor

descri bed[abospe i siprefenabirycaatkomg reactionstsebech edrddaMoa stirring bath
type reactor, a boiling bed type reactor, a baffle-equipped slurry bath

type reachetordidd Xed thedotypent eatldhioa, rotarhduheitypeigeactor and a
slurry bed type reactor. 5[0028]In the nethod for hydrocracki ng hydrocarbon

oi | "according, 1,0- 4 hepresent i avention, L hg, hydrocarben, gl described above
contains preferably refined oil obtained from (1) crude oil, (2) synthetic

crude oil bi t ( i ) I i oal . l'i quid.

10[0029]Iﬁ0§ﬁ%]netﬁ%§ ‘%#§%§ F%é?ggﬁ?ﬁégﬁg'rgcg?goﬁy%%rgg%ggrgé%g to the

presen inventéon th% hydr ocar bon oil .descyri bed _above cont%%%f refined oi
sand

obt ai ned Froff ¢riftie oI TS BYREAHEL i ¢ "cride 6i 12 b tRbveh, SoPT™ shel | oil
or coal liguid, aq%gthe above refined oil i referably any of a) 15 vacuum
gas oi |l (V&S B-'dedsprarees o‘?ﬁef{%&éﬁy Gb?]éfigjril?é“&?rfkr"é §t5bF veht
deasphal ti ng_ process or denetalled oil, c) light coker gas oil or heavy
coker gasZ®Pt-lobt distednff bRt ar Tiokercdpir6cdsse Wanyir&-6Psbbtaisted from a
fluid catalytic cracking (FCC) process or e) gas oil obtained froma 20
vi sbr aki ngeptbeess. Jr0O30FThe ¥ o¢r aékinhgue ad teimpstcoheie 1 hydrat & bon oi |
according to the present invention is characterized by that in a
hydr ocr ackenyi catfalaypstofrbr ohydreocdrtrensoeble ofrprirsi ngodihydiogenati ve net al
conmponent carried on a support containing an ultra-stable Y-type zeolite,
t he abovesubttasstabloaly- vype zeanitven ksotbe framewor k- substituted
zeolite-1 in which a part of alum num atons constituting a franmework
t her eof | gsosudptit uk echaMHiraict60Ri i & teITs sandber had dHaHBoat ons.

according to the present invention, when the support

described above contains the framework-substituted zeolite-2,

the above framework-substituted zeolite-2 preferably contains

15 0.1 to 5 % by mass of titanium atoms in terms of oxide.

[0019] In the hydrocracking catalyst for hydrocarbon oil

according to the present invention, the support described

above preferably comprises the framework-substituted zeolite-

1, the framework-substituted zeolite-2 and inorganic oxides

20 excluding the above framework-substituted zeolite-1 and the
above framework-substituted zeolite-2.
[0020] In the hydrocracking catalyst for hydrocarbon oil

according to the present invention, the framework-substituted

zeolite-1 contained in the support preferably has the



5[ 0031] Accordi ngly, the hydrocracking catal yst of the present invention
makes it easy to diffuse heavy hydrocarbons such as V&, DAG and the |ike
i nt o nesoponer/tikEpeof as conpared with conventional hy@coarsaciiiong72
catal ysts conprising a support of a zeolite on which titaniumfine
particles or 10 zirconiumfine particles are carried, and a cracking
activity of hydrocarbon oil is enhanced to nmake it possible to obtain

m ddle distillates at high yields. [0032] Further, the hydrocracking

catal yst of the present invention has a slightly | ow cracking activity of
hydr ocar bes1 1&5:1id rapeceonpar eg) wd hchhose of conventi onal hydrocracking
catal ysts conprising a hydrogenative netal conponent carried on a support
conprisingaza {ranpwank1substi tad,ed zeobict e ixlo Wi ¢h 4gopak} of al um num
atons constituting a framework of a Y-type zeolite is substituted with

titani um atong, s but; an 20 excessise & agki pg §@AGEIGN.0f kerosene & gas oil
is inhibited, so that mddle distillates can be obtai ned at high yields.

Also, the bydragracking; cabal yst.d dfochy el parbon ailo acgordpng to the

present invention I's increased the nunber of active Sifes and therefore is
provi ded 'é% hi gh drocracking. activity. BRI EF DESCRI PTI ON, THE
BRan NGS. EDBSST Fi o7 1116 T VTS NDR S e 51 OBV () UV (&) sand 2r 02.
[0034]Fig. 2 is, U/-vis-NIR spectra of USY (A), USY (D) and Zr02. [0035]Fig.
3 is UV-vPSSRFR Epect F&eoPr?J%W( AMVERGORY ¢ HESI I & PUOFAERY (), USY (H)
and USY (D), peaks are observed in 10 the vicinity of a wavel ength of 208
nmas is thereasedadilthrzroerakisy e irerdespecttUrmcofAntui%dir & st abl e
Y-type zeolite which is a raw material for USY (A), USY (G and USY (E)
[ 0036] Fi gvodune HTHoRespeetiad of AISYeCAy, cUSYO( @ orusysss5f&E land USY (c¢).
USY (A): a peak based on Si-OZr is observed in the vicinity of a
Wavelengthr@feﬁ&ﬁlynhnla Thige of 0.40 to 0.75 ml/g; and a carrying
10 amount of the hydrogenative metal component falls preferably
in a range of 0.01 to 40 % by mass.
[0022] The method for producing a hydrocracking catalyst
for hydrocarbon oil in the present invention is a method for
producing a hydrocracking catalyst for hydrocarbon oil
15 comprising a hydrogenative metal component carried on a
support containing the framework-substituted zeolite-1 in
which a part of aluminum atoms constituting a framework of an
ultra-stable Y-type zeolite is substituted with zirconium
atoms and/or hafnium atoms, and the framework-substituted
20 zeolite-1 described above is obtained by firing an ultra-
stable Y-type zeolite having a crystal lattice constant
falling in a range of 2.430 nm or more and 2.450 nm or less,

a specific surface area of 600 to 900 m°/g and a molar ratio

of 20 to 100 in terms of Si0, to Al,O0s at 500 to 700°C,



shows that USY (A) is a framework-substituted zeolite in which a part of Al
atons constituting a zeolite framework of USY (A) is substituted with Zr
atons. USYo(@2zo1s881ipeak 20 based on Si-O Ti is observed ipaTtuseowiogiznzty of a
wavel ength of 960 cmi. This shows that USY (G is a framework-substituted
zeolite in which a part of Al atons constituting a zeolite framework of USY
(A) is substituted with Ti atoms. USY (E): peaks based on Si-0OZr and
Si-OTi are observed in the vicinity of a wavelength of 960 cm. This shows
that USY (E) is a framework-substituted zeolite in which a part of Al atons
consti t ut pagpar Zepld tsesheaseyworiawinguUsYmb Ay istieplracedowit hiZr at ons
and/or Ti atons. USY (c): USY (c) is an ultra- 5 stable Y-type zeolite

which is acraw smtiaiduak/E6r i U drehUS¥o (6 £ andy USY rEE) 2 DESGRI PTI ON OF
THE PREFERRED EMBODI MENTS Hydr ocracki ng Catal yst for Hydrocarbon Q|

10[ 0037] The, hydrocracking; cat al yst, £ hydrogasbon, oL according to the
pr esent 1 nvention porrprl sSes a hydr ogenatl pn- active !'TE'[ al Corrponent par ried
on a SUprB%r&P&‘ts%' Q‘h@%hgf %ﬁ%@ ek‘a%%%tlég%&%izo%"'ﬂst ¢ 4 that gontains

zi rconi um atons and/ or Ium atons part y constituting a framework of

15 an ultra stable . Y-type zeolite (hereinafter, al referred to as "USY").
o e’ pr SRR TR FERERERT HTRS T GOk G SRRl fotnF 5t Mhydr ocar bon
oil according to the present jnvention" shall be.referred to as "the

hydr ocr acﬁ?fﬁgo%r}ﬂ eﬁ‘&fst‘“&&%rab% 1 t%é?“pflééléﬁf‘?%ﬁ%ﬁhc?n's,usgﬁasf“f”he met hod
20 for producing a hydrocracking catal yst for hydrocarbon oil according to
the presehPO23Hlent ForenH&AT "BENPRf BPF dtF A6 CA89" & heY MEY HGE K8F produci ng a
hydr ocracki ng catal yst according to the present invention". [0038] The

hydr ocr ackihgl et dioysthvdeeerthay aid tihetpeesenterithvanensnoshat | be
expl ai ned below in details. (1) Framework-substituted zeolite-1
(constituteobitg COBSliThe byahewmork-asubdtirtusetozedlHtyeelzeénlite present
invention is an ultra-stable Y-type zeolite in which silicon 5 atons and

al um hum atonsg foramyatzeolat eida anewarktafdllmohirchh aapaetodf2 t48® al um num
atons is substituted with zirconium atons and/or hafni um at ons

(her ei naf hearor tiher § anepon ko shbsdd tivtseqd zeobéderik isurhkbehadepasd of

al umi num atons formng a zeolite franework is substituted only with 10

zi rconi umsap ops 4 &eﬁgréﬁcﬂ d oA rara €is Conimesubsti t ted-rzeeld te" or
"Zr-USY"; the framework-substituted zeolite-1 in which a part of al um num
atonms forgmipg @ 2e0hi Le Epaneyordy-of Lhe Lramework-substituted zeolite-1 is
substituted only with hafniumatons'is referred to as a

"haf ni um tituted_ 1 olite” .or "Hf -USY":. i m I the

f r amewor kﬁggﬁs}%%#uot gﬁ geé?i %\%e]%1 in whi gﬁ gl %lrfﬁsg%ﬁéjlmgkg%u?#%t%&vef ormng a
gfg'njsffsf ;%g%%@?@ﬁ%%g%gé' tuted only;wth, zirconiumatong; and hafnium

or an organic acid thereto so that a pH of the above
suspension is 1.0 to 2.0, subsequently adding a zirconium
compound and/or a hafnium compound and a titanium compound
and mixing them and then neutralizing the mixed solution is
20 used as the framework-substituted zeolite-1.
[0024] According to a third aspect of the present
invention in accordance with the object described above, a
method for hydrocracking hydrocarbon oil includes

hydrocracking hydrocarbon oil with the hydrocracking catalyst



"zirconium haf ni um substituted zeolite"™ or "Zr.H -USY"). 20 Zirconi um at ons
and/ or hafnium atons which are substituted for the alum numatons formng a
f ramewor kwof2o0t2nassibt r a- st abl e Y-type zeolite serve as ceastiscuent®7nf the
framework of the ultra stable Y-type zeolite. In this respect,
"substitution” in the present invention differs from"carrying" in which
zirconium atons and/ or hafniumatons or particles thereof are attached to
the outside of the framework of the ultra stable Y-type zeolite, and it
differs as well from "conbination" prescribed in claim3 of the 5 patent
docunent 2ef{dapaftes@ouaexani ned Patent Application Publication No.

2002- 255537) descri bed above. In the franmework-substituted zeolite-1

accordi ngrb@z5he ppeseitagivertitofet Zhd G Uyatepscndf or haf ni um at ons
may optionally be "carried" thereon or "conbi ned" therewith, as 10

prescribed, ip,claldn %iquf al’s@@rcﬁ’ﬂ‘igf”cto deeurRnLy Z s At Re farm plge fior

exanpl e, an oxide. [0040] The fact that substitution occurs can be verified

by, for e . ultrayiol i si bl.e,.and_near-infrar pectrophot onetry
(UV-Vis-N @?A%oour}i%rr%ﬁregng %lr&r%elgn rlgrlé 81% s%%%%&dé%%%#F%l%, or
netic resonance_spectr.ao Not e thag}ijcn t.he

nucl e tr. %NP@?
{ramevior KO SOBSTITUNEd Z86RFT 61T i WHITCH t Re 1 Amewigri o8t "A - D80l i te is
substituted by zirconium ailoms, it is known tﬂg; a WV spectrumindicating
the pr eseHX%r%‘frazcinnFGFr? Yoms 3¢ 6@ 1A T HeY T4irgé s %{;bao‘ﬁtngzoo to
about 220 nm (for exanple, see Fig. 3 in "B. Rakshe et al., Journal of
Cat al ysi s2188-1250 Po1ggopPt 00414 Sthe Cf FAEwiet K-"Sb&t i £0t BRF zeolite-1 in
the present invention, a part of alumnumatons formng a zeolite framework
t her eof hasesonde Subsdirpatedrwia Fe@ICrozi e tmvarcors, 3PP af ni um at ons
or (I1l) zirconia and hafnium atons. [0042] The franmework-substituted
zeolite-1500°¢hes prelseneni pyvension ofr éf épabl yMirontaailagudd 186t 0l 6% and nor e
preferably 0.2%to 4% zirconi um at ons and/ or hafni um atons by nass in
5t er ns0 of spxtdevdliacdty ZLARY) and .1Ht021) basedndna tthelrogen/oil

ratio of 500 to 2500 Nm’/m".

[0026] Preferably, the method for hydrocracking

hydrocarbon o0il according to the third aspect of the present

invention further includes filling a reactor vessel of a

15  hydrocracking apparatus which is a flow reactor with the

hydrocracking catalyst, and treating a hydrocarbon oil having

a boiling point of 375°C to 650°C (707 to 1200°F) in the

presence of hydrogen at a reactor temperature of 330°C to

450°C, a hydrogen pressure of 7 to 15 MPa, a liquid hourly

20 space velocity (LHSV) of 0.2 to 1.5 h™, and a hydrogen/oil
ratio of 1000 to 2000 Nm’/m® to afford kerosene-gas oil.
[0027] In the method for hydrocracking hydrocarbon oil

according to the present invention, the flow reactor

described above is preferably a flow reactor selected from

10



framewor k- substituted zeolite-1. Further, a range of 0.3 to 3 % by nmass is
nore preferably recommended. [0043]1n this regard, a content range (based
on oxi deswoabiziiggioni um at ons and/ or haf ni um at ons i ncl edeassaéii/oed272 he 10
contents of zirconium atons and/ or hafnium atons substituted for alum num
atons formng a zeolite framework and zirconi um atons and/ or hafni um at ons
whi ch are not substituted for the above al um num atons. [0044] A zirconi um
atom and/ or hafnium atom content of the 15 franmework-substituted zeolite-1
of less than 0.1% by mass in terns of oxide based on a mass of the

framewor kasubstiing edtaeolpt erdadtens aobolestd tbddh taneettectbve anount of a
solid acid for a hydrocracki ng reactor when a hydrocracki ng catal yst
prepared ByrHsdng;likecaboverfy amworkpsubsttat edi 20 zeo0bbyerJpoas a support
is applied to a hydrocracking reactor, and it is thus liable to cause a
reduction Lo.activi ty b achydrogracking reach of of;, ydr)@&aﬁytb@@ oil.
[0045] Sim larly, a zirconium atom and/ or hafnium atom content” exceedi ng 5%
by nmass ip_terop of oxide based on a mass of the - franmework-substituted
zeolite-1 does not result in an effective pore volune for a hydrocracking
reactor of ocarbon oil, . and_it is thus |iabl 0 cause a.reduction in
Lot tvity o008 G B i B lact be S Ay e BB S TR 0g46) vhen ¢ he
framewor k- substjtuted zeolite-1 in the present inventi%n contains the

zi r coni unfatohs Hhd ﬁéehﬁfﬁ?% atoims td88er Hhed UHRr8 FP8 nBss ratio (in
terms of oxides) of the zirconiumatons to the hafniumatons shall not
speci fi caPE§CheTeSLOVEL 68 LAV OTAFCPREL2Y r EDNHA AldnPRAEF 7S HafH um at om
content of the framework-substituted zeolite-1 can be measured with, for
exanpl e, aRn) X-rude fAider és¢envet kataloy zendeachl gh(Fr égtaney  plasrma lem ssi on
spectronmeter, an atom c absorption spectroneter or the like. 15[0048]1n the
framewor kssudst iTutsdd Lzeol il t ex 1(desorilbédaabdve, zirconi um atons and/ or

haf ni um atons may optionally be "carried" thereon or "conbined" therewith
as prescribezio] n ciaithes3 nefthbbe fpat enirdocument Rydroddwdnoomiof , for
exanple, oxide. In this case, zirconiumatons may be, as described 20
above, canttefdiorg cenbhaedréfetthe dvenmioh, zt k€ anidiacexbde particles. Al so,
haf ni um at ons may be, as descri bed above, carried or conbined in the form

of haf Ini upe oxi des Patdovel esntd D049 Merqt Be1 above par tri-ehesraie present, a
particle

synthetic crude o0il, bitumen, oil sand, shell oil or coal
liguid, and the above refined oil is preferably any of a)

15 vacuum gas oil (VGO), b) deasphalted oil (DAO) obtained from
a solvent deasphalting process or demetalled oil, c¢) light
coker gas o0il or heavy coker gas oil obtained from a coker
process, d) cycle oil obtained from a fluid catalytic
cracking (FCC) process or e) gas oil obtained from a

20 visbraking process.

[0030] The hydrocracking catalyst for hydrocarbon oil
according to the present invention is characterized by that
in a hydrocracking catalyst for hydrocarbon o0il comprising a

hydrogenative metal component carried on a support containing

11



di aneter thereof is preferably 50 nmor less. A particle dianeter of the
zirconiumparticles and/or hafnium particles each described above exceedi ng
50 nm i weane/msHes, does not result in an effective pece/uvsediames2iDr
ahydrotreating reactor and is liable to cause clogging of pores. Thus, 5
activity in hydrogenati on and dehydrogenati on with the hydrocracking

catal yst including the zeolite descri bed above tends to decrease. The
particle dianeters of the zirconiumparticles and the hafnium particles
each descri bed above can be measured from a photograph taken with a

scanni ng ehegttonsk@precrosgepe-dSEMe., E0058)dhe Jirarewerktsubstidaut ed
zeolite-1 in the present invention may contain titaniumatons in addition

to zirconLym atonss and/ erahabl wna-ens raad-dhe @bavent {;hagh um atons are
nore preferably contained in such a manner that titanium 15 atons are

partial |y substi tuted f.0r a.pardonf sahyahgum atong, £or ping.the zeolite
framewor k. [0051] To be specific, titaniumatons are contained in the

f r amewor k- ituted.zeolite-1. describhe i .a_p tion of

br of or abl 5oDr T TE B Tty raee Y & rer a7 Aty 200 & FoR b6 by mmss i
terms of i (that is, Tid Sss basi,s of the fra rk-substituted
ool tto. 1T008EL! | DEeoSatGn he o e S by abetya! R ther preterably
recommended. [0052]1n this regard, if a content of the abgve titanium atons
in the frBﬁ%ﬁ%?%-%‘]tYﬁé’ttilPﬂt%k 2ot 657 8 fe J'[s]ust%é‘r?aff.ylgff/gﬁ?/carﬁ%@si n terns
of oxide, an amount of a solid acid which is effective for a hydrocracking
react or i §UAbt2DBIA NEGOWARR B hyldiGe FaERI RgS Rty S eprepated by using the
5 above framework-substituted zeolite-1 as a support is applied to a

hydr ocr ackRPhge FEhotidh, capnderherefloiydancaseking yadfa lpdeocanborsigid in a
hydr ocracki ng reactor tends to be reduced. Simlarly, if a content of

titani um at enspant tdie af rapbwos kors whsiciht at edn zeolfire- baekcetds & % by nass
in ternms 10 of oxide, a pore volunme which is effective for a hydrocracking
reactov i sinodniobi giimedpwhench hydreocrackeng @at al ystcpiepasnedibytwsi ng the
above framewor k-substituted zeolite-1 as a support is applied to a

hydr ocr ackf ngydeacirelon and theneforedancagtkyiity fsshypdeocardsrnicil in a 15
hydr ogenati on reactor and a hydrocracking reactor tends to be reduced. A

content ofyightanwpiataresi g tiheyH ramewer k-substituted zeolite-1 can be
measured by, for exanple, an X-ray fluorescence anal yzer, a high frequency

pl asma e gg59N SPECLHQIEL €. 0qaLO0M O 3RSOLRLY 00y SpectjonBLeLpr the
| i ke. 20(2) Franmework-substituted zeolite-2 (constitution)
invention has a slightly low cracking activity of hydrocarbon
15 oils as compared with those of conventional hydrocracking
catalysts comprising a hydrogenative metal component carried
on a support comprising a framework-substituted zeolite in
which a part of aluminum atoms constituting a framework of a
Y-type zeolite 1is substituted with titanium atoms, but an
20 excessive cracking reaction of kerosene & gas oil is
inhibited, so that middle distillates can be obtained at high
yields. Also, the hydrocracking catalyst for hydrocarbon oil

according to the present invention is increased the number of

active sites and therefore is provided with a high

12



[ 0053] I n the hydrocracking catal yst according to the present invention, a
framewor k- substituted zeolite (hereinafter referred to as "a

f ramewor kweubstdisgibed zeolite- 2") in which a part of alpamiuseematers
forming the ultra- stable Y-type zeolite is substituted only with titanium
atons and/or an inorganic acid (limted to inorganic acids which do not
correspond to those used in the framework-substituted zeolite-1) in
addition to the framework-substituted zeolite-1 5 descri bed above may be
contai ned as a support. Titanium atons which are not substituted for the
above al uniaum atoiimgmaytbeiepnt ai ned in the framework-substituted
zeolite-2 ("the framework-substituted zeolite-2" is referred to as "the
titaniumsubstituted zeolite” or "Ti-USY"). 10[ 0054] The
framewor k- substituted zeolite-2 can be prepared by, for exanple, a nethod
descri bedgp pp WOZOQH10322320 6 paLe iz gagegent 4) . [0055] The above

framewor k- substituted zeolite-2 preferably contains 0.1%to 5% and nore

pr ef er abl % t0.4% 15 .tjtani um b ap, oxi (i.,e., TiQ2)
basi s mﬁt%ogggbectF%%i%%éj??228%51§%§3%§¥¥f§?§§ §§%|I)é- .%A(géntent of 0.6
to 3 % by ngsg is further preferably recormended. [O0056]A content range
(basedgonag i é%'of the above titanium atons includes all of the contents
of titaniumatons 20 substituted for_al um num at ons fornin% a zeolite
framewor k L3R Y i t afit Umat'ond Wit 8RY HF SRiotETuBSt Pt Gt €d f 3 't h&) above

al um num atons. [0057]In this regard, A titanium atom content of each of
the frame®Bfk<sUbstituted zeolite-2 of |ess than 0.1% by mass on an oxi de
basis does not result in an effective anbunt of a solid acid for a

hydr ocr ackP®gelt eabtor ants i 8/ tHysNIRabbPectr calus&Ya Pedaeti 8AYi nan
activity of hydrocarbon oil in a hydrocracking reactor. The content

exceedi ngIs% by afmdsYddés, SUNOt (Heswldt UBH ab) efdfeedtsi weepobeevotdiner for a
hydr ocracki ng reactor and is thus liable to cause a reduction in an
activity ofehydriocanboi ei vavellendnhdrodgenat homnad eacttde aade awiwtdr ocr acki ng
reactor. [0058] The titanium content of the framework-substituted 10
zeolite-2zis,.measur ed) WM é hy Jeictexanpt ean all tka-aYable Y-type

zeolite which is a raw material for USY (A), USY (G) and USY

(E) .
[0036] Fig. 4 is FT-IR spectra of USY (A), USY (G), USY
15 (E) and USY (c). USY (A): a peak based on Si-0-7Zr is

observed in the vicinity of a wavelength of 960 cm'.

This
shows that USY (A) 1s a framework-substituted zeolite in
which a part of Al atoms constituting a zeolite framework
of USY (A) is substituted with Zr atoms. USY (G): a peak

20 based on Si-0-Ti is observed in the vicinity of a wavelength
of 960 cm™'. This shows that USY (G) is a framework-
substituted zeolite in which a part of Al atoms constituting

a zeolite framework of USY (A) is substituted with Ti atoms.

USY (E): peaks based on Si-0-Zr and Si-0O-Ti are observed in

13



fl uorescence anal yzer, a high frequency plasma em ssion spectroneter, an
atom ¢ absorption spectrophotoneter or the like. In this regard, a crystal
| atti ce cwobmmigsia specific surface area, a silica-al urCmaSe@tioag272a
crystallinity and a 15 volune of pores having a pore dianeter of 600 A or
| ess in the framework-substituted zeolite-2 are selected preferably from
the sane ranges as in the franmework-substituted zeolitel. (3)
Characteristics of framework-substituted zeolite-1: 20[ 0059] A crystal

| attice constant, a specific surface area, a nolar ratio of Si02 to Al 203,
that is, ansiticariawuritna waténrayith tthieobokeni'n tthiei d ramworkasubst i t ut ed
zeolite -1 in the present invention fall preferably in predeterm ned

ranges. (8) lLatdigenrceBskadtn{R),ud060Thee ffrarml\&%kasggpﬁ i dted
zeolites-1 in the present invention each have a crystal lattice constant of

pref erabl y. 5,430,140 ;2,430 M and sy & pref,erably &v433) tQS réﬁlﬁac%’@ A S

crystal lattice constant of a framework-substituted zeolite of less than

2. 430 nm .5 b1 2Dl 4 49 g%sx%{edﬁ;&' onuwhg@ AL VLY 100 e

hydr ocr ac |ng catal yst prepared usin f r amewor k- subst
zeolite-1 ort because .of a hi h S|02 ai 0 |n t he
franem%rk g??g%?ﬁﬁgpgszﬁe ® Z&6id €€ ang°4 8 ?ﬁh%unﬁerbég 4 1id acid
sites serving eF act%ve S|tes for the deconposi ti on of hydrocarbons.
[ 0061] A CP§§t59 1314 Y6 ¢Bhstant of the framework- substituted zeolite-1
exceeding 2.450 nmresults in breakage of the crystal structure of the
framewor k- substituted 15 zeolite-1 during a hydrocracking reactor because
of a | ow heat resistance of the framework-substituted zeolite-1 and is thus
| i abl e t oPEAURE A GNe@icHBNFRAFEHFELactPYPLNEDTS t he hydrocracki ng cat al yst
prepared by using the franmework-substituted zeolite-1 as a support.
20[ 0062] Atigdystd cHiatt Cebatpast oot Hofdrbherbean@wor k- substituted zeolite-2
descri bed above also is preferably 2.430 to 2.450 nm nore preferably 2.435
to 2.4@5 noo37A r easion whirddrecaboyecetraistsal foat hi/éeocofistramti lr ange i S
preferred is the sane as in a case of the framework- substituted zeolite-1.
[ 0063] Her gccoheics wst ahel ptésee: conshanbncadniel IBAasUhedrogenation-

active metal component carried on a support containing a

framework-substituted zeolite-1 that contains zirconium atoms

and/or hafnium atoms partially constituting a framework of

15 an ultra stable Y-type zeolite (hereinafter, also referred to

as "USY"). In the present specification, “the hydrocracking

catalyst for hydrocarbon o0il according to the present

invention” shall be referred to as “the hydrocracking

catalyst according to the present invention”, and “the method

20 for producing a hydrocracking catalyst for hydrocarbon oil
according to the present invention” shall be referred to as
“the method for producing a hydrocracking catalyst according

to the present invention”.

