; UWWKe3e4L6T40 2 MAR ~pp~, DESCRI PTI ON HYDROCRACKI NG CATALﬁE , ng&“leG
METHOD THEREOF, AND HYDROCRACKI NG METHOD TECHNI CAL FI ELD Th ér@é

invention relates to a nmethod of hydrocracking of hydrocarbon oils, and a
catalyst that is suitable for hydrocracki ng of hydrocarbon oils and a

met hod of its production. The present invention particuIarI%MWM”@MﬂNW”ﬁMF
met hod of hydrocracking with which the vacuumgas oil fracti

efficiently converted to |ight gas oil by hydrocracking, as wel l-i@agsa

catal yst that is suitable for hydrocrgektR@eTedNt he vacuum gas oil fractions

and a nethod of its production. BACKGROUND ART The demand for oil has
recently shifted toward gas oils. Al though gasoline and naphtha can be

mess- pr gduegerRykihdl di 284a¢362) Vi GROTREKNRD, KRMGRENE, g, | ehybuel,
etc., w@kgﬁaéggc$$ﬁgaﬁ 49 as mddle distillates, of preferred quality are
y ur di

not obt ai ne zed catal ytic cracking. Therefore, the nethod of
hydr ocr acki ng of vacuum gas Oil'ﬁﬁﬁﬂﬁﬁﬁgpﬁﬁﬁﬂégor mass production of

hi gh-quality mddle distillates 4 ning industry. Although the
desired frac&'on can be obtained by bringing the crude oil and catal yst
into contact h? BERPGRC t BRI G QT SR TES EO02MRARCS0BS RYRr PRGN of
hydrogen under high pressure in the field of hydrocracki ng of vacuum gas
oi |, sePéchi¥ero6RrIPPR PEhet iV Cofdfitdlens dhatcabapystabde fP¥s is
inportant. For exanple, nore severe reaction conditions or a catalyst of a
hydr ogeRAEr8Arackineg oetRydegreagkon Qigorndd aonehhedr of ek t s RO ¢ igiter
content of solid, strongly acidic zeolite can be used in order to inprove
t he conv&esbsfsent elnTrewvelehatarssi cudizert va regatesohoi 8 petfied netl using this
type of catalyst, there is a disadvantage in that although the conversion
rate i shydecpreaselingawiyeh quiainth tihes vefcugas gasdonaphthaat dors pcadused and
selectivity of the mddle distillates therefore is poor. Therefore, taking
into coefifdelahtdnp dofitestdd ltid \liafhtt hashydilobgr hodrooteckleg, td@twanll |
react, attention is given to the fine pore distribution of the catalyst in
desi gns aef acahahygss that £ fdwiwibley frodyceodrddkendi stithateaddin i us
Scherzer, A J. Guia, 'Hydrocracking Science and Technol ogy,' Mercel
Dekker , ghBCoi1 NeVaYeidns 1996)a f¥hddNfanes, pdapapessnPat ent Application
Lai d Open No. 06-190278 di scl oses that a hydrocracking catal yst of a

hydr ogenati on active nmetal supported on a carrier consisting of boria,
silica, and alumna with an average pore dianeter of 90 to 120 Ais

sui tabl e for obtaining high niddbgcgbﬁbbhbaﬁﬁTselectivity. Thus, i nproving
mddle distillate selectivity by—takrnmg—tnto consi deration the pore

di ameter di SLhLDYLEOR OFo 2 O8A] i TRRAAISS ohi rRhCEONRLQYaL NG 4 S known

Although gasoline and naphtha can be mass-produced by fluidized
catalytic cracking, kerosene, gas oil, jet fuel, etc., which are
referred to as middle distillates, of preferred quality are not
obtained by fluidized catalytic cracking. Therefore, the method
of hydrocracking of vacuum gas oil is often used for mass-
production of high-quality middle distillates in the oil refining
industry.

Although the desired fraction can be obtained by bringing

the crude o0il and catalyst into contact at a high temperature in

T
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2 0 2 MAR 2004 On the other hand, hydrocracking catalysts lh%ﬂmﬁkemﬁacked
in fixed bed reactors and used industrially are usually shaped into
cylinders or spheres. Technol ogy where there are so-call ed macropores of
0.05 umor larger present in this type of shaped catalyst is also known.

For exanpl e, Japanese Patent Application Laid Open No.05-36099 discl oses a
cat al yst obtai ned by supporting hydrogenati on active conponent on a carrier
consi sting of an aluma inorganic oxide and zeolite in order to hydrogenate

mai nly heavyrbydhesas bomsd Seidh amRiMsphepire skasedun. tibi sidppanese Pat ent
Application Laid Open discloses the fact that because this catal yst has

macrOpomarxgif;t:acﬁiﬂgrsfd&mxﬁrg@g‘ $£00 /éeqlrec_lt%aebfa&he-éeg&go@r nor e,

deposi tion carbonaceous matter and netal inmpurities and pluggi ng of

por es C%%%%qtﬁ!xaggggég??émw £a0 sori%vq&%)% +8A€. aSpar " estihbie Yigdah Of

t he kerdsené "an I's 1nproved. Nevertheless, in general, shaped
catal ysts with _macropores generall av Igadyant a j ﬁQ@% their
nechani5§We§Fr§ﬁafﬁl S W r%ﬁ%ghéérgbf%gil§%ﬁsgﬁi§h ?&5%@%0 ?rozaki,
Takayuki Tqdo, egiiors, ?Catauﬁit Pr paratioQJﬂ @odagﬁha,h%9g4% ag%ke t
t her ef oREL1VRe™BFBHI BREEHSET | S ?&ﬁ%%é”hﬁbf@ A& Yt &My 8t "1 4 Bt okEh-down
and crushed when catal yst is, produced and packed ig t he rgactor or during
the realfi 6R11%0 FRECPHVENMGILLC IGRAN EFy&Eam REr 8588 &1 PFARD FRCHIRTVGY
wher eby a hydrocracking catal yst is sinultaneously given a, 3 ~ 2 MAR , ~i
speci fi ¢heeSEPERESHPANERER - di Ne TSNS GF and P& s feCPRFE L ABC B pBR Bl ARt er
di stribution and the hydrocracking catalyst is used for hydrocracking of
hydr ocamséndoithés preeeplbtytalbnet alinane MrdrocdrpeNasirget hat thatnly
contain fractions with boiling points which is higher than a predeterm ned
boi | i ng adaihetughpahei cahuwetyiomcrrime gos igidregsedeatprgasaopntities of

gas and naphtha are produced and selectivity of the middle

distillates therefore is poor.

Therefore, taking into consideration diffusibility of the
hydrocarbon molecules that will react, attention is given to the
fine pore distribution of the catalyst in designs of catalysts
that efficiently produce middle distillate (Julius Scherzer, A.

J. Gruia, 'Hydrocracking Science and Technology,' Mercel Dekker,
Inc., New York, 1996). For instance, Japanese Patent Application
Laid Open No.06-190278 discloses that a hydrocracking catalyst of
a hydrogenation active metal supported on a carrier consisting of
boria, silica, and alumina with an average pore diameter of 90 to
120 A is suitable for obtaining high middle distillate
selectivity. Thus, improving middle distillate selectivity by

taking into consideration the pore diameter distribution of so-

called mesopores is a technology that is known in this field.

2



DI SCLOSURE OF THE | NVENTI ON The purpose of the present in\aﬂt MAR éto
provide a new hydrocracking catalyst with a high conversion rate an
distillate selectivity in hydrocracking of hydrocarbon oils, particul arI y
vacuum gas oil and heavy gas oil, and practical nechani cal strength, and to
provi de a nethod of producing this catalyst as well as a method of

hydr ocracki ng using this hydrocracking catal yst. The hydrocracki ng catal yst
of the present invention is provided, which conprises a catalyst carrier

havi ng parti cheshéfoeh&enpaind t@ﬁr@ﬁr&@:@h@gbbaﬁﬁllyﬁﬁgp@ﬁ@@taﬁé gsftedet wveen
these particles, and at |east one netal conponent selected from G oup

6(V1), @houpx26l Xidant F oM Y Nsef ﬁ@%@eaee@gcﬁebteuamr&t dpdd) the

medi an pore di aneter of the cat alyst is 40 to 10 and the vol une of pores

whose p%eodkgmaérgs Jange porg Rnd0Q éttfeaéréeeélcaotﬂeoﬂug

and 4 R 2004 B o une o ose pore dianeter 1s wth

30[323%“ fcrg gge\%\noct)}g pore dcg afrge@ %&t s§§lt 1 5thfo'nslt§ %gégt%gg)#%
m./g. Th d d f bl f | t d f
Silica 5?5%3"59”%?9 S N S S T

silica-alumna-titania,_and S|I|ca al um na zirconia, Al so, the conpound

oxi de i $3pFePBFILNY- %d:eGQﬁ? FHHESES Forédtediatt EBtf‘?B?rﬁis]?Yli%P%ﬂliﬁﬁrWa
silica-titania, silica zirconia, silica-nmagnesia, silica-alumna-titania,
and si | PYSTaBARRRACD | eohie; CORRPISSYE PEO FérrWBFeGQEFlSF%g bRt

conponent is nmade from al um na and/ or boria-alum na, and the netal

conponeRL UMBapiBPEFARLG VRl ranfhraedfl teoliphasAam tpuhydregenagatainly
rhodium iridium nickel, palladium and platinum and furthernore, it is
prefer r B@aviahydrotensens0ssat gshea towrppduenrd coxedédpart | Thies Fenanesali anet er
of 10 umor snmaller. The nethod of producing a hydrocracki ng catal yst

(hydr ocPatknhgApal at§stor digiod iGpeon disfc lvlse sptbsefibct nvleat | mscawswpriilsiess t he
steps of m xing conpound oxi de powder conprising at |east 60% powder with a
particl eadbagetenasofmdOrapp s SNEdH e paned kiaderegcooposentd shapmgsr dryi ng
and firing the mxture to formthe carrier; and supporting at |east one

netal cegponenhrzgl 66twslrd f BLINUR H E @ERLInaRE (s OMPL 18 0dnd heetar i odic
Table 5 0 2 MAR 2004 on the carrier, and thereby obtaining a

hydr ocr agkupgteatabygtp s Bid c(f“\)pd’f%@;‘ 2RuReuepy anet gepbsithod 4aPGA and

the vol une of pores Wnose pore dianeter is within a range of 40 to 100 Ais

at | east @vénfbh0aRRdad B) YOIUE Qfi A ©F WRARSRePBSENSI 2RBI s Si1 is

improved.

Nevertheless, in general, shaped catalysts with macropores
generally have a disadvantage in that their mechanical strength
is weak because porosity is high (Takabo Shirozaki, Takayuki
Todo, editors, “Catalyst Preparation,” Kodansha, 1974) and
therefore, the problem easily develops where the catalyst is
broken down and crushed when catalyst 1s produced and packed in
the reactor or during the reaction.

To the inventors’ knowledge, there is still no technology

whereby a hydrocracking catalyst is simultaneously given a

3



within a range of 0.05 to 0.5 umis 0.05 to 0.5 nL/g and v 9 . POr es
with a pore dianeter of 0.5 to 10 umis less than 0.05 ni/{. of

t he above-nenti oned production nethod, the binder conponent is nade from
one or nore selected from hydrated al um ni um oxi de or bori a-contai ning
hydrat ed al um ni um oxi de. The nethod of hydrocracki ng hydrocarbon oils in
accordance with the present invention is a nmethod with which hydrocarbon
oils can be converted to a product in which the fraction with a relatively
hi gh boishicpg rpei Abs§PPEET Meshd bt hiis dBidiRGaNbanRdOk] sPasi beemdetsissek by
bringi ng the hydrocarbon oil into contact with the above-nenti oned

hydr ocr i a ; tiaod i e} sSenc
yar ogen SR B R R e D e e & o g

pore di r..distributi rocrack]| y : t he exanpl es
and con%g§%§F5gcgiéhp#£s %ﬁ£§$é§i%¥g§gﬁfgiE&%ﬁfﬁ%ﬁ?bA§%ﬁ§B%§%%¥?he gr aph
show pore dianeter distrjibution of c .St - odu t he
exanpl e&ydﬁﬁﬁaﬁ gﬂo%f%o#}éa%irg%ér?le% Cg)}ngéta?lﬁjbﬁtlégﬁqgf] @CQE gﬁy§§gJEP%g 0 2 MAR
20~~ made by the conparative exanple. The vert.ical,and.horjizontal axes of
the grapRirhdi HE%Ehggfd‘(‘%%ﬁeb)éé%g %,pﬁeﬁgeptg&ﬂlx?gﬁyPoﬁgéPgi ROVHES por e
volunme and D is pore dianeter. BESTMODE FOR CARRYIL NG OUT THE | NVENTI ON The
det ai | s PHELERELIAVAY OFREERPNgR Tt VRt DR Yh#@ 0Ordcki ng net hod of the
present invention will be described bel ow based on the pore properties of
the catal yst, the structural materials of the catal yst, the nmethod of
produci ng the catal yst and the hydrocracking reaction, etc. [Pore
properties of the hydrocr aBkBGHOBEBRE| 9Kt THEWENVENTIAN acki ng cat al yst of the
present invention is characterized in that it has pore properties that

sati sfy bot hThengutrporss ¢A)thado¥djemeligwention is to provide a new

hydrocracking catalyst with a high conversion rate and middle
distillate selectivity in hydrocracking of hydrocarbon oils,
particularly vacuum gas oil and heavy gas oil, and practical
mechanical strength, and to provide a method of producing this
catalyst as well as a method of hydrocracking using this
hydrocracking catalyst.

