HYDRODESULFURI ZATI ON CATALYST FOR HYDROCARBON O L, PROCESS OF
PRODUCI NG SAME AND METHOD FOR HYDROREFI NI NG Technical Field [0001] The
present invention relates to a hydrodesul furization catalyst having a
hi gh desul furization activity, used for hydrotreating hydrocarbon
"oils, a process of producing such a catalyst, and a nmethod for
hydr or efi ni ng hydrocarbon oils using the catal yst. Background Art

[ 0002] R I | at] the sul fur contents of fuel oils_have
been t1 ght BRa S SELHA 28R meR oAb S POk pEpRach BpoN hET T
sul fur contents of aqasoline and gas oil have been subjected to nore
severe rogHFRIHRE HRURP AL o AR i MREEOD R § 5PEAREFIN TRiGgh
desul furization performance have been devel oped so as to cope with
these regul atifm@hnical Field The active sites of a desul furization
catal yst are attributable to the sulfide of active netals supported
on the sUpp8itl and Fiesupugiserki dnwast ipredyel porets ohs &f the
crystal structure nol ybdenumdisulfide taking a | am nated structure
(her ei natyér odesf enildel oz as i'trol ghderiuns di swlvfide lkayetdh. For
exanple, Patent Literature 1 discloses that a hydrotreating catal yst
havi ng nbé ghdehum zditsibhii detdiayety Widdedn faver age rubes tdfng

| am nated |l ayer of 2.5 to 5 and an average val ue (average | ength) of
1 to 3. hpdredubbbs @high desptbudzatben ppesdacrangestien gas oil .
It is known that a titania support exhibits a higher desul furization
per f or mange atiadt pnaaldir Nie SHRRPI o r ARG dAWB & 1By DK §t hQALH BFarbon
catalyst including a titania support have been expected to be a

catalystoﬂmgthﬂgiﬁgetQaneg%ftfpggyer, titania has a problemthat it
has a small specific surface area and |ow thermal stability at

el evated tempefaLiEeSHutl Qrz%r to solve this problem a porous
titani a has been dével oped, ich is produced by adding a growth

i tani ¢ n-dev uhi oduc a_gr ow
hyar osol | OF Ry ogel 61> an HuSaie L P A L B S B bR

th f d Y | ci ni t 1 Xt f I

Patent L9 ef S e 207 IOUAYer - Thoba AL B e o BN 1117 £ AGTHT A Ble

f th titani ' h t of th

Cesul t1 G CHPA VAT THE oFF b B hgtir it PG Skt aryait 744 Sal%h been

devel oped ich conprises a lumina-titani a support prepared by
| oadi ng ¥ RS GBI S Fi P4 iﬁaéfcﬁr&ﬁﬁfa TP A G 4 2 &b Bof B VErG
exanpl e, see Patent Literature 3). However, this hydrotreating

cat al ystT84H Uf- 1 88§ -expEtfve Wik SRas I BCUFSHFRKEEhatCF EadaPts
support titania only in an_anount corresponding to the water

absor pt i'dhtPatde bighi (3814 1 Ras lian pper forvansle shaper fag eances.
Al ternatively, a hydrotreating catal yst has al so been devel oped,

whi ch cohpFeserad slum Rato teebe sUppor thsrsepared byahilwimmg. titani a
in alumna so as to be highly dispersed therein upon preparation of
the alum na (for exdipteacdaer®ateritedi bér st uesd)Lf Howewdriothi s
catal yst enables titania to be highly dispersed in alum na but has

di sadvantaged tdat aas tdetedienbbdfe tidanha i nel€dses, of active
crystallization thereof is likely to accelerate, resulting in a

cat al ystmat bl =2 sleppeaseddspecidhe supfirce: anaa antk audetrer yoeatied:
shar pness of the pore distribution, causing a deterioration in

cat al ystmpetflor ranges.p&rtatdrof bifStthe crystal structure

molybdenum disulfide taking a laminated structure
{hereinafter referred to as "molybdenum disulfide
layer™). For example, Patent Literature 1 discloses

that a hydreotreating catalyst having molybdenum
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Patent Literature [0003]Patent Literature 1. Japanese Patent
Application Publication No. 2003-299960 Patent Literature 2:
Japanese Patent Application Publication No. 2005-336053 Pat ent
Literature 3: Japanese Patent Application Publication No. 2005-262173
Patent Literature 4: Japanese Patent Application Publication No.
10-118495 Sunmmary of Invention Technical Problem [0004] The present
invention has an object to provide a hydrodesul furization catal yst,
whi ch cotbf Pddsl de siLRivear al Witha-a2 1 t A& aIppbriltfayi a§ diamhrated

hi ghly di spersed therein, is lowin production cost and can exhibit

hi gher deatiefrupifzat.iok per Bordh@it &V e napeorésist of ( predad g sughha
catal yst, and a nethod for hydrorefining hydrocarbon oil wth this
cat al ysto£ Sal utd oB . Ho P obkémif DOE5ANh t e Cesamh i §uafl 2xt érgi ve st udy
and research, the present invention was acconplished on the basis of
the findpagfichatadesulfari gatd omitor hydrocarbon oils is
significantly inproved by and the above object can be achi eved by

usi ng a hydrodesul f urd ziag i lonowat allyst 4 of i braricx ef wppog thyektiothilken
oils, which is produced by pre-sulfurization of a

hydr odesyl f kit | @8 sealBh ¥Sk at LOAPPeII MG Rasidd CBhhint &l & BhMAIRA
support (hereinafter referred to as "silica-alumna-titania

structurgypphavi Ngaasspachki g W@@éﬁﬁ:%,aMgh chital yeemanenti8ing
containing at |east nolybdenumi's inpregnated with and | oaded on

togethery Wt 3 chel abid- 298 SR d &Rt kRQ AVEHage heNgt L ofatihet

meeting the demands. However, titania has a problem
that it has a small specific surface area and low thermal
stability at elevated temperatures. In order tc solve
this problem, a porous titania has been developed,
which 1is produced by adding a growth inhibitor that
inhibits particles from growing when calcined, to
hydrosol or hydrogel of an agueocus titanium oxide ox
a dried product thereof and then drying and calcining
the mixture (for examples, see Patent Literature 2).
However, there is a problem that the sole use of the
porous titania as a support increases the cost of the
resulting catalyst. Therefore, a hydrotreating
catalyst has also been developed, which comprises an
alumina-~titania support prepared by loading a
water~solub1é titania compound on an alumina support
(for example, see Patent Literature 3). However, this

hydrotreating catalyst can be less expensive but has
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nol ybdenum di sul fide crystal |layer is longer than 3.5 nmand 7 nm or
shorter and the average nunber of the lam nated layers is 1.0 or nore
and 1.9 or fewer (herein, the catalyst produced by pre-sulfurization
may be referred to "pre-sulfurized catalyst” in order to distinguish
it fromthe hydrodesul furization catalyst Y prior to the

pre-sul furization). [0006] That is, the present invention relates to a
hydr odesul furi zati on catal yst for hydrocarbon oils,_ conprising a

hydr odeSuPRFT2 &k on Gt 4y SATY SEGRT F§i hy ta skt Y cbhtad Aipgunt
silica, alumna and titania and at |east one type of netal conponent
suppor t &P ¥ REFESH Ah Is &l dtied FREMVIEL BREPWLAN gFdhFs odf GiHeania
periodic table, the catalyst Y being pre-sulfurized,

the tot ANAr &Y% i +&nP® ¥ f LPacid oalysdk pesdo wrankediffraction
peak area indicating the crystal structure of anatase titania (101)

pl anes @ndtekaadi f¥eanst,i on pedkoarese § hdocatitrayl Yhé beystal ssthhaetrure
of rutile titania (110) planes in the support, neasured by X-ray

di ffractdewecdnaed} swheicig chimp pi slees s mofa 1t ine i disfftr At Bindre paakp anda
(alumna diffraction peak area) indicating the al um num crystal

st ruct uner @pairgiked st miys bh gnt ha a@d0D)ipladnesi nkhe onekat ccpsTONGAL v
conprising at |east nolybdenum t he nol ybdenum bei ng
fornmed idd gpewlgyddeiwerdiisuhid she ©F ¥phala @ndndbgpesed zilnid ayar $ o

t he support by the pre-sulfurization and the nol ybdenum di sul fi de
crystal d:ayRpsavieg anmevarage: teratdueé longerpédarek 5 ewmand 7
nm or shorter in the plane direction and an average nunber of

| ami nat ed, { 86/t Ok nBR 18 s NaN tla 1 8N4 1. 9 OF s Ay éi[ig_%g)gl’yéed p{gsent

invention also provides a process of producing a hydrodesul furization

cat al ystajgﬁiquadrlgggr R%’Ei Oélsa%%égq%gsé that as the cgﬂr?té‘n%i ¥

step of m Xing a SIC al um nu ous solution and a n xe

agueous tsfjci‘:{%xii% Jf%cgetaiééagi ug éslll?{ai‘l 1361 g 33 tt}}a%:g?%{%hgcsipﬂf}éeflryom

al um num’'sa é presente 0 i'cate 1onso I
oS 5 A LIS XA g 1 e el TR TR 8B
hydrategg%%g@&c surface area and a deteriorated shaxrpness of
the pore distribution, causing a deteriorxation in
catalyst performances.
Citation List
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Application Publication No. 10-118495



(3) athird step of contacting the support with an inpregnating
solution containing at | east one type of netal conponent selected
fromVIA and VIII1 groups of the periodic table (provided that

nol ybdenum i s i ndi spensably contai ned) and a chel ati ng agent;

(4) a fourth step of drying the support with the nmetal supported

t her eon, produced by contacting the support with the inpregnating
solution to produce a hydrodesul furization catal yst Y; and

(5) a fifth sttaypméryr eSulhomertiagnt he hydrodesul furization catal yst
Y, the total area (titania diffraction peak area) of
the diffracti GegpeakcaleaProdilecati ng the crystal structure of anatase
titania (101) planes and the diffraction peak area indicating the
crystal Bi@odtiure offhrautpltestdrttaniaviehil®)opl anes &n tdie) suppard ,
measured by X-ray diffraction analysis being 1/4 or less of the

di ffractdoovpeak aragdedaesna tlificzaction peak:ayea,) wwdeeating the
al um num crystal structure assigned to y-alum na (400) planes,

the nol yhstlepwmndies nd fsorredai-AaAphybdentgndis ud hibee o yakali and

di sposed in |ayers on the support by the pre-sulfurization, and the

mol ybderupt dihsW fiiden €4y 8t 8l d Ay 8RS+ RaWdn an; aVeLagenl grgldu&f i on
| onger than 3.5 nmand 7 nmor shorter in t he pl ane direction and an

average hygber, of &?m!E&ﬁﬂb%@“ﬁ§gﬁ%%?ﬁ@sﬁ@%hﬂiga %$H“9 or fewer,

the inmpregnating solution having a“peak intensity In the range of 940

3070 B e R L oLt e PR 0 0008,
I I t t dni il i Si
o o oLz A B on, el oEsli 09 Rifpcatban LSO o

hydr odesul furi zati on catal yst under a hydrogen atnosphere.
Advant agedus Efq‘q%%igs%f' | nventi on

Solution to Problem
[0005] As the results of extensive study and
research, the present invention was accomplished on the
basis of the finding that desulfurization for
hydrocarbon oils is significantly improved by and the
above object can be achieved by using a
hydrodesulfurization catalyst for hydrorefining
hydrocarbon o¢ils, which is produced by
pre-sulfurization of a hydrodesulfurization catalyst
Y comprising a silica-titania-alumina support
{hereinafter referred to as “silica-alumina-titania
structure”) having a specific structure, which metal
components containing at least molybdenum is
impregnated with and loaded on together with a

chelating agent so that the average length of the
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[ 0009] The hydrodesul furization catal yst

(pre-sul furizedhydrodesul furization catal yst) of the present

i nvention has the crystal |ayers of nolybdenum disulfide, which wll
be desul furization active sites, having an average length in the

pl ane direction of longer than 3.3 nmand 7 nmor shorter and an
average nunber of |am nated |ayers of nore than 1.0 and 1.9 or fewer
and t her an be increased in desulfurization active site.

The procngégg'(;%ficepl}% ut g JeSSr g-réfuﬁ)?ﬁll*ti géé’%d}%dggﬂfgﬁﬁi%ﬂ’oﬁ -5
catal yst_of _the present invention can highly disperse titaniumin the
support Hhd®8§' the'Pe8ul tsrl'b%ﬁ Brodtiee Ellri‘%i YHEARIS PP ght the
perforngpce,cataJ%ﬁéiusing_a relatively | ess _anmpunt of titanium

whi ch i s-#BFE LGRS Ve Ehhd Tl B h#uhg adtdilca? or fewer (hergipge
the interaction between the nol ybdenum di sulfide |ayers and the
support AR Febh@Ehkak @F%ﬁéﬁﬁgh@Ymﬂ%&m&ﬁ&@UQWEﬁtﬂﬂﬂfﬂﬁm:b@yer
of the nol ybdenum di sul fide can exhibit a high desulfurization

per f or iR €€ rBre &f L Pes@r ¥ ptBod i r beawd ngstpOMIDL i gn Iofdea to
phot ograph of catalyst Ain Exanple 1 taken with a transm ssion

el ectromhbtiogpopeh 1t from the Hydroidsuhfivimeget voewdait tasitng
the nunber and length in the plane direction of the crystal |ayer of
nol ybderiunpdiisul fidethe pre-sulfukiga®ibaja chart indicating the
X-ray diffraction analysis result of support a used in Exanple 1.
Fig. 4 ik0a0éhart imticating the Bamsespesthrassopon aral ¥6ks eb a

i npregnating solutiona used in Exanple 1. Description of Enbodi nents

[0011] They @reseydul Avent 901w |cReadesst i bed iMydrocarbon oils,
comprising a hydrodesulfurization catalyst Y
coemprising a support containing silica, alumina and
titania and at least one type of metal component
supported thereon and selected from VIA and VIII
groups of the periodic table, the catalyst Y being
pre—~sulfurized,

the total area (titania diffraction peak

area) 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 in the support,
measured by X-ray diffraction analysis being 1/4 or
less of the diffraction peak area (alumina diffraction
peak area) indicating the aluminum crystal structure

assigned to y-alumina {(400) planes,

the metal component comprising at least
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detail bel ow The hydrodesul furization catal yst for

hydr ocarbon oils of the present invention is a hydrodesul furization
catal yst where a hydrodesul furization catalyst Y conprising at |east
one or nore type of metal conponent (at |east conprising nol ybdenum
selected fromVIA and VIII groups of the periodic table supported on
a silica-alum na-titania support having a specific structure is
further pre-sulfurized so as to form nol ybdenum di sul fi de crystal

| ayers Vi@ hy®dspeenfi c structure. [0012] The silica-alunina-titania
support used for the hydrodesul furization catalyst of the present
invention is characttére zeal yhdemaimtihei hot dlo ared {hepemnpdfiledemay be
referred to as "titania diffraction peak area") of the diffraction
peak ar edibndiftiad e ngr e o wsidld isd poskudr @ nol agrat asen tit@aniwHhset)
pl anes and the diffraction peak area indicating the crystal structure
of rutilleytithanpa(-1d0) fpleinest vt ke S upper ko 1IRBASeHat BY 9G18Yde
diffraction analysis is 1/4 or less, preferably 1/5 or |less, nore
pref er abd ¥y 46 01 4 €88 sOh atvhien gi 4 i 26Eirery Pepkn ghea ol arsi datt eharpy
be referred to as "alumna diffraction peak ared") indicating the

al umi num cpystala s FMUChMr 8 yasHi gped 1t Q 1y-@h 8npna {409) rRlanesn ana
[0013] The titania diffraction peak area to the alumna diffraction
peak ar eg, (4 Hbamife di fLbaGt N paak,anead afwgwg did Er{oa%!@ﬂ Reak o
area) of 1/4 or dgreater indicates progressing of crystal i 7ati on of
titania, syl td ng..i eased fine pores, which are effective for
desul fur?égt ilio'ng. ?ﬁ '[fheﬂ'g&réése, even though the anobunt of titania to

be | oad t-h t_is | d h | ti .

ydr odost? PO7 et onia: BEEAEE o nh B bk dhurtdae o
perfor mance as ba anped wth the ecgnoa’ C ei)ffi ci.enc%/,of the_

i ncr easedt afSUHt dF Prsht @R 8d & AUETF 8RS bT Be AP T hekp&isi 3oy st

catalyst_with a,  high perfornance. [0014] The diffracti on peak

i ndi cat i ng~t E’é’qﬁ?/gf‘ P¥Er Bctur 8 pa‘r?a%%@g ‘titania (101) planes is
measured at 29=25.5 while the diffraction peak indicating the crystal
structure of rutile %4t ahibltefopriRanes Pd X 1d d2 6t Q PE2TmEN UThe
diffraction peak indicating the alum numcrystal structure assigned
to y-al Uhitha EADICPFafesl isinbasired 4t 2Fd45.m1eP015Eachioh oife
diffraction peak areas is calculated by fitting a graph obtained

t hr ough X&ridyagilify adtrioonaanatjdi sawitt AnghaX- a ay ddi ¢ frlact i pnmdewilde,
with a | east square nethod, followed by baseline correction, and
findi ng thethei ghte {prak ioft enisl 1 gaWe firam $betheti rire peaki vafuent o
t he baseline so as to derive the peak width (full width at half

maxi num 6 whert d he. fesud tbhngdpeak st hendtates hal f (W 2) thereby
defining the product of the full width at half naxi rum and peak
intensity as a diffr@ti#anspeakdregep of producing a support by

washing, extruding, drying and calcining the hydrate
in turn;

{3) a third step of contacting the support
with an impregnating solution containing at least one
type of metal component selected from VIA and VIII
groups of the periodic table (provided that molybdenum
is indispensably contained) and a chelating agent;

(4) a fourth step of drying the support with
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"Titania diffraction peak area/alum na diffraction peak area" is
derived fromeach of the diffraction peak areas thus obtai ned (see
Fig. 3). [0016] The support contains silica in the formof Si02 in an
anount of preferably 1 to 10 percent by mass, nore preferably 2 to
7percent by mass, nore preferably 2 to 5 percent by mass on the
support basis. A silica content of less than 1 percent by nass
decreasqisqthe specific surfgce areas of the resulting catal yst and
causes titantatpartHEPEE t ALl FrEan, tpcf%gﬁf"@éjapéf Gport xaf erFat Pén
of the :?u}?gort carried qut when the support is formed ("second step”
descri bePBRPEW, %EEPhd Raséd MR BRR T I uf PV + ANl &rye X8OG acE | on
peak areas indicating the crystal structures of anatase titania and
rutile thY¥anRraawasiired syt xomycatpflysti dn andlysis. A silica
content of nore than 10 percent by mass causes the resulting support
to be poor in sharpriess af filfdporsed stfi butd-opuadathusngossidly to
fail to obtain a desired desul furization activity. [0017] The support
cont ai nS1¥ diradicss @ hfvhel £ ot moof da R livetanYanount of preferably 3 to
40 percent by mass, nore preferably 15 to 35 percent by nass, nore
preferably 15 to 25tper ceatally amss ot i hensuppot £ fhastsiohA tddaki a
content of less than 3 percent by nmass is too less in effect achieved
by addi td vea9f df tehiea,diesubidiiohnpa Lat akest {hat omyingt ot ain a
sufficient desulfurization activity. A titania content of nore than

40 percw¥bxa®%&f§crﬁ@tr@r@fe&aaltgﬁ@c:@yﬁaﬂ% onby )t ha seshagheal
strength of the resulting catalyst is reduced but also the specific

surface @ gadiis f £4UeaG n dH A0 4 heai nGleasad tendeney 4oy stitani a
particles to accelerate in crystallization upon calcination of the

support angd,bhys- & Res nesul tieng ;¢alal ¥St 1By oL XN & e ort
desul furi zati on perfornmance corresponding to the econom c et i & éndy
accor di I QGT €A a f..titania, . not b

cat al ys?l?e%/\)%iuchq? sggngzﬁggi \@gﬁﬁg écsl%?ghﬁgelﬁ?o%%)r%cee%}l?nt‘iéﬁade%lrby
the presge i pyeniion. 0 The silica-titania-alumna, ort .

cont ai n:lé; ﬁm‘gﬁagihﬁ @%g[ﬁ%%%l:%foerﬂpf@}gianrgﬁ Zﬁ’gdjﬁ?l%f’l %FZ&OEKE%‘B{'?]O%]O
to 96 percent _b ss,_nhore preferably 58 to 83 percent by mass, nore
pr ef er adl §2 Oaf\é%g ﬂé}%%ﬁtaé;’sf‘?rag eo%llt%lgﬂﬁp(?ﬁyﬁé@' s SUAP QR BAiSha
content of | ess h@n SOSanrcent bé mass i s not preferabl e because the
resul ti ff TAPRSSt T PerVd® t BdG ali€ Vg $ RE& 4 y. An al umina cont ent
of nore than 96 percent by mass is al so not preferable because the
catal yst perfor mancéd & &iftf YBA@aY R i e hhg. fpomed Thetrehall Wodpbrant
(s) to be sugipqrted on the support is selected fromGoup VIA (1 UPAC
G oup 6)dhAE L& AAY Ft@UPAC Sidtipesgdt dN1DR VL e jere cdirppals e.

However, it is indispensable for the support to contain at |east
nnlybdeﬁwmthe pre-sulfurization, and the molybdenum disulfide

crystal layers having an average length of longer than
3.5 nm and 7 nm or shorter in the plane direction and
an average number of laminated layers of more than 1.0
and 1.9 or fewer,

the impregnating solution having a peak
intensity in the range of 940 to 950cm™® 2.5 times or
more of the peak intensity in the range of 890 to 910

cm™' in the Raman spectrum.