[0038] The hydrocracking catalyst according to the present

14



by reference to an ASTM net hod: The angle of Ka at the (111) pl ane of
titani um oxi de (anatase) is determned using silicon 5(Si) serving as a
primary rwbeoerassipaterial. X-ray diffraction peaks fromcrhs2¢i588)27and
(642) planes of Y zeolite are neasured using titanium oxide serving as a
secondary reference material. 10(b) Specific surface area (SA): [0064] The
framewor k- substituted zeolite-1 in the present invention preferably has a
specific surface area of 600 to 900 n2/g and nore preferably 650 to 800
n2/g. This specific surface area is a value determ ned by the BET net hod
usi ng 15 nht&ogem atsonpbeodxpH06h] Acspecifhigetsiirfsace area of the
framewor k- substituted zeolite-1 of |less than 600 n2/g, in sone cases,

results inig redusidransubstheutiirheniotesol idoaeiid siibes effective for a
hydrotreating reactor, so that a catalyst 20 activity of the hydrocracking

catal yst ppepsy ed by, L@%M@-@Q%&M@é@g%@&%gbﬁM uted zegljte as a

support is unsatisfactory. A franework-substituted zeolite having a

specific e _ar.ea_ex in /g Ls_difficult r ce.. WO

20151 0168 10PCT CED0T L 0ako 00" [ BUBaI The T F ambabr ke susl Tt il i 2561 te. 2 al 5o
has preferably a specific surface area of 600 to 900 n®/ nore preferably
650 Lo 800CHET g R GRLBA™ by The Gode SRLCTT i L FACe AP ok r ange. | 5
preferred js the sanme as |n case of 5 the framework-substijtuted

zeolite- 1W£11‘E1&)a Nt © aFI“% "E‘a)]fum‘éﬂ’)}?1 £5ORF 263 ?@ﬁﬁ%&ﬁﬁﬁuWE% ratio):

[ 0067] The framework-substituted zeolite-1 in the present invention

pr ef er abl §1ha_rErHEitarsr apfleobrhadingan gtarsosheroridiatites abudi na ratio) of
20 to 100 and nore preferably 25 to 80.

framework-substituted zeolite-1 in which a part of aluminum
atoms forming a zeolite framework is substituted only with

10 zirconium atoms is referred to as a “zirconium-substituted
zeolite” or “Zr-USY”; the framework-substituted zeolite-1 in
which a part of aluminum atoms forming a zeolite framework of
the framework-substituted zeolite-1 is substituted only with
hafnium atoms is referred to as a “hafnium-substituted

15 zeolite” or “Hf-USY”; and similarly, the framework-
substituted zeolite-1 in which a part of aluminum atoms
forming a zeolite framework is substituted only with
zirconium atoms and hafnium atoms is referred to as a
“zirconiumehafnium-substituted zeolite” or “ZreHf-USY").

20 Zirconium atoms and/or hafnium atoms which are substituted
for the aluminum atoms forming a framework of the ultra-
stable Y-type zeolite serve as constituents of the framework
of the ultra stable Y-type zeolite. In this respect,

"substitution” in the present invention differs from

15



[0068] A silica-alumna ratio of the framework-substituted zeolite-1 of |ess
than 20 does not result in an effective pore volune for a hydrotreating
react or awo20R/18818 | i able 15 to cause a reduction in aeCiraiszy1ioms272

hydr ogenati on and hydrocracking reaction with the hydrocracking catal yst
prepared by using the franmework-substituted zeolite as a support. [0069]A
silica-alumna ratio of the framework-substituted 20 zeolite-1 exceeding
100 is liable to cause a reduction in activity in a deconposition reactor
wi th the hydrocracking catal yst prepared by using the franmework-substituted
zeol i te beeausgiraf" ansmBlbhnebeiniein s6bind acd bisiHaesiahf gebhmyef or a
hydrotreating reactor. WO 2012/ 018819PCT/ US2011/ 046272 [ 0070] The

framewor kpsupstiddted zeel Lie-2 alsedhas preferablye arsihibca-alumna ratio
of 20 to 100, nore preferably 25 to 80. A reason why the above range of the

silica-al umna,datie 't%epﬁff;% rse@lab'l% %h%yﬁé@e%ﬂe“ %n@a§§ &’{féer_tshe
framewor k- substituted zeolite-1. allinity: [0071]T

f r amewor k- t £dnz, - h tallinity-of-p erably 80% or
nore. A cr%ggg% r%ﬁ?& o§8%5£$e§%1t §6g£%%e§lﬁg%'%?8v%5e£§£de5|red ef?ect
of a hydrocracki cat |nclud| the.f tituted zeolite as

a supp%rt %%% ?ﬁ%%% %%??? Uted zgoFP% esfﬁé%??iﬁﬁgta trystallinity
of 100% to 130% [0072] |ty of .the franmework-substituted 15

Seol i te. 20ERHTA TS Aot hégé%r%%a% n 455" 13N + r dReRBF k- substi t ut ed

zeolite-1. [0073]In this regard, the crystallinity is determ ned as
framework-substitutéd zeolite-1 according to the present

invention, zirconium atoms and/or hafnium atoms may
optionally be “carried” thereon or “combined” therewith, as

10 prescribed in claim 3 of the patent document 2, in the form
of, for example, an oxide.
[0040] The fact that substitution occurs can be verified
by, for example, ultraviolet, visible, and near-infrared
spectrophotometry (UV-Vis-NIR), Fourier transform infrared

15 spectroscopy (FT-IR), or nuclear magnetic resonance
spectrometry (NMR). Note that in the framework-substituted
zeolite in which the framework of a P-zeolite is substituted
by zirconium atoms, it is known that a UV spectrum indicating
the presence of zirconium atoms is shown in the range of

20 about 200 to about 220 nm (for example, see Fig. 3 in "B.
Rakshe et al., Journal of Catalysis 188, 252, 1999").
[0041] In the framework-substituted zeolite-1 in the
present invention, a part of aluminum atoms forming a zeolite

framework thereof has to be substituted with (I) zirconium
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follows: The total height (H) of peaks fromthe (331), (511), (440), (533),
(642), and (555) planes of a framework- 20 substituted zeolite nmeasured by
X-ray di fWwopaotzmssibs determ ned. The total hei ght (Hd ofCcpamksiisam t he
sanme planes of a comrercially available Y zeolite (SK-40, nmanufactured by
Uni on Carbi de Corporation) is determined as a reference. The crystallinity
is determned using the following fornula (1): Cystallinity (%9 = HHO x
100(1) [0074] The franmework-substituted zeolite-2 also has a crystallinity
of preferably 80% or nore. A reason why the 5 above crystallinity range is
preferredatsmt he(sgnmead@siun ac&ase0f (1tthe bhasemos karsubsifintutedtzeo) i te- 1.
(4) Method for producing the framework-substituted zeolite-1 [0075] The

framewor k{gohpst i t utied zeahideri-Lapihe wesenti 10 Lnvantden ¢apehe produced
by, for exanple, a nethod described bel ow. [0076] The framework-substituted

zeol i te-1; 5. produced doy £ifingan W bra.stable Yd ype 2oL kL £,at, 500C to
700C, the ultra stable Y-type zeolite having a crystal lattice constant

15of 2.430 10 2 450 173, Sesi L€ Srfack. ar g, o §0010,900 fp/g. and a

nol ar ratro of 0 orm ng a suspension contai ni ng

the fired ultra stahle Y-type zeolite, . t| yspensi on having a liquid/solid
nass r%tigea?séj S8 lﬁd%hg 5§x¥no?6%nﬂ§ﬂ%c?db%?@gﬁnb%égnic acid so that
a pH of Z%Bthe above suspension i subseguentl ddi ng a

S, 1.8 to_2.0,

sol uti on COMERAMING RS2 HEOAT Ui Torhsound AREYF6T a ShafRPEnPtohpodrid and
m xi ng them and neutralizing the solution with, for exanple, an aqueous
ammoni a i A SUEh R StarifeROf Rabr e AR lvede SOt P& has a pH of about 7. The
above production nethod shall be described below in details. a)
U tra-stabP@43lt ypénZevld tredaf0077] thitratstrabbe Yeoagpe Fecikiitesi s used as
one of the 5 raw materials for the framework-substituted zeolite-1 in the
present inYentiomiufhetohtrarnsiablhefYityppeteeslintaudsspablicef ythenown, and a
production nmethod therefor shall not specifically be restricted. The
ul tratst abbetafhtty pe zeéakbheunmnmtdres pmegent hafivent isgpmyeansszeoltidde havi ng a
crystal

for aluminum atoms forming a zeolite framework and zirconium

atoms and/or hafnium atoms which are not substituted for the

above aluminum atoms.

[0044] A zirconium atom and/or hafnium atom content of the

15 framework-substituted zeolite-1 of less than 0.1% by mass in

terms of oxide based on a mass of the framework-substituted

zeolite-1 does not result in an effective amount of a solid

acid for a hydrocracking reactor when a hydrocracking

catalyst prepared by using the above framework-substituted

20 zeolite-1 as a support is applied to a hydrocracking
reactor, and it is thus liable to cause a reduction in
activity of a hydrocracking reactor of hydrocarbon oil.

[0045] Similarly, a zirconium atom and/or hafnium atom

content exceeding 5% by mass in terms of oxide based on a
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10 lattice constant (UD) falling in a range of 2.430 nmor nore and 2.450
nmor |ess, a specific surface area of 600 to 900 M2/g and a nolar ratio
(silica-avommnaigadi o) falling in a range of 20 to 100 ipaTiuseowg/0ed275i 02 to
Al 203. [0078] I n a production nethod for the above ultra-stable 15 Y-type
zeolite, a Y-type zeolite (Na-Y) synthesized by a comon nethod is

subj ected to exchange of sodiumions with ammoniumions by a conventi onal
nmet hod (for exanple, dispersing Y-type zeolite in water to prepare a
suspensi on, addi ng ammoni um sul fate thereto, then washing the solid 20
matter W hisywaderohadnext ruashsb ig-dubswithtan agapiidHn sdkkahetr apLous
solution of a tenperature of 40 to 80C, subsequently washing it with water

of 40 to 9RG ANk dhen drybng 41t K@ Lo AL 4010130 N pULes)r tex obtain an
amoni um exchanged Y-type zeolite (NH4-50to 70Y) in which 50 to 70 % of Na

Containedhb@r&$§%5%ht%EQ,ZQQ&iE@ ﬂé;Eﬂﬁgsﬁkggigdtawééﬁng%'reduction
[ 0079] Subsequently, a hydrogen type Y-type zeolite (HY) is prepared by

cal ci ni “giﬁh%@j!r%npi‘rl]t& ?S%“tggwg}@é%@l%%d J5LYPE 5@%'6}} 18-6NH; 5010 70Y) at 500

to 800C for ours’in a saturat vapor at nosphere. Then,
an a ni hanged Y-type zeolite (NH4-80tq97 i n i.ch 80 to 97 % of
b contal MEEE T iR e pkt Sad R ot TR B hnged wi th Nk
can be obtai ned by dispersing the h drogen tzﬁg Y—%Ype éeolite obt ai ned
above in RATeT oI UG G856t %@pé ECAEUS FErtEiSoA Y bPt her addi ng
ammoni um sul fate thereto, then stirring the suspension at 40 to 95C for 10
m nut es t B2B HEUrA OTPUFEREF LIRS IRy Srhe B8FF dF et err"witERMa®er of 40 to
95C, next washing it with an amoni um sul fate aqueous solution of 40 to
95C, subseguent) yiwadlsi AgTEeniiTt i waetoof hq Sa0 tigingeCoaAds itvkh htyi ng it
at 100 to 180C for 30 mnutes to 30 hours. In this respect, the final
ammoni um epacekichEange beatestsipret.erably 90% or nore. [0080] The
anmoni um exchanged Y zeolite (NH4-80 to 97Y) thus obtained is cal cined at
500 t00 70040y 10T nuiientionldt20 dote hafnfon exanpleteatsatur at ed
vapor atnosphere, whereby capable of being prepared is a ultra-stable
Y-type zeehét er{ddSVoravipgt ac eiystzaloliakt i c€arc as Ak u ) wofn,2. 430 nm or
nmore and 2.450 nmor less, a specific surface area of 600 to 900 n2/g and a
mol ar rat kgr (Stdriar, abunmkngs § at 1. Q)r Lfce8b02:101 W03 200120 £ JQ0icy

plasma emission spectrometer, an atomic absorption

spectrometer or the like.

15 [0048] In the framework-substituted zeolite-1 described

above, zirconium atoms and/or hafnium atoms may optionally be

“carried” thereon or “combined” therewith as prescribed in

claim 3 of the patent document 2 in the form of, for example,

oxide. In this case, zirconium atoms may be, as described

20 above, carried or combined in the form of zirconium oxide
particles. Also, hafnium atoms may be, as described above,
carried or combined in the form of hafnium oxide particles.

[0049] When the above particles are present, a particle

diameter thereof is preferably 50 nm or less. A particle
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[0081] It is inportant for obtaining the desired franmework-substituted
zeolite -1 to control a crystal lattice constant of the ultra-stable Y-type
zeol it e tw0202308%19 52. 450nm [0082] 1 n the nethod for prodas2eg/osdre2

hydr ocracki ng catal yst according to the present invention, extraskeletal

al um num (al um num at ons which do not formthe zeolite franmework) may be
renmoved fromthe ultra-stable Y-type 10 zeolite described above which is
the raw material in order to obtain the ultra-stable Y-type zeolite having
a crystal lattice constant of 2.430 to 2.450 nm Extraskel etal al um num can
be renpbvedibystdOrorexaaplkercanimt hedtotl1dssped Smnquatheutl baaeséadd e Y-type
zeolite described above in 15 warmwater of 40 to 95C to prepare a

suspensi 08z cRAg NG 13Ukl B Ge act &4 nigheoahay ei s uspRenshaBRsangdoss iddd ng it
for 10 mnutes to 3 hours while nmaintaining the tenperature at 40 to 95C to

thereby disselve ihg %’f’féé@l‘@é gldle alympum  An aqg)dtr'oggegwt of sulfuric

acid shall not specifically be 20 restricted as long as it |s an anmount by
whi ch ext t l.u o [ ire vel . After

di ssol vi négﬁﬁéﬁxat%rdagke e? Fé 1?lcprrcrt?iﬁraus% %§§é¥ pen ogf%% S ? T'trat ed, and a
resi due on fhe. 1]1:| Ilt er ng% WQSQB%IW%E % BI fdrregl tern %B#Otltvg 95C and dri ed
at 100°t 0®180C for "3 6 38 h er&by“an’uttra-st'able type zeolite
fromwhic he extraskel et al um numis renmoved can be obt [0083]1In
t he met hog %B?Clparcdﬁﬁl& ﬁ@tf‘ﬂes%yjdrcdﬁrdé@% B © catatyst &é&é%ﬁ?%gﬁ ¥4 he
present invention, the ultra-stable 5 Y-type zeolite which is the raw
material F&"@alTq msdraes500T 4% PRIGECLBr éf%rﬁ%ikﬂlys 550E 02 656C  UFhe
calcining tine shall not specifically be restricted as |ong as the targeted
f ramewor kPstbstiautead £éel heerqun pagistigiipedsadndascriiedatlevedcdm a range
of, for exanple, 30 mnutes to 10 hours. 10 If a calcining tenperature of

t he ul trabstaddeindd ypemzeophteodrmadhoweket hanti5G0 G caanfinamees ke on
substitution amount of zirconium atons, hafniumatons and titani um atons
tendslt o bhécreduged \waEEN.carryi ng out franmework substitution treatnment by
zirconium atons, hafniumatons or titaniumatons at a 15 subsequent step as
conpared wbdhop casge i framivehkeahpshifgds canitedl ol w@le PROEho 700C. |f
the cal cining tenperature exceeds 700C, a specific surface area of the

ul tra-stabheeY-tyPeazeebhtih sciQwaredatand an faamewenkcsubstidiition anount
of zirconium atons, hafniumatons and titaniumatons is 20 reduced when

car 1ying gubud rAIENAN ka3Ubahi LUION LEeRLEEM o dY 2iLe00kUR 80N hatl ni um

atons or titaniumatons at a su sequent step, sot hat zirconi um at ons,

haf ni um ap opg &Pdf t a0l u g}u?éor@ GO 1R % r?nesrenctha tgt%?{ﬁrhcu' ar form

In respect to cin nga ereo tra stabl type zeolite, it
is c i ed_out refer |nthe 084 The al ci ned uItr -stabl e

Yty pe eBiTe 15 Seoantbd PH S b bt 1 Emgr ALIPETEF SHSR. 20C to
about 30C to forma suspensr on. Wth respect to the 5 concentration of the

suspensi ohCHF 1 he 1R ZERLE abt B 13 fe

[0051] To be specific, titanium atoms are contained in the
framework-substituted zeolite-1 described above in a
proportion of preferably 0.1 to 5 % by mass, more preferably
20 0.5 to 4 % by mass in terms of oxide (that is, Ti0O:) on a
mass basis of the framework-substituted zeolite-1. Also, a
proportion of 0.6 to 3 % by mass is further preferably

recommended.

[0052] In this regard, if a content of the above titanium
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zeolite, the liquid/solid mass ratio is preferably in the range of 5 to 15,
and nore preferably, a mass ratio of 8 to 12 is recommended. [0085] Next, an
i nor gani cwaabt/agsian organi ¢ acid i s added 10 thereto secrhastoia/opdd7nf the
suspensi on descri bed above is controlled to 1.0 to 2.0, and subsequently a
sol ution containing a zirconi umconpound and/or a hafni um conpound i s added
and m xed. Then, the m xed solution is neutralized (pH 7.0 to 7.5) and
dried desirably at 80 to 180C, whereby the 15 franework-substituted
zeolite-1 described above can be obtained. [0086] Sul furic acid, nitric

aci d, hydroehs oii cchaci drandwdie-dudee icancbez gb viede-as ikhecabowiesd nor gani c
acid used, and anong them sulfuric acid, hydrochloric acid and the like

are 20 pabticylwlr&és@,r eherreds durdher, sarbaxwld oaai dsi1canasui tably be
used as the organic acid described above. A use anmount of the inorganic

aci d or the; of gani G Aacid,shall QOthy%‘%o'é?éEEir?%%a%% 0ng gsca pH of the
suspension can be controlled to a range of 1 O, and it is, for

ol ar aoUR” Bied R An SaBunt Or A 2057 T e UL e, abt B4 O

zeolltg but |tfshal not be restQ{cte % he above range. 5[0087]Exanp|es
of the’ zi FRORT U EEHE5ind aest fed 2a66v6°T net tide fUP€8n|Uh§sulfate
2|rcon|un1n|i e, 2|rcon|un1chlor|de and the l i ke. 5A these compounds,

zi r coni unPRRHSE &:° 2 PEGRPORT A 1At E2CaRd" t W | ThedS t?%tiﬂ"efrtlyy
preferred. The amount of the zi rconi um conmpound added |s 10 preferably 0.1%
to 5% by RASRYHMFIFHCE Bief &F abl ¥ T 2VRE6I 29 BRA Gheds t6R9a &P roni um oxi de
basis with respect to the ultra-stable Y-type zeolite descri bed above. The
addi tion sfdedrd zi rdonilam gonpoundantean ahouhtarsfur] @ssmphan ©02€1% by nass
fails to inprove solid acid of the zeolite. The addition of 15 the

Zi r coni unt cangpourit sup santamedteexideedi ngcd8d hyd madsy mayscauseswioggi ng of
pores of the zeolite. Usually, an aqueous solution of a zirconi um conpound
prepated by dis&ol v pgreheokumeortiium cenpobindtive Watlrer IS suitably used as

t he zirconi um conmpound. 20[ 0088] Exanpl es of the hafni um conpound descri bed
above i nchudeohafddiwg ebhotbde;s haftnickiunhéd abiesn hafhRdusrthaerigde, haf ni um
brom de, hafnium oxalate and the |ike. Anong these conpounds, hafnium

chloride,cga$p% dHehate, bangs ihe duckanate paddwashysprefesd ed. The
anount of the hafnium conpound added is preferably 0.1%to 5% by mass and

more pref esably. O 2% L0 4% bY: MBS AN sadhabnl umaxide chash s Wt espect to

the ultra-stable Y-type zeolite. The addition of the hafnium compound in an

anount of?h ég an Q. %ﬁ ?%tﬂﬁﬁihﬁﬁp%ggggcgﬁﬁg %%lal%olld acid of the

zeolite tion o onpound i n an amount exceedlng 4% by
e. Usual eous .sol ution

h | t t
ors P v el ARl B, Rt S TRt e B e 3 n o

is SU|tabIg used as t he haf ni um
duced content of titanium atoms in the framework-

substituted zeolite-1 can be measured by, for example, an X-

ray fluorescence analyzer, a high frequency plasma emission

spectrometer, an atomic absorption spectrometer or the like.
20 (2) Framework-substituted zeolite-2 (constitution)

[0053] In the hydrocracking catalyst according to the

present invention, a framework-substituted zeolite

(hereinafter referred to as “a framework-substituted zeolite-

2") in which a part of aluminum atoms forming the ultra-

20



10 conpound. [0089] Here, a titanium conpound may be added to the m xed

sol ution descri bed above. Exanples of the titanium conpound i ncl ude

titani umwolzberEssibi t ani um acetate, titanium chloride, ®PCrascamoniv? at e,
and titanium |l actate. Anong these 15 conpounds, titaniumsulfate, titanium
acetate, and the like are particularly preferred. The anmount of the
titani um conpound added is preferably 0.1%to 5% by nmass and nore
preferably 0.2%to 4% by nmass on an oxide basis with respect to the ultra
stable Y-type zeolite. The addition of the 20 titani um conpound in an
amount of st&sse thaiy . 1% bytaess aaysesutagkoofy salthd tachfishtesonef the
zeolite. The addition of the titanium conpound in an anount exceedi ng 5% by

nMass My GANSEr ¢0AaGicRgaal cpores afirdikeqzesl ite-gddsuablyqsapn aguepus
solution of a titani um conpound prepared by dissolving the titanium

conpound thm@gfgegﬁ%nﬁukgapﬂgsyﬁﬁgﬁﬁﬁﬂt@ﬁeFfEéﬁgdg9ﬁugﬂgggﬂgut&9090]A pH of
t he above suspension has to be controlled in advance to 1.0 to 2.0 for the

pur pose of _preventing 5.presipiLatian LLombelng aenerated. 1oy i xiing an
aqueous solution of 'the zirconi um conpound, the hafnium conpound or the
titani n180ngoq9d w,th a sus ensiqp.of the ultra-stabl . Y-type zeolite
descri bed“abobe =T 66911 oY He® Cade “af i &7 ng AN Hddeous 158F it on of the 10
zi rconi um conpoynd, the hafnium conpound or the titaniumconpound with a
suspensi oﬁt%‘f@t‘ﬂ%l%ﬂ fr&- 8P hbf Sﬁ%tyﬁ@%zgzar i S PHeFerabiiy Ut He" Above
aqueous solution is graduallgmadded to the suspension. After finishing

addi ti on BEYthR Rjuedusdsor uthon’ deserrbedvabove s £relstepensidi® the

solution is 15 preferably m xed by stirring at, for exanple, room

t enper at uf 2 eroit-s2oetioubdduic FECE £6r 18 rof &rirsuite. apod92$ Furt her, after
finishing the m xing described above, the m xed sol ution described above is
neutral i zedt byl addivkg tahuatfateolsiuct ags d§uedtis’)amoni a and the |i ke so
that a pH 20 thereof is controlled to 7.0 to 7.5, whereby the

framewor k{80bs} i t utledl Zealdwoekisibstheutpregent itaventdomcancberodt ai ned.
[0093]In this regard, when only the zirconium conpound (or an agueous

sol ution bhereef )edasipuseda ase thel cpeuBdd(Of WEID EeeQus2sobatdan t her eof)
added to the suspensi on described above, the framework-substituted

zeol i te- 146&hmdI_Y)4)i.n which zirconiumatons is substituted for a part of

al um num atons form ng the framework of the ultra-stable Y-

[0055] The above framework-substituted zeolite-2

preferably contains 0.1% to 5% and more preferably 0.5% to 4%
15 titanium atoms by mass on an oxide (i.e., "Ti0,") basis with

respect to the framework-substituted zeolite-2. A content of

0.6 to 3 % by mass is further preferably recommended.

[0056] A content range (based on oxide) of the above

titanium atoms includes all of the contents of titanium atoms
20 substituted for aluminum atoms forming a zeolite framework

and titanium atoms which are not substituted for the above

aluminum atoms.