The hydrocracking catalyst of the present invention is
provided, which comprises a catalyst carrier having particles of
a compound oxide and a binder component present between these
particles, and at least one metal component selected from Group
6(VI), Group 9(IX) and Group 10(X) of the Periodic Table, wherein

(A) the median pore diameter of the catalyst is 40 to 100 A
and the volume of pores whose pore diameter is within a range of

40 to 100 A is at least 0.1 mL/g and



(A) the nedian pore dianeter of the catalyst is 40 to 100 A gnd the vol une
of pores whose pore dianeter is within a range of 40 to 100 ZMAER(Z[]mast
0.1 nL/g and (B) the volune of pores whose pore dianeter is within a range
of 0.05 to 0.5 umof this catalyst is 0.05 to 0.5 nL/g and the vol une of
pores wwth a pore dianeter of 0.5 to 10 umis less than 0.05 nL/g. The
so-cal l ed nesopore properties, that is, pore properties pertaining to
above-nentioned condition (A), are determ ned by 7 0 2 MAR 2004 the
nitrogen gas (8fserdtyoMumtHOPbat tite seooekatii afe bt weeny perien ol une and
pore di aneter can be cal cul ated by the BJH nethod, etc. Mreover, nedi an

pore di 3OBLEr kSOt HE POrE, €li BRI LT QI8 JaWiak! aki YEOPOES ¥Ob URE/§ ranm t he
si de where pore dianeter Is larger beconmes V/2 when pore vol une obt ai ned

under condi 0 (R ; 6 yst PHULRIEN Qas,

adsorpt?gg &8?&%8 §£a%§§%%éw%§b?% porgh%%gﬁgﬁé?%o? ?hgghydr%cracking

catalys% IS ﬁdbginLgﬁrange of 40 to 100 A, and further, a nedian pore
thi'n

i
dianeterhﬂP a'ra ge of 45 to 90 A particularly, a nedian pore dianeter

within a ran of 50 to.85 A, is preferred. The volu of pores whose pore
di aneter is &FFhFﬁmBOP%ﬂg%x%ﬁezﬁfEﬁf?ﬁ%f%giﬁ s P@ag? BFip%{/ﬁ?r%nZ tﬁis

pore volune is preferably 0.1 to,l.O}gt{,, particularLi_O.ES_to 0,6 n/g.
The abov&iREAEFoREEMNBLELHOT @ Dbkt i tHEARYBr o8 Atk ngt ERAT ISt can
be obtained basically by controlling the pore dianeter of the conpound
oxi de t 6iRd¢a-BagRSAREopdt bl R vEHHINES L ifédddse 2P e S $6ROR WPt BPer ti es of
t he conpound oxide is usually maintained until the catalyst is made by the
conpound iggcgéa - SoAéab| etharaeempoind propler tiseprefrapbily, ngfe poref one
properties related to above-nentioned condition (B), can be deternined
usi ng t e mereusylentedsioompoi bstaretymiged cdd lse-taktenliat edibssami ng t hat
the angle of contact of nercury is 140, surface tension is

zirconia, silica-magnesia, silica-alumina-titania, and silica-

alumina-zirconia; and USY zeolite.

Moreover, the binder component is made from alumina and/or

boria-alumina, and the metal component is preferably one or more

of molybdenum, tungsten, cobalt, rhodium, iridium, nickel,

palladium, and platinum, and furthermore, it is preferred that at

least 60% of the compound oxide particles have a diameter of 10

um or smaller.

The method of producing a hydrocracking catalyst

(hydrocracking catalyst composition) of the present invention

comprises the steps of mixing compound oxide powder comprising

at least 60% powder with a particle diameter of 10 pm or smaller

and binder component; shaping, drying and firing the mixture to

form the carrier; and supporting at least one metal component

selected from Group 6, Group 9 and Group 10 of the Periodic Table
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480 dynes/cm and that all of the pores have cylindrical shape. 8 0 2 NAR
~p~~ A hydrocracking catal yst where the volune of pores mnth Aﬂwﬁgﬁﬁ
0.05to 1 umis 0.05to 0.5 nm./g and the volune of pores with a dia r

1 umor larger is less than 0.05 nL/g is used. It is further preferred that
the volune of pores with a dianmeter of 0.05 to 0.5 umbe 0.04 to 0.5 nL/g,
particularly 0.05 to 0.5 nL/g, and that the volunme of pores with a dianeter
of 1 umor larger be less than 0.05 nL/g, further, less than 0.02 nlL/g,
parti cubar kyeOcOiridt g HEEatiser ML Hadalingt keAgtibootathengatatysistni | | be

i ncreased. The macropore properties can be controlled by voids fornmed

bet weenyhBec¢AMPAYNGHe @Xd K& PR td iRt 3Nd sa 4lpoadi mgor At en@f thdeyyingts o th a
bi nder. The voids formed between the conpound oxide particles are

control lp%&iegywhage %@P@t&faﬁn&éer} hes wﬂ@l%n% ¥4hge B@rEwaE@SloJ he {oadi ng
rate i s control y n1X|ng ratio or melg ht ratio of the binder and the

conpoung gxi. dg, 1"‘4% % X‘ﬁé' §ﬁr[§4 hgd o%te%r whb8§ §8p8¥§mﬁ{‘&'%@scr°p°re

properties may al so be |nf uence y th& characterl tico i nder and a
corde e bar oL PROPCHE P D S8 SRR AR T R o
W th & 8 2PEFEeNt tRorpbtRY BT OF 05 RARLAODE LantPsRofd® beaci dic
by K Shibata, T., Kiyoura, J. Kitagawa
mL/g.
By means of the above-mentioned production method, the
binder component is made from one or more selected from hydrated
aluminium oxide or boria-containing hydrated aluminium oxide.
The method of hydrocracking hydrocarbon oils in accordance
with the present invention is a method with which hydrocarbon
oils can be converted to a product in which the fraction with a
relatively high boiling point contained in this hydrocarbon oil
has been reduced by bringing the hydrocarbon oil into contact

with the above-mentioned hydrocracking catalyst of the present

invention in the presence of hydrogen.

BRIEF DESCRIPTION OF THE INVENTION

Figure 1 is a graph showing pore diameter distribution of a
hydrocracking catalyst made by the examples and comparative
examples of the present invention. A and B in the graph show
pore diameter distribution of catalysts A and B produced by the

examples, and E shows pore diameter distribution of catalyst E
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K. Tanabe, Bull. Chem Soc. Jpn., 46, 2985 (1973), but sili al um na,
silica-titania, silica-zirconia and silica-nagnesia are pre MAR/ 208%ed.
Silica-alum na-titania and silica-alumna zirconia are preferably used as
the 3-el ement conmpound oxides. In addition, the conpound oxide of the
present invention can also contain zeolite, such as USY zeolite, etc. USY
zeolite is ultra-stable Y zeolite. It is Y zeolite characterized by its

al kali metal ion content of under 4 wt~, preferably under 1 w~, its

| at ti cemg@Bshanthef comssrd hire 2kip1A,. amtel versithlaaldi Byizattai na
(A1203) nolar ratio of 5 or higher. In case that a powder form of conpound

oxi de othek Bbaehysa’rzﬁeliﬂ&léétél%ﬂﬁ/ﬁs_dghmsmat bnor&spect dbefps producing
a hydrocracking catalyst, the pore properties of t he hydr ocr acki ng cat al yst

of the present {nyention f&fufasidy Phtained wighethe, vol ume of pores with
a pore %ﬁgneter m%th# a range 3% 40 to 100 Ais St least 0.1 nL/g and
medi an pore dianeter is within a range of 35 to 100 A A powder with a
medi an pore diameter within a range of 40 to 90 Ais further preferred, and

one wi th a medi an popesdl,A06! 5n Wl 'AH0GA AReheBR A IS

particularly preferret: 5 above=irent i oned pore
properties ar tlsf a co nd oxi.de er. mnth ative
surface area’l g? g?E?é ?eﬁf %%%rggﬁj%Fr%fﬁiﬁﬁgggqgﬁgélf?Bg %ydg o= %%ﬂ?
surface area of 250 nR/g or larger is preferred, 300 Iar S
further“ﬁﬁ@P@rPédthSnHrgﬁﬁnﬁﬂ¥%F?ﬂt4Qﬂxﬂﬁl% ?epQFFFEﬁpﬁglg gﬁVt%ﬁ d S%hen

t he conpound oxi de of the present invention is used in powder forn1 it is
pr ef er r édet PRECaPEORPBLAES oXf deh@atCa teplsts te0 4 hef %P@ﬁurélp@?’é?ﬂ%ls of
aggregates with a dianeter of 10 umor |ess be used because the macropore
propert itde chtehyspr eShatme¢hyentdbrrrathidiadeddiel gaspliphieandntna cat al yst
with sufficient nmechanical strength will be easily obtained. If a powder of
2 or nohydeoopechkdngxkdaestisnusety;. overall, at | east 60& of the powder

[Pore properties of the hydrocracking catalyst]

The hydrocracking catalyst of the present invention is
characterized in that it has pore properties that satisfy both
conditions (A) and (B) below:

(A) the median pore diameter of the catalyst is 40 to 100 A
and the volume of pores whose pore diameter is within a range of
40 to 100 A is at least 0.1 mL/g and

(B) the volume of pores whose pore diameter is within a
range of 0.05 to 0.5 um of this catalyst is 0.05 to 0.5 mL/g and
the volume of pores with a pore diameter of 0.5 to 10 pm is less
than 0.05 mL/g.

The so-called mesopore properties, that is, pore properties

pertaining to above-mentioned condition (A), are determined by

7



shoul d be particle aggregates with a diameter of 10 umor smaller, and 60%
or nore, particularly 70% or nore, preferably has a di ameterﬂngARtZﬂl]AO um
Particle dianmeter of the particle aggregates can be determ ne y the

met hod whereby the particle groups dispersed in water are irradiated with

| aser light and dianeter is found fromthis scattered |ight. Mreover, a
conpound oxi de powder that has been pre-treated by dry crushing or wet
crushing to bring the percentage of particle aggregates with a di aneter of
10 um ortismalilt@loded ghsl aasbrfflosatiethsd ded used.cdzaetidnokyedaces
present as particles with al nost the sane size as the size of the particle

aggr egat@srd rdieC @ahal ¥okeUgh Blle PaF t & £h oA UH RAAlASOhHCOmROBAH Oxi de.
[ Bi nder conmponent] 11 0 2 MAR 2~10~ The bi nder conponent used by the

present jnvent | ho d i rs Bias KE

al um na here |’s%§|ﬁsjm %E%eggfgg,ﬁg{lagnﬁnn%&mi%ydﬁaom eroalnsg;%gre ﬁg’%#g‘?g <108

al um ni yn QX 8 108 100" 1358 O} 0RCT £k UROUM QXi e lUTNUmLNX L ex| de
and/ or boria-containing yérate al'um num oxi de. e boria al'umna can al so
i ncl ude lboriea S & x&zgew arqd it can beec ?a{ii sed as a %ol idd-solnuti gn or
a conbi et mpoGRaS STHE 2b I RERr PRBEFPORERTS t Far® 1% WsFt CREAELEPFal T of
the carrier is . preferably a po onsi sting, of alum num hydroxi de and/ or
hydr at ect AHHAGIHGFGraETer Pebr SH61 Phet ity o AP Hg R GHERAPEoRAer)
particularly hydrated al um nium oxide with a boehnmte structure, such as
pseudo- BEHIRY &35 dr-c. ThEeBadsanvRehe t At 3¢ T, thRy dWEEraEREKg et i vi ty
and mddle distillate selectivity can be inproved. Mreover, it is

pref er r R EHAtS He Bilhddp eokpoaenet bel at<bg'aQ)erArt pad dodibstrs of mafbannum
hydr oxi de or boria-containing hydrated al um ni um oxide (referred to bel ow
si npl y axisordiamgtern watponder yangar of cdd ard O hydr ateed ighud@irdyunaoxi de with
a boehmte structure, such as pseudo-boehmite, including boria because

hydr ocr asddiregn actrevidiymane rnmivdtdhénda stahdatef sl ot i0h Ay sl brbéeirmpdoved.