O her than nol ybdenum tungsten is preferably used as a netal
conponent of Goup VIA of the periodic table. Exanples of netal
conponents of Goup VIII in the periodic table include cobalt and

ni ckel . The total content of netal conponent(s) sel ected
from Goups VIA and VIIl of the periodic table is preferably from1l
to 35 percent by mass, nore preferably from15 to 30 percent by nass
in the formof oxide on the hydrodesul furization catalyst Y basis. In
this tot P 0&&nt ent, e postsant of nmstat i conpohent s (iatkaditg a

nol ybdenun) of Group VIA of the periodic table is preferably froml
to 30 pereehtodhyf amushyvdmwoeedriai engblhydromakdbén 34 lpercrplr ibyimgss
in the formof oxide while the content of nmetal conponents of G oup
VI of hhdrperdedidncabhediroqsebenald ylbramtlht eht0 peseenrta by
mass, nore preferably from2 to 6 percent by mass in the form of

oxi de. Thedeeniest 1@ nDbybdenumnte be; supperded as Hiherbgdinspensabl e
conponent is preferably from1l to 25 percent by mass, noré preferably
from 10 4emd%meseent by mass in the formof oxide. [0020] Next, the
above-descri bed hydrodesul furization catalyst Y is pre-sulfurized to
produce the przfd§ahw¢ésqsp>gdfﬁge%ty foi gatianegahal yst forming

nol ybdenum di sul fi de crystal |ayers of a specific structure of the

present | gyemiy on. s Phed dULLAN L0, 61 2doaYL, § Psthe  present

invention is a treat ment %“IEI‘EI n the above-descri

Dy on oS Hh LU AR AR SCAL A WOk X e 01 BHAIN, 105 GONLALL, W ER )2 X

of a hydrocarbon oIl "and a su age r “Aydroge
t enper at ur f 200 to_4Q0C so that the t component(s) .cantai ned
in the héjjﬁrgg%enstuljﬁ‘rh‘ﬁg%gtj‘lOolﬁ%c%? aazf/gtcjﬁ?ylgg&ia# ]aaggﬁtseo O ¥ %E?um

More spegcifi J the.pre-sulfurization_is carried out by contacting
() o he Ey BPadesTpr PR 200 0 ondt S L AP 2 i o tr e pot Féleum
distilla%e contai ning a sul fur conpound éreferred to as "hydrocarbon
oi I " in TREH%sERt ARAAE Forh)SARA Na Ul FAEI Ry Qe igFe ¢h) arher t
hydr odesul furi zation catalyst Y with hydrogen sulfide, at a

t enper at tPBISE X002 o 34G0CE™ pR Bfer’aBly @105 L6 rIfC andeR orali aapge
pressure or a hydrogen atnosphere of hydrogen partial pressure that

i s great®RMpiedn o di Aty afred sbip ¥ ettierabyn o edadiany Ja- Hrandulf @ ozed
hydr odesul furi zati on catal yst. [0021] A pre-sul furization tenperature
of | owerfeHar 200Ct he yf o pret snabkel becapste delsuldas it k fuiminz action ty
woul d tend to degrade due to the | ower degree of sulfurization of the
support esctretva .s Atpr.e-sul furi zation tenperature of higher than 400C
is not also preferable because the nunber of the nolybdenum

di sul fide crystal | ayes omwoukddbe Sipgndicanid = Haagreased langr i hest
desul furization activity would degrade. When the mx oil is brought
into cortiadtrodd sl e hydeedesulfara zasiconrcahal ysbs¥nd heyddhtialn
tenperature is preferably set at roomtenperature to 120C. \Wen the
mx oil ¢&nbroudhty idi 8pean &ct i wakhi del sat RbYstiphftesntihgs the
tenperature exceeds 120C, the effect of the chelating agent is

reduced, rékkaly J8sHtbadden a&hsz@%aﬂ%cind@%%%i@ﬁt ben Acth¥hie

[0022] No particular limtation is inposed on t
catalyst using a relatively less amount of titanium,

which is more expensive than alumina and silica.
Since the interaction between the molybdenum

disulfide layers and the support can be weaken by

chelating molybdenum, even the first layer of the

molybdenum disulfide can exhibit a high

-8~



sul fating agent used for the pre-sulfurization. Exanples of the

sul fating agent include not only carbon disulfide and hydrogen

sul fide, but also organic sulfur conpounds such as thiophene,

di ret hyl sulfide, dinmethyl disulfide, dioctyl polysulfide, dialkyl
pent asul fide, dibutyl polysulfide, and m xtures thereof, and dinethyl
sul fide, dinmethyl disulfide, carbon disulfide, hydrogen sulfide are
generalky usig.]%$023kThe re}§ulfurized hydr odesul furi zati on

catal ys UL AR 2R EACT MBALUT#ASSa structure where nol ybdenum is
formed into the crystal of nolybdenum disulfide and di sposed in

| ayers on theﬁﬁﬁﬁ%r Pespriné&ipvefdds3¥be@Spre-sul furi zation and
the crystal |ayers of nolybdenum disulfide has an average length in
the pladd @iPeéctionFdW | ohgés tthaph3i® qweBRRd 9K naRée lshokt ér ,in
preferably 3.6 nmor longer and 6.5 nmor shorter, nore preferably
3.7 nm é&xdmpder andaked nnibh |estramdmahs averagel agiern of

| am nated | ayers of nore than 1.0 and 1.9 or fewer, preferably 1.1 or
nore andhilc7oercdwewer, nore preferably 1.2 or nore and 1.5 or fewer.
When the average length in the plane direction of the nolybdenum

di sul fide layers isF3ch rmierashbmbers viikes Mol ybdernum ¢ frigebes
reduced in crystallinity and susceptible to interaction with the
suppor t .anthene hbe laver ages | eDghk idS e 881N lONgaie ¢hQshesultaper
pre-sul furized catalyst is adversely fewer in the nunber of active
sites argF thds iddsublo ExdHibisti B hi gh desul furization activity. \Wen
t he average nunber of |amnated | ayers of the nol ybdenum di sul fide
layers is more thanpl.9, thedesubhing cahahysic {aLl £ gxhihit a
sufficient desul furization performance because the " nol ybdenum

di sul fidg { 1 gh i IS 2 of. Ci; t he
pre-sulSﬁ%#gggqﬁyg?gdézﬁﬁ%%gﬁgh?ﬂ%ﬁtggig%éégbgﬁﬁiﬁg 8T3£§%§ ﬁ%gention
will beEQﬁ%ﬁFﬂQ?@LneXt' The process of producing the
hydr odesul fufization catal yst of the present invention conprises: a
first step of mxing.a m xed aqueous soluti.on of.titagni um m neral
acid salt and acidiglékungngﬁlgﬁlegeﬁé et REME T ST pl ?gngFHH to as
"m xed a ueOﬁs sol uti.on" nd_a ba%ic aIuninugLsaIt ueous sol ution
in the presence BIORHFi B3P Y I SsBEt hAP I PRY Promi 618 8 9S5% o
produce ,a hydrate: a second step of producing a support by washing,
ext rudi g} %F?ﬁﬁbl%n&‘calcining the hydrate in turn; a third step of
contacting the support with an inpregnating solution containing at

| east one typ@UTCHEPHLRBNPBENSHPLSERSIRESf rom VIA and VI groups
of the periodic table (provided that the netal conponent

i ndi spens&®ty lconpr Fées 3 §Bden Uy vaRd ireheiatli fe adescr dnddain
fourth step of drying the support with the netal supported thereon,
resul ti sietadhm thelewntact with the inpregnating solution to produce
a hydrodesul furization catalyst Y. Each of the steps will be

descri bed bel ow. [002% (ivdstodtep)furization €Fatstlwftalflorin the
presence of silicate ion, a mxed solution of a titaniummneral acid
salt andwadraciadilsoal whilhsimosalith€t pire s enan iaci«h € 1aglepys asol uti on)
is mxed with a basic alum num salt aqueous solution (this is an

al kal i nér pjnedsss SDEutiiond t $weh & dak 1ther phhiexdrem 6.5 to 9.5,
preferably from6.5 to

hydrodesulfurization catalyst Y comprising at least
one or more type of metal component (at least comprising
molybdenum) selected from VIA and VIII groups of the
periodic table supported on a silica-alumina-titania

support having a specific structure is Ffurther
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8.5, nore preferably from6.5 to 7.5 thereby producing a hydrate
containing silica, titania and alum na. [0026]1n this step, there are
two alternative cases (1) where a m xed aqueous solution is added to
a basic alum num salt aqueous solution containing silicate ion and
(2) where a basic alum numsalt aqueous solution is added to a m xed
solution containing silicate ion. In case (1), silicate
ion contained i.n_a basi ¢ al um num agueous sol ut{on may, be sic or
nout ol BEASFIETF LG 1 5R- Sourtbo eyt DS MALTE RO ThhpauiRls
such as sodiumsi]icate, which can generate silicate ions in water.
In case I2YSt&) jtavenson' ¢6ht & neBecH & & REF WGhe&Es sol ution of a
titaniummneral acid salt and an acidic alum num salt aqueous
sol uti ont By 20e aci dihe &l hkadralupengr-¢ stardat sugneebsunay ber
silicic acid conpounds such as silicic acid, which can generate
silicat e&hendvidieqdesnl 002 72xbopl e toflvhe basi thal unagendal t
i ncl ude sodi um al um nate and potassi um al um nate. Exanples of the
aci di ¢ al mvendm ol tsi mhade cdlami nem siuh f ahet at e riyrb zhl emete, and
alumnumnitrate. Exanples of the titanium mneral acid salt include
titani unmtetredcid Ot edenatyi bant afmetord € tor iade " il  an i and $ dlffrat € 1 and
titaniumnitrate. In particular, titaniumsulfate is preferably used
because péaksarerexpernsi the di002B8hEari ®xawph R, aacpr edatierat ad apeunt
of a basic alum num salt aqueous sol ution containing basic silicate
ion is chayged l Horackaike W thaaagtd 4& ef i and heat edi1ang 1k akakaed
to a tenperature of usually 40 to 90C, preferably 50 to 70C, and to
the sol uthenwasr £9BtINPUSkY 1added za it @detkerim Hed namwpl sef; @ m xed
aqueous solution of a titaniummneral acid salt and acidic al um num
salt aQueous SOl ion NPat 6d 19 ot LOPLL B0y 6100 8 P EAbbYo2E,
nore preferably 1C of the basic alum num salt aqueous solutio ?or
usual |y 1 ' 10 . } put es t hat
.rﬁé?@u%é&é%?oingl_ﬂé‘f%l fég%‘?&ir}’ gﬁ%igétlosoél%,lmn@m&eg 189!,

the pHis fromb6. preferably Trom
refera r 7.5 t,0 o] a_precipitate, ichis.a
gl urry %yﬁ;%&ga%kgl?l %9i55 o%otleedé)% h%ggienggea%%? ﬁagryeojfy\?h%rb%él‘o’g of
al um num.sal t . aqueous.sol ution to the mxed solution for a too |on
er0d of 11 R LRI LR BeAle A uCe Fos e g By o €22
seudoboehm te, hayerite or_gibbsite, which are pot. preferaple, the
G111 OE D oR ot PLAThE ot SeePrust P 45 kP acres) of RERGA ot 1 i
desirously 13 mnutes or shorter, Bayerite and gi bbsite are not
pr ef er ab?i“ﬁé@éﬂ%é:?}ﬁ§§ar]ec‘f&c‘€1?ﬁér§pééﬁ‘%%n§§r g&c\é“érlé’é“aﬁ“ﬁeﬁ 400)

cal cination. [0029] (second step) The hydrate slurry produced in the
first stpanes.

[0013] The titania diffraction peak area to the
alumina diffraction peak area {titania diffraction
peak area/alumina diffraction peak area) of 1/4 or
greater indicates progressing of crystallization of
titania, resulting in decreased fine pores, which are
effective for desulfurization. In this case, even
though the amount of titania to be loaded on the support
is increased, the resulting hydrodesulfurization

catalyst cannot exhibit a desulfurization performance
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is aged if necessary and then washed to renove the by-produced salts
t hereby producing a hydrate slurry containing silica, titania and
alum na. The resulting hydrate slurry is further heated and aged if
necessary and then forned into an extrudabl e kneaded product by a
conventional nethod, such as heat-kneadi ng. The extrudabl e product is
extruded into a desired shape by extrusion and then dried at a
tenperature of 70 to 150C Ereferabl 90 to 130C and calcined at a

t enper atdff ePGf ADBS o BT, thceref abioy s oeES ispbencer @f 5the 10
hours, preferably 2 to 5 hours thereby producing a

si i ca- t43 BARA-SF UnP AL Wb pBit L10o3djy tandd WHrep) fails to be gFne
resulting silica-alumna-titania sugport is brought into contact with
an i npr eigh@EPRg bV at iCon- 2 oHE4l i hghata |kagh arerfypaoiceast al

conmponent selected fromVIA and VIII1 groups of the periodic table
(provi deO @hdt]l t he Mdtanldichipeamdntonnpespensahil yatdmtaitis: not ybderiun)
and a chel ati ng agent. Raw materials of the netal

conponergt aneipred eo bby aiod ybdehtmrt ¥4 oxi da )npl ybdesums aaeoai v@d
nol ybdat e, anmoni um net atungstate, ammoni um paratungstate, tungsten

trioxidetntekels.rstrahelnivkeldcarhenat eoncokal & Nhinale: ang eakal t
carbonate. [0031] The chel ati ng agent may be, for exanple, citric

acid, madigsacild, stanlah teadd, rethylenediaminet etnancebi anacd di ¢
(EDWA) di et hyl enetri am ne-pentaacetic acid (DTPA), polyethyl ene

gl ycol (& uandh 6t narthyl ere 9'13&99':13(f%@ac’&ﬂoﬂaﬁéb@cuhﬁrd%&%%&h

acid and malic acid are preferably used ati

agent i scg@ntahfiedshi @}fg@ﬁﬂtégr@&@Ebéﬂ%¥s§gﬂé%7§op@' mQ%a

mass, nore preferably 55 to 65 percent by nmass e nol'ybdenum

oxXi de %ggqnglrg]bdeegha ghﬁg%téd‘ng %br}lt Q% eéhan 75 percent by

mass of num’i s not pre era ecause fhe inpregnating
solutlon i ni ng .t {CONRO i s increased in viscosity
and t hus 682%3 it diffi H?t‘r: to cggrg‘:%oru% %:I% n%?sg(naﬁ}f%ﬁ stje“?a in the
process. han 35 erc nt mass, i s, not
pref er abi® Bglggattitséd %é’ erf?pifééﬁgtlang ESPE’I Oc}ﬁyf"%nc?é% ea?]i‘SPé‘t‘—’g’d g?ﬁray
StabI|I%¥ gg rther the catal yst. performance tends to degrade.
[0032] I & Y@ G 28 %H@ et 2t hgPagant - Xk Sidpr B R4ty S hifkon
preferabl contg]U phosphoric conpound. The chel ati ng agent and
phosphori £t Borfp %ﬁsﬁays%‘éaé(?’nt%FB8% tﬁoiﬁr@%péh’t RFsRldne
conventi onal manner (i npregnation, imersion). The phosphoric
corrpoundz?grﬁﬂé?rje?abl g‘mdor HPhaspidre aépd  Heresr a#n&emytbfem
sinply referred to as "phosphoric acid"), anmonium
di hydr ogerpRodptmat Ba xamtohi Deephosphiee t bakiec basé hénaphos paer ito
aci d, pyrophosphoric acid, and tripol yphosphoric acid, nore
prefer abi@réﬁﬂ%ct[b&ﬂ)mkivciathd.(full width at half maximum) when
the resulting peak strength is half (W/2) therxeby
defining the product of the full width at half maximum

and peak intensity as a diffraction peak arsa.
“Titania diffraction peak area/alumina diffraction
peak area” is derived from each of the diffraction peak
areas thus obtained (see Fig. 3).

[001s6] The support contains silica in the form of

810z in an amount of preferably 1 to 10 percent by mass,
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The phosphoric conpound is contained in an anmount of preferably 3 to
25 percent by mass, nore preferably 5 to 15 percent by nmass on an

oxi de basis of the nol ybdenum oxi de. A phosphoric conpound content of
nore than 25 percent by nass of the nol ybdenum oxi de is not
preferably because the resulting pre-sulfurized hydrodesul furization
catal yst would be deteriorated in its performance. A phosphoric

conpound_cgntent of |ess than er cent mass i s _not al so

prefer abr[l%rﬁeggl?sée)e{ﬁgiiyn%r ganztﬁgﬁﬁcse&tu?%bﬁ“%ﬁr P B&SpBEEfHrably
stabilit%. %0 BB%I\bé][%@rticul ar limtation is ingosed .on the nethod
for incléadtRg”t RET&SoVE-R¥sRASFe P ThetAf EoRpsheht P28 at ibhgs Adére or
further phosphoric_conpound into the support. Any conventional nethod
such as $APF&ghat PoniEsgui FRBA UmRRISERSE oRY PESes fARFEAG S ¢ Acitpicent
wet ness i npregnation nethods) or ion-exchange nmay be used.

| npr egnat P8R irfef @r pEd Giet @i ATie 1 oEt AdE ihes Bl itthe sappdristsand

i npregnated with an inpregnating solution containing active netal s
and t herc@ippéd tiit anéai ppragnat € ont ast @obl kedtvalt ccogporent s canpon
preferably | oaded at the sane tinme. Wen netal conponents are | oaded
separ at et § Ll ctihea ¥ donl cifnyheasalpypsirwvozd drbed wsuf Wilcdenthée support
desul furization activity or denitrogenation activity. [0034]1n the
Raman spest fonmdde( ' gpregnadt § hgps'olds § on iasd e peaks i ienshéyciard he
range of 940 to 950 cm1 2.5 tinmes or nore of the peak intensity in

t he rangeaof 890, t @30l t{ her ei mal helgd hednidtd 0a 6t ildie peak idHeasity
in the range of 940 to 950 cm1 to the peak intensity in the range of
890 to HAdewdt sngeferd efliriye tast "pPeak Nt 88 b ratheake I the 1 a
Raman spectrum the peak within the range of 940 to 950 cm 1 is

derived {ramdei heptanes noh Mok ybdentin piy & M70346: - Whiclig 4 he
peak within the range of 890 to 910 cm1 is derived fromthe nononer

o o Yoename L AV6GAc heont e Pk ik gnehion 1 i Ll
| i d. i t I . ,
TEnOTer 3801 64 €880 01D, U 85 LG BRlobCegURITIOTE s
-sul fugi izati .alyst is d dinth
oo oul{phieeh gt pdesl v Leal o catalel o JJoF ERBeC g, 181

degree of sulfurrzation o enun an
desul furjzatiq ctiwvity.. [Q035] The i,mpregnati ng solution is, adjusted
to 5 or-Pe glg‘l—&/ﬁ tchbé%il&l $o dgss%Begin%seoﬁg\llgtfPﬁg %{:épnc(?r?ptoh‘éﬁ%(ys‘).
Wer eby, atio t he ol i gomer | ybdenum i n the inpregnating
sol ut i on[égﬁ{b]e i nc?lrgb%e%iugﬁﬁ I&Ogﬁélﬁb%kt’rhﬁéﬂs‘? 2 r'a? ol 97 Cifves
or nore. Wien the peak intensity ratio.is |less than 2.5 tines, the
ratio of LtHe HIYBRRER ONIET § 52 F Ablaased O §hee thenkoPyhaesem
nononer interacts strongly with the support, it becomes |ower in
degree OROSH RFPZSLIAN Yhar the ASI BREAGMDl Y yomes upohrore
pre-sul furization of the hydrodesul furization catalyst Y, and the
pr e- sul fRERZEF Yy divolesid Al PAIIGORTdaY alass Poddidlspdrd ks basis.
exhi bit high desul furization activity. [0036] Each peak intensity is
cal cul at®Rdt by aiiita iqgn hegrtaghf dists$ nedanhBopgh cRamank g pee 5060 pico
anal ysis (Raman spectrun), with a | east square nethod, followed by
basel i nel eewrr eict i efi,feand &icihdi erge thé shea ghtl Hirom tife tbkamima peak
value to the baseline (see Fig. 4). General ly,
nol ybdenoesiud. tahn ggle cus ssod Uy isant Bxitsiha v A otthe bftar i of sMI0#E: c i B ithe
region where the pHis from7 to 9, and the peaks assignable to the
Td symed e sedl £u oh zeft IMR4a ceainvy beyfound @t £ 898 L dnt84d COF Imand
320 cm1 in the Raman spectrum In the region where the pHis froml
to 5, thehehanges &fckhe MPOABES A% rdo€. pr M2 50 MpE2465 candh
HuMb7024(6-')-, the

only the mechanical strength of the resulting catalyst

is reduced but also the specific surface area is reduced
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formati on of Mb80274- and the energence of Mb60192- have been found.
The spectrumband is |ocated at 960 cm 1 (assignable to the
stretching vibration of No-O and 980 cm 1, assignable to the

nmol ybdenum ol i gomer. The spectrum band having a feature in respect of
Mb70246- is |ocated at 218 to 222 cm1, 360 cm1l and 944 cm 1.

[0037] (fourth step) The support supporting the neta
conponent (s), produced by the contact with the inpregnating solution
in the tHi®d-St BPS 4 THH@Y58C & IERPRFLL Giog ¢l DaDEaopAwesles to
preferably from 110 to 150C for 0.5 to 3 hours, preferably 1 to 2
hour s t ¥ By PFdEbcl RgCENes hy ddddeslul pur P ote tatalasioy. of the
Calcination or drying at a tenperature of higher than 200C i s not

pr ef er abit P BecHuSN d W ehel lae | hgs addritn ¢ her halllys tmeck 1 @nce thik itthe
supported netal conponent(s) condense. [0038] Next, the

hydr odesul flasivzlaf non zedt Ab pstp et Poodizgecie i ©otrthes § pomtchi Istreftd Sche
pre-sulfurized in a reactor thereby producing the pre-sulfurized
hydr odesagt burinzat i @hfcaticdysty abddwed phesenrt tinwe ¢ od alfddtamstiep) .
That is, inthe fifth step, the pre-sulfurization is carried out by
contactio €i)tdmeahydrodesualf ufdzabicon catalaysysy , Wi anmiig oi | of
a petroleumdistillate containing a sulfur conpound (referred to as

"hydrocarhenpainsive bhel 9{@%@&3&@%&@9}@%@ sukfatd 88 BYeRhe
(for exanple, dinethyl sulfide, dinethyl disulfide, and carbon

di sul fidedeged?) i hhR Mydsadesul furization catalyst Y with hydrogen
sulfide, at a tenperature of 200 to 400C, preferably 240 to 340C

under orp@ﬁg{@g_ pressy/e ggﬁqudégg%ﬂnggmﬂﬁaofs Logen parti al

pressure t is greater than ordinary pressure ther produci ng a

pre-sul furzed hydg le‘rztﬁ"ﬂ% ug_hz%?li%)nfgg.}naloy@t%%b% i knoan F?rf%‘?b\‘é?gmoéf

pre-sul furization tenperature o ower 't han 1$'no

because of ugi-zation of the supported nmetal (s) is |ow
and the é%%ﬁ%%%fgaﬂf;gs% ?éngseff%eﬁg %é’dd&%ggi’n 50 PdrS é%%?bﬁry
activity.o,A_pressulfurizapiogn tenperature of higher than_400C i s_not
al so preter &b :B%egglfscee?%\egﬁur%% Sof HAYEr po?egﬁﬁalj?&ﬁf/bagm}'rﬁ 93
disulfide crystal | ami nated | ayer would be signjficantly jncreased
and t hus AESEITur PY¥aliaore abfi i1 ROHRP BEqPAR: S vheR ™ AL | i s
brought into contact with the catalyst Y after the tenperature
exceeds 42BESHhe et £E& TR RY BREIGHR P RP BFEn s iisS PeduBe® Lo rREILE
resulting in the degraded desul furization activity. [0039] After
conpl et iVRCEL et PPe- B RbtilAd | At akespr dendsutizediegrade
hydr odesul furization catal yst is

significantly. An alumina content of more than 96

percent by mass is also not preferable because the
catalyst performances tend to deteriorate.
[0019] The metal component (s) Lo be supported on the
support is selected from Group VIA (IUPAC Group 6) and
Group VIII (IUPAC Groups 8 to 10) of the periodic table.
However, it is indispensable for the support to contain
at least molybdenum.