[0057] In this regard, A titanium atom content of each of

the framework-substituted zeolite-2 of less than 0.1% by mass
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5 type zeolite is forned; when only the hafnium conpound (or an aqueous
solution thereof) is used, the framework-substituted zeolite-1 (H -USY) in
whi ch hafwouwm2zaties i s substituted for a part of al um necratsees/ ofcri ng t he
framework of the ultra stable Y-type zeolite is formed; and when the

zi rconium 10 conpound and the haf ni um conmpound (or aqueous sol utions
thereof) are used, the franmework-substituted zeolite-1 (ZrH -USY) in which
zirconium atons and hafnium atons are substituted for a part of al um num
atonms formng the framework of the ultra-stable Y-type zeolite is forned.
15[ 0094] Ve nat he:idd anistipl 6eaPpoibid He@filaniAgie s s0livki enctiereofy) is
added in conbination in adding the zirconium conpound and/or the hafni um

conmpound (o1 ; @GUEQUS SOk UL ORS: thearieef Yot ordhes suspensihgni descd ithed above,
t he framework-substituted zeolite-1 (ZrH Ti-USY) in which zirconium atons,

20 haf ni um, gt ons }?é&%ctt'lkﬁ”ih'”é@t%vfl%%@ Pgéfocoirbto%eoﬁiaﬂi?wrk of the
ultra-stable Y-type zeolite |s fornmed The resulting

f ramewor k; -1 4,8 pr b d, i f i red, washed
framevor keupalidited ealie 1 kn piste %ﬁté%%%ééﬁ?%% RV rTers 1B006] 1 n ¢ he
hydr oc ackl 9, cagg!yst acc d|n to the g%esen i nv ntlonk the support
described"3dboVe’ ‘tontdi ns ?? amewor k- Substy t'ute 8F9fea 1“t&Scri bed
above. The sup ort 5 descrlbed bove can cont ai an i nor gani ¢ oxi de

excl udi ng*the g%&\}@ fearBior k: ti% GEBES zRof TH &1 8ndl o t he

framewor k- substituted zeolite-2 in addition to the framework-substituted
zeol i t e- 12886t be&f ABOVECAFOVO T Fhe i AoPYarPEcRG @8 desEEPhetthlove
typically 10 contains a substance serving as a granul ating agent or a

bi nder. UBuar¢srackikigowrastidst ance that is contained in a support including
the ultra-stable Y-type zeolite and that is used as a granul ati ng agent or
the |like ¢605®%k usBe s arhiam nongami cofoxihge frambydrlocrdckiingtedt al yst used
inthe related 15 art and a porous inorganic oxide for use in hydrotreating
cat al y&t szeahi tre-used meExanpd esi ttherfeef ckagp e al wrrag, silica, titania,
silica-alum na, alum na-titania, alum nazirconia, alumna-boria,

phosphor usiab ikl dhceSiahbCazal un naber ifae gPBRSPrdtsmakuis BashHor i a,
phosphorus-al um na-silica, 20 silica-alum na-titania, and

silica-al yptper&idieani an Lbohhe éHé%%%@ﬁohnyﬁ%@ﬁfﬁbhdt@m@@ék|&HlﬁHe an
i norgani c oxide mainly conposed of umna, silica-alumna is preferred.

[0098] The, { amewar kysubsth byl ed; 2601dce- daeontentodidntheal gorganic oxide
content of the support cah be appropriately

surface area, a silica-alumina ratio, a crystallinity and a
15 volume of pores having a pore diameter of 600 A or less in
the framework-substituted zeolite-2 are selected preferably
from the same ranges as in the framework-substituted zeolite-
1.
(3) Characteristics of framework-substituted zeolite-1:
20 [0059] A crystal lattice constant, a specific surface area,
a molar ratio of Si0; to Al;0s3, that is, a silica-alumina
ratio and the like in the framework-substituted zeolite -1 in

the present invention fall preferably in predetermined ranges.
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determ ned according to the object. The support has a framework-substituted
zeolite-1 content of 2% to 80% by nass and preferably 20%to 70% by mass
and an i nwogaryoassizi de content of 98%to 20% by nmass ana#cCprist@nald2y2 80% t o
30% by 5 mass. When the franmework-substituted zeolite-1 and the
framewor k- substituted zeolite-2 are used in conbination, they are used
preferably in a proportion of Iess than 50 %in a sumof the
framewor k- substituted zeolite-1 and the franmework-substituted zeolite-2. 10
(6) Hydrogenative netal conponent: [0099] As the hydrogenative netal
conponent, (@) knowiJeetahseanponemt for use in conventional hydrocracking
catal ysts can be used. Exanples thereof include netal conponents (iron, 15
cobal t, nicked; rhogi umaRal-adiupy SidMRl zebihdbym | atdenymregengol d) in
group 8 of the long periodic table and/or nmetal conponents (chrom um

mol ybdenum, 0r £ UNgsien) nhie 9 p&%&-alPrlgfc@fLE@dcmlte%fogvrép&a(@ltﬁl
conponent I ncl ude conbi nati ons of nol ybdenum or tungsten in group 6 and

cobalt 20,0 i i o] - .an ongn f e_pl atj num grou
(pl ati nu#'%%@cﬁ%'%& ALcHa o %ﬁg%%?ékéﬁ?"?b{%m hg'ﬁggr%rg'enap%ive Metal

conponent may, be cont.ai ned_in the hydrocrackin atal yst .in ..anmount (0.01
Lo H0 56 by TRRER 1T e Sop B gy et e b R T 6P obr Ak cat sl yst
used in th elated art. In the case_of nolybdenum tungsten, cobalt or

ni ckel , aﬁga iﬁwtt%tat?etzeé?’bi%mp]asrt]iléﬁ?llﬁr 9 f)%/‘é?@eraabflef%t%%bn %By mass in
terms of oxide based on a mass of the catalyst. In the case of the platinum
group 5(pPatiwnti Fthédruhydpatyatdiitm araaLhet IRIEDRreanPanbihtd tHer eof is
particularly preferably 0.01 to 2 %by mass in ternms of netal. (7)

Pr oper t i eSrafeugidyoaPacki-age ¢ at ot yiste flop shy de vgrtfopesplse 107 (LO1] A
specific surface area of the hydrocracking catalyst according to the

present ihventiigh/fald-smpteferablo in the framework structure of the

10 zeolite and a small number of solid acid sites serving as
active sites for the decomposition of hydrocarbons.

[0061] A crystal lattice constant of the framework-
substituted zeolite-1 exceeding 2.450 nm results in breakage
of the crystal structure of the framework-substituted

15 zeolite-1 during a hydrocracking reactor because of a low
heat resistance of the framework-substituted zeolite-1 and is
thus liable to cause a reduction in the activity of the
hydrocracking catalyst prepared by using the framework-
substituted zeolite-1 as a support.

20 [0062] A crystal lattice constant of the framework-
substituted zeolite-2 described above also is preferably
2.430 to 2.450 nm, more preferably 2.435 to 2.445 nm. A
reason why the above crystal lattice constant range is

preferred is the same as in a case of the framework-
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in a range of 200 to 450 nR/g. Further, a range of 250 to 400 nR2/g is nore
suitably recommended. If the above specific surface area is |l ess than 200
n2/ g, thewdeompesption rate is 15 reduced, and a yi el drofi/ush@ 1ouetdt e
distillate is reduced as well. If the above specific surface area exceeds
450 n2/ g, the deconposition rate grows high, and the gas fraction tends to
be increased. [0102]1n the hydrocracking catalyst according to the 20
present invention, a volune of pores having a pore dianmeter of 600 A or

| ess falls preferably in a range of 0.40 to 0.75 m/g. Further, the range
of 0.45 teulsTO-uddq zies1moE€1 suitably recommended. |f the above pore vol une
is less than 0.40 m /g, the specific surface area is reduced. Accordingly,

the deconpesksj on pate i d edyced; andayiehdcohrthe, Mddlasdi-shillate is

reduced as well. If the above pore volune exceeds 0.75 m /g, the specific
surface area | | evat ed I ngl y.,. (5 e, grows hi gh,
and the gég E%f%%%%fb%%tgﬁgggﬁ% E%g¥%%rg§§e%$&€ncgiﬁé ggn%@%tf%%ﬁ t he pore

d the acti o beincre: thi s connection.’ the p
anal yzi ng S Besor pri an G & b niTrgen by a It et Rods o105 19 he.

hydrocr ac %Pﬁ catal yst according to the 10 ﬁgqgegh_in&ggtion, t he
hydr ogénat P on-&cti Ve 8t &l Peolponent 5§ pre 2F b1 cafriéd thereon, as

descri bed a? ve, in a range of 0.01 tq 40 @6? SS. %010 ] An anount of
zi rconi unf'd %%ﬁﬁﬁﬁQHnREB%Fagﬁ%H1#ﬁfﬂﬁé%ﬁyaP6c %%%?ﬁéag FaPés? according to
the present invention 15 each is preferably 0.1 to 5 % by mass (in terns of
oxi de) redpettivelir "FartRe, UTHY rrang8tor o5k ¢4 9 Esa8uit abl y
recommrended. [0105] An anmount of titaniumoptionally contained in the
hydr ocr ackeagnéatalipdteracedroh gy ted -t he present invention is 20 preferably
0.1 to 5 %by mass (in terns of oxide). Further, the range of 0.5 to 4 %is
sui tably recommended. Method for produci ng hydrocracking catalyst for
hydr ocarbon oil: WD 2012/ 018819PCT/ US2011/ 046272 [ 0106] The hydrocracki ng
cat al y&t flor $yarigcar bomfecrté acecor(@iang to the present invention can be
produced as follows: for exanple, the framework-substituted zeolite-1 is
m xed withob&e] i norgani carexicde-desstihedabeveifor1ain the present

invention preferably has a specific surface area of 600 to

900 m“/g and more preferably 650 to 800 m°/g. This specific

surface area is a value determined by the BET method using

15 nitrogen adsorption.

[0065] A specific surface area of the framework-

substituted zeolite-1 of less than 600 Hf/g, in some cases,

results in a reduction in the number of solid acid sites

effective for a hydrotreating reactor, so that a catalyst

20 activity of the hydrocracking catalyst prepared by using the
above framework-substituted zeolite as a support is
unsatisfactory. A framework-substituted zeolite having a

specific surface area exceeding 900 m“/g is difficult to

produce.
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5 precursor thereof). The mxture is formed into an article with a desired
shape by a common nethod. The article is dried and fired to forma support.
The suppow0 20R/018810npr egnated wit h t he hydrogenati ve netralr/useompomnent by a
common mnet hod, dried, and fired, thereby affording the 10 hydrocracking
catal yst. [0l107]Alternatively, the framework-substituted zeolite-1 and the
i norgani c oxide (or a precursor thereof) are mxed wth the hydrogenative
nmetal conmponent. The mixture is forned into an article with a desired
shape. The article is 15 dried and fired, thereby affording the

hydr ocr ackbogsrat atyst £ r 218k Fbeb pf BEiH SOz 0f i t Be2 | Ay Panrisc oxi de

descri bed above shows a substance to be formed into the inorganic oxide

constitut pngrarsupper tspetithe hydreer ackkngr cad@liystooby mii R@ el t h ot her
cat al yst constrtutronaF conponents and 20 subjecting to prescribed

treatment ;[ P01 F) r6'5'®9t80@6’© thons fer diis, type qt calal ysfoMged in the

rel ated art are applied to firing of the support and the hydrocracking

550¢, v 30157 61 éﬁ%pﬁ%ézﬁ%%f@%r%ﬁeé?ﬁ?ﬁua‘% 7t ha ozt oganat i ng

cat al yst cordin resent invention can be prepared by i npregnating
t he up%or?g eéé?? é) SBVEQﬁf%%Ea%eﬁéUESUg sol ution containing the

hydr ogenati on-active nmetal conponent and calcining it at 5400 to 650C, for
exanple, for 10 mnutes to 3 hours in the air. Method for hydrocracking
hydrocarbon oi | : [0111] The hydrocracking catal yst for hydrocarbon oil 10
accordi ng (€0 M?%?ﬁnﬁ%§éﬁtOfn%@ﬁtF@nAﬂ§%c%érbeﬁP|%ﬁ%¥%§arééé%%r vessel of a
hydrotreati ng apparatus (flow reactor) and suitably used for hydrocracking
hydrocar béf0®7] . [Dha 2]rEwevieydrocas bonitgid zdedekbedimbdee beenealns

preferably refined oil obtained from (1) crude oil, (2)
invention preferably has a molar ratio of Si0, to Al.O:

10 (silica-alumina ratio) of 20 to 100 and more preferably 25 to
80.
[0068] A silica-alumina ratio of the framework-substituted

zeolite-1 of less than 20 does not result in an effective
pore volume for a hydrotreating reactor and is thus liable
15 to cause a reduction in activity in hydrogenation and
hydrocracking reaction with the hydrocracking catalyst
prepared by using the framework-substituted zeolite as a
support.
[0069] A silica-alumina ratio of the framework-substituted
20 zeolite-1 exceeding 100 is liable to cause a reduction in
activity in a decomposition reactor with the hydrocracking
catalyst prepared by using the framework-substituted zeolite
because of a small number of solid acid sites effective for a

hydrotreating reactor.
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15synthetic crude oil, (3) bitunen, (4) oil sand, (5) shell oil or (6) coal

liquid. Suitably used as the above refined oil is oil selected from for
exanpl e, &P 200usswgas oil (VAD), b) deasphalted oil (DRCrjusewmtiaiszerd from a
sol vent deasphalting process or denetalled oil, c) light coker gas oil or

heavy 20 coker gas oil obtained froma coker process, d) cycle oil obtained
froma fluid catal ytic cracking (FCC) process or e) gas oil obtained froma
vi sbraki ng process. [0113] The hydrocracki ng can be carried out on publicly
known conditions. WD 2012/018819PCT/ US2011/ 046272 [0114] For exanple, a

hydr ot r eaf bogo ppparad usr amdiveh ki-suas £ 10w deaeborteeacinio apparatus is filled
with the hydrocracking catal yst descri bed above, and hydrocarbon oil having

a boili ngpperstafy 378€1102838iGaN heibreated id 1ot heopeesence of
hydrogen on the conditions of a reaction tenperature of 300C to 500C, a

hydrogen pressung 0hs4150580 MPa,.a i gl di Rourly SRaggevekogidy (LHSV) of
0.1 to 10 h' and a hydrogen/oil ratio of 500 to 2500 N8/ n8. [0115] Furt her,

2 nydrotr et ng.hi.ch.l 8.2, 01 o peactor i s, 10.i4Lied i th Lhe ydroor acking

cat al yst descri bed above, and a ocar bon oi aving a boiling point of
375C to 650C can be treated.in the presence of hydrogen on the conditions
of a r%ac?g %ﬁ%%%ﬁ%ﬁf@ S?lgﬁﬁﬁpf§9&%gﬁfga hydr ogen pressure of 7 to 15
MPa, a liquid hourly space velocity (LHSV) of 0.2 to 151.5 h-1 and a
hydrogen/oil ratio of 1000 to 2000 NnB/nB to obtain kerosene & gas oil.
Capabl e of being suitably used as the flow reactor described above is a
flow react®t SeVERed fFdm a stirring bath type reactor, a boiling floor
type reactor, a baffle-equipped slurry bed type reactor, a 20 fixed bed
type reacf®?71h rofle yframseorypeupehttvrecangcalstart yhased at ype react or.

[ 0116] The hydrocracki ng catal yst for hydrocarbon oi
crystallinity of preferably 80% or more. A crystallinity of

10 less than 80% does not provide a desired effect of a
hydrocracking catalyst including the framework-substituted
zeolite as a support. The framework-substituted zeolite-1
desirably has a crystallinity of 100% to 130%2.

[0072] A crystallinity of the framework-substituted

15 zeolite-2 tends to be the same as in a case of the framework-
substituted zeolite-1.

[0073] In this regard, the crystallinity is determined as
follows: The total height (H) of peaks from the (331), (511),
(440), (533), (642), and (555) planes of a framework-

20 substituted zeolite measured by X-ray diffraction is
determined. The total height (Hp) of peaks from the same
planes of a commercially available Y zeolite (SK-40,
manufactured by Union Carbide Corporation) is determined as a

reference. The crystallinity is determined using the
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according to the present invention can suitably be used particularly for
hydr ocracki ng of high boiling fraction- containing hydrocarbons. The high
boi | i ng fwaabi2onssiont ai ni ng hydr ocar bons nmean hydr ocar b®@as/useonoien2 an
anount of fractions having a boiling point of 560C or higher accounts for
30 % by mass or nore. The high boiling 5 fraction-containing hydrocarbons

i nclude, for exanple, a vacuumgas oil (VGO , a solvent deasphalted oi
(DAC)) and the like. [0117]In the case where hydrocarbon oils, for exanple,
hi gh-boi | i ng-fracti on-contai ni ng hydrocarbons, are 10 hydrocracked using

t he hydr oesackingy catrahyst (fpor hydrocarbon oil according to the present
invention, mddle distillates can be provided in high yield because of

suppreSS|oncgysggyif§§g9s§b e_degonmposhs i on reactor of kerosene-gas oil, as
descri bed above. 15 Apparatus f'or hydrotreatlng hydr ocar bon oil : [0118]An

appar at us [B@hﬁydr@lﬁé eaﬁfa%w’&)é@"—%@é@?&ht%oﬂ -B 1§ PE_PrLsent,snyention i s not

particularly litmted as |l ong as the fore90|ng hydr ocracki ng for hydrocarbon

o | oan Derg0-perfanned. vatous vpos of gpparatuses iy, be used A

appar at us ocarbon |nclud|ng a
cataly§t fglled tal k,ll sgconqlcatal¥§tfka %ﬂ; and a third
cat al y3t - FPPTed PANK THAL “Ar & tbnhnected  Th™S8ries i Sﬁa?t?%ufafiy sui t abl e.

Each of the ca st fllled tanks is filled wth a hydrocracklng cat al yst
for hydr oE%?%o?Fad%e TFOTT8P The® Keddnd 64t aFystEFili1 ed tank is filled with
t he hydrocracki ng catal yst according to the present invention. The

hydr ocracki ng catal yst in the second catalyst-filled tank 5 is used in a
filling factor of, for exanple, 10%to 60% by volume with respect to the
total vol Ufe ¥éthad foserhgdrotradkiond reaeupy'st sudgtitagerineect e 1l r st
second, and third catalyst-filled tanks. However, the filling factor may
fall in alf@hgk otRes fiwmrevolé-abovel rdrge.zed01iEXAMPLES He0P2@FANAl ytica
nmet hods used in the present invention shall be described below. [0121]1)
Conposi t i onvamalgrsicen be produced by, for example, a method described

below.
[0076] The framework-substituted zeolite-1 is produced by
firing an ultra stable Y-type zeolite at 500°C to 700°C, the
ultra stable Y-type zeolite having a crystal lattice constant
15 of 2.430 to 2.450 nm, a specific surface area of 600 to 900
Hf/g, and a molar ratio of Si0O, to Al,0; of 20 to 100, forming
a suspension containing the fired ultra stable Y-type zeolite,
the suspension having a liquid/solid mass ratio of 5 to 15,
adding an inorganic acid or an organic acid so that a pH of
20 the above suspension is 1.0 to 2.0, subsequently adding a
solution containing a zirconium compound and/or a hafnium
compound and mixing them and neutralizing the solution with,
for example, an aqueous ammonia in such a manner that the

mixed solution has a pH of about 7. The above production

27



15An X-ray fluorescence anal yzer ("Rl X3000" manufactured by Ri gaku
Corporation) was used to carry out conposition analysis (Zr, H, Ti, M or
Ni ) of a wearnpixigsaeol ite or the hydrocracki ng catal yst) pCAvusanplogs2finr
measur enent was prepared by a gl ass bead nethod. To be specific, 5 g of the
20 sample was put in a vinyl chloride-made ring having an inner dianeter of
35 mm and nol ded by applying a pressure of 20 t for 20 seconds by neans of
a pressure nol ding machine to prepare the sanple for neasurenent.
Conditions of the X-ray fluorescence anal ysis are shown bel ow, target: Rh,
anal yzi ngmetysd adhallll be deteciwsd saiont Lhl attoimcounter, excitation: Rh
vessel of 4 kW neasuring voltage: 55 kV, current: 70 mA. [0122] 2)
Measurenent of sodiumin zeolite: An atom c absorption spectroneter
("Z5300" manufactured 5 by HORI BA Ltd.) was used to nmeasure a sodi um

content ipnaypanple (aeokite). Jhe peasuring wavel ength range was
controlled to 190 to 900 nm [0123]3) Crystal lattice constant: An X-ray

diff t " 0Q" f d 1 i Co ti d
1Tt ofmhor AT iyt o pr o e 10, aeku Soporsl o) ves use

to neasur -ray raction ite t he crystal

| attice constant was calculated fromthe result thereof net hqd for

cal culat | R (R T gorar o at b7 o EoOr e " REE B hay A5 bebbrided | n t he
present specification. Conditions of the f— 15 ray diffraction are shown
bel ow, veBEeFS™MOU-K L PRY) , 20 EddiniPhgPran EFW%%Z%ﬁd%E? STanni ng speed:
0.01/ m nute, scanning step: 0.01. [0124]4) Crystallinity: The crystallinity
was cal cuP&Petc ¥ diCHR XxaPdy? Jor U eet Pehhpreal e torsdhpte Teolite). A
cal cul ating net hod therefor has already been described in the present

speci fi catPopal fII25] B SRy 208 ndhar utatdostaklsedktivhtensdtita ati o of

Si and Al was determ ned from
in the present invention means zeolite having a crystal

10 lattice constant (UD) falling in a range of 2.430 nm or more
and 2.450 nm or less, a specific surface area of 600 to 900
Hf/g and a molar ratio (silica-alumina ratio) falling in a
range of 20 to 100 in terms of Si0, to Al,0s.

[0078] In a production method for the above ultra-stable

15 Y-type zeolite, a Y-type zeolite (Na-Y) synthesized by a
common method is subjected to exchange of sodium ions with
ammonium ions by a conventional method (for example,
dispersing Y-type zeolite in water to prepare a suspension,
adding ammonium sulfate thereto, then washing the solid

20 matter with water, next washing it with an ammonium sulfate
agqueous solution of a temperature of 40 to 80°C, subsequently
washing it with water of 40 to 95°C and then drying it at 100
to 180°C for 30 minutes) to obtain an ammonium-exchanged Y-

type zeolite (NH4—5Oto 70Y) in which 50 to 70 % of Na contained
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an X-ray diffraction peak of a sanple (zeolite), and it was reduced to a
nolar ratio of Si02 to Al 203. [0126]6) Specific surface area and pore

vol une: AnoOadearigdibon measuring equi pnent (ful ly aut omaCt/Usasi1ib4@dsor ption
equi pment " AUTOSORB- 1" nmanuf actured by Quantachrome Instrunments Corporate)
was used to subject 0.02 to 0.05 g of a sanple (zeolite or the

hydr ocracki ng catal yst) to deaeration treatnent at roomtenperature for 5
hours, and then an adsorption desorption isothernmal curve was nmeasured 10
under liquid nitrogen tenperature to calculate a specific surface area per
mass usi ngnatBETY-eguat izep1 of e ai sMdudspaicatedet had.nHzur t her, a pore
distribution and a pore volune (pore dianeter: 600 A or |less) were

cal cul at edopyom a ﬁ'fhkg£&ﬂf‘efht@|(§’§oép5§/@fbg§e§ptt@%re”§%§;ﬁé vedyi @ Bk net hod.

15[ 0127]7) U traviolet-visible/near- infrared/ spectrophotonetry (UV-vis-NR

spectrum ; s\ R.speety f LLt e, Was; prasuned feans. of an
uItravioIé%f%%%é%fﬁgﬁgéfgiﬁfréﬁgg?gbgggr%photoneter %n%d%?anunber: JASCO

V- 570, by JA I db
TRDUE ACLAIT G, DY JASED 20 (3 RAr 8bhoR) «o Jhe, SAMRLE.WAS B epared by

physi cal | y m Xxi ng pot assi e sanple’in a proportion of 99 :
1 and nol ﬁi ng_50 ng of thﬁ%m' xture itnto a_wafer format _a pressure of 500
kg/ cne? TABAT® tHe TiPdEd? 't 6P Wad HEAPEA™ Up t'0' D008 af ™5 heEti ng rate of
3.0C mnute and e-treated by carrying.out vacuum evacuati for_3 hours,
and then FRESW et WaS Eﬁ?f¥%ﬂ " at roéh1%%ﬁ%€f§t§5et8n8?h%(€5nditions
of a spectral bandw dth of 10 mm and a scanni ng speed of 400 nni m nute.

