HYDRODESULFURI ZATI ON CATALYST FOR HYDROCARBON O L, PROCESS OF
PRODUCI NG SAME AND METHOD FOR HYDROREFI NI NG Techni cal Field [0001] The
present invention relates to a hydrodesul furization catalyst for

hydr ocarbon oil, a process of producing the catalyst, and a nethod
for hydrorefining hydrocarbon oils, nore specifically to a

hydr odesul furi zati on catal yst having a high desulfurization activity,
conprising an active conponent supported on a silica-titania-alum na

support, H&S@@bb@éuwwi . gatrloRg BYenasasPorqi | FyiohBKkE6W asTgas

oil fractions, a process of producing such a catalyst, and a net hod
for hydr anasdniBoo hysik 068CANY Aziee lzaﬁmgaédﬂﬁoﬁaf@hyﬁm%%@ﬁ@wé Art
[ 0002] Recently, a demand has been rapidly increased for a clean
liquid fuel W koo sublidn gontent. In response to this denand
vari ous nethods for producing clean fuels have al ready been studled

inthe fuglo@il indusfeyp uedo ankegyaliopenequiding diesel fuel
in particular to contain 10 ppm by mass or |ess of sulfur, petroleum

conpani e%ﬁﬁi’@de%'ﬁ@ﬁf@f Eatg_roef?-tﬂjt§Y§E%”§?otzp PP QLYES b & eapy T ug!
with inproved catalysts or installation of nore facilities. T e main

base oi | nf,dbggel, ﬁﬁo&ﬁc&%@er@wéyCa%agl%sﬁ” | aff@ct 1,08+ HioBt 'ﬂéf”g

from an atnnspherlc tillation tower or a cfacker. Production a
| ow sul fq{y&@BE@@Enﬁrﬁ?‘“ﬁ?ﬁ@%@af]&'@ﬁ Lhys r%&éeépsegf%t&afﬂyteobe
renoved with a hydroretining unit Typically, gas oil is

hydr or ef inegdybpog il 6988 ohlavs i neathiviad: bedyreactorniphl ed with a
desul furi zation catal yst under high tenperature and pressSure

condi ti ongo < 4 090FHGANEOR! AR ¥+ 8, CRIAYSL s SARPIS! A 9 eact | ve

nmet al conponent sel ected fron1(}oups VIATand VITIl in the periodic

tabl e 5Um¥%ﬁ@ﬂe9QE%@ﬂp@?ﬁé&ﬁo@-QO%QU%dém%gﬁ@diéuéﬁﬁmé%%h as
alum na, alumna-silica, titania, or alumna-titania has been w dely

used as akyst sed Egr t PYER h
hydr ocar bolﬁﬁ%l | . hh& e‘yjtél tgéﬁcllg{ su%gg?yﬁéﬁﬁgmgltlg el?n bi t

a hi gher desul tunizzatdon egaf GLBNCLohBan tfgﬁr@é@gbnefsgsmmﬁc?% has
a problemthat it has a snall specific surface area and | ow t her ral
stabil ity @tnekevatet yst, and a method for hydrorefining
hydrocarbon oils using the catalyst.
Background Art
[0002] Recently, a demand has been rapidly
increased for a clean liquid fuel with a low sulfur
content. 1In response to this demand, various methods
for producing c¢lean fuels have already been studied in
the fuel o0il iadustry. Due to a regulation reguiring
diesel fuel in particular to contain 10 ppm by mass or
less of sulfur, petroleum companies have, therefore,
created systems to produce a clean fuel with improved

catalysts or installation of more facilities.

The main base oil of diesel fuel is generally
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tenperatures. A titania-containing catalyst is known to be produced
by a process wherein a titania support is prepared using titania gel
(see Patent Literature 1 below) or wherein an alum na-titania support
is prepared by |l oading a water-soluble titania conpound on an al um na
support (see Patent Literature 2 below). The catalyst described in
Patent Literature 1 contains a |arge amount of titania, which is
expensi ve and i ncrease the production cost and bul k density conpared
with a catal yst caonprising a convenﬁ'onal | um na support. Since the
catal yst Te3EFI Bad | T PATRD (41 5F AL D BaAMsAppor e PRAEL Tonl y | n
an anount corr iponding the water absorption rate of titania, it is
expensi vé't BT b L FrddiR €4° V RuSEr aliy? QuseF FBUiGig QR epfi@ 1ov
necessarily repeated so_as.to |oad t%ﬁaqja in_a large appunt on a
support. et o&%‘%e%ﬁeﬁlﬁradbo‘géﬁs eretit t FE&S & Ui REd HHR

hi ghly dingrsed i n.alum na upon reparatign of thereof ésee Pat ent

Li t er at urB BY ULTHi% et hd o&fthl B5 TP aft & ¥ 8 6& i ighd y U Bitdper sed i n
al um na but has disa vantaq s that as the coptent of titania

i ncreases, crystalli &PFGﬁ-ﬁH@*eﬁFSi§lﬂikb?y"?SxéEﬁ%féPEFeﬂj}e%ulting
in a catglyst with decreased_specific surface area and a.

ot or | of 1 EAE GRRIHBKEY of bt Fo ok SO0PSEH (R FORE At hERmBRE the
catal yst s not a .catalyst havi ufficient, properties that can cope
With & rYOF ALEST 112 100 Pt 1UF Eodetig . niGh Femperatad eyt o
above, an_ inprovenent in_a desul furization catal yst has been

vi gor ousIBT REPPFE] TR A& HGtuce a clean fuel . Despite of research

and devel for | on eriod_of time, a_catal yst technol ogy
oa oty BR ghor GebRIEA TN ad 104 5 LHaE R BE LS L 8
yet. It may be because a plurality of desulfurizatijon 8assa es and

active sitetsVPUAUTR’ eFPERGRRNEhEREHT &P T RO G%APEnd Vardati on
i n suppor osition affects differently desulfurization activity.
G 'tatron 15 E8BE e b Ebr Sire [ 000R] PUPRAT 17 P it d & B Sapagss
Pat ent Lai d- Open Publicatian No. . K 2005-336053 ) Pat ent

Li terat urd BOIPRFardses PAldit T4FHSOFMF Pubfi Bd P Ab. 2005- 262173

Patent Literature L, Japanese Patent Laid: Open, Pyblicati qn, Moy o,

widely used as a catalyst used for the purpose of
hydrotreating a hydrocarbon oil.

The titania support is known to exhibit a
higher desulfurization performance than the alumina
support but has a problem that it has a small specific
surface area and low thermal stability at elevated
temperatures. A titania-containing catalyst is known
to be produced by a process wherein a titania support
is prepared using titania gel (see Patent Literature
1 below) or wherein an alumina-titania support is
prepared by leoading a water-soluble titania compound

on an alumina support (see Patent Literature 2 below).



Techni cal Probl em [ 0005] The present invention has an object to
provi de an i nexpensive and hi gh-performance hydrodesul furization
catal yst conprising a support containingmainly alumna, and silica
and titania, with a high specific surface area and a process of
produci ng such a catalyst as well as a nmethod for hydrorefining a
hydrocarbon oil using the hydrodesul furization catalyst. Solution to
Probl em [0006] As the results of extensive study and research, the

present ifwentioniyas accplhshed, opibgebasis of; fhe fi '@Qihgat a

hydr odesul furi zati on catal yst conprising a silica-titania-alumn

support havi pgqa saq:?&&ﬁ'tcg%.t w—wﬁﬁ%a%ﬁéﬂi g dfiLe Rropeyties

was significantly i1nproved in desu rization perfdrmance for a

hydrocarbﬁ@c?&%se[@ﬂ%?-yggué§?05h§oﬁEe§ﬁetbB@%@&E.%@8! %?%ﬁ%%&%?a

hydr odesul furi zati on catal yst tor a hydrocarbon oi

| east ong, {yRe a0t STl B s CORRANENE s $lect ety oM aups Yh foand, VI 1|

in the periodic table,” supported on silica-titani a-al umna support

uher e the;dghgl10f gl Erecy 18§§k<_ At pobGaliNG L bgagryst al

structure of anatase titania (101 anes an e diffraction peak

area | ndicat gt Of YSLA! SFMOLYT @ sGlad bl Thg 1ty LD 2, (1R, pl anes
i g the a

is 1/4 or less of the diffracti'on peak area in atin um num

crystal StgHebyube Aschd bede 10, ¥a dl yﬁisea:tp(tﬂi%’ﬂ xpéx?geéf @ftgﬁﬁlﬁgr% by

X-ray diffraction analysis, the catalys avi ng ) a speci

surface afgae kel LOfvd S0/ 0 &%%()Qﬁﬁétderjm&Q}téita% PALE N ume

(PVo) of 0.30 mM/g or greater, an average pore aneter (PD) of 6

D
to 15 nm{6RakAg1o0 &) 1anddcho L0113l 1,0 0La kR RAY & yolyms JIyp) of
pores having dianeters wthin 30 percént of the average pore di aneter
(PD) being ¢QnR&re8Nta Aarge amount on a support. A method has
been proposed wherein titania is mixed and highly
dispersed in alumina upon preparation of thereof (see
Patent Literature 3). This method enables titania to
be highly dispersed in alumina but has disadvantages
that as the content of titania increases,
crystallization thereof is likely to accelerate,
resulting in a catalyst with a decreased specific
surface area and a deteriorated sharpness of the pore
distribution. Furthermore, the catalyst is not a
catalyst having sufficient properties that can cope
with a regulation of 10 ppm sulfur content.
As described above, an improvement Lla a
desulfurization catalyst has been vigorously carried

out to produce a clean fuel. Despite of research and

development for a long period of time, a catalyst
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greater of the total pore volunme (PVo). [0008] The present invention
also relates to a process of producing the foregoing catal yst

conpri si ng: a first step of producing a hydrate by mxing a
basi ¢ al um num salt aqueous sol ution and a m xed aqueous sol ution of
atitaniummneral acid salt and an acidic alum numsalt such that
the pHis form6.5 to 9.5; _ a second step of producing a support
by in turn washing, extruding, drying and cal cining the hydrate; and
athird step of |oading at | east one type of netal conponent sel ected
from G oupsciWRAlgoad \& & F LisE wies per hadihe 1 aprevlomniheatipport .

The present invention also relates to a nethod for hydrorefining a
hydr ocar Rt &IVl t o bfysr ingi thd 98miraath eaviedy Y& thy dride ardio b oiteepder a
hydr ogen at nosphere using the foregoi ng hydrodesul furization

cat al yst .2 ARdvam hyeoust B9 et Eusfl datvent ions $ 0069 The @atavpssidr the
present invention is extrenely advantageous because it exhibits a

hi gh deswtunczatieore €eckiitve i hhaydfotr eax eene tofc ey drodar bon oil,
in particular gas oil fraction. The process of producing a catalyst
accor di ngv@bighd iy dsent uPRear imeaRiBilg v Bfepepseithifamumivn a
support and thus can produce an inexpensive catalyst with high

per f or manéesudvarr w2 hianswati i anabeint of titanium which is nore
expensive than alum na and silica. The nmethod for hydrotreating of

t he present in¥drt3ohonadirshrove | arge anounts of sul fur and nitrogen

froma hydrocarbon oil. Brief Description of Draw ng
Patent Literature

[0004] Patent Literature 1: Japanese Patent
Laid-Open Publication No. 2005-336053
Patent Literature 2: Japanese Patent
Laid-Open Publication No., 2005-262173
Patent Literature 1: Japanese Patent
Laid-Open Publication No. 10-118495
Summary of Invention
Technical Problem
[0005] The present invention has an cbject to
provide an inexpensive and high-performance
hydrodesulfurization catalyst comprising a support
containing mainly alumina, and silica and titania, with
a high specific surface area and a process c¢f producing
such a catalyst as well as a method for hydrorefining
a hydrocarbon oil using the hydrodesulfurization
catalyst.

Sclution to Problem



[0010]Fig.1 is a graph showing the X-ray diffraction analysis results
of support a in Exanple 1. Description of Enbodi nents [0011] The

present invention will be described in detail bel ow The
catal yst of the present invention conprises at |east one type of
met al conponent selected from Goups VIA and VIII in the periodic

tabl e, supported on a silica-titania-alumna support where the total
of the diffraction peak area indicating the crystal structure of

I A LA BT IR U A P e L
AT P B R e
coreasur sdhyr oL iy el on apalyal s, skl gyt o,
(o O RS o P AL S areie

Lo Tl YA 8 BCF 108 80 ATEL LR 20 oetTe
pore vol e (EYEL nOS%%LEQ‘;ﬁ'% I
e “4%%‘@1%?%%?%%%9 3SR € PLESAN Y. Aok, 10 percont
e 0 PRSP oo g o
reeult | ng, GoLabes gf%%%%ﬁioéaégsup D e

diffraction eak ar eas di c the Crys al _struc nat ase
titani a acf’famgﬁtli Ilé“E{i?'%n?L ﬁqf‘ y(Pont e]Tr;tHle ar%nr%ag%lﬁ taper cent

b h h
bor o di st3F DREESH SRET R rﬁ%osé‘fﬁb‘)%%tdé Fai PRt B Rg e By
d | f t t 013 I h ,
s?ﬂjcau[:?zgﬂi@%nétle&# %I& éuppglrjtc%on g‘iaﬁlspre gﬁ?“éq%xegﬁggggrtm

f f 0] ,
in an a”‘)”@?cg F Rhe %a%é{ 1 £2.49 t&eé%e;\ﬁ/‘éigy?g%%m@&a?i%ﬂt‘&@ y

15 to 35?) g5  nore prefera percen Mass on

he b f h h f th I
t han 2%2?8% aﬁy“%a Spfengd SHEESe Fubp Ol MRl ot aflks B2
titania, %{%é‘g% a cat al X t atrréaat {@gttflqpr%?%ﬂ?hc%g; ﬂ&i ent

desul furl ani a con 0 percent

b f bI f
tﬁem:ggu;;, ng} aqlg?;; & gayl 9% 980 ¢ S JIREDaN 63l S 800 o

uce SO ‘the speciTic surtace area

s reduced dug Lo, gsjggf Iza&eoaéedeéﬁng%%%y {108 LLtanin aal th ehes

accel er at 8Fi tion pon calcination o e support an

thus the resul tli’l% ca 9lc¥1§:e a% L oL - XL bl{g]aﬁiu‘;&szyéfyibé?tgggnesr

perfornangé 5%} espon g tot econom c ci'ency according to the
i ncreased anpun

cheap and® I’?argeﬁgélﬁep tor rrané’ggglf%an%%% Eaﬁgggqle%’ztchergég%ﬁ%nt
having (a) a specific surface area (SA) of 150 m 2/g or
greater, (b) a total pore volume (PVo)} of 0.30 ml/g ox
greater, (c) an average pore diameter (PD) of 6 to 15
nm (60 to 150 A), and (d) the ratio of the pore volume

(PVp) of pores having diameters within +30 percent of

the average pore diameter (PD) being 70 percent or

-5-—



[ 0014] The silica-titania-alum na support contains alumna in the form
of Al 203 in an anount of preferably 50 to 96 percent by nmass, nore
preferably 58 to 83 percent by nass, nore preferably 70 to 83 percent
by mass on the basis of the weight of the support. An alum na content
of | ess than 50 percent by mass is not preferable because the
resulting catal yst tends to degrade significantly. An alum na content
of nore than 96 percent by mass is also not preferable because the
catal yst performances tend to deteriorate. [0015] The

hydr odes @ FBRCEHR iOh BBPalfyta bfPPKE preseRE i(MPéhti on conprises one
or nore tgge of nmetal conponent selected from Goup VIA (1 UPAC G oup
6) and G bYPO¥II I (1 DPACREDIUPRTSINTIVYLIPA PHE Der EbEILE S dlRf e
supported on the above-descrjbed support. Exanpl es of
netal conPBRAERSS dtf PEAFNALR Y ntPRe f557% 9B B Yt &5t 2  HEFude

nol ybdenum (M) and tungsten (W. Exanples of netal conponents of

G oup VI IFOMRLtHPe-Tgéfi odic table include cobalt (Co) and nickel (N).
These nmetal conponents may be used alone or in conbination, In view
of catalyst per¥ drivahtestephe® Irst aPdB6ApchehtBY dEa ter dnerdbring a
conbi nati ons such as_ni ckel - nol ybdenum cobalt-nol ybdenum,

ni ckel - mOP§BAENFAEBLAPE, 57 tkef IHERYSt ehO L EEESN -3 R gat & Xethd

ni ckel -tungst en-cobal t, nore preferably conbjnations such as

ni ckel - m@?B&é’h‘Lﬁns%Jo‘é{éPPﬂmﬂ iehtihf nand MERer 2doPfidentdd EoBart .
[0016] The netal conponent(s) are supported in the formof oxide in an
amount of @Pr 8FeCEET Y2 1UR Y R LBnBUBY ST RBEePHY dfrb®Fy 5%t o
30 percent by nmass on the catal yst basis. The nmetal conponent of

G oup Vi Atoié'tf‘h'e periodic table is supported in the formof oxide in
an amount of preferably 10 to 30 percent. by nmass, nore preferably 13
to 24 percent By TRESPHhSIFER et et AR USIHRfdnent “BP &Gtodpy VAR ERETY he
periodic table is supported in the formof oxide in an anount of

pref er abl y23PE@ A0 EY EBAL Py FHSEL e RApFRteraniNe X 1D BYPERESHt by
mass. [OO(éLZ]dI n the case where the hydrodesul furization

a third step ¢f leoading at least one type of metal
ceomponent selected from Groups VIA anrd VIII in the
periodic table, on the support.

