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HYDROCEEgmm “mwmm’resent invention relatbs to a hydrogenation catal yst

for hydrocarb@&mﬂjl and a net hod of hydrogenation of hydrocarbon oil, in
ydr

particular to a ogenation catal yst effective as a hydr IRt i on
catal yst, a hydro denitrogenation catal yst and a hydro-deaﬂMNWﬂWMﬂmmumm
catal yst for hydrocarbon oil that ééygfgy%%Npas oi I, kerosene angpiher
fractions, and also to a nethod 3% ydrogenati on of such hydrocarbon oil.
The invention further relates to a netal conpound |oading refractor

i nor gani &%%WW%@T%HS?&O%FBBBQ?W%%IUSW FORetT s to a
nmet al compound-| oadi ng refractory inorgani c oxide carrier useful especially
for catal ysts andMB@BePbeRt HYDRAGENATION QF oQYRROPGHREAN @Eke. The recent

gl obal destruction of the environnment is a matter of grave concern. In
parti cul ERECHNIGAIge L Edl des (NOx) and sul fur oxides (SOx) released in air
fromburning fossil fuel such as coal and oil produce acid rain and acid
fog which seri disd ypdesenay theeehvbononnehitefd ftorest s hyldakeenatdwoshes,

etc. Above all, SOx are serious. SOx could be reduced in sonme degree by
post -t r eataRillystbflori hydsokapbbhast 1 tanehf nekBBE! ¥f hydrogeradi oz .
renove sul fur fromfuel oil. Fromthe viewoint of the protection of the

envi ronmafqrdrseoW at,| otn opagasc@lari fopai Blyd@bgiehatibhf UataaRisent is
much intensified, for which it is desired to devel op a hydrogenati on

catal yst hawd g v hinghes  daaildHd ZAtAHN Aatiod tMat'a"?P%PfOJehﬁr%at al yst
prepared from cobalt and nol ybdenum supported on a refractory inorganic

o9 e AR TR SR oty Ltyen

gas oil. Tt urization activity of the catalyst

signi fic J%ﬁ%%%%oﬂnﬁwetﬁgedirgé%e% galeoast i yer SELAL .o tpbyRdgnum

therein. For 1'nproving the state o enum on the catalyst, er

mvest] ot B T Thertar alst ©9 G PRESED i YRRl S OF Bk

conponengﬁéﬂg%$¥§§n}QSJQesuIfurization activity of the catalyst. A nethod

of applyi aniumto ‘an alum na carrier; and a nethod of

co-precipitati al um i i nown, Here e re
cat al ysts havi ﬁg’eanﬂg%:%gmne?glt&g? % %eﬁagtxeasrrppé, acolg%;% rcug%‘égf'l%
nol ybden n1ﬁ§.tun%§ten supported_on a tefractog i ngrgani ¢c_Q .carrier

g id

Such as af Ui~ o STt Ovi Ag: PR SCPTISt 51 - hie "Lt a1 SFS Uikt REds of
using an additional, Metal.;GUTREPSY nethl aM M NaYe been, Prarosed -y

inorganic oxide carrier useful especially for catalysts and

adsorbents, and to its production and use.

BACKGRQUND ART

The recent global destruction of the environment is a

matter of grave concern. In particular, nitrogen oxides (NOx)

and sulfur oxides (SOx) released in air fromburning fossil fuel

such as coal and oil produce acid rain and acid fog which

seriously destroy the environment of forests, lakes, marshes,

etc. Above all, SOx are serious. SOx could be reduced in some

degree by post-treatment, but it is important to efficiently



Applied- Catalysis, 63 (1990) 305-317; Japanese Patent Laid-Open No.jg NOY 2007
106061/ 1994). In these nethods, however, the condition of titaniumheld I'n
the carrier is not the nost 2 suitabte, and the activity of the catal yst
could not be inproved satisfactorily. For shaped articles of refractory
i norgani ¢ oxi des, heretofore known are extrusion nol di ngs, spherical
articles and honeyconb articles. In case where these shaped articles are
used as carriers specifically for catalysts and adsorbents, generally
enpl oyed Fenaveetkedust Bt yEfrRglt Itdrlet o ARCRctiNfe YhyrRAtRht Ofanthe
i ngredient serving as a catalyst pronoter to accelerate the activity or an
i ngr edi empréoecpiomoe f nghadsoy bréwnenandtize t e gul 4 higrredi ergad ovilkontrol | i ng
the properties of the shaped article serving as a carrier. In the system of
t he abovepshet e f he o eadtfiuencandeadsos piuain indehe iddedr r édrnehionl it on t he
outer surface of the shaped article but also even inside the pores of the
shaped aris desie@RcedevEIBY Y hiyBeblhaRhtiaat@tal et heemigguen tfhami form y
introducing the ingredient participating in the reaction and adsorption
into the deep Fnsider obnther shaped article is a matter of great inportance.
However, to the case where the interaction between the ingredient and the
shaped article I a carti I, Sy e st , I il