The volume of pores whose pore diameter is within a range of 40
to 100 A is at least 0.1 mL/g, and this pore volume is preferably
0.1 to 1.0 mL/g, particularly 0.15 to

0.6 mL/g.

The above-mentioned mesopore properties of the hydrocracking
catalyst can be obtained basically by controlling the pore
diameter of the compound oxide to have such mesopore properties,
because the mesopore properties of the compound oxide is usually
maintained until the catalyst is made by the compound oxide.

So-called macropore properties, that is, the pore properties
related to above-mentioned condition (B), can be determined using
the mercury intrusion porosimetry and can be calculated assuming
that the angle of contact of mercury is 140°, surface tension is

480 dynes/cm, and that all of the pores have cylindrical shape.

8



The wei ght of the binder conponent is preferably 5 to 50 wbo/ articularly
15 to 35 W% of the total weight of compound oxi de conpon nﬁ 200 der
conmponent nmaking up the catalyst. If it is less than this range, there wll
be a reduction in 12 "0 2 MAR 2l 11IIr mechanical strength of the

catal yst, and when it exceeds this range, there will be a relative
reduction in hydrocracking activity and in mddle distillate selectivity.
When USY zeolite is used as the conpound oxide, the weight of USY zeolite
conponept h%ér@é@é@ﬁﬁ% Yedkal @ 3ReMe¥anRakbi Gibabt YpOrds twi 20 ant % of the
total weight of the conpound oxi de conponent and the binder conponent

maki N9 UPahBE LR Y45 o 1 tud 9ol @99t RBNOLBI ALYENGEG the Wolume JH TT1 cult
to realize rnprovenent o hy&lrocrackl ng activity with the use of USY
zeolite,_ and if jt_exc IS 4 t i L i r i

mi ddl e BPEETIVAER 36 lea?{?‘?d?ﬁ% ;}%fs\?w\g‘ﬁg?i’rl il(?%?érﬁ%nég?zaﬂé%a%aﬁﬁ? f:agr%pécq)und
oxi de, the weight,of _alumna is 10-6 % siLi | up r,ratio
of sili Bﬁ?ﬁl‘unfggalfsﬂir-%ffr st 5& oﬁen?}leTkﬁgiﬁrﬁlgrgg}gc %F‘lgﬂgéarfaé\ yst of
the present invention conprises one qr re al . conponent s _sel.ect from
G oup 691aP8ERT9ChNY- & O{E o g tbr‘?e%Pé)giDG&i 5‘?%‘6118%@9' I\/B?Vbjd%%%rﬁl% udrel';bs en,
cobalt, rhodium iridium_ nickel, platinum and pal gadi mare parficularly
sui t abl &9a8 - PhBLABt af NS ettt S UG G’,Orésoﬁbt ,aaﬁ%ﬂa@‘iﬁg %Yo b*% he
Periodic Table used in the catal yst of the present invention. Thes/e net al s
can be vsedazgevneecbepdnemn &-%‘5 Mb(dur ustherer LASE et RAMPONSAIRL/ Fhese
netals are preferably added so that the total amount of Group 6, Goup 9 13
0 2 MARp2zhicolaGipup.qdDd mifalbawmtss methianiche BygevgEAcRf ngheatal yst is
0.05to 35 % particularly 0.1 to 30 vt % Wen nol ybdenumis used as the
nmetal , theaagsunwviatided iscpeafet.ably 5 to 20 wt % of the hydrocracking
catal yst. Wen tungsten is used, the anount added is preferably 5 to 30 wt %
of the hydrochachkhbogopatal ysépertiidheaammnentconft rodllgddbpuvpbds t fongeedn i s

| ess than the above-nentioned range, hydrogenation capability of the active
met al negessany ther cbypoesd ackidy pdddidied rsuf &i toadingndati sftties ef ore
is not preferred. On the other hand, if the anmount added is outside the
above- mentii@ngd thaRosind@ge! egphd ofb s il ibee waehakheoapapedhdt dadddas
been added will easily occur and this therefore is not preferred. It is

further &%E%ﬁ%gdaEQaEﬁggpéii Qo Gkl g b addad orheRcMebibBegRY b R1de

tungsten aré used as t net al because hydrogenation capability of the

ti tal. will i T | . f i QL ~RBi o di
Thi s cadButd shrarer ahFy 0810 4BMEAE SRt od, g EXELe T whan
'S “preérer abry 075 _ ocr acking catal
netal, (o SodRt ateuthe i e Cufy O <R R FRET, MLRCRLE BD° 1 ¢

anount, this.s not preferred because sufficient hydrogenation capability
will notdteosgr&ﬁ’tegi ﬁé‘&génd exceeding this range is uneconomc. [Preparing the
Hydr ocr acki ngf Catal yst] 14 0 2 MAR 2004 The ratio of _the Eot al of the
nunber of nol'®§ BEsePerentidot PRFEYRAF HUH TN "Per fe 56f P6xi de (f or
i nstance, nunber of noles of Si02, Ti02, Zr02, and My0) and thg.ﬁunberfof
mol es i rinfduencsd byi gBeofharartaths titmertit Bidides 6ndagoE8dihion ©
conpositions of elenents other than netal elenments of Goup 6, Goup 9, and
Group 1Creedlitner prroceasbvhichydi bgepe rIFoRaf dFsdxygen in the
hydr ocracki ng catal yst of the present invention is preferably within a
range of 0.5 to 10, further, wthin a range of 0.7 to 7. Aratio |less than
this range or exceeding this range is not preferred because there will be a
reduct i ofcampdwdr @crideli ng activity, mddle distillate selectivity and
catal yst mechanical strength. [Method of producing hydrocracking catal yst]
The compound oxide used in the present invention is a

compound oxide with solid acidity. Several of these compound

oxides are known, beginning with the 2-element compound oxides

9



The catalyst that is made in this way can be obtained by kpeading and

shapi ng the conpound oxi de powder and bi nder conponent andﬁ(ﬂ'MAlezmlld
firing (baking) to obtain the carrier and further inpregnating and
supporting the netal conponent and then drying and firing. However, another
met hod can be used as long as a catalyst with the desired pore properties
can be nmade. A kneadi ng nmachi ne generally used for catal yst preparation can
be used for kneadi ng. The method whereby the starting materials are

i ntroduggdrapde Nt §rnd Sa@dded MN& .t kpiearbents, areysuxed Wi thitdgewag bl ades
is usually preferred, but there are no 15 0 2 MAR 200 particul ar

i m tat ongahopl Nep @l fieTeidh WHiEh 16 Stakli nogBRyeoyg 5 land addiddves are

i nt roduced, nary water is used for kneading, and it is not

Py e E ki nRe ERPRLY- L Afkh WL 0G0 LBE 481 ARk B9 TER A S Sad)

slurry for r 2OVer., i's added can al so be an organic
sol vent such et hanol , isopropanol., _ace éh £ yi ket.one, methyl
. ! . — h X l Ly .
|sobutyPrﬁ§?5ﬂ }ye?iggThe Tt FgfﬂP@adu%%%g§En§§ |%%la%% nead?%g time
vary with the conpound oxide and bjnder conponent used as the starting
mat er i aPdrCaRY2t AER LT ECTRP S a5 ﬁpﬁagF8ﬁ§m3§glSﬁﬁp%%n?rﬁﬁﬁé%if
condi ti ons under which the desired pore structure ig obtaiged. Simlarly,
as | onglasapditéony t BRe GOmRRRRA atiiemitc FhenBTEPEREr tPEEM b O Hetlk At |iS st
of the present invention are retained, it is possible to add and knead an
aci d suchnseisukpatiteacsdch 2Hdb¥ AN &S a®¥6ni a, an organi ¢ conpound
such as citric acid or ethylene glycol, a water-soluble polyner conpound
such as cel | iBBsecelhbe bs pbixassnable dolsioliceranilé LFbérieoki®e Shaping
after kneadi ng can be perfornmed using shapi ng nethods generally used for
cat al ystchprrepaeat zed. bytits @lledlel metal ion content of under 4 wt3,

preferably under 1 wt%, its lattice constant of less than 24.50

A, and its silica (Si0;)/alumina (Al,03) molar ratio of 5 or

higher.

In case that a powder form of compound oxide other than USY

zeolite is used as the starting material for producing a

hydrocracking catalyst, the pore properties of the hydrocracking

catalyst of the present invention are easily obtained when the

volume of pores with a pore diameter within a range of 40 to 100

A is at least 0.1 mL/g and median pore diameter is within a range

of 35 to 100 A. A powder with a median pore diameter within a

range of 40 to 90 A is further preferred, and one with a median

pore diameter within a range of 45 to 85 A is particularly

preferred. Moreover, as long as the above-mentioned pore

properties are satisfied, a compound oxide powder with a larger

relative surface area is preferred. Basically, a powder specific

10



t hat shaping be perfornmed by extrusion shaping with a screw gsxt etc.,
with which any shape, such as pellets, etc., can be efficieAﬁ?yﬁgﬂg@mﬁ, or

by the oil drop nethod with which shaping into spherical shape can be
efficiently acconplished. There are no special limtations to the size of
the shaped 16 0 2 MAR 200 article, but when it is, for instance,
cylindrical pellets, pellets that have a dianeter of 0.5 to 20 mmand a
length of 0.5 to 15 nmcan usually be easily obtained. The shaped article
obt ai neduagape eyiOusdy THEGi’/gedri sadgbedi ansrdfamrkd,0 3ooddge vhe carrier.
This firing treatnent is preferably firing for 0.1 to 20 hours at a

tenper at 4 §eof 1 308y OO YT d b rdidd,Oland 339 At r@sphersrguichisas nitrogen,
etc. There are no special limtations to the nethod of supporting netal

conmpone 5r9?cﬁb§rf?r§ﬁfﬁ%ﬁﬂgii npregnati on nmet hods by spraying or inmersion,
etc., i1on exchange nethods, etc., are suitable. Mreover, nore netal

component cafDg SHEPOLSH.RY LARRAGLNG SUBRO LybEgel et s ALk it 1O

treatnment. 1T Ts preferre I'ng cata met a

conmponent supperted on a carrier be fired for 0. 1t hour
Lerrper aPﬁf"gegf 936’6’ bt Qb?)é)f#eaﬁﬁedgrthgtggs Cg{“ﬁggg eg}éggﬁcﬁyage%% ?6oog%en

ecause activity of the catalyst will be increased. [Mc¢c ical strength of
hydr ocr &k PFRgCRat 81 PRIt Lnte TS %93t W HAR @alg§?PgﬁéFhogﬁf¢h%m SRt

hydr ocracki ng catalyst in ternms of the edge, sid%) ollagsin strengt h of
cyl i ndr P€arspel PBE_UGRt FPe TRGRRYTS HEOPSE timSi § 3t§8 BF ﬁ?@ﬁejrr}v r%roé} ably
4 kg or higher. Mreover, when a catalyst is nade b¥ supgortin t he t al
conponeserbpei ApFedraPPoriRe’ cathed AT 1eiS thid the M fadechy %?éhﬁ?&ﬁgft is
preferred that the shaped carrier have sufficient 17

strength will be easily obtained. If a powder of 2 or more

compound oxides is used, overall, at least 60% of the powder
should be particle aggregates with a diameter of 10 pm or
smaller, and 60% or more, particularly 70% or more, preferably
has a diameter of 1 to 10 pm. Particle diameter of the particle
aggregates can be determined by the method whereby the particle
groups dispersed in water are irradiated with laser light and
diameter is found from this scattered light. Moreover, a
compound oxide powder that has been pre-treated by dry crushing
or wet crushing to bring the percentage of particle aggregates
with a diameter of 10 pm or smaller to at least 60% can also be
used. Compound oxide is present as particles with almost the
same size as the size of the particle aggregates in the catalyst

using particle aggregates of compound oxide.

