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METHOD THERECF, AND The present invention relates to a nethod of

hydr ocracki ng of hydrocarbon oils, and a catalyst that is su%bgble fgé
hydr ocr ackj m carbon oils and a method of its productildAnuasygvos

pr esent inmmm“mm“mn NMLcularly relates to a nmethod of hydrocracking with
whi ch the vacuiggegas oil fractions cgpdgr@fifibgi ently converted to |ight
gas oil by hydrocracking, as well as a catalyst that is suitable for

hydr ocracki ng of the vacuumgas oil fractions and a nmethod of its
production.F%ﬁgKGRCUND ART The demand for oil has recentI% shifted toward
gas oi FSPRR NGgascﬁ%$ﬁP¥§ﬂ} napﬁBRQUgéﬁGbe ﬁﬁggﬁﬂ%odu EERH9Fquid¥g%d
cat al yFOROFRELIAYC NELESEne, gas oil, jet fuel, etc., which are referred
to as mddle distillates, of preferred quality are not obtained by
fluidized catal ytic cracking. THEGHRGCAL tH&ELRt hod of hydrocracki ng of
vacuumgas oil is often used for mass production of high-quality mddle

di still at es The phlesent Hefentign meéldstey. tAl bheeghothefdaydredrbradhigon can
be obtained by bringing the crude oil and catalyst into contact at a high

t enper aifuhgdirdchrbon3@ilanuany 40@3tkhesRr esence sokuhydbagesrownder high
pressure in the field of hydrocracki ng of vacuumgas oil, selection of the

reacti ggaeeRdhabkany 87d neAkalusboh0b il 8niss ol FRRRLANL: FRE ¥ammkeofer e
severe feaction conditions or a catalyst of a hydrogenation
The present invention particularly relates to a method of
hydrocracking with which the vacuum gas oil fractions can be
efficiently converted to light gas oil by hydrocracking, as well

as a catalyst that is suitable for hydrocracking of the vacuum

gas oil fractions and a method of its production.

BACKGROUND ART

The demand for oil has recently shifted toward gas oils.
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 o0il refining
industry.

Although the desired fraction can be obtained by bringing

the crude oil and catalyst into contact at a high temperature in
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active nmetal species supported on a carrier with a higher content of solid,
strongly acidic zeolite can be used in order to inprove the conversion
rate. Neverthel ess, when a reaction is performed using this type of

catal yst, there is a disadvantage in that although the convegﬁion raégzis
i ncreased, large quantities of gas and naphtha are produced and2R¥r&étdicy
of the mddle distillates therefore is poor. Therefore, taking into

consi defat bg'%s_@hfcfeu%'fb'hh/kl@ﬁg‘éﬁq maewﬁri%ag%@,smgeqw ehel Rak1W Ll react,
attention i's given to the fine pore distribution of the catalyst in designs
of catalysts _that efficientl roduce m ddle distillate (Julius_Scherzer,

A J. éﬁﬁ?&%rﬁ % F chcwsﬁé c%@%cglghds?ggﬁﬁ6pggﬁf'%bfrggﬁcﬁéﬁﬁer, I nc.,
New York, 1996). For_instance, Japanese Patent Application Laid_Open

No. 06- C85978 1qnSc PHSe SaRAYSE KPdr SEASc RPN TOREEPYSt of OF Ry @rBdEnaftsR
active netal supported on a carrier consisting of boria, silica, and

al um ngeNiere aeagrdriageopeis igngmerer 6Rtedyss 920 aAhysiregienaslionf or
obtaining high mddle distillate selectivity. Thus, inproving mddle

di sti | laatte veemethilvispy chy st akippg riteto onors icderderowithe aprighdraneneent

di stribution of so called nesopores is a technology that is known in this
field of so3Qd)artaongdf03cdditcheecsiiee kamndbehygedc iac birde rcabaliygptsviehat
are packed in fixed bed reactors and used industrially are usually shaped
iNto CyhenNdens el iSRNeRe%s . TRENRMLOIY cWaer gHhehe RLeIenCall el FREHRRON €S
of 0.05 umor larger present in this type of shaped catalyst is also known.
POl Cramke, anaRcae BAl el AR CRLL0L LAl d MEANA 03540080 el 0ses 2
cat al yst "obt ai ned supporting hydrogenation active conponént on a carrier
consi sti.ng of ~an.,al umma inaqrgani ¢ oxi de and zeaqlite in order .tqQ hydrogenate
nainlya&§§9 Iy PG §PIRE 53N & %eaﬁﬁoéﬁﬁéﬁﬁ € esﬁ&ﬁge PLCIEFEFeSE Pat ent
Application Laid Open discloses the fact that because this catal yst has
nmacr opGREs ARG Raphsdire adicapereicsr 600 Aedectdvgéy &F Ghe middlsr nore,
depositi on of carbonaceous matter and netal inpurities and pluggi ng of
pores cdwsad lgyeshéhggedore ds pavrbe

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.
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prevented and as a result, yield of the kerosene and gas oil is inproved.
Neverthel ess, in general, shaped catalysts with macropores generally have a
di sadvant age i n that their mechani cal strength is weak because porosity is
hi gh (Takabo Shirozaki, Takayuki Todo, editors, "Catalyst P&ﬁgaratiogo
Kodansha, 1974) and therefore, the problemeasily devel ops anyagy 2003
catal yst is broken down and crushed when catalyst is produced and packed in

the reaCtorOHrtﬂ%rb@ﬂe&hﬁah@achgg90c¥9ckﬁﬁg'E&%QF?EES kpgw gdge aEQ@ae i's

still no technol ogy whereb rocracki ng catal yst is sinultanheously

given a 3 anuar cific neso anet er |bu Lon and a
speC|f|c %ﬁ%%gpérg Fé%é %BgtrlEut%gﬁugnEIPEEYhyaFogﬁggéﬁ hgpgpyst IS
used for hydroc kln ydrocarbon o] ferabg denetallzed

hydr ocafb6h ¥ F§ R&t ﬁa?ﬁ rEfnt atRPPR P9¥n§ 5FEi A§SpEPAtelnAfch is
hi gher than a predeterm ned boiling point, particularly vacuumgas oil or
heavy @a§r@ppr69|séL@s@ﬁEu@FO¥HEarNVENmreﬁemhe1§uﬁb@§etwpetﬁé pgrapent
invention is to provide a new hydrocracking catalyst with a high conversion
rat e apdtailgédlte idi sflisbl &newsel eEbirvekpmphehy dapenaski Rgtehthpgpddanbdnn
oils, particularly vacuum gas oil and heavy gas oil, and practi cal

mechaniiead speengbhosagdobo prevideca aethed19ttpbbedened bbi%u @b@kyﬁ as
wel | as a method of hydrocracking using this hydrocracking cata yst

hydroca§a%bggna%5%hy§btqbete%mgbﬁéa@tohngeegkeaeksceh@!gggqg wei gff
conprisés a catalyst carrier having particles of a conmpound”oxi de and a

25283&:%@@%?2@%5 Sl %“’gé?v%@%%@a%%%%%r %"a?’%ias%%%%ﬁ%”%”ﬁ?
Perlodhp Tabhy L i an _pore di aneter of _the catal is 40
Do L 00 nRa i s COar BB Phshr 85 RRCRPREr S raRErEr -+ s Thighy APAERRge of

40 to 100 Ais at least 0.1 nL/g and
Patent Application Laid Open discloses the fact that because this

catalyst has macropores with a pore diameter of 600 A or larger
at 0.1 mL/g or more, deposition of carbonaceous matter and metal
impurities and plugging of pores caused by the deposition can be
prevented and as a result, yield of the kerogsene and gas oil 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 is 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
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4 30 January 2003 (B) the volune of pores whose pore dianeter is within a
range of 0.05 to 0.5 umof the catalyst is 0.05to 0.5 nL/g and the vol une
of pores with a pore dianmeter of 0.5 to 10 umis less than 0.05 nL/g. The
conpound oxide is preferably made up of one or nore selected from
silica-alumina, silica-titania, silica-zirconia, silica-magnedj/gnuary 2003
silica-alumna-titania, and silica-alumna zirconia. Also, the conmpound

oxi de ig$Rrigfier HAhJTRAe GURE QN1 Ak YTBILE 138! seked BHamiFild caabpmhaa,
silica-Titania, silica zirconia, silica-nmagnesia, silica-alumna-titania,
and silj.ca al umna-zi. ni_a;, _and Y.zeolite. . Moreagver . the.hinder
compondiE L Snda SR ALt RPo P RSt g ety othd Snirar. Tor
conponent_is preferably one or nore of nolybdenum, tungsten, caobalt,

F hodi URY SRS T GIE Y BReRE RO 1afd pratEraml varg etrih& fore, it is
preferred that at |east 60% of the conpound oxide particles have a di aneter
of 10 drdaocsmbionecil sThdakeMmaddrlor condaddi fegagthpasoarisdkbed léagal yst
(hydrocracki ng catal yst composition) of the present invention conprises the
st eps gloimbe mipictnpeuid otverd & hpowede predepersiingdaboiddsy @o%npowder with a
particle diameter of 10 umor smaller and binder conponent; shaping, drying
and fi pang ildg aflxt waguut baesmoine cgahklaéty,, gardocsapporting at | east one
met al component selected from Goup 6, Goup 9 and G oup 10 of the Periodic
Table 5 30 January 2003 on the carrier, and thereby obtaining a

hydr ocracki ng catal yst wherein (A) nedian pore dianeter is 40 to 100 A and
the vol une of pores whose j i Nl ange of 40 to 100 Ais
at least 0.1 nL/g and (B) G toePrT|}%\Iﬁ\]‘;\}%‘!l\f?11I%I\J{diameter is within a

range of O'Q%et%u%ﬁ%s%nkkst%éogr%%e%tSig%% t%%% %%l%ggprovide 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



of pores with a pore dianeter of 0.5 to 10 umis less than 0.05 niL/g. By
means of the above-nentioned production nethod, the binder conponent is
made fromone or nore selected from hydrated al um ni um oxi de or

bori a- cont ai ni ng hydrated al um ni um oxi de. The net hod of hydr cracking
hydrocarbon oils in accordance with the present invention is % /AB¥54YW t h
whi ch hydrocarbon oils can be converted to a product in which the fraction

wth a relagbvekmehwghuggibkn OQ@gnuhsggtgF?%dd&amg@5§ @ﬁdageﬂ&pﬁg oi | has

been reduced by bringing the hydrocarbon into contact wt

above- nentioned .hydr ocracki ng cat st,_of -the prese invention in_the
presenggngF ﬁﬁdeégnQOBQFEF”%Eg%R%b¥IEﬁ%EﬁY?EElFNVE | &R Eréu g/? F?ga
graph s omﬁn% pore di ameter distribution of a hydrocracking catal yst made
by the t8Rarpredeand POKSSr Htlitve 2eRRAHI 8428 tEReOfr 8sént i Alett 85, LAS&nd B
in the graph show pore dianmeter distribution of catalysts A and B produced
by t he t&eanmpl-85, M@ -E shows pore di aneter distribution of catalyst E 6