é@fé/&{d‘ﬁoﬂé,. & cf%@%%y(flt ?{%e%lé/d £ ac?éoe}:pa(()?tbt ﬁa{eﬂé"‘h

occur that the ingredient is he o] outer surf aped

ol . . Csting insid

the shapall arerere i uthl b BRBRsR R eny: S boe Rt o et el 1 6

NOU 2002 3 . 1 H NOV.~ d to.b ied. b .ef t ' [

oxi do. cariEh 9% “ABHTEq t 6 TG RAPF B By SRt ot AEROIChSI TG (he

metal co or_nd Egl uti if the i ti.on hetwee onpound
ier-i

, t th t al
and the cat sist %%ﬁngﬁétcatﬂ% esS{rJTafcdlr@Z?td&?oral‘fgltvﬁgy%éltlgeorrpound
th t al nd | s, idl hydr ol th i d, .
Cesult, TRt ey R AT e, S b ot 3t PR bR e R ohaped

article, carrjer and could not uniformy penetrate into_ the pores existing
i nsi de t MRS SHhpedHMIFqR™ TRBREFOPe, i K OFhel RRFREHIT orde nﬁEF\Ba, %he
active ingredient is held only on the outer surface of the refractory

i nor gani cCPOXYIReR AR r PRr FRaNR tdLY I noPTLREF LTV AR il Yt amnd ty
expected for the intended reaction. In addition, another problemwth the
met hod i s2tWRDR HEPRRIYRELT (Yt ST LT SsBgVegaeed THTSS bhdd hed ditter
surface of the shaped article, carrier, interferes with the diffusion of
the reactFion $RRfEEt i nOS theSBor&s ihdithwn Ké2tadrFeFan FRrCcARATAHY
titaniumto an alumna carrier, investigated are élg a nmet hod of

i mpr egnat WAL @Y &l GREn&eFULE UER Zaddenu s ol ithivorP of the t At aAYEEL r achl ori de,
(2) a nethod of inpr e?nati on of alum na with an isopropanol solution of
titani umPebpPAEXRBELYARRI § R CataltPsts 2 e ipeo0ny & 395 217 & BfdiqB) a

met hod of chem cal vapor deposition of a vapor of saturated titanium

t et r achl o?f deC ot &C &P uhd hin g nREem Hedait a1d aphirive Pateeindavdl d- Open No.

106061/ 1994). 4
Heretofore used are catalysts having an active metal of,

for example, cobalt, nickel, molybdenum or tungsten supported
on a refractory inorganic oxide carrier such as alumina. For
improving the activity of the catalysts, methods of using an
additional metal component, titanium have been proposed
(Applied. Catalysis, &3 (1990) 305-317; Japanese Patent
Laid-Open No. 106061/1994). 1In these methods, however, the

condition of titanium held in the carrier is not the most



1 L3fVOIt 7002 Both the method of applying titaniumto an al um na
carrier and the nethod of co-precipitating alumna and titania nentigqﬁ@fﬂm
above include a step of applying an acttrve hetal of Goup 6 and an t J
nmetal of Groups 8 to 10 of the Periodic Table to the carrier followed by
calcining the netal -1 oading catal yst at a high tenperature of around 500C
or so, in which the active netals on the titania often agglonerate. This is
probl ematic, as lowering the catalyst activity. The method (2) requires the
al cohol &id G liehepBBdiie anbebhbricfathasatid Yaltcehold 08éPsmisPreEefecover ed
therein. The nethod (3) differs fromordinary inpregnation nethods where a
sol uti on seg isdedttdmiltyhi s, a vapor of the starting material for the active
ingredient is introduced into the reaction system in which the vapor

i ntroduced i s decomngtuses andtdeposi béd et tareoxay riesrdmvigoRedas,
controlled at a certain tenperature. Therefore, this will require a

conpl i cated card dc0 WH RGP ARPAralUSHf ab lbenper, altphereealr aktandepr ocess
control. In addition, in this, chlorine deposits on the carrier and w ||

produce hydr agemr ith® ¢€ 198 swhefn thgs & aHacd Ctr%ééwghg%@hca%&e@e@ar rier
is processed at a high tenperature in a reducing atnosphere, and the