The present inventiocon also relates to a
method for hydrorefining a hydrocarbon oil, comprising
hydrotreating a hydrocarbon oil under a hydrogsn
atmosphere using the foregoing hydrodesulfurization
catalyst.

Advantageous Effects of Invention
[0009] The catalyst of the present invention is
extremely advantageous because it exhibits a high
desulfurization activity in hydrotreatment of a

hydrocarbon o0il, in particular gas oil fraction. The



catal yst of the present invention contains a netal conponent of G oup
VIAin the periodic table, the nmetal conponent is preferably

di ssolved in acid. The acid is preferably an inorganic acid and/or an
organi ¢ acid. Exanples of the inorganic acid include phosphoric acid
and nitric acid. Mire preferred is phosphoric acid. The organic acid
is preferably a carboxylic acid. Exanples of the carboxylic acid
include citric acid, malic acid, tartaric acid, and gluconic acid.

In the case of usi horlc acid i,s contained | an anDunt of
pr ef er abIRF 3°E5528 r%eé) CB}}"%%scaﬁSrLé’sp? e?%?ﬁﬁlc(}‘ 5%er cent

b de b f_ 100 t.b f th t
cﬁnp”f;‘ﬁin?p”%é‘é‘ef%hﬁer\n%?raopﬁec%r%’ar % b e”%ss%o"vefn?gaqerr%% han

25 t ot f ble b t I t f
wnul'd be THFOTR GBI B CReeE NHERCS. Bbr GGy %ag%efcsa‘)t;r”fngﬁot
f ble b t | it f th It t
Sol ut i on 't Be TEERUEEF élrh"%’ecoed%t Brem atent ¢ her1 BUEGE cace

of using an ani c i_s_contai ned annuni prefﬁéably

35 to 78 HereBANy THeSh fior SUpTer EARN 0e 5 R por BiP Ry Thos. of
more ¢ hart 7B  Bar ot by hRBdl ¢ ot HHEPBF e, Kecahs ™S 90 LERBN
St ol o bR TS ER Ak e |ﬂ§%%%3a%rﬁﬁ>eén?§¥r%§se% PR R,
contont ot PEEEY L es porbit Soethetl TEAl oo not plefarapi o oS A

because the stgprll y_of the netal %pgiglnln solution for | oading
woul d be poor ard T t%ﬁ??ﬁﬁﬁa*%?wﬁ FEHh08E to deteriorate.

[ 0018] No uIar Lmtation_is osed on the .nethod for including
t he aboveP@éég i bed 9a| éﬁ%p%ngﬁﬁggr ?ﬁ??ﬁ@r g §§H'c aci d
(phosphoric_acid or the Li 99 and/ o n organic acrd solut on_in the
Dover destt F e Suitr n 2 ANR L MVERELotald et hORO Ry o kI BRAR as
inpregnat%on (equilibriumadsorption, pore-filling, incipient-wetness
nmet hods) ahd ion exchange met hod using a conpound containing the

nmet al conponent_ or fur er usin norgani c acid (phosphoric acid)
and/ or an orgam<® %1’6?'3 H%hre g{ﬂ?&ﬁi 1g%‘ﬁer ein refers to a net hod

wherein a i's nat e sol ut i .
conponent[agﬁqu and bﬁeﬁﬁ%ﬁ%ﬁ anv %ﬁ?nwrgg gﬁhér lbed -
conponent g .gfaggf VIA and VIIl in the periodic tables are
preferablé Sa Rirt aneously. Separate |oading of the netal

conponents woul d resy#)t |n %n uffrcrin% desulfurrgag Lon an lon
deni trogenation acti i 657 i aarné> y anPegna fonTi's carriéed out in

t he coexistence o prefera nor.g: nrc ac and/ o

or gani ¢ aEPﬁpﬁﬁﬁ%Fﬁﬁ:geréﬂ?ﬁ”ﬁ%oé%%orrcmggr Qﬂ %ﬁgorg%ﬁFgegkrd
because the resultin aI be enhance n,des If rrzatron
and denit 5 gh%%fd%pgcg% %é e e QF Ebnpondﬁ gﬁ oUp VIAin

h d hi hI di d
e B AL . s o Lo g o,
f 5 b b f
S N e 1 .hcstarogérgrsoe;;%ﬁra@m B 0he
t t G’ VIA t t t
metal co OgeQ Ou?ﬁg If1an§% gglggk% %P g%cgrltaﬁ % 0 cpe

5% ude ca

organic a xyI aci conpoun S, Tt ¢
acid, mal ac rtaric and gl [ cid 0 Th
desulfuri%@tré%“%% §F§§99ﬁ5%%e Sﬁéﬁ%n HS?Qﬁ%fﬁé thg % %] 2

structure of rutile titania {(110) planes is 1/4 or less
of the diffraction peak area indicating the aluminum

crystal structure ascribed to y-alumina (400) planes,



i nvention has necessarily a specific surface area (SA) of 150 nR/g or
greater, preferably 170 n2/g or greater, as neasured by BET nethod. A
specific surface area (SA) of smaller than 150 n2/g is not preferable
because the nunber of active site for desulfurization would be
decreased. Whilst, no particular limtation is inposed on the upper
limt. However, a specific surface area (SA) of greater than 250 nR/g
woul d tend to decrease the catalyst strength and thus is preferably
250 n2/g or smaller, nore preferably 230 n2/g or smaller. [0021] The
hydr odesu? f ##§230F61 RutrGT 3y b LfRe ofricyertahyeher onhpgstalyst
necessari Ig a total pore volume (PVo) of 0.30 m/g or greater,
pref er abl §28:88 )y oS Rfeht &F, SHE TR e bySfrbr edir ¥ S0ty d&i 8
techni que (nmercury contact angle: 135 degrees, surface tension: 480
dyn/cm). RoSBEAE culr & TRt I RAL PSPy ed B0 t Het UbpéP Mididt oaf
the total pore volupe, which is, however, preferably 0.60 m/g or
smal | er, %bFéLSTef k@bl R 0286 Iy Hﬂr%nﬁilfié‘rett?é%ah%%) a°fofakpdre
volume of greater than Q.60 m /g would |ikely cause the resulting
catal yst ¥8 b&%d&er 3% linn a9 erft NEDE0B2 3 U PThEN RO RO T ¢ go Lume
hydr odesul furi zation catal yst has necessarily an average pore

di ameter {PPPloPfeRFas iy {86 €d2BRFays préfémamiPl esregntiofm

A catalyst with an average pore dianmeter (PD) of |less than 6 nm woul d
have too SHBI BY50ra%e aRA ten st 3Behsdr (5P efBding 10 wP K C& Flee®dEt ock
while a catal )ést w th an average pore dianeter of greater than 15 nm
woul d be UFFRCEH t°t otbE pr eBPafd tehd™eo (B¢ Poor in catal yst

per f or mances t%ecause gf its.too small specific surface area. The
total por&%0d1dme (PVBF ekt S2t &1 5GEsd wht B Nfor 2R APAFEt &1L of g, 1
nm (41 A)_or, greater, which is the quantitative limt in measurenent
Whi I e t heh BOEPSE bf BT diATct &F CPD) LV EFer & P & 750120 HildheeBE Lon
correspondi ng to 50 percent, of the total pore volume (PVo). [0023]1n
the hydr od8EuPFUTS z%f%bﬁacdt%l YRe, foge r%fi 81CPVEPPVS) JIPCHRE ok e
vol unme of th% por.es hfvi ng. 2 gore di anmeter within 30 percent of the
aver age pof&rGZaeter! (BYp} Vi REEFFEN LAY PP 8- dMakst & g FRBRPLY 2
necessari%g 50 percent or nore, preferably 801‘££/ercent or_nore, and
the pore GPst'r PERIONCi BYsH&SS - IheRet RE PR PVOYi € & s th@Rc ot
percent, the %ore distribution is too broad and thus the resulting
catal yst H¥y"ndf SBtalR AUBBSTed 3l f o i at16R PRPESMTaRdeless

[ 0024] For E}he su%port of tEe hydr odesul furi zati on catal yst of _the
present i h9&Rt PBR, PERESHSt QY BFR SCheSGFFASRE i FEACht &5 $RAFESE ng
the crystal strgﬂ%ure of anatase titania élOl)nsC{)l anes and the .

di ffracti dhe35edkl aFBE FAATHE IR CREEIYstaf st (qR1SRPE SitaRite
titania (110) .pl.anes ‘ghgrein fter also referred to as "titania,

di ffractiBRrpedk &F eb®) PPs lﬁj%eejs%a??l GIBLE LT F U O CET BBRY LIPS or

:ﬁgféag?agffﬁgz?gﬁﬁgb%é? %%;J§?igg E%efggéégcék%%ﬂgﬁﬁig%egeak

areas indicating the crystal structures of anatase
titania and rutile titania. A silica content of more
than 10 percent by mass causes the resulting support
to be poor in sharpness of the pore distribution and
thus possibly to fail to obtain a desired
desulfurization activity.

[0013] In the present invention, the



al um num crystal structure ascribed to y-alum na (400) planes, as
measured by X-ray diffraction analysis. Wen the titania diffraction
peak area to the alumna diffraction peak area (titania diffraction
peak areal/alum na diffraction peak area) is greater than 1/4,
crystallization of titania accel erates and thus the nunber of the
pores effective for the reaction is decreased. Therefore, even if the
anount of titania is increased, the resulting catalyst can not

Sxni bt g epdlb Lulical] o0, RERHAIRAGH a5c Raypaged i 1 Rathe, econpay
and fails to be an i nexpensive catalyst wt I gh performances

i nt ended present, iventd f§r ' Q%K:

i ndi cati ngg&ﬁ;tr{lug?%r yﬁ%p%ta;hu%t%(%'%q%f&gg%?ggle%%ta%%%i%Cg(dl%;% I%p an%%ti S
nmeasur ed =25. [ jffr i0 | hdi [ h st al
St et ur St I F T rae SCCTL0)Y e o Pty o b St T ¥ e
diffracti phRdhGating st he .l und rg%gnnpgggt L hed
to y-alu 'nd?%géofggﬁanes ?s Eeasured a 20:453%:§%%gﬁ£%§gtﬁgc£hg
diffractign K, ar i icul at ed; by, it fi0 gar y

t hrough X- ra@ﬁgi ??rggtéi %%p %2!11 ysi s \?\flt 2n X- Fa;%ea]“f fcfg(r}t%’)%%a{ e%ﬂce,
with a lea %§8!é %E(HF;SF(;;:EQQE fQd !@8‘83\}%%513%&' LR LI I ELh | Qe A

finding th el ght Intensity romthe maxi mum peak value to

t he baselj fe; S i th i dth (fu i I

i mum) WhGh ERG. Peoul T Ty Beak Srraraih T8 RalF LIPS (HET ooy Y
defini ng 4die predust Dfsd Besbllldy M 4l byale 1l 1. FRELMUDAN, poak 4
intensity as a diffraction peak area. "Titania diffraction peak

ar ea/ al umi L f i kS derl fith
diffractp%ﬂ@%ggé gggggﬁ?%ﬁgﬁo ?%?ﬁ%ﬁ%ﬁ[OgZEF%QE%gggigq%$sgr%%u%?ﬁg

Lhe hydr afeseLEubzAbiUL ¢80 y8to 0f ! D PRESRAl J AWEMLY O0n Ykl o
descri bed next. The process of producing the .

hydr odesul{ iri 2at 1 eRLCALALKSL, Of e RIESelty | VAL Uh EQPUL 2o 2
first step of producing a hydrate by mXxing a mXed aqueous solution
of a titaniHe,Ekngrdl, adl d-s@hteand @ A A& A UFLAUDSAdngenc
(hereinafter sinply referred to as "m xed aqueous sol ution") mntﬁ a
basi c al um : | i rese 1514 4 ion
Dast o a1 W PU 68k 220Ueos SO UlJ G da 4 BB eReseg, oLl ) S8l 6o
support tlg%bﬁ EHIR &80 thﬁé'dé@igpo%%’bﬂgi and £k Q‘é%i?gpg

hydr at e; da third step o oadi ng” at | east one type of ne

Comone“tc§€é§§7ts%dm‘°a[¥oﬁb@ Qﬂgib\ﬁt“a( hEBAG @P&'Ea‘ého@f‘ﬂa‘ﬁi&g&éh’@éc

G oups 8 to 10) in the periodic table on the support. Eac t he

Steps‘M!éoPﬁegﬁ%Héﬁﬁg Pel owe LOQ2 7R rsk £ PEERhcy accordingribst
of all, in the presenceé of silicate ion, a m Xed s&iutlon 0 g
titani umg geqgls,aci do §akh ANk a&faglicﬂa%ﬁgymawlﬂéﬂtngtth'b% i an

aci di c aqueous solution) 1s mxed with a basic alumnhum salt aqueous

sol uti on {1phs et ANyAL KAl 1e S0UERUS AP ML EORL Giohe | BBt i ok i s

I
form6.5 to 9. preferably from6.5 to 8. 5, nore preferably from6.5

to 7.5 thegeby JULAUCT pga Jpulkahe Gl Nipg . Silica, titania and
alumna. [0028]1In this step, there are two alternative cases (1)

where a nj %64 439ueousgoluity 0N, L8 12ddedh £ 913038 Csabgwium sal t
aqueous solution containing silicate ion and (2) where a basic

al um num sght 2aGUEOHBLAOhUL 110N d1se aflded b A1T04ed SAUMEARSunt of
containing silicate ion.
preferably 50 to 96 percent by mass, more preferably
58 to 83 percent by mass, more preferably 70 to 83

percent by mass on the basis of the welght of the support.