30 January 2003 nade by the conparative exanple. The vertical and

hori zont al &kes cofmpbliadgoaphkel ndi patdeddbdfl ogdb) uandfDoneespeabireel v,
wherein V is pore volume and D is pore dianeter. BEST MODE FOR CARRYI NG OQUT

THE | N¢ENECENdTHe ofletsailligach 1Ue nRYy dsaghaekicig agakal ¥st iaad Zhydoaskacki ng
nmet hod of the present invention will be described bel ow based on the pore

Proper ;89 Al rkbRecdhd! 304 chNa18hinal ¥idhnTat enhdl §19% chhg1eakakyst, the
met hod of producCing the catalyst and the hydrocracking reaction, etc. [Pore

Pr oper Ligacaliat e i ogracking satalyatl, TheNdeostacking capalyst o the

present “invention s ¢haracter It por e “proper
satisfy both conditions _(A) and.(B) below._ (A)..the nedi an pore._di aneter of
t he caP§1§?Fei§ei60F8g16%°ﬁ §ﬁgl%ﬁéa38pﬁﬁg'0P16&F§§t&ﬁ8§éapoﬁéldF3ﬁeter is
within a range of _ .
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
pum 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 um 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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40 to 100 Ais at least 0.1 nL/g and (B) the volume 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 volune of pores with a pore dianmeter of 0.5 to 10 umis

| ess than 0.05 nL/g. The so-called nesopore properties, that js, por
properties pertaining to above-nentioned condition (A), are d%%@?ﬁ?ﬁgao%y 7
30 January 2003 the nitrogen gas adsorption nethod and the correl ation

bet ween, peie vl 4Tk, and pORe JBRE LR 2431 e o€ Bhyabed iy ke (BiHgret hod,
etc. Moreover, nedian pore dianeter is the pore”di aneter where cunul ative
pore volune .from.the side where .paore dianeter .is.larger mes_\V/ 2 when
pore v&q?rFeel&bt@)né‘}?%r‘?&lePoggngllltaimoenseroflsa4‘r%elté3t i1\9e pr@snlséﬁr%e eofvo\o{%G? by
the nitrogen gas adsorption nethaod is v.. The nedi an pore di aneter of the
hydr oc P& ¢ R i afetmtn 18 tde o 46766 4R tand %Ourt Rér 3ta
medi an pore diameter within a range of 45 to 90 A, particularly, a nedian
pore dilefste \ii thi/g andarie ofolsme @f8poxes yhessf @ored AIpMetedl dive of
pores whose pore dianeter is within a range of 40 to 100 Ais at least 0.1
nm./ g, andhim s pearngevafue 0iSs tpr éf.ér alnl yis0.01 050 tb. @ .BLAG./ pamtd cwllardey 0. 15
to 0.6 nL/g. The above-nenti oned nesopore properties of the hydrocracking
cat al ygf ¢rhe walkimiangdbreagiicaldre by fconts @ld i1ng phe paressditazet er. oaf t he
conpound oxi de to have such nmesopore properties, because the nmesopore
propergﬁgQLof t he conpound oxide is usually nmaintained until the catalyst
is made by the conpound oxi de. So-called nmacropore properties, that is, the

Pore Proper i Pl slatad ¢ oneh condh i { Bcigan g deter i ned

! HQ 2ROV ! %E .
usi ng the ne Intrusi on porosimetr can be cal culated assum ng t hat

t he angl.e of contact of .nerc is 140, surface tensiqn js 480,.dynes/cm
and ChaEREEF GPTERESTHY &S héries 4F Shdse S8 2008 FARTRAY 2505 A
hydr ocr acki ng catal yst where the volunme of pores wth a ,
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 o©il 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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di ameter of 0.05 to 1 umis 0.05 to 0.5 nL/g and the volune of pores with a
dianmeter of 1 umor larger is less than 0.05 nlL/g is used. It is further
preferred that the volune of pores with a dianeter of 0.05 to 0.5 um be
0.04 to 0.5 nL/g, particularly 0.05to 0.5 nL/g, and that the vol une_, of
pores with a dianeter of 1 umor larger be less than 0.05 niL BJaWTHX%@P

| ess than 0.02 nL/g, particularly 0.01 nL/g because nechani cal strength of

the ca d cr r t troll ed
by vor TEUES xﬁ%h%e?§SE§?%EZ§§oﬁ§%ﬂﬁlgﬁx.Eﬂgpgﬁ?Fgﬁéi R T LR

the voids w th bin |d tyeean pth 10xi de
partlcﬁeg ar% E%ﬁt?ogg g d?g terg B? e Cbn%8%§§BOXIg Yparticles.
The Ioading rate IS controhled aﬁ mxing ratiqQ,or weight ratio of the

bi nder YAR4SLRe VcdRpBARE YRIHES @AFcH Wl PObE gé@@?FSEd | ater. The nesopore
and macropore properties may al so be influenced by the characteristic of
the binder and a condition of kneadi ng process which will be described

| at er. [ Conpound oxi de] The conpound oxi de used in the present invention is
a conmpound oxi de w BESTSIODE &FORJICRRRYI&NEOHT GHE! ANYENGdOMound oxi des are
known, beginning with the 2-el ement conpound oxides 9 30 January 2003
confirmed t ghbedaehtliies bY KheShi/Babaradkinl yaueadysd. akdt agawacrkckIagabe,
Bull. Chem Soc. Jpn., 46, 2985 (1973), but silica alumna, silica-titanic,

silicamgthe@nbé gpd gkhbeatWEEO@ﬁtaoar@1@neﬁeraegxregea below based on
Silica-alumna-titanic and silica-al um na Z|rcon|a are preferably used as

the 3- %h%”@BEeC§¥B§HQQ Fé'g%st E”CQQQE&EQ”’tth %g%gloﬁ Q%r?%l%thUSY

present enti an "al'so con a|n zéofiré, such Zeo |te
zeollt is ult oI|t is.Y z Ilte C cter d by its
2 kel | he: BREPOR=Eont bRt TGFRORIEE RERAYS LBEer FaSF{rE BALFBE s

| attice constant of |l ess than 24.50 A, and its silica (S|02) [ al um na
(AL203NYRBPSracking spastépn, etc.

[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 um 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
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hi gher. In case that a powder form of conpound oxi de other than USY zeolite
is used as the starting material for produci ng a hydrocracking catal yst,
the pore properties of the hydrocracking catal yst of the present i nvention
are easily obtained when the volunme of pores with a pore dia er “‘28 n a
range of 40 to 100 Ais at least 0.1 nm/g and medi an pore di ?%HMY

within a range of 35 to 100 A A powder with a nmedian pore dianmeter within

a rangehefnéQrbee%Ogésladgeegheenp&etﬁeaegndaeﬁeoeerweﬁataoHEQ 2feRar e
di aneter wthin~a range of Als partlcularly preferre Mor eover ,

25| ngess. Vs, AROUEATRALLONG ROLE. RLADBL! LES Ahe B3 b8! LAY, pgucommOUNd

oxi de er W ive surface area asically, a
powder g%%lflc 10 30 Januar %303 surface area of 250 n2/ g or_.|ar

pr ef er FE4 2 001 g YPTPAVGEr GFt ReFepFefRPEEY, 1§n&h§590ﬁﬁlélémeg§Fger
is particularly suitable. Wen_the conpound oxide of the present invention
i s usedhemepeuaEd afdve PPre yoprarefirea that sadeoipsurdpoxeddiametedsts60%
of which is particle aggregates with a dianmeter of 10 umor |ess be used
becauséatrhermhecopese VgLopiehi peoref vohempr ebeati nedv entieen coad ibeoaas blfy
obt ai ned and a catalyst with sufficient nmechanical strength will be easily

obt ai nadrelibtaveopeessai-e2o@r 0NBELE7CBPEHRANGXFrEGS NI GadSadsoeyerahl , at
| east 60% of the powder should be particle aggregates with a dianeter of 10

um or gERhber isafd 60%0neABLE, pBRE! HeHhaELY 48% .k E?E%oc&%%&%h?b|y has a
dianeter of 1 to 10 um Particle dianmeter of the partiCle aggregates can be

det er ni g %%1%% E%a%ﬁEﬂ?ﬂ %?% g% the, BaEB'Ebﬁogggﬂﬁé ?hﬁEﬁr§ed ;Rgﬁgé%r are

|rrad|ate diraneter rom hIS sca

l'ight. M d d ha b ted by d
cr tahi RE%6 “ere&?aﬁ%ﬁﬁégﬁoaﬁ?#néef%?dgér%8 PgE: oPopki FHCPE Hogregal s