hydrogen .ol gtLded sabroublesans st Lesr edes e anpacausyuned, O the

ot her han co-precipitating alum itania’is

uneconom cal ,  _si i £ ani n fi.cientl hiibhit (ts_effect
T ts s T neriguse 2od E8thGa 0oL BT UG RigkeRte o, pebideer than
15 o by weight.. Ir%the net hod fnjet) and.él2), the active. ingredi enttcould not
Uni £ or ml y SRR 1 o THE F6Tes SASLBE Phe SshapBaraFt PEPEOSF attim na,
and thereforq_ coyl d ngt satjsfactorily exhibit its effect. The t hod (3)
differs PEORGTEFary Frrp?%éh‘é%%n SFet ABds* WHeT & & S ol TGt oﬁrpgog'iga n

this, a vapor of the starting material faqr the active ingredient |S
|t £ oducEd SR K r 880y | b HyStbnt DFACRRFER e v A6t HOr RS s
deconposed and deposi teq't on the carrier having been controlled at a certain
t enper at BFEP St (e, thenisd aped arrédl‘}ilreesﬁré[gﬁﬁl Péafetd2&Rhd®Er oubl esone
apparatus for tenperature control and process control. In addition, in
this, chlorinel@eptRft SYShefhecafRPelrbat® WL Br dd6c & IR GYenaBhl ori de
gas when the refractory inorganic oxide_ carrier is processed at a high
t enper at G ARt e QP AP EHHOSFhere, °ahd ThéRyarbeers whians @ £ie
troubl esone as it corrodes the apparatus used. The present invention has
been madéhiaRecorditd&rlat i Gfl sth&VaBoE-SHERt toReBOrBEt Bf sthanabpPsdobj ect
is to provide a hydrogenation catal yst having higher desul furizatian
acti vity2rdemilter dferdit | DRt BRRE LY t {ReHT dtfar Bretezat Fom BeEhRigye 6 provide
a nmet hod of using the catal yst for hydrogenati on of hydrocarbon oil, and to
provi de ATECAMIdonpobFRE oty n§h e eflRgECEL PN dragdiicd PeEide cer r £BE in
which the nmetal exists uniformy everywhere inside it. 6 1 9 NOU ~00~
DI SCLOSURE aGH: 1'PRE arVENIS P ion t HEE pridseresmvins B8 dhvehasshanstdsl y
studied, and, as a result, have found that, when a solution containing a
wat er - solagtlie htetld acarFRaTd of 9Gedlp importeReePeri odic Table is
i npregnated on a refractory inorganic oxide carrier it

However, to the case where the interaction between the

ingredient and the shaped article serving as a carrier is
extremely strong, a problem will occur that the ingredient is
held only on the outer surface of the shaped article and could
not uniformly penetrate into the pores existing inside the
shaped article.

Concretely, the problem is as follows: When a metal



carries the netal compound, and further an aqueous sol ution containing at

| east one nmetal conpound of Group 6 and at |east one netal conpound ff gy 2007
Goups 8 to 10 of the Periodic Table is inpregnated on the resulting
carrier so that it further carries the netal conpounds, and thereafter this
is heated at a tenperature not higher than 300C, then the object of the

i nvention can be effectively attained. In particular, we have found that,
when the step of processing.the carrier with a nmetal conpound of G oup 4 of
the Peri o8PEPPHBAELS es62HEE ALY EhBeLIHEl @AY HiNé IFN3EeS¥ede AT T £3F
titanium then the object of the invention can be nore effectively

att ai ned. 1ereriidiad ba,theechavees it heprd ountlehaethadaers ag dhaetrisa kol ution
that contains a water-sol uble organic conmpound having a boiling point or a
deconposi tbopopadnsobht hot, | emeér i f hiaime iSO 1 &ct iqor dgptatesth drhea metfalact ory

i norganic oxide carrier, and dried, and thereafter a solution of a netal
conpound Eb!fn%:h@hdi snidmpriegnakedi et har tderdmi al trancupirfiermyrpengtyate to
the depths of the carrier and the nmetal. conpound-| oading refractory