5[ 0128] 8) NEot?H et t5ansf 6Pt Mt iarled $pBEt FRRtOFy (PTY) RIEpERRT un) :

FT-1R spectra of a hydroxyl group of zeolite and a framework vibration area
t her eof werehamgslirgd hbYHmesmrsbof okt aimmds vivs Sit ehe Fourd émet haAseee™ i nfrar ed
spectroscope (JIR 10 7000, manufactured by JASCO Corporation). The sanple
was pr epategde by-trmpledizegl20e ngptof irtdve abampl &niwttera okafiér tho?m @tta pressure
of 500 kg/cnR. Thereafter, the nolded nmatter was heated up to 400C at a
heat i hy r atepafe G A spienytien antuptrieir eatded gbymoan ¥y ngrldat: evabuuato,
evacuation for 3 hours, and 15 then neasurenent was carried out at room

t enper at ucgePNstthe iGENdhti OBSpOis i@ @sokut tonodfc £amd ancuess idd egrati on
frequency of 500 tines. [0129] Expl anati ons of tabl es: Table 1. the

properties RbutlSY daknte {BInugedias sbheqraw 20 nater baks-wer esshown in
Table 1. Table 2: the properties of the framework-substituted zeolitel (USY
(A) to USYs(F))ndisedaisni Rxample d, 0 ExABRL &, 6 y&ie Shgwaoin Table 2.
solution of 40 to 95°C, subsequently washing it with water of
15 40 to 80°C and then drying it at 100 to 180°C for 30 minutes
to 30 hours. 1In this respect, the final ammonium ion
exchange rate is preferably 902 or more.
[0080] The ammonium-exchanged Y zeolite (NH4—80to 97Y) thus
obtained is calcined at 500 to 700°C for 10 minutes to 10
20 hours in, for example, a saturated vapor atmosphere, whereby
capable of being prepared is a ultra-stable Y-type zeolite
(USY) having a crystal lattice constant (UD) of 2.430 nm or

more and 2.450 nm or less, a specific surface area of 600 to

900 Hf/g and a molar ratio (silica-alumina ratio) of Si0O, to
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Table 3: the properties of the hydrocracking catalysts (Catalyst Ato
Catal yst F) prepared in Exanple 1 to Exanple 6 were shown in Table 3. Table
4: the prwpentimssiof the raw material oils used in the trestUSexanpd2es wer e
shown in Table 4. 5 Table 5. the test results (relative cracking rates and
relative mddle distillate yields) of the hydrocracking catal ysts according
to the present invention were shown in Table 5. [0130] Exanpl e 1:

Hydrocracki ng catal yst A 10[0131]U tra-stable Y zeolite [0132]First, 50.0
kg of a NaY zeolite (hereinafter, also referred to as "NaY') having a

Si 02/ Al 2081l ar r@ti® 1@0.5.2, a unit cell dinmension (UD) of 2.466 nm a
specific surface area (SA) of 720 nR/g, and a Na20 content of 13.0% by mass

was 15suspegogled i nrd00s lintRyrcbher ebpadd@finialsenexpressed as "L") of water
havi ng a tenperature of 60C. Furthernore, 14.0 kg of anmoni um sul fate was

added thekef Q. JNe £,@sul thPgq SUSPEns an wes St fded at.£0% fored; hour and
filtered. The resulting solid was washed with water. Tﬁen the solid was 20

d
washed wi i t | uti f .Q kg o ium sul fate
di ssol vedggrﬁ gﬁg L oftlﬂ\%]/atﬁgg%a%aﬁogeatftg gr%%(ﬂlrlgceo%%%c,gg\qgg ed with 500 L
of water Qa%gé‘nrgﬂa tenperature of 60C, dried at 130C for 20 hours, thereby
af fordi ng”about 45 kg of a Y zeolite (NH465Y) in which 65% of sodi um (Na)

cont ai ned in_ NaY was ion-ex%han ed with ammoniumion CgsFaNasl_é4%1 A content of
Na20 in NHBEH wast?. 8965 s §OF [01%8] N6 5 40Y ki i'Ped in a
saturated water vapor at rmsghere at 670C for 1 hour to forma hydrogen-Y
zeol i te SERYILYHY ARESrsdhEpehded s RTA06 L oF VSRt h&¥itAgS A teer at ure of
60C. Then 49.0 kg of ammonium sul fate was added thereto. The resulting
m xture wasuBii it et lamiooe foemsl wewh aadraashedt wittth 22001t of wat er having
a tenperature of 60C. The m xture was then dried at 130C for 20 hours, 10
t her eby affeneiogabeyt b87rkgoofd Er¥mz bk et {(NHASSYE ntwhéch 95% of Na
contained in the initial NaY was ion-exchanged with
10 zeolite described above which is the raw material in order to
obtain the ultra-stable Y-type zeolite having a crystal
lattice constant of 2.430 to 2.450 nm. Extraskeletal
aluminum can be removed by, for example, a method of
dispersing the ultra-stable Y-type zeolite described above in
15 warm water of 40 to 95°C to prepare a suspension, adding
sulfuric acid to the above suspension and stirring it for 10
minutes to 3 hours while maintaining the temperature at 40 to
95°C to thereby dissolve the extraskeletal aluminum. An
addition amount of sulfuric acid shall not specifically be
20 restricted as long as it is an amount by which extraskeletal
aluminum can be dissolved to a desired level. After
dissolving the extraskeletal aluminum, the suspension is

filtrated, and a residue on the filter is washed with

purified water of 40 to 95°C and dried at 100 to 180°C for 3
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NH4. NH495Y 33.0 kg was fired in a saturated water vapor atnosphere at 650C
for 1 hour, thereby affording about 15 kg of a ultra stable Y zeolite

(her ei nafwenpizalissioreferred to as 15BUSY (a)") havi ng apr8raRc@had7mol ar
ratio of 5.2 and a Na20 content of 0.60% by mass. Table 1 shows physi cal
properties of USY (a). [0134] Next, 26.0 kg of this USY (a) was suspended in
260 L of water having a tenperature of 60C. After 61.0 kg of 20 25%

sul furic acid by mass was gradual ly added to the suspension, the suspension
was stirred at 70C for 1 hour. The suspension was filtered. The resulting
sol i d wastwashetbudst, hwB60ebi t£f 0Oft rdeiseabzedy water Raving aréenperature of
60C and dried at 130C for 20 hours, thereby affording a ultra stable Y-type

zeolite (heiehnafd ekt raksoltelerdgehithOmnass BUSYGKLY 'dhn Habber dishows
physi cal properties of USY (b). [0135]USY (b) was fired at 600C for 1 hour,

t her eby af[B@éﬁ'jt ng aboute 1L kg 0k bl Lr a5tk ‘%hghwcﬁ’?o%&@ﬁi%% S(hereinafter,

also referred to as BUSY (c)"). Table 1 shows ysi cal propéerties of USY

. ) . ! P a |
[0137] Fi o1+ 1 g OF ORY o) e lepbnaet [n 10°C of 16" bat of WAV ng a

tenperature_of 25C..The pH of . t suspensjon. was, adjuysted .to Mith 25%
Sl Tt ¢ KeF by e ROR gk o5t LahaBr HETHH cont At G185 S Sont um
sulfate b - was added thereto. The resulting m xture was stirred for 3
hour o at LBOML anperat (EaDFhen thé pAoRas: ad] Uetdd 16 7920 Mith 15 15%
aqueous ammonj a by mass. After the mxture was stirred for 1 hour at room
t enper at uP@2 1+ M hispeGrélaasly it ercddrithed rasuttih§ssPPdtwvaseviitshed with
10 L of water and dried at 130C for 20 hours, thereby affording about 1 kg
of a zircohieReUSstUEhiedteeotsle temér épnapteinechl godr éfetfed to

calcined in a range of, for example, 30 minutes to 10 hours.

10 If a calcining temperature of the ultra-stable Y-type zeolite
is lower than 500°C, a framework substitution amount of
zirconium atoms, hafnium atoms and titanium atoms tends to be
reduced when carrying out framework substitution treatment by
zirconium atoms, hafnium atoms or titanium atoms at a

15 subsequent step as compared with a case in which calcining is
carried out at 500°C to 700°C. If the calcining temperature
exceeds 700°C, a specific surface area of the ultra-stable Y-
type zeolite is lowered, and a framework substitution amount
of zirconium atoms, hafnium atoms and titanium atoms is

20 reduced when carrying out framework substitution treatment by
zirconium atoms, hafnium atoms or titanium atoms at a
subsequent step, so that zirconium atoms, hafnium atoms and
titanium atoms come to be present in a particular form. In

respect to a calcining atmosphere of the ultra stable Y-type
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20as "USY (A)"). Table 2 shows physical properties of USY (A). Fig. 1 shows
a W spectrumof USY (A). [0138]Fig. 1 denonstrated as follows: The W
spect r umwO 28r20@s8gier i ved from zirconi um sul f at e servi ngrag/us201axwérat eri al
for USY (A) showed peaks at about 230 and about 280 nm whereas the W
spectrum of USY (A) showed a peak at about 200 to 220 nm Thus, the
framewor k of USY (A) was substituted by Zr. [0139] Here, the UV spectrum of
the zeolite was nmeasured 5 with an ultraviol et-visible-near-infrared
spectrophot onet er (JASCO V-570, nmanufactured by JASCO Corporation) at a
band w dt Beofitld, mv ardcarscannug gratterab1400h iAgManr . Meanwhi | e, 50 ng of
a potassium brom de-USY (A) 99:1 mxture was fornmed into a wafer-1ike

UV-spect r gppsapl erdd @ priessune of - 500,110 vkgheal-cJhe.sanpl e was placed in
the ultraviolet-visible- near-infrared spectrophotoneter. After

pret reat nept was. penf quied by, heatd ng Lhe.sappl & 192006088 @, heating rate
of 3 & mn and evacuating the sanple for 3 hours, neasurenent was perforned

at roomt%@&{%d;gcg_t%t S%xélei_ﬁée&!e%i%ﬁlﬂ ﬁﬂ%%a.fei%a%’?ﬁ o{‘gié@er of

i ntegrations of [ onposi tion an IS o zeolite was
perforé’red with an X orescence anal yzer act ur ed by

-ray f Rl X 3 Og nuf

Ri gaku’ CofpoFati'sh l.onA%éca F e WS Preparéd by Lgiltg aas:sga %gg?n@f%od. Sodi um
in the zeoIiL.e was nmeasured,20 with an atom ¢ absorption spectrophot oneter
(Z-5300, fAEALTECt UrPEd 1HPY @ﬁ%vg LYd). r‘”r“ﬁéocjri/ﬁreﬁf{‘?rﬁ}ﬁy é‘ﬁdt]iehe crystal
| attice constant were neasured with an X-ray diffractoneter (RINT 2100,
manuf act uFed9dyRiyadieu Leor pot A ohPrefRé28pkci F it ssurpace af el %hd the pore
vol ume were neasured with a pore distribution analyzer (Autosorb,
manuf act utédi hyrQeameachfone | nstrunents). [0141] Hydrocracking catal yst A
[0142] First, 40 kg of an aqueous solution of 6.8%sodium5 alum nate by
mass on ahO@8PD3 blédsits, was imoxgdnid tdchD &kgaof capaagueous! sl atlifed of 2. 4%
al um num sul fate by mass on an Al 203 basis. Further, the m xture was
stirred athé6& 4 oo thhoun, pAndf ttten stiheepr dboucde swas badshedvai 1 150 L of a
0.3 mass % anmoni a aqueous solution to renove Na2SO4. Next, water was

controlled to 1.0 to 2.0, and subsequently a solution

containing a zirconium compound and/or a hafnium compound is

added and mixed. Then, the mixed solution is neutralized (pH

7.0 to 7.5) and dried desirably at 80 to 180°C, whereby the

15 framework-substituted zeolite-1 described above can be

obtained.

[0086] Sulfuric acid, nitric acid, hydrochloric acid and

the like can be given as the above inorganic acid used, and

among them, sulfuric acid, hydrochloric acid and the like are

20 particularly preferred. Further, carboxylic acids can
suitably be used as the organic acid described above. A use
amount of the inorganic acid or the organic acid shall not be

restricted as long as a pH of the suspension can be

controlled to a range of 1.0 to 2.0, and it is, for example,
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10 added to the product fromwhich Na SO4 was renoved to adjust an Al 203
concentration to 10% by mass. The pH was adjusted to 10.5 with 15% aqueous
anmoni a byormeissine m xture was stirred at 95C for 10 Rrowrss20idehsedz at ed,
washed, and kneaded with a kneader, thereby providing an alum na m xture.
15[ 0143] The resulting alum na m xture was m xed with USY (A) in a dry nass
ratio of 1:1. The m xture was kneaded with a kneader, fornmed into a

col umar shape having a dianeter of 1.8 mm and fired at 550C for 3 hours,
t hereby affording support A. 20[0144] The support A was inmmersed in an
aqueous sel ot 5-onccanbairsl agnbyt cgenati andast ¢ me-amtab .cenpenergs and fired
inthe air at 550C for 1 hour, thereby affordi ng hydrocracking catal yst A

Here, theragyeginss sekiblhenseoad almiang shydrogenati.on-actinee yretal conponents
was prepared by adding 700 nL of water to 201.3 g of nol ybdenum tri oxi de

(an exanplke,pf. the hydrogenat’ onsaghi we, et Al gamaenent).-and 90,4 g of

ni ckel carbonate (an exarrpl e of the hydrogenation-active netal conponent)
and stlrré\gg éhreaﬁgee ulting mxture at 95C 5 for 5 hours. Hydrocracking
cat al yst contal ned O. 39% zi rconi um by mass, 16. 7% nol ybdenum by mass, and

o iy oot Bae Y ”B”%faafr & R%ngﬁzl??%s%ﬁ@fﬁpﬁy}%?o%? ABGRG eaeRyet B

10[0146] usy é% obt ai neJ(fj 1 was suspended in 10 L of water
of 25C, and“a"pH of thHe"Sof }f%‘}? wa%slr&éij“bﬁ%ra“’t]i?tf@ZBW%HH‘”&r| c acid of 25
% by mass. Hafniumchloride 8 g was added and m xed, and the suspensi on was
stirred af'tobiit efpelatur et or pgnorﬁ]@u@eS?h%‘?f“pctwspHZ\}v%o%HTrﬂlsted to 7.0
to 15 7.5 by aqueous ammoni a of 15 % by mass, and the suspensi on was
stirred afurbomt enperatunentorate hgad ahd then a1d peatedul A bt t er

obt ai ned was washed with 10 L of water and dried at 130C for 20 hours to
obt ai n abputfdrigy.of Thehahonumosulbst zttutedi ty pporpecindt ed{dberes naft er
referred to as "USY 20(B)"). The properties thereof are shown in Table 2.

[ 0147]Fur pheferablhydr.aér ackdhdoc atealsy shdBnoont@iafiargbUSYO . £ B) tavass pr epar ed
in the sane manner as in Exanple 1. The properties of the hydrocracking

cat al yst Byatesshowa izardabl @n o=\ 2012501881 IRCHAIS203 1L 4621742 a-

[ 0148] Exanpl e 3: hydrocracking catal yst C

stable Y-type zeolite described above. The addition of the
zirconium compound in an amount of less than 0.1% by mass
fails to improve solid acid of the zeolite. The addition of

15 the zirconium compound in an amount exceeding 5% by mass may
cause clogging of pores of the zeolite. Usually, an agqueous
solution of a zirconium compound prepared by dissolving the
zirconium compound in water i1s suitably used as the zirconium
compound.

20 [0088] Examples of the hafnium compound described above
include hafnium chloride, hafnium nitrate, hafnium fluoride,
hafnium bromide, hafnium oxalate and the like. Among these
compounds, hafnium chloride, hafnium nitrate, and the like

are particularly preferred. The amount of the hafnium
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[0149] USY (c) 1 kg obtained in Exanple 1 was suspended in 10 L of water of
25C, and a pH of the solution was adjusted to 1.5 to 1.7 by sulfuric acid
of 25 % byormeisgbr coni um 5 sul fate of 18 % by mass 86 pgTarsdoihafiérram
chloride 8 g were added and m xed, and the suspension was stirred at room
tenperature for 3 hours. Then, the pH was adjusted to 7.2 by aqueous

ammoni a of 15 % by nass, and the suspension was stirred at roomtenperature
for 1 hour and then filtrated. A 10 matter obtained was washed with 10 L of
water and dried at 130C for 20 hours to obtain about 1 kg of a

zi r coni unbahpdwim sdast Lyt pdetapa1zeol. it et § her ednafiser anefesred to as " USY
(O"). The properties thereof are shown in Table 2. 15[ 0150] Further, a
hydr ocr acki-8ge £a818} Vst =Creont ab i sUSY o (KA rWasn R-apar edsi v he, sane
manner as in Exanple 1. The properties of the hydrocracking catalyst C are

shown in Jable.3..J Q1ollExpnpl e e Rydrocracki ng caglyshyb 20f Q162] USY (c)
1 kg obtained in Exanple 1 was suspended in 10 L of water of 25C, and a pH

of the so i i . ulfuyi i f.25 % SS.

Zi rconi umus{%l 1é)gf;lktne of %%@55/05@5 frrlgsa;h g@@g{l?%hléi% n?%% gtﬁlla%r ?dégb)g/ ngaynsdylii t anyl
sul fate of 33 %by mass 60 g. were added, and nm xed, and the., suspensi on was
St rred aFhatm TR Earur et S Ao S e TR T SRS RS o
by aqueous ammpi,a of 15 % by, mass, and the suspension was stirred at room

t enper at uF 8 f 5 P o GPTRAENE heth 1 IFFPAPEdS* 5 Hatt%r “obY al'Add Mas™Swashed
with 10 L 5 of water and dried at 130C for 20 hours to obtain about 1 kg of
a zi r coni GhhafhiwmtiCafprtid Btbstiramsed ot yp@sSyeolit ¢ eRererhafter referred
to as "USY (D)"). The properties of USY (D) are shown in Table 2, and a W
spect rum shereein iof shoéwaAni Wt FEQgro2nd] QFERSBI AL B IHOWICLHIFY gthe, it was
confirmed that a UV spectrumof Ti Q2 obtained fromtitanyl sulfate which
was t he raafmatrerdcalpolnad peakstem itsheuviebhytysaf 222@handaB820umm and t hat
USY (D) had peaks in the vicinity of 210 to 320 nm due to substitution of
Zr ando Ti codpdud.her, a hydrocracking catal yst D containing USY (D) was
prepared in the sane manner as in Exanple 1. The properties of the
hydr ocr ackpogorat alysd, D arie ashamwncbmpdald @ad. be added to the mixed

solution described above. Examples of the titanium compound

include titanium sulfate, titanium acetate, titanium chloride,

titanium nitrate, and titanium lactate. Among these

15 compounds, titanium sulfate, titanium acetate, and the like

are particularly preferred. The amount of the titanium

compound added is preferably 0.1%2 to 5% by mass and more

preferably 0.2% to 4% by mass on an oxide basis with respect

to the ultra stable Y-type zeolite. The addition of the

20 titanium compound in an amount of less than 0.1% by mass
causes lack of solid acid sites of the zeolite. The addition
of the titanium compound in an amount exceeding 5% by mass

may cause clogging of pores of the zeolite. Usually, an

aqueous solution of a titanium compound prepared by
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[ 0154] Exanpl e 5: hydrocracking catal yst E 20[ 0155] USY (c) 1 kg obtained in
Exanpl e 1 was suspended in 10 L of water of 25C, and a pH of the solution
was adj uswedot2n14816 by sul furic acid of 25 % by nass. Zicrascamosari at e of
18 % by mass 86 g and titanyl sulfate of 33 % by mass 60 g were added and
m xed, and the suspension was stirred at roomtenperature for 3 hours.
Then, the pH was adjusted to 7.2 by aqueous amoni a of 15 % by mass, and

t he suspension was stirred at roomtenperature for 1 hour and then
filtrated. A matter obtained was washed with 10 L of water and dried at 5
130C for 20skow¥isnd @hebtatanabowonbkgdofinawztdcan whtiktbany umsubst it ut ed
type zeolite (hereinafter referred to as "USY (E)"). The properties of USY

(E) are shewncidhnliall @cRpolA456] Further, a hydrocracking catalyst E
containing USY 10(E) was prepared in the sane manner as in Exanple 1. The

prOpert|e§09§0fhe ﬁg@ﬁQ9¥4§%'nggéié%éﬁgnéio%rﬁa§h9¥wbéfbéﬁ%%%%lé
[ 0157] Exanpl e 6: rocracking catalyst F [0158]USY (c) 1 kg obtained in

Exanpl e 1, M"a§dda%5cp nded pn, % f'q f. waper <9£ezo @ n%l ‘5 of the

sol uti on mas adj usted to 1. furic ac?d of Haf ni um
chlorlg sulfate of 33 % %_mere added and m xed,

T q:%h?%h%' T generat an sy x1n agu

and the 585 %H%lon Wa's TSP Pt Gt rooﬁ1?8npera 3“RBUts. Then, the
pH was adju ed to 7. ﬁ % agueous annDnlg 20 of 15 @6b mass, . and t he
suspensi oA°® 4t dGeat i f oFM Termparatiore tor PERduR Sﬁﬂp?%ré% Tiltrated. A
mat t er obtalned mas washed with 10 L of water and dried at 130C for 20
hours to bbtathtadbotlt cPmRguB & HafniSUsPPEaRPurRis st MLGERTS E3DE zeol ite
(hereinafter referred to as "USY (F)"). The properties of USY (F) are shown
in Tabl e 2-type zeRyrtehdescalbgdirrdevacki ng catal yst F contai ni ng USY (F)
was prepared in the sane manner as in Exanple 1. The properties of the
hydr ocr ackP@gllat alysthd carse shiownzimy Fablagusdus|[ 8459 Conpdr ateve Exanpl e
1: hydrocracking catalyst G [0160]USY (c) 1 kg obtained in Exanple 1 was
suspehtledzincd@idm efompatied, of h3G frand aopbbeid tdre thel utioniwas adj ust ed

compound with a suspension of the ultra-stable Y-type zeolite,

preferably, the above aqueous solution is gradually added to

the suspension. After finishing addition of the aqueous

solution described above to the suspension, the solution is

15 preferably mixed by stirring at, for example, room

temperature (about 25°C to about 35°C) for 3 to 5 hours.

[0092] Further, after finishing the mixing described above,

the mixed solution described above is neutralized by adding

an alkali such as aqueous ammonia and the like so that a pH

20 thereof is controlled to 7.0 to 7.5, whereby the framework-
substituted zeolite-1 in the present invention can be
obtained.

[0093] In this regard, when only the zirconium compound

(or an aqueous solution thereof) is used as the compound (or
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to 1.6 by sulfuric acid of 25 % by mass. Titanyl sulfate of 10 33 % by nass
60 g was added and m xed, and the suspension was stirred at room

t enper at we 20vo1881hour s. Then, the pH was adjusted to 7PeThis2@100e6205
ammoni a of 15 % by mass, and the suspension was stirred at roomtenperature
for 1 hour and then filtrated. A matter obtained was washed wth 10 L of 15
wat er and dried at 130C for 20 hours to obtain about 1 kg of a
titaniumsubstituted type zeolite (hereinafter referred to as "USY (Q").
The properties of USY (G are shown in Table 2. [0161] Further, a

hydr ocr ackhnggeatad yslluGieantiad fidry HIYeA0{&H) tveas proepared in the sane
manner as in Exanple 1. The properties of the hydrocracking catalyst G are
shown in Jableika JBL67] Coaparatdne kExappt er e ydiagkacki ngr aalwyl yst H
[0163] USY (b) 1 kg before calcining obtained in Exanple 1 was suspended in

10 L of waf ey, oiy Zz'i%coﬂﬂqm a, PkhOfi 4 hepseh phion Mas 5 %lalf%t gd to 1.6 by
sul furic acid of % by nass Zirconiumsul fate of % by mass 86 g was

added and. il xedn anduthacshspenslon was stiroedal yoomierperature for 3 5

hours. Thern mas a jUS y aqueous ammonia o % by nass,
and th spensi on was stirre r oo eratur.e for 1 hour, 6 and then
filtra ed!é & mﬁéﬁﬁu%bta%ﬁe%@aaWhesﬁb %ﬁyl%%(ﬁkng nedrited at
130C for 20 hours to obtalg t 1k % conlun}substltuted ty

zeolite 16‘@%%‘?%? ¢ OPef ?JF% t g Sadte SYa? Same’r"ﬁé pFB‘B%H’i%tsedof USY (H
are shown in_Table 2, and a UV spectrumof USY (H) is shown in Fig. 3. In

Fig. 3, i|EewbstotsePFelstr o comsar iNséRLBR %W@mvaéﬁééﬁFét6¥@b§¥ﬂ(H) and

USY (A) that substitution with zirconiumwas accel erated by cal cining.
15[ 0164] Farpiel ,ofa sHydiserackemy foaraingsthel Eortsaiatikngfusye (Hranas
prepared in the sane manner as in Exanple 1. The properties of the
hydr ocr acktalgledt-alywst zEoar ee shovirvrimedTabhe @erf GeS5kConparati ve Exanpl e 3:
hydr ocracki ng catal yst | 20[0166] An ultra stable Y-type zeolite
(her elmaf tenpound and the hafnium compound (or aqueous solutions
thereof) are used, the framework-substituted zeolite-1
(ZreHf-USY) in which zirconium atoms and hafnium atoms are
substituted for a part of aluminum atoms forming the
framework of the ultra-stable Y-type zeolite is formed.

15 [0094] When the titanium compound (or an aqueous solution
thereof) is added in combination in adding the zirconium
compound and/or the hafnium compound (or agqueous solutions
thereof) to the suspension described above, the framework-
substituted zeolite-1 (ZreHfe+Ti-USY) in which zirconium atoms,

20 hafnium atoms and titanium atoms form a part of the
framework of the ultra-stable Y-type zeolite is formed.

[0095] The resulting framework-substituted zeolite-1 is

preferably filtered, if desired, washed with water, and dried

at about 80°C to about 180°C.