An alumina content of less than 50 percent by mass is



In case (1), silicate ion contained in a basic al um num aqueous
solution may be basic or neutral. Basic silicate ion sources may be
silicic acid conmpounds such as sodiumsilicate, which can generate
silicate ions in water. In case (2), silicate ion contained in a
m xed aqueous solution of a titaniummneral acid salt and an acidic
al um num salt aqueous solution may be acidic or neutral. Acidic
silicate sources may be silicic acid conpounds such as silicic acid,
whi ch can generate silicate ions in water. [0029)Exanples of the
basi ¢ al UMY huPF 8APE 3t RfeC 2BaFURT 81 TR Hatte Hh& ot ¥ EFuhfRAST Rat e.
Exanpl es of the acidic al um num salt include alum numsulfate
al um num ¢REERSFeS 19Rd Tt SR hdih ni Fflaf é M TEBIHBIOAE it QAfe™PrEaham
m neral acid salt include titaniumtetrachloride, titanium
trichlorid® PEFCERTURSINT 2P et SaRd SO ot B ST EFabde e echlgr
titaniumsulfate is greferabl used because it is inexpensive.
[ 0030] ForC@akanyIsE %.BFQ&&%ﬂg%ﬂeHegﬂmﬁﬁ OF L& LT 2L & umi num sal t
aqueous sol ytion contai ning basic silicate ion is charged into a tank
with a stiPPérland h&fed AL ABPHA Mtz 8518™ &bkt a¥ dite B tRBal Iy
40 to 90C, prefergbly 50 to 70C and to the solution was continuously
added a pPEﬂéfa@rtm%‘t};e%%Bﬁt COMEPY hf X8d°BGUESUESSHt YRR of Betal
titanium m neral acid salt %_acidic al um num_sal t aqueous sol utjon
heat ed tocampéﬁﬁé}%t%ﬁkeﬁite%g, LefEr apPy Ve (I OrefebabPy 28t
t he basic_al um num_salt _aqueous solution for usually from5 to_20
m nutes, PFEFErABEY fEORAE B8 OFP HitntPetC ot RHAt e BF brALES $#BAPe. 5
to 9.5, preferably from6.5 to 8.5, nore preferably from6.5 to 7.5
to produc%uapﬁﬁﬁgQi?ﬁtEF%Mﬁ%ﬁvF§@§%ﬁ{ﬁ §0f Bfe. It is noted
that since addition of the %g%%ﬁ al unj num salt aqueous solution to

I

the nixed sol ution f&*3¥RY F5et + FPBPOPERE WOd GroaRd Wndn
production of crystals_of pseudaoboehm te, hayerite or gibbsite, which
are not prBERSD 8?1%%832’&& tli'“&(r)}licge E%Prjrif‘%geé&@ 18P) 28 OIRP§ T £R

m nutes or_shorter, npre qESirou ly 13 m nutes or shorter. Bayerite

and gi bbsiFé -ar EXFRP 17 81 2t dbF &2 heTINBERERLYS PddFEQ e Spkedit Foe

surface area ., after calcination. [0031](Second . Ste , .. The
ydrate SPERES ProduaBas it REoARr SOR LD | SCaAget 10 hEkedsalyt ind

t hen wash to renove the by-produced salts there roduci ng a
yarat o oTAPEE CEHEaEn AT RS T RAd e L RG, S dsal ting

hydrate slurty is further heated and a e%ﬂif necessary and the
forned i nEGMRITEX  0Babl 6 Tk iBdtbdo pr GAIEL B3t abEGTH # BRES metod,
such as heat-ﬁgeadin . The extrudable praoduct is extruded into a
desired SHEGE by GETUEPGT AR tRER EGHARE Bt CAMPARFCT H 7 e5BED76% o

150C, preferably 90 tpo 130C and calcined. af a tenperature of 400 to
800C. pr cPeFdiy HSbY PISGOT 1 5P 1S TS 1BCHEHTT pr of er ably 2 o &

[0032] ( ThP £ ka5 B BRRE TRetP PG o1 1 SRSLI 12 %8 BROM na
cobalt-tungsten, and nickel-tungsten-cobalt, more
preferably combinations such as nickel-mclybdenum,
cobalt-molybdenum, and nickel-molybdenum-cobalt.
[0016] The metal component (s) are supported in the
form of oxide in an amount of preferably 1 to 35 percent
by mass, more preferably 15 to 30 percent by mass on

the catalyst basis. The metal component of Group VIA

10~



support is |oaded at | east one type of netal conponent selected from
G oups VIA and VII in the periodic table with a conventional manner
(i nmpregnation, inmersion) as described above. The support with the
nmet al conponent | oaded thereon is then calcined at a tenperature of
usually 400 to 800C, preferably 450 to 600C for 0.5 to 10 hours,
preferably 2 to 5 hours thereby produci ng a hydrodesul furization

cat al yst according to the present invention. Raw

nrokel "carboAa B tndt ERRERE b EEBRT Car okl st oo

an Sibfina‘fﬁ?ﬁ”%# “%Lyé’fféﬁééﬁrf% %% il S el
thi's ot O'er°' %eafdggég%y%%%& P e ol g‘ga%%d*'é}l%%tr%%é‘he“al
above. desern %Qréfﬁéﬂéﬁ%?tﬁﬁf?affgngiﬁ 3 e Y R P hto o

fixed-b 4 b I din.t t
 nvent i g%’dape%g%?éfjer A0e GRLEBE PRAcE LAt %&M*#Brr% T TR |

fract de _st t |
At mosphort VIEL TR i gL 219 %t u%”%%%.elrcp%auced

by distil Iy[ %ral ght heavy oil or residue obtained from an
atm)spherlc drstillation unit, in a vacuumdistillation unit; |ight

cycle 0|I Oqff)ggced antl_li%'!ed% gt aI)ﬁtl crﬁ hgg urchg%\ééagcas oi |
y T

or desul furi’zed heavy oi rodracked g

s SR LB LB R PRt

t hermal - crac gas "oi Paise oug such
as a cok tions containin ent b

vol ume ofd’ Mle?lft éQ/?r ac |8nV oge gg?l?%ﬁ S&lnﬁ% 5001%) Cf?%dpet% %GOC.
No parti t at L, on 0|I o be treated.in an.

at rmsphe%:%J di s%lﬁ]ltl g'tél g&%%? arerrSe (%fv o uch’ of f %I nc&

PeL ol euP B Loy RN e ) red %?ard/v el 8%%13%2%1%' e
of the digghlhbbibo0sChALAckSLLSllCs (Do 1,10 ROLL) A LHErL § eg aggg 'n

i's nmeasure accordance w ESCI‘I

[0035] Thé BSe ToaEF&r Ty or Q?‘%%?-Eg‘ff %%%LLL?LL"%%S‘% BErai TG (o i he
Feaction dbnat £ JaRLE pé{%%ﬁeﬁ% Farerend i hrERe .Xaﬁtl.fé’ 8sed on
the Examples of the carboxylic acid include citric acid,
malic acid, tartaric acid, and gluconic acid.

In the case of using phosphoriec acid, it is
contained in an amount of preferably 3 to 25 percent
by mass, more preferably 10 to 15 percent by mass on
an oxide basis, of 100 percent by mass of the metal
component of Group VIA in the periodic table. A content
of more than 25 percent by mass is not preferable because

catalyst performances would be poor. A content of less

than 3 percent by mass is also not preferable because

-1t~



reaction tenperature, which is, however, preferably from 300 to 420C,
nore preferably from 320 to 380C. A reaction tenperature of |ower
than 300C is not practical because desul furization and
denitrogenation activities tend to significantly deteriorate. A
reaction tenperature of higher than 420C is not preferable because
the catalyst is drastically deconposed and the reaction tenperature
is close to the operating tenperature limt (usually 425C) of the
reactor. [0037]No particular limtation is inposed on the reaction
pressure {hyRrdgdY pdr £hQ THSESSUIRY MR EhCPEP PG 670 Lt &P BB v
from3.0 to 15.0 MPa. At a_reaction pressure of |lower than 3.0 Mra,
desul furi2%t +8A & R fr GFerfR tFroR &kt Yities tend to
significantly decrease. The reaction pressure is thus preferably 3.0
MPa or higher, nore pFefFBfaBRy 1 .F |\‘71:5§1%9 APgREFANA G &fctfont pressure
of higher than 15.0 MPa is not preferabl e because hydrqgen

consunpt i AL FAdPEL ‘?f%s‘%ﬂ‘?}lﬁg P &3 gheR PhanAiPng Scdst Pehgent
reaction pressure is thus preferably 15.0 a or |lower, nore

pref er abllgyl’ﬁ?‘GSMPé“b‘FelBﬁﬁnf,exrﬁﬂ?Jepréf &Pafly FRBCRPE &Y IMARF. oF
[0038] No particular limtation is inposed on the liquid hourly space
Vel oci ty, LRRIRRCRS, CABREVERT Gt SESTHD G ot &5 Pes 1o b B-425 Aot o
preferably fromO0.5 tg 2.0 h-1. A biquid'hourlé space velociay of

| ess t harP 0S80EERL | QL nBP IS dctFRal "hEEHSRIFhE YprREt 16 P s
reduced due to the reduced anount Rf Lhrou%hgut“ A liqujd hourli
space velRDEPEF TGP If ABEAYI A 45BTHEE S NBE CFrdr et AbF 8 ShdE AR the
deconposition of the catalyst_accel erates. é%OS%L&? garticular

i mi tati on°TB o fiuselRBA e hyeF offéd T FatrfdT&thith BS, however,
IS prefer@bI£ from120.tq 420 NL/L, nore pgefenabhy from 170 to 340
NL/ L. A hyBPF&Gen/oit =7 afid DFf A'dss PRan°120°REARY 'S ridt ‘Preferabre
because the desul furjzation rate decreases, A hydrogen/oil ratio of
greater thAanVASFN 1LY %ot Mr 8o Frefrant & B UE E&n Hot

change the desul furizatiop activity and only increases the rupping
cost °L OOHBP FRETA TS Dbt LRE YO AR SEreat | RuCBR tayt 6dal 855 bRFY

R R et S R A R Sl
Dr ol o abL 4o TR S8 ok S5 c TN S 258 DL LA ROPD, CPOL AL O
The, present WSt 90 can dect epss sLo L eantly the sullyr apd,
of| USingde%riorate.

f0018] No particular limitation is imposed on the
method for including the above-described metal
component or further an inorganic acid (phosphoric acid
or the like) and/or an organic acid solution in the
above-described support. Any conventional method may
be used such as impregnation (eguilibrium adsorption,
pore-filling, incipient-wetness methods) and ion

exchange method using a compound containing the metal

component or further using an inorganic acid

-12-



above-descri bed specific hydrodesul furization catal yst.

The sul fur content (sulfur concentration) referred herein is neasured
in accordance with the nethod described in JI B K2541 "Determ nation
of sulfur content”. The nitrogen content (nitrogen concentration)
referred herein is measured in accordance with the nethod descri bed
in JIB K2609 "Determ nation of nitrogen content”. Exanples [0041] The
present invention will be described in nore details with reference to

the follo 'lp(??gﬁgrzgiltcesag%gggl%ﬁ}%#i gt %qgtglg_{gt gicn-[QO_042] [ Preparation

of Hydrodesu rization 0 a 100 L vol une

tank equifgede ghih & 2tea ackel rers UL 8018 ARl A0, AGLERHS
sol ution contarni ng sodl um al um néﬂte In an anount O percen %y

. tein ) | 8
41 Ko of T ERenanbe BRFePT A wht SR 50 Ra ot o o f) o ™

kg of xchange _ | sol

02" coneanTar T o bt 2o o Baded s ST e g, Tho resul ting.
i xt ted : ’ f t j [
a1 o mam S Lqueou” S BEPaR T I BY £ Lol S RPALET 1 bareaige ©
sol ution yge DhaPIRIPYEL! Uildg Jr B8HY. O?@gegggggegfpjg(gkgya%q

containing alumnum sul fate i nan anount nMass an

Al 202 concensLat Lon.Hasi Se ¥R 13 ke 0f L e1- exchange yatar vhile
P sditidag % y

a
titani umm neral aci aqueous I On was prepared |ssoﬂving

182 kg aloddonenaantybyaimes A 8 TuCR canseatragon basi s of

titaniumsulfate in 1 on- éxchange wa ese aqueous

sol ut i ong Nk ¢ ellserh andnheat e L0 8 LYIRL Al Hhe L0f S0 fper eby

preparing a m xed aqueous solution. Thi's m xed aqueous sol utii on was

added at g, £8056AYy [ARSCAAALI O BSMR:, 105 BNULES) s nERt he tank

containing t asic al'um num sal't aqueous so I'0n using a

COlt ! Pimebabileddie OF WRS o 2 LDRLE, P oRAr LA Y abe H 1Y

containing silica, titania, and um na. i drate

1 o 1890 PLIEFLISaL2 hoPIS ol 810G L s gt and

then dewatered wth a atsheet 'filter an 0.3

percent hy, §§|§ggeqb%nhﬁ9%£993i§8kﬂ %ﬁkﬁﬁgtfﬁsﬂ@%@kﬁ%rv%?%}yg%

resulting ca sl“urry was ute I on- exchan

that the appyn, 0fs Jie, SLUr iy, WaSs 49 RETCENL 3 BY, on an Al 202
% 5 to 10.

concentration basis and then adjusted in p with 15 percent

by mass of, ammonium el 8- o The Sl ULy WS ddansd eLhed i /91 4¢
efl'Ux con

tank with ar enser
Group VIA in the pericdic table is highly dispersed on

the support. Thereupon, phosphoric acid and/or an
organic acid are preferably added in an amount of 3 to
25 percent by mass (an oxide basis) and an amount of
35 to 75 percent by mass, respectively of 100 percent
by mass of the metal component of Group VIA in the
periodic table. Examples of the organic acid include
carboxylic acid compounds, specifically citric acid,
malic acid, tartaric acid, and gluconic acid.

[0020)] The desulfurization catalyst of the present

w]3-



and aged, stirring at a tenperature of 95C for 10 hours. The
resulting slurry was dewatered and then concentrated and kneaded to
have a certain noisture |evel with a doubl e-arned kneader with a
steam jacket. The resulting kneaded product was extruded into a
cylindrical shape with a diameter of 1.8 nmwth an extruder and
dried at a tenperature of 110C. The dried extruded products were
calcined at a tenperature of 550C in an electric furnace for 3 hours
ort a. Su rt a contained silica in an anount

t her eby producing Supp
of 3 por CERE CBY TS L3 e O6 9% Eordedt FRECAT Hasi T35 AT 821 ASAN

anount of 20 rcept by mass on a Ti concentrati basi s, and

al uni num‘?ﬁ Jaggéi’nfu‘?]to%fgrﬁaﬁ‘éirceﬁfe%ﬁ”?g%szo:h—f %nmfcf]@w drik@heFat i on
basis, all on the support_basis. %0044]Su prt a was subjected to
Xoray di 175 467 R SRar Y IRT WA AR x- R &P S  FLECET BA A4BpAFAEULSARI NT