i nor gani c ;@%be8sCARET RELERNCEHSOEE f SETE Ve Ve @d 1 abdhdie PhiLGtaOfa T he
invention. On the basis of these findings, we have conpleted the present 7
~~~0ovu02 | L Lfd i NLLONT &S I | ows;

1. A hydrgggﬁgrti?gﬁdcﬁfSFES%&%iré%'ygggéar %ni%lgf,lt(/\htﬁ%wfsé%)% uceljdmby

i mpregnat i C i i I rd i | uytj.on

cont ai ni n%g%%ﬂ% gmgocfrgrﬁ?{g angegfglégrfrg%%? gggékggfpe%gglff?%g’ edrllogc;ldﬁirc Tabl e
so that it _carri t o] h i natj.ng wth an
aqueous sgpﬁt Fg}ﬁ?on%gﬁ %n%é%lﬁﬁlrgga%j%}g%tn’%y@n%t gﬁjé%o%(e)uggligg %’lol{]sg“@ nd at

| east one.ne%gl Egnpo nd of Cgogfs 8 to 10 of the Periodic Table so that it
carries thB%fEfa Eoﬁ%ﬁ%ﬁ s2Thht T hereafter heating it at a tenperature not
hi gher than 300C. 2. _The hydrogenati on catal yst for_ hydrocarbon oil of
above 1, wherei ﬁl?ﬁ%f%?'al lcponggﬁnoc‘?ﬁv%ﬁ %t of“ettHBMPer?}b%li % is a

titani um ¢conpoynd.
Englr)e ient is held only on the outer surface of the refractory

inorganic oxide carrier, and could not effectively exhibit its
abllity expected for the intended reaction. In addition,
another problem with the method is that the active ingredient,
if segregated only on the outer surface of the shaped article,
carrier, interferes with the diffusion of the reaction product
into the pores inside the carrier.

For applying titanium to an alumina <carrier,
investigated are (1) a method of impregnation of alumina with
an aqueous solution of titanium tetrachloride, (2) a method of
impregnation of alumina with an isopropanol solution of
titanium isopropoxide (Applied Catalysis, 63 (1990) 305-317),
and (3) a method of chemical vapor deposition of a vapor of
saturated titanium tetrachloride onto alumina under heat

(Japanese Patent Laid-Open No. 106061/1994).



3. The hydrogenation catal yst for hydrocarbon oil of above 2, wherein the
titani um conpound is a salt of a titani um peroxohydroxycarboxylic atigdioy9g
A hydrogenation catal yst for hydrocarbon oil, which is produced by

i npregnating a refractory inorganic oxide carrier with an agueous sol ution
containing a salt of a titani um peroxohydroxycarboxylic acid so that it
carries the titanium conpound, then further inpregnating wth an agueous
solution.containing at | east one netal conpound of G oup 6 and at | east one
netal conpound Bt éligs e hpd00bf apRd YPBAI ddit@Malt etSo ahad 1 YiRarri es

t he metal conpounds. 8 1 8 NQU ?DA 5. The hydrogenation catal yst for
hydr ocar boaroi kr afindtpeafie tiod @ f1 coopdec bt & n¢ ke urefraaendriyl taroraggani ¢
oxide is alum na. 6. The hydrogenation catal yst for hydrocarbon oil of any
of above Rehoibnednaidwehirtdimdemaustepfof idppliwimg ant ecngvefmétsl axi de
falls between 1 and 15 o by weight of the refractory inorganic oxide

carrier. @rolpes i agenaidier satahyst dosudy dr @eanboprothe ofe@idif above
1 to 6, wherein the netal of Goup 6 of the Periodic Table is nol ybdenum

and the mepgheofo FRURS A 18- K 100IRepherh 0di £i AgPt Be I e td LKELag fhg The
hydr ogenati on catal yst for hydrocarbon 0il of any of above 1 to 7, which

carries RcRUgsaOerus, CUBMIAALON ML by LI o shocemmound of U © and
hyar ogenal gnof DXGERIERD, s R MNLCH RSSO LS N oseAL o0
2 boi | naPEaP AT T Gr & dRsohgBTI TNt Boi et o o1 Vet W nan 150C o a
el Cectony | norgen £ pxide S8l Lty Lhen pBluLpg, el auetal, compound
at | east SggconomicalastheEdcoholusedmustberecoveredtherein. The
method (3) differs from ordinary impregnation methods where a
solution is used. In this, a vapor of the starting material
for the active ingredient is introduced into the reaction
system, 1in which the vapor introduced is decomposed and
deposited on the carrier having been controlled at a certain
temperature. Therefore, this will require a complicated and
troublesome apparatus for temperature control and process
control. Inaddition, in this, chlorine deposits on the carrier
and will produce hydrogen chloride gas when the refractory
inorganic oxide carrier is processed at a high temperature in
a reducing atmosphere, and the hydrogen chloride is troublesome
as 1t corrodes the apparatus used.
On-the other hand, the method of co-precipitating alumina