[Binder component]
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0 2 MAR 20El1 nechanical strength to obtain a catalyst with good yield, and
nmechani cal strength of the shaped carrier of the present invﬂ@ NAR 23{,43 kg
or stronger, preferably 4 kg or stronger, in ternms of side crushing
strength of cylindrical pellets with a dianmeter of 1.6 nm [ Hydrocracking
met hod] The nethod of hydrocracki ng hydrocarbon oils by the present
invention is a nmethod whereby hydrocarbon oil is brought into contact with
t he above-nentioned type of catalyst in the presence of hydrogen when the
starting hydrpeap bede i donigorearty ersieer blyo taeppedreht i hinwcion hehdulattdeons
with a relatively high boiling point, or the fractions with a boiling point
above apspecebbs & EHREARALAHE)01C PHrdiared unAnkhi STA¥ s DERI KO M&id aF e
reduced. There are no special limtations to the hydrocarbon oil that can

be us?da§§mﬁnﬁm56§{&é[thﬁﬁfﬂdﬁ“hyé¥gkf@@eaﬁﬁ?%@iHyﬂgaggdméphﬁinfmﬂe
fractions wth a boiling point of 250C or higher is preferably used. There

are no %gﬁagél &{1@' ﬁéﬂg-rgsl&rﬁﬁaggg%%ﬁﬁ s, Bﬁ‘gd?}’dé?&ﬂ{mﬁoﬁéréﬂﬁe can be

used as e Starting nateria ol I's derive rom crude , coa

l i quefaction ojl..oil shell. oil d,, etc. . and Fisgchers synthetic
oi l, et@?998FebﬁF%?e?%ﬁﬁ%}Q1%&Lh é?ﬁ%fd%&%ggggﬁ 8?F8§hatTg§q%§%§aas t he
starting_materi al na% cogpr'§$ iqpurities ot her than de ocar hons, but a

| oner i APUPTEG EBNt BhTC| ?4%3%N9(ﬁia &% 3 18902 3MAR V0T s preferred
t hat hydrocarbon oil that,K has been pre-trea&gd b hﬁdrotrgating, such as
desul f uFPPRELSRY 8&8n? t FP LRI OH L Uh PrdéneLAP 25 6R™PANIC by deasphal ti ng
be used. Materials with which the original pore dianmeter can be retained
because met aFhgubsRARE eSOMRPRRIL ddiftsiltS ien StREtABIoPBERTARY Phact¥pores are
particularly preferred. Actually, a starting oil with both a vanadi um

cont ent casdigirckel proferarlnfa ROOBT Wwonsdstiags ofppénsiapn yhydowodant o,
nore preferably 0.0001 wt~, is suitable. By neans of the nethod of
hydr ocr acki/eg hydrated bahunidsunfostie plmefentrednienbebdaw shepLY a2t i ng

hydr ocarbon oil is converted to a product with which the fractions having a
boi |i ng apamihahpghderi hapaat speaflic Hyeinedrst alemanéumedyted, walhl a hi s
specific tenperature can be selected fromany tenperature in accordance

w th t heodesitedspraduate, | $udls 48 e Ryuded-ddshimizel, epper at veeawse 1GYG t 0
400C be sel ected. Mreover, the hydrocarbon oil used as the starting

mat er i alghsRoukdyBeqsehogtdrs@kittadti ARt @iNdSmiddle distillate
selectivity can be improved. Moreover, it is preferred that the
binder component be a powder that consists of aluminum hydroxide
or boria-containing hydrated aluminium oxide (referred to below
simply as boria-alumina powder), particularly hydrated aluminium
oxide with a boehmite structure, such as pseudo-boehmite,
including boria because hydrocracking activity and middle
distillate selectivity will be improved.

The weight of the binder component is preferably 5 to 50

wt%, particularly 15 to 35 wt%, of the total weight of compound

oxide component and binder component making up the catalyst. If

it is less than this range, there will be a reduction in

12



50 wt~ or nore, preferably 80 wt% or nore, particularly 90 Oogx %ﬁﬁe’ of
fraction with a boiling point that is above the specific te AR 280%

sel ected here. By neans of the method of hydrocracki ng of hydrocarbon oils
of the present invention, catalyst is packed into the reaction vessel and
then pre-treated by drying, reduction, sulfiding, etc., and used. It is
particularly preferred that sulfiding treatnent be perfornmed before the
catalyst is used in 19 0 2 MAR 200 hydrocracki ng when it conprises an

el ement pnabnGhouR)] 6s@Sehdien Mt alhec FRENGRE, BydmeRes of éheedmd had of
hydr ocracki ng a hydrocarbon oil of the present invention, hydrocracking is

per formegdniB, t PR P& BSENCHOTa HRAeR rdddctiohSiRr Bi@F6&Eadiaig this be
performed Under increased pressure so that overall pressure is 2 MPa to 30

MPa. Th i QUi | QGiqt L o .
a sg'tawt?s&g&rw mPAPE Bl QGIThY% teL HEY): g;géﬁggrt@ygﬁg@%g%gmt@

hydr ocarbon ol y the present 1nventionis

particul,ar| .3.hz 1t 7 .The r tarty i dratio
suitablésf8¥e%y§?03$%c%Fﬁaggﬂi#?K}gkar%%n%%?@ﬁgyeghgggrg%%%%§?nvention is
100 NL/L to 5,000, NL/L._B ans .of_t hod _of . hydrocr i n rocar bon
oi | by FRBPBPEE nfsiRE%ﬁ?%/ﬁy i rtéja?t%l g’%ﬁhBﬁFngégﬁ’é? ggkrr%dg%{yd;
tenperature of 250c to 500C, particularly 300C to,450C. Exanpl es
catalysWténdoﬁeFﬂﬁdtﬁ?a}t@?iﬁéﬁhﬁ%iéﬁﬁ 9§§9®€P 8§1ﬁ§dF8%?%2€$%jnﬁgpﬁgﬂ, of
t he present invention will now be explained in detail mﬁ;£ morkA%% q¥anples
and comPAPEETVECBRANPIBIAKIRG AR SheACHFLYSE 2 WARI50BS ASEHR | | this
descri bed bel ow, catalyst A consisting of 11.0 wto W 1.0 wt~ N, 67.9 wt~
si | i ca- srogenaitandli7oe ok 06w e e lgreparegovemesE, ©f 136 g
silica-alum na powder (silica/alumna nolar ratio of 7.4, 93.4 w~ of which
was powtydrotrpakingl achigtieyatiesh ilteh usediodn®PSEr zepliteo andubd ifgnition
| oss of 16.4 wt~) and 325 g pseudo- boehmte powder (ignition |loss of 27.0
W ~) welkexckerdadetinhibegbei tigere xeid, 1l dwd sshaped ivet drapcyhi middkal shape by

distillate selectivity. When silica-alumina is used as the

compound oxide, the weight of alumina is 10-60 wt% of silica-

alumina or molar ratio of silica/alumina is 1-20.

[Metal component]

The hydrocracking catalyst of the present invention
comprises one or more metal components selected from Group 6,
Group 9 and Group 10 of the Periodic Table. Molybdenum,
tungsten, cobalt, rhodium, iridium, nickel, platinum, and
palladium are particularly suitable as the metal selected from
Group 6, Group 9, and Group 10 of the Periodic Table used in the
catalyst of the present invention. These metals can be used as
one component or a mixture of 2 or more components. These metals

are preferably added so that the total amount of Group 6, Group 9
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extrusion froma round opening with a dianeter of 1.6 nm Th carrier of
a silica-alumna/alumna m xture was prepared by drying thi sﬁQhMARd?fm‘tl cle
for 15 hours at 130C and then firing for 1 hour at 600C under an air flow
The nean edge col | apsing strength of this carrier was 6.3 kg. The carrier
was i npregnated by spraying with an aqueous ammoni um net at ungstate sol ution
and dried for 15 hours at 130C. Then it was inpregnated by spraying with an
aqueous nickel nitrate solution and dried for 15 hours at 130C. Next, it

was firegd Eebug01 0 Met£5 &nlHediNGerin@dn hdkoblk8¥kifgt dhtysly# Was ¢ I”U’J eby
obt ai ned. Wen the pore properties of this catalyst A were neasured by

ni troge 0938 RHg0r LNt Z%Qi e PHopQRes WyhBnangoysashaiei erugdd hin a
range o to 100 A" was 0.3 m_gandthe medi an pore dianeter was 51 A

Mbreover, SRednbesth Lol HRIGITAUAG RY B-B50RAEILES O SaLAYSr Ay

mer cury |ntru5|on por05| metry, 0g vol une ores with a
g p

58{3E§' %svmé%ﬁ‘éaé“c ceh Geiret ar¥&en tt@ggt%nﬂd%t 2sg) S%a"%*%%‘%‘“a"d&%?
Furt
0.05 018 BFFRASBLBER FL/ Y ) The NorRECGE SBorEd. 6 ERLEC hor of b Tt er

within a range of 1 to 10 umvvas | ess than _0.001 rrL/g The ore %gles
of cat aPSHNA af emShPRRCNM | THeEURISFeD dir dS8S FhaPeths aPg %r’berg%]afﬁl thin
the range of a pore dianmeter of 40 to 100 A (nesop oresg and there is al so
an obvi da89peakydroaemabioneaPraltiloitos afo thes aginl VRaBebpbr BIFSSTHC Bdei% i on,
mean side crushing strength of this catalyst A was 5.9 kg. [Catal yst B] As
wi | | behgdsorirbelingl vl l dog al ysuf B ciendi smich§hés thesefsewWs MGt wio N,

61.1 W% silica-alumna, 0.8 wt~ USY zeolite, and 15.5 wo al um na was
prepar egpreferred. On the other hand, if the amount added is outside the

above-mentioned range, aggregation of the active metal component
that has been added will easily occur and this therefore is not
preferred. It is further preferred that cobalt or nickel be
added when molybdenum or tungsten are used as the metal because
hydrogenation capability of the active metal will improve. The
total amount of cobalt or nickel added in this case is preferably
0.5 to 10 wt% of the hydrocracking catalyst. When one or more of
rhodium, iridium, platinum, and palladium is used as the metal,
the amount added is preferably 0.1 to 5 wt%. If it is less than
this amount, this is not preferred because sufficient
hydrogenation capability will not be obtained and exceeding this

range 1s uneconomic.

[Preparing the Hydrocracking Catalyst]
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First, 1,372 g silica-alumna powder (silical/alum na nolar ratio of 4.4,
94. 4 wt ~ of which was powder of particle aggregates with a Wn? f 1to
10 um ignition loss of 16.9 w~), 16.1 g USY zeolite (S|I|ca/ nol ar
ratio of 30.3, Na content of 0.02 wo, lattice constant of 24.29 A, 67.9
wt ~ of which was particle aggregates with a dianeter of 1 to 10 um
ignition loss of 10.6 wo), and 395 g pseudo-boehmte powder (ignition |oss
of 22 ~0 2 MAR 27.0 wto) were kneaded whil e being m xed, and shaped into

a cylindricalrhshaneibyoexthe St O rMthd Quifthe@peri mgwstbfaeﬂemmter of
1.6 mMm Then a carrier of a silica-alum na/USY zeolite/alum na m xture was

prepare%t%%rdEﬁhﬁgaiaﬁ§n§ﬂapﬁdté¥ﬁé(353J#ydelﬁf@Quﬁﬁsﬂbnégoch@ﬂgef'6fng for

1 hour at 600C under an air flow. The mean side crushing strength of this

carrier \Ags 4,Q 590 Jhe gar %k@ i @ehebYuRBERYHRIMMM LD An agqueous

ammoni um et atungstat e sol ut'i of ed for 15 hours at 130C. Then it was
i npr egnat ed b n quﬁguﬁ r.at on and dried
for 15 %oelﬁnss tf %gé% ﬁlgm%i&nﬁ{]%gs |redtnfoo%lr<%|§(}%m r?gt gés(g g’ 0C under an
air flow Catalyst B t her eby gbt ai o] es of thls
catal yst© Oglp\ﬁé,lg)iﬁﬁﬁsﬁ Al BYShrT r%@?ﬁtr P (ﬂnsor Dt 1°0 H%m@ﬁﬁg g%l Bgéﬁ%fé

wth a pore dlametervmthlnar eof 40 olO%é@wasOZ? Cgthe
medi an [fE108PdiPanéfer GRaEP 550 an R rr SYGEPIER dBLEF ore
properties of catalyst B by nercury |ntru5| on_ por osi netr¥ the voI une of
por es WAHYIENpdne thRaRBEEPCHRERI R L3 g tore 0. 195 PEeFestuiM 8P F 2P etS was
0.101 nlL/g, and the volune of pores with a pore dianeter of 0.5 umto 10 um
was 0. 0®reafiergblpurikbiforeran@ie bl Une ©f Lbor £310kber  avWpsPandp ahdR P

within a range of 0.05
of 0.7 to 7. A ratio less than this range or exceeding this

range is not preferred because there will be a reduction in
hydrocracking activity, middle distillate selectivity and

catalyst mechanical strength.

[Method of producing hydrocracking catalyst]

The catalyst that is made in this way can be obtained by
kneading and shaping the compound oxide powder and binder
component and drying and firing (baking) to obtain the carrier
and further impregnating and supporting the metal component and
then drying and firing. However, another method can be used as
long as a catalyst with the desired pore properties can be made.