with a dianeter of 10 umor snaller to at | east 60% can al so be used.
ConpouR§J8RPIOrS FregeReTa¥ AT & E3ndPt REaPRoSP BRefsadd Breéesgene
size of the particle aggregates in the catalyst using particle aggregates
of conpbendoduinge of[ Bomesr whosgopeome] didmeter 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 propertiesg
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.
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30 January 2003 The bi nder conponent used by the present invention should
be made from al uni na and/or boria-alumina. The alumina here is al unm num
oxi de, al um num hydroxi de and/ or hydrated al um ni um oxi de. The

bori a-al um na is al um num oxi de, al um num hydr oxi de and/ or bgria-con&g&ning
hydrated al uni num oxi de. The boria alunina can al so include bgrfaragy2d03

m xture, and it can be conprised as a solid-solution or a conbi ned
conpourdy, fhe Bihpden cearaneat (hakel $nd $hatkkngsMBhekikal,i9h khe carrier
is prefergbly a powdér consisting of alum num hydroxi de and/ or hydrated

al um nijum oxi de (referred to bel.ow.si opl s-al unina_powder articularly
hydratg&agFﬁﬁFnPgnﬁdgﬁdgowﬁtH%al oghﬁnggs?racpﬁyé,a?ﬁcﬁ%gsbblgme of
pseudo- boehm te, etc., because when this is used, _hydrocracking activity
and ni BOFESAPSLH Pafd 2BEFELt PFi ty “BaRTbe 2FRFFovEd L SRbr EB@@rP-Pg Mg/g is
preferred that the binder conponent be a powder that consists of alum num
hydr oxigedor Bér iig- Euomthen pyehpdratedhatuihai umlorede( peresr wdthoabel ow
sinply as boria-alum na powder), particularly hydrated al um nium oxide with
a boehdiibeeseructtuoe 05stich 0as psebeooboehmot 6,. 5i nEl/gdi pgribdcudalbégadses
hydrocracking activity and mddle distillate selectivity will be inproved.
The weitghto .6f miLhig, bahdet hag@mpbeeRbliuhepbel pbabky wi tho a5a i whn¥r epablEi cular |y
15 to 35 wt% of the total weight of conpound oxi de conmponent and bi nder
conpongRt 1ARKLRIHEP 1688 €aLAl ¥Sbs tnfuégt, erk@es, L haBst Rhenr ange, mihere will
be a reduction in 12 30 January 20 mechani cal strength of the catal yst,
and wh it s this g re wlli r i red ion in

hydr oc g%kﬁﬁgiégﬁ'vpfelaﬁgggn%ﬁféggg 3?%%?P?§ g gg%%%?%@i?%.%&%en usy
zeolite is us%d e conpound .oxi de, the weight of USY zeolite conponent

as .t
i s pref@Fagry OWiigo 50 T FFEFE ricularly 0.2 to 20 w% of the total

wei ght of the conpound oxi de conponent and the )
The macropore properties can be controlled by voids formed

between the compound oxide particles and a loading rate of the
voids with a binder. The voids formed between the compound oxide
particles are controlled by the diameters of the compound oxide
particles. The loading rate is controlled by mixing ratio or
weight ratio of the binder and the compound oxide, which will be
described later.

The mesopore and macropore properties may also be
influenced by the characteristic of the binder and a condition of

kneading process which will be described later.

[Compound oxide]
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
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bi nder conponent nmaking up the catalyst. If it is less than this range, it
will be difficult to realize inprovenent of hydrocracking activity with the
use of USY zeolite, and if it exceeds this range, there will be a relative
drop in mddle distillate selectivity. Wen silica-alum na |% used ai t he
conpound oxi de, the weight of alumina is 10-60 wt % of silica -2IaMaER2e}
nmol ar ratio of silica/alumna is 1-20. [Metal conponent] The hydrocracking
cataly egen n{.,i,0R C ne @ ta ents
ggngréﬁ@ Rb %g 58?8!% gy R’ HEB%E%O @ t&lygBES Mt klﬁg§B®Q

sel ect oup oup 9 and G oup rrodic Tab

pal | adRom e Bar PLabr arTy sl PPAn| EoRE 't%lédhé???”'éi?ééeeﬁkfl%' Hebsas o,

Goup 9, and C}oug 10 of the Periodic Table used in the catal yst of the
presen?iuﬁééﬁbléﬁ itResd tARLAl s SdaAChe 2hE6QTAS BRE EdAPSASHEIDBRSA2nPXEur e
of 2 or nore conponents. These netals are preferably added so that the
total @medetrabilyGuesed.6, SGlogp-9lugina30ijandar png063léocacrdupine -net a
contained in the hydrocracking catalyst is 0.05 to 35 ww% particularly 0.1
to 30 wi%covihenatel phddépuabily used as the Betakmehhe canpuvohdaddedeks
preferably 5 to 20 wt % of the hydrocracking catal yst. When tungsten is

used, trhe s@dB¥Abnadded compobehar akliveSorotB8 Wirtsehtt hevBvdroeer agki Blso
catalyst I'f the anmount of nol ybdenum or tungsten is | ess than the

above- rppk| QQQQe 319e, Eﬁ@&og%n%%oneSQQ%Q"EEX of the active netal

necessary for rocrac ing w be |nsuff|0|ent and this therefore is not
preferred. 9@ t@%o H@%rlgan trlfsE zeoﬁdged I%tOUts&dzeo t

above- nentloned range aggregati on o the active netal conponen% fhat has
been added wi || ,ea %& Qccur ig&.thls herefore is not r ferred.olt IS

f urt heFgrécterdd e65aPt ket infekatl Benagand eRireRt SdeftuiftSr
tungsten are used as the netal because hydrogenation capability of the

act i vepretfgralillyl ungsrove wt¥he it6t dRtidsenconstesbalet dessi kan 24déd in
this case is preferably 0.5 to 10 wt % of the hydrocracking catal yst. Wen
one or Anpmadofits silica (SiO,)/alumina (Al,0;) 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
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rhodium iridium platinum and palladiumis used as the netal, the anount
added is preferably 0.1 to 5 w% If it is less than this anpbunt, this is
not preferred because sufficient hydrogenation capability will not be
obt ai ned and exceeding this range is uneconom c. [Preparing tBs

Hydr ocracking Catalyst] 14 30 January 2003 The ratio of the 8ty 8803 he
nunber of noles of elenents other than alum numin terns of oxide (for

i nstan f b, S 02,1 J1 0) 1 nber of
mol es %ﬁrfgg%ggsgog?ggggf e m‘gﬁulm%%rnbjéz% Oé?e%fre%@bﬁ%g% ) S
conmposihtions of el ements ot her than_net elepents of Goup 6, Goup 9, and
& oup. 167988 56r SHEUBRFb B LRrArSgeR nie P oBS it S5Eh T 1 he
hydr ocr acki,ng_cat al yst, OE the present invention is preferably within a
range BPTGISULETLY, SHGEPR&R: within a range of 0.7 to 7. Aratio |l ess than
this range or exceeding this range is not preferred because there will be a
reducti on i Whepdtber gekpagndc oriidey ofntligl prapsnt| Lavensapactipyiiegdani
catal yst mechanical strength. [Method of producing hydrocracking catal yst]
The capawgetr tfhatn,i $tnmadepirefeliredwairacan bempbtiadnedidy kneddasg and
shapi ng the conpound oxi de powder and bi nder conponent and dryi ng and
firingoffbakiing) ikopaktaicnet Aggtaghies andnf urt AeamefBr-egliationgmang less
supporting the netal conponent and then drying and firing. However, another

met hodpeanhe veeduds kﬁ%gm%%r%p%%%ab¥%FeWkHEstB% desl bedsRake ;R eReibhes
can be made. A kneadi ng machi ne"general 'y used for catalyst preparation can

be use or__k L0g, t wher e ri .materials,are
introdggédkgngg%gggfopggggggdgggdat%g%géx%gnnggr%u%?%ggeaftﬁeﬁF?PﬁSa%lades
ere are n 30 January 2803 particul ar

i ¢ aBEGREBES Fird LoPaerorr iwh PBR “LREds: A AQERUCEE: e 2ard BHFL|ves are

i ntroduced, etc. Ordinary water is
compound oxides is used, overall, at least 60% of the powder
should be particle aggregates with a diameter of 10 um or
smaller, and 60% or more, particularly 70% or more, preferably
has a diameter of 1 to 10 pum. Particle diameter of the particle
aggregates can be determined by the method whereby the particle
groups disgpersed 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 um 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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used for kneading, and it is not particularly necessary to add water when
the starting materials are in slurry form Mreover, the liquid that is
added can al so be an organic solvent such as ethanol, isopropanol, acetone,
nmet hyl ethyl ketone, nethyl isobutyl ketone, etc. The tenperature dur]
kneadi ng and kneading time vary with the conpound oxi de and gpﬁﬁ@#“y§b&9
conponent used as the starting naterials, and there are no speci al

limtations g QRGeS CBH‘%F%E][% ceRd F&O@%euﬁ_@%rse‘?f‘&i SLRRr?eR%i@‘ﬁS is'h%@l_ﬁ‘)%%

structure is obtained. Simlarly, as Iong as it is wthin a range wt

whi ch { e Proper L gs,.0f Lhe £at alyst, 08 e preseat hnyeqtl an,arg 1 etal ned,

it is possibletoa eadan~acid such "as “sul rari ¢ aci base such
as ammoni a,, an organi ¢ conpound_such as citric acid or ethylene glycol, a
wat er - I%P@“b@l"?‘%@r' @gHﬁBEPHB‘ élé(g]ﬁ oxd deepral/ 6’§e%é( aregr 3 BW\IPilg‘W

al cohol, ceram c fibers, etc. Shaping after kneadi ng can be perfornmed using
shapi n§*eichod Fhge berdll-@ lygdaaf ¢is émipslm prépgr agilominum hydgpefieer ed

t hat shapi ng be performed by extrusion shaping with a screw extruder, etc.,
wi t h whaincl canpostiapeonsadhiay pyldretted eflamincen oxedef.f i @hentloyiskhaped, or
by the oil drop nethod wi th which shaping into spherical shape can be

ef fi ci entumd nac cemplailsked nclheice b an@ss peaial uldel)l bald aRs che ke size of
t he shaped 16 30 January 2003 article, but when it is, for instance,

cyl i ndidg@lriReld elss o Rehlhetshatchave a diamrhey borornie 20 nmand a
|l ength of 0.5 to 15 nmmcan usually be easily obtained. The shaped article

obtained as rpley;Qusly .cg)ﬁ%r rnirelPl%d tirh%td ;1€ %;&grrftg%%d p%%ﬁpgri%‘i“%% ttttﬁ%acar rier.