and titania is uneconomical, since the titania could not

sufficiently exhibit its effect if its amount is not large, for



metal conmpound of G oup 6 and at | east one netal conpound of (}OUDST% h& 10
of the Periodic Table. 9 1 UNOV ?2U0 /. 11. The nethod for produci J 2002
hydr ogenati on catal yst of above 10, wherein the catal yst produced is for
hydro desul furization. 12. A nethod for produci ng a hydrogenati on catal yst,
whi ch conprises applying a netal conpound of G oup 9 of the Periodic Table
to a refractory inorganic oxide carrier, along with a water-soluble organic
conmpound havi ng a,boilin% poi nt or a _deconposition point of not |ower than
150C t her®ta P lgnd tfheredfiedr thart der 3apyl Yerghtnereto at | east one netal
conpound of Group 6 and at | east one netal conpound of Goups 8 to 10 of
the Periodic Tdbl éhelBethtes nelt)hadd d2) pr baeici g e Hydiregematti cautdt al yst

of above 12, wherein the catal yst produced is for hydro denitrogenation.

14. A netruwd foifprotdycpagearhydr agematilom patabysnsiwe ctheospapsés
applying at | east one netal conpound of Group 6 and at | east one neta

conpound Lft i@1eUpst 8 1onikh of akderPeré pslie dJeble hotaskefisaatepyilporganic
oxide carrier, along with a water-sol uble organic conpound having a boiling

poi nt or A Hiesanposd tderepoi nt ek RRftnloemers)t hans ASRC therebodiandy
thereafter further applying thereto a netal conpound of G oup 4 of the

Per| odi ¢ Al naASion DEnI2L a0k onodUGTIgs dulr ogenaiLon, gapalyst of

above 14, ereln the catal yst produced is for aronatization. 10
ot aboue M2 TORR IR e AU B YA Lo
refractory, J NN 9y ©; 9L 9ened fd fLe i B 009k in which the vapor
introduced is decomposed and deposited on the carrier having
been controlled at a certain temperature. Therefore, thiswill
require a complicated and troublesome apparatus for
temperature control and process control. In addition, in this,
chlorine deposits on the carrier and will produce hydrogen
chloride gas when the refractory inorganic oxide carrier is
processed at a high temperature in a reducing atmosphere, and
the hydrogen chloride 1is troublesome as it corrodes the
apparatus used.
The present invention has been made in consideration of
the above-mentioned matters, and its object is to provide a
hydrogenation catalyst having higher desulfurization
activity, denitrogenation activity and dearomatization
activity, to provide a method of using the catalyst for
hydrogenation of hydrocarbon o0il, and to provide a metal

compound-loading refractory inorganic oxide carrier in which

the metal exists uniformly everywhere inside it.



the nmetal conpound of Goup 6 and the netal conpound of G oups 8 to] dQneHHN
the Periodic Table thereto. 17. The nethod for produci ng a hydrogenation
catal yst of any of above 10 to 16, wherein the netal of Goup 4 of the
Periodic Table is titaniumor zirconium 18. The nethod for producing a
hydr ogenati on catal yst of any of above 10 to 17, wherein the netal of G oup
6 of the Periodic Table is nolybdenumor tungsten, and the netal of G oups
8 to 10 of the Perlodlc Table is cobalt or nickel. 19. The nethod for

pr oduci ngRachi,dble ot cal gLl 810U any of above 10 to 18, wherein the
refractory |norgan|c OXIde carrier is alumna. 20. The method for pr oduci ng
a hydr ogenat i onWeattaleyst e 9én amynveh talreviea 1€ ase ioustigr et ndt &a@, and,

wat er - sol ubl e organi ¢ conpound having a boiling point or a deconposition
poi nt of aet al eeenlthanaib0€osdathbheasivhene aselacitadnf comtdiietihy ene

gl ycol, triethylene glycol, polyethylene glycol and butanediol. 21. A

hydrogena&,gg@rc%guy% n%t%ilu%%% lotnkhe £ et d\gdl b rapye obe dlOye: TQhe 20. 22.
A nmet hod of hydrogenation of hydrocarbon oil, in which is used the

hydrOgenaﬁé03m%@%§h¥§5do%nagpvﬁe?ﬂacé&ry 1n§rgaﬁ¥6ZBdig3ca§rngaHt

conpound- ractory inorganic oxide carrier produce

| Mpregnat g, . LeLfaGory | AQLOAME Ol g AN L1 i L A et Al sagpound and

carrylng uni y every ere I nside

24. conmpaund- | adin refractor no ni ¢ canrier,

br oduced By FRBPEGRAY Egag%ra?? G EhBrlar CE D B PR Rt et a