A kneading machine generally used for catalyst preparation
can be used for kneading. The method whereby the starting
materials are introduced and water is added and the contents are

mixed with mixing blades is usually preferred, but there are no
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to 1 umwas 0.104 nL/g, and the volume of pores with a pore dianeter of 1
umto 10 umwas 0.001 nL/g. 23 0 2 MAR 200 The pore properﬂZest 2004
catalyst B are shown by line Bin Figure 1. As with catalyst A there is a
sharp peak within the range of a pore dianeter of 40 to 100 A (nesopores),
and there is also an obvious peak within a pore dianmeter range of 0.05 to
0.5 um (macropores). In addition, nean side crushing strength of this
catalyst A was 4.4 kg. [Catalyst C] As will be described bel ow, catalyst C

C0nS|StpathEuzgrOlﬂﬁﬂﬁyﬂléhé)@M‘%H@1oﬂa@r9lwt%h§bh|ﬁﬁeaéﬁglﬂﬁng4 9 wt % USY
zeolite, and 13.9 wt % bori a-alum na was prepared. First, 1,136 g

silica- ﬁbH%EélQOX\H&racﬁéiﬁi\% & AT iR PR R o, Ak 8, Of ozdfma gﬁay@wlosf whi ch

was powder of particle aggregates with a diameter of 1 to Ignition

| f 4 Y. | | / 30. 3,

NS ont SR80l s 8 hnedling) A 2RO Sd® Wit LRI PndBLELa Ble @ o 3D O
| di t f 1 t t | f 10.6

Pooy ChiaReg) RRehoendl dlo A USRI Gt b8 18 MTL LINESERN | fsrs‘?ég"’ne.ﬁi on

| f 19. d d d sh t

sﬁZZeobﬁ xi%agi{% : ?Bﬁ%e?a%%ﬁda%&ﬁl% R ans OERER e fefY ARt I

carrier ica alum na/ USY zeolite/boria-alumna m xture was prepared

by dryi ﬁﬁL?ﬁP 'sha‘ﬁgﬂo%‘?“?‘?]c'l AT ASHY LaftR¥dCkERaNEi rPRYYor 1 hour 24

0 2 MAR 2004 _
isobutyl ketone, etc. The temperature during kneading and

kneading time vary with the compound oxide and binder component
used as the starting materials, and there are no special
limitations as long as they are conditions under which the
desired pore structure is obtained. Similarly, as long as it is
within a range with which the properties of the catalyst of the
present invention are retained, it is possible to add and knead
an acid such as sulfuric acid, a base such as ammonia, an organic
compound such as citric acid or ethylene glycol, a water-soluble
polymer compound such as cellulose ether or polyvinyl alcohol,
ceramic fibers, etc.

Shaping after kneading can be performed using shaping
methods generally used for catalyst preparation. It is preferred
that shaping be performed by extrusion shaping with a screw
extruder, etc., with which any shape, such as pellets, etc., can
be efficiently shaped, or by the o0il drop method with which
shaping into spherical shape can be efficiently accomplished.

There are no special limitations to the size of the shaped

16



at 600C under an air flow The mean side crushing strength o& this carrier
was 6.6 kg. The carrier was inpregnated by spraying with an QUMARSZUM
anmoni um et atungstate solution and dried for 15 hours at 130C. Then it was
i npregnated by spraying with an aqueous nickel nitrate solution and dried
for 15 hours at 130C. Next, it was fired for 30 m nutes at 500C under an
air flow. Catalyst C was thereby obtained. Wien the pore properties of this
catal yst C were neasured by nitrogen gas adsorption, the volunme of pores

wth a peteclepnBterwiéd i s I ange iofst4dick) tQ0iAdvasa0.go¥ettd g and the
medi an pore dianeter was 69 A. Mreover, as a result of determ ning pore

propertbesietscahat yehvEe DYd BN I USik@N 2BORASAABT & Y1 ehdien VOF Wi oOf
pores wth a pore dianmeter within a range of 0.05 to 0.5 umwas 0.076 nL/g,

and thetgohgngmoga,po&%ay\i% hé& parie digmetieeqof 0.5 umto 10 umwas 0.001
m./g. Mean side crushing strength of this catalyst C was 8.4 kg. [Catal yst

D) As will bendesaribed, el ovt SALALNS R conshshong 8Ls22: 0% W 2 wt %

Ni, 53.3 wt% silica-alum na, i te, al um na was

oot oo gk, 60 P LA RS, LB Ltal e 1ol Tall

of 4.4, was powder of particlhé ag S

200 with a_diapeter.of 1 to u ignition loss of 16.9 wt%,_4 Usy
ool | t e PEBEFFERII G HAT bt ar rhti 2 DTS, 2hnscERFRRETERTD 98 1106t
lattice copstant of 24.29 A 67.9 wt% of which was particle aggregates with
a di anef@P of 11 3 BF ImIFSyRFPSRILEESSBFR 185 R4k 849N P 40 g

pseudo- boehm te powder (ignition |oss of 27.0 wt% were kneaded whil e being
m xed, and sEBpEE #AE oA TWRGHHY ildaltsdpashoekhpusrbhod r ofn SurRRIHd N
opening with a diameter of 1.6 mm Then a carrier of a silica-alum na/USY
zeol i t ePgltafki AANRPRELE eoMaBh o repaiiar Mpdddyips§Inpicsoshapkidods by

spraying or immersion, etc., ion exchange methods, etc., are
suitable. Moreover, more metal component can be supported by
repeating the support treatment and drying treatment. It is
preferred that the hydrocracking catalyst of metal component
supported on a carrier be fired for 0.1 to 20 hours at a
temperature of 300 to 900°C in air or a gas atmosphere such as

nitrogen because activity of the catalyst will be increased.

[Mechanical strength of hydrocracking catalyst and carrier]
Mechanical strength of the hydrocracking catalyst in terms
of the edge (side) collapsing strength of cylindrical pellets
with a diameter of 1.6 mm is 3 kg or higher, preferably 4 kg or
higher. Moreover, when a catalyst is made by supporting the
metal component by impregnation once the carrier has been made by

shaping, it is preferred that the shaped carrier have sufficient
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article for 15 hours at 130C and firing for 1 hour at 600C under an air

flow. The nmean side crushing strength of this carrier was ﬂ?mm
carrier was inpregnated by spraying with an aqueous anmoni um e state

solution and dried for 15 hours at 130C. Then it was inpregnated by
spraying with an aqueous nickel nitrate solution and dried for 15 hours at
130C. Next, it was fired for 30 mnutes at 500C under an air flow Catalyst
D was thereby obtained. When the pore properties of this catalyst D were

measur echeldpraniitb0geBrgagtRASOr htHim 4 heatealysre waknpgbes Yithaa pede
dianeter within a range of 40 to 100 A was 0.231 nL/g and the nedi an pore

di anet emaedand2af sMPEBGVET of 6nd d18ild frrdeberF @hegppggsneroper ties of
catalyst D by nercury intrusion porosinetry, the volume of pores with a

R e T e R o

m./ g, and the volune of "pores w i 0 10 um or

| ar ger . Q@3 .0LLg r e o of. pores.-with a, pore

di anet e\r%v%\nmtghig(r% gmrignaléggl?i%(?o Igegullgmuﬁf\v/vaés\‘}i .(ﬁécﬁg/ B,elgﬁ(ﬁ‘(tist‘ﬂle Vot ume of
pores W . re.dia r wthin a range of 1 to 10 umwas 0.00l nL/g.
Mean sié%gggﬁgﬁiﬁg gf?ﬁ%@th of this catalyst D was 4.7 kg. [Hydrocracking
reaction using catalyst A and catal yst B] Evaluation nethod 1: Catal yst A
was packed in a fixed bed flowthrough reactor which has 100 mlliliters
packi ng vol unme, and gre-sulfiding was performed therein. Then hydrocracking
was per flOYREGGAGEL P BRERON conditions of a pressure of 15 MPa, a
hydrogen/starting oil feed ratio of 800 NL/L, LHSV = 1.36 h-1, and reaction
t enper at ure 8he3vethagof rydeerr BeTO didividy orackom gassoby Whe horesent

invention is a method whereby hydrocarbon oil is brought into
contact with the above-mentioned type of catalyst in the presence
of hydrogen when the starting hydrocarbon oil is converted to a
product in which the fractions with a relatively high boiling
point, or the fractions with a boiling point above a specific
temperature, contained in this hydrocarbon o0il are reduced.

There are no special limitations to the hydrocarbon oil that
can be used as the starting material, but one containing 80 wt%
or more fractions with a boiling point of 250°C or higher is
preferably used. There are no special limitations to the source
of the hydrocarbon oil that can be used as the starting material,
but oils derived from crude oil, coal liquefaction oil, oil
shell, o0il sand, etc., and Fischer-Tropsch synthetic oil, etc.,
are preferably used. The hydrocarbon oil that is used as the
starting material may comprise impurities other than

hydrocarbons, but a lower impurity content is preferred, and it
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a density at 15C of 0.831 g/nL, initial boiling point of 2%2 9C, _97.8 wt %
fractions wwth a boiling point of 293C or higher, total I ZrMAR 200’0
concentration | ess than 0.001 wt% total nitrogen concentration |ess than
0. 0001 wt % vanadi um concentration |Iess than 0.0001 w% and ni ckel
concentration | ess than 0.0001 wt% Wen the reaction tenperature needed to
convert the fractions with a boiling point of 293C or higher at a
conversion rate of 60 wt% and the mddle distillate yield within 27 02

MAR 200ﬂsgpb@fémgd RHAY H@neRa@boh28i10tBIBChas bhéds sonversd e mat e were
determ ne they were 376.4C and 39.9 w % respectively. Catalyst B was

si m | ar}yqpaekesd: idy ! hadieadd lesnduz i RYEE 8R! agkh Ngr 1 €844 Qth Wasmdper f or ned
under the same conditions as descri bed above. Wen the reaction tenperature

needed Lon&POVELLidle (dpPldPliclisbRadchAL! b0DOANt @l 2836 Onyigher at a

conver5|on ra the m edlstl ate yledvmthlnabmllng

poi nt e of 127 to 293C at t % t hey
Were 36‘7 g%ha*h*a%%“sg v&q’ roersepeclt‘—’lim\e/egl%ril cgd E ttlg{:)%l d’”%l%{r/]on{r’ég%vler
cat al yst Qwas eval uat ed s le I Qws nder condl tions tha were differ ent
from t hDSRSHRRCTT bLY 2HoEPEAtalyst ﬁ RE8CBRER A nm?%]é()p%rese dfent i oned
fi xed-bed fl| ow through reactor and h rocr acki n rfor nder
react i oR2EBAEF+ 3% %‘fe%ﬁrp‘?eéjssurp’é:t 4 l\/|§a’3t3r H?o%&ﬁ/‘%’t?r Hd' S 1 feed
ratio of 800 NL/L, an LHSV = 1.36 h-1, and a reaction tenperature of 380C.
When t hBaBaaveRsTomtent enst Firckal; &ﬁé‘t\ﬁpﬂ:hog BoPPPRgvpdi Pt 1¥5293C or

hi gher and mddle distillate yield within a boiling point range of 127 to
293C wepéeaer@bhj/n%doo%eyt%mern@@pge@tefy@m 8400800t w43 r ebperititatt e

Cat al yst B was packed in the above-nentioned fixed-bed fl ow
By means of the method of hydrocracking hydrocarbon oils of

the present invention, the starting hydrocarbon oil is converted
to a product with which the fractions having a boiling point
higher than a specific temperature are reduced, and this specific
temperature can be selected from any temperature in accordance
with the desired product. It is preferred that a temperature of
180°C to 400°C be selected. Moreover, the hydrocarbon oil used
as the starting material should be selected so that it contains
50 wt% or more, preferably 80 wt% or more, particularly 90 wt% or
more, of fraction with a boiling point that is above the specific
temperature selected here.

By means of the method of hydrocracking of hydrocarbon oils
of the present invention, catalyst is packed into the reaction
vessel and then pre-treated by drying, reduction, sulfiding,
etc., and used. It is particularly preferred that sulfiding

treatment be performed before the catalyst is used in
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t hrough reactor, and hydrocracki ng was perforned therein under reaction
conditions of a pressure of 15 MPa, a hydrogen/starting oil g?eMr&a)Zo of
800 NL/L, an LHSV =1.36 h-1, and a reaction 28 0 2 MAR 20 ure
of 380C. When the conversion rate of fractions with boiling point of 293C
or higher and mddle distillate yield within a boiling point range of 127
to 293C were determ ned, they were 79.2 wt% and 48.9 w % respectively.