36



referred to as "USY (d)") 1 kg prepared by cal cining USY (b) obtained in
Exanple 1 at 400C for one hour was suspended in 10 L of water of 25C, and a
pH of theweabigtiigsiowas adj usted to 1.6 by sul furic aci dproffi/tR201%0i627r8SS.
Zirconiumsul fate of 18 % by mass 86 g was added and m xed, and the
suspension was stirred at roomtenperature for 3 hours. Then, the pH was
adjusted to 7.2 by aqueous ammoni a of 15 % by nass, and the suspensi on was
stirred at roomtenperature for 1 hour and 5 then filtrated. A matter
obt ai ned was washed with 10 L of water and dried at 130C for 20 hours to
obt ai n abosf dakgicaf: a zirconiumsubstituted type zeolite (hereinafter
referred to as "USY (1)"). In this regard, the properties of USY (d) are

shown in Fabbe 1; thecpy Q%rrt)ic%ﬁpgir&y%%t(all)ys%rgc@@@éﬂﬂ}cj ol@ntable 2; and a
W spectrum of USY (I) is shown in Fig. 3. [0167]In Fig. 3, it was found

from conpgrison: ofntche bV, SP}?&t&ﬁ;dp%frtU@Xs&k)b@@dab%%}ogé}lt%bﬁé Shbsti tution

with zirconiumwas not accel erated by cal cining at 0168] Further, a

hyd ' | yst. . L i ni usy ) i
manner ag. R EVATRIL E TRET br el ties G T hi Py aiBerBeki g CAUBTyer | are

h i bl e, 3. 169] Co ti, Ex | 4: hyd i t al t J
A e et e B AL T S R BAIPN

(e)") 1 k repared by calcinjng USY (b) obtain in Ex le 1 at 800C for
one hour gﬁgv%U§ﬁ@ﬁﬁ@&krﬁu@®t{F e@m&@éﬁlﬁ?_ §§Fggﬁdt§ep%ggWeW%@“§olution
was adjusted to 1.6 by sulfuric acid of 25 % by mass. Zirconium sul fate of
18 % by nBeRSBE- Y Stascaddedanth Mdtedoandot He® siusFsHSTESn was stirred at
roomtenperature for 3 hours. Then, the pH was adjusted to 7.2 by aqueous
anmoni a ofulSt Bhufechaseliand! tdrs Budsensboriewas stirred at room tenperature
for 1 hour and then filtrated. A matter obtai ned was washed with 10 L of 5
wat er and[@9PPed at THSOQdrgran2@ hvuds der obbaidnabboattvipkgldfy a
zirconiumsubstituted type zeolite (hereinafter referred to as "USY (J)").
The propertnesiof dUSYibcepnas esshowy ias Fablendiatine pueperdvies of USY (J)
are shown in Table 2; and a UV spectrumof USY (J) is shown in Fig. 3.

10[ 0171] Futther., adwdn@crackhdgh Gatakyste Jticontial NongasyYd {w)a Was
prepared in the sane manner as in Exanple 1. The properties of the

hydr ocr ackipgo catial Msitiidgat Be Shown st ahabl e-8ypd O3l Canpay atime iExanpl e 5:
hydr ocracki ng catal yst K 15[0173]USY (c) 1 kg obtained in Exanple 1 was
suspended, L0q 10 L of- Wb eF s 0F ZRne 29d AcPHhpl dde ppokubhon yes adjusted to
0.6 by sulfuric acid of 25 % by mass. Zirconiumsulfate of 18 % by nass 86
g was adde m .an i.0 i d.at om{.enperature
for 3 hou?§?9$ﬂgﬁ%%%%gebkgz %ﬁ%gggﬁgégega¥%f%sé1%%£%&§e5%§ %%%%nla of 15 %
by S, an? tnf sol ution,was stjrreddatfroon1teqp r%;ure for 1 hour and
then TT1tPared® A Marter oBraiHed was “washed” Wi tH £O6f “hat®f and dri ed
at 130C for 20 hours to obtain about 1 kg of a_zirconiumsubstituted type
zeolite (H%F%}¥§H%(ﬁanrgFePF%ﬂ.tcﬁxamples hereof include alumina,

silica, titania, silica-alumina, alumina-titania, alumina-

zirconia, alumina-boria, phosphorus-alumina, silica-alumina-

boria, phosphorus-alumina-boria, phosphorus-alumina-silica,
20 silica-alumina-titania, and silica-alumina-zirconia. In the

present invention, in particular, an inorganic oxide mainly

composed of alumina, silica-alumina is preferred.

[0098] The framework-substituted zeolite-1 content and the

inorganic oxide content of the support can be appropriately
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as "USY (K)"). The properties of USY (K) are shown in Table 2.

[0174] Further, a hydrocracking catalyst K containing USY (K) was prepared
in the sawo 2mxmesivas in Exanple 1. The 5 properties of pChasshydneeracki ng
catal yst K are shown in Table 3. [0175] Conparative Exanple 6: hydrocracking
catalyst L [0176]USY (c) 1 kg obtained in Exanple 1 was suspended in 10 L
of water of 25C, and a pH of the solution was adjusted 10 to 2.4 by

sul furic acid of 25 % by nass. Zirconiumsulfate of 18 % by nass 86 g was
added and m xed, and the suspension was stirred at roomtenperature for 3
hours. ThestethiehpHawas radhystedHeo obj2chy atpedlisorarmonsa §f 15 % by nass,
and the suspension was stirred at roomtenperature for 1 hour and 15 then

filtrateds Andpdtiers@biatneds wass washed whtbnd0,4 of twaker gpdngdsd ed at
130C for 20 hours to obtain about 1 kg of a zirconiumsubstituted type

zeolite (hepeinafd.er,reberred 10 ag WURY (hd"Idn e RLORELLi&S of USY (L)
are shown in Table 2. "20[0177] Further, a hydrocracki'ng catal yst L

containin Y . (L) was . prepar in.t ) S | a e 1. The
propertiegoo e?%éﬁ%iﬁgoggaggfﬁgygggﬁlegg ﬁggﬁe sﬂ§aﬁ%fn%$a§?%q§%

[0178] arative Ex le 7. hydrocrackin at al yst |

5015/ 0188RBPET) UES00 1T Ba6575° (ST 701087 EA13 e DAl ngl™ W Exarpl e 1 was
suspended _in 20 L of warm wa of. 60 Sul furic acid of 25 mass % 3.7 kg

er :
was gr aduaff§°% "&Utbétﬁﬁét%%o%/%og&?ﬁgné%nu% FhéStPRFEd att "AIC for one

hour to di ssol ve extraskel et al .
are used preferably in a proportion of less than 50 % in a

sum of the framework-substituted zeolite-1 and the framework-
substituted zeolite-2.

10
(6) Hydrogenative metal component:

[0099] As the hydrogenative metal component, a known metal
component for use in conventional hydrocracking catalysts can
be used. Examples thereof include metal components (iron,

15 cobalt, nickel, rhodium, palladium, silver, iridium, platinum
or gold) in group 8 of the long periodic table and/or metal
components (chromium, molybdenum or tungsten) in group 6.
Preferred examples of the metal component include
combinations of molybdenum or tungsten in group 6 and cobalt

20 or nickel in group 8; and metal components of the platinum
group (platinum, rhodium, palladium and the like).

[0100] The hydrogenative metal component may be contained

in the hydrocracking catalyst in an amount (0.01 to 40 % by

mass 1n terms of oxide) usually used in a hydrocracking
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5 alum num Then, the suspension was filtrated, and a matter obtai ned was
washed with 20 liter of purified water of 60C and dried at 130C for 20
hours t o wbtaiznissioul tra stable Y-type zeolite (herei nafPceruseafionderl to as
"USY (f)"). The properties of USY (f) are shown in Table 1. 10[0180] USY (f)
t hus obtai ned was cal cined at 600C for 1 hour to obtain about 1.5 kg of an
ultra stable Y-type zeolite (hereinafter referred to as "USY (g)"). The
properties of USY (g) are shown in Table 1. [0181]USY (g) 1 kg thus
obt ai ned was suspended in 10 L of 15 water of 25C, and a pH of the solution
was adj ustetatiwstl. sy isuthari€l e aet . 251H06 thye eSS, ofi heDMbdEAWEYl fat e of
18 % by mass 86 g was added and m xed, and the suspension was stirred at
room tenpenay s f Aond1hoyEsnidinen, shhempbhWashadidisti@dpl ot Yol 1 ,aqueous
amoni a of 15 % by nmass, and the 20 suspension was stirred at room

t enper at up.e. £or. ik haur ,ang %h@yp dddd nat edy A gRtd.ery0bLaiged, was washed
with 10 L of water and dried at 130C for 20 hours to obtain about 1 kg of a

zi rconi uny, stit te% eoljte,(h Lnaft referred "Usy (M").
The proper§?£§gof%ﬁs . éF§3§é §hb&hQ1%g$gb?e %&af%fgf%ﬁur%ﬁ%gf a
hydr ocy acki cat al yst M cont aj ni USY %% S \prepared in the sane
nannergaslf]i)gg ”ﬁﬁ%lé%fgl$ﬂé %$%55£%Wb§n8f£ e¥ﬁ§ﬁﬂoépa8ﬁ?ﬁﬁgcatalyst M are
shown in Tablq§§3. %%%83 Cﬁ rative naée 8: hydrocracking, catalyst N
[ 0184] USY (&) 2 Ky’ aithie g?ﬂy %ﬁ?lrg@y so%d'sopegndsegyi %20 1" of warm
water of 60C. Sulfuric acid of 25 mass % 13.6 kg was gradual |y added to the
above suspeh8? oif dtfdatthen 10 stirred at 70C for one hour to dissolve
extraskel etal alum num Then, the suspension was filtrated, and a matter
obt ai ned was washed with 20 liter of water of 60C and dried at 130C for 20
hours to obtain an ultra stable Y-type zeolite (hereinafter referred to as
"USY (h)"X7) Theodks tprecpett hedraofrdd3¥nghyage ey showr iydTabkebdn ¢i0L1:85] USY
(h) thus obtained was cal cined at 600C for 1 hour to obtain about 11 kg of
an ultva soable Y-rype zigdld terfhes ednaf todfr thef Bydedectarkasg" USY (i)"). The
properties of USY (i) are shown in Table 1.

catalyst according to the present invention falls preferably

in a range of 200 to 450 m°/g. Further, a range of 250 to

400 m°/g is more suitably recommended. If the above specific

surface area is less than 200 m°/g, the decomposition rate is

15 reduced, and a yield of the middle distillate is reduced as

well. If the above specific surface area exceeds 450 m’/g,

the decomposition rate grows high, and the gas fraction tends

to be increased.

[0102] In the hydrocracking catalyst according to the

20 present invention, a volume of pores having a pore diameter
of 600 A or less falls preferably in a range of 0.40 to 0.75
ml/g. Further, the range of 0.45 to 0.70 ml/g is more

suitably recommended. If the above pore volume is less than

0.40 ml/g, the specific surface area is reduced. Accordingly,
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20[ 0186] USY (i) 1 kg thus obtained was suspended in 10 L of water of 25C,
and a pH of the solution was adjusted to 1.6 by sulfuric acid of 25 % by
mass. Zi rworniomigsibfate of 18 % by nass 86 g was added aow/usexemds2and t he
suspension was stirred at roomtenperature for 3 hours. Then, the pH was
adjusted to 7.2 by aqueous ammoni a of 15 % by mass, and the suspensi on was
stirred at roomtenperature for 1 hour and then filtrated. A matter

obt ai ned was washed with 10 L of water and dried at 130C for 20 hours to
obtain about 1 kg of 5 a zirconiumsubstituted type zeolite (hereinafter

referred theaSeldddPbs(iNioh. rdhe ¥ apertkas ofid USYi(dYd aretsbhowtddie Tabl e 2.
[0187] Furt her, a hydrocracking catalyst N containing USY (N) was prepared

in the sapespaMEle as irfagExaPd £ wb11The 120 ps opgstd @sref vbhendydr ocracki ng
catalyst N are shown in Table 3. [0188] Conparative Exanple 9:

hydr ocr acki.nge. gat@l st 104[ OLBO] NMIFY 2 kg 0bt alned sisn xanple, 1 was

cal ci ned at 800C for one Lour in a saturated water vapor atnosphere to 15
obtain ab&%‘ o éxlﬂﬂ of 30 H%%E@é%%%% YaLyP r&FSO'HiEeq% .(Q%effﬂ%fs@{?e!. referred
to as "USY (] J) ving a ) nm The properties o (j) are
shown gn gbl e, 1. t[01690 Usy (M leaks% t hu no& al nceodnn\g/a%icgl cj ned at, 600C for
1 hour” t ot bRt At H LB Ry Tof Pan titFa Stabl® Y1y pe PESTitR’ 20t hét%ithat t er
referred to as "USY k)"%). ghﬁécggoperties of UtS.Y (k Lare ghk())vvn in Table 1.
[0191] USY EkY™ Ky AHSbBEGi med” wis s B phtied 147 10 16F7 ©Y

calculating and analyzing a desorption data of nitrogen by a

BJH method.

[0103] In the hydrocracking catalyst according to the

10 present invention, the hydrogenation-active metal component

is preferably carried thereon, as described above, in a range

of 0.01 to 40 % by mass.

[0104] An amount of zirconium or hafnium contained in the

hydrocracking catalyst according to the present invention

15 each is preferably 0.1 to 5 % by mass (in terms of oxide)

respectively. Further, the range of 0.5 to 4 2 is suitably

recommended.

[0105] An amount of titanium optionally contained in the

hydrocracking catalyst according to the present invention is

20 preferably 0.1 to 5 % by mass (in terms of oxide). Further,

the range of 0.5 to 4 % is suitably recommended.

Method for producing hydrocracking catalyst for hydrocarbon

oil:
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wat er of 25C, and a pH of the solution was adjusted to 1.6 by a sulfuric
aci d aqueous solution of 25 % by mass. Zirconiumsulfate of 18 % by mass 86
g was addedarxbissigzed, and the suspension was stirred aPCrasnoiienger at ure
for 3 hours. Then, the pH was adjusted to 7.2 by aqueous amoni a of 15 % by
mass, and the suspension was stirred at room5 tenperature for 1 hour and
then filtrated. A matter obtained was washed with 10 L of water and dried
at 130C for 20 hours to obtain about 1 kg of a zirconiumsubstituted type
zeolite (hereinafter referred to as "USY (0)"). The properties of USY (0)
are shownponodpbl eT2e HPR[LI2LkunE hestala Jty dbechagkd agricat aliyst 0
containing USY (0) was prepared in the sane manner as in Exanple 1. The
propertiesgcobrd ey hydraer pekidg: cathnystbnOcak eoshawWaui-BaTabl e 3.

[ 0193] Conpar ati ve Exanpl e 10: hydrocracking catalyst P 15[ 0194] NH4A95Y 2 kg

obtai ned kp; Bxapl®, 1 was,cal cined at, 3006 L or«0ng QUL LD A St at ed
wat er vapor atnosphere to obtain an ultra stable Y-type zeolite

(her ei naf err t "USY (1)) shavi f 455 nm The
propertie%§%?&ﬁ%§ﬂk%%ea?38§ %ﬁﬁ%f%éfﬁ%F8§¥¥ﬂ%ﬁ?d%%%%uéér( ) thus obtained
was cq%cined at 60Q% for i hour ta obtain_ apout “5tkg of an.%!tra stabl e
Y-type® zeBf TT & (Herdiharter retertétcs a8 %@Vx%ﬁfhf.a?h%rﬁl%ﬁ%rties of
USY (m) are sho i.n Table 1. [0196] USY 1 kg thus obtai ned was
suspended”{h" 1?)\,!{1@5611%?%??%@3556@% “agﬂglzﬁ%cﬁ- tﬁé“es(S‘FthFg% Was adjusted to
1.6 by a sulfuric acid aqueous solution of 25 % by mass. Zirconium sul fate
of 18 % b§rhass28b fgrfés tadiet shduriPeéd; ahie t Hersddpéfsi on was stirred at
roomtenperature for 3 5 hours. Then, the pH was adjusted to 7.2 by aqueous
anmoni a ofM2B5egBafehesdsh ahd Wy isypéaseonewas Etponedtapy rdom t enper at ure
for 1 hour and then filtrated. A matter obtained was washed with 10 L of
wat er andcdrhed retthb30Cdfded 2(riburisetio bheaéhy abfutrdinkgtiod a
zirconiumsubstituted type zeolite 10(hereinafter referred to as "USY
(P)")10 Theypropsrdiies obtbSYsfP) are shown in Table 2. [0197] Further, a
hydr ocr acki ng catal yst P contai ni ng USY (P) was prepared in the sanme
manner as[bnoExanpher drnathiecpkopent i esantfudrite shydt oeiwaekiRg1catalyst P are

shown in Table 153. [0198] Conparative Exanple 11: hydrocracking catal yst Q
and the inorganic oxide (or a precursor thereof) are mixed
with the hydrogenative metal component. The mixture is
formed into an article with a desired shape. The article is

15 dried and fired, thereby affording the hydrocracking catalyst.
[0108] The precursor of the inorganic oxide described
above shows a substance to be formed into the inorganic oxide
constituting a support of the hydrocracking catalyst by
mixing with other catalyst constitutional components and

20 subjecting to prescribed treatment.
[0109] Firing conditions for this type of catalyst used in
the related art are applied to firing of the support and the

hydrocracking catalyst. The firing temperature is preferably

in the range of 400°C to 650°C.
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[0199] USY (c) 1 kg obtained in Exanple 1 was suspended in 10 L of water of
25C, and a pH of the solution was adjusted to 1.6 by a sulfuric acid
aqueous swbubionssitb 25 % by mass. 20 Zirconi um sul f at e ®CTAB2061lby62nRss 8. 6
g was added and m xed, and the suspension was stirred at roomtenperature
for 3 hours. Then, the pH was adjusted to 7.2 by aqueous ammoni a of 15 % by
mass, and the suspension was stirred at roomtenperature for 1 hour and
then filtrated. A matter obtained was washed with 10 L of water and dried
at 130C for 20 hours to obtain about 1 kg of a zirconiumsubstituted type
zeolite (hereonaftesudefgrrred hodasgedd (QraralThe praperihigesoof USY (Q
are shown in Table 2. 5[0200] Further, a hydrocracking catal yst Q contai ning

USY (Q was %%@an@nﬁbgnsmﬂ@@ﬂgﬁa@§d|kﬂy Examel@atindhendroperties of
t he hydrocracking catalyst Q are shown in Table 3. [8201]C0nparat|ve

Exanpl e 1g, Qﬁ’grc%rc%glﬁ'eegag%@lxylscth Rn10L0202] Lé%Ylu(tCl)on ckgrobtained in

Exanple 1 mas suspended in wat er of 25C, a pH of the sol ution
was adj us 0 mass.
ercon{un$ggl%gte O{B¥§%86%§E%%%gmg%é Cg&ggggﬁaegl %&ﬁ% t/ b[%/he

suspensi o S S red cat roon1tengeraigre for 3.15 h urs The t he pH was
adjust%d to&at% ‘% &quéShisS Ao ‘a oF 15 2By Fade 3a%8ufhe 3 <fensi on was
stirred at . roomtenperature for 1 hour and then flltrated A matter
obt ai ned @45 washed with 10 L of water and dried at 130C for 20 hours to
obtain about 1 kg of a zirconiumsubstituted type zeolite 20(hereinafter
referred to as "USY (Q"). The properties of USY (Q are shown in Table 2.
[0203] Furt her, a hydrocracking catalyst Q containing USY (Q was prepared
in the salethetnerr dydiracExakpte vdrrkerpeoperti es of the hydrocracki ng
catalyst Q are shown in Table 3. [0204] Conparative Exanple 13:
hydr ocr ackPhyl kat alysth8l{c@205kUSY ¢xhallykg fobt biydeckcd rbdExanpl e 1 was
suspended in 10 L of water of 25C, and a pH of the solution was adjusted
10 according to the present invention is charged into a reactor
vessel of a hydrotreating apparatus (flow reactor) and
suitably used for hydrocracking hydrocarbon oil.
[0112] The hydrocarbon oil described above contains
preferably refined oil obtained from (1) crude oil, (2)
15 synthetic crude oil, (3) bitumen, (4) oil sand, (5) shell oil
or (6) coal liquid. Suitably used as the above refined oil
is o0il selected from, for example, a) vacuum gas oil (VGO),
b) deasphalted oil (DAO) obtained from a solvent deasphalting
process or demetalled oil, ¢) light coker gas o0il or heavy
20 coker gas o0il obtained from a coker process, d) cycle oil
obtained from a fluid catalytic cracking (FCC) process or e)
gas o0il obtained from a visbraking process.

[0113] The hydrocracking can be carried out on publicly

known conditions.
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5to 1.6 by a sulfuric acid aqueous solution of 25 % by nmass. Hafnium
chloride 1.6 g was added and m xed, and the suspension was stirred at room
t enper at we 20vo1881hour s. Then, the pH was adjusted to 7PeThis2@100e6205

ammoni a of 15 % by mass, and the suspension was stirred at roomtenperature
for 1 hour 10 and then filtrated. A matter obtained was washed with 10 L of
wat er and dried at 130C for 20 hours to obtain about 1 kg of a

haf ni um substituted type zeolite (hereinafter referred to as "USY (S)").
The properties of USY (S) are shown in Table 2. 15[ 0206] Further, a

hydr ocr ackpnga rat akyste:SngaRrt abnNh figr M aH(i)y Wesa piepaned dnnithe sane
manner as in Exanple 1. The properties of the hydrocracking catalyst S are

shown in Fableradct202LCoppas@td e Exagpkel 14y Whwdr egeacki ng catalyst T
20[ 0208] USY (c) 1 kg obtained in Exanple 1 was suspended in 10 L of water

of 25C, aH?d@om&Jln h%a%théﬁ Ofk 85 ,adl Ysted, ta%dl dB¥carsyh furi ¢ acid
aqueous sol ution of % by mass. Hafnium chlorid 6 g was added and

m xed, ang %bv\%g quﬁlng p¥\@§9 %ﬂ 180 - artorgé)@éecrg%eb%tle% %/é)(% 3 hours
Then, the p adj ust ed by aqueous amoni a of mass,
the su pegglon w%sncsetl r.r d at roomt%rrpgrg ur e f or f1 hour _a Elothen
filtrated "A hrt1€ ol?tfa 4 Wa gdﬁn h- 101 “of “waf&f € dndried at
130C for 20 hour s to ob%g t (ngto ]ogkg ; a haf ni um subsjtE %utt ed3
zeolite (H%?%??Paﬂ%er e %d t 0 Us O UBYRY 5 @9 FHE SHHOpel Of OUSY (T)
are shown in Table 2. [0209] Further, a hydrocrackin cat al ﬁSt T containing
USY (T) wHB2prepar®ddd ROPREY sHtReraitAerihaE (WHERardfl & 1. tThel 10 properti es
of the hydrocracking catalyst T are shown in Table 3 [0210] Conparative
Exanpl e 18ndhydrsticacki/ agl catalystt 90P02e1FU8Y NrgYmi- kg obtained in Exanpl e
1 was suspended in
[0115] Further, a hydrotreating which is a flow reactor is
10 filled with the hydrocracking catalyst described above, and a
hydrocarbon o0il having a boiling point of 375°C to 650°C can
be treated in the presence of hydrogen on the conditions of a
reactor temperature of 330°C to 450°C, a hydrogen pressure of
7 to 15 MPa, a liquid hourly space velocity (LHSV) of 0.2 to
15 1.5 h™! and a hydrogen/oil ratio of 1000 to 2000 Nm’/m’ to
obtain kerosene & gas oil. Capable of being suitably used as
the flow reactor described above is a flow reactor
selected from a stirring bath type reactor, a boiling floor
type reactor, a baffle-equipped slurry bed type reactor, a
20 fixed bed type reactor, a rotary tube type reactor and a
slurry bed type reactor.
[0116] The hydrocracking catalyst for hydrocarbon oil

according to the present invention can suitably be used

particularly for hydrocracking of high boiling fraction-
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10 L of water of 25C, and a pH of the solution was adjusted 15 to 1.6 by a
sul furic acid aqueous solution of 25 % by mass. Zirconiumsul fate of 18 %
by mass 880gomndsgivt anyl sul fate of 33 % by nmass 6.0 g weTaSaddeds2and

m xed, and the suspension was stirred at roomtenperature for 3 hours.

Then, the pH was adjusted to 7.2 by aqueous ammoni a of 15 % by mass, and 20
t he suspension was stirred at roomtenperature for 1 hour and then
filtrated. A matter obtained was washed with 10 L of water and dried at
130C for 20 hours to obtain about 1 kg of a zirconiuntitani umsubstituted
type zeol tbetd{hene maiteraredes & edrco hagh" biSY1 {1J) "Hracthenproperti es of USY
(U are shown in Table 2. [0212] Further, a hydrocracking catal yst U

cont ai ni NngoMSYinind Wydwasaprepaned i nybRe-sagdhdranmenias bh &l e 1. The
properties of the hydrocracking catalyst U are shown in Table 53.

[0213] Conpar g e Jrxamabed6; Dydrogs ackingo£asdl st Vol 0R141 USY (c) 1 kg

obtai ned in Exanple 1 was suspended in wat er of 25C, and a pH of
t he sol ut] j.ust.ed | fur) cj,d 20us sol ution of 25
% by nass%ggﬁw@?%ggﬁi§§1§U%?é%%§%gxigmA?by %%%s é%ggggyitanyl sul f at e of

33 % b ss 516 re _added and m xed, .an he suspension was stirred at
oo torper ATt e s TGty o R RS BRPUAL ad il EEATP S 7 S by aqueous
ammoni a of 15 % by nass,_and the suspensi on s stirred_at room.tenperature
for 1 hour®anyg" 1%9/5[ r?éﬁr f(VF??ataeo?oslﬁ(er‘?ﬁt F@?S%%?B]a"ieﬁje&’l\?vag])é&éh With 10 L of
water and_dried at 130C for 20 hours to obtain about 1 kg of a
zi rconi unti¥ani um substituted type zeolite (hereinafter referred to as "USY
V)"). The properties of USY (V) are shown in Table 2. 20[0215] Further, a
hydr ocr ackPhy7 kbat alysthey ceent @haraghyByycyrpnwaslpr epar edkaimplehe same
manner as in Exanple 1. The properties of the hydrocracking catalyst V_ are
shown i n TapheoBilinfablrecti®iS¥tontaining hydrocarbons, are

10 hydrocracked using the hydrocracking catalyst for hydrocarbon
01l according to the present invention, middle distillates
can be provided in high yield because of suppression of the
excessive decomposition reactor of kerosene-gas oil, as
described above.