Other than molybdenum, tungsten is

preferably used as a metal component of Group VIA of
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cooled to roomtenperature and preserved under a nitrogen atnosphere.
By the above-described pre-sul furization, nolybdenumis formed into
nol ybdenum di sul fi de crystals and di sposed in |ayers on the support
and the nol ybdenum di sul fide crystal |ayer has an average | ength of

| oner than 3.5 nmand 7 nmor shorter in the plane direction of the
crystal |ayer and an average nunber of |am nated |ayers of nore than
1.0 and 1.9 or fewer. (0040] The average nunber of |ayers and |length
of the nohgbdenunedisultfakéecr ySbambaper af enehe lvat ump odetret 51 ned
by the foll ow ng nethods. After conpletion of

pre-sul fG&rongt iVWNI It Hen preeswdat ddéd hyabadesiud & Unidzate obadat ad yat
is cooled to roomtenperature and then preserved under a nitrogen

at nospheteckkdrt of the pre-sulfurized hydrodesul furization catal yst
is pulverized to for exanple 20 nesh or smaller, and a photograph of

the resulting powderrHs taken V\&bht@ﬂﬁaaﬁmn%%@m RlRehEAB Y € pscope
(TEM (see Fig. 1). The average nunber of | am nated

| ayers ofefbe vmy ybdspuaydisgid fide aﬁ{d's’\fﬁtll 8¥EnbNpkhS odic table
pre-sul furized hydrodesul furization cat al yst | S det er m ned by

measuri nggt e:erwpgb &én%?g;nedl I@¥e35Npg enu d| SeS[%O %rreé erably

50, nore preferab y 1 nore of the no { de l'ayers

fromthe%ifgveq{gelsfgr Mk see B4 a%{ﬂg BY, MO 1ENS 8 TE8

Simlarl er age nurrber BFina ers, “the | eng

t he nol ybde [ e.l L7, Nec [ elengths
of the &’f (g}gg]n%m% Eder hﬁféggrss%)ﬁ‘g%ltzhae Kﬂﬁﬁ%tgtﬁ 2?1 S1s-
aver agi th ths 41].The et hod for orefinin

v ocarD “%ﬁﬁs% FPESRh 1THErEPBI AR 3 Y {aa&uf:oegp hents
hydrotregtl n drocar bon gl | s under_ a, hydro en at nosphere usin the
above- destlF HiE- SR FYPPLEPRY dPSdELP Far | zTatzf*l 8 @l hert
particular [imtation_is inposed on_the h drotreatl n However, it is
usual |y t@Prtfed DRT$heE2Q T euf 5PMoR Eppe & iB&ECBEF PeadaF S nhere
which the catalyst is filled at el evated tenperature and pressure
under a BYEESTERC AV mdsiHer &3 [(0042% ER&HASI 3T ob 1t Hed 5 didic dribont eitim

used in the present invention include straight-run gas oil or
st rai ghtof umx kéeowériel prideacedntismugtt aretaa hosphedine ot st ¢ | @rbop

unit for crude oil; vacuumgas oil produced by distilling straight
heavy oiVYI®R ogsitthie pbtraia@ict keinlen hs nospierrebdiystiitdmt L ohoudit
in a vacuumdistillation unit; light cycle kerosene or gas

percent by mass, more preferably from 2 to 6 percent
by mass in the form of oxide. The content of molybdenum
to be supported as the indispensable component is
preferably from 1l to 25 percent by mass, more preferably
from 10 to 22 percent by mass in the form of oxide.
i0020] Next, the above-described
hydrodesulfurization catalyst ¥ is pre-sulfurized to
produce the pre-sulfurized hydrodesulfurization
catalyst forming molybdenum disulfide crystal layers
of a specific structure of the present invention.

The pre-sulfurization carried out in the



oi |l produced by fluid catal ytic-cracki ng vacuum heavy gas oil or
desul furi zed heavy oil; hydrocracked kerosene or gas oil produced by
hydr ocr acki ng vacuum heavy gas oil or desul furized heavy oil; and

t her mal - cracked kerosene or gas oil obtained through a thernal
cracking unit such as a coker, all of which are fractions containing
80 percent by volune or nore of a fraction whose boiling point is
from 180,+8+5360C. 4 Lguls i m I LS | ils to be
treat edq? n anggfcn%)?gﬁgﬁ%bgi s%irl%a?ﬂlktgﬁatﬂulﬁ?{# é'i(tggrr%%ggi gl?hguch oils

i ncl ude 4 i i . il _deri.v from oil
sand, Ii%ﬁ%?ged cogfrli%)ieﬁ(,ﬁ) gxﬁé‘%g%g,ﬁé gg%&%%ﬁ . Rty SO *SThe
val ue of i,stillaf] eristics (boiling point) referre
herein i%ignggg{ufeﬂdgi%éggggﬁai{l%&gﬁwat%ltxhglnlet cﬁgb%‘gﬁo eadr}i’ﬂnJP%q'
1(2254 "Petrql eu roduct s-Determ nati on of distillatjon

char act earll%st |%‘css't.gri ?6%&3‘]%5‘8&"'& cﬁFantmTc?Jﬁ?gﬁﬂ 0‘?1“1!]'§li419p0§3d %n the
reactio ressure (hydrog partial pressure), which is, however,
prefera&‘%mPF&ﬁrluth f’fol\/gﬁo At° agpgz%&i%ﬂ FoessubBeome bder than 1
MPa, desul furizatjon and denitrogenation activities tend to

si gni fi CAORPYIRRY éﬁ%e.c%"éaﬂé’a&‘gi &R privasbvenedernyd Hiretenduignl
MPa or higher, nore preferably 3 MPa or higher. A reaction pressure
of hi ghét@tR&Y 2. ¥ WPa 38 Aotsprererdbl 2uilditde ns of economic

ef ficiency because desul furization activity does not change and

hydr ogen consunpt i oMdnie raases I irasulvi,nghienpa eni gihe £ wniinna hg coodts
The reaction pressure is thus preferably 12 MPa or |ower, nore

pref er alst §r 1@ eiPa Wy Myowem taoke oy efley dily Vod MPaleyul 6werization
No particular limtation is inposed on the |liquid-space velocity,

whi ch i s;ahewensr , Y pwefter abl yifs ooiQ. bf 0adp@ thed]l el &l PEefiar bt ¥
from0.5to 2.0 h-1. A liquid-space velocity of less than 0.1 h-11is
not practénakitecayse thel punedusshpblnnd s (Feducededue 4 oathe reduced
anount of throughput. A liquid-space velocity of greater than 4.0 h-1
i s not pr}eizaﬁ:a:biaerb@ﬁaufﬁlt*hQrﬁe@@gp%%d’éé@ﬂtofiﬂxhén%t&l)’Stand a
accel erates. No particular limtation is inposed on the

hydr ogend @i Earati @, awhirsh b8, oMeYele HoqpLefErap . o 500
NL/L, nore pref er%bl yé:‘rom 150{ to 356e NL?L. A hydrgéef;ﬁégﬁggé{i o of

| th [ t i i
notivi S ende 1o S el BaRTS Baes EEE AR ik GhenraPE R Bt
gr eat er lﬁéﬂ@ntéoql MbE i f@feélagol Ojgr%%r ghl %Eeegﬁgler}%%ﬁfgﬁ_ﬁ %gg_t}%,gge

the desulturization activity an |y 1’ ncreases

parti cul im.tation_ is_iL,noposed on the . reaction t erature, which
is, ho ve?,gsp@r% eér%bil y}?}ffiog%i%% ?gmz?(ﬂ&eﬁﬁr é’fgnhé@ggsﬁ? HHht36d to
380C. A Efggti Qn, gzg{gjer.ature of lower than ,250C is not practical
because Festrfdr] 24t ot Bd TRhFEr bYERaPFEH BT YR T PES Wmd horeby
significantly deteriorate. A.reaction tenperature_ of higher than 400C
i s not ﬁ‘%‘?g}r/‘g&neg bBcRI% FHe fabt P st hggﬁPQﬁﬁ%éfPﬁld%%Bﬁﬁ@sed and
the catalyst life is shortened. [0044] The oil produced by

hydr otré:a%/?ﬂéyéfta hydrocarbon oil according to the present invention
has a sul fur content of preferably 10 ppm by nmass or |ess, nore

pref er abl Y9 81dpm by Andsse o Uldsar 1 agitel pp ef @R ya Z usiem 0 rewse or

| ess. The oil has a nitrogen content of preferably 3 ppm by mass or

| ess, noreaPr é0&Hbl §Sone i By ezl e The g esent e mvkAtirdre £ahon
decrease significantly the sulfur and nitrogen contents of the

pr oduced ®f k VA shydr ol dedeingy teo Welg vearbou@ito ushaglbher degree
above-descri bed specific hydrodesul furization catal yst.

The sul faf soatfentigstlifam odnddand r atuipan) r teldemedaher eizn i s neasured
in accordance with the nethod described in JIS K2541 "Determ nati on
of sul f wrreesbémiriihe imhrogapecont atte O thiogesrconcents@yPen) s

not also preferable because the number of the
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"Determ nation of nitrogen content”. Exanples [0045] The present
invention will be described in nore details with reference to the
follow ng exanples but is not limted thereto. [Exanple 1:
Preparation of pre-sulfurized hydrodesul furization catalyst Al (first
st ep) Into a 100 L vol une tank equi pped with a steam

j acket were put 8.16 kg of an aqueous sol ution containing sodi um
alum nate in an anount of 22 percent by nmass on an Al 203

concent @ | gy dsasis. difeer LB die opr vas adi | Legd s thoal kg of

i on-exchange water, to which 1.80 kg of a solution containing sodi um
si |l i cat esigndd laraobtl yofibcpercend by drasksuen dns Sl G2 wiongedtomat i on
basis were then added, stirring. The resulting m xture was heated at
a tenperattie iafy 60Cutiheraddy rprcepar i igea base cmalwum nlmi salkdr agyaaus
solution. An acidic alum num salt aqueous sol ution was prepared by

di | uti ngi7t38ckg tefcan agheons Bohutddds oFtad Nk A i @i sl gt e
in an anount of 7 percent by mass on an Al 203 concentration basis
with 13 &geofiriof: @XChangsewatal ruhiilse pﬁ:éifb&ﬁibm}ims%&r a4 r agighmgal t
aqueous sol ution was prepared by dissolving 1.82 kg of 33 percent by
mass on @edbe% £oReent bai bor dasipheh thiapiwmssul fat g ddughf ke

i on- exchange wat er. These aqueous sol utions were m xed and heated to
a tenper OCHt b in i e i Thi s
i xod acienie Bol fEon ae SilerLr At onlrsn CaYC R et
10 M nuteg) ol §heolanke gantaiplag Uerehy tdee bagiG ol upaum palt
aqueous solution using a roller punp until the pH was 7= 2 ﬁereby
prepari rate slurry a _containing .silica, titania,,and alum na.

[ 0047] (sn%%gﬁg:eg#’epil%eyy resuﬂ]l’hg rlelllsujfflfengé%%ﬁ?gteg slurry a was
aged, st'rrﬁg%.at.a %g eratur.e o£ 60C for one hour, and then
dewat er €t W't B FAtsHEdt Fi9t et “8nd washed with 150 L of a 0.3

per cent s ammmni um aqueous soluytion. After, washi ng, the

resul ti n5382@4 i ke "G B3Py M&%Fuhé&‘%%ﬁ@éﬁ-ﬁcﬁ%ﬁ@%%t% s§e
that the ampunt of the slurry was 10 percent by pmass on an Al 203
concent raf iR PR s agrh Eheseddj ieted 1 BA G UbIBBdidht 19 0per cent
by mass of ammoniumwater. The slurry was transferred to an aging
tank wi thxanpdie 0 kdrivrriset fand e e st ERPAG IR NPt @pby o8 ¥ b oof
95C for 10 hours. The resulting slurry was dewatered and then
concent rai 84 Jdhiod & read duy € 5 olgde sat ket fai-nbudi slgreorastigishliur
doubl e-armed kneader with a steamjacket. The resulting kneaded
product swspetnddeduiait oag &yiiadhiecst, sapetwhyh uwifideer of 1.8
mmwi th an extruder and dried at a tenperature of 110C. The dried
ext rudedd pmeducts wversar CAL dienedd ab ca wlenpedataun Bf dtl 55041 bl kanl

el ectric furnace for 3 hours thereby producing silica-alumna-titania
support pethersihadtiver, &ibployIepernnetildia, sapponiiaturas the
case may be). Support a contained silica in an amount of 3 percent by
Mass on @Relidd’r congentd ahie@h PaSkES 1(ihed el naf {es t Aly30 dekanrredié 9 as
"Si 02 concentration of 3 percent by nass", as the case may be),

titania &8rabRmuntl eh 20, PRFEERL Y sTass: a8 ard %nm_@mgzra%%g

basis, and alum numin an amount of 77 percent by fass on an Al 2
concentrpappom pasi s,piah | poR INe1 URPOI L gPRS)Prodesulfurization

catalyst of the present invention has a structure where
molybdenum is formed into the crystal of molybdenum
disulfide and disposed in layers on the support, by the
above-described pre-sulfurization and the crystal

layers of molybdenum disulfide has an average length
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[ 0048] Support a was subjected to X-ray diffraction analysis with an
X-ray diffraction apparatus "RI NT 2100" manufactured by Ri gaku
Corporation (as the case may be). The results are set forth in Fig.
3. Least square fitting was applied to the resulting graph, followed
by baseline correction so as to find the full width at half maxi num
of the peak assigned to the anatase titania (101) planes indicated at
20=25.5.; Th r of; st - ol I X} d. the.p
i nt ensi tjyﬂ-ffg%] t%ﬂlgg%gstg iﬂr.lé:c%gbbh\gﬁag?ﬁéﬁqgega}kgﬁmgqg?ﬂe%ngs 7a§%
anat ase tjtani i ffraction Kk ea. The sanme procedure re
carried %%th garftldéhja’t ﬁe%effa Fgg\%iyd?%' gtnp?alofr ?a%%ﬁﬁ 5 hi'%gﬁﬁl or
assigned to the rutile titania (110) .pl.anes indicated at 28=27.5, and
the prodtld? et he™PEY %a?ﬁrﬁbﬁ& ?'rﬁx@‘ﬁu%aﬁcpqcﬁgrp@é'kgi %t endi® y
fromthe baseline s defined as a rutile titania diffraction peak
area. THR'tofdlS o?gghémarﬁa‘f%%‘gﬁ tARTRR S 19 F alBioMpEER drswefd oFf
rutile titania diffraction peak area was defined as a titania
di ffractfohepédiéureal #9 4 ot REE rno AR T eEabian al peakmeas
not detected in Support a. Furthernore, the full width at half
maxi num ¥ dt Re ek B8¥ieghedre bet R gL arakilia X 4809 rperies & ndi dat%ed
at 28=45.9 was al so found, and the product of the full wdth at half
maxi num @ad figee peak intensity fromthe baseline was defined as an
alum na diffraction peak area. For support a, the diffraction peak
area indicating theWrgst dhestavettwoss bOEntdieh ahat adest pllania and
rutile titania was 1/8 of the diffraction peak area of the crystal
structuréiassighed ¢6 ahemnodnifdeham alidshiFdeid dna peals arseal.ad uim na
diffraction peak area=1/8, as the case may be). [0049](third step)
Next, 248rgstforpkyhderus toiloxbdenand 98s@ 10figebald canbenat eiwere
suspended in 500 mM of ion-exchanged water, and then heated at a
t enper at g ¢ safa ObCnfiary = HQUS S5 caRPt YbNG & Suidablkg el b Xy 1 theatyent
so that the volunme is not decreased, followed by dissolving of 147 g
of citrigupeid-in tREUSPEASLOR LhgECh: PLERANING | AR €9Naf jAG ey,
solution a. I npregnating solution a had a pH of 1.7.
| npregnat 89 S04 WH A% A Wes SUbj e6ted 49 Lha % Snecl BORAPLE
analysis with a mcroscopi c | aser Ranan spectrophotonmeter "La \
ARAM S f.act.ur b A, <L S e).-.Th
FBRUACLIT ey SEL PR L {88 LNG aSEmRY )£ d0e ¢ ¢

results are shown n Fig. 4. € resultIng graph was Subj ec

fitting W t. east -,square t hod and t hen basel ine rrecti,on
ther eby SEPERTG Rerorih FRGT T Re aha MR i QAT e arChRd S458 om 1
and 900 cm1 to the baselinpe.as peak intensities._|Inpregnatin

sol uti on®2°FaP A pé q%t%ﬁsiltaﬁjai‘?%gﬁﬁindﬂ%yEﬁ}sl off 1$?ng‘§a]0¥bgﬁél%ak
intensit%,ar(ﬁ%ﬂ QO(L{:ml (t.hat is, the peak intensity ratio was
3.1). 561t ot th <a¥pys 1S more thapidr 4008M¢ dieslgportda was
inpregnated with inppregnating solution a by spray, it was dried at a
t enper at Gf & 20fY 2402 £ hér EBy e pRddutt iy s hfdcddestildep 24t ohz e tidy st
a (hereinafter, sinply referred to as "catal yst a", as the case nmay
be). TheP &EH rRBIRFENENE Cament Beomhy BAgstun ddrar 1Di der cent nby
mass of nol ybdenumin the formof MO03 (hereinafter also referred to
as "MoO03rtghdent dasicsr 98d19 percent by nass", as the case may be)
and 4.5 percent by mass of cobalt in the fornofCo, all on the

catal yst [60Basl s. [ GOsRfoffeifs host gpoducing the pAféesu20Duni zefd
the resulting catalyst a was filled into a circulation type fixed bed
react or, hiytirwase pné-fsut f meiczdedh cEhea pre-tsulff thiezakieere was reas hicdd out
by feeding a mx oil of a straight-run gas oil and di net hyl

di sul fi dei ldhdse delsdfarribent endxwas adjusted to 2.0 percent by weight
at roomtenperature and maintaining the mx oil under conditions of a
pressure of 5.0 MPa,Tieel baWdk space ekeauldi g ZHEh-1, a

hydrcdesulfurization catalyst of the present invention
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A TEN phot ograph of catalyst A was taken with a transm ssion el ectron
m croscope H 800 manufactured by Hitachi, Ltd. (as the case may be).
The results are shown in Fig. 1. Fromthe resulting TEN phot ographs,
50 nol ybdenum di sul fide | ayers were observed to neasure the nunber of
| am nated | ayers and | ength for each nol ybdenum di sul fi de | ayer and
cal cul ate the average nunber of |am nated |ayer and the average

| ength. The nol ybdenum di sul fide |ayers of catal yst A had an average
nunber oF°PRAIRERd PayetEshi St &P afd Wl atedage PérGth dHLEM Him
The definitions of the nunber of |amnated |ayers N and length L of
nol ybdentPrt 8itsiR i 86 driet 34w imirpgal. ape@gzq?tia@m% acldic
Preparation of pre-sulfurized hydrodesul furization catalyst B]

Thi s exahphBiIHiSE bF elft e FrdmaKaapl 2inpily tiedtie hyddate asdimyxpdaas
prepared by adding at a constant rate to (1) a basic alum num salt
aqueous a@hegivgh 90 épdrieen by dinditd nga8.i67 &fuofi ram agaéous ot atlison
contai ning 22 percent by nmass on an Al 203 concentrati on basis of

sodi um at aiurfdten wi th t3iee kgr efs erore ex¢hangeticwateeri andsaddimngt the
thereto, stirring 0.60 kg of a solution containing 5percent by nass
on an 3iPR dencendmabi.an basps Soft sodruvmisid i gahe,df ot kowed dWcond
heating to a tenperature of 60C (2) a m xed aqueous sol ution prepared
by m xi ngtas aci dp €oalutd AYMasad bppauaoUsy SQlalh PAgHT epar eddidh g,
diluting 10.90 kg of an aqueous solution containing 7 percent by mass

on an Al@P3:ieQNGeid ok ien basy st RE AbuE e shl fate Wd k20 K9 et
i on-exchanged water and a titanium m neral acid salt aqueous sol ution

prepar ed; Pye & £8@evi A &;%&@;:eﬂ:@%i&@f%%%&g@ﬁat% sﬁf&éon

concentration basis of titaniumsulfate in 5 I on- exchange

wat er , j it H_was I as
Exanpl eﬁ%hglﬁ&pﬁgﬁgb aﬁslipz)?ébtar%%ef F&Irﬁ%y%rfatne&igsggr??}ﬁ?gg%%%rt b
had an Si [ 0 I t : Ti.O2 .concentration
of 10 par ooR e ah R 30 S LR a1 bicor SBd BLF Eah Poy
mass, al n.t.h uppar.t Si S. the . ,result of X-ray
di ffract %%Ognla ?/éi é%%caat:r r}t’)e& SiRtas ﬁqrﬁp%?%?p%eng(lﬁﬁe%ﬁBgﬁy as the
case may_be), .the titania diffractiaon pea rea/alum na diffraction
peak ar e%oﬂé§]fle/§ molySanun) I\EQ&, éG%hﬁﬁ(?ft%fgyl?@é?betrain&iﬂe
and lllhg of cobal t cg{f‘gonate wer e suspended in 500 m_of

i on- exchaPg&d et &FP PR THeat BE &tURPPETpeY Aftir &0 B5EXTr 5
hours, applying a sujtable reflux _treatment so that the volune is not
decr easet PP&Y Ghd ot B T ¥ ol BF AP 16 1% 7€ HoBf thiet Fo@ sl Yathhehe
suspensi on thereby preparing inpregnating solution b. Inpregnating
sol uti orlllbpﬁﬁtﬂfaagll-ln@f so yuliht efRratditRds6leutd on b was subjected to
t he Raman spectroscopic analysis and found to have a peak intensity
rati o ofhgdzodwmiudhiovn zag itde case lwytbE).. Each of theAbtt@er 4000
g of support b was inpregnated with inpregnating solution b by spray,
it was driéd dte adeemperlaedr dofodl0C for one hour thereby producing
catal yst b. The netal conponent contents of catalyst b were MO03
concentrp®Dém 120 per(ceint shy stess) and Co0 concentration of 5percent by
mass, all on the catalyst b basis. Catalyst b was pre-sul furized as
with Exanple 1 theFahysprofiuci hg catehy B Bseldraperit isasl vfacat abyst B
are set forth in Table 1 below. According to a TEM phot ograph of

cat al ysta Bnt aken @61 wittihhfExamplae tli € 8at (SH0MNnea% 1 hecsase By Bk

t he average nunber of

an acidic aluminum salt (this 1s an acidic agueous
solution) is mixed with a basic aluminum salt agueous

solution (this is an alkaline agueous solution) such

that the pH is from 6.5 to 9.5, preferably from 6.5 to
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| am nated | ayers and average | ength of the nol ybdenum di sul fide |ayer
were 1.2 and 5.0nm respectively. [0053][ Exanple 3: Preparation of
pre-sul furized hydrodesul furi zation catal yst (] Thi s
exanple is different fromExanple 1 in that hydrate slurry c was
prepared by adding at a constant rate to (1) a basic alum num salt
aqueous solution prepared by diluting 7.47 kg of an aqueous sol ution

SO e %s P2nBILO e DB, AL AR €1 203 CANSERUALLAD BANAlng

sodi um al unf nat e i'on- exchanged 'Wat er "an i'ng

th to, | L 3 Kk f.a.solutior taining 5 b

an S 02 % ahCERTT ot 1 6 et SLBH SHPRASI | F et 7 oRFohctt PRGN | ng.
t t f _60C (.2 ' sol ut db
mxing A GEPAI ¢ al G RIS Budbiae SOt a1’ 6% T CRARGE byoch? HEFng

2.23 kg of, an_aqueous sol uytion containing 7 percent. by nmass on an

A 203 ot eRPFAT Gn THatT S BRCAQNT nbf et 2k et 6 £AEK G ofa Pasic

i on-exchanged water and a titaniummneral acid salt agqueous sol ution
pr epar ed® by dinddbISA hy BILEOKF S BBt hercert 13l rasy 64 laigrog ion
concentration basis of titaniumsulfate in 18 kg of ion-exchanged
wat er, @it¢| (PHe ‘Prewgs a7 msic aluminum |5piheasar®owanserl wion
Exanpl e 1, support ¢ was prepared fromhydrate slurry c. Support c
had an 5i9x®ddrcema ad ivhzel Spertdnn momasdningi ORlderceat L ati.on
of 35 percent by mass, and an Al 203 concentration of 60 percent by
mass, all on the support¢abasi(sl) , silicate iAsnthewmtesihedofiX-aay
diffraction analysis carried out as with Exanple 1, the titania

di f fractdasipeakvarieadal aigiea uk ffohet iom peak bay Ba was df heutral.
Next, 200 g of molybdenumtrioxide and 84 g of cobalt carbonate were
suspendesh & DcS5QQL i caft d onNoaxehanged swai £y, band 1 hewr jheatgdgat a
tenperature of 95C for 5 hours, applying a suitable reflux treatnent

so that ddwpvelnd® &schokdecs@asads ilol sawed hyh digsebw RGE0L42% O
of citric acid in the suspension thereby preparing inpregnating

sol utions £1 1 LRE908LiNG solld O, ¢ had & P Q1. 9 1 hpregpatifg
solution ¢ had a peak intensity ratio of 2.8. After 1000 g of support

¢ was | yegaatfdy Wit iy | gpLeonal 4nd 3 UbLam gl
dried at a tenperature of 110%{]fo or?g&Lour ﬁ%%y%%d&ﬁ&wum
catal ys ntent . of I re W03
concent At 18h Aoy Herer aant oy nide SR B 0 ERhEaT F Y GraG98us
per cent ) | on catal.yst c _basis., Cataly cwas ... .
P s sul (T e B anBrE L RE I8 BF Bduc) e i yatLEcate
Properti es_of catal ¥st C are set faorth in Table 1 bel %w. According to
a TEM pHot B8F&sh 6t Y cRfalydtt T FaREdt A WPR UBERPP BCL, athe Wbifdde
nunber of |am na%\;gd | ayers and avera%e, I,ength of the nol ybdenum
di sul fi d&t8ye WerB £ a8 £ by Srdsheetfi®et 90 [ 9054 pESHpar at i ve
Exanpl el : Preparation of ?r e-sul furized hydrodesul furization catal yst
D] (002771 Examples of the basic aluminum salt include
sodium aluminate and potassium aluminate. Examples of
the acidic aluminum salt include aluminum sulfate,
aluminum chloride, and aluminum nitrate. Examples of
the titanium mineral acid salt include titanium
tetrachloride, titanium trichloride, titanium sulfate,

and titanium nitrate. In particular, titanium sulfate

is preferably used because it is inexpensive.