conpound and carr i t he t ich.the r is.,at |east

et hERGERF HRRLTRG CCnEEaIPS DIt Mae SHEI %%O%cht@ebl&taﬁ at om
|n one direction ob alned t hrough el ectron probe m croan sis (EPMA) of
e cr 005 BREE FBACER ANESE AHEr as ShoRT 76 ERet i SEF RERP Saeoen t he
|l ength, t, of the cross section in the craoss direction of the carrler (t
indicatest?ﬁeWﬁQ&eﬂﬁRFRQ%ﬁﬁ%meaEQrﬁ%@éaéﬁqﬁﬂaE%}?léﬁ)Qﬁﬂ$%%eay
intensity, I, in which F indicates the |ntegral val ue of the X-ray
i ntensitytempeyaire pobehdgheie tdiast aE Chettieaan Uhe sbitateosf tiise
carrier and the other surface thereof, and Fmindicates the integral value
of the X-+ayeRhiensiarybeme{E5Ccbhvehe atitaéneangeit Par tL6ULRAE, X§ &Fvient ensi t y
curve at the mninmum and snal | est point of the curve, with t being also the
di st ance Betlwééﬁla&newee@ft&@eséepm«épé%ﬁwe@%ﬁ@q fRE bt Pe 1t § a6 alher eof .
25. The metal conpound-|oading refractory inorganic oxide carrier of above
23 or 24,CWePerd QhE TR dctdr FhienBerganfecokadée chy rierdqisinedh|tivditna.  26.
The net al conpound | oading refractory inorganic 12 1 f3 NOV 200z oxide
carrier ofharRWilebevece3sed OB ietditanine, neban tdwnpbiAatiaf &heet al

al koxi de.
invention can be more effectively attained. 1In addition, we

have further found that, when an aqueous solution that contains

a water-soluble organic compound having a boiling point or a

decomposition point of not lower than 150°C is impregnated on

a refractory inorganic oxide carrier, and dried, and thereafter
a solution of a metal compound further is impregnated, then the
metal can uniformly penetrate to the depths of the carrier and
the metal compound-loading refractory inorganic oxide carrier
can also effectively attain the object of the invention. ©On

the basis of these findings, we have completed the present



27. The netal conpound-|oading refractory inorganic oxide carrier of any of
above 23 to 26, wherein the netal is of Goup 4 of the Periodic Tabllel N®B200?
The netal conpound-| oading refractory inorganic oxide carrier of above 27,
wherein the nmetal of Group 4 of the Periodic Table is titanium 29. A

met hod for producing the netal conpound-|oading refractory inorganic oxide
carrier of any of above 23 to 28, which conprises inpregnating a refractory
i norgani c oxide carrier with an aqueous solution that contains a

wat er - sol ubvenbigani ¢ compound having a boiling point or a deconposition
point of not | ower than 150C, then drying it, and thereafter further

i npregnating wi $peal Sotailipn vfie ai medrat 1 cronjmo unoima30l zeAl st Had loors :
produci ng the netal conpound-|oading refractory inorganic oxide carrier of
any of above 2611 o028ydwhigeha€asnr¢seslydpriegnadrgcarbehracl prahidyor gani c
oxide carrier with an aqueous solution that contains a water-sol uble

organi ¢ coypPuduRawW NPy a iRRirkiAd tRAyNta Of ¢ ar eEOFPOShbireAnRel MHx itfe NOt

| ower than 150C, then drying it, and thereafter further inpregnating with

an al coholi g, 5o} utjiom 0f agTRkabnCUBAUNG i Pt Al WRlkexXisdeup3d. hral
hydr ogenation catal yst having at |east one metal of Goup 6 and at | east

one metal c<9rt1p<%lr?a'p§f 2(#%)%;}04 Az tqhge . rio%iif&,r gj%lgogg BeLd odi ¢ fahl &

supported on the met npound-1oading rée ory I norgani ¢ oxide carrier
of any of at_ | east one

b : : hyd ' I . '
met al of Eﬁ%a%ee%g ncttf%éatzogsqnedgtthg\ﬁle}l?r%?lg?epgﬁpg]eoqin%tsta gtsgl ESV%Q%%ueeqyesri odi c

Tabl e supported on the nmetal coupoupd-loading refractory. i.norgapi ¢ pxide
carrier OFHILGP CHLVALBE 4 DRSS RRICH 1S TRAatalPAS Ve RBErR: il hot

hi gher than 300C. 33. A nethod of hydro-desul furization of hydrocarbon oil,
in which #5 1R3Y" t(HE MAdg&raPreRdcat SF5RUPHE dsove 34 e sF}Zle.rlrﬁi C1is a

raph indicating the data of |inear analysis
grap Table é% gkat it carries the met%l compounds, and thereafter

heating it at a temperature not higher than 300°C.

2. The hydrogenation catalyst for hydrocarbon cil of
above 1, wherein the metal compound of Group 4 of the Periodic
Table is a titanium compound.

3. The hydrogenation catalyst for hydrocarbon oil of