[ Hydr ocracki ng using catalyst C and catal yst D] Eval uation nethod |:

Cat al ystyAr¥@saPeckediiidh atf ioeahriedsf hawel Bhenghof e@ed @ evMd tH0
mlliliters packing volume, and pre-sulfiding was perforned therein. Then
hydr ocr L Q.MM formed under reaction conditions of a pressure of 15
MPa, a ﬂ%‘lﬁ‘gg‘éﬁéﬁéﬁﬁhg oil feed ratio of 1,000 NL/L, LHSV = 1.36 h-1, and
reaction te r 0, 4 ' a 238, 4 Asla
density at ng @%%sg‘g‘teot g rzrq_e%%rclll ?)?Stlflyggi%?%lg:ﬂ%%gn%u%@ 309.%én \5,9&11.130\?%%
fractio

with a bojling paint of 360C or high I

concent Eg?i Bhed W‘ﬁ/?;rgﬁjb?ndl thr¥i rrogd:eaﬁkégﬁcé%t Sé‘ff%ﬁr{\%é Ojgr&lJ tg/&%ﬁ;prveasrflean icum
concentratjon |less than 0.0001 w % and nickel . .concentration,|less than
0. 0001 ﬁ?%lyawﬁ‘é%e?hear?‘ga]cﬁ i‘oh Qrtfrﬁﬁér&{auﬁzgaﬁeghéa 3% %%ﬁ@%??e? h%r@erracti on
with a boiling point of 360C or higher at a conversiopn rate of_ 60 w % and
the ni ddPETERSER|PERTSYA S|P iRati #V& Bl PRESEEF Rt 17 and&FdrtA2%P ¢ 3360C at
this conversion rate were determned, they were 410.0C and 41.2 wt %
respect Toel yiagdd houpl {pFpaey Cacdityst(LBSKas Usedi faF | Y PeRKerFma mf
reactor and a hydrocracking reaction was perfornmed under_ the sane _
condi t i bydrasadesardbbel kihovke PARSenthdnveasiprenisefplriatute ReBded to
convert the fraction with a boiling 1poi nt of 360C or higher at a conversion
rate of pe@twctdantyt®e3 niddte di@thl'.at Bhyikydregen startsaid iaid geedt range
of 127 to 360C at this conversion rate were determ ned, they were 411.9C
and 45. Ganti®g subspiete i fet yhydwadnsatkiony Mt hedrdcarbon oil by the

present invention is 100 NL/L to 5,000 NL/L. By means of the

method of hydrocracking hydrocarbon oil by the present invention,

the reaction should be performed at a temperature of 250°% to

500°C, particularly 300°C to 450°C.

Examples

The catalyst and method of its production, as well as
hydrocracking method, of the present invention will now be
explained in detail with working examples and comparative

examples.

[Catalyst A]
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Mor eover, catalysts C and D were eval uated as foll ows under mzﬁuél%ﬁkt hat
were different fromthose descri bed above. Catal yst C was pa
above-nentioned fixed-bed fl owthrough reactor and hydrocracki ng was
performed under reaction conditions of a pressure of 15 MPa, a
hydrogen/starting oil feed ratio of 1,000 NL/L, an LHSV = 1.36 h-1, and a
reaction tenperature of 400C. When the conversion rate of fractions with a
boi li ng point of 360C or higher and mddle distillate yield within a

boi | i ng poi nisrange v detri®eI0BC1wrrl, e cdeheyst NBdeoh sreyt wey 419 wt % and
72.4 wt% respectively. Mreover, catalyst D was packed in the

above- nppgipned §ixed-ped 1. amidir a4ah cheathindNdahy dI Py apdd A wha
performed under reaction conditions of a pressure of 15 MPa, a

hydr oge t i il feed ratio of 1,000 NL/L, an LHSV = 1.36 h 1, and a
reactioﬂé§e§%%¢§€%$é of 400C. When the conversion rate of fractions with a

Ji'el d wi Chi nEhEBe | bt it sRg8 BT 27 e E0C bt & ok B A They
Ao i 1 BE BOREr T o BT bl AR e Ean SO haC bl ST DA A O M o6
Si 11 cac MG RaThBUREST (31 | edioa e AOAF PRt 18°81 Sh- 16 54" WRf whi ch
was powder of particle aggregates with a dianmeter of 1 to 10 um ignition
| oss of 328. 9 RES ?Ozﬁﬁﬁﬁﬂﬁ%%]HﬁﬂgﬁﬁbJBSQHﬁFPE pBRAePT (F4nf tTol I"RE of 27.0
wt % were kneaded while being m xed, and shaped into a cylindrical shape by
ext r usi snepdes vhibeinke opemitpdr anda sieRest éntef a1CBl ipdlr igreh ghape by

extrusion from a round opening with a diameter of 1.6 mm. Then a

carrier of a silica-alumina/alumina mixture was prepared by

drying this shaped article for 15 hours at 130°C and then firing

for 1 hour at 600°C under an air flow. The mean edge collapsing

strength of this carrier was 6.3 kg.

The carrier was impregnated by spraying with an aqueous

ammonium metatungstate solution and dried for 15 hours at 130°C.

Then it was impregnated by spraying with an aqueous nickel

nitrate solution and dried for 15 hours at 130°C. Next, it was

fired for 30 minutes at 500°C under an air flow. Catalyst A was

thereby obtained.

When the pore properties of this catalyst A were measured by
nitrogen gas adsorption, the volume of pores with a pore diameter
within a range of 40 to 100 A was 0.328 mL/g and the median pore

diameter was 51 A. Moreover, as a result of determining pore

properties of catalyst A by mercury intrusion porosimetry, the
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carrier of a silica-alum na/alumna m xture was prepared by ! S
shaped article for 15 hours at 130C and firing for 1 hour apq%éyg?gmﬂgr an

air flow. The nean side crushing strength of this carrier was 2.1 kg. The
carrier was inpregnated by spraying with an aqueous ammoni um net at ungst ate
solution and dried for 15 hours at 130C. Then it was i npregnated by
spraying with an aqueous nickel nitrate solution and dried for 15 hours at
130C. Next, it was fired for 30 m nutes at 500C under an air flow Catalyst

E was thsiehy obtgbred wiMen theepaianptepent tesnod tdnge ot @ Yo th were
measured by nitrogen gas adsorption, the volune of pores with a pore

di ametep 31,y £2<4 VAR LZQRY W LhiaN tRel 3BABME 0 A0pbPed 0P th VR eA42 N/ g and

t he nedi an pore dianeter was 62 A Mdreover, as a result of determ ning

pore pr i LeuRyY ohht ion i , vol ume
of por egP%&%%&g %Eor(g'a%ﬁgyn;oer%o\?mmﬁnﬁﬁgabf Sﬁgefhg?bb. 0@‘9%%{@6%% V\t/fstﬁséeo 026

m./ g, and,the vplune of npgores with a dj r_o 1Q _um was
0. 105 m‘f?gfm‘f:u? WY ot e"flpct & \P&rﬁnglgﬁ'%%gfeggg\ﬁ%ﬁ A %%l?%éd‘%gnnée{befsr Q:V?II {I]hi n a
range of 0.05 fo um ywas 0.053 ni/ and .t he volu of pores.with a pore
di anet eF™' ¢ hi {)1'%81§ a[?'FJe\éa'ofarF ttg‘elffog-?ﬁ“\‘ﬁ/agfo%l?%s n'}H - a\'héoﬁ%r%laﬂ}egcpegrti es
of catalyst E are shown b% line Ein Figure 1, As wgé)g catal yst A a sharp
peak i sWaBBhPwR t FARIS Pore TR Aty Wﬁéngésﬁf thant @ B %resopor es) .

Neverthel ess, in contrast to catalysts A and B, the peak of the macropores
appears in theerppER RFRRY e Afi &dedyséxBedds IPoWR MBS de &Y ushi ng
strength of this catalyst A was 3.2 k?(. [Igédrocracki ng reaction using

cat al ysFigprevhl uathere met Fodshrrecaeaky i tEinerbepheked ?h & B35&d bed

f1 owt hrough reactor .
diameter of 40 to 100 A (mesopores), and there is also an obvious

peak within a range of 0.05 to 0.5 pm (macropores).
In addition, mean side crushing strength of this catalyst A

was 5.9 kg.

[Catalyst B]

As will be described below, catalyst B consisting of 16.5
wt$ W, 1.5 wt% Ni, 61.1 wt% silica-alumina, 0.8 wt% USY zeolite,
and 15.5 wt% alumina was prepared.

First, 1,372 g silica-alumina powder (silica/alumina molar
ratio of 4.4, 94.4 wt% of which was powder of particle aggregates
with a diameter of 1 to 10 um, ignition loss of 16.9 wt%), 16.1 g
USY zeolite (silica/alumina molar ratio of 30.3, Na content of
0.02 wt%, lattice constant of 24.29 A, 67.9 wt% of which was
particle aggregates with a diameter of 1 to 10 pm, ignition loss

of 10.6 wt%), and 395 g pseudo-boehmite powder (ignition loss of
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with 100 mlliliters packing volune, and hydrocracki ng was erforned
therein as with catal ysts A and B. Wen the reaction terrpera %ed to
convert the fraction with a boiling point of 293C or higher at a c ersion
rate of 60 wt% and the mddle distillate yield within a boiling point range
of 127 to 293C at 32 0 2 MAR 2004 this conversion rate were determ ned,
they were 378.8C and 37.0 wt % respectively. Evaluation Method 2: Catal yst
E was packed in a fixed-bed flowthrough reactor with a catal yst packing

vol ume of . d0Qt% , warsl KneHer atkileg beasgpal kedreand heifbdd uidey 4 he sane
conditions as evaluation nethod 2 used for catalyst A \Wen the conversion

rate of c{1agdi oPa M dhage o} IdxitduRaiont Febm283Eoahdhb n@ngh vA ddl e
distillate yield within a boiling point range of 127 to 293C were found,

they wepeam@cbr Vb £0 ANgl Gl O % ar%%Q%EEkVQkYa Jbﬁlé%ﬂéiﬁﬂfﬁﬁldﬁY'deV'Ces
and net hods used in the above nentioned exanpl es and conpar ati ve exanpl es

are |istedy bel oy tcl{ Sia%ng‘ %k»@% aﬁﬁz £§rs C;feto[' bution of

particl e aggregates artl I'stribut partl aggr egat es

e N Rt ﬁbﬁp%m . MR

st ook b oo o o el ket oo P e
formardcggggégrggsllght [thhod of determi ning pore properties] 33

The carrier was impregnated by spraying with an aqueous
ammonium metatungstate solution and dried for 15 hours at 130°C.
Then it was impregnated by spraying with an aqueous nickel
nitrate solution and dried for 15 hours at 130°C. Next, it was
fired for 30 minutes at 500°C under an air flow. Catalyst B was
thereby obtained.

When the pore properties of this catalyst B were measured by
nitrogen gas adsorption, the volume of pores with a pore diameter
within a range of 40 to 100 A was 0.279 mL/g and the median pore
diameter was 52 A. Moreover, as a result of determining pore
properties of catalyst B by mercury intrusion porosimetry, the
volume of pores with a pore diameter within a range of 0.05 to
0.5 pm or larger was 0.101 mL/g, and the volume of pores with a
pore diameter of 0.5 um to 10 pm was 0.004 mL/g. Furthermore,
the volume of pores with a pore diameter within a range of 0.05

to 1 um was 0.104 mL/g, and the volume of pores with a pore

diameter of 1 pm to 10 um was 0.001 mL/g.
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0 2 MAR 200 The Aut oPore 9200 nade by Mcroneritics was used to determ ne
pore properties by nercury intrusion porosinetry. The ASAP ZGQOManmMy
Mcroneritics was used to determ ne pore properties by nitrogen gas
adsorption. [Method of determ ning nean side crushing strength] Side
crushing strength was determ ned for a sanple that had been extrusion
shaped into a cylinder, dried and fired using the TH 203CP tabl et breaking
strength nmeter made by Toyanma Sangyo Co., Ltd. The determ nation probe had

a round tip whéhpardi preiert ifs MBatihegspr ecader ehvheriePpyl oed Impsi ng
strength was neasured in the center of the edge of the cylindrical

deter”iFQgEQQ sanphe wesh repeatet 20 ttheee agdat BRafBapeyR! WS the
calculated. [Definition of conversion rate and mddle distillate yield] The

conver si:gRgeabe 9“;%0:?@ de it idd ale 136186t RVih¥sodBEER) SNy agidd ti of

the catalySts in the exanples and the conparative exanple were defined as
describ el ow; rsi : of , fracti Lth i Li it of 3C or
i gher 20T Tt 2 SRS PO oy o s 2R b p P83 58 Fh e 0

pr oduct %ik/mﬁgbof fggctions with a boiling point of 293C or higher of
starti n§oi' 'YFERPI09° (Wt ~) 34 0 2 MAR 200 conversion rate of fractions
with boiling_point,of 360C or higher = [.1 - (W% fractions with bailing
ot ht of 360ERaPaR Ghr GTeBt Gthith CHIS HEPGF SR RRt PENEh b 52 S bYTY h
poi nt of 36QC or higher of starting oil)] x 100 (w% mddle distillate
yi el d w"eRi A-BolPi ng point range of 127 to 293C = [(weight of fractions
within a boiling point range of 127 to 293C i n product)/wei ght of product
excl udi ng hydrogen sul fide

[Catalyst C]

As will be described below, catalyst C consisting of 22.0
wt% W, 2.0 wt% Ni, 50.9 wt% silica—-alumina, 4.9 wt% USY zeolite,
and 13.9 wt% boria-alumina was prepared.