This firing treatnent i eferably firing hours a

tenperature of ,300 tq 90 in air or a gas atnosphere such a i trogen

ot TRATT IR o PSLETAPIY h DRV CEL AL Bk Roa TG0 R G EEa
conponent_on the carrjer and inpregnation methods by spraying_or inmersion,
etc., iPE/OrchydFates: rdyaindum oxdde Jwefepred N@ré&l@t‘” SABPd Yl
conponent can be supported by repeating the support treatnment and drying

t r eat neriumina powder), particularly hydrated aluminium oxide with a

boehmite structure, such as pseudo-boehmite, etc., because when
this is used, hydrocracking activity and middle 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
gimply 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
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preferred that the hydrocracking catalyst of netal conponent supported on a
carrier be fired for 0.1 to 20 hours at a tenperature of 300 to 900C in air
or a gas atnosphere such as nitrogen because activity of the catalyst wll
be increased. [Mechanical strength of hydrocracking catalyst and carrier]
Mechani cal strength of the hydrocracking catalyst in terns of30t/aauasyd@o3
(side) collapsing strength of cylindrical pellets with a dianmeter of 1.6 nm
|5 3 KB Q0L GN6T o REAEREARLY (A KD QL BEANer MOESRVEL. e ] catalyst is
made by supporting e Jrvet al componen gy i npregnat’i on once the carrier has
been nmade by aping, . it _is preterred that the shaped carrier have

ourti crenees 7t hels Yitdars” 2069 AECNENEaL b Ponaih W E T O6E A0 Sbat al yst

wi th good yield, and nechanical strength of the shaped carrier of the
presenfCitavénti 6aci $r3migldde dipsidertepsetecabivyty -kgWbensUsdngeprlits
terms of side crushing strength of cylindrical pellets with a dianmeter of
1. 6 mmig] Hpeédoesatkiengompoiod] ckheenethed weflghydodc U&dkizeglhyer ocar bon oil s

by the present invention is a nmethod whereby hydrocarbon oil is brought
into cerim@ohentt ist beedkewdlyent.iloned 3y pe 20f peatakystrily the peesence of
hydr ogen when the starting hydrocarbon oil is converted to a product in

whi ch 448 T 63CERRNS oWallN R iG8labifV ey RioBobeld b9 dROLBpcRenknNankr 2kl ONS
with a boiling point above a specific tenperature, contained in this

hyd - i d T ial gl i.m tati he, .
o e SR brB B naT U 18 200,308 S LB L hogs Eaghenss
wWth.a boLIin§H%oinE of. 250C or hi gher

cont ai ni_ng 80 .wt %.qr. re.fraction
is preF?F%EVylgg &31TE%r§l§Féc &%sénggﬁlﬂFﬁiﬁgpf "5t fRé source of the
hydrocarbon oil that can he used_as_the startin% material, but oils derived
from crY§EosrRckdngl actduefaciish e, usel osnhdiY, 26l isgndang; df, i&nd
Fi scher-Tropsch synthetic oil, etc., are preferably used. The hydrocarbon
oi | t h&Xcegdgs &d1gs remgest &heireg widtlebealk ey agdmgr idgepi mpumididds ot her
t han

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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hydr ocar bons, but a lower inpurity content is preferred, and it 18 30
January 2003 is preferred that hydrocarbon oil that has been pre-treated by
hydrotreati ng, such as desul furization, denitrification, and
denetali zati on, and by deasphalting be used. Materials with ich th
original pore dianmeter can be retained because netal substan Jaﬂﬁ“%g?03
deposit in the nesopore and nmacropores are particularly preferred.

Act ual |y, Géoaba&bl&gtgulcwhkalggahlﬁ zﬁeaﬁya%bgeahﬁnhgaeqtau9§%I 160pt gt of
0.0005 Wt % or | ess, preferably 0.0 wt % “nore preferably 070 01 W% is

SU|tabIe y heans th had.of hydroctacki h r.bon |I f t he
present RgeWFPOnpthecgﬁ & i groégr %n 0|Pﬁ|§ §§%§%8 % mtg aaﬁgoduct

W th mhlch the fractions haV|n |I|n% pQi nt Elgher t han a_speci

t enper &ulF&CafEtPedutds, a&ﬁ&th?g §§e&?f Eeg RBEAYt Gr &9caf HE Ssefet 8d from
any tenperature in accordance with the de5|red product. It is preferred
that ahvéxperachisdoratedeste 4WDenbEuseEseneds Meecovehe pREURydPEE&Ebon
oil used as the starting material should be selected so that it contains 50
wt % or isopeefprebéyabl yo80 0wwiksonfmohe, hpdrbccak&ing @atalYsor. mirfe thef
fraction with a boiling point that is above the specific tenperature

sel ect eghohere o fBhonHdAS NG bhe tidbeednofi shydeectheki ficobbbydrmeathoneai | s
of the present invention, catalyst is packed into the reaction vessel and

then p&%nb%eah§@r€§eﬁ&xu6a c%%Q%QﬁhQQ o§Ukhbdb@gav%t&etaanﬁeaéggarytfb%
particulafly pieferred that sulfiding treatment be perforned beforé the

Cata'yﬁbﬁﬁ%§%ﬁﬂlgga%?11 B2 1%%E%EXC%Q9% Q%%r%% %C%h%% ﬁ%%% '%hgggpr'ses an

el enen
ggf;gfggg'”%teﬁehg OEAEDA S0P PLRSeTL A e on. vepgraging i

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 is uneconomic.

[Preparing the Hydrocracking Catalyst]
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of hydrogen, and it is preferred that this be perfornmed under increased
pressure so that overall pressure is 2 MPa to 30 MPa. The liquid hourly
space velocity (LHSV) used for hydrocracking of hydrocarbon oils by the
present inventionis 0.2 h-1 to 5.0 h-1, particularly 0.3 h- % to 3. 28&%
The hydrogen/starting oil feed ratio suitable for hydrocrackisig2Bfary
hydr ocarbon oil by the present invention is 100 NL/L to 5,000 NL/L. By

means of th%h@EEE{QQLOOthX%O%ESK' Bg budr 99%@9%@' lol¥st B¢ BAERERES
i nvention, the reaction should be perforned at a tenperature of 250c to

500C, ticularl 10,45 Ex I h t nd ne f its
producggéﬁr %han %FU%ngydﬁgcggé |n§%ﬁe%§8§ qu% ﬁggg%ggehtnﬁhgggtgon\mll
now be ex | ai ed |n detail w th working exa and_ conpar at ve exanpl es.

[ Cat al eﬁq %o 81039 %%ar%)-’oz@o§nﬂsMﬁngl )| aﬁgp RS PPH@&%@% éét afyst A
consisting of 11.0 % W 1.0 wt% N, 67.9 mﬁ@bslllca alunlna and 17.0 wmt %
al um n&ewas plepsidg. ofi pduminum3gnymbieri ea- ardeinafpdke@r) (811 ca/ al umi na
nolar ratio of 7.4, 93.4 wt % of which was powder of particle aggregates
wi t h acdmpostieiook bft el&bheYitm oiteict tban ossadf eléménis%p fafdoBP56g
pseudo- boehm te powder (ignition |loss of 27.0 wt% were kneaded whil e being
m xed, cadpsbapesdd oeup ¢yl bpdr beabnshapebby, exyBusyen, f hamrageauasd
opening with a dianmeter of 1.6 mm Then a carrier of a

S"'Cao%b%%hn%hakﬁg'ﬁ%d@b%&%%%lﬁgscB%%@%%%doQYtQQYbQQsEBtS1§Q@B%QO%VEEC|e
for 15 hodrs at 130C and then firing for 1 hour at 600C under an air

s r,%rfe%@% 199 LARRL00 SLLERGI B0k ENES G311 ketouRs 0,3 ckay The grrl er

was i regnat e Spray |ng wth an a ueous amvoni um r?etatun state ol ution

dd d f 15 h t ed b th
AR oy ot A N LSt B R ot R SRS T S R

was
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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fired for 30 mnutes at 500C under an air flow Catalyst A was thereby
obt ai ned. When the pore properties of this catal yst A were neasured by
nitrogen gas adsorption, the volune of pores with a pore dianmeter within a
range of 40 to 100 A was 0.328 nL/g and the nmedi an pore dia gr was &% A.
Moreover, as a result of determning pore properties of catal@ ENURIy S
mercury intrusion porosinetry, the 21 30 January 2003 vol une of pores

Wi th aPQQE%c@tLé%Etl%l‘éﬂaTtHbﬂsatBaE% 8ka@r03nt @nich ¥AEWREAQ983 N/g, and
the volune of pores with a pore dianeter of 0.5 umto 10 umwasS 0.00l ni/g.