2100" manufactured by Ri oration (the_sa is applied to the
fol | ow ngoéx%ﬂﬁ’ﬁﬁgﬁ? %w?ﬁg%%{f%r:es %tf%??ﬁeirg%ﬂieg.beg‘?aﬂéﬁsi:he
square fitti was._ a ied to the_resujtin raph, followed by

basel | ne BOTPEEt (th SBChSS & 1T Pt PRe AR LRRdLR Sl BRI FOR R of

t he peak gﬁcribed o] thg,ﬂnatase titania 9101) E%anes I ndi cat ed at
28=25.5. ThETFASHCt JFPHhE S ulNC® WALH TG f L ABXiTRk 2Mdifhe peak

intensity. fromthe baseline to the . maxi num peak was defined as an

anatase tFPRAPEHITT r BEET GPRREK. AFdd - THIPEaRBT pr Gocthf 4 Thér o
carried out to find the | wdth at hal{ maxinum,of the peak

ot bod T ERE S Br e (PRunrY Crtnt ot anbem antade Howhisresd and
the product aof the full wdth at half nmaxi mum and, the peak intensit
fronPthe'%%sgﬁQﬂf%%% %BﬁrﬁﬁF%iyﬁ%rﬁﬁq%P?Fg;ﬁﬁgcﬁ%?gaéﬁion peak y

area. The total of.t natase titania diffraction pe area apn
PUCti e {1 RAAFATAITY 2t Ba/ Hedk S LN as HEFERECASIR Y Aatnt) g
diffraction peak area. It is noted that no rutile titania peak was
not detect®d M} brt a. Furthernore, the full width at hal f

maxi num o eak cribed tg th -al um na (400 | anes | ndj cat ed
ot 20045 B0RAS 5 oo PRGnY Lot T bRLEE O™ R FREF o dth Shenal
maxi num and thetPeak i n ensigg‘fron1the baielin was, defi ned ?s an

al uni na dPFPPEES I Teak18Fe 82 F&° SUpPOF L a, 5t h& Wi f AACt i BAL PBSK

i ndi i h t t t f th t ti i d
FUtiTe i {BRPA Gds 0TS Br Ahe HIAT1 SEEFonPBadE H 6y of - CFombr FaPa
structure_ascribed to aluninun1(%itania diffra tion,geak area/ al um na

di ffracti BhPEEK 'arBa=1F8 >4t t R TSRS TEY appiimet 1 9™t hE T WP ng) .
[ 0045] Nex

wer e suspzﬂaggalﬂf %@%nggvﬂ% r?t;;}%?fg%%gg\ﬁggr gugkfcfgg%élﬁégéggngt ©
Freatmont B ERE/ T vol GrBoi Hol L ABor e 1 81 dved TP BR €58V ng
rpr egnat T BR. SGIRITT opi PArT 106 & oo SuPBOFt 8 Weke | mIPgHACER wi ¢ b
250 and TATEMSe o0 AT EOmEy Bt hr £l BEOC N Hif k] St r 6 Hhur nace. f or
(her of naf¥ 6f Tae L8 B POATHY Beo® PRy dSHAT Sne Seed F sPRBR i ed
conponent 0 T F e BRE Ay i d 510 Neb I A8 s e, B e s 525 SO5BE and
Catal yor BORT St SRR TN TabPePE B o “Sro0d] [ERERBrE T
xanl o 1 LO8PPIer ont ETGHERARPe T AT S o5 GAY- F vas
BuGoUs. Sof TR Br RS Bos AL A0 BUATALE O Sh UBB6S Teor et on

of 6 to 15 nm (60 to 150 A), preferably 6.5 to 11 nm.
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titaniumsulfate in 5 kg of ion-exchanged water, until the pH was
7.2. [0047)In the sane manner as Exanple 1, Support b was prepared
fromHydrate Slurry b. Support b contained silica in an anmbunt of 3
percent by mass on an Si 02 concentration basis, titaniumin an anount
of 10 percent by mass on a Ti Q2 concentration basis, and alum numin
an anmount of 87 percent by nmass on an Al 202 basis, all on the support
basi s. As the result of X-ray diffraction analysis

carried gut. As, W LR (3Pl &, ﬂa&@pagéhgw@e 0 fe £ ERAQRIAN PeAkess

indicating the crystal structures 0f the anatase titania and rutile
titani a was, gleg echedonard htahﬁ‘et*&éé”bﬁa(i'lf fﬁ@a?ééoélnae%u%r% %&&na

diffraction peak area was | ess than

Exanpl e %n‘¥%§E¥§%ﬂ%ywﬁlQBOQU%%%d§%88kS%$@%E é)cgéﬁﬁﬁﬁﬁ $&th
cont ai ned 22 percent by mass of M02, 3 percent by nmass of Coo, and 3

percent Ly, MBss-9k P2 e alil AR e Sat S‘Hé%ttéjﬁsﬂﬁanpﬁ_@p%rﬁ'v?@uﬂ)g
Catalyst b are set forth in Table 1 below [0048][ Exanpl e 3:

Preparat igh 9f ¢ydrodesubf yel %%é@ﬁ'c@@t%%ﬁttéhd to be poor WHS
exanple is different fromExanple 1 in that Hydrate Slurry c was

prepar ed Mtéﬁgb@gpékf%m@etbé@éﬁsfe%9J)tél RAS s Al U uim sakt

aqueous solution prepared by diluting 7.82 kg of an aqueous sol ution

contai ni ng, 22, BEr G&/da by fRES LR AN B9 202, 69RGRNt (ﬁ%@nr@@lss ofo
sodium alum nate with 44 kg of ion-exchanged water and addi ng

thereto, stigLLipOeh- 80, K9:08 1 8rm2Q it iPH L£ONLAL N &pﬁffﬁmemegass
on an Si 02 concentration basis of sodiumsilicate, foll

heating t,0, A-f,efRErMIIE; 95806 Hide a1 Mhaxed l'c}gtf@@é@u%kn@dtorw& egar ed
by m xing an acidic alum num salt aqueous solution prepared by

diluting ¥ d4 kg9 eagpof-gufijé‘ﬁe§%|rut( P@'} £ORLANL B, b L Qﬁ”&m@yelﬁs S
on an Al 203 conceniration basis of alumnumsulfate wth 7 kg of

i on- exchanged. H%afﬁﬁiéotBba@é¥Eé%Eeﬁ%|ﬁﬁ%ck§€£§ %%%%Puﬁaﬁgh%t'on
prepared by dlssoIV|ng 2.73 kg of 33 percent by mass on a Ti Q2
concentratp@hyhasis of titaniumsulfate in 15 kg of ion-exchanged
water, until "the pH was 7.2. In the sane manner as

Exanpl e 1; 0 PHBROrt CrMas pRr &mﬁgdterswfwi%%1%ruréa(tgly%t=aop0ﬁec
contalned silica in an amount”™ of 3 percent by mass on an’5i

concentratd P0obask$,/ dvd pnh HMph o anpy iy nf o%ot@ﬁar%%}.t Qm%% n a
Ti Q2 concentrgt?on§665|sﬁand aluﬁﬁﬁﬁnlln an anount o Gfapercentggy

mass on ah Al 2031 PagkseAldi 0 L he3 supROtle RaYS the average poke the
result of X-ray diffraction analysis carried out as wth Exanple

L(not shawineklas t]#0p)2:d] fdxeCtben Pask-ar eallawd na gty agdi on

peak area was . Exanple 1, Catalyst c mas
pr oduced 1&'@&893%%%"7@ ?@E@@ﬁsrozcnﬁpﬂi ai Ned r 22 NEr ¢ & geag of
MD03, 3 percent by mass of CoO and 3 percent by mass of 205 all on

L Qleo\clzvat al y5tnHagl Sankr R blod% Ofi 2E BbUSY oh AL HRIrp O thnkn fakle 1
PVp/PVo is less than 70 percent, tThe pore distribution
is too broad and thus the resulting catalyst may not
obtain a desired desulfurization performance.
f0024] For the support of the hydrodesulfurization
catalyst of the present invention, the total of the

diffraction peak area indicating the crystal structure

of anatase titania (101) planes and the diffraction

_15_



[ 0049] [ Conpar ative Exanple 1. Preparation of Hydrodesul furization
Cat al yst d] This exanple is different fromExanple 1 in
that Hydrate Slurry d was prepared by adding at a constant rate to
(1) a basic alumnum salt aqueous solution prepared by diluting 8.82
kg of an aqueous sol ution containing 22 percent by nmass on an Al 203
concentration basis of sodiumalumnate with 34 kg of ion-exchanged
wat er and adding thereto, stirring 1.80 kg of a solution containing 5

t b 02 t b f di I ,
ol Fowed B9 Restiiy 1 6ThCCaARet attr "é‘c%?gé@%s"(%?aﬁ RESUE o Bt A

| t I t d di | ut
2o EER R g DR A R SR Gt
tns"7'3 VSIS0 8, B B B
ort d cont ai ne lica

d
g:rggg': eof{égrsnér ‘:ia%%f/siﬁgé’s)iﬁs achr %ﬁSCoﬁboeﬁ rRtf ﬁrﬁa’i)s]l% itr)fStaﬁi um
Ti 2 trat b d
L urt nam L RS 81 odndtiie g%féb%y%n‘?iéﬂggﬁ%%%’ée%ﬁn :ﬁé%‘eé%oﬁ htrati on
basis, all,on.the s? ort

di ffract i Oh RAEYLE tr?re} 5ﬁ?t5§e\matsﬁré>&%|teo i{ ?%Lﬁgg%%vxﬁfooﬁo

i tan a dRaePare & 11 AR AL Bt bordt, ShiTEAS b Pant Bod st i on

he wi th ERBRD 607, e be: THT R G e s g Sadborte L Emi ARy st

3 per Egh?‘?%%%%?? T ag8 e dn (ER ac%f%f)§%%?ﬁfaas$‘§lg%f§ﬁgﬁ s of

5
Catal yst d t fort bel |
2: I%r g;ar Fa(r%xzaoeu 13; ocgleggrtfa&%lgoaq P(?eﬁ“ CAE 5\9 % MY FLhG %m)se

e

|
exanple is_diff rom Ex 1|nthat drate Slyrry e S
pr epar ed %yygééﬁ La%lc’(rzlonc’s aré taocf?}l_%aﬁasﬁ ca%il:i ﬁ‘?‘rﬂﬁn\,@éﬁ
aqueous Sl%r%'e% Qus sol ution

ed b d | /
cont ai ni ng per cen By ma%/e I %;:%an%l:sz% %8%cétﬁ’t$2f‘?%§%6§§"i st of
di | h d
tsﬁelrg{noa Clil‘tgrkrrlar‘?ge 4% A !sglnuﬁé%n%co %ﬁ%lﬁﬁugn eoaI(cdef]thB?lﬁass

(2]

Si 0 tr £, sodi fol |
heating 16°a. %%{.%era%%?Qt%aS%%é’% v 28 Pl LiFh harar o %iﬂt

| di ssol 4.09 kg of 33 b
on o T o chRES kT BA et F4T Il <) Pognde aper prend TS

h t t.h H
manmer e ERaame And shande W Srcplear sroh ey drsd s rv g B
S t t f. .3 t.b
502 conabetPabran pabrheRs ﬁanﬁ?%ﬁng?ﬁné 0%%‘3%%?@&% R By e

on a Ti OerlSBQ% ntrat;_rgg Q§§| aa@glghu egtﬁm ﬁlnr?cgnéhgf% 5%32& cent

by mass o 203 concentration uppor

the resu'ét?hc%df%’é&fJ£§EEE%PEQQ§Q§éS 10l1l) planes is measured

at 20=25.5° while the diffraction peak indicating the
crystal structure of rutile titania (110) planes is
measured at 20=27.5°. The diffraction peak indicating
the aluminum crystal structure ascribed to v-alumina
(400) planes is measured at 20=45.9°.

Each of the diffraction peak areas 1is
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carried out as with Exanple 1 (not shown), the titania diffraction
peak area/alum na diffraction peak area was 1/ 3. As with
Exanpl e 1, Catal yst e was produced using Support e. Catal yst e

cont ai ned 22 percent by mass of M05, 3 percent by nmass of Coo, and 3
percent by mass of P205, all on the catal yst basis. Properties of
Catal yst e are set forth in Table 1 below. [0051][Exanple 4:

Preparati on of Hydrodesul furization Catal yst f] Thi s
exanpl e i i t i h - ry, fe

o epar od By Gdor Ee e EhRSE AR o SR Ty AR E R i Say
agqueous | A1k ] r . di ' WA oL ytion
cont ai ni g 2o Boraca t HedtfrHEh g Sid e bt F Pt e SR
sodi um al undnat e wi_th 4 f i changed e I

her eto. ST T Do ReLar S Lo en e o A B 25 Y mass
on an Si atrat i bi?ﬁé . Of i Silic fol.l :

heat i ng %gpgg%érndt l?(r)rgio (85882)%?% %@xle%ljl%qﬁ_%gﬁé{ gglt%ﬁ%%p%r[g%)ar ed
by m xi ng: Al afhdl 6.8l ILRURLSH by AGUECUS SRdILd L0 BT BRAEH By o

di luting 6. kg of ‘an aqueous sol ution containing percent by mas s
on an Al %P&rf%’@ca?ﬂ&rﬁé%s%”w?é%s_(%laﬂ %'I'dl#ﬁ“a%“ Late Wi dg) Kon Ok

i on- exchanged water 'and a tirtanium m neral acid salt aqueous

sol ution p y: .di ssal. vl g er b n a
Ti O2 conctg'%fgrgtélggnlt%blalgr%I ségfﬁ(‘t {E?Ca%?ﬁitgulﬁogatgg%ﬁ 1(808/%) o?h@%%}p

i on-exchad‘%a%p\fﬁéegj?eg%ggd&g? PH VYRS Fut width A nalf @]ati‘fmé?@

manner as pport was prepared from Hydrate Slurry

Sipport faf@nbahbied S ohea ) A aMBuRte o 73 BAT GRN) DY, EBSs on an

Si 02 concentration basis, tirtaniumin an anount percent by nass

on a Ti m“fi)ﬂﬁ%? rafd P@rQ%%ii%r?‘g;gegk“@féﬂg%ﬂuﬁ‘ﬁtn%”%i‘ff?%c%gic%rCe”t

by mass on an 03 concentrati asi s, onthe support basis.

As the r‘%:(sé'ék é)%e%”r% LEG LR it“f%g?g%'c%?ioﬁf Cal b ‘%f%ﬁ?gfa}r‘g%gak

Exanpl e not shown), the titania racti on peak area

diffracti ak aogv@g-:l./e%. As with Exanple 1,
Cat al yst \a/vgg E’rg{uced u§Li ng Support f. Catalyst f contained 22

percent b Ogggﬁ of M03,. 3 cglt By, Jessnaf +§O and 3 percent by

mass of P20 all on the catalyst basis. Properties of Catalyst f are

set fort f}rs%@r&%'s“ﬁ %3 199!19}9(-1: i[&g]%%]t[alffﬁlg’e' &£ ¥h é;&:%%%féﬁé AhPdntion

Hydr odesul Turi zati on Catal yst s exanple is

di fferent,f{ompExail e, 1y that Hydrate Slurry g was prepared by
adding at a constant rate to (1) a basic alum num salt aqueous

The process of producing the
hydrodesulfurization catalyst of the present invention
comprises: a first step of producing a hydrate by mixing
a mixed aqueous solution of a titaniummineral acid salt
and an acidic aluminum salt (hereinafter simply
referred to as “mixed agqueous solution”) with a basic
aluminum salt aqgqueocus solution in the presence of
silicate ion such that thepH is form 6.5 to0 9.5; a second
step of producing a support by in turn washing,

extruding, drying and calcining the hydrate; and a

] F -



solution prepared by diluting 7.52 kg of an aqueous sol ution

contai ning 22 percent by mass on an Al 203 concentration basis of
sodiumalum nate with 40 kg of ion-exchanged water and addi ng
thereto, stirring 6.00 kg of a solution containing 5 percent by mass
on an Si 02 concentration basis of sodiumsilicate, followed by
heating to a tenperature of 60C (2) a m xed aqueous sol ution prepared
by m xing an acidic alum num salt aqueous sol ution prepared by

di luting kg .of  an.aqueous_so tlon cont ai ning 7 rcent by nass
on an A125%§%ghgé a??og%bégls o?%alunlﬁhn1§ﬁIF e mﬁfhmff

i on- excha t t|t n|u nlneral ueou sol tion
%gﬁg Py erf saenpelgjé §oué3r bel [?géé (g 'é

pr epar ed |sso ving kg oft

carer: a1 £ 1A gt B U 18)eukt o i %%%f“gé‘%
Sl Lo SURRIEL 9, gnv 50 DBP T L by e AR g 050"

T 0o concLAPPA on bk Y ta?aM’"ﬂu%”‘."‘n‘”;n"zniﬁnt’eéﬁe% bt cent by
Ao the rosult of x Byt PECAEHT o ety € R S e %%anf
et 13 ARk o AR, Fif ' Bh PGl R0 RERS Sreol 8l

Catalyst Snas ROINEEIndSINg SUPROLL s BLALYSLS &a@gg“g%g,gfdelﬁg by

per cent by nmass o percen nmass™ of

To st ot pePR i) ¢ A RURUN R A 412 jf‘/)err“%(lg%lpﬁfe ' %%3}1% on
G or enc SRl BN R e Mot ine qanesan Wgé% B cabp
SorurDoat eRa bRkl A S ()5 39258, aﬁgaqﬂlég‘ui Lot fPioR-S to
Soti am 1B e RERECB e ?{ e3PL O?Bﬁﬁeédcﬁgﬁagﬁ”% S e R

heating to g Lempes a&gmaqfnlﬁf? () s Xsﬁtgali%O%néo g0, pr epar ed

by mi xing an um num's aquedus” softtion prepara

dil uting ggégﬁg of §Elﬁggo§4§e§olyﬁ%9g CQQttQJCFF'l%erIP%EﬁC%%t%Q¥SEHSS

on an Al 2 centra asl| s um num sul Tate 'wW

ion-exchagggd whater aﬁqf%§£E&gﬂ%gggggggﬁggﬁﬁg|d sq&&egqgeou sgL%tlon

prepared by’ di ssolving by masSs on Ti

concent att 085l 3 ARl Y 41 L48 Bofd iy ohg oy sxghange

wat er, unti nme manner a

Exanpi e 1, §“Q@9r%%¥‘@sa%%ﬁr§daoiﬁﬁ% AR SLYLEY L HPRRELA"

t
contalned silica in an anount o ercen y nas on ‘an

concentraj Lonyhas $. %.H@Héﬁp%glﬁ@1QHPQﬂ%mgé §9n%er %gb g%en?gg on a

Ti Q2 concent I’atl on basis and umnumin an am)unt percen

mass on an Al 203 congen o] aS| n.the S
As the result of X—rgg é{%%a(’(’; 6n szlnla?éé}zg égglrléggggéhae?vél?h

Exanpl e 1,00t Qm)nulﬁ@%ll,}é(gﬁg'@oghft AChhY RO, s 318t al 4L Ra,

diffraction pea area was
Basic silicate ion sources may be siliciec acid

compounds such as sodium silicate, which can generate
silicate ions in water. 1In case (2), silicate ion
contained in a mixed agueous solution of a titanium

mineral acid salt and an acidic aluminum salt agueous

=18~



As with Exanple 1, Catalyst h was produced using Support h. Catalyst
h contai ned 22 percent by nmass of MO03, 3 percent by mass of CoO and
3 percent by mass of 2205, all on the basis of the catalyst.
Properties of Catalyst h are set forth in Table 2 bel ow.