First, 1,136 g silica-alumina powder (silica/alumina molar
ratio of 7.4, 93.4 wt% of which was powder of particle aggregates
with a diameter of 1 to 10 pum, ignition loss of 16.4 wt%), 102 g
USY zeolite (silica/alumina molar ratio of 30.3, Na content of
0.02 wt%, lattice constant of 24.29 A, 67.9 wt% of which was
particle aggregates with a diameter of 1 to 10 um, ignition loss
of 10.6 wt%), and 324 g boria-alumina powder (boron content of
2.6 wt%, ignition loss of 19.7 wt%) were kneaded and mixed and
shaped into a cylindrical shape by extrusion from a round opening
with a diameter of 1.6 mm. Then a carrier of a silica-
alumina/USY zeolite/boria-alumina mixture was prepared by drying

this shaped article for 15 hours at 130°C and firing for 1 hour
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and anmonia ) ] x 100 (w% ) mddle distillate yield within B%Hﬂg i nt
range of 127 to 360C = [(weight of fraction within boiling p®i 2% of
127 to 360C)/ (wei ght of product excluding hydrogen sul fide and anmonia)] x
100 (W% [Indicators of cracking activity and mddle distillate
selectivity] The reaction tenperature needed to convert the fractions with
a boiling point of 293C or higher at a conversion rate of 60 wt% and t he
mddle distillate yield within a boiling point range of 127 to 293C, which
are showt #90POdieddOrsn QfirCrfaeki.ng Taet nebhysand sidshenglisindd@ire of
selectivity of the catalysts of the exanples and the conparative exanpl e,
were cakgylsataedrasrdgssrébedkdpel ow. The apparent reaction rate constant at
each reaction tenperature was cal cul ated for the reacti on whereby the

fractions 357he0c3r MO 2008 WhiFedhNQUd IO PRI ngf w2PRCLRT 2B gbes are

converted with the apparent order” of reaction in terns of thé concentration

of fract] i.1h AN i : ry digher. . bekn onday ¥mo~AN
A hep; consbhlinBeaebba 000 1 s dif e e e S R e RE A Yorc®

reaction,tenperature needed to .convert .the fraction with a bojljng point of
263C or REIGr 36°a BRRCEPEreh L Y Widrwal A9Neaiac Bichabed on t he

Arrheni us pl ot that was obtained he conversion ratge of fraction with a
boi | i ng P&EAESofO285E°8 2R iRt r%‘?ﬁ tlﬁe & iar’fer]ngélcr es&ﬁ’?’%’ att &4¢h
reaction ,terrperatvu%;)e was gl otted gn the axis of abscissas and the middle
di stil| &&eF &Pd wPt REAUERR Bbi?TRG FORRE FENGETof 13%7 07 DBHUS tnds “3iSot t ed
on the axis of ordinates to obtain an approximati on curve show ng the

corr el atihGrebet RREAIRAE-

When the pore properties of this catalyst C were measured by
nitrogen gas adsorption, the volume of pores with a pore diameter
within a range of 40 to 100 A was 0.194 mL/g and the median pore
diameter was 69 A. Moreover, as a result of determining pore
properties of catalyst C by mercury intrusion porosimetry, the
volume of pores with a pore diameter within a range of 0.05 to
0.5 pym was 0.076 mL/g, and the volume of pores with a pore
diameter of 0.5 pym to 10 pm was 0.001 mL/g.

Mean side crushing strength of this catalyst C was 8.4 kg.

[Catalyst D]

As will be described below, catalyst D consisting of 22.0
wt®% W, 2.0 wt% Ni, 53.3 wt% silica-alumina, 2.4 wt% USY zeolite,
and 13.9 wt% alumina was prepared.

First, 1,143 g silica-alumina powder (silica/alumina molar

ratio of 4.4, 94.4 wt% of which was powder of particle aggregates
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conversion rate and the mddle distillate yield. The m ddl ecﬁzwélﬂhf
yield within a boiling point range of 127 to 293C when the i rate
of the fraction with a boiling point of 293C or higher was 60 w % was
calculated fromthis approximation curve. The reaction tenperature needed
to convert the fractions with a boiling point of 360c or higher at a
conversion rate of 60 wt% and the mddle distillate yield within a boiling
poi nt range of 127 to 360C at this conversion rate were cal cul ated as
descri bgdthehowsadéter o2 MAR 200 plt)e igppanent 16eacbEonsl atecgonstany at
each reaction tenperature was cal cul ated for the reacti on whereby the

fracti opgyWw,£B1@t80( L1 NOcPPA NiniGfa IRAGORRIiGNEE 8H€3COoRY e LN 1dE t he
apparent order of the reaction in ternms of the concentration of the

fraction wotjc@, beLti Nde POLIY  Hic 3@0(2‘4@29“1‘%9“%’7'.@%99 é?cﬁlﬂﬁééywqrsi:gd an

Arrhenius plot was made and the Arrhenius fornula was obtal ned.

react | OBaLEIRSLALYEEoNEEded, L, SONSHIe o 30LEORS Wt Dbl i b o nt

of 360C conversion rate o wt % was ca[ch at ed based on

the Arrheniuys_fo la_th s obtajned. ,The conversion rate of. fractlons
win o Beirbng BERh: ardoued SRR ESenlR e BOEEE | PRaRFLFord AodfRL 0

each reaction % erature latted ,on the axis qf abscissas, while the
mddi e aisPi PEAL e"ST el BeroThe bohq g ot oPangBooFH185% L S8 0T vas
plotted on the axis of ordinate to obtain an approxinmation curve show ng
the cor F¥LAPABACRLt FRERPS the BT Qb toR @ ZRYNEhEPANYBS eV HIRtE | | ate
yield. The mddle distillate yield of the boiling point range of 127 to
360C whéldapgEegonbet sPomnr at Bt & rettiey Wit B 81BdrRra§upbra{USY 360c or
hi gher was 60 wt % was cal cul ated. | NDUSTRI AL APPLI CABI LI TY The
hydr ocr aekilagedatl anyse wixtpree pras arepaneshbivodrivasgatBpecsharedor e
structure of both nesopores and nacropores and

article for 15 hours at 130°C and firing for 1 hour at 600°C

under an air flow. The mean side crushing strength of this

carrier was 4.0 kg.

The carrier was impregnated by spraying with an aqueous
ammonium metatungstate solution and dried for 15 hours at 130°C.
Then it was impregnated by spraying with an aqueous nickel
nitrate solution and dried for 15 hours at 130°C. Next, it was
fired for 30 minutes at 500°C under an air flow. Catalyst D was
thereby obtained.

When the pore properties of this catalyst D were measured by
nitrogen gas adsorption, the volume of pores with a pore diameter
within a range of 40 to 100 A was 0.231 mL/g and the median pore
diameter was 52 A. Moreover, as a result of determining pore

properties of catalyst D by mercury intrusion porosimetry, the

volume of pores with a pore diameter within a range of 0.05 to
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therefore is sufficiently strong nechanically. At the sanme tine, excellent
hydr ocracki ng performance is realized and efficient 37 0 ZhI\ZANAﬂ)QUU'I
hydrocracking is possible with respect to hydrocarbon oils containing 80
wt% or nore of a fraction with a boiling point of, for instance, 250C or
hi gher, particularly vacuumgas oil. 38 0 2 MAR 2004 CLAIMS 1. A

hydr ocracki ng catal yst conprising: a carrier having particles of an

i norgani ¢ oxi de and a bi nder conponent present between the particles; and
at | eas.6nemnetal 0 conpaniery, afparHedoQmmehercabreerwathl sepeed ed from
Goup 6, Goup 9, and G oup 10 of the Periodic Table, wherein the nmedi an

pore di anametedf othe, satml 110 ittt Q 2kQR rAwardot bes vt pyge of pores having
a pore dianeter within a range of 40 to 100 ~ ranges fromO0.15 to 0.6 ni/g,

and the pyekUERBmEtcPOERS 941 dMe &@g@ﬁé%t Withn 28pBeEe dAREBE Brw I A{H T @ Tange
of 0.05 to 0.5 umranges fromO0.05 to 0.13 nL/g and the volunme of pores

Wik a pahgedbamples WLl 4, dange ol ./, ! AnddRD LS11fe St Akl 01 M/ g,

2. A hydrocracking catal yst according 1, wherein the 71 norganic

ide is.mad f t | ' i,d d_f
consi st Fgtof BPFP APt e art i B0 RN o8 1o By £ B T 4T WP
silica-nagnegi

hydr ocr acki n eagtg%é%?gég%ﬁggéf%fééﬁaghgpéf%gi%L%%gg%§gEnBnﬁégiJF%NQé% > A
[Hydrocracking reaction using catalyst A and catalyst B]

Evaluation method 1:

Catalyst A was packed in a fixed bed flow-through reactor
which has 100 milliliters packing volume, and pre-sulfiding was
performed therein. Then hydrocracking was performed under
reaction conditions of a pressure of 15 MPa, a hydrogen/starting
oil feed ratio of 800 NL/L, LHSV = 1.36 h™!, and reaction
temperature of 390, 380, 370 and 360°% using vacuum gas oil with
a density at 15°C of 0.831 g/mL, initial boiling point of
262.9°C, 97.8 wt% fractions with a boiling point of 293°C or
higher, total sulfur concentration less than 0.001 wt%, total
nitrogen concentration less than 0.0001 wt$%, wvanadium
concentration less than 0.0001 wt%, and nickel concentration less
than 0.0001 wt%. When the reaction temperature needed to convert
the fractions with a boiling point of 293°C or higher at a

conversion rate of 60 wt% and the middle distillate yield within
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the inorganic oxide is conprised of at |east one inorganic m;?cﬁ ﬁeﬂ ﬁ ted
fromthe group consisting of silica 39 0 2 MAR 2004 al um rYa4 A I .
silica-titania, silica-zirconia, silica-nmagnesia, silica-alumna-titania,
and silica-alum na-zirconia; and USY zeolite. 4. A hydrocracking catal yst
according to any one of Claims 1 to 3, wherein the binder conponent
conprises at |east one of alumna and boria-alumna. 5. A hydrocracking
catal yst according to any one of Clainms 1 to 3, wherein the dianeter of at

| east 6QOpefilihg paihtCkesgdfot hex7 Ngooaydce Qi gRikScdveatdn 188 6. A
hydrocracki ng catal yst according to Claim1, which is used for

hydrpcr@@&bnaemééﬁeﬁéaPOHhQ%!ﬁeféﬂﬁiﬁJH°@9a§9 @@?@O&tgprfééﬁeégfygf NS with
a boiling point of 250C or higher. 7. A hydrocracking catal yst according to

Claim1l or i i i S: f rackin rocarhon oil whose
vanadiun1angb%FgEgthgnggﬁt%lﬁfgg%gfﬁx%¥%%ggjhﬁéfo?ePéggg S?QA?

hyd i i t im 7, erein said hydrocarbon oi

2 o tpieag Rl ahutt o BCE 00N T Rern i’ R £b8, 3358, BXREDFILRS Vacuur
il both 0. 0001 wt% I .40 2 VAR 2 9. A hydrocracking

ot alys (REEAPRRngEBo 0t aTRT, Fhhersast A0 HHOEFAR HOreraPaRdL F TR

o noe fh kISRl BT98 QMuoPi iy Tofe 6 AP SN nE UG "

conversion rate of 60 wt% and the middle distillate yield within
a boiling point range of 127 to 293°C at this conversion rate
were determined, they were 367.7°C and 40.3 wt%, respectively.

Evaluation Method 2:

Moreover, catalyst A was evaluated as follows under
conditions that were different from those described above.
Catalyst A was packed in the above-mentioned fixed-bed flow-
through reactor and hydrocracking was performed under reaction
conditions of a pressure of 15 MPa, a hydrogen/starting oil feed
ratio of 800 NL/L, an LHSV = 1.36 h™!, and a reaction temperature
of 380°C. When the conversion rate of fractions with a boiling
point of 293°C or higher and middle distillate yield within a
boiling point range of 127 to 293°C were determined, they were
64.5 wt?% and 64.4 wt%, respectively.