15
Apparatus for hydrotreating hydrocarbon oil:

[0118] An apparatus for hydrotreating hydrocarbon oil in
the present invention is not particularly limited as long as
the foregoing hydrocracking for hydrocarbon oil can be

20 performed. Various types of apparatuses may be used. An
apparatus for hydrotreating hydrocarbon o0il including a first
catalyst—-filled tank, a second catalyst-filled tank, and a
third catalyst-filled tank that are connected in series is

particularly suitable. Each of the catalyst-filled tanks is
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Silica- alumna ratio Crystal lattice constant (nn) Specific surface area
(m2/g) Crystallinity (% a 5.2 2.438 635 98 b 30.2 2.436
WO 2012/018819 PCT/US2011/046272

filled with a hydrocracking catalyst for hydrocarbon oil.
[0119] The second catalyst-filled tank is filled with the
hydrocracking catalyst according to the present invention.
The hydrocracking catalyst in the second catalyst-filled tank
5 is used in a filling factor of, for example, 10% to 60% by
volume with respect to the total volume of all the
hydrocracking catalysts filled into the first, second, and
third catalyst-filled tanks. However, the filling factor may

fall in a range other than the above range.

10
EXAMPLES
[0120] Analytical methods used in the present invention
shall be described below.
[0121] 1) Composition analysis:
15 An X-ray fluorescence analyzer (“"RIX3000” manufactured

by Rigaku Corporation) was used to carry out composition
analysis (Zr, Hf, Ti, Mo or Ni) of a sample (zeolite or the
hydrocracking catalyst). A sample for measurement was
prepared by a glass bead method. To be specific, 5 g of the
20 sample was put in a vinyl chloride-made ring having an inner
diameter of 35 mm and molded by applying a pressure of 20 t
for 20 seconds by means of a pressure molding machine to
prepare the sample for measurement. Conditions of the X-ray

fluorescence analysis are shown below; target: Rh, analyzing
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710 105 ¢ 30.1 2.436 712 105 d 30.2 2.438 710 105 e 30.1 2.435 708 103 f
15.5 2.437
WO 2012/018819 PCT/US2011/046272

crystal: LiF, detector: scintillation counter, excitation: Rh
vessel of 4 kW, measuring voltage: 55 kV, current: 70 mA.
[0122] 2) Measurement of sodium in zeolite:
An atomic absorption spectrometer (“Z5300” manufactured
5 by HORIBA Ltd.) was used to measure a sodium content in a
sample (zeolite). The measuring wavelength range was
controlled to 190 to 900 nm.
[0123] 3) Crystal lattice constant:
An X-ray diffractometer (“RINT2100” manufactured by
10 Rigaku Corporation) was used to measure an X-ray diffraction
peak of a sample (zeolite), and the crystal lattice constant
was calculated from the result thereof. A method for
calculating the crystal lattice constant has already been
described in the present specification. Conditions of the X-
15 ray diffraction are shown below; vessel: Cu-K (o ray), 26
scanning range: 20 to 50°, scanning speed: 0.01°/minute,
scanning step: 0.01°.
[0124] 4) Crystallinity:
The crystallinity was calculated from an X-ray
20 diffraction peak of a sample (zeolite). A calculating method
therefor has already been described in the present
specification.
[0125] 5) S$10,/Al1,03 molar ratio:

A peak intensity ratio of Si and Al was determined from
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2.428

10

15

20

WO 2012/018819 PCT/US2011/046272

an X-ray diffraction peak of a sample (zeolite), and it was
reduced to a molar ratio of Si0O; to Al,0s.
[0126] 6) Specific surface area and pore volume:

An adsorption measuring equipment (fully automatic gas
adsorption equipment “AUTOSORB-1” manufactured by
Quantachrome Instruments Corporate) was used to subject 0.02
to 0.05 g of a sample (zeolite or the hydrocracking catalyst)
to deaeration treatment at room temperature for 5 hours, and
then an adsorption desorption isothermal curve was measured
under liquid nitrogen temperature to calculate a specific
surface area per mass using a BET equation of a multipoint
method. Further, a pore distribution and a pore volume (pore
diameter: 600 A or less) were calculated from a nitrogen
adsorption isothermal curve by a BJH method.

[0127] 7) Ultraviolet-visible/near-
infrared/spectrophotometry (UV-vis-NIR spectrum) :

A UV-vis-NIR spectrum of zeolite was measured by means
of an ultraviolet-visible/near-infrared/spectrophotometer
(model number: JASCO V-570, manufactured by JASCO
Corporation). The sample was prepared by physically mixing
potassium bromide with the sample in a proportion of 99 : 1
and molding 50 mg of the mixture into a wafer form at a
pressure of 500 kg/cm®. Then, the molded matter was heated

up to 200°C at a heating rate of 3.0°C/minute and pre-treated
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585 88 k 30.5 2.428 583 87 1 29.5 2.455 685 98 m 29.3 2.454 688 97 WO
2012/ 018819PCT/ US2011/ 046272 PCT
WO 2012/018819 PCT/US2011/046272

by carrying out vacuum evacuation for 3 hours, and then
measurement was carried out at room temperature on the
conditions of a spectral bandwidth of 10 mm and a scanning
speed of 400 nm/minute.

5 [0128] 8) Fourier transform infrared spectroscopy (FT-IR
spectrum) :

FT-TIR spectra of a hydroxyl group of zeolite and a
framework vibration area thereof were measured by means of a
transmission Fourier transform infrared spectroscope (JIR-

10 7000, manufactured by JASCO Corporation). The sample was
prepared by molding 20 mg of the sample into a wafer form at
a pressure of 500 kg/cm’. Thereafter, the molded matter was
heated up to 400°C at a heating rate of 6.7 C/minute and pre-
treated by carrying out vacuum evacuation for 3 hours, and

15 then measurement was carried out at room temperature on the

s . -1
conditions of a resolution of 4 cm

and an integration
frequency of 500 times.
[0129] Explanations of tables:
Table 1: the properties of USY (a) to (m) used as the raw

20 materials were shown in Table 1.
Table 2: the properties of the framework-substituted zeolite-
1 (USY (A) to USY (F)) used in Example 1 to Example 6 were

shown in Table 2.

Table 3: the properties of the hydrocracking catalysts
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Table 2 USY Silica- alumna ratio Crystal Lattice constant (nm Specific
surface area (n2 / g ) Crystal- linity (%9 Zr02 (mass% Hf 02
WO 2012/018819 PCT/US2011/046272

(Catalyst A to Catalyst F) prepared in Example 1 to Example 6
were shown in Table 3.

Table 4: the properties of the raw material oils used in the
test examples were shown in Table 4.

5 Table 5: the test results (relative cracking rates and
relative middle distillate yields) of the hydrocracking
catalysts according to the present invention were shown in
Table 5.

[0130] Example 1: Hydrocracking catalyst A

10 [0131] Ultra-stable Y zeoclite
[0132] First, 50.0 kg of a NaY zeolite (hereinafter, also
referred to as "NaY") having a Si0,/Al.0; molar ratio of 5.2,
a unit cell dimension (UD) of 2.466 nm, a specific surface
area (SA) of 720 Hf/g, and a Na,0 content of 13.0% by mass was

15 suspended in 500 liter (hereinafter, also expressed as "L")
of water having a temperature of 60°C. Furthermore, 14.0 kg
of ammonium sulfate was added thereto. The resulting
suspension was stirred at 70°C for 1 hour and filtered. The
resulting solid was washed with water. Then the solid was

20 washed with an ammonium sulfate solution of 14.0 kg of
ammonium sulfate dissolved in 500 L of water having a
temperature of 60°C, washed with 500 L of water having a
temperature of 60°C, dried at 130°C for 20 hours, thereby

affording about 45 kg of a Y zeolite (NH4%Y) in which 65% of
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(mass% Ti2 (mass% Exanple 1 A 29.8 2.438 710 105 1.01 Exanple 2 B 30.
2.438 735 108 0.49
WO 2012/018819 PCT/US2011/046272

sodium (Na) contained in Na¥Y was ion-exchanged with ammonium

ion (NH,"). A content of Na,O in NH,°°Y was 4.5 % by mass.
[0133] NH,°°Y 40 kg was fired in a saturated water vapor

atmosphere at 670°C for 1 hour to form a hydrogen-Y zeolite

5 (HY). HY was suspended in 400 L of water having a
temperature of 60°C. Then 49.0 kg of ammonium sulfate was
added thereto. The resulting mixture was stirred at 90°C for

1 hour and washed with 200 L of water having a temperature of
60°C. The mixture was then dried at 130°C for 20 hours,

10 thereby affording about 37 kg of a Y zeolite (NH4%Y) in which
95% of Na contained in the initial NaY was ion-exchanged with
NH,. NH,”"Y 33.0 kg was fired in a saturated water wvapor
atmosphere at 650°C for 1 hour, thereby affording about 15 kg
of a ultra stable Y zeolite (hereinafter, also referred to as

15 "USY (a)") having a S10,/Al.0; molar ratio of 5.2 and a Nas0
content of 0.60% by mass. Table 1 shows physical properties
of USY (a).
[0134] Next, 26.0 kg of this USY (a) was suspended in 260
L of water having a temperature of 60°C. After 61.0 kg of

20 25% sulfuric acid by mass was gradually added to the
suspension, the suspension was stirred at 70°C for 1 hour.
The suspension was filtered. The resulting solid was washed
with 260 liter of deionized water having a temperature of

60°C and dried at 130°C for 20 hours, thereby affording a
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Exanple 3 C 30.5 2.437 716 103 0.99 0.50 Exanple 4 D 29.5 2.435 701 0.98
0.49 1. 03 Exanple 5
WO 2012/018819 PCT/US2011/046272

ultra stable Y-type zeolite (hereinafter, also referred to as
"USY (b)"). Table 1 shows physical properties of USY (b).
[0135] USY (b) was fired at 600°C for 1 hour, thereby
affording about 17 kg of ultra stable Y-type zeolite
5 (hereinafter, also referred to as "USY (¢)"). Table 1 shows

physical properties of USY (c).
[0136] Preparation of zirconium-substituted zeolite: USY
(A)
[0137] First, 1 kg of USY (c) was suspended in 10 L of

10 water having a temperature of 25°C. The pH of the suspension
was adjusted to 1.6 with 25% sulfuric acid by mass. Then 86
g of a solution containing 18% zirconium sulfate by mass was
added thereto. The resulting mixture was stirred for 3 hours
at room temperature. Then the pH was adjusted to 7.2 with

15 15% aqueous ammonia by mass. After the mixture was stirred
for 1 hour at room temperature, the mixture was filtered.
The resulting solid was washed with 10 L of water and dried
at 130°C for 20 hours, thereby affording about 1 kg of a
zirconium-substituted zeolite (hereinafter, also referred to

20 as "USY (A)"). Table 2 shows physical properties of USY (A).
Fig. 1 shows a UV spectrum of USY (A).
[0138] Fig. 1 demonstrated as follows: The UV spectrum of
Zr0Q, derived from zirconium sulfate serving as a raw material

for USY (A) showed peaks at about 230 and about 280 nm,
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whereas the UV spectrum of USY (A) showed a peak at about 200
to 220 nm. Thus, the framework of USY (A) was substituted by
Zr.

[0139] Here, the UV spectrum of the zeolite was measured
with an ultraviolet-visible-near-infrared spectrophotometer
(JASCO V-570, manufactured by JASCO Corporation) at a band
width of 10 mm and a scanning rate of 400 nm/min. Meanwhile,
50 mg of a potassium bromide-USY (A) 99:1 mixture was formed
into a wafer-like UV-spectrum sample at a pressure of 500
kg/cm®. The sample was placed in the ultraviolet-visible-
near-infrared spectrophotometer. After pretreatment was
performed by heating the sample to 200°C at a heating rate of
3 °C/min and evacuating the sample for 3 hours, measurement
was performed at room temperature at a resolution of 4 cm™*
and a number of integrations of 500.

[0140] The composition analysis of the zeolite was
performed with an X-ray fluorescence analyzer (RIX 3000,
manufactured by Rigaku Corporation). A sample was prepared
by a glass bead method. Sodium in the zeolite was measured
with an atomic absorption spectrophotometer (Z-5300,
manufactured by HORIBA, Ltd). The crystallinity and the
crystal lattice constant were measured with an X-ray

diffractometer (RINT 2100, manufactured by Rigaku

Corporation). The specific surface area and the pore volume
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were measured with a pore distribution analyzer (Autosorb,
manufactured by Quantachrome Instruments).
[0141] Hydrocracking catalyst A
[0142] First, 40 kg of an aqueous solution of 6.8% sodium

5 aluminate by mass on an Al;0; basis was mixed with 40 kg of an
aqueous solution of 2.4% aluminum sulfate by mass on an Al,0:
basis. Further, the mixture was stirred at 60°C for 1 hour,
and then the product was washed with 150 L of a 0.3 mass %

ammonia aqueous solution to remove Na»S0O.. Next, water was

10 added to the product from which Na,S0; was removed to adjust

an Al,0; concentration to 102 by mass. The pH was adjusted to
10.5 with 15% aqueous ammonia by mass. The mixture was

stirred at 95°C for 10 hours, dehydrated, washed, and kneaded
with a kneader, thereby providing an alumina mixture.

15 [0143] The resulting alumina mixture was mixed with USY
(A) in a dry mass ratio of 1:1. The mixture was kneaded with
a kneader, formed into a columnar shape having a diameter of
1.8 mm, and fired at 550°C for 3 hours, thereby affording
support A.

20 [0144] The support A was ilmmersed in an aqueous solution
containing hydrogenation-active metal components and fired in
the air at 550°C for 1 hour, thereby affording hydrocracking
catalyst A. Here, the aqueous solution containing

hydrogenation-active metal components was prepared by adding
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700 mL of water to 201.3 g of molybdenum trioxide (an example
of the hydrogenation-active metal component) and 90.4 g of
nickel carbonate (an example of the hydrogenation-active
metal component) and stirring the resulting mixture at 95°C

5 for 5 hours. Hydrocracking catalyst A contained 0.39%
zirconium by mass, 16.7% molybdenum by mass, and 3.88% nickel
by mass on an oxide basis. Table 3 shows physical properties
of hydrocracking catalyst A.
[0145] Example 2: hydrocracking catalyst B

10 [0146] USY (c) 1 kg obtained in Example 1 was suspended in
10 L. of water of 25°C, and a pH of the solution was adjusted
to 1.6 by sulfuric acid of 25 2 by mass. Hafnium chloride 8
g was added and mixed, and the suspension was stirred at room
temperature for 3 hours. Then, the pH was adjusted to 7.0 to

15 7.5 by aqueous ammonia of 15 % by mass, and the suspension
was stirred at room temperature for 1 hour and then filtrated.
A matter obtained was washed with 10 L of water and dried at

130°C for 20 hours to obtain about 1 kg of a hafnium-

substituted type zeolite (hereinafter referred to as “USY

20 (B)"”). The properties thereof are shown in Table 2.
[0147] Further, a hydrocracking catalyst B containing USY
(B) was prepared in the same manner as in Example 1. The

properties of the hydrocracking catalyst B are shown in Table

3.
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[0148] Example 3: hydrocracking catalyst C
[0149] USY (c) 1 kg obtained in Example 1 was suspended in
10 L. of water of 25°C, and a pH of the solution was adjusted
to 1.5 to 1.7 by sulfuric acid of 25 % by mass. Zirconium
5 sulfate of 18 % by mass 86 g and hafnium chloride 8 g were
added and mixed, and the suspension was stirred at room
temperature for 3 hours. Then, the pH was adjusted to 7.2 by
aqueous ammonia of 15 % by mass, and the suspension was
stirred at room temperature for 1 hour and then filtrated. A
10 matter obtained was washed with 10 L of water and dried at

130°C for 20 hours to obtain about 1 kg of a

zirconiumehafnium-substituted type zeolite (hereinafter

referred to as “USY (C)”). The properties thereof are shown
in Table 2.

15 [0150] Further, a hydrocracking catalyst C containing USY
(C) was prepared in the same manner as in Example 1. The

properties of the hydrocracking catalyst C are shown in Table
3.
[0151] Example 4: hydrocracking catalyst D

20 [0152] USY (c) 1 kg obtained in Example 1 was suspended in
10 L. of water of 25°C, and a pH of the solution was adjusted
to 1.6 by sulfuric acid of 25 % by mass. Zirconium sulfate
of 18 % by mass 86 g, hafnium chloride 8 g and titanyl

sulfate of 33 % by mass 60 g were added and mixed, and the
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suspension was stirred at room temperature for 3 hours. Then,
the pH was adjusted to 7.2 by aqueous ammonia of 15 % by mass,
and the suspension was stirred at room temperature for 1 hour
and then filtrated. A matter obtained was washed with 10 L

5 of water and dried at 130°C for 20 hours to obtain about 1 kg
of a zirconiumehafniumetitanium-substituted type zeolite
(hereinafter referred to as “USY (D)”). The properties of
USY (D) are shown in Table 2, and a UV spectrum thereof is
shown in Fig. 2.

10 [0153] As shown in Fig. 2, it was confirmed that a UV
spectrum of TiO, obtained from titanyl sulfate which was the
raw material had peaks in the vicinity of 220 and 320 nm and
that USY (D) had peaks in the vicinity of 210 to 320 nm due
to substitution of Zr and Ti.

15 Further, a hydrocracking catalyst D containing USY (D)
was prepared in the same manner as in Example 1. The
properties of the hydrocracking catalyst D are shown in Table
3.

[0154] Example 5: hydrocracking catalyst E

20 [0155] USY (c) 1 kg obtained in Example 1 was suspended in
10 L. of water of 25°C, and a pH of the solution was adjusted
to 1.6 by sulfuric acid of 25 2 by mass. Zirconium sulfate
of 18 % by mass 86 g and titanyl sulfate of 33 % by mass 60 g

were added and mixed, and the suspension was stirred at room
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temperature for 3 hours. Then, the pH was adjusted to 7.2 by
aqueous ammonia of 15 % by mass, and the suspension was
stirred at room temperature for 1 hour and then filtrated. A
matter obtained was washed with 10 L of water and dried at
130°C for 20 hours to obtain about 1 kg of a
zirconiumetitanium-substituted type zeolite (hereinafter
referred to as “USY (E)”). The properties of USY (E) are
shown in Table 2.

[0156] Further, a hydrocracking catalyst E containing USY
(E) was prepared in the same manner as in Example 1. The
properties of the hydrocracking catalyst E are shown in Table
3.

[0157] Example 6: hydrocracking catalyst F

[0158] USY (c) 1 kg obtained in Example 1 was suspended in
10 L. of water of 25°C, and a pH of the solution was adjusted
to 1.6 by sulfuric acid of 25 2 by mass. Hafnium chloride 8

g and titanyl sulfate of 33 % by mass 60 g were added and

el

mixed, and the suspension was stirred at room temperature for
3 hours. Then, the pH was adjusted to 7.2 by agqueous ammonia
of 15 % by mass, and the suspension was stirred at room
temperature for 1 hour and then filtrated. A matter obtained
was washed with 10 L of water and dried at 130°C for 20 hours
to obtain about 1 kg of a hafniumetitanium-substituted type

zeolite (hereinafter referred to as “USY (F)”). The
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properties of USY (F) are shown in Table 2.

Further, a hydrocracking catalyst F containing USY (F)
was prepared in the same manner as in Example 1. The
properties of the hydrocracking catalyst F are shown in Table

5 3.
[0159] Comparative Example 1: hydrocracking catalyst G
[0160] USY (c) 1 kg obtained in Example 1 was suspended in
10 L. of water of 25°C, and a pH of the solution was adjusted
to 1.6 by sulfuric acid of 25 % by mass. Titanyl sulfate of

10 33 % by mass 60 g was added and mixed, and the suspension was
stirred at room temperature for 3 hours. Then, the pH was
adjusted to 7.2 by aqueous ammonia of 15 % by mass, and the
suspension was stirred at room temperature for 1 hour and
then filtrated. A matter obtained was washed with 10 1L of

15 water and dried at 130°C for 20 hours to obtain about 1 kg of

a titanium-substituted type zeolite (hereinafter referred to

as “USY (G)”). The properties of USY (G) are shown in Table

2.

[0161] Further, a hydrocracking catalyst G containing USY
20 (G) was prepared in the same manner as in Example 1. The

properties of the hydrocracking catalyst G are shown in Table
3.
[0162] Comparative Example 2: hydrocracking catalyst H

[0163] USY (b) 1 kg before calcining obtained in Example 1
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was suspended in 10 L of water of 25°C, and a pH of the

Q.

solution was adjusted to 1.6 by sulfuric acid of 25 % by mass.
Zirconium sulfate of 18 % by mass 86 g was added and mixed,
and the suspension was stirred at room temperature for 3

5 hours. Then, the pH was adjusted to 7.2 by agqueous ammonia
of 15 % by mass, and the suspension was stirred at room
temperature for 1 hour and then filtrated. A matter obtained
was washed with 10 L of water and dried at 130°C for 20 hours
to obtain about 1 kg of a zirconium-substituted type zeolite

10 (hereinafter referred to as “USY (H)”). The properties of
USY (H) are shown in Table 2, and a UV spectrum of USY (H) is
shown in Fig. 3. In Fig. 3, 1t was observed from comparison
of the UV spectra of USY (H) and USY (A) that substitution
with zirconium was accelerated by calcining.

15 [0164] Further, a hydrocracking catalyst H containing USY
(H) was prepared in the same manner as in Example 1. The
properties of the hydrocracking catalyst H are shown in Table
3.

[0165] Comparative Example 3: hydrocracking catalyst T

20 [0166] An ultra stable Y-type zeolite (hereinafter
referred to as “USY (d)”) 1 kg prepared by calcining USY (b)
obtained in Example 1 at 400°C for one hour was suspended in
10 L. of water of 25°C, and a pH of the solution was adjusted

to 1.6 by sulfuric acid of 25 % by mass. Zirconium sulfate
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of 18 % by mass 86 g was added and mixed, and the suspension
was stirred at room temperature for 3 hours. Then, the pH
was adjusted to 7.2 by agqueous ammonia of 15 % by mass, and
the suspension was stirred at room temperature for 1 hour and
then filtrated. A matter obtained was washed with 10 1L of
water and dried at 130°C for 20 hours to obtain about 1 kg of
a zirconium-substituted type zeolite (hereinafter referred to
as “USY (I)”). 1In this regard, the properties of USY (d) are
shown in Table 1; the properties of USY (I) are shown in
Table 2; and a UV spectrum of USY (I) is shown in Fig. 3.
[0167] In Fig. 3, it was found from comparison of the UV
spectra of USY (I) and USY (A) that substitution with
zirconium was not accelerated by calcining at 400°C.

[0168] Further, a hydrocracking catalyst I containing USY
(I) was prepared in the same manner as in Example 1. The
properties of the hydrocracking catalyst I are shown in Table
3.

[0169] Comparative Example 4: hydrocracking catalyst J
[0170] An ultra stable Y-type zeolite (hereinafter
referred to as “USY (e)”) 1 kg prepared by calcining USY (b)
obtained in Example 1 at 800°C for one hour was suspended in
10 L. of water of 25°C, and a pH of the solution was adjusted
to 1.6 by sulfuric acid of 25 % by mass. Zirconium sulfate

of 18 % by mass 86 g was added and mixed, and the suspension
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was stirred at room temperature for 3 hours. Then, the pH
was adjusted to 7.2 by agqueous ammonia of 15 % by mass, and
the suspension was stirred at room temperature for 1 hour and
then filtrated. A matter obtained was washed with 10 1L of

5 water and dried at 130°C for 20 hours to obtain about 1 kg of
a zirconium-substituted type zeolite (hereinafter referred to
as “USY (J)”). The properties of USY (e) are shown in Table
1; the properties of USY (J) are shown in Table 2; and a UV
spectrum of USY (J) is shown in Fig. 3.

10 [0171] Further, a hydrocracking catalyst J containing USY
(J) was prepared in the same manner as in Example 1. The
properties of the hydrocracking catalyst J are shown in Table
3.

[0172] Comparative Example 5: hydrocracking catalyst K

15 [0173] USY (c) 1 kg obtained in Example 1 was suspended in
10 L. of water of 25°C, and a pH of the solution was adjusted
to 0.6 by sulfuric acid of 25 2 by mass. Zirconium sulfate
of 18 % by mass 86 g was added and mixed, and the suspension
was stirred at room temperature for 3 hours. Then, the pH

20 was adjusted to 7.2 by agqueous ammonia of 15 % by mass, and
the solution was stirred at room temperature for 1 hour and
then filtrated. A matter obtained was washed with 10 1L of
water and dried at 130°C for 20 hours to obtain about 1 kg of

a zirconium-substituted type zeolite (hereinafter referred to
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as “USY (K)”). The properties of USY (K) are shown in Table

[0174] Further, a hydrocracking catalyst K containing USY
(K) was prepared in the same manner as in Example 1. The
5 properties of the hydrocracking catalyst K are shown in Table
3.
[0175] Comparative Example 6: hydrocracking catalyst L
[0176] USY (c) 1 kg obtained in Example 1 was suspended in
10 L. of water of 25°C, and a pH of the solution was adjusted
10 to 2.4 by sulfuric acid of 25 % by mass. Zirconium sulfate
of 18 % by mass 86 g was added and mixed, and the suspension
was stirred at room temperature for 3 hours. Then, the pH
was adjusted to 7.2 by agqueous ammonia of 15 % by mass, and
the suspension was stirred at room temperature for 1 hour and
15 then filtrated. A matter obtained was washed with 10 L of

water and dried at 130°C for 20 hours to obtain about 1 kg of

a zirconium-substituted type zeolite (hereinafter referred to

as “USY (L)”). The properties of USY (L) are shown in Table
2.

20 [0177] Further, a hydrocracking catalyst L containing USY
(L) was prepared in the same manner as in Example 1. The

properties of the hydrocracking catalyst I are shown in Table
3.

[0178] Comparative Example 7: hydrocracking catalyst M
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[0179] USY (a) 2 kg obtained in Example 1 was suspended in
20 L of warm water of 60°C. Sulfuric acid of 25 mass % 3.7
kg was gradually added to the above suspension and then
stirred at 70°C for one hour to dissolve extraskeletal

5 aluminum. Then, the suspension was filtrated, and a matter
obtained was washed with 20 liter of purified water of 60°C
and dried at 130°C for 20 hours to obtain an ultra stable Y-
type zeolite (hereinafter referred to as “USY (f)”). The
properties of USY (f) are shown in Table 1.