[ 0054] [ Conpar ati ve Exanple 4: Preparation of Hydrodesul furization
Cat al yst i] This exanple is different fromExanple 1 in
that Hydrate Slurry i was prepared by adding at a constant rate to

(1) a basig@tuBhnwrsabt aguepus §e! Uk P1epasedqly cgiyibagd 07
kg of an aqueous sol ution containing 22 percent by mass on an 203

concent r afd ©Rc-bashs yobh S @di e abughnat e Mg duA@skgueh al0ns w%f@@&ged
water and adding thereto, stirring 9.00 kg of a solution containing

Spercent dyi dpS§hARk AN $H0GarNCEONE T 8thaN basi $oafs sodi yar iyl i cate,
foll owed by heating to a tenperature of 60C (2) a m xed aqueous

sol ution [ e2ay ed bmmﬁ;mm@%@ & 22 1 N $ Al BGUROYS, SPhYET ON
prepared by diluting 5 kg of an aqueous solution containing 7

percent hyodBss £DuARnAI203 ncopetRtd Al hRk Pasi§ a0l al undnupn syl fate
with 10 kg of ion-exchanged water and a titaniummneral acid salt

aqueous saldit hengprepal edibyindi$sot viag 1%L 82 gguﬁlflrﬁﬁnpgﬁ@%tt&y nmass
on a Ti 2 concentration basis of titaniumsulfate in 10 kg o

i on- exchangedi Wakebh1WHi det NEnBH MM ifAn nitrate. Exé%ﬁigg sghe
manner as Exanple 1, Support i was prepared from Hydrate urry i.

Support it 1e@nt aiaed | hEaeird Pk ATBURGL 10f 15-PALEEN: DY, ABES ON an
51 02 concentration basis, titaniumin an anount of 20 percent by mass

on a Ti Ok SOPSERNIALI @8, bast 5nanth BkUEHIUSY i BeaN: aRRWRfs BBs pRECEN
by mass on an Al 203 concentration basis, all on the support basis.

As the r %%Rhttloiaﬁ(lﬁﬁ)’nﬂtﬁ:%rt@t I Ok ty8£8163", " L84 QHuARS W £hte
Exanple 1 (not shown), the titania diffraction peak areal/ al um na

diffracti;on peakcaram ywagsbB8.pdsakbh iExanpl entyx et sl yst i was
produced using Support i. Catalyst i contained 25 percent by nmass of

M02, 3 pereeny by nbss ekGXeand P RAUSERLNBNIBSSNOLNR2Y: &l on
t he catalyst basis. Properties of Catalyst i are set forth in Table 2

bel ow. [D055E[ ExamRlred s repagatbonr af bl odesyhkunizatly Masic

Catal yst |]
silicate ion is charged into a tank with a stirrer and
heated and maintained to a temperature of usually 40
to 90°C, preferably 50 to 70°C,and to the solution was
continuously added a predetermined amount of a mixed
agqueous solution of a titanium mineral acid salt and
acidic aluminum salt agueous solution heated to a
temperature of +5°C, preferably £2°C, more preferably
£1°C of the basic aluminum salt aqueous solution for
usually from 5 to 20 minutes, preferably from 7 to 15
minutes so that the pH is from 6.3 to 8.5, preferably

from 6.5 to 8.5, more preferably from 6.5 to 7.5 to

produce a precipitate, which is a slurry of hydrate.
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Support a produced in Exanple 1 was used as a support.

Next, 278 g of nolybdenumtrioxide and 114 g of cobalt carbonate were
suspended in 500 m of ion-exchanged water, and then heated at a
tenperature of 95C for 5 hours, applying thereto a suitable reflux
treatment so that the volune is not decreased, followed by dissolving
therein 68 g of phosphoric acid and 76 g of nitric acid thereby
preparin? Sn !Ppregnat!on sol uti on. Art?y 10g0 g of Supfort admasd t
i mpregna IS o e 0 n. by r N s dried a
o Cempor ot aret ors86c 2 carEt hegoat e bl ef R Blst' s s h R

el ectric ace. f t Lhere r LN rodesul furization
Catalyft;igiga%?ﬁf%i;fqg%ﬁﬁgrﬁéd%qu%iiégﬁ#ggy?ﬁﬁs%;3§?E§%5,a?%oo
percen S s o, _and . r nBss . on e

cat al yst 'b%‘g?s%e%:_ooper??es lgr\‘eoé\é‘?g?ést aﬁ ar etggt p%orcthﬁgl noTalble 3
below. [O : rﬁggg I of sulfurizati.qn

Cat al yst gf%iﬁi%%mg %?Sﬁuce %\ﬂnggr‘rplbeé_%g\%\gg%us%e% :é%gssl%pedort.
Next, 27 ; I L oxi a 4 .cobalt ¢ onat e re
Suspended PCB00 R ot ot ok EREASaq ot &1 Sranas seheebd Su°

t enper at 0 G f | yi t o] i t,ah).e. refl ux
treat men'ltjf(gg {lﬁg'?gtoﬁlgglvgl ﬁ%?gugé%% %ggr%élai%%?h o’I%P%\%eg%bsylr |§§%$’vi ng
therein rd Ld an 74 . i ¢c.acid the y
preparingﬁgﬁn?Eﬁ??ﬁig?féﬂﬁggfégfongaﬁiﬁ%?g%oéghggéi%ggﬂ%%r%E%g?ﬁgd t
i mpr egha S n . ed a
a tenper&?u?ggo%bgg%éj%E%B%g$2%%§g 3% a‘%%n%e%a%@%% %¥£é5gﬁﬁin %%

el ectric ace.f reby produci ng Hydrodesul furization
Cat al yst i?é%aﬁgﬁvgﬁ ggggﬁ?gﬁﬁ%€§2o percent by mass of MO03, 5

t b f nt by mass of P205, all on the
percen 0f83§ © ggg)e.c%@lqj 35%%26 y

catal yst basis.” Properties of lyst k are set forth in Table 3

e O ey =L) LEeTe e FUERRC2t 60, pRkadenu iapl Lon Selgl v
is aged if necessary and then washed to remove the
by-produced salts thereby producing a hydrate slurry
containing silica, titania and alumina, The resulting
hydrate slurry is further heated and aged 1f necessary
and then formed into an extrudable kneaded product by
a conventional method, such as heat-kneading. The
extrudable product is extruded into a desired shape by
extrusion and thendried at a temperature of 70 to 150°C,
preferably 90 to 130°C and calcined at a temperature
of 400 to 800°C, preferably 450 to 600°C for 0.5 to 10
hours, preferably 2 to 5 hours thereby producing a
silica-titania-alumina support.

[0032] (Third Step)

On the resulting silica-titania-alumina
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a support. Next, 267 g of nolybdenumtrioxide and 109 of cobalt
carbonate were suspended in 500 ml of ion-exchanged water, and then
heated at a tenperature of 95C for 5 hours, applying thereto a
suitable reflux treatment so that the volume was not decreased,

foll owed by dissolving therein 167 g of malic acid thereby preparing
an inpregnation solution. After 1000 g of Support a was i npregnated
with this inpregnation solution by spray, it was dried at a

t enper at wipwdr 2506 Bpddeal GithedAlt &ienPepat of endt a258Cmigbridn t
el ectric furnace for one hour thereby produci ng Hydrodesul furization

Catal yst sh1Latabystoh centydnNedrRGpercent i By FBSgel MIB table
percent by mass of CoO, and O percent by mass of P205, all on the

cat al yst wiasi Sa Poapentdiesn ol Lahalasst (impeegsett {@k] hihfeTabl én B
bel ow. [0058] [ Exanpl e 9: Preparation of Hydrodesul furization Catal yst

mM  Suppords ai@sedueed i abEvanpl @hle WasppPsed asi @h SUBROMetal
Next, 306 g of nolybdenumtrioxide and 76 g of nickel carbonate were

suspende@ddrp &§REnt 10faden- exchangediwateren andikhenrheated at a
tenperature of 95C for 5 hours, applying thereto a suitable refl ux

t r eat nentc o & Pat utdee oo higes Wag N0b €ecy eased, pheldcomes bys addi bi on
and di ssolve of 68 g of malic acid thereby preparing an inpregnation

solutiongoter £ok0Q0. § b JWPRFhra, Was d TPrepnat ed whth hbus s
i npregnation solution by spray, it was dried at a tenperature of 250C

and cal cigras:abyaplreypes ahdr & of y $b0&eist 106 £} estchiich fagnace sf-or one
hour thereby producing Hydrodesul furization Catalyst m Catalyst m

cont ai net: &Zo pahiagnt: Pyt 8BS $ r&fs MO3inFPeiLent by mass of NNO and 3
percent by mass of P205, all on the catal yst basis. Properties of

Catal yst mare set frglhmarechabd es3oeltgve £108039] [@pphentOare

Preparati on of Hydrodesul furization Catal yst nj
preferably nickel nitrate, nickel carbonate, cobalt
nitrate, cobalt carbecnate, molybdenum trioxide,
ammonium moclybdate, and ammonium paratungsten.
[0033] Next, an explanation will be given of a
method for hydrorefining a hydrocarbon oil according
to the present invention.

In this method, a hydrocarbon o0il is
hydrotreated under hydrogen atmesphere and high
temperature and pressure conditions using the
above-described hydrodesulfurization catalyst, which
is filled intoe a fixed-bed reactor.

[0034] Hydrocarbon oils used in the present
invention are preferably gas oil fractions. Examples

of the gas oil fractions include straight-run gas oil

produced through an atmespheric distillation unit for
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This exanple is different fromExanple 1 in that Hydrate Slurry n was
prepared by adding at a constant rate to (1) a m xed aqueous sol ution
prepared by m xing an acidic alum num salt aqueous sol ution prepared
by diluting 7.17 kg of an aqueous sol ution containing 7 percent by
mass on an Al 203 concentration basis of alumnumsulfate with 13 kg
of i1on-exchanged water and a titanium mneral acid salt aqueous

sol ution prepared by dissolving 1.82 kg of 33 percent by mass on a

Ti @2 cong ti.an bagi tjtanit KN 114
ion-exchéﬁ%%égméﬁé?,aiﬁsu E?ﬁh%? ?gggiﬁgL%§Sghsgﬁﬁfﬁg%eéﬁﬁﬁgﬁhing 4.8
percent Db .02 ncent Iy i { 1€l id (2) a
basi c a|d%?ﬁ%§§$§?ﬁﬁagh 032930 ﬁt%%%l%gg%gﬁégagééﬁI%ﬁ#ﬁgg%8.22 kg of
an aqueo i.Qn. cont aini e b SS,.0 Al 203
concentrg%?@ﬁggggggl%f&g%gﬁﬁggafﬁﬁgngﬁgnaﬁt%nZ% Eﬁugkgﬁpn-exchanged
7ot LRGSR WAI LD B AREPELEY 5 ShOuns ph By Braes
prepared 5%95‘1 ‘irca—tgra?l:wirnyg nvac?‘Hgﬁogntear\r Oﬁtﬁi ned S'%J:i cain an
amount of percent by mass on an Si 02 contentration basis, titanium
in an anmo f ' C Y ,78S.S ] rat L.§ <and
aIuninun1#ﬁgggfé%%ﬁ%?&J?Q%ygpgggénﬁggyﬂﬂgg%géﬁﬂg%&%%f%g'2%%%2%%§gtion
basis, o LS I f r iff j

anal ysi o ko XarPREH RN a LT 420 o1 BE AP PP
diffracti . @I, e | Ly if j . Aar /

As wi : h ngg')%:rrggzgi?'e(é%glﬁ;g%Pﬂa\%afé%%i%%g%g%&ng;];p%\%??&n&;%géﬁyst g
n containg REMC ¥ 3 Fas s af; percg )y JBSS, P y, an
3 percent by mass of P2 5}H§IIHOﬁ:¥%g catglyst %a5|sfﬁgr6%er¥les of

Cat al yst Qﬁ@r?rﬁ i‘;&?%r‘?gﬂtgﬁmfn p@!ﬁ&’rcﬂa@l 6?&{%111%& or.m rg

Crude oil having t OW Nng properties was otreated Wt

hydr odesub £ul 1231 Lo ounly h o BANKIAC 1 600 0 n EYTELe £ 48hNGCabgbyst s 2
to n. Atenperature at ich the produced oil has a sulfur content

of 7 ppmpy mass {def gknaliter: L et ghr ad { 0n 38 s L0 1 901 kennenal ur e”)

is determned to conpare the desulfurization performance anong the

catal yst s  Eudrof heat hng: h6AGH AN Yas caf 1hed ;ouf yunder té%@alfughlegwi ng
conditions. The results are Set forth in Tables 1 to 3. [Properties

of Crude Okl lsu%q{adélngirgf@éigh%ert%lg@émo-b}ru@@iéifg RYUn L ADge
208 to 390C) Density at 15C. 0.8493 g/cnB8 Sul fur content ™. 1.32

percent by -mass N iregenveontenin 493 RRALY MsielReastiom oi1,
Condltlonsf
and bitumen reformed oil.

The wvalue of the distillation
characteristics (boiling point) referred herein is
measured in accordance with the method described in JIS
K2254 “Petroleum products-Determination of
distillation characteristics”.

[00335] The method for hyvdrorefining a hydrocarbon
oll according to the present invention is preferably

carried out under the following reaction conditions.

f0036] No particular limitation is imposed on the

=0



Liquid hourly space velocity: 1.0 hr-1 Hydrogen pressure: 4.9 MPa
Hydrogen/oil ratio: 250 NL/L [0061] [Table 1] Exanple 1 Exanple 2
Exanpl e 3 Conparative Exanple 1 Conparative Exanple 2

reaction temperature, which is, however, preferably
from 300 to 420°C, more preferably from 320 to 380°C.
A reaction temperature of lower than 300°C is not
practical because desulfurization and denitrogenation
activities tend to significantly deteriorate. A
reaction temperature of higher than 420°C is not
preferable because the catalyst is drastically
decomposed and the reaction temperature is close to the
operating temperature limit (usually 425°C) of the
reactor.

[0037] No particular limitation is imposed on the
reacticn pressure (hydrogen partial pressure), which
is, however, preferably from 3.0 to 15.0 MPa. At a
reaction pressure of lower than 3.0 MPa,
desulfurization and denitrogenation activities tend to
significantly decrease. The reaction pressure is thus
preferably 3.0 MPa or higher, more preferably 4.0 MPa
or higher. A reaction pressure of higher than 15.0 MPa
is not preferable because hydrogen consumption
increases, resulting in a higher running cost. The
reaction pressure is thus preferably 15.0 MPa or lower,
more preferably 10.0 MPa or lower, more preferably 7.0
MPa or lower.

[0038] No particular limitation is imposed on the

liguid hourly space velocity, which is, however,
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preferably from 0.5 to 4.0 h™', more preferably from
0.5 to 2.0 h™*. A liguid hourly space velocity of less
than 0.5 h™" is not practical because the productivity
is reduced due to the reduced amount of throughput. A
liquid hourly space velocity of greater than 4.0 h7?
is not preferable because the decomposition of the
catalyst accelerates.