above 2, wherein the titanium compound is a salt of a
titanium-peroxohydroxycarboxylic acid.

4. A hydrogenation catalyst for hydrocarbon cil, which
is produced by impregnating a refractory inorganic oxide
carrier with an aqueous solution containing a salt of a
titanium-peroxohydroxycarboxylic acid so that it carries the
titanium compound, then further impregnating with an aqueous
solution.containing at least one metal compound of Group 6 and
at least one metal compound of Groups 8 to 10 of the Periodic

Table so that it carries the metal compounds.



obt ai ned t hrough EPMA of the netal atomin one exanple of the netal
conpound- | oadi ng refractory inorganic oxide carrier of the i nvent i o8 MWd00,
this shows the rel ationship between the length, t, of the cross section in
the cross direction of the carrier and the X-ray intensity, I. Fig. 2 is a
perspective view show ng one exanple of the nmetal conpound-| oadi ng
refractory inorganic oxide carrier of the invention used in EPMA. In this,

the arrow indicates the direction for l|linear analysis of the netal atomin
the carrier. BEST WS@GQRQYPNGWWEWN{}B{\%&CG@PW@ Phveht BBY i s

described in detail hereinunder. The invention is a hydrogenation catal yst
for hydrozhrdeeveil, tehdchwherpiodtisedreyraappegnanphganiFepradeoiy 14  ~
a ~aav 2u02 inorganic oxide carrier with a solution containing a water
sol ubl e metwahirconpound of Group 4 of the Periodic Table so that it carries
the netal conpound, then further inpregnating with an aqueous sol ution

contai ning at |gasth®ngdrelhahatoshaatd 19fstCroum i ot ridor] €8stoorgyMEt al
conmpound of Groups 8 to 10 of the Periodic Table so that it carries the

metal compeWrlsse andd fier eaf ek cheatd Nhddn@to A tiamaiat Uhe tRetshbgher than
300C. The refractory inorganic oxide carrier for use in the invention

| ncl udes ol U, 1%e $hhiedhe Blbiga BhUT 88, HIpGReshE. o Zitie oKkdaccerystalline

alum nosilicates, clay mnerals and their m xtures. Above all, preferred is

al um na, gnd e preferr i.s,.y-alumna. Preferably, the nean pore size of
the carrier %ﬁlsc bée lv\iéenCe l}ﬁd 150 angstrons, nore preferably between 60

Ty be shaped (o Mave SFsPuaRakerE C A ortnrar s Eenak & PRYT S Yaved
Fot ract oSt B Gark 0kt AR RRIUGEE PEFan: G Gho51 § Goniln CRRACRLEani um i s
3 of the BRI NabASERSTEr Yo TR T 191 cf R Copbendl Shathe
mater_50|¢g¥f%dic Table is nickel.
8. The hydrogenation catalyst for hydrocarbon o0il of any
of above 1 to 7, which carries a phosphorus compound along with
the metal compound of Group 6 and the metal compound of Groups
8 to 10 of the Periodic Table.
9. Amethod of hydrogenation of hydrocarbon oil, in which
is used the hydrogenation catalyst of any of above 1 to 8.
10. A method for producing a hydrogenation catalyst,

which comprises applying a water-soluble organic compound
having a boiling point or a decomposition point of not lower
than 150°C to a refractory inorganic oxide carrier, then
applying thereto a metal compound of Group 4 of the Periodic
Table, and thereafter further applying thereto at least one
metal compound of Group 6 and at least one metal compound of

Groups 8 to 10 of the Periodic Table.



zi rconi um conpounds, such as titaniumsulfate, titaniumchloride, titanium
peroxi de, titaniumoxalate, titaniumacetate, zirconium oxychloride}gnoy 20
zirconiumsul fate, zirconiumnitrate, zirconium acetate, zirconi um amoni um
carbonate. 15 1 B NOV 20QZ For applying the nmetal conmpound of G oup 4 of
the Periodic Table to the carrier, enployable is a nmethod of preparing a
solution of the netal conpound in such a controlled nmanner that the anount
of the solution is enough for the carrier to absorb the solution, and

i npregnating t hélear Fhernefed iR $BI0ICERY BoPECEPEENAGL At FREALYDE a

met hod of dipping the carrier in a |arge excessive amount of a solution of
t he nmet al oforgimured. 1 © pphrgethe tdar ré¢eraiyst hersdhaed onsoff arhehyar at
conpound may be effected under atnospheric pressure or under reduced
pressure. deguprrepacatctibea.i npregnati on solution, the netal conpound is