10 [0180] USY (f) thus obtained was calcined at 600°C for 1
hour to obtain about 1.5 kg of an ultra stable Y-type zeolite
(hereinafter referred to as “USY (g)”). The properties of
USY (g) are shown in Table 1.

[0181] USY (g) 1 kg thus obtained was suspended in 10 L of

15 water of 25°C, and a pH of the solution was adjusted to 1.6

Q.

by sulfuric acid of 25 2 by mass. Zirconium sulfate of 18

Q.

el

by mass 86 g was added and mixed, and the suspension was
stirred at room temperature for 3 hours. Then, the pH was
adjusted to 7.2 by aqueous ammonia of 15 % by mass, and the
20 suspension was stirred at room temperature for 1 hour and
then filtrated. A matter obtained was washed with 10 1L of
water and dried at 130°C for 20 hours to obtain about 1 kg of

a zirconium-substituted type zeolite (hereinafter referred to

as “USY (M)”). The properties of USY (M) are shown in Table
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[0182] Further, a hydrocracking catalyst M containing USY
(M) was prepared in the same manner as in Example 1. The

properties of the hydrocracking catalyst M are shown in Table

5 3.
[0183] Comparative Example 8: hydrocracking catalyst N
[0184] USY (a) 2 kg obtained in Example 1 was suspended in
20 L of warm water of 60°C. Sulfuric acid of 25 mass % 13.6
kg was gradually added to the above suspension and then

10 stirred at 70°C for one hour to dissolve extraskeletal
aluminum. Then, the suspension was filtrated, and a matter
obtained was washed with 20 liter of water of 60°C and dried
at 130°C for 20 hours to obtain an ultra stable Y-type
zeolite (hereinafter referred to as “USY (h)”). The

15 properties of USY (h) are shown in Table 1.
[0185] USY (h) thus obtained was calcined at 600°C for 1
hour to obtain about 11 kg of an ultra stable Y-type zeolite
(hereinafter referred to as “USY (i)”). The properties of
USY (i) are shown in Table 1.

20 [0186] USY (i) 1 kg thus obtained was suspended in 10 L of
water of 25°C, and a pH of the solution was adjusted to 1.6

Q.

by sulfuric acid of 25 % by mass. Zirconium sulfate of 18

Q.

el

by mass 86 g was added and mixed, and the suspension was

stirred at room temperature for 3 hours. Then, the pH was
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Q.

adjusted to 7.2 by aqueous ammonia of 15 % by mass, and the
suspension was stirred at room temperature for 1 hour and
then filtrated. A matter obtained was washed with 10 1L of
water and dried at 130°C for 20 hours to obtain about 1 kg of

5 a zirconium-substituted type zeolite (hereinafter referred to

as “USY (N)”). The properties of USY (N) are shown in Table
2.

[0187] Further, a hydrocracking catalyst N containing USY
(N) was prepared in the same manner as in Example 1. The

10 properties of the hydrocracking catalyst N are shown in Table
3.
[0188] Comparative Example 9: hydrocracking catalyst O
[0189] NH,”°Y 2 kg obtained in Example 1 was calcined at
800°C for one hour in a saturated water vapor atmosphere to
15 obtain about 15 kg of an ultra stable Y-type zeolite
(hereinafter referred to as “USY (j)”) having a UD of 2.425
nm. The properties of USY (J) are shown in Table 1.
[0190] USY (j) 1 kg thus obtained was calcined at 600°C
for 1 hour to obtain 1.5 kg of an ultra stable Y-type zeolite
20 (hereinafter referred to as “USY (k)”). The properties of
USY (k) are shown in Table 1.
[0191] USY (k) 1 kg thus obtained was suspended in 10 L of
water of 25°C, and a pH of the solution was adjusted to 1.6

Q.

by a sulfuric acid aqueous solution of 25 2 by mass.
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Q.

Zirconium sulfate of 18 % by mass 86 g was added and mixed,
and the suspension was stirred at room temperature for 3
hours. Then, the pH was adjusted to 7.2 by agqueous ammonia
of 15 % by mass, and the suspension was stirred at room

5 temperature for 1 hour and then filtrated. A matter obtained
was washed with 10 L of water and dried at 130°C for 20 hours
to obtain about 1 kg of a zirconium-substituted type zeolite
(hereinafter referred to as “USY (O)”). The properties of
USY (O) are shown in Table 2.

10 [0192] Further, a hydrocracking catalyst O containing USY
(O) was prepared in the same manner as in Example 1. The
properties of the hydrocracking catalyst O are shown in Table
3.

[0193] Comparative Example 10: hydrocracking catalyst P

15  [0194] NH,””Y 2 kg obtained in Example 1 was calcined at
800°C for one hour in a saturated water vapor atmosphere to
obtain an ultra stable Y-type zeolite (hereinafter referred
to as “USY (1)”) having a UD of 2.455 nm. The properties of
USY (1) are shown in Table 1.

20 [0195] USY (1) thus obtained was calcined at 600°C for 1
hour to obtain about 1.5 kg of an ultra stable Y-type zeolite
(hereinafter referred to as “USY (m)”). The properties of
USY (m) are shown in Table 1.

[0196] USY (m) 1 kg thus obtained was suspended in 10 L of
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water of 25°C, and a pH of the solution was adjusted to 1.6

Q.

by a sulfuric acid aqueous solution of 25 2 by mass.
Zirconium sulfate of 18 % by mass 86 g was added and mixed,
and the suspension was stirred at room temperature for 3
5 hours. Then, the pH was adjusted to 7.2 by agqueous ammonia
of 15 % by mass, and the suspension was stirred at room
temperature for 1 hour and then filtrated. A matter obtained
was washed with 10 L of water and dried at 130°C for 20 hours
to obtain about 1 kg of a zirconium-substituted type zeolite
10 (hereinafter referred to as “USY (P)”). The properties of
USY (P) are shown in Table 2.
[0197] Further, a hydrocracking catalyst P containing USY
(P) was prepared in the same manner as in Example 1. The
properties of the hydrocracking catalyst P are shown in Table
15 3.
[0198] Comparative Example 11: hydrocracking catalyst Q
[0199] USY (c) 1 kg obtained in Example 1 was suspended in
10 L. of water of 25°C, and a pH of the solution was adjusted

Q.

to 1.6 by a sulfuric acid aqueous solution of 25 2 by mass.
20 Zirconium sulfate of 18 % by mass 8.6 g was added and mixed,

and the suspension was stirred at room temperature for 3

hours. Then, the pH was adjusted to 7.2 by agqueous ammonia

of 15 % by mass, and the suspension was stirred at room

temperature for 1 hour and then filtrated. A matter obtained
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was washed with 10 L of water and dried at 130°C for 20 hours
to obtain about 1 kg of a zirconium-substituted type zeolite
(hereinafter referred to as “USY (Q)”). The properties of
USY (Q) are shown in Table 2.

5 [0200] Further, a hydrocracking catalyst Q containing USY
(Q) was prepared in the same manner as in Example 1. The
properties of the hydrocracking catalyst Q are shown in Table
3.

[0201] Comparative Example 12: hydrocracking catalyst R
10 [0202] USY (c) 1 kg obtained in Example 1 was suspended in
10 L. of water of 25°C, and a pH of the solution was adjusted

Q.

to 1.6 by a sulfuric acid aqueous solution of 25 2 by mass.
Zirconium sulfate of 18 % by mass 516 g was added and mixed,
and the suspension was stirred at room temperature for 3
15 hours. Then, the pH was adjusted to 7.2 by agqueous ammonia
of 15 % by mass, and the suspension was stirred at room
temperature for 1 hour and then filtrated. A matter obtained
was washed with 10 L of water and dried at 130°C for 20 hours
to obtain about 1 kg of a zirconium-substituted type zeolite
20 (hereinafter referred to as “USY (Q)”). The properties of
USY (Q) are shown in Table 2.
[0203] Further, a hydrocracking catalyst Q containing USY

(Q) was prepared in the same manner as in Example 1. The

properties of the hydrocracking catalyst Q are shown in Table
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[0204] Comparative Example 13: hydrocracking catalyst S
[0205] USY (c) 1 kg obtained in Example 1 was suspended in
10 L. of water of 25°C, and a pH of the solution was adjusted
to 1.6 by a sulfuric acid aqueous solution of 25 2 by mass.
Hafnium chloride 1.6 g was added and mixed, and the

suspension was stirred at room temperature for 3 hours. Then,
the pH was adjusted to 7.2 by aqueous ammonia of 15 % by mass,
and the suspension was stirred at room temperature for 1 hour
and then filtrated. A matter obtained was washed with 10 L

of water and dried at 130°C for 20 hours to obtain about 1 kg

of a hafnium-substituted type zeolite (hereinafter referred

to as “USY (S)”). The properties of USY (S) are shown in
Table 2.

[0206] Further, a hydrocracking catalyst S containing USY
(S) was prepared in the same manner as in Example 1. The

properties of the hydrocracking catalyst S are shown in Table
3.

[0207] Comparative Example 14: hydrocracking catalyst T
[0208] USY (c) 1 kg obtained in Example 1 was suspended in
10 L. of water of 25°C, and a pH of the solution was adjusted
to 1.6 by a sulfuric acid aqueous solution of 25 2 by mass.

Hafnium chloride 96 g was added and mixed, and the suspension

was stirred at room temperature for 3 hours. Then, the pH
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Q.

was adjusted to 7.2 by agqueous ammonia of 15 % by mass, and
the suspension was stirred at room temperature for 1 hour and
then filtrated. A matter obtained was washed with 10 1L of
water and dried at 130°C for 20 hours to obtain about 1 kg of

a hafnium-substituted type zeolite (hereinafter referred to

as “USY (T)”). The properties of USY (T) are shown in Table
2.

[0209] Further, a hydrocracking catalyst T containing USY
(T) was prepared in the same manner as in Example 1. The

properties of the hydrocracking catalyst T are shown in Table
3.

[0210] Comparative Example 15: hydrocracking catalyst U
[0211] USY (c) 1 kg obtained in Example 1 was suspended in
10 L. of water of 25°C, and a pH of the solution was adjusted

Q.

to 1.6 by a sulfuric acid aqueous solution of 25 2 by mass.
Zirconium sulfate of 18 % by mass 86 g and titanyl sulfate of
33 % by mass 6.0 g were added and mixed, and the suspension
was stirred at room temperature for 3 hours. Then, the pH
was adjusted to 7.2 by agqueous ammonia of 15 % by mass, and
the suspension was stirred at room temperature for 1 hour and
then filtrated. A matter obtained was washed with 10 1L of
water and dried at 130°C for 20 hours to obtain about 1 kg of

a zirconiumetitanium-substituted type zeolite (hereinafter

referred to as “USY (U)”). The properties of USY (U) are
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condi t i onsoab12201881dr ogen partial pressure of 13 MPa, a Ipraaisdoi1/o462hpur |y
space velocity of 0.26 hr-1, a hydrogen-to-oil ratio 5(hydrogen/oil ratio)
of 1250 NmB/ kL and a reactor tenperature of 370C using the catalysts Ato X
and hydrocarbon oils having properties shown in Table 4 as raw materi al

oils by neans of a fixed bed flow type reactor equi prment manufactured by
Xytel Corporation to determ ne 10 deconposition rates according to the

fol |l owi ngsegmatiromaldr and mddle distillate (kerosene and light oil)
yi el ds according to the follow ng equation (3). The catal yst activities

were eval gapesh accpreing tq %gara;@u@}m fragedurescditand ng) ybased on the
val ues of the deconposition 15 rates and the mddle distillate yields.

[0218] 1) Ayrafio e a.val ug ofc adeconpasition f atephthe ofher catal yst

to a value of a deconposition rate of the catalyst A was determ ned and
shown in f re [ e Pti : rei sition
ate of 't Reo B0 Catal Yot A ot e T 00 The T ab s SERE bt AT shown i n
Tabl e é. %0219]2) Aratio of a yield of the mddle distillate of the other
catalyst t0 a yield of the mddle distillate of the catal yst A was

determ ned_and. shown in terns _of a relative ,
[0213] Comparative Example 16: hydrocracking catalyst V

[0214] USY (c) 1 kg obtained in Example 1 was suspended in
10 L. of water of 25°C, and a pH of the solution was adjusted

Q.

to 1.6 by a sulfuric acid aqueous solution of 25 2 by mass.

10 Zirconium sulfate of 18 % by mass 86 g and titanyl sulfate of
33 % by mass 516 g were added and mixed, and the suspension
was stirred at room temperature for 3 hours. Then, the pH
was adjusted to 7.2 by agqueous ammonia of 15 % by mass, and
the suspension was stirred at room temperature for 1 hour and

15 then filtrated. A matter obtained was washed with 10 L of
water and dried at 130°C for 20 hours to obtain about 1 kg of
a zirconiumetitanium-substituted type zeolite (hereinafter
referred to as “USY (V)”). The properties of USY (V) are
shown in Table 2.

20 [0215] Further, a hydrocracking catalyst V containing USY
(V) was prepared in the same manner as in Example 1. The

properties of the hydrocracking catalyst V.. are shown in

Table 3.
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yield of the mddle distillate, wherein a yield of the mddle distillate of
the catal yst A was set to 100. The results thereof are shown in Table 5.

[ 0220] Decwoporydissin rate (% = (content (kg) of a 5 fraeCras2éavierg2 a
boiling point of higher than 375C in the produced oil)/(content (kg) of a
fraction having a boiling point of higher than 375C in the raw oil) X 100
Yield (9 of the mddle distillate = (content (kg) of a 10fraction having a
boiling point of 149 to 375C in the produced oil)/(content (kg) of a
fraction having a boiling point of lower than 375C in the raw oil) X 100 In
this connection, "% neans "% by mass" in both of the deconposition rate
and the mddle distillate yield. 15[0221] According to the results shown in
Table 5, at | eastcone side of the deconmposition rates and the m ddle
distillate yields in the catalysts (catalysts Ato F) according to the
present invention shows high values as conpared with those of the catal ysts
(catalysts Gto V) of the conparative exanples, 20 and the others than the

above_onas shogﬁﬂt Lpashtheleqmpeaﬁémt val ues. Thi s neans that a
superior{ty o e Tarl alatstiscaccondiag tiactheapresent |nvention is shown.
Table 4 & ééif?rzﬁﬁgﬁ tyh gt a1 0.%%@3 Sul fur @content(mass % 2.23
(nm) (m”/qg)

a 5.2 2.438 635 98

b 30.2 2.436 710 105

c 30.1 2.436 712 105

d 30.2 2.438 710 105

e 30.1 2.435 708 103

f 15.5 2.437 705 104

g 15. 6 2.437 702 103

h 126 2.434 703 101

i 125 2.434 705 101

j 30.8 2.428 585 88

k 30.5 2.428 583 87

1 29.5 2.455 685 98

m 29.3 2.454 688 97
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Ni t rogen content (wei ght ppnm) 815 C5 to 85C(mass% 0 85 to 149C (mass% O
149 to 185C (mass% 0 185 to 240C (nmass%

WO 2012/018819 PCT/US2011/046272
PCT
Table 2
o Crystal | Specific
Silica- . Crystal- .
. Lattice surface S 710, HfO, TiO,
USY | alumina linity
) constant area (mass%) (mass%) (mass%)
ratio 5 (%)
(num) (m’/q)
Example 1 A 29.8 2.438 710 105 1.01 - -
Example 2 B 30.7 2.438 735 108 - 0.49 -
Example 3 C 30.5 2.437 716 103 0.99 0.50 -
Example 4 D 29.5 2.435 701 88 0.98 0.49 1.03
Example 5 E 29.6 2.436 697 83 0.96 - 0.98
Example 6 F 30.0 2.435 696 89 - 0.50 1.01
Comparative
G 29.6 2.437 698 92 - - 1.02
Example 1
Comparative
H 29.6 2.437 712 105 0.99 - -
Example 2
Comparative
I 29.7 2.439 718 102 0.99 - -
Example 3
Comparative
J 30.0 2.433 701 103 0.99 - -
Example 4
Comparative
K 30.1 2.436 702 105 0.98 - -
Example 5
Comparative
L 30.1 2.436 708 104 1.00 - -
Example 6
Comparative
M 15.6 2.438 722 105 0.97 - -
Example 7
Comparative
N 124.0 2.432 748 102 1.01 - -
Example 8
Comparative
O 30.8 2.428 710 101 0.98 - -
Example 9
Comparative
p 29.5 2.456 706 105 0.99 - -
Example 10
Comparative 29.9 2.437 714 106 0.10
Example 11 o : : : B B
Comparative
R 30.0 2.437 708 103 6.03 - -
Example 12
Comparative
S 30.5 2.436 733 107 - 0.13 -
Example 13
Comparative
T 30.3 2.437 704 99 - 6.02 -
Example 14
Comparative
U 29.8 2.437 700 105 0.98 - 0.12
Example 15
Comparative
v 30.0 2.436 696 93 0.99 - 6.04
Example 16
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1.3 240 to 315C (mass% 2.7 315 to 375C (mass% 8.0 375 to 560C (mass?%
79.5 560C+ (nmass % 8.5

WO 2012/018819 PCT/US2011/046272
'CT
Table 3
Specific
. ) Pore
710y HfO, Ti0, MoO4 NiO surface
Catalyst o o o o . volume
(mass%) (mass%) (mass%) (mass%) (mass%) area
2 (ml/g)
(m’/qg)
Example 1 A 0.39 - - 16.7 3.88 384 0.56
Example 2 B - 0.19 - 16.1 3.92 364 0.55
Example 3 C 0.40 0.20 - 16.0 3.90 372 0.54
Example 4 D 0.41 0.21 0.39 16.3 3.78 380 0.56
Example 5 E 0.39 - 0.40 16.2 3.82 375 0.52
Example 6 F - 0.20 0.40 16.4 3.72 366 0.58
Comparative
G - - 0.41 15.7 3.84 364 0.51
Example 1
Comparative
H 0.38 - - 16.4 3.75 368 0.54
Example 2
Comparative
I 0.39 - - 15.9 3.73 379 0.51
Example 3
Comparative
J 0.38 - - 16.4 3.75 368 0.54
Example 4
Comparative
K 0.39 - - 16.2 3.80 376 0.51
Example 5
Comparative
L 0.38 - - 16.1 3.85 375 0.50
Example 6
Comparative
M 0.40 - - 16.0 3.90 380 0.51
Example 7
Comparative
N 0.41 - - 15.7 3.83 357 0.53
Example 8
Comparative
O 0.42 - - 16.5 3.82 382 0.57
Example 9
Comparative
p 0.40 - - 15.9 3.83 383 0.53
Example 10
comparative 0.01 16.2 3.87 380 0.50
Example 11 o : B B : : :
Comparative
R 2.39 - - 16.1 3.92 372 0.52
Example 12
comparative 0.01 16.0 3.80 384 0.51
Example 13 S B : B : : :
Comparative
T - 2.40 - 16.4 3.99 380 0.53
Example 14
Comparative
U 0.39 - 0.01 15.9 3.81 382 0.50
Example 15
Comparative
v 0.40 - 2.41 16.3 3.88 380 0.52
Example 16
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WD 2012/ 018819 Table 5 Catal yst Rel ative deconposition rate(% Relative
mddle distillate yield(% Exanple 1 A 100 100 Exanple 2 B 99 97 Exanple 3

C 99 96 WO 2012/018819 PCT/US2011/046272
[0216] Test example: catalyst activity evaluation
[0217] Hydrocracking reactor was carried out on the

conditions of a hydrogen partial pressure of 13 MPa, a liquid
hourly space velocity of 0.26 hr ", a hydrogen-to-oil ratio

5 (hydrogen/oil ratio) of 1250 Nm’/kL and a reactor
temperature of 370°C using the catalysts A to X and
hydrocarbon o0ils having properties shown in Table 4 as raw
material oils by means of a fixed bed flow type reactor
equipment manufactured by Xytel Corporation to determine

10 decomposition rates according to the following equation (2)
and middle distillate (kerosene and light oil) yields
according to the following equation (3). The catalyst
activities were evaluated according to the following
procedures 1) and 2) based on the values of the decomposition

15 rates and the middle distillate yields.
[0218] 1) A ratio of a value of a decomposition rate of
the other catalyst to a value of a decomposition rate of the
catalyst A was determined and shown in terms of a relative
decomposition rate, wherein a decomposition rate of the

20 catalyst A was set to 100. The results thereof are shown in
Table 5.
[0219] 2) A ratio of a yield of the middle distillate of

the other catalyst to a yield of the middle distillate of the

catalyst A was determined and shown in terms of a relative
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Exanple 4 D 100 95 Exanple 5 E 99 96 Exanple 6 F 100 96 Conparative Exanple
1 G99 91 Conparative Exanple 2 H 98 93

10

15

20

WO 2012/018819 PCT/US2011/046272

yield of the middle distillate, wherein a yield of the middle
distillate of the catalyst A was set to 100. The results
thereof are shown in Table 5.
[0220] Decomposition rate (%) = (content (kg) of a
fraction having
a boiling point of higher than 375°C in the produced
011) / (content (kg) of a fraction having a boiling point of
higher than 375°C in the raw oil) X 100
Yield (%) of the middle distillate = (content (kg) of a
fraction having a boiling point of 149 to 375°C in the
produced oil)/ (content (kg) of a fraction having a boiling
point of lower than 375°C in the raw oil) X 100
In this connection, “%” means “% by mass” in both of the
decomposition rate and the middle distillate yield.
[0221] According to the results shown in Table 5, at least
one side of the decomposition rates and the middle distillate
yields in the catalysts (catalysts A to F) according to the
present invention shows high values as compared with those of
the catalysts (catalysts G to V) of the comparative examples,
and the others than the above ones show at least the
equivalent values. This means that a superiority of the

catalysts according to the present invention is shown.
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Conparative Exanple 3 | 97 92 Conparative Exanple 4 J 96 89 Conparative
Exanple 5 K 98 91 Conparative Exanple 6 L 98 91 Conparative Exanple 7 M 97

91 WO 2012/018819 PCT/US2011/046272
Table 4
Specific gravity (g/ml) 0.9203
Sulfur content (mass %) 2.23
Nitrogen content (weight ppm) 815
C5 to 85°C (mass %) 0
85 to 149°C (mass %) 0

149 to 185°C (mass

(e
(@]

185 to 240°C (mass

(e
I
W

240 to 315°C (mass

(e
N
~J

315 to 375°C (mass

(e
[00)
(@]

375 to 560°C (mass

(e
~J
O
@)

560°C"Y (mass %) 8.5

77



Conparative Exanple 8 N 99 89 Conparative Exanple 9 0 99 90 Conparative
Exanple 10 P 97 92 Conparative Exanple 11 Q 99 94 Conparative Exanple 12 R

98 93 WO 2012/018819 PCT/US2011/046272
'CT

Table 5

Relative Relative middle

Catalyst | decomposition |distillate

rate (%) yield (%)
Example 1 A 100 100
Example 2 B 99 97
Example 3 C 99 96
Example 4 D 100 95
Example 5 E 99 96
Example 6 F 100 96
Comparative c 99 91
Example 1
Comparative
Example 2 H o8 93
Comparative I 97 92
Example 3
Comparative
Example 4 J o6 89
Comparative
Example 5 K o8 o1
Comparative
Example 6 L o8 o1
Comparative
Example 7 M o7 o1
Comparative
Example 8 N 99 89
Comparative
Example 9 © 99 o0
Comparative
Example 10 i o7 92
Comparative 0 99 94
Example 11
Comparative R o8 93
Example 12
Comparative
Example 13 S o8 o4
Comparative T 97 92
Example 14
Comparative - o8 94
Example 15
Comparative v 95 90
Example 16
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Conparative Exanple 13 S 98 94 Conparative Exanple 14 T 97 92 Conparative
Exanple 15 U 98 94 Conparative Exanple 16 V 95 90 WO

2012/ 0188YORGIR/IBAO11/ 046272 [ 0222] Exanpl e 7: hydr ocr aclkecmgSe@tiakeest W
[0223] Silica gel having 7 mass % of silica was obtained

10

15

20

[0222] Example 7: hydrocracking catalyst W

Q.

[0223] Silica gel having 7 mass % of silica was obtained

Q.

by addition of water glass having 8.5 mass % of silica to 25
mass % of sulfuric acid aqueous solution. On the other hand,
alumina slurry was obtained by mixing 40 kg of sodium
aluminium dioxide aqueous solution having 6.8 mass % of A1203
and 40 kg of aluminium sulfate agqueous solution having 2.4
mass % of Al203. Above described silica gel and alumina

slurry were mixed in the mass ratio of 70:30, and stirred at

60 C for 1 hour. After filtration, product was washed by 150

Q.

ml of aqueous ammonium solution of 0.3 mass % of ammonia in
order to remove Na2S04. Further, the product was diluted by
water to produce 10 mass % of water slurry and its pH was
controlled at 10.5 by addition of 15 mass % of aqueous
ammonium solution. Then, it was stirred at 95 C for 10 hours,
being removed of water, washed and kneaded to provide silica-
alumina product.

[0224] The silica-alumina obtained was mixed with USY (&)

in the ratio of silica-alumina : USY = 1.5 : 1 in dry mass
base, then being kneaded, extrudated to cylinder shape of 1.8
mm diameter, dried and calcined at 550 C for 3 hours to
provide support W.