-10-



This exanple is different fromExanple 1 in that hydrate slurry d was
prepared by adding at a constant rate to (1) a basic alum num salt
aqueous solution prepared by diluting 8.82 kg of an aqueous sol ution
cont ai ni ng 22 percent by nass on an Al 203 concentration basis of
sodium alum nate with 34 kg of ion-exchanged water and addi ng
thereto, stirring 1.80 kg of a solution containing 5 percent by nass
on an Si cent r gty,0n i f godj Ll f

heat i ng oog@{]enpergidulfeeg?ﬂgglc@’( 2% gjnfjrggclzlégiec a ﬁrendn%nréugs)a '? g%fue%us
solutio a Ll Ut of 1 _aqueous_sol.utiqn, .
cont ai nige Separeanynth Bl ity BB 53 1 B AR B T0adld St

al um nu . fate w kg _of 1on:exchanged wate until, the pH was
7 oM MBEYS LA MO £3 KR o ¢ AN BY A R n Blsnit G A
prepared fromhydrate slurry d., Supporf d had an Si02_concentratign
of 3 per %ﬁ?eﬁjy% s{“a&r%?)gné’gngecgt?aﬁem%’faguﬁeer ceht UBY aves¥, 48nd
an Al 20 co%:gzetrati on of %7 rcent7 by mass, all on the support
basis. *° + PTEALTRR Yool & f KT ay? Uit E PakhFof Odndl y_pswas
carried out as with_ Exanple 1, no diffractjon peak indicating the
crystal SXREATHIUES bty afafa®Per e ¢ e i Gnedr g9 enti panica mbsed
detected, and the titania diffraction peak area/alumna diffraction
peak arsIWB®UYE solution of Ag GjkanEranpreneradatat §dt st Masand
produced from support d and inpregnating solution a. As with Exanple
1, cat al3@tddonaslpmnensunf apilZece thecel®y produci g batal gdt th. a
Properties of catalyst D are set forth in Table 1 below. According to
a TEM phtnogeaptht of ecatfatystC D, ptaé eanedr hgetBiithemot el amerfad b1y

| ayers and average | ength of the nol ybdenum disulfide |ayer were 1.2
and 4.7 #hf Cr edpactevbbyi¢ 0955 iCompasatitvea dxample 261 Brepst afben
of pre-sulfurized hydrodesul furization catal yst El Thi s

exanpl e u sudilfifyerfndmf somdEphend tigs | hat eyedrab @ ySleydy B #M8S15
prepared by adding at a constant rate to (1) a basic alum num salt

agqueous reoh dttied 5 epRbed tye dbliUL NG rord S5 K8 @f an fquEeUs SOA Y koNn
contai ning 22 percent by nmass on an Al 202 concentrati on basis of

Ther ot o SUIT NG 0% Ky OF h SOl eran Totai i o & percant 6y Wass
adding T o0 ne o P ESRU bRt &l e & bt cant Ty nafs ok Tht&ro2
o a temmer aturg o eUbD (5L i ¢ tAar i Shnarar e 82T oo ik ™
TR consontt B bast LIt BRSO R Pard Y ROESR g e % %od

il _the pH ane

i on- exchange water, .until 7.2, I p the

manner QiLsO a5 e 99 &I‘Jpp%?’fnee "\'A‘?a‘\éN?ér A28 Ao RY QPR SPtr rcyfse.
Support e ha n_ Si Q2 concentrati on, of ercent by mass, a. TiO2
concent rcalf-‘fﬁgaafs S%Qpé’rsceé‘hgowerﬁr%%?ean}gﬁeﬁllm eondErit P atitér of 47
per cent b% n%ss, all on the support basis. _ ) As the result
of X-ray 4 Ffr &S P BnRFFS &t 2atfired ut2 @ kit o EkanpRe zii eghaut
titania diffraction peak area/alum na diffraction peak area was 1/3.
As with BEnPLEIECERLAl st M WA SSr OduEdP T E6 s bRt de sdmpusly

i mpregnating solution a. As with Exanple 1, catalyst e was

pre- sul fiut iBeBUHRET eby pRedUct g cBRalg®wite. aprbmekbbes tof aacahypst E
are set forth in Table 1 below. According to a TEM phot ograph of

cat al ysttifealalver hge awabert oy | aridat edthayesseand iavesage d @agt h

of the nol ybdenum di sulfide |layer were 1.7 and 7.4 nm respectively.
area after calcination.

[0029] (second step)

The hydrate slurry produced in the first step
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[ 0056] [ Exanpl e 4: Preparation of pre-sulfurized hydrodesul furization
catal yst F] This exanple is different fromExanple 1 in
that hydrate slurry f was prepared by adding at a constant rate to
(1) a basic alum num salt aqueous solution prepared by diluting 7.79
kg of an aqueous sol ution containing 22 percent by nmass on an Al 203
concentration basis of sodiumalumnate with 40 kg of ion-exchanged
wat er ands agddiety i hen@ids s Shirty | /844 120 KOwals i SOk Ut it s9Rt alming 5
percent by mass on an Si 02 concentration basis of sodiumsilicate,
fol | oned, pypheath8gqt @ .4 L §MPaIAtdh 6 B LAG (R 2 rﬂ%&?a@:@e@i"ﬁrry
sol ution prepared by m xing an acidic alum num’salt -agueous sol uti‘on
pr epare fal 4t g +of aq u ut I on t ai_ni

GO Al h 9% Py BE KO Of e 2R adugu 3L on AU AN D [y

per cent Y mass on an 3 concentration basis of alum num su

wth 12 f,J.on-exchanged n titaniymmneral acid salt
aqueous }gg?gﬁtoen%m%%ggeg%b;w%tﬁ% vﬁﬁ%tf%f%g %9e§31?epc?e%et8%§r%ss
on a TiQ_concentration basis of titaniu | fate i 0 k f

on- exchgen et ot ARE F e Bh hat trgeble Fiieaded nib gt b
Support 3 R4 VS B2 SRR ofUGH 7 el - B crdsena TR
Suppor t i io e - cea Ti
concentration of 20 percent by mass, and_an Al 203 concentration of 73
percent Bt HES@b L PEAdURE shppRFE rhcigd into a desiredsshRpe &3 t
of X-ray d%ffractioqﬁgg&lysggypaafigd gut as wgth Eégﬂgbe 1,Mgge
titani a FFEFPECLTBR R €t P Un? b FiIRACEILHT D rea °f/,8.
Next, 232 gﬁo;ﬁggg¥bg%nunlt£%§§ide agd 97 g of cobalt carbonate were
suspendei¢h € itoh- dhgeddwatercinad tens heatgdk e tare
tenperature of 95C for 5 hours, applying a suitable reflux treatnent
so that ahet 06l tiee 80D WOt deerfeamsed ]y dld dwed 69 0diGsd vi Big5ot 014D g
of citric acid in the suspension thereby preparing inpregnating

sol uti orhdurknpregadeingo gl &t iton £ hadiaspede t abensi #ydnatiirng o

2. 9. | pregnating solution f had a pH of 1.7. After
1000 g ofistipportit ands +apuegnes ed udddr Eopregnating sol ution f by
spray, it was dried at a tenperature of 110C for one hour thereby
produci ngo gatgl yst frtnhedmettedpgonponent contents of Catalyst f were
Mb03 concentration of 18 percent by mass and Coo concentration of 4.5

percent by mass, allrran theCad shysts 1 basis 1 Gl alaysti faWas
pre-sul furized as with Exanple 1 thereby producing catal yst F.

PropertigspphGat 8k yst Fag@r Set r&@&%@%ﬁg&%ﬁ% ?Y‘%ng%ce atée%@%gt 0

a TEM phot ograph of catalyst F, the average nu

et SO0 YIS LN et b TRLENUT S UL 05 gy et 1.3

[”e‘smfé%ﬁﬁ%%éﬁ@r%%%%%{gﬁi¥¥$8n¢fﬁaé¥%té%II groups of the
periodic table (provided that the metal component
indispensably contains molybdenum)} and a chelating
agent.

Raw materials of the metal component are
preferably molybdenum tTrioxide molybdenum, ammonium
molybdate, ammonium metatungstate, ammonium
paratungstate, tungsten trioxide, nickel nitrate,

nickel carbonate, cobalt nitrate and cobalt carbonate.
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This exanple is different fromExanple 1 in that hydrate slurry g was
prepared by adding at a constant rate to (1) a basic alum num salt
aqueous solution prepared by diluting 7.68 kg of an aqueous sol ution
cont ai ni ng 22 percent by nass on an Al 203 concentration basis of
sodium alum nate with 38 kg of ion-exchanged water and addi ng
thereto, stirring 6.00 kg of a solution containing 5 percent by nass
on an Si 2 concentration basis of sodiumsilicate, followed by
heating t®0dHlenper &thfr eCof 160G 1 2) a& aft ket aatjuedus fsof ue kemmprepar ed
by m xing an acidic alum num salt aqueous solution prepared by

diluti ne8t@ikg @fidn rlitoust Sofiut iterr tonta Meyd? percent by nass
on an Al 203 concentration basis of alumnumsulfate with 14.4 kg of

i on- excheinpggd ewedt @k 2avich &t ¢ktrard cet icner@l dadiBEDBAbt, aqueous sol uti on
prepared by dissolving 1.36 kg of 33 percent by mass on a Ti Q2
concent réd ¢ oh ydash stafi dmias-pasubbate i 60 464 kgpafp A jon- exchanged
water, until the pH was 7. 2. In the sane manner as
Exanpl e do 1 9¢rppoyt egevas: peepar goieEn omhy deater $& UhkY he SYRRAE L J
had an Si 02 concentration of 10 percent by mass, a Ti Oz concentration
of 15 perggal by 1RSSarand @na A, 202 congeptial i oha 713 P LAt 2K
mass, all on the support basis. As the result of X-ray
di ffractdparanalysisuGadgied out as with Exanple 1, the titania

di ffraction peak area/alum na diffraction peak area was 1/8.

As with Exanple 1, ﬁ%%ﬁl%ﬁﬁﬁ%}%g‘%ﬁﬁ% E%%%Hﬂgﬁringaﬁ%ount

i npregnating sol ution catal yst g was

pre-sul f ugi o i I perties_of catalyst G
e set Tortrere nrt BopEy ol e B R S o n L SR Bke: B P LY
cat al yst t he ;aver age nunber_of | am nat ed | rs_and average | ength
of the n%%y‘ﬁae%&mpcﬁ%%faﬁ de’y dY8r® Eenc%% I&ﬁg)g&?cieﬂ}ﬂ“ roé(s]pc(il tivery.
[ 0058] [ Conpar.ati v ample 3: Preparation qf re-sul furized

hydr odeswngﬁﬂ%zftfo%‘éggiﬂ%ﬁtw 3gent of m st]éﬁﬁ‘nﬂlfé ggreent
differeg% from Exanglqe 1 in_that hydrate slurry h was prepared b)r/.1
addi ng &Y ARBAsPant MRl LR e P U BEsPO taPHR heRPSA] PaftRBIE the
solution prepared by diluting 7.60 kg of an aqueous sol ution

cont ai ni HEPFZ 4R EeRY YO HEEsS Th GRNAXDBIBSNCen® r BEitehl basi s of
sodium alum nate with 49 kg of ion-exchanged water, followed by

heat i ng $@M& Mehpelgluries oinebeasHd al i Y amions ht Hepald &diws sahkes
aqueous sol ution prepared by dissolving 4.09 kg of 33 percent by nass
on a Ti GRtcodhédntawt tohobasiry vfoettaheuhmeutane tiim@ 3 kgpotn the

i on- exchanged water, until the pH was 7. 2. In the sane
manner gsréxafd e lAnsapporit hovaseprepdraa 3 bopelydimat ebglmersy Hs
Support h had an Si 02 concentration of 0 percent by mass, a TiQ2
concent rmptoalefo 4& tecanil Hybaass s ancth ani Ab2@2candent rsadlebiehn 55
percent by mass, all on the support basis. As the result
of X-rayidifitracti onaaral yish ss €abriiledt pui nds A dth Examplee dat 4h9st
titania diffraction peak area/alum na diffraction peak area was 1/ 3.
As Wi th FxarR)mdnceatd ¥ak R ovagepreduged from support h and

i npregnating solution a. As with Exanple 1, catal yst h was

pre-sul fuppzed therey addition to the chelating agent, the
impregnating solution preferably contains a phosphoric
compound. The chelating agent and phosphoric compound
may be contacted with the support with a conventional

manner {(impregnation, immersion).

The phosphoric compound is preferably
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produci ng catal yst H Properties of catalyst H are set forth in Table
2 bel ow. As the result of a TEM phot ograph anal ysi s of
catalyst G (not shown), the average nunber of |am nated | ayers and
average |l ength of the nol ybdenum disul fide | ayer were 2.3 and 7.2 nm
respectively. [0059][ Conparative Exanple 4. Preparation of
pre-sul furized hydrodesul furization catalyst 1] Thi s
exanpl e [ I fr0 I (! e u i S
a%ﬂgféslésahofl@ Bxanp ?hére@t%&%&gd{@gg oy il

pr epar ed ng at a constant rate i C alum salt

aqueous i prepared, i i.ng, 5. 37 kg of _an agqueous sol ution
cont ai niﬁésk%%%}rlc{é%t a%sg ngégdsc#ﬁéﬁl% ﬁglgoﬁc’en?fng‘ﬂnonu%asi s of
sodiumalumnate with 41 of ion-exchanged water .and, addi n
trmretQéﬁﬂ%ﬁ%?ﬁeﬁgq&f%ggg%ﬂﬂ%TWSN%%mtgi §%hgtay%§h@s mass on
an Si 02 concentration basis of sodiumsiljcate, foll owed by heating
to a terpelBAHEPOPSEICT2F & T Xed PARRBAS SHIIUF L6n 3F BPar & By

m xi ng an acidi ¢ al um num salt aqueous sol ution prepared by diluting
0.28 kg of 1B LURBBEPRITLfi GF £®nt BN PgPT efctEeht Yoy nass on an

Al 203 concentration basis of alumnumsulfate with 0.51 kg of

i on- excHaPGBPRR®ePh&THL @ fictighi um mineral acid salt aqueous sol ution
prepared by dissolving 2.73 kg of 33 percent by mass on a TiQ2
concentration basi s Tdfe pheamhersgl fcatnep ¢ants kg ofniten-rexdhanged
water, until the pH was 7. 2. In the same manner as
Exanpl e dmosupporf prwaseprbdar ed oo hydeatestubny masSyppos tei

had an Si 02 concentration of 30 percent by mass, a Ti 02 concentration
of 30 percefietnbhmss, mndl anpAl2O8nctomcentaati @m ofn40xEel€ent shys
mass, all on the support basis. As the result of X-ray
di ffractodreleealybiybdearum etk Dk .as mphb fpwesphie dondruhitédhdent
diffraction peak area/alumna diffraction peak area was 1/8.

As with &xampke thaaatd ¥sdrenas bRl adueed £ rame SHORYHddndfdox i de

i npregnating solution a. As with Exanple 1, catalyst i was
pre-sul fugized 15B@E%Qﬁ’al@igdﬁéb%gl§@tﬂé!sﬁeéul@riqp rﬁfsss%flmﬁpéﬁ !

are set forth in Table 2 bel ow. According to a TEM phot ograph o

catal ysthdq e 8Y85G0; PHRRES ofad a0 aat @eullgygres aahd AvgLags %{Hﬁ h
3.0 an .2 nm ..

of the nol ybdenum di sul fide |ayer were respectively

catalyst o e LornaReeiy Aoflo dEfeRle Hort Rt Y TR s 2

catal ys . Thi s exa (

(1 LRSS MAYchotin PUERRE] D U0 P9 S0 A ERRSAY FRLE

kg Oféﬂkﬁgug%ﬁEegnating soclution would be poor in stability.
[0033] No particular limitation is imposed on the
methoed for including the above-described metal
component, chelating agent or further phosphoric
compound into the support. Any conventional method
such as impregnation (equilibrium adsorption, pore
filling, incipient wetness impregnation methods) or
ion-exchange may be used. Impregnation referred

herein is a method wherein the support is impregnated

with an impregnating solution containing active metals
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sol ution containing 22 percent by nmass on an Al 203 concentration
basis of sodiumalumnate with 42 kg of ion-exchanged water and
adding thereto, stirring 1.20 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 xi ng an acidic alum num salt aqueous sol ution prepared
by dilutin .90 kg_aof an ueQus spl ution containing 7 percent by
nmass on gN%i’(?:n cgﬁ& Ta?f%n%g‘fsijsmBFeaqrb naH sTEu?lg'QtDéiowlf‘ﬁtfll kg
of ion-exchanged water and a titaniummmneral acid salt aqueaqus

sol uti oF PrRPATU By 2diS sBE it 2027 KP dFe83 JertBht I3 Fusdh- a
Ti Q2 concentration_basis of titaniumsulfate in 13 kg of

i on- exchHhgRd Rt 2t COMPPRERE HHRRAs 1p@ded separatelypn the same
manner as Exanple 1, support j was prepared fromhydrate slurry j.
Support §e$uad tam s g2 ¥ et M bd & 2ipenddiichbgnasisn a Ti Q2
concentration of 25 percent by nmass, and an Al 203 concentration of 73
per cent dswadsirakktamn RecsUppdrt diasienitrogenation Asttiheitgsul t
of X-ray diffraction analysis carried out as with Exanple 1, the
titani a d®BHdcti onIpeakhar Eaad nmsme «i ffimacttiloa pegkr agea tvwasg 1/ 8.

| npregnating solution j was prepared in the sane nanner except that
citric axHuwdsrchaaged tpeakl iintaehdiand hadtaepH ofigd. .7 Theopeak
intensity ratio of inpregnating solution j was 3.2. As
wi th Exangpb ech;* cat gl ysings was nps peusedthieOMSpPPht en iy in the

i npregnating solution j. As with Exanple 1, catalyst |j was

pre-sul fagh ged otther ®by: pr 9ducicng ‘catdl yst ndr R PPERLI 8% 0f o Cakal st J
are set forth in Table 3 below. According to a TEM phot ograph of

cat al ystpda kt he VL5 24S, nmbeheofra{@alenetfecbégygezm ayer age Langth

of the nol ybdenum di sul'fide |ayer were 1.3 an .4 nm respectively.

[00ct] | ey encerf copray oty o g vl ediy fopesyligey i on

cat al yst
Ne y 2 1 I J ] 8
suégendgadé%géS%E%%dg?l%%-g%x h%ﬁagtggg t'e?iﬁn;n L%%%rﬁggtgg%eeca&g%'

t enper at f_95C .for, r appl yi.n ui e refl,ux treatnment
o That THe Berimd & AB: CASeraHE0n, SFor foutd By Ui ol ving o L3¢

of phosphoric _acid_and 147 g citric,acid in the suspensigon thereby
ot ehar T Plipi-tiha? FRG H0F 51 oan 10 - thASEli 1 Ance + npPeghaes oivhi e
sol ution k had pH of . 1.1, Inpregnating solution k had a peak,

nt ensi (5P F b P8 fof - 1 BAFDEr PROHRS g° 6f TSUpfer 040 Vs | ript Gkt 88
with inpregnating solution k by spray, it was dried af a tenperature
of 110C ¥6P™oné AR eREFe FrOHVEASE Wat alyst- k MaPe netlpen the
conponent contents of catalyst Ic were Mb02 concentration of 18

per cent B2 kassteer E¥nsaftiraifok i Rpmaperpemt hynrhssl e aadt paos5

concentration of 1.0 percent by mass, all on the catal yst k basis.
2.5 times, the ratioco of the molybdenum monomer 1is

increased. In this case, the molybdenum monomer has
.a& strong interaction with the support, and thus the
resulting pre-sulfurized hydrodesulfurization
catalyst is decreased in the degree of sulfurization
of molybdenum and fails to exhibit high desulfurization
activity.

[0035] The impregnating solution is adjusted to 5
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Catal yst k was pre-sulfurized as with Exanple 1 thereby producing
catal yst K. Properties of catalyst K are set forth in Table 3 bel ow.
According to a TEM phot ograph of catal yst K the average nunber of
| am nat ed | ayers and average | ength of the nol ybdenum di sul fide |ayer
were 1.3 and 4.3 nm respectively. [0062] [ Exanple 8 : Preparation of
pre-sul furized hydrodesul furization catalyst L] (1)
Support j_of Exa e 6 s_used. (2 xt, .235 of | ybdenu
trioxi dé%n%efﬁr%é o?"lﬁ}ygk@:l%arsocgnétgg%%r%l&?é%e‘ﬁ‘aeg?’i% B85 of
i on- exchanged water, and then heated at a tenperature of 95C for 5
hour s, DPRAG L 587 rabMd § 8P tREt At QoOthdtehe Wd¥ME L s not
decreased,_ followed by dissolving of 21 g of phosphoric acid and 147
g of ci @ItYREENYR iRe SiRpeASIOHIRREEHy BPApHr1AY Gt eBBati ng
solution 1. The resulting inpregnation solution | had a pH of 1.1.
| npr egndti fgesdad i dpdimadE &£ peakeipm dist epsddty ocatig. 2.5 times
After 1000 g of support j was inpregnated with inpregnating sol ution
1 by spraymédrewalhém édeato ea kenpeeataseyof ati@Cifcod eone thiman 2.5
t her eby producing catalyst 1. The nmetal conponent contents of
cat al ystt imaer, et MeOb aconz e rtdte oo bfb 88 rpen cemtohy massinN®2ased.
concentration of 4.5 percent by mass, and P205 concentration of 1.0
per cent daynawssheallo bybtileeytat ahysbrk bash8eracts stronglatal yst |
was pre-sulfurized as with Exanple 1 thereby producing catal yst L.
Propertigse ok ugad @by st ilt apeceiefontvdn Fable:grbel @¢ According to
a TEM phot ograph of catalyst L, the average nunber of |am nated
| ayers angi averiage: b ergtin h thee MabyRasnam.di MIP@%&@Y@@O\@’?re_ 1.3
and 3.7 nm respectively. [0063][ Conparative Exanple 5: Préparation
of pre-sihfucizaed; Dydrdesyl b izabi ey £abakkiii Mirizacion (1)
Support 'g of Exanple 5 was used. (2) xt, 492 ¢ o% m‘)—:\ybdenum
trioxi de, apd Jy%gcQY‘,)f aq,gp feC pgﬂgt‘ﬁg@}ggz%@pended in 500 mM of

na t

i on-exchanged water, a en heated at a tenperature of 95C for 5
hour . JBPLYERG 2, sbLiatl o, ol wr. LLgEnL 0 el 1he yE P 1o o
oy condtTBR S0 U B Rk 4 B B RO Fprdghe rng solutfon m had
a peak i[négg%i}ty ratﬂiaock?fpe?’ei]?'intensity is calculated by fitting
a graph obtained through Raman spectroscopic analysis
(Raman spectrum), with a least square method, followed
by baseline correction, and finding the height from the
maximum peak value to the baseline (see Fig. 4).
Generally, molybdenum in an agueous solution
exists in the form of Mo0O® in the region where the pH
is from 7 to 9, and the peaks assignable to the Td
symmetrical ion of Mo0? can be found at 898 cm ™, 842
cm ' and 320 cm™ in the Raman spectrum. In the region

where the pH is from 1 to 5, the changes of the monomer

ion, i.e., Mo0?" to MO70246— and HnMO']Oz4€6-n}_, the
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After 1000 g of support g was inpregnated with inpregnating sol ution
m by spray, it was dried at a tenperature of 110C for one hour

t hereby producing catalyst m The netal conponent content of catal yst
m wer e Mb03 concentration of 31 percent by mass and Co concentration
of 6 percent by nmass, all on the catalyst in basis.