Catalyst B was packed in the above-mentioned fixed-bed flow-
through reactor, and hydrocracking was performed therein under
reaction conditions of a pressure of 15 MPa, a hydrogen/starting

oil feed ratio of 800 NL/L, an LHSV = 1.36 h™!, and a reaction
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defined in Caim1, conprising the steps of: m xing inorganinéfﬁpﬂg wder
conprising at |least 60 w% of particle aggregates with a dia 2 um
or | ess and binder; shaping, drying and firing the m xture of the powder
and binder to formthe carrier; and supporting at |east one netal conponent
selected from Goups 6, Goup 9, and Goup 10 of the Periodic Table on the
carrier. 11. A nethod of producing a hydrocracking catal yst according to
Claim 10, wherein the inorganic oxide powder is made from at |east one

sel ectedofibomt e WOUWBERNSI GhEAJLRE SbhvERs A oF IfrG@tliiohanivath
silica-zirconia, silica magnesia, silica-alumna-titania, and

silica- ggf%ggééfﬁggéﬁv%gﬁzc é‘r{rﬁﬁ.gﬂgr Oénc?rﬁ%ﬂé]%ias%g;a(%g @‘i%iéag cat al yst

accordi ng m erein e’ 1 norgani ¢ oxide po I s"made from at

| east one, selected. fromthe group consisti iljca- '

siIica-V?th?a? ?*i AT ConiTE IS 05521@8 85§§kﬁk5%b3%¥%%§%8§ﬁa,
silica-alumna-titania, and siljca-alumna-zirconia, and USY zeolite. 13. A
met hod gkeﬁrﬂﬁﬁ%iig‘%Wﬂyﬁr ‘fé%iﬁhﬁ%éat5F§§FcééX%%%Ing to any one of C ains
10 to 12, wherein the binder conponent is nade fromat |east one of

hydrat ed al um ni um oxi de and bori a-contai ni ng hydrated al um ni um oxi de. 14.

A nmet hod of produci ng a hydrocracking catal yst _according to any one of
C ai s 1BY#Bogpacking et i ihearedivat goPQddFéﬁéﬁﬁﬁtoP]the i norgani ¢ oxi de
A

powder ranges from35 to 100 A 15. met hod of hydrocracki ng hydrocarbon
oils conprisEﬁgluation method 1:

Catalyst A was packed in a fixed bed flow-through reactor
with 100 milliliters packing volume, and pre-sulfiding was
performed therein. Then hydrocracking with performed under
reaction conditions of a pressure of 15 MPa, a hydrogen/starting
0il feed ratio of 1,000 NL/L, LHSV = 1.36 h™!, and reaction
temperature of 420, 410, and 400°C using vacuum gas oil with a
density at 15°C of 0.9060 g/mL, initial boiling point of 309.3°C,
91.3 wt% fractions with a boiling point of 360°C or higher, total
sulfur concentration 0.46 wt%, total nitrogen concentration 0.081
wt%, vanadium concentration less than 0.0001 wt%, and nickel
concentration less than 0.0001 wt%. When the reaction
temperature needed to convert the fraction with a boiling point
of 360°C or higher at a conversion rate of 60 wt% and the middle
distillate yield within a boiling point range of 127 to 360°C at
this conversion rate were determined, they were 410.0°C and 41.2

wt%, respectively.
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contacting said hydrocarbon oils under hydrocracking conditi m? IWe
hydr ocracki ng catal yst defined in daim1l in the presence ofqz H 16

A hydrocracki ng method according to C aim 15, characterized in that the
hydrocarbon oil is hydrocarbon oil containing 80 wt% or nore of fractions
with a boiling point of 250c or higher. 17. A hydrocracking net hod
according to Claim15 or 16, wherein the vanadi um content and ni ckel
content of the hydrocarbon oil are both 0.0005 wt% or |ower. 42 0 2 MAR

2004 18. A hygdrgcyackp ngagrestﬁaqa%%%%mgdt OnCtak Nrddctdhesed i t he
hydr ocarbon oil is vacuumgas oil and the vanadi um content and ni ckel
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under reaction conditions of a pressure of 15 MPa, a

hydrogen/starting oil feed ratio of 1,000 NL/L, an LHSV = 1.36 h”

!, and a reaction temperature of 400°C. When the conversion rate

of fractions with a boiling point of 360°C or higher and middle
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0S) #109&PTFYIY with an aqueous ammonium metatungstate solution and

109 ()- !110%\& ()- 10% & ()-SHI0N & ()-SY"Y10% & ()-m K~_@ 0% o3

"10% & @¥ried1box &% )hermass @;uﬁqe\ Then 1t was impregnated by spraying
with an aqueous nickel nitrate solution and dried for 15 hours at
130°C. Next, it was fired for 30 minutes at 500°C under an air
flow. Catalyst E was thereby obtained.

When the pore properties of this catalyst E were measured by

nitrogen gas adsorption, the volume of pores with a pore diameter
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um was 0.053 mL/g, and the volume of pores with a pore diameter

within a range of 1 to 10 pm was 0.078 mL/g.

The pore properties of catalyst E are shown by line E in
Figure 1. As with catalyst A, a sharp peak is seen within a pore
diameter range of 40 to 100 A (mesopores). Nevertheless, in
contrast to catalysts A and B, the peak of the macropores appears
in the range where pore diameter exceeds 1 pm.

Mean side crushing strength of this catalyst A was 3.2 kg.

[Hydrocracking reaction using catalyst E]

Evaluation method 1:

Catalyst E were packed in a fixed bed flow-through reactor
with 100 milliliters packing volume, and hydrocracking was
performed therein as with catalysts A and B. When the reaction
temperature needed to convert the fraction with a boiling point
of 293°C or higher at a conversion rate of 60 wt% and the middle

distillate yield within a boiling point range of 127 to 293°C at
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a boiling point of 293°C or higher and middle distillate yield
within a boiling point range of 127 to 293°C were found, they
were 59.6 wt% and 61.0 wt%, respectively.

The determination devices and methods used in the above-

mentioned examples and comparative examples are listed below:

[Method of determining particle diameter distribution of particle
aggregates]

Particle diameter distribution of particle aggregates was
determined using the MICROTRAC particle diameter analyzer made by
Nikkiso Co., Ltd. This involved dispersing powder in water and
irradiating laser light onto the groups of particle aggregates
flowing through the water in order to analyze their particle

diameter distribution based on the forward-scattered light.

[Method of determining pore properties]
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Side crushing strength was determined for a sample that had

been extrusion shaped into a cylinder, dried and fired using the
TH-203CP tablet breaking strength meter made by Toyama Sangyo
Co., Ltd. The determination probe had a round tip with a
diameter of 5 mm. The procedure whereby collapsing strength was
measured in the center of the edge of the cylindrical
determination sample was repeated 20 times and the mean value was

calculated.

[Definition of conversion rate and middle distillate yield]

The conversion rate and middle distillate selectivity, which
show activity of the catalysts in the examples and the
comparative example were defined as described below:

conversion rate of fractions with boiling point of 293°C or
higher = (1-(wt% of fractions with boiling point of 293°C or
higher of product oil/wt$% of fractions with a boiling point of

293°C or higher of starting oil)] x 100 (wt$%)
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= [(weight of fractions within a boiling p01nt range of 127
to 293°C in product)/weight of product excluding hydrogen sulfide
and ammonia)] x 100 (wt$%)
middle distillate yield within boiling point range of 127 to
360°C = [(weight of fraction within boiling point range of 127 to

360°C) / (weight of product excluding hydrogen sulfide and

ammonia)] x 100 (wt$%)

[Indicators of cracking activity and middle distillate
selectivity]

The reaction temperature needed to convert the fractions
with a boiling point of 293°C or higher at a conversion rate of
60 wt% and the middle distillate yield within a boiling point
range of 127 to 293°C, which are shown as indicators of cracking
activity and middle distillate selectivity of the catalysts of
the examples and the comparative example, were calculated as
described below:

The apparent reaction rate constant at each reaction

temperature was calculated for the reaction whereby the fractions
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fraction with a boiling point of 293°C or higher at a conversion
rate of 60 wt% was calculated based on the Arrhenius plot that
was obtained. The conversion rate of fraction with a boiling
point of 293°C or higher from the experimental results at each
reaction temperature was plotted on the axis of abscissas and the
middle distillate yield within the boiling point range of 127 to
293°C was plotted on the axis of ordinates to obtain an
approximation curve showing the correlation between the
conversion rate and the middle distillate yield. The middle
distillate yield within a boiling point range of 127 to 293°C
when the conversion rate of the fraction with a boiling point of
293°C or higher was 60 wt% was calculated from this approximation
curve.

The reaction temperature needed to convert the fractions

with a boiling point of 360°% or higher at a conversion rate of
60 wt% and the middle distillate yield within a boiling point
range of 127 to 360°C at this conversion rate were calculated as

described below:
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10% o0& ¢PrPRixG IdN ofd ) Wo&O( Wtk was calculated based on the Arrhenius
formula that was obtained. The conversion rate of fractions with
a boiling point of 293°% or higher from the experimental results
at each reaction temperature was plotted on the axis of
abscissas, while the middle distillate yield of the boiling point
range of 127 to 360°C was plotted on the axis of ordinate to
obtain an approximation curve showing the correlation between the
conversion rate and the middle distillate yield. The middle
distillate yield of the boiling point range of 127 to 360°C when
the conversion rate of fraction with a boiling point of 360°% or

higher was 60 wt% was calculated.

INDUSTRIAL APPLICABILITY

The hydrocracking catalyst of the present invention has a
specific pore structure of both mesopores and macropores and
therefore is sufficiently strong mechanically. At the same time,

excellent hydrocracking performance is realized and efficient
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the median pore diameter of the catalyst is 40 to 100 A
and the volume of pores having a pore diameter within a range
of 40 to 100 A ranges from 0.15 to 0.6 mL/g, and

the volume of pores of the catalyst with a pore diameter
within a range of 0.05 to 0.5 pm ranges from 0.05 to 0.13 mL/g
and the volume of pores with a pore diameter within a range of

0.5 to 10 pm is less than 0.01 mL/g.

2. A hydrocracking catalyst according to Claim 1, wherein
the inorganic oxide is made up of at least one inorganic oxide
selected from the group consisting of silica-alumina, silica-
titania, silica-zirconia, silica-magnesia, silica-alumina-

titania, and silica~alumina-zirconia.

3. A hydrocracking catalyst according to Claim 1, wherein
the inorganic oxide is comprised of at least one inorganic

oxide selected from the group consisting of silica-
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one of alumina and boria-alumina.

5. A hydrocracking catalyst according to any one of
Claims 1 to 3, wherein the diameter of at least 60% of the

particles of the ingoganic oxide is 10 pm or less.

6. A hydrocracking catalyst according to Claim 1, which
is used for hydrocracking hydrocarbon oils containing 80 wt% or

more of fractions with a boiling point of 250°C or higher.

7. A hydrocracking catalyst according to Claim 1 or Claim
6, which is used for hydrocracking hydrocarbon oil whose

vanadium and nickel contents are both 0.0005 wt% or less.

8. A hydrocracking catalyst according to Claim 7, wherein
said hydrocarbon oil is vacuum gas oil and the vanadium content
and nickel content of the vacuum gas oil are both 0.0001 wt% or

less.
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(% part%c %gregates with a diameter of 10 pm or less and

binder;

shaping, drying and firing the mixture of the powder and
binder to form the carrier; and

supporting at least one metal component selected from
Groups 6, Group 9, and Group 10 of the Periodic Table on the

carrier.

11. A method of producing a hydrocracking catalyst
according to Claim 10, wherein the inorganic oxide powder is
made from at least one selected from the group consisting of
silica-alumina, silica-titania, silica-zirconia, silica-

magnesia, silica-alumina-titania, and silica-alumina-zirconia.

12. A method of producing a hydrocracking catalyst
according to Claim 10, wherein the inorganic oxide powder is
made from at least one selected from the group consisting of

silica-alumina, silica-titania, silica-zirconia, silica-
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according to any one of Claims 10 to 12, wherein the median

pore diameter of the inorganic oxide powder ranges from 35 to

100 A.

15. A method of hydrocracking hydrocarbon oils comprising
contacting said hydrocarbon oils under hydrocracking conditions
with the hydrocracking catalyst defined in Claim 1 in the

presence of hydrogen.

16. A hydrocracking method according to Claim 15,
characterized in that the hydrocarbon oil is hydrocarbon oil
containing 80 wt% or more of fractions with a boiling point of

250°c or higher.

17. A hydrocracking method according to Claim 15 or 16,
wherein the vanadium content and nickel content of the

hydrocarbon oil are both 0.0005 wt% or lower.
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18. A hydrocracking method according to Claim 17, wherein
the hydrocarbon oil is vacuum gas oil and the vanadium content
and nickel content contained in the vacuum gas oil are both

0.0001 wt% or less.
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