[0225] Further, hydrocracking catalyst W was prepared by

the same manner as example 1. Compositions and physical
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by addition of water glass having 8.5 nmass % of silica to 25 mass % of

sul furic acid aqueous solution. On the other hand, 5 alumna slurry was

obt ai ned W9 2ni2ai188y940 kg of sodi um al um ni um di oxi de aqeevaSs26I/0Wd27DN
having 6.8 nmass % of Al 203 and 40 kg of al um nium sul fate aqueous sol ution
having 2.4 mass % of Al 203. Above described silica gel and alum na slurry
were mxed in the mass ratio of 70:30, and stirred at 1060 cr, for 1 hour.
After filtration, product was washed by 150 ml of aqueous anmoni um sol ution
of 0.3 mass % of ammonia in order to renove Na2504. Further, the product
was di | ut pdopyradLicft 0yvRFodHEeek iy sl Yeof wwatershshur iy aned 1dis pH was
controlled at 10.5 by addition of 15 mass % of aqueous 15 anmmoni um
solution. gThen, it was stirred at 95 cr, for 10 hours, being renoved of
wat er, washed and kneaded to provide silica-alum na product. [0224] The
silica-al yyyng obtained was m xed with USY(A) in the ratio of
silica-alumna : USY = 1.5 : 1 in dry mass 20 base, then being kneaded,
extrudated to cylinder,.shape of| .8 ,omdianmeten, dried and| g&letived gt 550
cr, for 3 hmﬁ%ta%y(itpr i ale sﬁﬁm&gde\%ﬁ 1502251 Funt Heft, | hYdt ocraelernd eatal lyst
Wwas prepared by t nanner as exampl e 1. Conpositions "and physi cal
WO 2012/ 018819PCT/ US%Q}% 1046272 prrgpgrtl egrapf v himdroor @eking catal ysreliyar e
shown ijn the|Table |6. &ake |6 |[Catal yst |norganic oxide Alumna : |Silica
(mass rati o) ratio)

Example

7 w 70:30 A 1.5:1 0.31 16.2 3.72 387 0.62
Example

] X 70:30 A 2:1 0.27 16.3 3.78 365 0.58
Example

9 Y 30:70 A 2:1 0.26 16.5 3.87 380 0.61

[0226] Example 8: hydrocracking catalyst X

Q.

[0227] Silica gel having 7 mass % of silica was obtained

Q.

by addition of water glass having 8.5 mass % of silica to 25

Q.

mass % of sulfuric acid aqueous solution. On the other hand,

10 alumina slurry was obtained by mixing 40 kg of sodium

Q.

aluminium dioxide aqueous solution having 6.8 mass % of A1203
and 40 kg of aluminium sulfate aqueous solution having 2.4

mass % of Al203. Above described silica gel and alumina

slurry were mixed in the mass ratio of 70:30, and stirred at

15 60 C for 1 hour. After filtration, product was washed by 150

ml of aqueous ammonium solution of 0.3 mass % of ammonia in
order to remove Na2S04. Further, the product was diluted by

Q.

water to produce 10 mass % of water slurry and its pH was
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USY Inorganic oxide:USY (mass ratio) Zr02 (mass% MO3 (rmass% N O
(mass% Specific surface area (n2/g) Pore volune (mM/g) Exanple 7 W
WO 2012/018819 PCT/US2011/046272

controlled at 10.5 by addition of 15 mass % of aqueous
ammonium solution. Then, it was stirred at 95 C for 10 hours,
being removed of water, washed and kneaded to provide silica-
alumina product.
5 [0228] The silica-alumina obtained was mixed with USY (&)

in the ratio of silica-alumina : USY = 2 : 1 in dry mass base,
then being kneaded, extrudated to cylinder shape of 1.8 mm
diameter, dried and calcined at 550 C for 3 hours to provide
support X.

10 [0229] Further, hydrocracking catalyst X was prepared by
the same method as example 1. Compositions and physical

properties of hydrocracking catalyst X are shown in the Table

[0230] Example 9: hydrocracking catalyst Y
15 [0231] Silica gel having 7 mass % of silica was obtained

Q.

by addition of water glass having 8.5 mass % of silica to 25
mass % of sulfuric acid aqueous solution. On the other hand,
alumina slurry was obtained by mixing 40 kg of sodium
aluminium dioxide aqueous solution having 6.8 mass % of A1203
20 and 40 kg of aluminium sulfate aqueous solution having 2.4
mass % of Al203. Above described silica gel and alumina
slurry were mixed in the mass ratio of 30:70, and stirred at

60 C for 1 hour. After filtration, product was washed by 150

ml of aqueous ammonium solution of 0.3 mass % of ammonia in
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70:30 A 1.5: 1 0.31 16.2 3.72 387 0.62 Exanple 8 X 70:30 A 2 :1 0.27 16.
3.78 365 0.58 Exanpl e

10

15

WO 2012/018819 PCT/US2011/046272

order to remove Na2S04. Further, the product was diluted by
water to produce 10 mass % of water slurry and its pH was
controlled at 10.5 by addition of 15 mass % of aqueous
ammonium solution. Then, it was stirred at 95 C for 10 hours,
being removed of water, washed and kneaded to provide silica-
alumina product.

[0232] The silica-alumina obtained was mixed with USY (&)

in the ratio of silica-alumina : USY = 2 : 1 in dry mass base,
then being kneaded, extrudated to cylinder shape of 1.8 mm
diameter, dried and calcined at 550 C for 3 hours to provide
support Y.

[0233] Further, hydrocracking catalyst Y was prepared by

the same method as example 1. Compositions and physical

properties of hydrocracking catalyst Y are shown in the Table

[0234] Activity of the prepared catalyst W, X and Y were

evaluated by using the same method as above described.

The results are shown in Table 7.
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9 Y 30:70 A 2:10.26 16.5 3.87 380 0.61 5 [0226] Exanpl e 8: hydrocracking
catalyst X [0227]Silica gel having 7 mass % of silica was obtai ned by

addi ti on wb 20et0a881gl ass having 8.5 mass % of silica to PETNS3GI15&272

sul furic acid aqueous solution. On the other hand, 10 alum na slurry was
obtained by m xing 40 kg of sodi um al um ni um di oxi de aqueous sol ution

havi ng 6.8 mass % of Al 203 and 40 kg of al um nium sul fate aqueous sol ution
having 2.4 mass % of Al 203. Above described silica gel and alum na slurry
were mxed in the mass ratio of 70:30, and stirred at 1560 cr, for 1 hour.
After filtqatizon, product was washed by 150 ml of aqueous anmmoni um sol ution
of 0.3 mass % of ammonia in order to renpove Na2504. Further, the product
was dilutled by water to produce,J10 nmagslodefewater slurry and its pH was
controll gd at 10. @a@gl?ggag&&gbgltjl@n%%%% of agueous amoni um sol uti on.
Then, it was stir 95.€c, for 10/h6GEsIabeing renoved of water, washed
and kneaded to propvide si|lica-al um najYpréduct .

(%) (%)
Example 7 [W 102 98
Example 8 X 98 106
Example 9 Y 102 105
[0235] As can be seen in Table 7, high cracking activity

and middle distillate selectivity are obtained for the

5 catalysts having alumina-silica as support as well as alumina
support.
Generally speaking, in comparison with alumina, since
alumina-silica has relatively strong acidic site, it has
higher cracking activity in spite of lower USY zeolite

10 content. As a result, alumina- silica has higher middle
distillate selectivity than alumina with USY zeolite.
[0236] The present invention shall not be restricted to
the embodiments described above and can be changed as long as
the scope of the present invention is not changed. For

15 example, cases in which a part or all of the respective
embodiments and modification examples each described above
are combined to constitute the hydrocracking catalysts for
hydrocarbon o0il according to the present invention and the
hydrotreating method in which the above catalysts are used

20 are included as well in the scope of right in the present
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5[ 0228] The silica-alum na obtained was m xed with USY(A) in the ratio of
silica-alumna : USY = 2 : 1 in dry mass base, then being kneaded,
ext r udat estot2o120Bs10oder shape of 1.8 nm dianeter, dried aou/usadiciomed2 at 550
cr, for 3 hours to provide support X. 10[0229]Further, hydrocracking

catal yst X was prepared by the sanme nethod as exanple 1. Conpositions and
physi cal properties of hydrocracking catalyst X are shown in the Table 6.
[ 0230] Exanpl e 9: hydrocracking catal yst Y 15[0231]Silica gel having 7 nass
% of silica was obtained by addition of water glass having 8.5 mass % of
silica toigbemmissh % of sulfuric acid aqueous solution. On the other hand,
alum na slurry was obtained by m xing 40 kg of sodi um al um ni um di oxi de

aqueous s@bpty PN havi NG £ TB3S %@fhﬁ%a%@lag 40, Kes+@f fal-um ni um
sul f at e aqueous solution having 2.4 mass % of Al 203. Above described silica

gel and ahgm@%ﬁaaﬁrmw@mm XthJ e s MBS Ald D 06,30: 70, and stirred

at 60 cr, hour. After filtration, product was washed by 150 m of
aqueous a |ut i % e enove
Nazsor FTeRer é*ﬁpf%ﬁa B e e QEb o aa#g%srd%é% & 10 mss 96 of
wat er gl urr and l|ntvsen RH _vas c ntrolxleﬁg 0 5C ble %I on ofll mass %of
aqueous aRfOAT Um oIt -8R, ™ e FEF att 95 8F, “F 01U hours,

being re ved of ter, vvashed and eaded to ovi de sili ca-al um na
product . ﬁf\éﬁs fPcg2 5f thind &fJnBE’i Was j{n d SGPPREUS A) in the
rati o of S|I|ca alumna : USY =2 : 1 in dry mass base, then being kneaded,
ext r udat ed 26 eyliidéfeshaped gfa B 1g'Stm 10 di aneter, dried and cal cined at
550 cr, for 3 hours to provide support Y. [0233] Further, hydr ocr acki ng

cat al yst Y was prepared by t he sane nethod as exanple 1. Conpositions
and physical properties of hydrocracking catalyst Y are shown in the Table
156.
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[0234] Activity of the prepared catalyst W X and Y were eval uated by

the sane net hod as above descri bed. The results are shown in Table 7.

Tabl e 7 WwWetalymssiRel ati ve deconposition rate (% Rel at ipee/ustadlogs272
distillate yield (% Exanple 7 W102 98 Exanple 8 X

10

15

20

WHAT IS CLAIMED IS:

1. A hydrocracking catalyst for hydrocarbon oil comprising a
hydrogenative metal component carried on a support containing
an ultra-stable Y-type zeolite, wherein the above ultra-
stable Y-type zeolite is a framework-substituted zeolite
(hereinafter referred to as a framework-substituted zeolite-
1) in which a part of aluminum atoms constituting a zeolite
framework thereof is substituted with zirconium atoms and/or

hafnium atoms.

2. A hydrocracking catalyst for hydrocarbon o0il according to
Claim 1, wherein said zeolite-1 contains from 0.1 to 5 mass%
zirconium atoms and/or hafnium atoms as calculated as the

oxide basis.

3. The hydrocracking catalyst for hydrocarbon oil according
to Claim 1 or 2, wherein said zeolite-1 further contains

titanium atoms.

4. The hydrocracking catalyst for hydrocarbon o0il according
to Claim 3, wherein in the zeolite-1, a part of the
aluminum atoms forming the zeolite framework is further

substituted with titanium atoms.
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98 106 Exanple 9 Y 102 105 [0235]As can be seen in Table 7, high cracking
activity and mddle distillate selectivity are obtained for the 5 catal ysts
havi ng alwoi2ne/@E8810ca as support as well as al um na suppomrtus2@Ganenat | y
speaking, in conparison with alum na, since alum na-silica has relatively
strong acidic site, it has higher cracking activity in spite of |ower USY
zeolite 10 content. As a result, alumna- silica has higher mddle
distillate selectivity than alumna with USY zeolite. [0236] The present

i nvention shall not be restricted to the enbodi ments descri bed above and
can be changethasnrgraskihe scopesef rohenhpdesetbdnnvent 0ot i dipt
changed. For 15 exanple, cases in which a part or all of the respective

enbodi ments anginrodidd aat i;porexanplies eachcdescrdhed nabeyvenas €1 aenbi ned to
constitute the hydrocracking catal ysts for hydrocarbon oil according to the

present ipvention andithe,hydl ofd eahicng.peghod 4 whisgh Lhe: above catalysts
are used 20 are included as well in the scope of right in the present

i nvention. [0237] For exanple, in the hydrocracking catalysts for

5 6. The hydrocracking catalyst for hydrocarbon oil according
to any of Claims 1 to 5, wherein the support contains the

zeolite-1 and inorganic oxide excluding the zeolite-1.

7. The hydrocracking catalyst for hydrocarbon oil according
10 to claim 6, wherein the inorganic oxides are alumina and

/or silica-alumina.

8. The hydrocracking catalyst for hydrocarbon o0il according
to any of Claims 1 to 7, wherein the support further
15 contains a titanium-substituted zeolite (hereinafter
referred to as a framework-substituted zeolite-2) of which
at least a part of aluminum atoms constituting a framework
of the ultra-stable Y-type zeolite is substituted only with
titanium atoms.
20
9. The hydrocracking catalyst for hydrocarbon oil according
to Claim 8, wherein said framework-substituted zeolite-2
contains from 0.1 to 5 mass% titanium atoms as calculated

as the oxide basis.
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hydrocarbon oil in the enbodi ments described above, the hydrocracking
catal yst for hydrocarbon oil according to the 5 present invention may be
m xed i n wovarmasswth the catalyst (Y) to fill the cat acyats2diiloké2nz bat hs
of the respective stages with the m xed catalyst. WHAT IS CLAIMED I S: 1.
A hydrocracking catal yst for hydrocarbon oil conprising a hydrogenative
netal conponent carried on a support containing an ultra-stable Y-type
zeolite, wherein the above ultra- 5 stable Y-type zeolite is a
framewor k- substituted zeolite (hereinafter referred to as a
framewor k- substituted zeolitel) in which a part of al um num atons
constituting a zeolite framework thereof is substituted with zirconium

atonms andior hafdigym-ateasridd cAalhshydreck aekingeat akyst c£orqhydrocar bon
oil according to Claim 1, wherein said zeolite-1 contains fromO0.1 to 5

Mass% zi r coni.yme gt ors; and/oor hat oj um il ong, s cabayl aled «ag the oxide
basis. 15 3. The hydrocracking catal yst for hydrocarbon oil according to
Claim1l or 2 rein sai eolite- P j ti hup.atons. 20 4.
The hydrocragﬁ%ﬁgwgggaE%ggt%o?’h§@?§%%%%%ﬁ%gi%Qgég%r fﬁ%ggglgﬁgi%13,

wherein in the zeolite-1, a.part_of the alum.num atons formn he zeolite
Framevior ki s P £ Rer it PR AR 4 1 Ca GAPEY S =5 STRESRYdr ocr acki ng
catal yst for hydrocarbon oil accordi to C.aim3 or 4, erein said
zeolite-1 coﬁ?é?hEeT¥dﬁ¥bﬁfet%r%mﬁﬁ§@86¥§F§ﬁFﬂﬁ?§t6ﬁ§“§§&galcuIated as the
oxi de basis. 5 6. The hydrocracking catal yst for hydrocarbon oil according
to any of Cains 1 to 5 wherein the support contains the zeolite-1 and

i norgani ¢ oxi de excluding the zeolite-1. 7. The hydrocracki ng catal yst

f or hydr oéar bothoillydgecsrdkheg 10t o1sai Ars, hydieritponhe il naeerirtiic%xi des
are alumna and /or silica-alumna. 8 The hydrocracking catal yst for

hydr ocar bon oito aggordengft ©lanys of t@ abnswietoir/ thehéremawehie- support
further 15contains a titaniumsubstituted zeolite (hereinafter referred to
as a foanewor kzsalbste-tluhed zieol idld-o)ingf cwhichtati dteast od par ttof al um num
atons constituting a framework of the ultra-stable Y-type zeolite is
substituted onty mith titanium atons.

(a) a crystal lattice constant of 2.430 to 2.450 nm,
(b) a specific surface area of 600 to 900 m°/g, and

(¢) a molar ratio of Si0; to Al.O0z of 20 to 100.

15
12. The hydrocracking catalyst for hydrocarbon oil according
to any of claims 1 to 11, wherein the specific surface
area falls in a range of 200 to 450 m?/g; a volume of
pores having a diameter of 600 A or less falls in a
20 range of 0.40 to 0.75 ml/g; and a carrying amount of the

hydrogenative metal component falls in a range of 0.01

to 40 mass%.
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20 9. The hydrocracking catal yst for hydrocarbon oil according to Caim8,
wherein said framework-substituted zeolite-2 contains from0.1 to 5 nmass%
titani umwboanr/Essigal cul ated as the oxide basis. 10. TireThpderoos@eki ng
catal yst for hydrocarbon oil according to Claim8 or 9, wherein the support
conprises the framework-zeolite-1, the framework-substituted zeolite-2 5and
i norgani ¢ oxi de excl uding the framework-substituted zeolite-1 and the
framewor k- substituted zeolite-2. 11. The hydrocracki ng catal yst for

hydr ocarbon oil according to any one of Clains 1 to 10, wherein
t he framewsr k-2 IQzeeld rerlphasudie fohkawbngs ehatactkenisttcsoof (a) to (c):
(a) a crystal lattice constant of 2.430 to 2.450 nm (b) a specific surface

area of 600 tonP00,HLgn and, (Gle ayRbarakAlh® Qft51Q2 tacAZ03; of 20 to
100. 15 12. The hydrocracki ng catalyst for hydrocarbon oil according to any

of clainms 1 to, el Shesi fic sunf fal LD a Jange of
200 to 450 n2/ g@fd\ggﬁﬁmgo%&g%r esCthz(a:\?i rriggg %?:angb{%%oo? légr(l)t% or %aess falls

in a 20range of &al‘l’h%wt&stZ}%{G‘réﬁea‘a%o%EQﬁ{YEH()E?C %{Eﬁgﬁfgﬁngf the

hydr ogenati ve nmetal conponen S in a range to 40 mass% 13. A
met hod. f or produci

for producing a hydrocracking catalysioftor hydiocarbon oil. the
hydroct acki ng tatalyst" |§8Wﬂﬁcﬁn a hf?%ro anariVe coﬁgoggﬁ% Catrfi®d on a
support COﬂtaJé%’S%uminum atoms forming a framework of an ultra-stable
Y-type zeolite,
wherein the zeolite-1 is obtained by:
firing an ultra-stable Y-type zeolite at 500°C to 700°C,
10 the ultra-stable Y-type zeolite having a crystal lattice
constant falling in a range of 2.430 or more and 2.450
nm or less, a specific surface area of 600 to 900 m?/g,
and a molar ratio of Si0O; to Al.0Os of 20 to 100;
forming a suspension containing the fired ultra-stable
15 Y-type zeolite, the suspension having a liquid/solid
mass ratio of 5 to 15;
adding inorganic acid or organic acid so that a pH of
the above suspension is 1.0 to 2.0,
subsequently adding a zirconium compound and/or a

20 hafnium compound and mixing them; and neutralizing the

above mixed solution.
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a framewor k-substituted zeolite-1 that contains 5 zirconium atons and/or
haf ni um at ons substituting a part of alum num atons formng a framework of
an ul tra-woabi2i¥ivype zeolite, wherein the zeolite-1 i CohtSadineds2by:
firing an ultra-stable Y-type zeolite at 500C to 700C, 10the ultra-stable
Y-type zeolite having a crystal lattice constant falling in a range of
2.430 or nore and 2.450 nmor less, a specific surface area of 600 to 900
n2/g, and a nolar ratio of Si02 to Al 203 of 20 to 100; formng a
suspensi on containing the fired ultra-stable 15Y-type zeolite, the
suspensi on4 havimng r@ thioquit 84 St d i dMRSS ar at/ti oo ©f a &k ity Earaadét ngod nor gani c
acid or organic acid so that a pH of the above suspension is 1.0 to 2.0,

subsequent |y aggingaanzhr 60N Mesonpeund and{pris 20katnhumgonpound and
m xi ng them and neutralizing the above m xed solution. 14. The nethod for

produci ng a hydrogcracki ng gatal yst 0 hydsocardon «of hogegording to Caim
13, wherein the zeolite-1 is obtained by firing at 500 to 700C, an

ultra-stable Y-type Lte_havi .CLYy tt] o] falling in a
range of 2. 430ulntrrrf)aorszt%'$|rl% gn%é. %%ﬁalﬁ%neofﬁg?legé?a adrgy%etglgf ?%%Jﬁ? ace area of
600 to5900 MZ/cq ar]cd a I%DH?I.’ rati o of 20 Lo }og%dn terms of Si02 to Al 203,
preparing a suspension Ravihg d rmass ' Patro of "5 t6' £5 "M tefhs of
liquid/solid fromthe aboye fired ultra- 10siable Y-type olite, adding an
i norgani ¢ aci dgogoaﬁ%fv@a#as act cFHer?éFéFos%%%eata%apﬂ%o?g he° abtVe
suspension is 1.0 to 2.0, subsequently addi n%r%a .zi rconi um conpound and/ or a
haf ni um conpouhd9aA8dad 1 drmtdenpbund Ehd U XngetRemand Ehen

neutralizing
Al,03, preparing a suspension having a mass ratio of 5 to

15 in terms of liquid/solid from the above fired ultra-
10 stable Y-type zeolite, adding an inorganic acid or an
organic acid thereto so that a pH of the above
suspension is 1.0 to 2.0, subsequently adding a
zirconium compound and/or a hafnium compound and a
titanium compound and mixing them and then neutralizing

15 the mixed solution.

15. A method for hydrocracking hydrocarbon oil, comprising:
hydrocracking hydrocarbon oil with the hydrocracking
catalyst according to any of Claims 1 to 12.
20
16. The method for hydrocracking hydrocarbon o0il according
to Claim 15, further comprising:
filling a hydrotreating apparatus which is a flow

reactor with the hydrocracking catalyst; and
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15t he m xed solution. 15. A nethod for hydrocracki ng hydrocarbon oil,

conpri sing: hydrocracki ng hydrocarbon oil with the hydrocracking catal yst
accordi ngvoaomvyssith Clains 1 to 12. 20 16. The net hod f ecThisdeioos@cki ng
hydr ocarbon oil according to Claim15, further conprising: filling a
hydrotreati ng apparatus which is a flow reactor with the hydrocracki ng
catalyst; and treating a hydrocarbon oil having a boiling point of 375C to
833C in the presence of hydrogen at a reactor tenperature of 300C to 500C,
a hydrogen pressure of 4 to 30 MPa, a liquid hourly space velocity (LHSV)
of 0.1 5to 10 trdstiandaanhyds@geidoidilr abiron®fa 50 1tiag2p00nNBf nB. 17. The
nmet hod for hydrocracki ng hydrocarbon oil according to Caim15, further
conprising: 375°c to shBPting endhydicetheat sngh aPRAfAt 8 Which-ds a flow
10reactor with the hydrocracking catalyst; and treating a hydrocarbon oi
having a boi | i ng, paint, of - 375G t0 65860k R, t he, presence ot shydrogen at a
reactor tenperature of 330C to 450C, a hydrogen pressure of 7 to 15 MPa, a
liquid hourly | oci 5 . - d dr ogen/ oi
rati o of 1000 ?gqggg%%N /%%q§%;§¥%gr& gg%%%é%%géﬁgwgﬁ%gsgg.o%ﬁgxhethod for
hydr ocr acki ng hydrocarbon oil according.to G.aiml r, 17 ei nsthe flow
reactd% descri%%glb abbfgmff'QYQFS%F?é %#d?g%é1égfgSBfF8n$%&@ﬁ$?/gd'tank, a
ebul lient bed reactor, a baffled slurry tank, a fixed bed reactor, a
rotating tubular reactor and a slurry-bed reactor. 19. The nethod for
hydr ocr acki ng hydrocarbon oil according to any of clainms 16 to 18, wherein
t he hydr oéar boP%itetdesic F Phelly QiisiFe CkoRe al' KT ¢ €F598d Coit| 26BPBF HEH from (1)
crude oil, (2) synthetic crude oil, (3) bitunmen, (4) oil 5sand, (5) shale
oil or (6) coalo gillaim 15, further comprising:

filling a hydrotreating apparatus which is a flow
10 reactor with the hydrocracking catalyst; and
treating a hydrocarbon o0il having a boiling point of
375°C to 650°C in the presence of hydrogen at a reactor
temperature of 330°C to 450°C, a hydrogen pressure of 7
to 15 MPa, a liquid hourly space velocity (LHSV) of 0.2
15 to 1.5 h™', and a hydrogen/oil ratio of 1000 to 2000

Nm’/m’ to afford kerosene-gas oil.

18. The method for hydrocracking hydrocarbon o0il according
to Claim 16 or 17, wherein the flow reactor described
20 above is a flow reactor selected from a stirred tank,
a ebullient bed reactor, a baffled slurry tank, a
fixed bed reactor, a rotating tubular reactor and a

slurry-bed reactor.
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20. The nethod for hydrocracki ng hydrocarbon oil according to any of clains
16 to 18, wherein the hydrocarbon oil described above contains refined oil
obt ai ned woamxmssie oil, 10synthetic crude oil, bitunmenpcoius:eands27shal e
oil or coal oil, and the above refined oil is any of a) vacuum gas oil
(V&) , b) deasphalted oil (DAC)) obtained froma sol vent deasphalting
process or denetalized oil, c¢) light coker gas oil or heavy coker gas oil
obtained froma coker process, d) cycle oil 15 obtained froma fluid
catal ytic cracking (FCC) process or e) gas oil obtained froma visbraking
process. 19. The method for hydrocracking hydrocarbon oil according
to any of claims 16 to 18, wherein the hydrocarbon oil
described above contains refined oil obtained from (1)

crude oil, (2) synthetic crude oil, (3) bitumen, (4) oil

5 sand, (5) shale oil or (6) coal oil.

20. The method for hydrocracking hydrocarbon o0il according
to any of claims 16 to 18, wherein the hydrocarbon oil
described above contains refined oil obtained from crude oil,
10 synthetic crude oil, bitumen, o0il sand, shale o0il or coal oil,
and the above refined oil is any of a) vacuum gas oil (VGO),
b) deasphalted oil (DAO) obtained from a solvent deasphalting
process or demetalized o0il, c¢) light coker gas o0il or heavy
coker gas o0il obtained from a coker process, d) cycle oil
15 obtained from a fluid catalytic cracking (FCC) process or e)

gas o0il obtained from a visbraking process.
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