Catal yst mwas pre-sulfurized as with Exanple 1 thereby producing

cat al yst Rr tLes,af ~caial re set forth in Tahble 3 bel ow.
Accor di nfg&/%f)naatoil)'ﬁll %ﬁo%@ﬁ%bh (ﬁyé%aﬁgygfnel\ﬁg?ﬁgea\%{%oes mhef 2§,

| am nat y d ayerage |length of the .nolybdenum disul fide |ayer
were 2. ggea%g ?@J%?n r}gglpeeg%?%gﬂz?f.u“f 8%%2?[ écﬁ*rp%?ﬁ?it\ﬁreg BxampId 63.m§1y
Preparatjon_aqf pre-sulfurized hydrodesul furjzation catal yst

(1) SuppbTt G BI=EkEmii% HiRas WD (D NeXb T 2850 BF Hamsi uand
nnlybdat§ nd 17 g of pitrigﬁfcid were suspended in 500 nml of

i on- exch %geﬁf”\/\at eP SSHRPEReT Hedt BRSainodl YRABEHY W? £16PTRSC- f oF hene
hour, applying a suitable reflux treatment so that the volune is not
decr easetPeFHIWheB2BY dFa¥sNE Ry BRAEM XL of Ncots Pecdr kohalle Prsthe
suspensi on thereby preparing inpregnat[qg solution_n. The resulting

i mpregnat¥ ok oSGt foAtn HhE apH % 8. /| ipF@grat i ngnsbl U4 #ormmithad
a peak intensity ratio of 2.2. After 1000 g of support g
was i npre@hadt’dd wit Hfigapregnatieng) sol ution n by spray, it was dried
at a tenperature of 110C for one hour thereby producing catal yst n.
The metal conponent Tdent enbp cof & cauglpyst t hnwerieh &I toncent rat i on of
24 percent by mass and Co concentration of 0.5 percent by nass, al

on the catmpystent basi,s.produced by ot abysit dcwaw ipite- sHkf uri zed
as with Exanple 1 thereby producing catalyst N Properties of

cat al ystimpaeerset i har o 1wt Tabl €13 diek own AL dEpYitk0 B iTEM at a
phot ograph of catalyst N, the average nunber of |am nated | ayers and

aver age { @ngelt 20fu t Beorolndwegugrdi suld i dep hayer - 481§ 2.%,@nfh 8- 6 nM
respectively. [0065][ Conparative Exanple 7: Preparation of

pre-sul fug d zeds Byds odesyl § widZaki op-eatal 0
Support g of Exanple 5 was used. ?%: Nexte}hg%gligt%f2 kr}t%)luyrbE(‘:I(l,:r?uémjé%by

SRS ERG L PRI R 00 T
Calcination or drying at a temperature of
higher than 200°C is not preferable because the
chelating agent thermally cracks and thus the supported
metal component (s} condense.
[0038] Next, the hydrodesulfurization catalyst Y
produced in the fourth step is pre-sulfurized in a
reactor thereby producing the pre-sulfurized
hydrodesulfurization catalyst of the present invention
(fifth step).
That is, in the fifth step, the
pre-sulfurization is carried out by contacting (1) the

hydrodesulfurization catalyst Y with a mix o0il of a
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hours, applying a suitable reflux treatnment so that the volune is not
decreased, followed by dissolving of 152 g of phosphoric acid in the
suspensi on thereby preparing inpregnating solution o. The resulting

i npregnation solution o had a pH of 0.9. Inpregnating solution o had
a peak intensity ratio of 3.8. After 1000 g of support g
was i npregnated with i npregnating solution o by spray, it was dried
at a tenperature ofd;10C.i r..one_hour thereby produci ng catal yst o.
The met eég el “doht & g@?ﬁ %gpéﬂk?lﬂgmﬁesﬂﬁé?QXﬁﬁ@ﬁﬂ%ﬁgon(ﬁ
25 percegt %y nasg, Co congentration of 5 percent by nmass, and P205
concent r st FOIF0F S8 F&r &Rt EW@%@%aéqo%noﬂ&achPaF BrBESILE

Catal yst, o0 was pre-sulfurized as with Exanple 1 thereby producing

cat al yst* BV eBrioperd i @890} Scut BRFIN D agren et £ 5re hamp Trabldi me balvew,
According to the TEM photograph of catalyst 0, the average nunber of
| ami nat etl2 FAyiets, ahtmaierahed | sndithi @€ , t Ba drsladenudhidivsuf L e lcayer
were 3.3 and 3.0 nm respectively. [0066][ Conparative Exanple 8:
Prepar at { &h bhepherdud esivdetiunydragdiesol tardzhysonYcatallysty®Progen
(1) Support c of Exanple 3 was used. (2) Next, 88 g of cobalt

car bonat®u Weriagl suspendet ermp $08 truir ofo £ 0h 0 éx thargell® gat ere Badabhen
heated at a tenperature of 95C for 5 hours, applying a suitable
reflux t2éatnent340°thaintibe wotdieasy npredecieased: £ ohlewesydy

di ssolving of 132 g of citric acid in the suspension thereby

prepari ngtinBRegeati 69 15PH tbign pa dheanesulld Ngr ENPKeENati PPeater
solution p had a pH of 1.8. After 1000 g of support c

was i npregaat ef- i hia Ayppearali P S EBY BAYASBRAYy 4t was dried
at a tenperature of 110C for one hour thereby producing catalyst p.

The met 3 - gamRANEAL 1600 CAY a0 #aLAIMS! - B YA £, £08 GODEFRLT AL on of 5

percent by mass, on the catalyst p basis. Catal yst p wa

pre-sul furized as wixn a : pr. ' I P
Properties of catal ﬁs{bgéagghgfe%r?%ﬁtﬁ}?%ﬁ 'Fgegrﬁéég%ﬁ:g%%v. >S?00]6(3/‘]”31‘"

[ Exanpl = ~Pr bat i, pre- rized, hydr sul.furization

cat al ys'?t%an FPgeE ngﬁi ?e%;é(]gr%flléé}lﬂg aie%l%aegggt %fk}eonﬁjﬁggﬁp? eof in
that (1)_i 0 .vol ume .t.ank_equi pped with team jacket, a mx
aqueous %%Pgt%ﬁ%lnga}gs} “or é’grterble b@“ﬁﬂoﬁﬁ %g H?.e§§%k€)5 gflﬁnEBHUQEL‘?s the
sol ution_cont.ai ni ng 74peicent b mass_ on, an Al 203 concentration basis
of al umi PBRTSU 1aPe SRt H 3% kg OF Pork-2xBRa Wafér ,1dding thereto
atitaniymm.neral acid salt agueous sol ution prepared by dissolving
182 kg SF 533 6T EEAC MR nASE DRLAVF (B doRearit st WoR ARt 8Mof
titaniumsulfate in 10 kg,of i on-exchanged water, to which 1.80 kg of
a sol ut i eA™MPEHR B kieng TR petehtt B b8 8 *Eniannsitoa lesnear Farpbd e
basis of sodiumsilicate were then added, stirring, followed by

heat i ng @ c& wsshpdratruieber efClav¢y 2)f & hsasiccl wbdrinnumdsias ¢ 1 Adqueous
solution was prepared by diluting 8.16 kg of an aqueous sol ution

cont ai ni AYYSX pler emingt adssl anean WA RDE bencehyndtfiioma badiys of
sodium alum nate with 28 kg of ion-exchanged water and heated to a

t enper atimeregfa $8¢, agrtl thius basscldwni namisat t aaqueousysolaiiian was
added at a constant rate (addition time: 10 mnutes) into the tank
cont ai ni dggtretei n The nrich eaquieousi s al with pOuYRing nec & A deE 2 panp i i |
the pH was 7.2 thereby preparing hydrate slurry q containing silica,
titani a,thadcakwly@t ¥ after the temperature exceeds 120°C, the

effect of the chelating agent is reduced, likely
resulting in the degraded desulfurization activity.
[0039] After completion of the pre-sulfurization,

the pre-sulfurized hydrodesulfurization catalyst is

~ =



In the same manner as Exanple 1, support g was prepared from hydrate
slurry g. Support g had an Si 02 concentration of 3 percent by nmass, a
Ti Q2 concentration of 20 percent by mass, and an Al 203 concentration
of 77 percent by mass, all on the support basis. As the
result of X-ray diffraction analysis carried out as with Exanple 1
(not shown), the titania diffraction peak area/alumna diffraction
peak area was 1/7. As with Exanple 1, catalyst g was

pr oduced P PaR%s ubPorte At ah@Mnmr @flatE M doloutd sariredAsumbelr E£xanpl e
1, catalyst Q was produced fromcatalyst gq. Properties of catalyst Q
are set BHECIPIen Tabie Sphelr@v. According to a TEM phot ogr aph of
catalyst Q the average nunber of |am nated | ayers and average | ength
of the nol ybdenum diBsul fhde dlayee—versctiBeahdoded s fuespeciively

[ 0068] [ Test 1] Crude oil having the foll ow ng properties
was hydrrod i gatdesh wint i sa hydmedesihtor inzal ypaiambh sarfBEL deed by
ZYTEL Co. using Catalysts Ato Q The boiling point range of the
crude oidryas aeasan addinprsoadanceawidhs the arthad fasetri bgd £RIl S
K2254 " Petrol eum products-Determ nati on of distillation

char act efd §ymHuﬁh@i®ﬁl§E&ﬁ@tci?§t% MBS eflakn AccLdancg Wi th
JIS K 2249 "Crude petrol eum and petrol eum product s-Det erm nation of
densi ty BadqgRef rof eughBRaSYLIENt 5t ahl e Paped, 0f - ashef &I €PCe, he
tenperature (15C)". The sul fur content was neasured i n accordance

w th Jl 4154 Ll L&n t E%wg r - Determ natj on of

sul fur éﬁ?é%tﬁl%gq%ﬁoagndcc%ﬁt (Ea:?iL msEng%;&ﬁérng?lr?ea%?&orgyaenlgaégﬁth
JIS K 2 v ol roduct s- Det er mi nat i qn _of

i trogen CBnrentE ah EhS PR EN. PR R B 8RR Her 1A edot oducdd
oi | has e‘%Irfur content of 7 ppm by mass (hereinafter referred to
as "reaction tenperature") is determ ned to conpare the

desul fur] i-an performnce anong the catalysts. drotreatin

react i ont @\gé O3arri e%qb%taﬁﬁﬁﬁg? h%ufnglquvﬁ? g @@ﬁo‘?l_%/i%ﬁg. l‘ﬁi’égggselfts
are set forth in Tq?bl es 1to § JProperties of Crude O] Feedstock:
strai ght®PEngay B ¢ PBoidl figt fdidh TEngEads 1Bge Foa 3508 el 1 sat
15C. 0.8493 g/cnB Sulfur content: 1.32 percent by mass Nitrogen

cont ent ;9965 FPM BY Passt I Red@t bAWEHSHi REERA DS

After completion of pre-sulfurization, the
pre-sulfurized hydrodesulfurization catalyst is
cocled to room temperature and then preserved under a
nitrogen atmosphere. Part of the pre-sulfurized
hydrodesulfurization catalyst is pulverized to for
example 20 mesh or smaller, and a photograph of the
resulting powder is taken with a transmission electron
microscope (TEM) (see Fig. 1).

The average number of laminated layers of the
molybdenum disulfide crystal layer in the
pre-sulfurized hydrodesulfurization catalyst is

determined by measuring the number laminated layer N
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of for example 20, preferably 50, more preferably 100
or more of the molybdenum disulfide layers from the TEM
photograph (see Fig. 2) and averaging out the number.
Similarly to the average number of laminated
layers, the length of the molybdenum disulfide layer
is determined by measuring the lengths of the
molybdenum disulfide layers from the TEM photograph and
averaging out the lengths.
[0041] The method for hydrorefining hydrocarbon
cils of the present invention is carried out by
hydrotreating hydrocarbon oils under a hydrogen
atmosphere using the above-described pre-sulfurized
hydrodesulfurization catalyst. ©No particular
limitation is imposed on the hydrotreating. However,
it is usually carried out in a circulation type fixed
bed reactor inte which the catalyst is filled at
elevated temperature and pressure undexr a hydrogen
atmosphere.
[0042] Examples of the hydrocarbon 0il used in the
present invention include straight-run gas oil or
straight-run kexosene produced through an atmospheric
distillation unit for crude o0il; vacuum gas oil
produced by distilling straight heavy o0il or residue
obtained from an atmospheric distillation unit, in a

vacuum distillation unit; light cycle kerosene or gas

A
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0il produced by fluid catalytic-cracking vacuum heavy
gas oil or desulfurized heavy o0il; hydrocracked
kerosene or gas ©oll produced by hydrocracking vacuum
heavy gas oil or desulfurized heavy oil; and
thermal-cracked kerosene or gas oil obtained through
a thermal cracking unit such as a coker, all of which
are fractions containing 80 percent by volume or more
of a fraction whose boiling point is from 180 to 360°C.
No particular limitation is imposed on oils to be
treated in an atmospheric distillation unit. Examples
of such oils include petroleum crude oil, synthetic
crude o©il derived from o0il sand, ligquefied coal oil,
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".

[0043] No particular limitation is imposed on the
reaction pressure (hydrogen partial pressure), which
is, however, preferably from 1 to 12 MPa. At a reaction
pressure of lower than 1 MPa, desulfurization and
denitrogenation activities tend to significantly
decrease. The reaction pressure is thus preferably 1

MPa or higher, more preferably 3 MPa or higher. A
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reaction pressure of higher than 12.0 MPa is not
preferable in terms of economic efficiency because
desulfurization activity does not change and hydrogen
consumption increases, resulting in a higher running
cost. The reaction pressure is thus preferably 12 MPa
or lower, more preferably 10 MPa or lower, more
preferably 70 MPa or lower.

No particular limitation is imposed on the
ligquid-space velocity, which is, however, preferably
from 0.1 to 4.0 h™', more preferably from 0.5 to 2.0
h™*. A liquid-space velocity of less than 0.1 h™! is
not practical because the productivity is reduced due
to the reduced amount of throughput. A liquid-space
velocity of greater than 4.0 h™ is not preferable
because the decomposition of the catalyst accelerates.

No particular limitation is imposed on the
hydrogen/oil ratio, which is, however, is preferably
from 80 to 500 NL/L, more preferably from 150 to 350
NL/L. A hydrogen/oil ratio of less than 80 NL/L is not
preferable because the desulfurization activity tends
to significantly decrease. A hydrogen/oil ratio of
greater than 500 NL/L is not also preferable because
it cannot change the desulfurization activity and only
increases the running cost.

No particular limitation is imposed on the
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reaction temperature, which is, however, preferably
from 250 to 400°C, more preferably from 300 to 380°C.
A reaction temperature of lower than 250°C is not
practical because desulfurization and denitrogenation
activities tend to significantly deteriorate. A
reaction temperature of higher than 400°C is not
preferable because the catalyst is drastically
decomposed and the catalyst life is shortened.
{00447 The o0il produced by hydrotreating of a
hydrocarbon o0il 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 sulfur and nitrogen contents of the
produced oil by hydrotreating a hydrocarbon oil using
the 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 K2609
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"Determination of nitrogen content".

Examples
[0045] The present invention will be described in
more details with reference to the following examples
but is not limited thereto.
[Example 1: Preparation of pre-sulfurized
hydrodesulfurization catalyst A]
(first step)

Into a 100 L volume tank eguipped 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 Al,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$i0O, concentration
basis were then added, stirring. The resultingmixture
was heated at & temperature of 60°C thereby preparing
a basic aluminum salt aqueous solution. An acidic
aluminumsaltaqueoussolutionwasprepar@ibydiluting
7.38 kg of an aqueous solution containing aluminum
sulfate in an amount of 7 percent by mass on an Al,04
concentration basis with 13 kg of ion-exchange water
while a titaniummineral acid salt aqueous solution was
prepared by dissolving 1.82 kg of 33 percent by mass

on a TiO; concentration basis of titanium sulfate in
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10 kg of ion-exchange water. These agueous solutions
were mixed and heated to a temperature of 60°C thereby
preparing a mixed aqueous soclution. This mixed agueous
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.

[0047] (second step)

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 agueous solution.
After washing, the resulting 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;
concentrationbasis 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 condenser
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
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extruder and dried at a temperature of 110°C. The dried
extruded products were calcined at a temperature of
550°C in an electric furnace for 3 hours thereby
producing silica-alumina-titania support a
(hereinaftexr, simply referred toc as "support a", as the
case may be). Support a contained silica in an amount
of 3 percent by mass on an 810, concentration basis
(hereinafter also referred to as "Si0Q,; concentration
of 3 percent by mass”, as the case may be), 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;03 concentration basis, all on the support
basis.

[0048] Support a was subjected to X-ray diffraction
analysis with an X-ray diffraction apparatus “RINT
21007 manufactured by Rigaku Corporation (as the case
may be). The results are set forth in Fig. 3. Least
square fitting was applied to the resulting graph,
followed by baseline correction so as to find the full
width at half maximum of the peak assigned 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 maximum peak was
defined as an anatase titania diffraction peak area.

The same procedures were carried out to find the full
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width at half maximum of the peak assigned 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 a 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
assigned to the y-alumina (400) planes indicated at
26=45.9° was also found, and the product of the full
width at half maximum and the pezk intensity from the
baseline was defined as an alumina diffraction peak
area. For support a, the diffraction peak area
indicating the crystal structures of the anatase
titania and rutile titania was 1/8 of the diffraction
peak area of the crystal structure assigned to aluminum
(titania diffraction peak area/alumina diffraption
peak area=1/8, as the case may be).
[004 9% (third step)

Next, 248 g of molybdenum trioxide and 98 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 a suitable reflux
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treatment so that the volume is not decreased, followed
by dissolving of 147 g of citric acid in the suspension
thereby preparing impregnating solution a.
Impregnating solution a had a pH of 1.7.
Impregnating solution a was subjected to the
Raman spectroscopic analysis with a microscopic laser
Raman spectrophotometer "LabRAM ARAMIS"™ manufactured
by HORIBA, Ltd., (as the case may be). The results are
shown in Fig. 4. The resulting graph was subjected to
fitting with the least~square method and then baseline
correction thereby defining heights from the maximum

Y and 900 cm™! to the baseline

peak values around 945 cm”
as peak intensities. Impregnating solution a had a
peak intensity around 945 cm™ 3.1 times of the peak
intensity around 900 cm™ (that is, the peak intensity
ratio was 3.1).

[0050] (fourth step)

After 1000 g of support a was impregnated
with impregnating solution a by spray, it was dried at
a temperature of 110°C thereby producing a
hydrodesulfurization catalyst a (hereinafter, simply
referred to as "catalyst a", as the case may be). The
metal component contents of catalyst a were 19 percent

by mass of molybdenum in the form of MoOsz (hereinafter

also referred to as "MoOiz concentration of 19 percent
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by mass", as the case may be) and 4.5 percent by mass
of cobalt inthe formof Co0, all on the catalyst a basis.
[0051] (£ifth step)

After 200 ml of the resulting catalyst a was
filled into a circulation type fixed bed reactor, it
was pre-sulfurized. The pre-sulfurization was
carried out by feeding a mix oil of a straight-run gas
0il and dimethyl disulfide, whose sulfur content was
adjusted to 2.0 percent by weight at room temperature
and maintaining the mix 0il under conditions of a
pressure of 5.0 MPa, a liquid-space velocity of 2.0h™?,
a hydrogen/oil ratioc of 200NL/L, and a temperature of
250°C for 8 hours and further at a temperature of 320°C
for 5 hours thereby producing pre-sulfurized
hydrodesulfurization catalyst A (hereinafter, simply
referred to as "catalyst A", as the case may be).
Properties of catalyst A are set forth in Table 1 below.

A TEM photograph of catalyst A was taken with
a transmission electron microscope H-800 manufactured
by Hitachi, Ltd. (as the case may be). The results are
shown in Fig. 1. From the resulting TEM photographs,
50 molybdenum disulfide layers were observed to measure
the number of laminated layers and length for each
molybdenum disulfide layer and calculate the average

number of laminated layer and the average length. The
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molybdenum disulfide layers of catalyst A had an
average number of laminated layers of 1.3 and an average
length of 4.8 nm. The definitions of the number of
laminated layers N and length L of molybdenum disulfide
are shown 1in Fig. 2.
[0052] [Example 2 : Preparation of pre-sulfurized
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) a basic aluminum salt aqueous
solution prepared by diluting 8.67 kg of an aqueous
solution containing 22 percent by mass on an Al,0;
concentration basis of sodium aluminate with 37 kg of
ion-exchanged water and adding thereto, stirring 0.60
kg of a solution containing 5 percent by mass on an Si0;
concentration basis of scdium 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 10.90 kg of an
agueous solution containing 7 percent by mass on an 21,04
concentration basis of aluminum sulfate with 20 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 TiO,; concentration basis of

titanium sulfate in 5 kg of ion-exchanged water, until
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the pH was 7.2.

In the same manner as Example 1, support b
was prepared from hydrate slurry b. Support b had an
8102 concentration of 1 percent by mass, a TiO,
concentration of 10 percent by mass, and an 2A1,0;

concentration of 89 percent by mass, all on the support

basis.

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

diffraction peak area was 1/7.

Next, 266 g of molybdenum trioxide and 111
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 a suitable reflux
treatment so that the volume is not decreased, followed
by dissolving of 167 g of citric acid in the suspension
thereby preparing impregnating solution b.
Impregnating solution b had a pH of 1.7. Impregnating
solution b was subjected to the Raman spectroscopic
analysis and found to have a peak intensity ratio of
3.2 (not shown, as the case may be).

After 1000 g of support b was impregnated
with impregnating solution b by spray, it was dried at

a temperature of 110°C for one hour thereby producing
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catalyst b. The metal component contents of catalyst
b were MoO; concentration 20 percent by mass and CoO
concentration of 5 percent by mass, all on the catalyst
bbasis., Catalyst b was pre-sulfurized as with Example
1 thereby producing catalyst B. Properties of catalyst
B are set forth in Table 1 below. According to a TEM
photograph of catalyst B taken as with Example 1 (not
shown, as the case may be), the average number of
laminated layers and average length of the molybdenum
disulfide layer were 1.2 and 5.0nm, respectively.
[0053] [Example 3 : Preparation of pre-sulfurized
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 agueous
solution prepared by diluting 7.47 kg of an aqueous
solution containing 22 percent by mass on an Al,0;
concentration basis of sodium aluminate with 46 kg of
ion-exchanged water and adding thereto, stirring 3 kg
cf a solution containing 5 percent by mass on an SiO,
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
agueous solution prepared by diluting 2.23 kg of an

agueous solution containing 7 percent bymass on an AL,05
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concentration basis of aluminum sulfate with 4 kg of
ion~exchanged water and a titanium mineral acid salt
agueous solution prepared by dissolving 3.18 kg of 33
percent by mass aon a Ti0s concentration basis of
titanium sulfate in 18 kg of ion-exchanged water, until
the pH was 7.2.

In the same manner as Example 1, support c
was prepared from hydrate slurry c¢. Support ¢ had an
Si0y; concentration of 5 percent by mass, a TiO,
concentration of 35 percent by mass, and an BA1l,03
concentration of 60 percent by mass, all on the support
basis.

As the result of X-ray diffraction analysis
carried out as with Example 1, the titania diffraction
peak area/alumina diffraction peak area was 1/6.