O o SRR A0 a0 AR, 24,80 23D, BARAER LBIE opMLENLY B.BR020f

0.05 t 6T am was e\m ume “of pore ore-di anet er

wi thin a range to 10 umwas  less than Q The pore praqperties
of | cat HRGEr PATaFEBRORE b e AS) OB BArGIEALT ﬁg%fegﬁgease 4r 5opBR wi t hi n
the range of a pore diameter of 40 to_ 100 A (mesopores), and there is also
an obvi8GETpWRRNIWELRI AtaTEaRgeTof em108 st 8T8, SNuMLUKEYT 6p5Mes) MOLRONEMIt i on,
mean side crushing strength of this catalyst A was 5.9 kg. [Catal yst B] As
wi || béhgeddnubddtheltows eddelystnBadensbst engooshahéchsnfl¥ent sushwaso Ni |,
61.1 wt% silica-alumna, 0.8 wt% USY zeolite, and 15.5 wt % al um na was
prepar edhahbist isbpzédagosi,| beatahen natpgderhysi kie€ahal uresayol ar ratio
of 4.4, 94.4 wmt % of which was powder of particle aggregates with a di aneter

of 1 19sl@uuimi u@tbhen k@es OfI‘hJEGt%m%%atu¥@ .8 iHgYaeaki b and
(silical/alum na nolar ratio of : Na content of "0.02 wt% lattice

const agtrneggd fét %?E(“ v@? 9 Y0 %Fﬁ’géﬁﬁfﬂﬁ Bt tdk% 'aﬁdagqg@g%t E3mpbhin?

di anet n|t|on
pseudo- bo%hggt%h%omq tg nition.l $s

use materials, andz%here 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
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30 January 2003 27.0 wt% were kneaded whil e being m xed, and shaped into a
cylindri'cal shape by extrusion froma round opening with a dianeter of 1.6
mm Then a carrier of a silica-alumna/USY zeolite/alum na m xture was
prepared by drying this shaped article for 15 hours at 130C gﬁg flrlgg%{or
1 hour at 600C under an air flow. The nean side crushing str A

carrier was 4.0 kg. The carrier was inpregnated by spraying wth an agueous

a”"Dn'B%kﬁ%ﬁ%tUB&%t%%%nSQkUEbonf%@d1ﬁ%h§ﬁc&0rc%ﬁlﬁQQE%aqt £39€csThen it was
|npregnated by spraying with an aqueous nickel “nitrate SOPUtIOﬂ and dried

for 8@%8&tsattha%0§ave K pabliplas, b 507 06 30 hubes 21 300 wadgr san

air fl ére ai ne re propertires o

catalyst wer e nmeasure nitro S ads rptlon t he vol une of pores
with a ﬁb#é HW%ﬁ@Pepswﬁﬂﬁyy bg F&ﬁggybggﬁélpS 100 A was 0.279 nl/g and the

medi an pore dianmeter was 52 A. Moreover, as a result of determning pore
properti es Ghecghabpst aBtBylge POGRY NEAL aﬁsi@éﬁvs@rdéébfrré@ﬁyrlbﬁé 6| dire cof
pores with a pore dianmeter within a range of 0.05 to 0.5 umor |arger was

0. 101 midg fiaed tleproduwre theporesiwirt.h Fhper €idiageteratme®tSismto 10 um
was 0.004 nL/g. Furthernore, the volune of pores with a pore dianeter

W t hi nprefang®lgf fQrQngt dok vmmwas Q0104ufl/ gr andetberwahuee osf 3pores with
a pore dianeter of 1 umto 10 umwas 0.001 ni/g. 23 30 January 2003 The

pore piepesti£S,90f satal %§§ &ﬁé@@ﬁ@%ﬂs@ahla@en&w?ghg%@cl As with
catal yst A, there |s a sharp peak within the range of a pore diameter of 40

to 100 A ("%%%Q%r g%”%p%%@ 2§ hs %%‘El%%so%' ‘B'ﬂ% R%ggy.o W LR, n%ggg"{:ggg

di anet er range of nacropores) . I'tion, n s

CrUShlg% ren%&%n%%ttghst%atal%%Eeé ga im%r%%nakggka%%%hogg 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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As will be described below, catalyst C consisting of 22.0 w% W 2.0 wt%
Ni, 50.9 wt% silica-alumna, 4.9 wt% USY zeolite, and 13.9 w %

bori a-al um na was prepared. First, 1,136 g silica-alum na powder
(silica/alumna nolar ratio of 7.4, 93.4 wt % of which was pogﬁgr of
particle aggregates with a diameter of 1 to 10 ~, m igniti on Pd@uasy 24 4
w9%, 102 g USY zeolite (silica/alumna nolar ratio of 30.3, Na content of
0.02 %-1lLatti.ge t .of A, % ' artigl e
aggreggﬁ%ga%%Fﬁqasgggﬁ tgrt%fo%%ﬁggls Egéﬁgygﬁiygﬁﬁwgggg g?§%§f6%ﬁf5©, and
324 g horja-alu 0 r (boron content of .2.6 %. ignition | oss of 19.7
ot 9 Cnd P R Re A SRR G e TS RS P8 T4k PEndPEc B oShaDe by
extrusioon froma round opening with a dianeter of 1.6 nm Then a carrier of
a sili ¢AVERGAPRaAESY 80Pt EFBOREETal RAEHETROAY Ul ke TpPEFRFEE Thy 18r yi ng
this shaped article for 15 hours at 130C and firing for 1 hour 24 30
Januar y 2063 o&t sa0eCcunddingn sgirenpitbwo fThy landiisiede peddshieny isty engt h of
this carrier was 6.6 kg. The carrier was inpregnated by spraying with an
aqueousiiamatieiruminmgt. & mmgst at e 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 fired for 30 m nutes at 500C
under an air flow Catalyst C was thereby obtai ned. Wen the pore

pr oper tiLS Sk alis neAt@lk¥siy)C were measured by nitrogen gas adsorption, the
vol une of pores wth a pore dianmeter within a range of 40 to 100 A was

0.194 ni/g aad the edign h&‘&&?c‘}ia%ﬁ]'ihgr hg%%o%%zéon'\’%rﬁ%"%éf £33 3 Leukt of

det er mi ni ng pore properties of catalyst Dy meircury intidsion porosimetry,

t he vol,une Q res with a pore dianeter within a Lange of 0 5,t% 0.5 ~Cm
o uehss 15t

f, .
was 0. d‘f‘é’er?ul&l,%oa"ﬁdat & OB SEERE 0 PYS TRICER PR oré dibaet ~.mto

10 ~.mwas 0.001 nm/g. Mean side crushing strength of this catalyét C was
8.4 kgpoP@§p§|y§¢hDF e above-mentioned type of catalyst in the presence

of hydrogen when the starting hydrocarbon o0il 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 gpecial limitations to the source
of the hydrocarbon 0il that can be used as the starting material,
but oils derived from crude o0il, coal liquefaction oil, oil
shell, oil 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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As will be described below, catalyst D consisting of 22.0 w% W 2.0 wt%
Ni, 53.3 % silica-alumna, 2.4 wm% USY zeolite, and 13.9 wt % al um na was
prepared. First, 1,143 g silica-alumna powder (silica/alumna nolar ratio
of 4.4, 94.4 wmt % of which was powder of particle aggregatesmég 30 uary
2003 with a diameter of 1 to 10 ~.m ignition loss of 16.9 an SY
zeolite (silica/alumna nolar ratio of 30.3, Na content of 0.02 W%

3t ceacanskantonl 4. 28, Aroll Aot 2 of Ok CHatABLRA LIl ErBg0EROBYES W Lh

a dianete ignition [oss

pseudo eh owder gnltlon eaded |Ie bei ng
 wod. TAGOSRRREa En: 6u5PoPR: HaPrLEREiRanethy BerhutRbRcAronta pY

opening with_a dlaneter of 1.6 mm _ Then a carrier. of a silica- alunlna/USY
zeol i t BFRPGATLAZARIRPur 8PHa8YpPEREPEEL By ar YPnYSERi s YRRBEA2APL FEFE for 15
hours at 130C and firing for 1 hour at 600C under an air flow. The nean

si de cwhdhhnghst peagtihasdf ppesdéamerer was heOrkgaiThd barcpiee watal

i npregnated by spraying with an aqueous amoni um net at ungstate sol uti on and
dri ed Babst&nhedr scahot3@€pothenint thasmesppegrabed hycsppayengawet h an
aqueous nickel nitrate solution and dried for 15 hours at 130C. Next, it

was fipadthienld@1 putesrakd2008cundel yanaaktakktong Gatakysh Bowasat hereby
obt ai ned. Wen the pore properties of this catalyst D were neasured by

”'tr09%?n98§uﬁd88595h9”anhhﬁlﬁﬁb§nﬁoﬂE899r6% W.b8038 Resecdi gaeker within a

range of 40 to 100 A was 0.231 nlL/g an he nedi an pore dlaneter was 52 A

Mor eover LB10e8ubloef Ast ermning Egﬁgbg ogephh§s,ehk cat xsgaglgy

nercur?ren ru3|gn por03|netrywofﬁep pores w'th'a® ore I amet er

within ran f n
t a aB emgans o %e metho % d¥ocrack1ng 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% ox
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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0.5 ~mwas 0.070 nL/g, and the volune of pores with a pore dianeter of 0.5
~.mto 10 ~.mor larger was 0.003 nL/g. Furthernore, the volunme of pores
with a pore dianeter within a range of 0.05 to 1 ~Cmwas 0.072 nL/g, and
the volune of pores with a pore dianmeter within a range of 1 to 10 ~_m was
0.001 nl/g. Mean side crushing strength of this catalyst D wa¥ /anuaryg003

[ Hydrocracki ng reaction using catalyst A and catal yst B] Eval uati on net hod
1. Cat a Is ' ed. f ough tor i has 100
il Wei??céé‘c s \%‘%&rré?‘ %ﬁé‘%?%?gu? i%?\ré?%k\%sggef?ggﬁeg AEOERR "es o)
hydr ocr acki.ng was_perfornmed under reaction conditions of a pressure of 15
MPa, ﬁ%&%&%%{l%ﬁ%-m oil feed ratio of 800 NL/L, LHSV = 1.36 h-1, and
reaction tenperature of 390, 380, 370 and 360c_using vacuumgas oil _wth a
density at ?chﬁﬁn@.9§1tﬁﬁnﬂ?tﬁﬁﬁtp§lhHéFPFﬁécﬁépﬁtaoPY§69?9€P°@7P81WP@)
fractions with a boiling point of 293C or higher, total sulfur

concentthgt bsskass inanto on0 1 hwdupcrecking tsogen fosmedntinathen piressenckan