(60391 Mo particular limitation is imposed on the
hydrogen/oil ratio, which is, however, is ﬁreferably
from 120 to 420 NL/L, more preferably from 170 to 340
NL/L. A hydrogen/oil ratio of less than 120 NL/L is
not preferable because the desulfurization rate
decreases. A hydrogen/oil ratic of greater than 420
NL/L is not also preferable because it can not change
the desulfurization activity and only increases the
running cost,

[0040] The o0il produced by hydrotreating of
hydrocarbon oil according to the present invention has
a sulfur content of preferably 10 ppm by mass or less,
more preferably 8 ppm by mass or less, more preferably
7 ppm by mass or less. The oil has a nitrogen content
of preferably 3 ppm by mass or less, more preferably
one ppm by mass. The present invention can decrease
significantly the suifur and nitrogen contents of the

produced 0il by hydrotreating hydrocarbon ¢oil using the
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above-described specific hydrodesulfurization
catalyst.

The sulfur content (sulfur concentration)
referred herein is measured in accordance with the
method described in JIS K2541 “Determination of sulfur
content”. The nitrogen content {(nitrogen
concentration}) referred herein is measured in
accordance with the method described in JIS X2609
“Determination of nitrogen content”.

Examples
[0041] The present invention will be described in
more detalls with reference to the following examples
but is not limited thereto.
[0042] [Preparation of Hydrodesulfurization
Catalyst a]

Into a 100 L volume tank equipped with a steam
jacket were put 8.16 kg of an aqueous solution
containing sodium aluminate in an amount of 22 percent
by mass on an A1l;03 concentration basis. The solution
was diluted with 41 kg of ion-exchange water, to which
1.80 kg of a solution containing sodium silicate in an
amount of 5 percent by mass on an S$i0; concentration
basis were then added, stirring. The resultingmixture
was heated at a temperature of 60°C thereby preparing

a basic aluminum salt agueous solution. An acidic
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aluminum salt aqueous solution was prepared by diluting
7.38 kg of an agueous solution containing aluminum
sulfate in an amount of 7 percent by mass on an Al:O0;
concentration basis with 13 kg of ion-exchange water
while a titaniummineral acid salt agqueous solution was
prepared by dissolving 1.82 kg of 33 percent by mass
on a TiOs concentration basis of titanium sulfate in
10 kg of ion-exchange water. These agueous solutions
were mixed and heated to a temperature of 60°C thereby
preparing a mixed agqueous solution. Thismixed aqueocus
solution was added at a constant rate (addition time:
10 minutes) into the tank containing therein the basic
aluminum salt agueous solution using a roller pump
until the pH was 7.2 thereby preparing Hydrate Slurry
a containing silica, titania, and alumina.

[0043] The resulting Hydrate Slurry a was aged,
stirring at a temperature of 60°C for one hour, and then
dewatered with a flatsheet filter and washed with 150
L of a 0.3 percent by mass ammonium zqueous solution.
After washing, the zresulting cake-like slurry was
diluted with ion-exchange water so that the amount of
the slurry was 10 percent by mass on an Al,0;3
concentration basis and then adjusted inpH to 10.5 with
15 percent by mass of ammonium water. The slurry was

transferred to an aging tank with a reflux condensex
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and aged, stirring at a temperature of 95°C for 10 hours.
The resulting slurry was dewatered and then
concentrated and kneaded to have a certain moisture
level with a double-armed kneader with a steam jacket.
The resulting kneaded product was extruded into a
cylindrical shape with a diameter of 1.8 mm with an
extruder and dried at a temperaturxe of 110°C. The dried
extruded products were calcined at a temperature of
550°C in an electric furnace for 3 hours thereby
producing Support a. Support a contained silica in an
amount of 3 perxcent by mass on a S10; concentration basisg,
titania in an amount of 20 percent by mass on a TiO;
concentration basis, and aluminum in an amount of 77
percent by mass on an Al;0; concentration basis, all
on the support basis.

[0044] Support a was subjected to ¥X-ray diffraction
analysis with an X-ray diffraction apparatus “RINT
21007 manufactured by Rigaku Corporation {(the same is
applied to the following examples). The results are
set forth in Fig. 1. Least square fitting was applied
to the resulting graph, followed by baseline correction
so0 as to find the full width at haif maximum of the pezk
ascribed to the anatase titania (101) planes indicated
at 26=25.5°. The product of the full width at half

maximum and the peak intensity from the baseline to the
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maximum peak was defined as an anatase titania
diffraction peak area. The same procedures were
carried out to find the full width at half maximum of
the peak ascribed to the rutile titania (110) planes
indicated at 26=27.5°, and the product of the full width
at half maximum and the peak intensity from the baseline
was defined as a rutile titania diffraction peak area.
The total of the anatase titania diffraction peak area
and rutile titania diffraction peak area was defined
as a2 titania diffraction peak area. It is noted that
no rutile titania peak was not detected in Support a.
Furthermore, the full width at half maximum of the peak
ascribed to the y-alumina (400) planes indicated at
20=45,9° was also found, and the product of the full
width at half maximum and the peak intensity from the
baseline was defined as an alumina diffraction peak
area. For Support a, the diffraction veak area
indicating the crystal structures of the anatase
titania and rutile titania was 1/8 of the diffraction
peak area of the crystal structure ascribed to aluminum
(titania diffraction peak area/alumina diffraction
peak area=1/8, and the same is applied to the
following) .

[0045] Next, 306 g of molybdenum trioxide and 68 g

of cobalt carbonate were suspended in 500 ml of
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ion-exchanged water, and then heated at a temperature
of 95°C for 5 hours, applying a suitable reflux
treatment so that the volume is not decreased, followed
by dissolving of 68 g of phosphoric acid in the
suspension thereby preparing an impregnation solution.
After 1000 g of Support a was impregnated with this
impregnation solution by spray, it was dried at a
temperature of 250°C and calcined at a temperature of
550°C in an electric furnace for one hour thereby
producing Hydrodesulfurization Catalyst a
{hereinafter alsco referred to as “Catalyst a” and the
same is applied to the following examples). Catalyst
a contained the following metal components, 22 percent
by mass of McO3, 3 percent by mass of Co0, and 3 percent
by mass of P»0s, all on the catalyst basis. Properties
of Catalyst a are set forth in Table 1 below.
[0046] iExample 2: Preparation of
Hydrodesulfurization Catalyst b]

This example is different from Example 1 in
that Hydrate Slurry b was prepared by adding at a
constant rate to (1) & basic aluminum salt agueous
solution prepared by diluting 8.49 kg of an agueous
solution containing 22 percent by mass on an Al:Cs
concentration basis of sodium aluminate with 37 kg of

lon-exchanged water and adding thereto, stirring 1.80
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kg of a solution containing 5 percent by mass on an SiQ;
concentration basis of sodium silicate, Ifolliowed by
heating to a temperature of 60°C {2) a nixed agueous
solution prepared by mixing an acidic aluminum salt
agueous solution prepared by diluting 10.62 kg of an
agqueocus solution containing 7 percent bymass on an Al,Cs
concentration basis of aluminum sulfate with 19 kg of
ion-exchanged water and a titanium mineral acid salt
aqueous solution prepared by dissolving 0.91 kg of 33
percent by mass on a TiQ; concentration basis of
titanium sulfate in 5 kg of lon-exchanged watex, until
the pH was 7.2.

[0047] In the same manner as Example 1, Support b
was prepared from Hydrate Siurxy b. Support b
contained silica in an amount of 3 percent by mass on
an 510, concentration basis, titanium in an amount of
10 percent by mass on a Ti0; concentration basis, and
aluminum in an amount of 87 percent by mass on an Al,;0;
basis, all on the support basis.

As the result of X-ray diffraction analysis
carried out as with Example 1 (not shown), no
diffraction peak indicating the crystal strxuctures of
the anatase titania and rutile titania was detected,
and the titania diffraction peak area/alumina

diffraction peak area was less than 1/4.
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As with Example 1, Catalyst b was produced
using Support b. Catalyst b contained 22 percent by
mass of MoOj3, 3 percent by mass of Co0O, and 3 percent
by mass of P;0s, all on the catalyst basis. Properties
of Catalyst b are set forth in Table 1 below.

[0048] [Example 3: Preparation of
Hydrodesulfurization Catalyst c]

This example is different from Example 1 in
that Hydrate Slurry c¢ was prepared by adding at a
constant rate to (1) a basic aluminum salt aqueous
sclution prepared by diluting 7.82 kg of an agueous
sclution containing 22 percent by mass on an 21,03
concentration basis of sodium aluminate with 44 kg of
ion-exchanged water and adding thereto, stirring 1.80
kg of a solution containing 5 percent by mass on an $i0;
concentration basis of sodium silicate, followed by
heating to a temperature of 60°C (2) a mixed agueous
solution prepared by mixing an acidic aluminum salt
aqueous solution prepared by diluting 4.14 kg of an
aqueous solution containing 7 percent by mass on an A1,03
concentration basis of aluminum sulfate with 7 kg of
ion-exchanged water and a titanium mineral acid salt
agueous solution prepared by dissolving 2.73 kg of 33
percent by mass on a Tig, concentration basis of

titanium sulfate in 15 kg of ion-exchanged water, until
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the pH was 7.2.

In the same manner as Example 1, Support c
was prepared from Hydrate Slurry <. Support c
contained silica in an amount of 3 percent by mass on
an Si0; concentration basis, titanium in an amount of
30 percent by mass on a TiO, concentration basis and
aluminum in an amount of 67 percent by mass on an AlzOs
basis, all on the support basis.

As the result of X-ray diffraction analysis
carried out as with Example 1(not shown), the titania
diffraction peak area/alumina diffraction peak area
was 1/5.

As with Example 1, Catalyst ¢ was produced
using Support c. Catalyst ¢ contained 22 percent by
mass of MoO3z, 3 percent by mass of Co0O, and 3 percent
by mass of P;0s, a2all on the catalyst basis. Properties
of Catalyst ¢ are set forth in Table 1 below.

[0049] [Comparative Example 1: Preparation of
Hydrodesulfurization Catalyst d]

This example is different from Example 1 in
that Hydrate Slurry d was prepared by adding at a
constant rate to (1) a basic aluminum salt agueous
solution prepared by diluting 8.82 kg of an agqueous
solution containing 22 percent by mass on an Al,0;

concentration basis of sodium aluminate with 34 kg oz
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ion-exchanged water and adding thereto, stirring 1.80
kg of a solution containing 5 percent by mass on an Si0,
concentration basis of sodium silicate, followed by
heating to a temperature of 60°C (2) an acidic aluminum
salt agqueous solution prepared by diluting 13.86 kg of
an agueous solution containing 7 percent by mass on an
Al,03 concentration basis of aluminum sulfate with 25
kg of ion-exchanged water, until the pH was 7.2.

In the same manner as Example 1, Support d
was prepared from Hydrate Slurry d. Support d
contained silica in an amount of 3 percent by mass on
an Si0; concentration basis, titanium in an amount of
0 pexcent by mass on a TiO; concentration basis and
aluminum in an amount of 97 percent by mass on an Aly0j
concentration basis, all on the support basis.

As the result of X-ray diffraction analysis
carried out as with Example 1 (not shown), no
diffraction peak indicating the crystal structures of
the anatase titania and rutile titania was detected,
and the titania diffraction peak area/alumina
diffraction peak area was less than 1/4.

As with Example 1, Catalyst d was produced
using Support d. Catalyst d contained 22 percent by
mass of MoO3, 3 percent by mass of Co0O, and 3 percent

by mass of P305, all on the catalyst basis. Properties

_33_



Exanpl e 6 Exanple 7 Exanple 8 Exanple 9 Exanple 10 Catal yst Catal yst
] (Support a) Catalyst k (Support a) Catalyst | (Support a)

of Catalyst d are set forth in Table 1 below.
[0050] [Comparative Example 2: Preparation of
Hydrodesulfurization Catalyst e]

This example is different from Example 1 in
that Hydrate Slurry e was prepared by adding at a
constant rate to (1) a basic aluminum salt agueocus
solution prepared by diluting 7.09 kg of an aqueous
solution containing 22 percent by mass on an Al,03
concentration basis of sodium aluminate with 47 kg of
ion-exchanged water and adding thereto, stirring 1.80
kg of a soclution containing 5 percent by mass on an Si0;
concentration basis of sodium silicate, followed by
heating to a temperature of 60°C (2} a titanium mineral
acid salt agqueous solution prepared by dissolving 4.09
kg of 33 percent by mass on a TiO; concentration basis
of titanium sulfate in 23 kg of ion-exchange water,
until the pH was 7.2.

In the same manner as Example 1, Support e
was prepared from Hydrate Slurry e. Support e
contained silica in an amount of 3 percent by mass on
an 81i0; concentration basis, titanium in an amount of
45 percent by mass on a TiQ; concentration basis and
aluminum in an amount of 52 percent by mass on an Al,0s
concentraticn basis, all on the support basis.

As the result of X-ray diffraction analysis
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carried out as with Example 1 (not shown), the titania
diffraction peak area/alumina diffraction peak area
was 1/3.

As with Example 1, Catalyst e was produced
using Support e. Catalyst e contained 22 percent by
mass of MoOs, 3 percent by mass of CoO, and 3 percent
by mass of P20s5, all on the catalyst basis. Properties
of Catalyst e are set forth in Table 1 below.

[0051] [Example 4: Preparation of
Hydrodesulfurization Catalyst {]

This example is different from Example 1 in
that Hydrate Slurry f was prepared by adding at a
constant rate to (1) a basic aluminum salt aqueous
solution prepared by diluting 7.7% kg of an agueous
solution containing 22 percent by mass on an Al;0:z
concentration basis of sodium aluminate with 40 kg of
ion~exchanged water and adding thereto, stirring 4.20
kg of a solution containing 5 percent by mass on an $i0;,
concentration basis of sodium silicate, followed by
heating to a temperature of 60°C (2) a mixed agueous
solution prepared by mixing an acidic aluminum salt
aqueous solution prepared by diluting 6.81 kg of an
agueous solution containing 7 percent bymass on an A1,03
concentration basis of aluminum sulfate with 12 kg of

ion~exchanged water and a titanium mineral acid salt
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aqueous solution prepared by dissolving 1.82 kg of 33
percent by mass on a TiO; concentration basis of
titanium sulfate in 10 kg of ion~exchanged water, until
the pH was 7.2.

In the same manner as Example 1, Support £
was prepared from Hydrate Slurry £. Support £
contained silica in an amount of 7 percent by mass on
an S5i0, concentration basis, titanium in an amount of
20 percent by mass on a TiO; concentration basis and
aluminum in an amcunt of 73 percent by mass on an Al,0s
concentration basis, all on the support basis.

As the result of X-ray diffraction analysis
carried out as with Example 1 ({(not shown), the titania
diffraction peak area/alumina diffraction peak area
was 1/8.

As with Example 1, Catalyst £ was produced
using Support f£. Catalyst f contained 22 percent by
mass of MoOz, 3 percent by mass of Co0O, and 3 percent
by mass of P05, all on the catalyst basis. Properties
of Catalyst £ are set forth in Table 2 below.

{00521 [Example 5: Preparation of
Hydrodesulfurization Catalyst g]

This example is different from Example 1 in

that Hydrate Slurry g was prepared by adding at a

constant rate to (1) a basic aluminum salt aqueous
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solution prepared by diluting 7.52 kg of an aqueous
solution containing 22 percent by mass on an Al;0;
concentration basis of sodium aluminate with 40 kg of
ion—-exchanged water and adding thereto, stirring 6.00
kg of a solution containing 5 percent by mass on an S$i0;
concentration basis of sodium silicate, followed by
heating to a temperature of 60°C (2) a mixed agueous
solution prepared by mixing an acidic aluminum salt
aqueous solution prepared by diluting 6.38 kg of an
agueous solution containing 7 percent by mass on an Al1;03
concentration basis of aluminum sulfate with 11 kg of
ion—-exchanged water and a titanium mineral acid salt
agueocous solution prepared by dissolving 1.82 kg of 33
percent by mass on a TiO; concentration basis of
titanium sulfate in 10 kg of ion-exchanged water, until
the pH was 7.2.