Next, 200 g of molybdenum trioxide and 84 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 a suitable reflux
treatment so that the volume is not decreased, fcllowed
by dissolving of 125 g of citric acid in the suspension
thereby preparing impregnating solution c.
Impregnating solution ¢ had a pH of 1.9. Impregnating
solution ¢ had a peak intensity ratio of 2.8.

After 1000 g of support c was impregnated
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with impregnating solution ¢ by spray, it was dried at
a temperature of 110°C for one hour thereby producing
catalyst ¢. The metal component contents of catalyst
c were MoOsz concentration of 16 percent by mass and CcO
concentration of 4 percent by mass, all on catalyst c
basis. Catalyst c was pre-sulfurized as with Example
1l thereby producing catalyst C. Properties of catalyst
C are set forth in Table 1 below. According to a TEM
photograph of catalyst C taken as with Example 1, the
average number of laminated laysrs and average length
of the molybdenum disulfide layer were 1.4 and 4.3 nm,
respectively.
{0054 [Comparative Examplel: Preparation of
pre~sulfurized 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 agqueous
solution prepared by diluting 8.82 kg of an aqueous
solution containing 22 percent by mass on an Al,;0;
concentration basis of sodium aluminate with 34 kg of
ion-exchanged water and adding thereto, stirring 1.80
kg of a solution containing 5 percent by mass on an Si0O,
concentration basis of sodium silicate, followed by
heating to a temperature of 60°C (2) an acidic aluminum

salt aqueous solution prepared by diluting 13.86 kg of

—43m



| mpregnating Solution j Catalyst K Supportj Inpregnating Solution k
Catal yst L Supportj Inpregnating Solution | Catalyst M Support g
| npregnating Solution m

an aqueocus solution containing 7 percent by mass on an
Al,05 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 slurxy d. Support 4 had an
510z concentration of 3 percent by mass, a TiO,
concentration of 0 percent by mass, and an Al,03
concentration of 297 percent by mass, all on the support
basis.

As the result of X~ray diffraction analysis
carried out as with Example 1, 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 0,

As with Example 1, catalyst d was produced
from support d and impregnating solution a. As with
Bxample 1, catalyst d was pre~sulfurized thereby
producing catalyst D. Properties of catalyst D are set
forth in Table 1 below. According to a TEM photograph
of catalyst D, the average number of laminated layers
and average length of the molybdenum disulfide layer
were 1.2 and 4.7 nm, respectively.

[0055] [Comparative Example 2 : Preparation of

pre-sulfurized hydrodesulfurization catalyst E]
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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 agqueocus
solution prepared by diluting 7.15 kg of an agueous
solution containing 22 percent by mass on an A1l;0;
concentration basis of sodium aluminate with 49 kg of
ion—-exchanged water and adding thereto, stirring 6.01
kg of a solution containing 5 percent by mass on an NaOH
concentration basis ¢of sodium hydroxide, and further
adding 1.80 kg of a solution containing 5 percent by
mass on an 8i0; concentration basis of sodium silicate,
stirring, followed by heating to a temperature of 60°C
(2) a titanium mineral acid salt agqueous solution
prepared by dissolving 4.69 kg of 33 percent by mass
on a TiO; concentration basis of titanium sulfate in
25.4 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 had an
8i0; concentration of 3 percent by mass, a TiO;
concentration of 50 percent by mass, and an Al,Cs
concentration of 47 percent by mass, all on the support
basis.

As the result of X-ray diffraction analysis
carried out as with Example 1, the titania diffraction

peak area/alumina diffraction peak area was 1/3.
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As with Example 1, catalyst e was produced
from support e and impregnating solution a. As with
Example 1, catalyst e was pre=-sulfurized thereby
producing catalyst E. Properties of catalyst E are set
forth in Table 1 below. According to a TEM photograph
of catalyst E, the average number of laminated layers
and average length of the molybdenum disulfide layer
were 1.7 and 7.4 nm, respectively.
i00506] [Example 4: Preparation of pre-~sulfurized
hydrodesulfurization catalyst F]

This example is different from Example 1 in
that hydrate slurry f was prepared by adding at a
constant rate to (l) a basic aluminum salt agqueocus
solution prepared by diluting 7.79 kg of an agueous
solution containing 22 percent by mass on an Al;0;3
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
aqueous solution containing 7 percent by mass 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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agueous solution prepared by dissolving 1.82 kg of 33
percent by mass on a Ti0O, 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 £ had an
SiC; concentration of 7 percent by mass, a TiO,
concentration of 20 percent by mass, and an Al,;0;
concentration of 73 percent by mass, all on the support
basis.

As the result of X-ray diffraction analysis
carried out as with Example 1, the titania diffraction
peak area/alumina diffraction peak area was 1/8.

Next, 232 g of molybdenum trioxide and 27 g
of cobalt carbonate were suspended in 500 ml of
ion-exchanged water, and then heated at a temperature
of 85°C for 5 hours, applying a suitable reflux
treatment so that the volume is not decreased, followed
by dissolving of 145 g of citric acid in the suspension
thereby preparing impregnating solution £.
Impregnating solution £ had a peak intensity ratio of
2.9.

Impregnating solution £ had a pH of 1.7.
After 1000 g cof support £ was impregnated with

impregnating solution £ by spray, it was dried at a
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temperature of 110°C for one hour thereby producing
catalyst £f. The metal component contents of Catalyst
f were MoO3 concentration of 18 percent by mass and CoO
concentration of 4.5 percent by mass, all on the
catalyst f basis. Catalyst f was pre-sulfurized as
with Example 1 thereby producing catalyst F.
Properties of catalyst F are set forth in Table 2 below.
According to a TEM photograph of catalyst F, the average
number of laminated layers and average length of the
molybdenum disulfide layer were 1.3 and 4.4 nn,
respectively.
[0057] [Example 5: Preparation of pre-sulfurized
hydrodesulfurization catalyst G]

This example is different from Example 1 in
that hydrate slurry g was prepared by adding at a
constant rate toe (1) a basic aluminum salt agueous
solution prepared by diluting 7.68 kg of an agqueous
solution containing 22 percent by mass on an Al;0;3
concentration basis of sodium aluminate with 38 kg of
ion-exchanged water and adding thereto, stirring 6.00
kg of a solution containing 5 percent by mass on an 310,
concentration basis of sodium silicate, followed by
heating to a temperature of 60°C (2) a mixed aqueous
solution prepared by mixing an acidic aluminum salt

aqueous solution prepared by diluting 8.0 kg of an
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aqueous solution containing 7 percent by mass on an 21,03
concentration basis of aluminum sulfate with 14.4 kg
of lon-exchanged water and a titaniummineral acid salt
agueous solution prepared by dissolving 1.36 kg of 33
percent by mass on a TiO, concentration basis of
titanium sulfate in 7.64 kg of ion-exchanged water,
until the pH was 7.2.

In the same manner as Example 1, support ¢
was prepared from hydrate slurry g. Support g had an
3102 concentration of 10 percent by mass, a TiO,
concentration of 15 percent by mass, and an Al,0;
concentration of 75 percent by mass, all on the support
basis.

As the result of X-ray diffraction analysis
carried out as with Example 1, the titania diffraction
peak area/alumina diffraction peak area was 1/8.

As with Example 1, catalyst g was produced
from support g and impregnating solution f. As with
Example 1, catalyst g was pre-sulfurized thereby
producing catalyst G. Properties of catalyst G are set
forth in Table 1 below. According to a TEM photograph
of catalyst G, the average number of laminated layers
and average length of the molybdenum disulfide layer

were 1.5 and 4.1 nm, respectively.

[0058] [Comparative Example 3: Preparation of
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Conpar ati ve Exanple 7 Conparative Exanple 8 Exanple 9 Catal yst
Catal yst N Support g Inpregnating Solution n Catalyst 0O Support g
| npregnating Solution o Catalyst P

pre-sulfurized hydrodesulfurization catalyst H]

This example is different from Example 1 in
that hydrate slurry h was prepared by adding at a
constant rate to (1) a basic aluminum salt agueous
solution prepared by diluting 7.60 kg of an aqueous
solution containing 22 percent by mass on an Al,;0;
concentration basis of sodium aluminate with 49 kg of
ion-exchanged water, followed by heating to a
temperature of 60°C (2} a titanium mineral acid salt
agueous solution prepared by dissolving 4.09 kg of 33
percent by mass on a TiQOp; concentration basis of
titanium sulfate in 23 kg of ion-exchanged water, until
the pH was 7.2.

In the same manner as Example 1, support h
was prepared from hydrate slurry h. Support h had an
8102 concentration of 0 percent by mass, a TiO;
concentration of 45 percent by mass, and an Al,;03
concentration of 55 percent by mass, all on the support
basis.

As the result of X-ray diffraction analysis
carried out as with Example 1, the titania diffraction
peak area/alumina diffraction peak area was 1/3.

As with Example 1, catalyst h was produced
from support h and impregnating solution a. As with

Example 1, catalyst h was pre-sulfurized thereby
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producing catalyst H. Properties of catalyst H are set
forth in Table 2 below.

As the result of a TEM photograph analysis
of catalyst G (not shown), the average number of
laminated layers and average length of the molybdenum
disulfide layer were 2.3 and 7.2 nm, respectively.
(0059} [Comparative Example 4: Preparation of
pre-sulfurized hydrcdesulfurization catalyst I]

This example is different from Example 1 in
that hydrate slurry i was prepared by adding at a
constant rate to {(l) a basic aluminum salt agueous
solution prepared by diluting 5.37 kg of an agueous
solution containing 22 percent by mass on an Al,Qs
concentration basis of sodium aluminate with 41 kg of
ion-exchanged water and adding thereto, stirring 18 kg
of a solution containing 5 percent by mass on an 8i0;
concentration basis of sodium silicate, followed by
heating to a temperature of 60°C (2) a mixed aqueous
solution prepared by mixing an acidic aluminum salt
aqueous solution prepared by diluting 0.28 kg of an
aqueous solution containing 7 percent by mass on an A1,03
concentration basis of aluminum sulfate with 0.51 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 TiO; concentration basis of
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titanium sulfate in 15 kg of ion-exchanged water, until
the pH was 7.2.

In the same manner as Example 1, support i
was prepared from hydrate slurry i. Support i had an
5i0; concentration of 30 percent by mass, a TiO,
concentration of 30 percent by mass, and an Al,0;
concentration of 40 percent by mass, all on the support
basis.

As the result of X-ray diffraction analysis
carried out as with Example 1, the titania diffraction
peak area/alumina diffraction peak area was 1/8.

As with Example 1, catalyst i was produced
from support i and impregnating solution a. As with
Example 1, catalyst i was pre-sulfurized thereby
producing catalyst I. Properties of catalyst I are set
forth in Table 2 below. According to a TEM photograph
of catalyst I, the average number of laminated lavers
and average length of the molybdenum disulfide laver
were 3.0 and 7.2 nm, respectively..

[0060] [Example 6: Preparation of pre-sulfurized
hydrodesulfurization catalyst J)

This example is different from Example 1 in
that hydrate slurry j was prepared by adding at a
constant rate to (1) a basic aluminum salt agueous

solution prepared by diluting 8.08 kg of an agueous
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solution containing 22 percent by mass on an Al,;03
concentration basis of sodium aluminate with 42 kg of
ion-exchanged water and adding thereto, stirring 1.20
kg of a solution containing 5 percent by mass on an Si0O»
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
agueous solution prepared by diluting 5.90 kg of an
agueous solution containing 7 percent by mass on an 21,05
concentration basis of aluminum sulfate with 11 kg of
ion-exchanged water and a titanium mineral acid salt
agqueous solution prepared by dissolving 2.27 kg of 33
percent by mass on a Ti0, concentration basis of
titanium sulfate in 13 kg of ion-exchanged water, until
the pH was 7.2.

In the same manner as Example 1, support j
was prepared from hydrate slurry j. Support j had an
8102 concentration of 2 percent by mass, a TiO,
concentration of 25 percent by mass, and an Al,03
concentration of 73 percent by mass, all on the support
basis.

As the result of X-ray diffraction analysis
carried cut as with Example 1, the titania diffraction
peak area/alumina diffraction peak area was 1/8.

Impregnating solution j was prepared in the
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same manner except that citric acid was changed tomalic
acid and had a pH of 1.5. The peak intensity ratio of
inpregnating solution j was 3.2.

As with Example 1, catalyst j was produced
from support j and impregnating solution j. As with
Example 1, catalyst j was pre-sulfurized thereby
producing catalyst J. Properties of catalyst J are set
forth in Table 3 below. According to a TEM photograph
of catalyst J, the average number of laminated lavers
and average length of the molybdenum disulfide laver
were 1.3 and 4.4 nm, respectively.

[0061] [Example 7: Preparation of pre-sulfurized
hydrodesulfurization catalyst K]

(1) Support j of Example 6 was used. (2} Next,
235 gof molybdenum trioxide and 88 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 a suitable reflux treatment so that the volume
is not decreased, followed by dissolving of 21 g of
phosphoric acid and 147 g of citric acid in the
suspension thereby preparing impregnating solution k.
The resulting impregnation solution k had a pH of 1.1.
Impregnating solution k had a peak intensity ratioc of
3.4.

After 1000 g of support j was impregnated
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with impregnating solution k by spray, it was dried at
a temperature of 110°C for one hour thereby producing
catalyst k. The metal component contents of catalyst
k were MoO3 concentration of 18 percent by mass, CoO
concentration of 4.5 percent by mass, and P;0;s
concentration of 1.0 percent by mass, all on the
catalyst k basis.

Catalyst k was pre-sulfurized as with
Example 1 thereby producing catalyst K. Properties of
catalyst K are set forth in Table 3 below. According
to a TEM photograph of catalyst X, the average number
of laminated layers and average length of the
molybdenum disulfide layer were 1.3 and 4.3 nm,
respectively.

[0062] [Example 8 : Preparation of pre-sulfurized
hydrodesulfurization catalyst L]

(1} Support j of Example 6 was used. (2) Next,
235 g of molybdenum trioxide and 107 g of nickel
carbonate were suspended in 500 ml of lon-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 21
g of phosphoric acid and 147 g of citric acid in the
suspension thereby preparing impregnating sclution 1.

The resulting impregnation solution 1 had a pH of 1.1.
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344 [0072] Table 1 sets forth the results of influences of the

vari ed anounts of titania in the support. An increase in the titania
anount in the support enhances the desul furization performnce.
However, when the amobunt was in excess of 40 percent by mass, the
performance was deteriorated due to the poor sharpness of the pore

di stribution. Wien the anount of titania is O percent by mass, the
cat al yst does not have any effect by titania and was reduced in

desul f urlimzat eomapet figr seriae: i pA0T3hEable e skt s nfrard i the rrasib t s of

i nfluences of the varied amounts of silica in the support. Wen the
silica awunt in the support was in excess of 10 percent by nmass, the
catal yst was deteriorated in performance due to the poor sharpness of
the pore distributigs:dhengighe @mpunts 3 sickl 3361 %850 RES £88L MWVed
mass, the catal yst was reduced in performance due to | ess

di sper siyepgssmphddl 20k g [QOV41Takl @ 3 sels - forthyt Q%sr %ﬁﬂéﬁ of

i nfl uences of variations in netal conponénts to” be | oaded. Bot

ni ckel - npl cohkalt;- y n exhi bi.t cell .
Gesul Ut 2a O ae e R e PO A e e P Bk B s e
conpri si l,. gonp t t i, £ l.at i.n ent .a
phosphorc‘f%tgg&%thgld' agﬁggcglelttgf %‘géﬁ}gﬁfnu%ga%?glr?%pg& o?%aﬁgé:.arﬂgrg%t he
support .pr ti bot h the nethad wherei,n _an_aci sol ution S
cdhed t &7 Bag R o BR R R he Bbt hba et er ReR Al HeGRN | BhCuas
added to an_aci d solution_provyide successfully catal ysts having an
excel | eftO¥BENTAT 280 ohF pér}é’or%ﬁﬁgpmvgﬁmiheaﬁé’t A3t s t hat
were increased in the amount of the metal conponents, short in

mol ybdefifiR aFE8H%3 deCPayet stafld BEHRPF Y &Y nBESF wefe pdor RS

desul furi zation performance. Furthernore, the catal yst prepared from
t he i mpreyhaty®g sbl BEiShS whi ch was increased in peak intensity at
900cm 1 in the Raman spectrum depending on the nononer, i.e., the
catal yst which is | 6Réra ¥ Wal thevdef P peak wat 28 dwess até6poor i n
performance due to an increased interaction between the nol ybdenum

di sul fi dexzoptls Ai b emeleynpnoderc nd ¢hdasyppork . Theopatat yss of
prepared fromthe inpregnating solution with no chel ati ng agent was
poor i n cesalfhwt Zataoa perf dremhbe idud alwlehé e dpdenuicdicstd £ nde
that was highly | am nated. The catal yst containing no nol ybdenum as a
met al camponenEMf ahlcetb @ apdduce theadutd tirLeontentaat ragd miteer
produced oil to 7 ppm by mass even when the tenperature reached the
maxi mumdenpemdiriy eedt Vdy eh st hen Appaisataige car MEaBULE tHigesul fur
content and thus the nmeasurenment was term nated. [0075] Fromthe above

resul t smd hepeatahysts af1 thapresest ivweatiion wehe foundato be |ow
In a terrperature

respectively.
[0063] [Comparative Example 5. Preparation of
pre-sulfurized hydrodesulfurization catalyst M]

{1} Suppert gof Example 5 was used. (2) Next,
492 g of molybdenum trioxide and 159 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 a suitable reflux treatment so that the

volume is not decreased, followed by dissolving of 238
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at which the sul fur content of the produced oil was 7 ppm by mass and
to be excellent in desulfurization activity. The support used in the
present invention conprises inexpensive alumna as the nain conponent
and thus does not increase significantly the production cost,
conpared with conventional alum na- or alumna-silica-based

catal ysts. The catal yst of the present invention is inexpensive and
excellent in performances. [0076][Preparation of catalyst Al

Support @ f Bddipie Baied uBedheNext PR30S joof tind ybdgnpmepa pxinde
and 97 g of cobalt carbonate were suspended in 500 nm of

i on- exchbg&G It bindamt hed dreated @hea tespeértdtiy einb r36dh ek on
hours, applying a suitable reflux treatnent so that the volune is not
decr easeslo Lhdglid@ned MyadisspHvia df 7145 Inpfegmldici agi ddlnutéhen m
suspensi on thereby preparing inpregnating solution r. After 1000 g of
support lmadas ipgakgriattednwlitthy | Apraegnad £ng .ol ution r by spray, it
was dried at a tenperature of 110C for one hour thereby producing

catalyst R The netalfoapamant gowtend spehicat gl ¥sts R ¥ehe dWwhBeq
concentration of 18 percent by mass and %go congentratifgﬁ ofd\{g. Se

percent bytABSHhpAdnak il $38LE in the cal gl st Ard %a%odried at
pre-sul furization (hereinafter, refer to "on thée basis of catalyst

S
1") . Propeshbes Hfusat st feare ety forffuin ¢ % -
[0077][Prepar§tion %f cat al yst %] guppoort gggffnéx?g%)r%?gylp\ﬁa%dﬁgé&g
Next, 235 tgflg,rgnéy den rioxide %c}g Of al t. carbonat e. wer.e
suspended I n 800 r#'of ‘i‘?}oén-ﬂégéhgnge aggﬁq?gaﬁﬁgghee%t hg4t ecuaai_a?lé’St
t enper at ur. f appl yj a suitable reflux treatnent
so That e £5) 188+ ot bER e 200 94 071 hilis e Sia R grbe 504
of phosphoric acid.and 147 g of citric acid in _the suspension thereby
prepari n%g?cﬁ%rne“g%aaifilﬁdl S Gt PSF S At Ema660 § Lof O%ﬁg'kﬁ CH [AYSt
inpregnate% wi.th inpregnating solution s by spray, it was dried at a
t enper atir826f %110C for one hour thereby producing catalyst S. The
metal conponent contents of catalyst were Mb(Gb concentration of 18
percent by mass, Co&3dcht¥Rir 4t i BA SofP 2 5SPerent ZBE mass warfch P205
concentration of 1.0 percent by mass, all on the basis of catalyst Y.
Proper t i%%28P l&tlaltysr &P ¥rBro&tu ¢ bRENCRA Tt & M. [ BOT8]¢ PLépar atf on
of catalyst T] Support a of Exanple 1 was used. Next, 235 of
nol ybderftit 2Aived dé ang BEL of oF thi dieel Tzl boRate ewe sadspenddd nign
500 m of ion-exchanged water, and then heated at a tenperature of
95C for B hUutEM apptybagarsud fabbe alef & oxlMt, r edtarent e sa ddatuhbe r
vol unme

of laminated layers and average length of the

molybdenum disulfide layer were 2.8 and 2.8 nm,
respectively.
[0064] [Comparative Example 6 : Preparation of
pre-sulfurized hydrodesulfurization catalyst N]

(1) Support g of Example 5 was used. {2) Next,
390 g of ammonium molybdate and 17 g of citric acid were
suspended in 500 ml of ion-exchanged water, and then
heated at a temperature of 75°C for one hour, applying

a suitable reflux treatment so that the volume is not
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is not decreased, followed by dissolving of 21 g of phosphoric acid
and 147 g of citric acid in the suspension thereby preparing

i npregnating solution t. After 1000 g of support a was i npregnated
with inpregnating solution t by spray, it was dried at a tenperature
of 110C for one hour thereby producing catalyst T. The netal

conponent contents of catalyst T were Mo0O3 concentration of 18
percent by mass, N O concentration of 4.5 percent by mass and P205
concentraf .0 rC b I t basis of-c I Y.
Propert 10" BF “em i  SPUF SRR e pe iy g 8%, "Blod, 1§ PERRREE  on

of cat al . This is.different. fromExanple 1 in that
hydr at e ST UF %%laut%va%nprte%%r 24 75y 'Addr Ay tgqeﬁegé/ns?léﬁp at®9to a basic

al um num salt aqueous solutjon prepared by diluting 8.82 kg of an
aqueous lsr%ﬁ)ﬁfeigdj%utc{)ﬂgaisrﬁ%‘b{ﬁ?npé‘r‘cenfhﬁy%r‘ﬁfs%f%ﬁn n W@6§%natlon
concentratjon . basis of sodiumalumnate with 34 kg .of ion-exchanged
wat er aritP ABdHAg: t‘ﬁegé‘fjo,a s Pifng® 1° 80 ﬁﬁ‘pd?fe%négl 9 PPt Ri By 5
percent by nmass on an Si 02 concentration basis of sodiumsilicate,

fol l owec]“%?r RedSd €6 TLrehper 2iakécofPB0E€; 2an aci di ¢ al umi num sal t
aqueous solution prepared by diluting 13.86 kg of an aqueous sol ution
contai ning 7 percenfffe¥nds0ch ancAl o resicent vasi dmpuasios afed
alum num sul fate with 25 kg of ion-exchanged water, until the pH was
7.2. with| Ampre Faat imghrer 1 as iBranplbey Epsappoit wasasipregaséd
fromhydrate slurry u. Support u had an Si 02 concentration of 3

per cent &yt empsraad Tk €2cdoddeht € af ban oofe h perceihte tyb papsodandi ag

Al 202 concentration of 97 percent by mass, all on the support basis.
As the rassubflyeft X r ayTHef fuearcd 1 onompalrysh 8 canrieatt: sub fagawid hyst
Example 1 (not shown), the titania diffraction peak area/al um na

di ffracti erepeakoareaonaertration of 24 phsrvkehit Bxamy £s langatabyst
U was produced from support u and inpregnating solution r. The netal

conponeniogeBhentst 0bncal Bl Ysts Wb aere MOy canraed) r atilon of « 1
percent by mass and CoO concentration of 4.5 percent by mass, all on

t he basiss pf 16attal ¥ysthakiFroperties of catalyst U are set forth in
Tabl e 4. [0080][ Preparation of catalyst V] Catal yst V

was prepared using eatal ¥y5kta Anga R Wﬁéh%d@i?@% OJ? Exanpl e 1

except that nalic acid was not used ~inpregnating solution r.
P e ueggicaust s hor g sp oLk LD ke f, [ERRHLSY gl on
1 ves PISBRRSSdy SO0 Al o epn sl ket s poEse U u el
cont i L9 #2288 L. BT OP 20,4208 cHrogs Al e basin. o
theret&oft&gwf]a%é%ofgkgisaéﬁgu%%%}age length of the
melybdenum disulfide layer were 2.5 and 2.6 nm,
respectively.
[0065] [Comparative Example 7 : Preparation of
pre-sulfurized hydrodesulfurization catalyst 0]
(1) Support g of Example 5 was used. {(2) Next,
391 g of molybdenum trioxide and 131 g of cobalt

carbonate were suspended in 500 ml of ion-exchanged

water, and then heated at a temperature of 95°C for 5
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containing 5 percent by mass on an Si 02 concentration basis of sodium
silicate, followed by heating to a tenperature of 60C, a titanium

m neral acid salt aqueous solution prepared by dissolving 4.09 kg of
33 percent by nass on a Ti Q2 concentration basis of titaniumsulfate
in 23 kg of ion-exchanged water, until the pH was 7. 2.