0. 0001 wt % vanadi um concentration |Iess than 0.0001 w% and ni ckel
concenifathiydmrobess tihdn i@. Q@0 bretf¥r rdienhblie theac beopetréppard: uheemreeded t o
convert the fractions with a boiling point of 293C or higher at a

conver §n@fehalkd @re@@ume¥isandhbiieotetdle @rebishirat @ sybeMbawcbhisn #pa. 30
January 2003 a boiling point range of 127 to 293C at this conversion rate

wer e deher Aigedq H&g)f_l‘%‘ rs%a%@ vA%oR1¢E 3915 %, kS REEH hyBlberGokahySheB

was simlarly packed in the reactor and a hydrocracking feaction was

per f or jed uadel e 98, coRgl Lios 8 sdesetilbed sabave. whan, the, react | on

t enper atur e needed t0 convert raction with a boi'li ng pol nt” of  293C or
hi gher at a cqnversio ate of . 60 ww% and the mddle distillate yiel

o D nEATE LAY THoe Fangs Gt A3Y 1o BESCTERTPHTS EOREHET oL F AFESer o
determ ned, they were 367.7C and 40.3 w % respectively. Evaluation Method
2: Mor &@Fde, sgdftabyst IRy depsraskdddasts syosmsaghesr o1l 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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conditions that were different fromthose described above. Catal yst A was
packed i'n the above-nentioned fixed-bed flow through reactor and

hydr ocracki ng was perforned under reaction conditions of a pressure of 15
MPa, a hydrogen/starting oil feed ratio of 800 NL/L, an LHSV3: J1.36 ?@;n
and a reaction tenperature of 380C. Wen the conversion rat e “0f 2R¥a%eP%hs
with a boiling point of 293C or higher and mddle distillate yield within a

boi | i ng poi Rl M@Qgeb%fd%%%rﬁ%e%9%91%ﬁ{ecQ%%@Q%E“%dco&%@%tW%@eo§41§.Vﬁgﬁand
64.4 Wt % respectively. Catalyst B was packed in the above-menti oned

fixed-bed tlo ht ough,.r eact Qr, .and . ILOGF i.ng rfiorned _therein
under Bgécbbo#'?oﬁgftﬁghs%gfgawgﬁegégﬁgaoglﬁﬁhb%é,gﬁﬁhggfggéﬂﬁsﬁépﬁFﬁﬁ oi
feed ratio of 800 NL/L, an LHSV = 1.36 h-1, and a reaction 28 30 January
2003 t ¥{FePIERAESSF 380C. When the conversion rate of fractions with

boi li ng point of 293C or higher and m ddle distillate yield within_a

boi | i ng poi FirS&ngd /386197 stid izezelneiaad Prudritnd8 i 1t ay aleid npo mp 1@, and
48.9 wm % respectively. [Hydrocracking using catalyst C and catal yst D]
Eval uatragn ometthdd 41: SGatdalwgst oh was chaeked powdarf e gabéd cflleowagbhregagle s
reactor with 100 mlliliters packing volunme, and pre-sulfiding was

per f or pEd H e deiame tEremthy dr @er aokiyfg ot tpenf awpered ofnder. 4r eacst i and
conditions of a pressure of 15 MPa, a hydrogen/starting oil feed ratio of

1,000 Nbislg HedeVido-bodbmith g@we&eaqtghqrﬁib%m%rs%t wire 20f, 0445 )43Rreand 400C
usi ng vacuumgas oil with a density at 15C of 0.9060 g/, initial boiling

i nt . Q1. 0 : i 0 Wi bai L.i.n i f. 0 hi.gher
Potal Snepaed itk Botnd WiaEH CBRANSHAR TS, R ndd i cat Srdberty”
wt % vanadi um concentration Jess than 0.0001 wt% .and igk%l conc& tration

less t FATEOSG081 Wi AWFSRthEPFEALE 8 HrefpSr Al TFE T n8déd % 8 conv&Ff fhe

fraction with a boiling point of 360C or higher at a conversion rate of 60
wt % an@hd et @dl @ FldeicaRlamy g/ @ Lirimen "3 XhGHe MG SpBSPEERgEYof 127 to
360C at

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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this conversion rate were determ ned, they were 410.0C and 41.2 W%
respectively. 29 30 January 2003 Catalyst D was simlarly packed in the
react or and a hydrocr-acking reaction was perfornmed under the sane
conditions as descri bed above. Wen the reaction tenperature needed %
convert the fraction with a boiling point of 360C or higher Januagy, @h%ion
rate of 60 wt% and the mddle distillate yield wwthin a boiling point range

of 127 0Cca IS .Genver e m.n h I 1.9C
ond s LG b b B G B e e B Meke f P ana

D | uated as fall d di ti h di ff f h
descr i Bo 4BVE° Ex0hRy L0/ At AR s e TaBbd o Fo el Fxed bed

fl owthrough reactor and hydrocracki ng was performed under reaction

condi t IFGREESL T O Qs Surd &P 18 WPaWag Ry 3PdgB%Y/ &t ar FHAGHEIMOrEed thgt i 0 of
1,000 NL/L, an LHSV = 1.36 h-1, and a reaction tenperature of 400C. \Wen

t he convdngicowfr poxest wiitdict pogendiiamgtieai Migdipoientapbe36FC0a0Shitghdr and
mddle distillate yield within a boiling point range of 127 to 360C were
det er mumediast lvey swemnd /40. andt ¥Yhendol2mé wifs porespeditivel porEbkdawerer

catal yst D was packed in the above-nentioned fixed-bed flowthrough reactor

and hydrieeriacki Raners oFenf eomd wideasr aaels @haeondiobilons. /ef. a pressure of
15 MPa, a hydrogen/starting oil feed ratio of 1,000 NL/L, an LHSV = 1.36 h

1, and a reagld o lerpefalline b rA00EC, 1YARN Al RE CAMVGHS YN 153 nOf; o
fractions with a boil'ing point of 360C or higher and mddle 30 30 January

2003 distj ] ] ate yi-gel d w.thin il i.nt. 1 e 27 A wer e

deter mPﬁg&Ilet tﬁe‘y vr{e%regfe?@.% A oa% dlpglr%%%\(/lvttg}qanr gg%ecrtl el f/).f %o%%grr%ati ve

Exanpl%iameter of 40 to 100 A (mesoporeg), and there is also an obvious
peak within a range of 0.05 to 0.5 um (macropores).

In addition, mean side crushing strength of this catalyst A

was 5.9 kg.

[Catalyst BI]

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 um, ignition loss

of 10.6 wt%), and 395 g pseudo-boehmite powder (ignition loss of
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[Catal yst E] As will be described below, catalyst E consisting of 11.0 wt %
W 1.O W% N, 67.9 wt%silica-alumna, 17.0 wt% al um na was prepared.
First, 1,137 g silica-alum na powder (silica/alunmna nolar ratio of 4.1,
34.4 wt % of which was powder of particle aggregates with a di ter to
10 ~,m ignition loss of 23.9 w%, and 296 g pseudo-boehnité%g%Wﬁ’é¥86031
(ignition loss of 27.0 wt% were kneaded whil e being m xed, and shaped into

a cyl i pgrioCak s5haRe LY neXEUs AR 167 8@ a4 QURAAOPEANG nWLLR andibaget er of
1.6 mm Then a carrier of a silica-alumna/alumna mxture was prepared by

dryi n9 LA gNaRed BLELCLE Ot A3 MO oAl 130G AN Lhilng,figr, 4 hour a

600C undéeran-air nean Side Crushi ng ‘stre hi's "carrier was
2.1 kg...The carri_er s inmpregnated by ,spraying with an_agyeous _anmoni um
et at URGSTEEE T BEuti-n Mand GFEd o GATFASRoGEs SaF 1368 *FHENDRY URds

i npregnated by spraying with an aqueous nickel nitrate solution and dried
for 152Zediéedpligana Nxture: wags PrepadefoPy30rviingt é81gt sbep€dunder an
air flow Catalyst E was thereby obtained. Wen the pore properties of this
cat al ystrtEoker éomedSuhedrisy ani fi30Jenagdst adsog pfeoonl hbervat useoYd pores
with a pore dianeter 31 30 January 2003 within a range of 40 to 100 A was
0. 442 mihdgrame BHe medwan pokeméaanetide wasishand shbeeover ofashasr esul t of
determ ning pore properties of catalyst E by nercury intrusion porosinetry,
the volluwe i@f- RAEs W Ky .a pore diameter within a range of 0.05 to 0.5 ~, m
was 0.026 nL/g, and the volune of pores with a pore dianeter of 0.5 ~mto

10 ~. m was 0 - r.t \ e I por: it r.e

di anet er mﬁ?ﬁ%n%gg%g%aéﬁgf g?@ggégaf%@.ﬁ&aggqugbg %E?%,angq?ﬁgggolune of
pores with a pore dianeter within a ran f.1ta 10.-mwas 0.07 g. The
or o propRrEs nir e PG o R D eb0ATE, Sk’ Rokn 1A parker 2tad 20N
catalyst A .a sharp peak is seen within a pore dianeter range_of 40 to 100
A (nesEE@Pe§F.WﬁévéFPﬁ@B€§§Fq QY 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 um or larger was 0.101 mL/g, and the volume of pores with a
pore diameter of 0.5 pum to 10 um 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 um to 10 um was 0.001 mL/g.
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contrast to catalysts A and B, the peak of the nmacropores appears in the
range where pore diameter exceeds 1 ~.m Mean side crushing strength of
this catalyst A was 3.2 kg. [Hydrocracking reaction using catalyst E|