In the same manner as Example 1, Suppoxrt g
was prepared from Hydrate Slurry g. Support g
contained silica in an amount of 10 percent by mass o¢on
an 8i0; concentration basis, titanium in an amount of
20 percent by mass on a TiO; concentration basis and
aluminum in an amount of 70 percent by mass on an Al;0;
concentration kasis, all on the suppori basis.

As the result of ¥X-ray diffraction analysis

carried out as with Example 1 (not shown), the titania
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diffraction peak area/alumina diffraction peak area
was 1/8.

As with Example 1, Catalyst g was produced
using Support g. Catalyst g contained 22 percent by
mass of MoO3, 3 percent by mass of Co0, and 3 percent
by mass of P05, all on the catalyst basis. Properties
of Catalyst g are'set forth in Table 2 below.
f0053] [Comparative Example 3: Preparation of
Hydrodesulfurization Catalyst h]

This example is different from Example 1 in
that Hydrate Slurry h was prepared by adding at a
constant rate to (l) & basic aluminum salt agueous
solution prepared by diluting 8.43 kg of an aqueous
sclution containing 22 percent by mass on an Al,0s
concentration basis of sodium aluminate with 41 kg of
ion-~exchanged water, followed by heating to a
temperature of 60°C (2) a mixed aqueous solution
prepared by mixing an acidic aluminum salt agueous
solution prepared by diluting 7.81 kg of an agueous
solution containing 7 percent by mass on an Al;0s
concentration basis of aluminum sulfate with 14 kg of
ion-exchanged water and a titanium mineral acid salt
agqueous sclution prepared by dissolving 1.82 kg of 33
percent by mass on a TiO; concentration basis of

titanium sulfate in 10 kg of ion~exchanged water, until
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the pH was 7.2.

In the same manner as Example 1, Support h
was prepared from Hydrate Slurry h. Support h
contained silica in an amount of 0 percent by mass on
an 810, concentration basis, titanium in an amount of
20 percent by mass on a TiO, concentration basis and
aluminum in an amount of 80 percent by mass on an Al,03
concentration basis, all on the support basis.

As the result of X-ray diffraction analysis
carried out as with Example 1 (not shown), the titania
diffraction peak area/alumina diffraction peak area
was 1/4,

As with Example 1, Catalyst h was produced
using Support h. Catalyst h contained 22 percent by
mass of MoOsz, 3 percent by mass of Co0, and 3 percent
by mass of P305, all on the basis of the catalyst.
Properties of Catalyst h are set forth in Table 2 below.
[0054] [Comparative Example 4: Preparation of
Hydrodesulfurization Catalyst i]

This example is different from Example 1 in
that Hydrate Slurry i was prepared by adding at a
constant rate to (1) a basic aluminum salt agqueous
solution prepared by diluting 7.07 kg of an aqueous
solution containing 22 percent by mass on an Al;03

concentration basis of sodium aluminate with 40 kg of

e
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ion—-exchanged water and adding thereto, stirring 2.00
kg of a solution containing 5 percent by mass on an Si0;
concentration basis of sodium silicate, followed by
heating to a temperature of 60°C (2) a mixed agqueous
solution prepared by mixing an acidic aluminum salt
agueous solution prepared by diluting 5.67 kg of an
agueous solution containing 7 percent bymass on an AL,04
concentration basis of aluminum sulfate with 10-kg of
lon-exchanged water and a titanium mineral acid salt
aqueous solution prepared by dissolving 1.82 kg of 33
percent by mass on a TiO; concentration basis of
titanium sulfate in 10 ¥g of ton-exchanged water, until
the pH was 7.2.

In the same manner as Example 1, Support 1
was prepared from Hydrate Slurry 1. Support i
contained silica in an amount of 15 percent by mass on
an 810, concentration basis, titanium in an amount of
20 percent by mass on a Ti0; concentration basis and
aluminum in an amount of 65 percent by mass on an Al,0;
concentration basis, all on the support basis.

As the result of X-ray diffraction analysis
carrled out as with Example 1 (not shown), the titania
diffraction peak area/alumina diffraction peak area
was 1/8.

As with Example 1, Catalyst 1 was produced
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using Support i. Catalyst i contained 22 percent by
mass of MoOj3, 3 percent by mass of Co0, and 3 percent
by’mass‘of P205, all on the catalyst basis. Properties
of Catalyst i are set forth in Table 2 below.
[0055] [{Example 6: Preparation of
Hydrodesulfurization Catalyst j]

Support a produced in Example 1 was used as
a support.

Next, 278 g of molybdenum trioxide and 114
g of cobalt carbonate were suspended in 500 ml of
ion-exchanged water, and then heated at a temperature
of 95°C for 5 hours, applying thereto a suitable reflux
treatment so that the volume is not decreased, followed
by dissolving therein 68 g of phosphoric acid and 76
g of nitric acid thereby preparing an impregnation
solution. After 1000 g of Support a was impregnated
with this impregnation solution by spray, it was dried
at a temperature of 250°C and calcined at a temperature
of 550°C in an electric furnace for one hour thereby
producing Hydrodesulfurization Catalyst j. Catalyst
j contained 20 percent by mass of MoO:, 5 percent by
mass of Co0, and 3 percent by mass 0f P;05, all on the
catalyst basis. Properties of Catalyst j are set forth
in Table 3 below.

[0056] [Example 7: Preparation of
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Hydrodesulfurization Catalyst k]

Support a produced in Example 1 was used as
a support.

Next, 278 g of molybdenum trioxide and 114
g of cobalilt carbonate were suspended in 500 ml of
ion-exchanged water, and then heated at a temperature
of 95°C for 5 hours, applyving thereto a suitable reflux
treatment so that the volume is not decreased, followed
by dissolving therein 68 g of phosphoric acid and 174
g of malic acid thereby preparing an impregnation
solution. After 1000 g of Support a was impregnated
with this impregnation solution by spray, it was dried
at a temperature of 250°C and calcined at a temperature
of 550°C in an electric furnace for one hour thereby
producing Hydrodesulfurization Catalyst k. Catalyst
k contained 20 percent by mass of MoOs;, 5 percent by
mass of CoO, and 3 percent by mass of P30s, all on the
catalyst basis. Properties of Catalyst k are set forth
in Table 3 below.
(00571 [Example 8: Preparation of
Eydrodesulfurization Catalyst 1]

Support a prcduced in Example 1 was used as
a support.

Next, 267 g of meclybdenum trioxide and 109

g of cobalt carbonate were suspended in 500 ml of
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reaction tube (inner “dianeter of
1l contained 20 percent by mass of MocOsz, 5 percent by

mass of Co0O, and 0 percent by mass of P,05, all on the
catalyst basis. Properties of Catalyst 1l are set forth
in Table 3 below.

[0058)] [Example 9: Preparation of
Hydrodesulfurization Catalyst m]

Support a produced in Example 1 was used as
a support.

Next, 306 g of molybdenum trioxide and 76 g
of nickel carbonate were suspended in 500 ml of
ion-exchanged water, and then heated at a temperature
of 95°C for 5 hours, applying thereto a suitable reflux
treatment so that the volume was not decreased,
followed by addition and dissolve of 68 g of malic acid

thereby preparing an impregnation solution. After
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filled wwth catalyst a (100 m) was installed in a fixed bed flow
type hydrodesul furization unit. Thereafter, Catalyst a was

pre-sul furized for 48 hours using a straight-run gas oil containing
di ret hyl disulfide, so that the sulfur content was 1.5 percent by
mass, under conditions where the catalyst |ayer average tenperature
was 350C, the hydrogen partial pressure was 5.0 MPa, the liquid
hourly space velocity was 1.0 h-1, and the hydrogen/oil ratio was 200
NL/ L. ter pre-sulfurization traight run gas oi
from the MG & &b tEPeRard ot Fneflsc e Bed il T vhiFe’a bel ow

was run through the. catal yst undahgagh drogen, at nosphere ,for
r

hydr ot r eat FRAL 2tridet® e oR it ond™ Gt eabt 67 tEhpEFafdr € was
apace verserpy e g o 1245 5SS RPHE IR DaBA B o1 HEmp SRt 308 RE) L
The o it sondly s ens LRl 163 9,4 TR Brofiees ol are
o 1 °1 romeheahead e EREt SR o e R T SR e i | et Lo
of Lhe pibUEE] 0o are? sBEE T € Y niras & € WP Boosp, ERRFTECaY

As with le 11, t . that the h i gl 4.0

VPa. & STVRTENEL IHOGaetis |° (4 ShOTRE WA Eabt TRPbpetL] cant hiPeol
t forth_j hl.e 4 hel hydr ot . ,The hydrotreat

Condi 1 oree BRATRTOBEPtes 07 CRG EauERdC AR e 4L ~PoPth TR Fabl o

5. [0066] l.e ] As with Exanple 11 except for
usi ng Caf%giggegiaﬁﬁp?g%gwdf Catalyst a, a straight-run gas oil from

LS o 2L Fag3h, (P oBELea L hepect ety oLt ngble i below s
produced o)} -8l 381 £ {215 o b T 2BL € 2Ty d 00871 [ Exanpl e 15]
This example is different from Example 1 in

that Hydrate Slurry n was prepared by adding at a
constant rate to (1) a mixed agueous solution prepared
by mixing an acidic aluminum salt agueous solution
prepared by diluting 7.17 kg of an agueous solution
containing 7 percent by mass on an Al,0s; concentration
basis of aluminum sulfate with 13 kg of ion-exchanged
water and a titanium mineral acid salt aqueous sclution
prepared by dissolving 1.82 kg of 33 percent by mass
on a Ti0; concentration basis of titanium sulfate in
10 kg of ion-exchanged water, and further 1.88 kg of
a solution containing 4.8 percent by mass on a $Si0»
concentration basis of silicic acid {2} a basic

aluminum salt aqueous solution prepared by diluting



As with Exanple 11 except for using a light cycle oil (properties
thereof set forth in Table 4 below) in place of the M ddl e East

straight-run gas oil, the gas oil was hydrotreated. The
hydr ot reat ment conditions and properties of the produced oil are set
forth in Table 5. [0068][ Conparative Exanple 5] A

reaction tube (inner diameter of 20 nmm filled with catalyst e (100
m) was installed in a fixed bed flow type hydrodesul furization

unit. Thereadtrl, o€abdl ¥sdu&oWaS spriarsibhUkbzed 01 nd82hoWes- dshAg a
straight-run gas oil containing dinethyl disulfide, so that the

sul fur conf enhs¥asnl.sn PRICENt cBY cEBSSsa t0EEr e t bens Jdes® t he
catal yst | ayer average tenperature was 350C, the hydrogen parti al

pressur e awasnm Sn B tMPa.i trher 1 iigyiglk howw Ly zspace; vel petby , Was 11 Sy bal,
and the hydrogen/oil ratio was 200 NL/L. After

pre-sul f Wy zadhONngatd AIERpEHALaSE Od ddom t hacMiddes Eagtyas
(properties thereo? set forth in Table 4 belowé was run through the
catal yst unger a hydrogen at nosphere for hydrotreatment under
conditions where the reaction tenperature was 350C, the hydrogen

partial pressure wasr®. OnbPaanidhand hAdicdalourd amspace ,vegehdycvas
1.0 h-1, and the hydrogen/oil ratio was 200 NL/L. The hydrotreat nent

condi ti oRgs @ngrppepReld i esolf Hiher Predyged:-0¢ | naressehdofth in Table

5. [0069] [ Table 4] Properties of Hydrocarbon G| Analysis Method

Hydrocar g €hlined silica in an amount of 3 percent by mass on
an 5i0; concentration basis, titanium in an amount of
20 percent by mass on a Ti0O; concentration basis and
aluminum in an amount of 77 percent by mass on an Al;0;z
concentration basis, on the support basis. &As the
result of ¥X-ray diffraction analysis was carried out
as with Example 1 {(not shown), the titania diffraction
peak area/alumina diffraction peak area was 1/7.

As with Example 1, Catalyst n was produced
using Support n. Catalyst n contained 22 percent by
mass of MoO;, 3 percent by mass of Col, and 3 percent
by mass of P05, all on the catalyst basis. Properties
of Catalyst n are set forth in Table 3 below.

{0060] [Test 1]

Crude o1l having the following properties

was hydrotreated with a hydrodesulfurization unit

manufactured by ZYTEL Co. using Catalysts a to n. A

temperature at which the produced o0il has a sulfur
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M ddl e East Straight Run Gas G| Light Cycle G| Ratio of fraction of
260 to 360C boiling poinvol %JIS K2254 80 85 10% distillation
tanperatureC 270.0 264.0 90 % distillation tanperatureC

content of 7 ppm by mass (hereinafter referred to as
“reaction temperature”) is determined to compare the
desulfurization performance among the catalysts.
Hydrotreating reaction was carried out under the
following conditions. The results are set fcorth in
Tables 1 to 3.
[Properties of Crude 0il]
Feedstock : straight run gas oil
(boiling point range 208 to 390°C)
Density at 15°C: 0.8493 g/cnm®
Sulfur content : 1.32 percent by mass
Nitrogen content: 105 ppm by mass
[Reaction Conditions]
Ligquid hourly space velocity: 1.0 hr™*
Hydrogen pressure: 4.9 MPa
Hydrogen/oil ratio: 250 NL/L
[0061]

[Table 1]
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345.0 347.0 Density @5Cg/ nB8 J1S K2249 0.8493 0.8854 Sul fur
Contentmass % JI'S K2541 1.32 0.3 Nitorogen Contentrmass ppm JI S K2609
105 110

Example 1 | Example 2 | Example 3 ngﬁgf:i‘{e Cg:; ﬂr:;?j;e
Catalyst Catalyst a Catalyst b Catalyst ¢ Catalyst. d Catalyst e
Support Compenents
silica mass % 3 3 3 3 3
titania mass % 20 10 30 0 45
alumina mass % 77 87 67 a7 52
Loaded Components
MO; {catalyst basis) mass % 22 22 22 22 22
GO {catalyst basis) mass % 3 3 3 3 3
P,0s {catalyst basis) mass % 3 3 3 3 3
P,0s mass % 13.6 13.6 13.6 13.6 13.6
( basis of 100 mass % of VIA metal )
Properties
Py, ml /g 0.43 045 0.4 0.47 0.26
SA mi/g 203 2i2 181 228 132
PD A 75 75 75 75 105
PD, , PV, % a1 89 88 90 78
Desulfurization Performance
Reaction Temperature C 342 347 342 363 365
[Table 2]
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[ Tabl e 5]
Conmparative

Exanpl e 11 Exanpl e 12 Exanple 13 Exanple 14 Exanple 15

Example 1 | Example 4 | Example 5 Cé’g: ;?:i;e Ggg‘;?;?:ize
Gatalyst Catalyst a Catalyst T Catalyst g Catalyst h Gatalyst i
Support Components
silica mass % 3 7 10 0 15
titania mass % 20 20 20 20 20
alumina mass % 77 73 70 g0 65
Loaded Companents
MOy (catalyst basis) mass % 22 22 22 22 22
CoO (catalyst basis) mass % 3 2 3 3 3
P,0; (catalyst basis) mass % 3 3 3 3 3
Pz05 mass % 13.6 13.6 13.6 13.6 13.6
( basls of 100 mass % of VIA metal )
Properties
PY, mi/g 0.43 0.51 0.53 0.42 0.57
SA mt/ g 203 221 233 17 235
PD A 75 90 95 90 95
PD, , PV, % 91 82 76 89 62
Pesulfurization Performance
Reaction Temperature °c 342 350 352 361 354
[Table 3]




Exanple 5 Hydrocarbon G| Mddle East Straight-Run Gas G| Mddle
East Straight-Run Gas Ol Mddle East Straight-Run Gas G| Mddle
East Straight-Run Gas G|
Example 6 | Example 7 | Example 8 | Example 9 | Example 10
Catalyst Catalyst | Catalyst k Catalyst | Catalyst m Catalyst n
(Support a) | (Support a) | (Supporta) | (Support a) | (Support n)
Support Components
silica mass % 3 3 3 3 3
titania mass % 20 20 20 20 20
alumina mass % 71 77 17 17 77
Loaded Components
MpC; (catalyst basis) mass % 20 20 20 22 22
NiO (catalyst basis) mass % 0 0 4] 3 0
Cy0 {catalyst basis) mass % 5 5 5 0 3
P;05 (catalyst basis) mass % 3 3 0 3 3
P,05 mass % 15,0 15.0 ] 13.6 13.6
{ basis of 100 mass % of VIA metal )
?;ii?&f{isgl;:lhislgﬁ;ﬁ:[:c?tgd nitric acid malic acid malic acid none nene
Properties
PV, mt/ g 043 0.43 0.44 0.43 0.47
SA m/g 201 204 208 204 219
PD A 75 78 75 75 95
PD, , PV, % a1 ] 91 a1 82
Desulfurization Performance
Reaction Temperature °C 343 343 344 344 347

[0062] Table 1 sets forth the results of influences

of the varied amounts of titania in the support. An
increase in the titania amount in the support enhances

the desulfurization performance. when the

However,
amount was in excess of 40 percent, the performance was
deteriorated due to the poor sharpness of the pore

distribution. Table 2 sets forth

the results of

influences of the varied amounts of silica in the
support. When the silica amount in the support was in
excess of 10 percent, the performance was deteriorated

due to the poor sharpness of the pore distribution.