In the same manner as Exanple 1, support w was prepared from hydrate
slurry w. Support w had an Si02 concentration of 3 percent by nass, a
Ti 02 coltPh¥ Pat RBR 1of 128 peyebhbbbye mstl uznbram TAQR8 eorickatr thicon
of 52 percent by mass, all on the support basis. As the
resul t ofc Xumgy idi biatacts oneama §si %o saromed lontd is swilthi Eganpl €512
(not shown), the titania diffraction peak area/alumna diffraction
peak aren wésphi@sphoric acid iAs whteh sExapmelnes dloncatted ysbyW was
produced from support w and i npregnating solution w (produced by
changi ngp it dne aanouint iof medybdenum soitax Deni B 1 MTlegnakisngL 0hyt i on r
from?232 g to 256 g). The netal conponent contents of catal yst Wwere
Mb03 conaent eafrizonioh 20 lpet oAt obyadmaspand fC0Q LoNCERp kalgrogt eh - 5
percent by mass, all on the basis of catalyst Y. Properties of

catal ystsdVare cgetof aptdh 4 nptabi ei 4+ [82)[ Brpbeok0]3 . g .
Into a circulation type fixed bed reactor were filled 200 m of

Cat al yst R Pre-sul hyrizat h@ro%v;? s ebed Ay 5e@gisngiﬁpme>§rpel{egf a

straight-run gas oil and di nmet di sul fide, the sul fur tont’ent o

whi ch vwas; i uabed 492244, eg&fatﬁ/%ga\h Vé@il:%?‘tsﬁmgﬂér acym}aeémo?ff&gsta“d

keeping It at a pressure of 5.0 a li1quid-space velocity o

eepl : F2 .
(Z)f 025(1) : O@@b%&%‘é&k% b 'ﬁh(gcmQQINlo/rle 125 rat@leeafébg[‘ag_»go@&gggge

hours and furt keepi ng 1t at "a tenper

for anothe rs. A _TEM phot ograph of catal yst. R
(pre- sul uﬁ?gé%qﬁy%'rod%lslﬁl f“l?rtlaz%it?gﬁlpé)é}g?gsfz Iﬁ)qpea?Fgr 8t Ta1yst
pre-sul furizati s taken with.a transmni_ssion el ectron m croscope
800 mhul SEEUPI byC PPCAOHT T2LARn | and 2heRS 56 o yDUeRGAT ayEPO
were observed therefrom For each nol yhdenum di sul fide | ayer, the
nunber SFOTGRMTA2HIPEY 75 éné’qlé‘ﬁﬁflﬁ eMASssur 88% ¢2%al cul ate the
average nunber of |am nated |ayers and average | ength (as the case
may be) .COMRESHT A LPENS Tof® PIF” RBRBeP Yo a i hhled@n| hjper saF ahHst

l ength L of nol ybdenum disul fide are shown in Fig. 2. The

pre-sul furP2éd shydr 6@dul Faiti At vos adtar §utl oht aieded srokyiidenum

di sul fide having an average nunber of |am nated |ayers of 1.3 and an
aver age BapgPh cofl 1henepy producing cafiedry pte@sul Pucimatt dr,s bhe
feedstock was switched to a straight-run gas oil (a boiling point of
220 to 385G ly=sulG rrreoseentfofth 25 palbdet by aiess) add ddedinke
desul furi zation activity of the catalyst was evaluated at a pressure
of 6.0 NRatleelTEMidhepacer yphooitt yaafallyS$h-4, ahbydregent©idunpkiro
of 200 NL/L, and a reaction tenperature of 340C (hydrorefining

experi ment ) 1 aklismsubtiurl £pstrentanfl bhe prgduqech @th ok seheforth in
Tabl e 4. [0083][ Exanpl e 11]

molybdenum disulfide layer were 3.3 and 3.0 nm,
respectively.
[0066] [Comparative Example 8: Preparation of
pre-sulfurized hydrodesulfurization catalyst P]

{1l) Support c of Example 3 was used. (2) Next,

88 g of cobalt carbonate were suspended in 500 ml of

ion-exchanged water, and then heated at a temperature
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As with Exanple 10 except for using catalyst S instead of catalyst R
t he same pre-sulfurization and desul furization activity eval uation
were carried out. The pre-sul furized hydrodesul furization catal yst
cont ai ned nol ybdenum di sul fi de havi ng an average nunber of |am nated
| ayers of 1.3 and an average length of 4.3 nm The sul fur content of
the produced oil is set forth in Table 4. [0084][Exanple 12] As with
Exanpl e 10 except for using catalyst T instead of catalyst R the

same pressubiurd zagi.on and, desul [ j ON_agt jvi v%% ion were
carried out. The pre-suﬁ?u??géd é?@é&gﬁl?ugﬁgﬁ¢%%%%%a %f%gf
containq?r . isul fi hayi| an aver age. nunber. of. |.am nated
| ayers o %2 %g%ﬁ@g%lgvgg dgggé%§¥Hg%?lf.?O%hg%¥%%e§ﬁﬁfhrfégﬁgéﬂ?dof
t he produce .oilljs.set tO{%B in gabl 4. [008$]£ﬁbngarative Exanpl e
9] As with BExArpIre 10% eXtept “f 8r°tst g fedt &5 i heFedH SEre RSt Sy st
R, the S%?E pre-sul furization and desul furization activity eval uation
were carri8gSOH# PRI rE? QurfMRT ¢ 88 Ay dt 3dESH F bt PRatk on Batal yst
cont ai ned nol ybdenum di sul fi de havi ng an average nunber of | am nated
| ayers of®3U3 LMo apM&/iS 9B8 bichyt BodfUignnm d suldHirodordt-éht of
the produced oil is _set forth in Table 4. [0086][ Conparative Exanple
10] As with Exanpl eAfFexcéf0% of adi ijrerpPallyst vaisnsteadegnated
catalyst R the same pre-sulfurization and desul furization activity
eval uat ivoht et 8peEgned iowg .s Thetprn quifwrd zed vhydriodesuld ui egdaticon
catal yst contai ned nol ybdenum di sul fi de havi ng an aver age
a temperature of 110°C for one hour thereby producing
catalyst p. The metal component content of catalyst
p were Co0 concentration of 5 percent by mass, on the
catalyst p basis. Catalyst p was pre-sulfurized as
with Example 1 thereby producing catalyst P.
Properties of catalyst P are set forth in Table 3 below.
[0067) [Example 9: Preparation of pre-sulfurized
hydrodesulfurization catalyst Q]

This example 1s different from Example 1 in
that (1) in a 100 L volume tank equipped with a steam
jacket, a mix agqueous solution was prepared by diluting
7.38 kg of an aqueous solution containing 7 percent by
mass on an Al,03 concentration basis of aluminum sulfate
with 27 kg of ion-exchange water, adding thereto a
titanium mineral acid salt agueous 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, to which 1.80 kg of a solution
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nunber of |am nated |ayers of 2.8 and an average length of 7.2 nm
The sul fur content of the produced oil is set forth in Table 4.

[ 0087] [ Conpar ati ve Exanple 11] As with Exanple 10 except
for using catalyst Wnstead of catalyst R, the same pre-sulfurization
and desul furization activity evaluation were carried out. The

pre-sul furized hydrodesul furization catal yst contai ned nol ybdenum

di sul fi de having an average nunber of |am nated |layers of 1.8 and an
aver age ¢engeh.ming. § pmrdéetsblf ura ssnbentnofs the pondecet: ath oirs
set forth in Table 4. [0088][ Conparative Exanple 12] As
W th Exanpbe sl® xeeptidmr skdept fget he: cat ahyst atidad enperaint egof
410C for 5 hours instead of at a tenperature of 320C for 5 hours for
pre-sul fEs i Zati o, biyhe espnenpr erisuh f deigal i+ oouanrd sesgblur i zaki qn)
activity evaluation were carried out. The pre-sulfurized

hydr odesylg sk zabilein Cahal ¥stl Q@b Bad ¥R mbdepum,disy fd s -having
an average nunber of |lamnated | ayers of 3.8 and an avérage | ength of

4.5 nm | fudrg coRt e d.Qhl..s5- se r in.Tabl e
4 1008 T Brami 2 4 ST BAR Y, A B e O SR o T BT 2 D

oo (AR B b of Eh R OL e e S i T Vil
and a1 gLl J LORgEskuLe 9y 330G 1 1g,2al, PL e sulfaylzali o0, and,

desul furization activity evalfuati on weré& car

pre-sul furized hydrodesul furi 4 on cat.alyst contai ned nol ybdenu

di sul fi d%oh%v?ﬁﬁl\éfﬁ%eléfgggfnéﬁtee’ of ! ahiynr?'agt gba?éﬁefi Ugt vy ﬁﬁ‘g)tan

aver age | ength of 4].214 nm_The suf fur content of the produced oil is

set for thIPCEabIS® 1t EOGobH A3 ve Behpranfspate (additiomg

W th Exanfl e 13 except for using catalyst W the sane )

pre- sul fiutPgat Lo Teith e st a5 S dt P Bnt 88 Fiomt Bl itdre ieia the

carried out. The pre-sul furized hydrodesul furization catal yst

cont ai ned FoPy@BRENGM GCdul 188 H&EHmg anr avdramed Alpbam toi 1| BRienated

|l ayers of 1.8 and an average length of 7.1 nm The sulfur content of

the prodé@éd’oid tilsesebyf prudp @ HiTablhy draf@oSl § Exynpl eodjaining

As with Exanple 10 except for using a mx oil (a sulfur content of

1. 05 perzent day, weiiglatniaf 8Mdpertamimhy.wei ght of a straight-run gas

oil and 20 percent by weight of a fluid catalytic cracking

straight-run gas oilIr{a:hei kbiame poantneaf 4AF0E&@3BDE, 1, support g
was prepared from hydrate slurry g. Support g had an
Si0; concentration of 3 percent by mass, a TiO;
concentration of 20 percent by mass, and an Al,0;3
concentration of 77 percent by mass, 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 1/7.

As with Example 1, catalyst g was produced

from support g and impregnating solution £. As with
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a sul fur content of 0.19 percent by nmass), the same pre-sulfurization
and desul furization activity evaluation were carried out. The

pre-sul furized hydrodesul furization catal yst contai ned nol ybdenum

di sul fide having an average nunber of |am nated |layers of 1.3 and an
average length of 4.4 nm The sulfur content of the produced oil is
set forth in Table 4. [0092][ Conparative Exanple 14] As with Exanple
14 except for using catalyst U, the sane pre-sul furization and

desul f urgzakione act i Wdya eyaluad i 98 WeJ L, §aLd£ds Pty T
pre-sulfurizgg‘hydrodesd?fgriZZ%ionsggga?yst contgpﬁééugg?%géghuﬁi

G oL 11 B, 3y gyesass ey ol L ot ayorgy gl 43,808 20

average | ength of content o produce

t forth.j 4 i Ex le 1 i th EX
T exoertcpBrEg < o BRI 0 S S e TR ©
eval,uation were carried out

desul fur ] ion agtivity Th
pre-st%ﬁﬁ%&frﬁ%rgagéﬂ?E?gz JFon" gafdl sﬁv85ﬁ%ﬁn%8n@§WUﬁ£nE%e
di sul fide_ hayi an average.nunber of |am nated |ayers of 2.8 and an
aver age rﬂ%ﬂé’\éﬁ{%ﬁu? %W9$ﬁgesuf?ﬁlercd‘h‘?3éﬁt Tof3 t ABprbodticBd0i | is
set forth in Table 4. [0094][ Conparative Exanple 16]

As with EXSRHIT149%eX¥cept for using catalyst W the sane

pre-sul furization and desul furization activity eval uation were
carried b¥P8%he prdR$Furdilzed hydrodesul furization catal yst
cont ai ned nol ybdenum di sul fi de havi ng an average nunber of |am nated
| ayers of 1.8 and afk%@eagé ll engvAref Yhe dfalTdewing foropentiehe sof

the produced oil is set forth in Table 4. [0095][ Table 4] Exanple 10
Exanpl e Was hydrotreated with a hydrodesulfurization unit

manufactured by ZYTEL Co. using Catalysts A to Q. The
boiling point range of the crude oil was measured in
accordance with the method described in JIS K2254
“"Petroleum products-Determination of distillation
characteristics". The density at 15°C was measured in
accordance with JIS K 2249 "Crude petroleum and
petroleum products-Determination of density and
petroleum measurement tables based on a reference
temperature (15°C)". The sulfur content was measured
in accordance with JIS K 2541 "Crude oil and petroleum
products-Determination of sulfur content". The
nitrogen content was measured in accordance with JIS
K 2609 "Crude petroleum and petroleum
products-Determination ¢of nitrogen content".

A temperature at which the produced oil has

a sulfur content of 7 ppm by mass (hereinafter referred

Y



Exanpl e 11 Conparative Exanple 0 Conparative Exanple 10 Conparative
Exanpl e Il Conparative Exenpla 12 Catalyst Rs T U

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 forth in
Tables 1 to 3.
[Properties of Crude 0il]

Feedstock: straight run gas o0il (boiling

point range of 208 to 390°C)

Density at 15°C: 0.8493 g/cm’

Sulfur content: 1.32 percent by mass

Nitrogen content: 105 ppm by mass

[Reaction Cohditions]

Liquid-space velocity: 1.0 h™!

Eydrogen pressure: 4.5 MPa

Hydrogen/oil ratio: 250 NL/L

[0069] [Table 1]
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V WR Support Conmponents (Support basis) sikamacs %t anni nmass %
al um namass% 3 20 77 3 20 77 3

Comparative Comparative
Example 1 Example 2 Example 3 Example 1 Evamola
Catalyst A Catalyst B Catalyst G Catalyst D Catalyst E
Catalyst Support a Support b Support ¢ Support 4 Support e
Impragnoting Impregating [mpregnating Impregazing Impregnating
Solution a Salution b Solution ¢ Solution a Solution a
Support Components (Support basis)
sifica mass % 3 1 5 3 8
titania mass % 20 10 35 1] 50
alumina mass % 77 89 B0 g7 47
Leaded Gemponents y _
{Cn hydrodesulfurization catalyst prior to pre~
sulfurization basis)
M0, mass % 19 20 16 19 19
C,0 mass % 4.5 5 4 4.5 45
P05 . mass % ] o] i] 4] _ a
Chelating Agent Citric Acid Gitric Acid Citric Acid Citric Acid Gitric Acid
Peal Intensity Ratio 3 32 28 a1 3.1
Average Length of Molybdenum
Disulfide Layer . m 4.8 5 43 47 74
Average Number of Laminated Layer of
Molybd Disulfide Layer 1.3 1.2 1.4 1.2 7
Desulfurization Performance a
(Reaction Temperature) c 340 348 344 362 357
[0O0T0] [Table 2]
Comparative Comparative
Example 4 Example § Examplo 3 Example 4
Catalyst F Catalyst G Catalyst H Catalyst 1
Catalyst Support £ Support g Support h Support i
Impregnating Impregnating Impregnating Impregnating
Solution § Solution f Solution a Solution a
Support Components (Support basis)
silica mass % 7 10 0 30
titania mass % 20 15 45 30
alumina mass & 73 75 55 40
Loaded Components {On hydrodesulfurization
catalyst prior to pre—sulfurization basis}
MoOg mass & 18 18 19 19
C.0 mass % 4.5 45 4.5 45
_ P20s mass % 0 a 0 0
Chelating Agent Citric Acid Citric Acid Citric Acid Citric Acid
Peal Intensity Ratio 2.9 29 31 3.1
A)rerage Length of Molybdenum am 44 414 72 72
Disulfide Layer
Average Number of Laminated Layer of 13 15 23 3
Mclybdenumn Disulide Laver ‘ - '
Desulﬂ.lrlzatlen Performance °c 345 350 58 360
(Reaction Tempearature)
(00711 [Table 3]




(Reaction Temperature)}

20 77 3 0 87 3 20 77 3 45 52 3 20 77
Example & Example 7 Example 8 Comparative
Example 5
Catalyst J Catalyst K Catalyst L Catalyst M
Catalyst Support] | Suppertj | Supporti | Supportg
Impregnating Impregnating Imprepnating Inpregnating
Solution j Solution k Solution | Solution m
Support Components (Support basis)
silica mass % 2 2 2 10
titania mass % 25 25 25 15
alumina mass % 73 73 13 75
Loaded Components (On hydrodesulfurization
catalyst prior to pre~sulfurization basis)
M.Oq . mass% 18 18 18 3t
No | masst 0 0 45 0
.0 mass % 45 45 0 6
P205 mass % 0 1 1 0
Chelating Agent Malic Acid Citric Acid Citric Acid Citric Acid
Peak Intensity Ratio 32 3.4 3.2 3.6
prerage benth ofHolydenum m 44 43 37 28
ke o | w | w | w | m
“ranpie | Boampe? | Bampey | Exameles
Catalyst N Catalyst O Catalyst P Catalyst @
Catalyst Sup_p_o_r't £ Support g Suppert & Support g
Impregnating Impregnating Impregnating Impregnating
Solution n Solution o Solution p Solution f
Support Components (Support basis)
sifica - mass’ 10 10 8 3
titania mass % 15 15 38 20
alumina mass % 75 75 60 77
Loaded Companents {On hydrodesulfurization
catalyst prior to pre—sulfurization basis)
MOz mass % 24 25 0 18
Ni0 mass % 0 0 Q 0
C.0 mass % a5 5 5 45
P05 mass % 0 6 Q o
Chelating Agent Gitric Acid - Citric Acid Citric Acid
Peak Intensity Ratio 22 3.8 - 28
g;;i;;g: !E:r;ih of Malybdenum am 26 3.0 - 4.4
Average Numbfar of Laminated Layer of 25 a3 _ 13
Molybdenum Disulfide Layer
Desulfurization Performance °c 355 357 _ 344

(0072]
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Table 1 sets forth the results of influences




Loaded Conponents (On hydrodesul funzation catalyst prior to
pre-sul furization basis) LI,Comin % 150mass% 0. 0mass% Pr Ornasa 6
Chel ating Agent 18 o0 4.5 0 MaGc Acid 18 o0 4.5

of the varied amounts of titania in the support. An.
increase in the titania amount in the support enhances
the desulfurization performance. However, when the
amount was in excess of 40 percent by mass, the

performance was deteriorated due to the poor sharpness
of the pore distribution. When the amount of titania
is 0 percent by mass, the catalyst does not have any

effect by titania and was reduced in desulfurization

performance.
[0073] 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 by mass, the catalyst was deteriorated in
performance due to the poor sharpness of the pore
distribution. When the amount of silica is 0 percent
by mass, the catalyst was reduced in performance due
to less dispersiveness of titania.

[0074] Table 3 sets forth the results of influences
of variations in metal components to be loaded. Both
nickel-molybdenum and cobalt-molybdenum exhibited an
excellent desulfurization performance. The results
showed that the catalysts comprising metal components
together with a chelating agent and/or phosphoric acid
had an excellent desulfurization performance. For the

support production, both the method wherein an acid
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1 CGtric Acid HH 4.5 0 1 Gitric Acid 18 0 4.5 0 Mali< Acid 18 0 4.5 0
- 20

solution was added to a basic solution and the method
wherein a basic solution was added to an acid solution
provide successfully catalysts having an excellent
desulfurization performance. However, the catalysts
that were increased in the amount of the metal
components, short in molybdenum disulfide layers and
highly laminated were poor in desulfurization
performance. Furthermore, the catalyst prepared from
the impregnating solution which was increased in peak

intensity at 900cm™?

in the Raman spectrum, depending
on the monomer, i.e., the catalyst which is lower than
the defined peak ratio was alsc poor in performance due
to an increased interaction between the molybdenum
disulfide containing more monomer and the support. The
catalyst prepared from the impregnating solution with
no chelating agent was poor in desulfurization
performance due to the molybdenum disulfide that was
highly laminated. The catalyst containing no
molybdenum as a metal component failed to reduce the
sulfur concentration in the produced oil to 7 ppm by
mass even when the temperature reached the maximum
temperature at which the apparatus can measure the
sulfur content and thus the measurement was terminated.

[0075] From the above results, the catalysts of the

present invention were found to be low in a temperature
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0 4.5 0 LIME Acid 18 0 4.5 a blelic Acid Average Length of Ml ybdenum
not Disulfide Layer Average Number of Lam nated Lowe Ml ybdenum
Disul fide Layer 4.4

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 conventicnal alumina- or
alumina-silica-based catalysts. The catalyst of the
present invention is inexpensive and excellent in
performances.
[0076] [Preparation of catalyst R]

Support a of Example 1 was used. Next, 232
g of molybdenum trioxide and 97 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 a suitable reflux treatment so that the volunme
is not decreased, followed by dissolving of 145 g of
malic acid in the suspension thereby preparing
impregnating solution r. After 1000 g of support a was
impregnated with impregnating solution r by spray, it
was dried at a temperature of 110°C for one hour thereby
producing catalyst R. The metal component contents of
catalyst R were MoO3 concentration of 18 percent by mass
and CoO concentration of 4.5 percent by mass, all on
the basis of the catalyst prior to pre-sulfurization

(hereinafter, refer to "on the basis of catalyst Y").
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L3 4.3 1.33.71.34.7 1.2 7.228 7.1 1.8 4.5 3.8 Titania Diffraction
Peak Aran /Alum na Diffracti on Peak Area

Properties of catalyst R are set forth in Table 4.
[0077] [Preparation of catalyst 8]

Support a of Example 1 was used. Next, 235
g of molybdenum trioxide and 98 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 a suitable reflux treatment so that the volume
is not decreased, followed by dissolving of 21 g of
phosphoric acid and 147 g of citric acid in the
suspension thereby preparing impregnating solution s.
After 1000 g of support a was impregnated with
impregnating solution s by spray, it was dried at a
temperature of 110°C for one hour thereby producing
catalyst 5. The metal component contents of catalyst
5 were MoOs concentration of 18 percent by mass, CoO
concentration of 4.5 percent by mass and P,05
concentration of 1.0 percent by mass, all on the basis
of catalyst Y. Properties of catalyst S are set forth
in Table 4,
(007813 [Preparation of catalyst T]

Support a of Example 1 was used. Next, 235
g of molybdenum trioxide and 107 ¢ 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 a suitable reflux treatment so that the volume

Qs



[/O1/O1/0O00 1/8 1/3 1/8 Sulfur Content of Produced G| MS. PPM 10 9
4 60 30 26

is not decreased, followed by dissolving of 21 g of
phosphoric acid and 147 g of citric acid in the
suspension thereby preparing impregnating solution t.
After 1000 g of support a was impregnated with
impregnating solution t by spray, it was dried at a
temperature of 110°C foxr one hour thereby producing
catalyst T. The metal component contents of catalyst
T were MoO; concentration of 18 percent by mass, NiC
concentration of 4.5 percent by mass and P20s
concentration of 1.0 percent by mass, all on the basis
of catalyst Y. Properties of catalyst T are set forth
in Table 4.