Eval uation nethod 1. Catalyst E were packed in a fixed bed fl thhrogggb
reactor with 100 nmilliliters packing vol une, and hydrocrackiﬁ@ RALLY
performed therein as with catalysts A and B. Wen the reaction tenperature
needed to C%\éebbrtehg;r\%)%%tt'i%@ Wet Bag 2RO BY PRI BHAGH BPEioe hi gher at a
conversion rate of 6 % and the mddlé distillate yield within a boiling
poi nt ran of. 127 to0.293C at .32 30, January 2003 _this_conversi.on rate
here. dELSPHEndd.  (Hey i 62574786 Bad HT00 Ueos POSRBcEron YL BYa GBI on
Met hod 2: Cat%lyst E ﬁ@ﬁ acked in a fixed-bed flowthrough reaﬁggr wi.th a
cat al ySPOFEcOING POFEnE16Met6d RE, 4ndonydPoér dBRERENRES ) pePGr KEGLENEFei n
under the sanme conditions as eval uation nethod 2 used for catalyst A \Wen
t he comi€Csiagn obatleust PeekcWildRiW &hPersoidipRgteai menee 243¢.8F hkicgReP and
mddle distillate yield within a boiling point range of 127 to 293C were

f ound, urheynaweropcx@sé .w % and 61. 0 wt % respectively. The determ nation
devi ces and nethods used in the above nentioned exanples and conparative
exanpl es ar gnl iasidad ilbel, owe alnMeti ded cofistieher ricengtpablfi €he sdicafallest A
distribution of particle aggregates] Particle dianeter distribution of
partichg-aggquegates was determ ned using the M CROTRAC particle dianmeter
anal yzer made by N kkiso Co., Ltd. This involved dispersing powder in water
and irradiating laser Iight onto the groups of particle aggregates fl ow ng
through the water in order to analyze their particle dianeter distribution
based he forwgrd-scattered light. [Method of determ ning pore
properﬂ?@%fﬁé§% ei

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 um, 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 inteo 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

24



30 January 2003 The AutoPore 9200 nade by Mcroneritics was used to
determ ne pore properties by nercury intrusion porosinetry. The ASAP 2400
made by Mcromeritics was used to determ ne pore properties by nltrogen gas
adsorption. [Method of determ ning nmean side crushing strength]. Sid

crushing strength was deternined for a sanple that had been QPW§¥63003
shaped into a cylinder, dried and fired using the TH 203CP tabl et breaking

Strength WBloek FRAE:DYn TOYATR SpN0Yen Caneak! 8 adhe-dek eatl patLonoprobe had

a round tip wth a di anmeter o mnm The procedure psi ng
strength . mas gea%%r%gslg % g center of the edge of the cylindrical
deternlnafl of §& | € "Was gated 20 tinmes and the nean val ue was

cal cul at ed. EEfInItlon of conversion rate and niddle distillate yield] The
conver si on rdfe CAATIREIHPE dMOEELRAtEds BY e EPEGY I WﬁF@ha§h8ﬂN§8PFV|ty of
the catalysts in the exanples and the conparative exanple were defined as
descr i BadopaLawWMeESHVEESEEE e §08 UsH oty aefi dmd el £r1bdil hegrporst 180°293C or
hi gher = (1- (W% of fractions with boiling point of 293C or higher of

pr oductTheinl Awt %aef ifnpaegnensdwicyh spribgiihongiphi ath abju2®3€ archiedher of
starting oil)] x 100 (W% 34 30 January 2003 conversion rate of

fracti eng raickeh sboltiing pedntrakd360e as hiogher at [io°c(WReet, fiackions
with boiling point of 360C or higher of product oil/ wt% of fractions with

a boi | 'f'l&elao'f%tr al ?h@%t%f 'altg%%fo°@fu§é1éftéﬂga9k' Flow. 10@a£é{‘& t”&d&'él@
distillate yield wthin I'i ng point range of 127 to 293C = T(wei ght of

fracti |I|ng poi nt range of 127 to 293C i n product)/wei ght of
produc?%%x%%kgfﬁg%h%%rogen sul fide and amonia)] x 100 (Wwt% middle

O ate, ke D DRI R 3002 0 1310000~ UL O o
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 um was 0.076 mL/g, and the volume of pores with a pore

diameter of 0.5 pum to 10 um 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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360C) / (wei ght of product excluding hydrogen sulfide and ammonia) ] x 100
(Wwt9% [Indicators of cracking activity and mddle distillate selectivity]
The reaction tenperature needed to convert the fractions with a boiling
poi nt of 293C or higher at a conversion rate of 60 wt % and t@g niddlz
distillate yield within a boiling point range of 127 to 293C> W& 4P
shown as indicators of cracking activity and mddle distillate selectivity
of theygahabygtamatetherexarpl €8 and theicopRanakiverexansl Geayer gy

cal cul ated as descri bed bel ow. The apparent reaction rate constant a? each
reacti t .ature. .ate .react Lan. where he, fractions
55 O YaRBRy Cr005 e ER A b arnE HoF 2205C 5 *hi SherSara EoRgert ed
wi th the apparent order of reaction in tergs of the concentration of

fracti OnOm Pha BOEFLRG RBRREBE 963¢40f Shibgh8r -Beiig ScBAUARY VAN
Arrhenius plot was drawn and the Arrhenius fornula was obtained. The

react i BATEéRpEr a0drednEededits eoAvereterefr ActPoAOwiith a9BatiPRglpeent of
293C or higher at a conversion rate of 60 wt% was cal cul ated based on the
Arr heniodis 101. 6t wthat wasd 8B0apnedeudiheboehwetsi pawdeatre (afnficacni dnswi bfi a
boi ling point of 293C or higher fromthe experinmental results at each
reacti an.vewpen atvetre wasapkdt wadlenbthagaxtisedf ahsckhapsdandtbhe m ddl e
distillate yield within the boiling point range of 127 to 293C was plotted
on thec?lﬁﬁd?ﬁcandbﬂaﬁgsbyoeﬁbkﬁb@oﬁnf%BﬁrQXkBEhHPBpéﬂﬁﬁg ghew Bg the
correlation between the conversion rate and the mddle distillate yield.
The m LSt Ll at el d-wi.thin Ll oLt .ran - o 293C
when tﬁggggﬁ$§rgkoﬁ'§a%@'oth % %rg%f?gﬁkwp?hBagE%ﬁF?ng§Bgﬁﬁ%ggﬁ§2930 or

hi gher _wa Yo was cal cul ated fromthi pr.oxi. mat curve. .The

TLonsT gRBlaRe s BEEHE Rhsl DRRPLrRY PURERYATR' Rl HhERea e noi nt

of 360c or hi er at conversion.rate.o
articgeg?or 15 hours at 130°C and Eiring 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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60 Wt % and the mddle distillate yield within a boiling point range of 127
to 360C at this conversion rate were cal cul ated as descri bed bel ow. 36 30
January 2003 The apparent reaction rate constant at each reacticn
tenmperature was cal cul ated for the reacti on whereby the fracéi ns mﬁ%&§¢
boi | i ng point of 360C or higher are converted with the appar et 28145

the reaction in terns of the concentration of the fraction with a boiling
poi nt @f 536QC.aL bi.aher mPgyng agecendaryl uaid cdnphitheriivs Bl ghrwas made and
the Arrhenius fornula was oObtained. The reaction tenperature needed to
conver ty. fracti @n i.th_a.boili [ (o] 6QC Lgher at a
conver?ﬁ%ﬁEFgﬁegkf%6§ &%@?ﬁhégcgbbﬁgaggga%gsegéoﬁ'Pﬁé ﬁ??aénius formul a

t hat .9 t ai ned. I e coiversi n_rate of Eractions with a botlhn oi nt of
293c of WitgfidMoFFom-tfie VEXHEFI ReEnPRE SPe¥ilt's 2aPtac FLAEELFF o 1F ﬁge ature
was plotted on the axis of abscissas, while the mddle_distillate yield of
the bofBIE§ i At OPak§e loFM ¥2st § - 886CT™NAS : pPBEL EBSoN LR CaRE s PEEEST di nat e
to obtain an approxi mati on curve showi ng the correl ati on between the

conver silth paperandiehetrirddlishdinsei rkage pifeldtoThE winddke @i 90l Mavg .
yield of the boiling point range of 127 to 360C when the conversion rate of
fraction wi Meaa kddel egupbint etratochobrhitgher caasl§etwb%waas 4cal &ul.at ed.
| NDUSTRI AL APPLI CABI LI TY The hydrocracki ng catal yst of the present
invention has a specific pore structure of both nmesopores and nacropores
and therefore is sufficiently strong nechanically. At the sane tine,

excel | I i LEQr I-S + .88l zgd d Lhcl.enk137 30
Januaraﬁgggégﬁ3§$%% a2%5%31%§ g%ggnggtﬁg?ﬁkrgsgggtc%%aﬁggﬁo%érbon oils

cont ai ni ng %%a d%kg%nﬁ%% h%% ﬁ:fractlon with a boiling point of,

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
0il 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 lessg than 0.001 wt%, total
nitrogen concentration less than 0.0001 wt%, vanadium
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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for instance, 250C or higher, particularly vacuumgas oil. 38 30 January
2003 CLAIMS 1. A hydrocracking catalyst conprising: a carrier having
particles of an inorganic oxide and a binder component present between the
particles; and at |east one netal conponent supported on thesﬁgrrler
selected from Group 6, Group 9, and Group 10 of the Peri odic “TaBl'&Yy ein
the nmedi an pore dianmeter of the catalyst is 40 to 100 A and the vol une of

pores hays1g idgPees ndl %&%tg%r ow bhizn @ @@@9@ of A0i50c400Af8n0esErom 0. 15
to 0.6 nL/g, and the volume of pores of the catalyst with a pore dianeter

W thi n.g teaﬁ%%e%lgﬁ% tt%eg, Sezmuanges 1hmQ 05,10 0,13,0Llg and the

vol unme "0f pores w anmefer a tange of mis

| ess than 0.01 A hydr.qcr acki n alys ccording tg Claiml
wher el -t ho REGgEs & BRPag T 1Raag Qﬁ‘%&egath Zhet LEASTPRorGanFG oxi de
selected fromthe group consisting of silica alumna, silica-titania,

si | i cal@idresiPE k151 FeaCaGResPE, PSINTOERCS WRORE- tibeasipdge geaditions’ as
silica-alum na-zirconia. 3. A hydrocracking catalyst according to Caim1l,
wher ei detsive ibedr gégive .oxWden $heomgrictédnot eapelraasir eone edeidd & os ebaveet
fromthe group consisting of silica-alumna, silica 39 30 January 2003
titani ahesifliacadzinr eanhaa dilldagrpghiesi af f3Pcasal uhyhart &ataai a, and
silica-alum na-zirconia; and USY zeolite. 4. A hydrocracki ng catal yst

accor didaghvied saky 93 0hClsdl M 51 st Inevhgkein . GH%tQuQ@Q% GAENANGAthin
conprises at | east one of alum na and boria-alumna. 5. A hydrocracking