L.ight Cycle Gl Mddle East Straight-Run Gas G| Catal yst Catal yst a
Catalyst a Catalyst a Catalyst a Catalyst a Catal yst e Reaction
Tenper at ureC 350

Table 3 sets forth the results of influences of
variations in metal components to be supported. Both
nickel-molybdenum and cobalt-molybdenum exhibited an
excellent desulfurization performance. The results
showed that the catalysis comprising metal components
together with phosphoric acid and/or an organic acid
had an excellent desulfurization performance. For the
support production, both the method wherein an acid
solution was added to a basic sclution and the method
wherein a basic solution was added to an acid solution
provide successfully catalysts having an excellent
desulfurization performance.

From the above results, the catalysts of the
present invention were found to be low in a temperature
at which the sulfur content of the produced o0il was 7
ppm by mass and to be excellent in desulfurization
activity. The support used in the present invention
comprises inexpensive alumina as the main component. and
thus does not increase significantly the production
cost, compared with conventional alumina- or
alumina-silica-based catalysts. The catalyst of the
present invention is inexpensive and excellent in
periormances.

[0063] [Example 11]

A reacticon tube {(inner diameter of 20 mm)
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335 350 350 350 350 Hydrogen Partial PressureMpa 5.0 5.0 4.0 5.0 5.0
5.0 Liquid Hourly Space Velocithl 1,0

filled with catalyst a (100 ml) was installed in a fixed
bed flow type hydrodesulfurization unit. Thereafter,
Catalyst a was pre-sulfurized for 48 hours using a
straight-run gas o0il containing dimethyl disulfide, so
that the sulfur content was 1.5 percent by mass, under
conditions where the catalyst layer average
temperature was 350°C, the hydrogen partial pressure
was 5.0 MPa, the liguid hourly space velocity was 1.0
h ', and the hydrogen/oil ratio was 200 NL/L.

After pre-sulfurization, a straight run gas
0il from the Middle East (properties thereof set forth
in Table 4 below) was run through the catalyst underx
a hydrogen atmosphere for hydrotreatment under
conditions where the reaction temperature was 350°C,
the hydrogen partial pressure was 5.0 MPa, the liquid
hourly space velocity was 1.0 h™*, and the hydrogen/oil
ratio was 200 NL/L. The hydrotreatment conditicons and
properties of the produced oil are set forth in Table
5.

[0064] [Example 12]

As with Example 11 except that the reaction
temperature was 335°C, a straight-run gas o0il from the
Middle East (properties therecof set forth in Table 4
below) was hydrotreated. The hydrotreatment

conditions and properties of the produced oil are set
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1.0 1.0 1.0 1.0 1.0 Hydrogen/G | RatioNL/L 200 200 200 200 200 200

Sul f er

Cont ent mass ppm 4

forth in Table 5.
[0065] [Example 131

As with Example 11 except that the hydrogen
partial pressure was 4.0 MPa, a straight-run gas oil
from the Middle East (properties thereof set forth in
Table 4 below) was hydrotreated. The hydrotreatment
conditions and properties of the produced coil are set
forth in Table 5,
{0066] [Example 14]

As with Example 11 except for using Catalyst
c in place of Catalyst a, a straight-run gas oil from
the Middle East (properties thereof set forth in Table
4 below) was hydrotreated. The hydrotreatment
conditions and properties of the produced oil are set
forth in Table 5.
[0067] [Example 15]

As with Example 11 except for using a light
cycle o0il (properties thereof set forth in Table 4
below) in place of the Middle East straight-run gas oil,
the gas oil was hydrotreated. The hydrotreatment
conditions and properties of the produced oil are set
forth in Table 5.
[0068] {Comparative Example 5]

A reaction tube (inner diameter of 20 mm)

filled with catalyst e (100 ml) was installed in a fixed
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10 8 6 10 85 Nitogen Contentmass ppm1 2 3 1 2 10 [0070] Exanples 11
to 15 satisfying the

bed flow type hydrodesulfurization unit. Thereafter,
Catalyst e was pre-sulfurized for 48 hours using a
straight-run gas oil containing dimethyl disulfide, so
that the sulfur content was 1.5 percent by mass, under
conditions where the catalyst layer average
temperature was 350°C, the hydrogen partial pressure
was 5.0 MPa, the liquid hourly space velocity was 1.0
h™!, and the hydrogen/oil ratio was 200 NL/%L.

After pre~sulfurization, a straight-run gas
cll from the Middle East (properties thereof set forth
in Table 4 below) was run through the catalyst under
a hydrogen atmosphere for hydrotreatment under
conditions where the reaction temperature was 350°C,
the hydrocgen partial pressure was 5.0 MPa, the liquid
hourly space velocity was 1.0 h™!, and the hydrogen/oil
ratio was 200 NL/L. The hydrotreatment conditions and
properties of the produced o0il are set forth in Table
5.

[0069] [Table 4]
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requi rements of the nmethod for hydrorefining a hydrocarbon oil of the
present invention are confirmed to be able to decrease sul fur and
nitrogen contents at a higher |evel and be excellent in

desul furization activity. Industrial Applicability [0071] The

hydr odesul furization catal yst of the present invention has higher
desul furization activity in particular for hydrotreatnment of gas oil
fractions and thus are extrenely used for industrial purposes.

CLAIMS [Claim 1] A hydraodesul furization catalyst for a hydrocarbhon ojl
conprising at |east one type of netal copponent selct edivirrarhe@Pups
VI A and VI i npdhigieperivadbgbdndil €, SupppAtfes MBthed | Middle East
silica-titania-alumna support where the|ltotal of th&ra#hi Rungléiehtdiycle Oil
peak arlea |ndlﬁaf|nn tha ﬂruefal struet-uke Of anatasejﬁﬁgénia (101)

pl anes Brtie of Frectian ¢fr2PRutst 368K bplingieciar exolind| cat | ng thel cry8tal |strudture
of ruti h(ﬂs cngt[naam@mgém)g pI anes is 1/4; ori |l egsxofst hie difbbr aclt i o;nsmeak

area i ratlr e —gj UHIHUH1Cry5LdI°bLI cture ascrbed yEat pgtma
(400) é.\ gstilla@gm E\dh\/Y- raydiffractibn analysis| ‘fjillngr‘nf Y, 0

havi ng |Pedsita@8eci fic surface area €3R) bf 4562&42/9 or0.8d¥kat ler 0.86%) al
total pehifryght® (PVo) of 0.30 Mgl 9l eahikass{ C)| angyer age Rey €

di anet to— 5T (66—t o—156—A); T fre 10 e
pore v Nﬁ?\*FEsgélg?}ﬁ?ntnf pores h.;\/l ng RS ASE br Q‘ﬂé\ ?GQ {'1 30 AQ. cent f11 he
aver age pore di amet er (PD) being 70 percent or greater of the total

pore vol ume (PVo). ﬁglbrﬂg]sirhe hydr odesul furi zati on catal yst for a
hydrocarbon oil according to claiml1l, wherein said

siljca-titani a-al um na suppdetanetn] daspki | iExampla |t Bearhigs M Bfaniuld 2 Cénparative
an amount of 1 to 10 percent bl mass 1t2|ta1|afﬁn the ﬁ’brmof T QP | Grample 5

an of, 3 to 40 per centiidifashy Hidde fGginyaf | dde East
o} B il by \
Al 2 %gg‘ocar g?] |a unt of 50 t ( @iRun tra ght un gral 0|i tra| :\E |hn S UQ}DOI’ t Strglag:t(;?un

b_aS C%ta(thO arm 3] The hydr Odesé/‘l@xlcaﬁylél{ﬁ T a&alapys a tcggyssta 8atal stc éa%ﬁas£ a OQ) talyst e
oi | arding to claim1 on 27 ‘wheteln Saif neral rnnn nént “SE°etd &4
fl‘O’Heﬁ’c;ﬁ}U}Zhﬁ'lpé/btﬁreand VIF¢ in the periodic tabl esois selsot ed fraem t e 350
gI’O#; conststingof notybdenum—tufgsten—robalt-t—andntcket—
vdrogen Partial Pressure Mpa 5.0 5.0 4.0 5.0 5.0 5.0
Liquid Hourly Space Velocity h 1.0 1.0 1.0 1.0 1.0 1.0
Hydrogen/Cil Ratio NL/L 200 200 200 200 200 200
Sulfer Content mass ppm 4 10 8 § 10 85
Nitogen Content mass ppm 1 2 3 1 2 10
{0070] Examples 11 to 15 satisfying the

requirements of the method for hydrorefining a
hydrocarbon oil of the present invention are confirmed
to be able to decrease sulfur and nitrogen contents at
a higher level and be excellent in desulfurization
activity.

Industrial Applicability
[0071] The hydrodesulfurization catalyst of the

present invention has higher desulfurization activity
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[ Cl ai m 4] The hydrodesul furization catalyst for a hydrocarbon oi
according to any one of clainms 1 to 3, wherein said netal conponent
selected from Goups VIA and VIII in the periodic table is supported
in an anount of 1 to 35 percent by mass in the form of oxide on the
catal yst basis. [Caim5]A process of producing the catal yst
according any one of clains 1 to 4, conpri sing: a first step of
produci ng a hydrate by m xing a basic alum num salt aqueous sol ution
and a nm xed pAYEdrs 1SOt Ut 6 O P ra tiddanhemenbreqals agild sal &+ apd san
acidic alum numsalt such that the pHis form6.5 to 9.5; a
second st£pd ot hplsOGitcd NG 8r SWRIIOY tud¥di BolrUimeshkngl eUspesBg.
drying and calcining the hydrate; and a third step of |oading at

| east one type of netal conponent selected from G oups VIA and VII|I
in the periodic table, on the support. [C aim63A nethod for
hydrorefining a hydrocarbon oil wherein a hydrocarbon oil is
hydr ot reat ed under a hydrogen at nosphere using the

hydr odesul furi zati on catal yst according any one of clains 1 to 4.
[Claim7] The nethod for hydrorefining a hydrocarbon oil according to
claim6, wherein said hydrotreatnent is carried out at a reaction
tenperature of 300 to 420C, a hydrogen partial pressure of 3.0 to
15.0 MPa, a liquid hourly space velocity of 0.5 to 4.0 h-1, and a
hydrogen/oil ratio of 120 to 420 NL/L. [C aim 8] The nethod for
hydrorefining a hydrocarbon oil according to claim®6 or 7, wherein

sai d hydrocarbon oil is selected fromthe group consisting of
straight-run gas oil, vacuumgas oil, light cycle oil, hydrocracked
gas oil, and thermal cracked gas oil.
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[Cl ai m9] The nethod for hydrorefining a hydrocarbon oil according to
any one of clainms 6 to 8, wherein said hydrocarbon oil contains 70
percent by volunme or nore of a fraction having a boiling point of 260
to 360C. [Cl aim 10] The nmet hod for hydrorefining a hydrocarbon oi
according to any one of clainms 6 to 9, wherein the oil produced by
hydr ot reat ment of said hydrocarbon oil contains sulfur in an anount
of 10 ppm by nmass or less and nitrogen in an anount of 3 ppm by nass

or less. CLAIMS

[Claim 11 A hydrodesulfurization catalyst for a
hydrocarbon o0il comprising at least one type of metal
component selected from Groups VIAZ and VIII in the
periodic table, supported cn a silica-titania-alumina
support where the total of the diffraction peak area
indicating the crystal structure of anatase titania
(101} planes and the diffraction peak area indicating
the crystal structure of rutile titania (110) planes
is 1/4 or less of the diffraction peak area indicating
the aluminum crystal structure ascribed te y-alumina
(400) planes, asmeasured by X-ray diffraction analysis,
the catalyst having (a) a specific surface area (33)
of 150 mz/g or greater, (h) a total pore volume (PVo)
of 0.30 ml/g or greater, (c) an average pore diameter
(PD) of 6 to 15 nm (60 to 150 A), and (d) the ratio of
the pore volume (PVp} of pores having diameters within
+30 percent of the average pore diameter (PD) belng 70
percent or greater of the total pore volume ({PVo).
[Claim 2] The hydrodesulfurizati&n catalyst for
a hydrocarbon oil according to claim 1, wherein said
silica-tltania-alumina support contains silica in the
form of Si0; in an amount of 1 to 10 percent by mass,

titania in the formof TiO; in an amount of 3 to 40 percent
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by mass, and alumina in the form of Al;0; in an amount
of 50 to 96 percent by mass, all on the support basis.
[Claim 3] The hydrodesulfurization catalyst for
a hydrocarbon o0il according to claim 1 or 2, wherein
said metal component selected from Groups VIA and VIII
in the periodic table is selected from the group
consisting of molybdenum, tungsten, cobalt, and
nickel.

[Claim 4] The hydrodesulfurization catalyst for
a hydrocarbon oil according to any one of claims 1 to
3, wherein said metal component selected from Groups
VIA and VIII in the periodic table is supported in an
amount of 1 to 35 percent by mass in the form of oxide
on the catalyst basis.

[Claim 5] A process of producing the catalyst
according any one of claims 1 to 4, comprising:

a first step of producing a hydrate by mixing a
basic aluminum salt agueous solution and a mixed
agqueous solution of & titanium mineral acid salt and
an acidic aluminum salt such that the pH is form 6.5
to 9.5;

a second step of producing a support by in tuzrn
washing, extruding, drying and calcining the hydrate;

and

a third step of loading at least one type of metal
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component selected from Groups VIA and VIII in *he
periodic table, on the support.

[Claim &] A method for hydrorefining a
hydrocarbon 0il wherein a hydrocarbon o0il is
hydrotreated under a hydrogen atmosphere using the
hydrodesulfurization catalyst according any one of
claims 1 to 4.

[Claim 7] The method for hydrorefining a
hydrocarbon 0il according to claim 6, wherein said
hydrotreatment is carried out at a reaction temperature
of 300 to 420°C, a hydrogen partial pressure of 3.0 to
15.0 MPa, a liquid hourly space velocity of 0.5 to 4.0
h™', and a hydrogen/oil ratio of 120 to 420 NL/L.
[Claim 8] The method for hydrorefining a
hydrocarbon oil according to claim 6 or 7, wherein said
hydrocarbon oil is selected from the group consisting
of straight-run gas oil, vacuum gas oil, light cycle
0il, hydrocracked gas 0oil, and thermal cracked gas oil.
[Claim 9] The method for hydrorefining a
hydrocarbon oil according to any one of claims 6 to 8,
wherein said hydrocarbon oil contains 70 percent by
volume or more of a fraction having a boiling point of
260 to 360°C.

fClaim 10] The method for hydrorefining a

hydrocarbon oil according to any one of claims 6 to 9,
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wherein the oil produced by hydrotreatment of said
hydrocarbon oll contains sulfur in an amount of 10 ppm
by mass or less and nitrogen in an amount of 3 ppm by

mass or less.
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