[0079] [Preparation of catalyst U]

This 1is different from Example 1 in that
hydrate slurry u was prepared by adding at a constant
rate to a basic aluminum salt aqueous solution prepared
by diluting 8.82 kg of an agqueous solution containing
22 percent by mass on an Al;03 concentration basis of
sodium aluminate with 34 kg of ion~exchanged water and
adding thereto, stirring 1.80 kg of a solution
containing 5 percent by mass on an Si0O, concentration
basis of sodium silicate, followed by heating to a
temperature of 60°C, an acidic aluminum salt agueous
solution prepared by diluting 13.86 kg of an agueous

solution containing 7 percent by mass on an Al;0s
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Exanpl e 13 Conparative Exanple 13 Exanpl e 14 Conparative

Exanpl e 14 Conparative Exanple 15 Conparative Exanple 16

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 u was
prepared from hydrate slurry u. Support u had an $i0,
concentrationof 3 percent by mass, a Ti0, concentration
of 0 percent by mass, and an Al,0; concentration of o7
percent by mass, 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 O.

As with Example 1, catalyst U was produced
from support u and impregnating sclution r. The metal
component contents of catalyst U were MoO;
concentration of 18 percent by mass and CoO
concentration of 4.5 percent by mass, all on the basis
of catalyst Y. Properties of catalyst U are set forth
in Table 4,

[008O0] [Preparation of catalyst V]

Catalyst V was prepared using catalyst a and
preparation method of Example 1 except that malic acid
was not used for impregnating solution r, Properties
0of catalyst V are set forth in Table 4.

[0081] [Preparation catalyst W)

This is different from Example 1 in that

-7~



Catalyst R WR U V W Support Conponents (Support basis) silicamass %
titoni amass % al um namass 5 3 20 77

hydrate slurry w was prepared by adding at a constant
rate to a basic aluminum salt agueous 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 solution
containing 5 percent by mass on an Si0; concentration
basis of sodium silicate, followed by heating to a
temperature of 60°C, a titanium mineral acid salt
agueous 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-exchanged water, until
the pH was 7.2.

In the same manner as Example 1, support w
was prepared from hydrate slurry w. Support w had an
3iCs concentration of 3 percent by mass, a Ti0;
concentration of 45 percent by mass, and an Al;0;
concentration of 52 percent by mass, all on the suppeort
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 1/3.

As with Example 1, catalyst W was produced

from support w and impregnating solution w (produced
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3 45 52 3 20 77 3 0 97 3 20 77 3 45

by changing the amount of molybdenum trioxide in
impregnating solution r from 232 g to 256 g). The metal
component contents of catalyst W were MoQj
concentration of 20 percent by mass and Co0O
concentration of 4.5 percent by mass, all on the basis
of catalyst Y. Properties of catalyst W are set forth
in Table 4.

[0082] [Example 10]

Into a cixculation type fixed bed reactor
were filled 200 ml of Catalyst R. Pre-sulfurization
was completed by feeding a mix oil of a straight-run
gas oil and dimethyl disulfide, the sulfur content of
which was adjusted to 2.0 percent by weight from room
temperature and keeping it at a pressure of 5.0 MPa.
a liguid-space velocity of 2.0 h™ !, a hydrogen/oil ratio
of 200 NL/L, and a reaction temperature of 250°C for
8 hours and further keeping it at a temperature of 320°C
for another 5 hours.

A TEM photograph of catalyst R
(pre~sulfurized hydrodesulfurization catalyst R)
after pre-sulfurization was taken with a transmission
electron microscope H-800 manufactured by Hitachi,
Ltd., and then 50 molybdenum lavers were observed
therefrom. For each molybdenum disulfide layer, the

number of laminated lavers and length were measured to
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52 Loaded Conponents (On hydrodesul furixation catalyst prior to
pre-sul furization basis) 61.03mass % 1410macaS 0. Omass % Nel smass%
Chel ating Agent 18 0 4.5 0 Mae Acid 20 O

calculate the average number of laminated layers and
average length (as the case may be). The definitions
of the number of laminated layers N and length L of
molybdenum disulfide are shown in Fig. 2. The
pre-sulfurized hydrodesulfurization catalyst
contained molybdenum disulfide having an average
number of laminated layers of 1.3 and an average length
of 4.4 nm.

After pre-sulfurization, the feedstock was
switched to a straight-run gas oil(a boiling point of
220 to 385°C, a sulfur content of 1.27 percent by mass)
and then the desulfurization activity of the catalyst
was evaluated at a pressure of 6.0 MPa, a liquid-space
velocity of 1.5h™%, a hydrogen/oil ratio of 200 NL/L,
and a reaction temperature of 340°C (hydrorefining
experiment). The sulfur content of the produced oil
is set forth in Table 4.

[0083] [Example 11]

As with Example 10 except for using catalyst
S instead of catalyst R, the same pre-sulfurization and
desulfurization activity evaluation were carried out.
The pre-sulfurized hydrodesulfurization catalyst
contained molybdenum disulfide having an average
number of laminated layers of 1.3 and an average length

of 4.3 nm. The sulfur content of the produced oil is
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4.5 0 Malic Acid 18 0 4.5 0 Malin Acid 18 0 4.5 0 Malic Acid 18 0 4.5
0 -

set forth in Table 4.
[0084] [Example 12]
As with Example 10 except for using catalyst
T instead of catalyst R, the same pre~sulfurization and
desulfurization activity evaluation were carried out.
The pre-sulfurized hydrodesulfurization catalyst
contained molybdenum disulfide having an average
number of laminated layers of 1.3 and an average length
0of 3.7 nm. The sulfur content of the produced oil is
set forth in Table 4.
f0085] [Comparative Example 9)
As with Example 10 except for using catalyst
U instead of catalyst R, the same pre-sulfurization and
desulfurization activity evaluation were carried out.
The pre-sulfurized hydrodesulfurization catalyst
contained molybdenum disulfide having an average
number of laminated layers of 1.2 and an average length
"of 4.7 nam. The sulfur content of the produced oil is
set forth in Table 4.
[008B6&] [Comparative Example 10]
As with Example 10 except for using catalyst
V instead of catalyst R, the same pre-sulfurization and
desulfurization activity evaluation were carried out.
The pre-sulfurized hydrodesulfurization catalyst

contained molybdenum disulfide having an average
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20 0 4.5 0 Malic Acid Average Length of Ml ybdenum nm Di sul fi de Layer
Aver age Nunber of Lam nated Layer of Ml ybdenum Di sul fide Layer 4.4
1.3 7.11.8 4.9

nunber of laminated layers of 2.8 and an average length
of 7.2 nm. The sulfur content of the produced oil is
set forth in Table 4.

[0087] [Comparative Example 11]

As with Example 10 except for using catalyst
Winstead of catalyst R, the same pre-sulfurization and
desulfurization activity evaluation were carried out.
The pre-sulfurized hydrodesulfurization catalyst
contained molybdenum disulfide having an average
number of laminated layers of 1.8 and an average length
of 7.1 nm. The sulfur content of the produced oil is
set forth in Table 4.

[0088] [Comparative Example 12]

As with Example 10 except for keeping the
catalyst at a temperature of 410°C for 5 hours instead
of at a temperature of 320°C for 5 hours for
pre-sulfurization, the same pre-sulfurization and
desulfurization activity evaluation were carried out.
The pre-sulfurized hydrodesulfurization catalyst
contained molybdenum disulfide having an average
number of laminated layers of 3.8 and an average length
of 4.5 nm. The sulfur content of the produced oil is
set forth in Table 4.

[0089] [Example 13]

As with Example 10 except for carrying out
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1.2 7.2 2.8 7.1 1.8 Mania Diffraction Peak Area / Al unm na
acti a

7
on Peak Area 1/8 1/3 1/8 0 1/8 1/3

the desulfurization activity evaluation at a pressure
of 3.7 MPa, a liguid-space velocity of 0.5 h™%, =
hydrogen/o0il ratio of 180 NL/L, and a reaction
temperature of 320°C, the same pre-sulfurization and
desulfurization activity evaluation were carried out.
The pre-sulfurized hydrodesuifurization catalyst
contained molybdenum disulfide having an average
number of laminated layers of 1.3 and an average length
cf 4.4 nm. The sulfur content of the produced oil is
set forth in Table 4.
{0090] [Comparative Example 13]

As with Example 13 except for using catalyst
W, the same pre-sulfurization and desulfurization
activity evaluation were carried out. The
pre-sulfurized hydrodesulfurization catalyst
contained molybdenum disulfide having an average
number of laminated layers of 1.8 and an average length
of 7.1 nm. The sulfur content of the produced oil is
set forth in Table 4.
(00211 [Example 14]

As with Example 10 except for using a mix oil
(a sulfur content of 1.05 percent by weight) of 80
percent by weight of a straight-run gas oil and 20
percent by welght of a fluid catalytic cracking

straight-run gas oil (a boiling point of 170 to 360°C,
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Sul fur Content of Produced Gl mass ppm8 22 7 52 29 16 (0096] The
results in Table 4 indicate that high desulfurization activity can be
achi eved using a hydrorefining catalyst conprising at |east one type
of netal conponent selected fromVIA and VIII groups of the periodic
tabl e, supported together with a chelating agent on a

silica-alum na-titania support wherein the total area of the
diffraction peak area indicating the crystal structure of anatase

titani a 41841 Al anesnawhthe fid f 1acticonc paak Wy eqaisndi cathrg dhee
crystal structure of rutile titania (110) planes in the support,

measur edp by X% Byu diiffd BLE hom raab¥sisl # §riizh O o hessof v i ke,
diffraction peak area indicating the alum numcrystal structure

assi gnabéeafmayt-%ﬂmwré499)rﬂoi@&e%uﬁgg_ h@MEﬂ%P@@Qﬁ%éf&%&ﬂg} zed

to have a nol ybdenum di sul fide | ayer ing an average | engt

| onger g+, oy 3k 7, DAY Oy SBOELA, 200 o8 AYPHAYE WIBSL Al

| am nat ed” | ayers nore than 1. ria

Appl | cabciii'%%%l%g@%ﬂgélgi%r}sggeu;% gdn%?r{baéif%foﬂ; ar,}nﬁ%&g%e ﬁ‘%yﬁgsof

i nvention urizatron activity f y
a gas oi)| fraction.,n particular,.and thus_s sjgnificantly used in
the i nduééjfcr;L '(t‘)%c%rﬁge % RERTRAR of SANE h dr 04c‘a4 bofl -oi ?th? ﬁuari%h’er

level . content of the produced oil is set forth in Table 4.

f00g2] [Comparative Example 14]

As with Example 14 except for using catalyst
U, the same pre-sulfurization and desulfurization
activity evaluation were carried out. The
pre-sulfurized hydrodesulfurization catalyst
contained molybdenum disulfide having an average
number of laminated layers of 1.2 and an average length
of 4.7 nm. The sulfur content of the produced oil is
set forth in Table 4.
{00583} [Comparative Example 15]

As with Example 14 except for using catalyst
V, the same pre-sulfurization and desulfurization
activity evaluation were carried out. The
pre~sulfurized hydrodesulfurization catalyst
contained molybdenum disulfide having an average
number of laminated layers of 2.8 and an average length

of 7.2 nm. The sulfur content of the produced oil is

set forth in Table 4.
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CLAI M5 [C ai m 1] A hydrodesul furization catal yst for hydrocarbon oils,
conprising a hydrodesul furization catalyst Y conprising a support
containing silica, alumna and titania and at | east one type of netal
conponent supported thereon and selected fromVIA and VIII groups of
the periodic table, the catalyst Y being pre-sulfurized,

the total area (titania diffraction peak area) of the diffraction

peak ar b?%gcati n?acéoih?%g@ésct%es%{%%r%ig qf6n]3nat ase titania (101)

pl anes and diff n-peak area | ndi Cat’i the crystal structure

of rutile titania (110) .pl.anes_in.the ,support asured by X-ray

di ffraction anal ysi Sbgﬁﬁal%ﬁﬁa%?lﬁbgﬁ 8%CFH%td$$Fr%EPF%h fé?@a
(alunin%gdifbraction eak aﬁﬁ%) i ndicating the alum num cryst al
structure ak iegr%?jm?o%ﬁeﬂﬁ Pt {486k 1 andsd desulfurizatiin pet al
conmponent conprising at | east nol ybdenum t he

mol ybdedft bEiktg’ foF Aedt 3 hi 8ndi §b8efdd &+ edl Awe- cr¥ieal and

di sposed in layers on the support by the pre-sulfurization and the
nol ybdedUn® dSsdl 1 Bé 2&9) sk dr riogdee? 8 LAaVE hga i caverage lwngt h of

| onger than 3.5 nmand 7 nmor shorter in the plane direction and an
aver age Jrirberd ngfd | apilvdr @entay et ssofl ffinde hearirdgOaandde 9aagre f ewer.
[ aim 2] A hydrodesul furi zation catal yst according to claim1l,

wher ei n tebsuppdr L agontatesl dielicasinf the8fant afy Sr82 dge dreagobnt
of 1 to 10 percent by mass, titania in the formof TiQ2 in an anount
of 3 tooid pefcemt. by'massudnhal dohrtaent ¢fether PoddARAR dhians
anmount of 50 percent by mass or nore. [C aim 3] A hydrodesul furization
cat al ystsaaccanditlyg ia dabiel or 2, wherein the content of the netal
conponent is from1l to 35 percent by mass on the hydrodesul furization
cat al yst[ 00 psijor to [tfhe peeqsul furization basis, and the content of
the nol ybdenumis from1l to 25 percent by mass in the formof MO2 on

t he hydrodesulfurizati-on-catalyst Y prior . to the pre-sulfurization
. . . Comparstive Conparative Gomparativs Comparative
E: .
basis. [Caim4]A hydrodestrfir|i®rmatlgrealal §5bs | cowemn | comen | Beml
Catalyst R s T u v W R
Stpport Components (Support basis)
sifica mazs % 3 3 3 k] 3 3
titania mass % 20 2 20 ¢} 20 45 20
alymin mass X ki 7 1 87 77 52
Loadad Cerapanents (On hydrodesulfurization
catalyst prior to pre—suffurization basis)
4,05 mags K 18 13 £ 18 i8 20 18
MiG moss ¥ 0 o 4.5 [ 1] 4] ]
.0 mass % 4.5 48 4 4.5 45 45 45
PO masz % o 1 1 1 0 G q
Chalating Agont alic Acid Citrie Acid Citric Acid Hatis Agid - Malic Acid Matic Acid
Average Length of Molybdanum
Disulfide Loyer nm 4.4 43 37 47 1.2 11 A5
Average Humber of Laminated Eaysr of
Molybdentum Disuifide Layar 3 13 13 12 28 i8 38
Titania Diffraction Peak Araa / Alumina Diffraction
Peak Aros 1%} 178 /8 [+] 1/8 /3 /8
Sulfur Content of Praduced Qi mass ppm 10 ] 4 &5 k<L 26 21
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according to any one of clains 1 to 3, wherein said pre-sulfurization
is carried out by contacting the hydrodesul furization catalyst Y with

a mx oi

| of a hydrocarbon

oi

sulfide at a tenperature of 200 to 400C.
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al um num salt aqueous
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hydr
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[ es® of
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t He

diffraction peak area (alum na diffraction peak area )

al um num crystal structure assigned to y-alum na (400) planes,

i ndi cating the

t he nol ybd@R®m bei nFHormestikits vl ybaehem4di Sobfiicdet er yozal mngh
di sposed in |ayers on the support by the pre-sulfurization,
mol ybdendesdilsil £ i de tcrost alc Hiayet g MEMngeameWEewyﬁI@Egh@(ﬁ
| onger than 3.5 nmand 7 nmor shorter in the plane direction and an

aver age mudberr of i hamigateda L gper s coip fhee ddat Lda @bdodedt9hd ever,
the inpregnating solution having a peak intensity in the range of 940

to 950cmdtal5 déompsnenioselefcide pedmintansidy voithesange ofr
890 to 910 cm1 in the Ranman spectrum [C aim6] A process of

produci ngha hydredessldawmi gat i sgp
wherein the pre-sul furization o

contacti
hydr ocar

and t he

by

Pt el yst ot U IR R £l d St ing
the fifth step is carried out

agehhe wdr %dieﬁill:fau-ra' Zghk o -cat @EYﬁta L WhEBr3 M Péknoft &

hydr ogen sul fide a
tenper atyg e,af 5300 10 400C. 41 ffraction peak area indicating the

bon oil and a sul

crystal structure of anatase titania

fating agent or

(101

)

the diffraction peak area indicating the crystal

planes and

structure ¢f rutile titania (110) planes in the support,

measured by X-ray diffraction analysis is 1/4 or less

of the diffraction peakX area indicating the aluminum

and having been pre-sulfurized to have a molybdenum

crystal structure assignable to y-alumina (400) planes

disulfide layer having an average length of longer than

3.5 nm and 7 nm or shorter and an average number of
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[Claim7]A process of producing a hydrodesul furization catal yst
according to claim5 or 6, wherein said inpregnating solution further
contai ns a phosphoric conpound. [C aim 8] A process of producing a
hydr odesul furi zati on catal yst according to any one of clainms 5 to 7,
wherein said chelating agent is citric acid or malic acid. [Claim9]A
met hod for hydrorefining a hydrocarbon oil conprising hydrotreating a
hydrocarbon oil under a hydrogen atnosphere using the

hydr odesk@RéiFieZe ¢ oh avstap yotf acevedithipnolelCiand. 1[.Q abm fBwer.

met hod for hydrorefining hydrocarbon oils according to claim9,

wher ei n sai d Hyrdeedridonl oRprlsi ggbddtiedyfrom t he group consisting of
straight-run gas oil, vacuumgas oil, light cycle oil, hydrocracked
gas oil,[ &®87tlher malloy aeked sgeist ol .z 0 @h tall] & nefhethdf Fresent
hydr or ef i ni ng hydrocarbon oils according to claim9 or 10 wherein the
oi | producednfiriosm t be Hiyislt ot héagh ngdechu Bf hydrocai ban it i bas @ sykf ur
content of 10 ppm by mass or | ess and a nitrogen content of 3 ppm by
mass or Heasoddd ahiniPlA nelghad Sor hydeeriedh v Ag hydrocar Ren ails
according to any one of clainms 9 to 11, wherein the reaction pressure
is fromdhée 12 Miayntbe dd.aui - sRace Vel Pakt Y dPu o Qelodfsd Qeh-/
the hydrogen/oil ratiois from80 to 500 NL/L and the“reaction

tenper atiy £ ih%rcff@ﬂb%i%éohﬂ’gi%carbon 0il at a higher level.
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CLAIMS -

{Claim 1] A hydrodesulfurization catalyst for
hydrocarbon oils, comprising a hydrodesulfurization
catalyst Y comprising a support containing silica,
alumina and titania and at least one type of metal
component supported thereon and selected frem VIA and
VIITI groups of the periodic table, the catalyst Y being
pre-sulfurized,

the total area (titania diffraction peak
area) of the diffraction peak area indicating the
crystal structure of anatase titania (101) planes and
the diffraction peak area indicating the crystail
structure of rutile titania (110) planes in the support,
measured by X-ray diffraction analysis being 1/4 or
less of the diffraction peak area (alumina diffraction
peak area) indicating the aluminum crystal structure
assigned to y-alumina (400) planes,

the metal component comprising at least
molybdenum,

the molybdenum being formed into molybdenum
disulfide crystal and disposed in layvers on the support
by the pre-sulfurization and the molybdenum disulfide
crystal layers having an average length of longer than

3.5 nm and 7 nm or shorter in the plane direction and
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an average number of laminated layers of more than 1.0
and 1.8 or fewer.

[Claim 2] A hydrodesulfurization catalyst
according to claim 1, wherein the support contains
silica in the form of Si0; in an amount of 1 to 10 percent
by mass, titania in the form of Ti0O, in an amount of
3 to 40 percent by mass and alumina in the form of Al,03
in an amount of 50 percent by mass or more.

[Claim 3] A hydrodesulfurization catalyst
according to claim 1 or 2, wherein the content of the
metal component is from 1 to 35 percent by mass on the
hydrodesulfurization catalyst Y prior to the
pre-sulfurization basis, and the content of the
molybdenum is from 1 to 25 percent by mass in the form
of MoO3; on the hydrodesulfurization catalyst Y prior
to the pre-sulfurization basis.

[Claim 4] A hydrodesulfurization catalyst
according to any one of claims 1 to 3, wherein said
pre-sulfurization is carried out by contacting the
hydrodesulfurization catalyst Y with a mix 6il of a
hydrocarbon oil and a sulfating agent or hydrogen
sulfide at a temperature of 200 to 400°C.

[Claim 5] A process of producing a
hydrodesulfurization catalyst for hydrocarbon oil,

comprising:

_8 3.._



(1) a first step of mixing a basic aluminum
salt aqueous solution and a mixed agqueous solution of
atitaniummineral acid salt and an aclidic aluminum salt
in the presence of silicate ion so that the pH is from
6.5 to 9.5 to produce a hydrate;

(2) a second step of producing a support by
washing, extruding, drying and calcining the hydrate
in turn;

(3) a third step of contacting the support
with an impregnating solution containing at least one
type of metal component selected from VIA and VIII
groups of the periodic table (provided that molybdenum
is indispensably contained) and a chelating agent;

{4) a fourth step of drying the support with
the metal supported thereon, produced by contacting the
support with the impregnating solution to produce a
hydrodesulfurization catalyst ¥; and

(5) a fifth step of pre-sulfurizing the
hydrocdesulfurization catalyst Y,

the total area (titania diffraction peak
area) 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 in the support,

measured by X-ray diffraction analysis being 1/4 or
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less of the diffraction peak area (alumina diffraction
peak area ) indicating the aluminum crystal structure
assigned to y-alumina (400) planes,

the molybdenum being formed into molybdenum
disulfide crystal and disposed in layers on the support
by the pre-sulfurization, and the molybdenum disulfide
crystal layers having an average length of longer than
3.5 nm and 7 nm or shorter in the plane direction and
an average number of laminated layers of more than 1.0
and 1.9 or fewer,

the impregnating soclution having a peak
intensity in the range of 940 to 950cm™ 2.5 times or
more of the peak intensity in the range of 890 to 910
cm ™ in the Raman spectrum.
[Claim 6] A process of producing a
hydrodesulfurization catalyst according to claim 5,
wherein the pre-sulfurization of the fifth step is
carried out by contacting the hydrodesulfurization
catalyst Y with a mix o0il of a hydrocarbon oil and a
sulfating agent or hydrogen sulfide at a temperature
of 200 to 400°cC.
[Claim 7] A process of producing a
hydrodesulfurization catalyst according to claim 5 or
6, wherein said impregnating solution further contains

a phospheoric compound.
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[Claim 8] A process of producing a
hydrodesulfurization catalyst according to any one of
claims 5 to 7, wherein said chelating agent is citric
acid or malic acid.

[Claim 9] A method for hydrorefining a
hydrocarbon ¢oil comprising hydrotreating a hydrocarbon
cil under a hydrogen atmosphere using the
hydrodesulfurization catalyst according to claim 1.
[Cilaim 10] A method for hydrorefining hvdrocarbon
oils according to claim 9, wherein said hydrocarbon oil
is selected from the group consisting of straight-run
gas oll, vacuum gas oil, light cycle 0l1l, hydrocracked
gas 0il, and thermal-cracked gas oil.

{Claim 11] A method for hydrorefining hydrocarbon
0ils according to claim 9 or 10 wherein the oil produced
from the hydrotreating of a hydrocarbon 0il has a sulfur
content of 10 ppm by mass or less and a nitrogen content
of 3 ppm by mass or less.

[Claim 12] A method for hydrorefining hydrocarbon
oils according to any cne of claims 9 to 11, wherein
the reaction pressure is from 1 to 12 MPa, the
liguid-space velocity is from 0.1 to 4.0 h™!, the
hydrogen/oil ratio is from 80 to 500 NL/L and the

reaction temperature is from 250 to 400°C.
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