Cataly%th%ﬁqq %‘%Qu%& %%%g%n%foa27 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
0il feed ratio of 800 NL/L, an LHSV = 1.36 h™', and a reaction
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Clains 1 to 3, wherein the dianeter of at |east 60%of the particles of the
i ngoganic oxide is 10 ~mor less. 6. A hydrocracking catalyst according to
Claim1, which is used for hydrocracki ng hydrocarbon oils containing 80 wt%
or nore of fractions with a boiling point of 250C or higher. 6. A

hydr ocracki ng catal yst according to G aim1 or Oaim6, which I&edPor
hydr ocr acki ng hydrocarbon oil whose vanadi um and ni ckel contents are both

0. 0005t@%ﬁé9%th%%5of83sﬁ%BYdrﬁﬁéﬁcghggcéﬁ%é%¥§éna££9édbﬁgf££c€1@ﬁ§1ﬁlth
wherein said hydrocarbon oil is vacuun1gas ol I and the vanadi um content and

i okel LoQALen! 91 kN cvacuun gas, OLL BT & hol ot 00T 96 or | $58440 30

January cracking ca accor di ng Wher ein t he

medi an e dia of the catalyst in the range of 50 to 85 A 10. A
nethodeF%ﬁPo&uggﬁg1&9h98ﬂ86r§8E9ﬁgoéaﬂgﬁy§9 2ddf ¥ BT F nieF eyt aed.

conprising the steps of: m Xxing inorgani c oxide powder conprising at |east
60 wt vtEdeYpaetrecl’s - égyﬁégapés4anﬁhwé’dléﬁﬁpéﬂtéVeiM ~mor |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 G oups
6, Goup 9, and G oup 10 of the Periodic Table on the carrier. 11. A nethod
of produgidigcaakkdhacadkigngacatllgkyst aadordicagyise ©jai m 10, wherein the

i norgani c oxide powder is made from at | east one selected fromthe group

consi sting ek s3lkkGanahdihea, 1Silica-titania, silica-zirconia, silica
magnesi a, silica-alumna-titania, and silica-alumna-zirconia. 12. A nethod

of producing. aﬁ EO%T%%E'%% gaaliyst %ﬁ&%ﬁdb%@ %Qoglgkggﬁgh yagrenn the

i norgani ¢ oxl owder rom at [east one sele romthe group
ConSIStln% 900 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
oil 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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silica-alumna, silica-titania, silica-zirconia, silica 41 30 January
2003 magnesia, silica-alumna-titania, and silica-alumna-zirconia;, and USY
zeolite. 13. A nethod of producing a hydrocracking catal yst according to
any one of Clainms 10 to 12, wherein the binder component is Se fr056§§

| east one of hydrated al umi ni um oxi de and bori a- cont ai ni ng h&g ey

al um ni um oxi de. 14. A nethod of producing a hydrocracking catal yst

accordi ng teaany %EeDORaQI%h%&lé@l&opégke&héhehﬂetQ%a@%@kaanﬁoée di anet er
of the inorganic OXIde powder rangés from35 to A. 15. A nethod of

uhdor RYGF SRERRkR C%on%%%LEV&%"EE?F?—’R%%?%??«%E'&?‘%g’?‘%;? YRRt phRcaS: n”

Caimlint sence OE hyd ogen 16. §drocrack|ng gethod accordlng
to O afftts? 8ﬁa?§8¥§ruz@ ePnt ﬁaFe9ﬁ§lﬁ§dF8 RPBBTYSEI "FECRFdFEc SPRYRTEI
contalnlng 80 wt% or nore of fractions with a boiling point of 250c or

hi gher the7 frACky @R &bk Pn§OFBE REdPREBST 8ENg 600C CPRI AidBeBraea wherein t he
vanadi um content and ni ckel content of the hydrocarbon oil are both 0.0005
W % or coowersién ra3e ddnédr yt2088d18heAmhyddecdackiingamret adldcwatding to
Caim17, wherein the hydrocarbon oil is vacuumgas oil and the vanadi um
cont enz aad 1nnek pbigentantecodt abnedoi BeDRE yactiie gasneectsbse botd 0. 0001

wt % or |ess. 43

. A AQ@ ﬁeré@iéteé@uﬁedp\ tﬁé@ 1reA4 lﬁ\ 9hg . And A B\ 6 Avt B fesﬁecﬁvé@A@A A.
A A@A, . A A . A, . A{ AA. AU. AU. AU 69 LXbr
Evaluatlon Method 2:
Moreover, catalysts C and D were evaluated as follows under
conditions that were different from those described above.
Catalyst C 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
0il 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 distillate yield
within a boiling point range of 127 to 360°C were determined,
they were 40.9 wt% and 72.4 wt%, respectively.
Moreover, catalyst D 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 1,000 NL/L, an LHSV = 1.36 h-
1

, 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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z10% & () @/10%2&' ()-, @$10%z&' ()-,8&10%& ()- 10%& ()-1 m
10%& () - #&10% & () - CudE) F 30 January 2003
z10% & () F-10% & () -, #10%& () -, 10%& () - @ 10%& () - @#10%&' ()-,s!'10%& (

) - >~ ARk Ena LO%r &5 el§¥0%%&t6)1@%YA was 0. L/g and the medlan ore
10%¢& () - @ #10%4& () - @SHLO%E ()- @) 309870 " Py 100 85 (TS OEI N

109%z & . 1Q% & ' 1

e s MR L0 M el ) Ll Ve Vi %%ﬁf%&?“?? SoRETE (- o
109&' 109&' #10 & dEYNCF 1 0z &

Love | Prepetoges bt @yﬁfée}é?szﬂ) D K BTy IO oI Qoro sk ESkar 1 EbSae:
SF) SS10% () - @, LSLOY&! () - @8% #10% () - S 109 () - @ #10%& () - 109 ()-#e \
dEYNCF VP109£&° L aROEREOYETH) a@@f@cy&l@)nesww@@hep range of 0.05

@s$P10%R () - @sP10%&R () - @sPL0%& () -\
0.5 pum was 0.026 mL/g, and the volume of pores with a pore

diameter of 0.5 pum to 10 um was 0.105 mL/g. Furthermore, the
volume of pores with a pore diameter within a range of 0.05 to 1
pm was 0.053 mL/g, and the volume of pores with a pore diameter
within a range of 1 to 10 um 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 um.

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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10%&' ()-VTdE:/ 10SL6 "10%&' ()- @ 4S#10%&' () - @#109%& () - @ SH10%&' ()-Vy-
"10%& ERritR¥Ed( thEérCnlQ@5es10%UE hme@EHOBRt(pn#l@¥Refhiuation method
2 used for catalyst A. When the conversion rate of fraction with
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
Nikkigo 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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VR -S- R - -109&' - R - S8 R - 0
108 HL0M Lo Ro3 0 O B 100 0 A0 158 A0 (%
10f F: s109%&' () - @BB" 10%&' ()-96' ! 10%&' () - S3- 10%&' () - S1#10%& ()-'""' (T(((dEYNC
10 , #1OKRPEYL 163 POVRICFCISTOGR'S( PASOLBHEOR)-- , | " 109%& () - #&10%&' () - ()
*M***dEYNC 10 @10%& ()- @

10%& () -, $109%&' () -, T#10%&' () -, @10%& ()-F, & 109%& ()-**7+x+++3, dEYNC 10
[1109%& ()-,-!10%& ()-, +$109%& ()-,y)#10%& ()-, "

10%&' () [Me¥hbVR £( el cttmindngr mean<sd¥NCciish@nt0 strength]

10SY: s109%&' () -, @B@10%&' () -, &6#10%& () -,

4$10%&'()'1%@3@%@rhkhih§'str%n BYNGs1@etleddUed by a sample that had

"10% & ()-,t$10% & ()-,"10% & ()- 10% & ()-#10% & ()-../C _///dEYNC 10
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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- dE: 360°C or higher of starting oil)] x 100 (wt%)

10, @) SH10%&' () - @' 109&' () - @YB" 109&' () - @ #SH10%&' ()- @ #10%&' ()- @ 10%& () -;
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109&' ().-, G 10%& () - vDDD+EQEEEdEMC | o ,
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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1OS-S#b@%&i@ﬁdg+8#b@%&e@pt$ppﬁL@M&é@pt@t@ needed to convert the

109 ()-3%0%& ()-y#: 109%& () - QRFRRRSSSSAE: / 10

10@F: 10%8 ot ) oflohfi# h0 U bo)i -1 @REH PRYRL( p£S4 9300&0L ) higher at a conversion
10%&'()-S/#lo%&'()-SSSCBSSTCWXY:/ 10, T#10% & () -
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10) SebPTORFERt) 20ar 105 B 9o T bR 107 ) SR 1B9RRAT) ERR S BN A (2o & ()
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10%&'(p@@ﬁC!W@Q@PL¢E}¢QA@ﬁ:ﬁhé?éﬁmébﬁf16rﬁiﬂ@@@$(ﬁe#@bﬂ&@h(an 10 10
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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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 um 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,

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

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

selected from the group consisting of silica-alumina, silica-
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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 um or less.

6. A hydrocracking catalyst according to Claim 1, which
igs 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 o0il 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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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
gilica-alumina, silica-titania, silica-zirconia, sgilica-

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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14. A method of producing a hydrocracking catalyst
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°% or higher.

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

hydrocarbon o0il are both 0.0005 wt% or lower.
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