di ssolved in water, or in an aqueous hydrochloric acid or sulfuric acid

sol ution, and ig2stahi hitzrddt Bekephodfieinghe MabesgsRitDde datanysm
conpound for titaniumto be inpregnated, especially preferred is a titani um

per oxohydrgxygarbg xlijts%sagio?19&n5t§ REFRDI UBhs8hhg 88 diod@cd it ates the
introduction of titaniuminto thé carrier. The hydroxycarboxylic aci

d
e S e st g g o
bt vioen 0¥ ind 30- By Vel he i B St pdeidin e 1R Ee Wb ver ght
of the carrier. If its ampunt is too snall, the metal coul d not
sati sfact 6Fi Pyl@KATBPEL T 136t CThnPti #‘%’66 theye ~Yhethefafo162ndi B NOV
2107 Conp%gggreiaggza?gpggghoenr gglplilglllgg tihsertehtiocgt alr]e%sl{ngxgg?nle a%ngoz;[lgoeund
of Group 6 and at least one metal compound of Groups 8 to 10
of the Periodic Table.
13. The method for producing a hydrogenation catalyst
of above 12, wherein the catalyst produced is for hydro-
denitrogenation.
14. A method for producing a hydrogenation catalyst,
which comprises applying at least one metal compound of Group
6 and at least one metal compound of Groups 8 to 10 of the
Periodic Table to a refractory inorganic oxide carrier, along
with a water-soluble organic compound having a boiling point
or a decomposition point of not lower than 150°C thereto, and
thereafter further applying thereto a metal compound of Group
4 of the Periodic Table.
15. The method for producing a hydrogenation catalyst

of above 14, wherein the catalyst produced is for hydro-

dearomatization.
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metal wl| segregate or agglonerate on the carrier, and therefore it iﬁ
unfavorabl e. After having been soaked with a inpregnation solution of #QV?WZ
nmet al compound of G oup 4 of the Periodic Table, the carrier is dried under
at nospheric pressure or under reduced pressure, preferably at a tenperature
falling between SO and 150C, nore preferably between 100 and 120C, for a
period of time falling between 0.5 and 100 hours so as to renove water from
it. Further, in order to enhance the bonding force of the netal_ conpound to
the carrier, al6.g The mgtmhdararriosicingeachydresenat bphi ohbdlystal ci ned.
The tenperature for calcination preferably falls between 400 and 650C, nore
pr ef er abby hetween abolearid G@0G5,anvthdiwirca ghephorud neogenerdl 1y falls
between 0.5 and 100 hours. In case where the netal conpound sol ution

contai ns ,apieBs 0 M fralfeaet oehl onbdganit dwsidiesiarablee ,t habnghei arount of
the anions therein is at nost 5 % by weight, in order that the dispersion

of the f’i%levrﬁe?ﬂ HorReRANES thghes @ankhensardd ar cbﬂlpbﬂ%dnéft@?é&@s and t hat

the activity of the catalyst is higher. For this, water vapor is added to

the air %tggsggegg EHe“@hE?o&bE fﬁﬁiéeﬁhé§e€@!Ci”ed1 or the carrier is
k )

washed with water or with water that contains anmpbni a or anmoni um

carbonate, before if, | | e r. after i.t has i ned he
carrier is masﬁZd a.?%ﬁmﬁgkggﬁgﬁ;%f%%ﬁﬁé%gbg gggfﬁggr%ggggf?ayyfyﬁﬁlv oV
Z00 Finally, at Least o f tive metal _co und of .roup,6 and at | east
one act| 08 HRPeP: REHID of SPoubBeBEtD cF T AheTrar PRl & 2 Boraé" and
optionally a ghosEhOEUS,coEEound are agglied,to the carrier. The netal of
G oup 6 6ETLREIPelPBAFc*Fabt 315 YBr &F ef abFS ol ybdenum or tungsten, nore
preferably nnlgbdenunl The nnhybdenun1cqnpound incl udes, for exanpl e,

mol ybdenum t ri 6%i det P&t iRt fioFmPE RISy BdRAY 2F OF$ed £ 1Ay st &R t¥Rpound

i ncl udes, for exanple, tungsten trijoxide, and amoni umtungstate . The
amount oPft ABYnef AP UL [taddd BhetfencEre inatadr efelaBly faPfsthen terns

of its oxide, between 4 and 40 % by wei ght, nore preferably between 8 and
35 % by R@;gﬁglgfTpﬁéecéﬁapygybdenum or tungsten, and the metal of

Groups 8 to 10 of the Periodic Table is cobalt or nickel.

19. The method for producing a hydrogenation catalyst
of any of above 10 to 18, wherein the refractory inorganic oxide
carrier is alumina.

20. The method for producing a hydrogenation catalyst
of any of above 10 to 19, wherein the water-soluble organic
compound having a boiling point or a decomposition point of not
lower than 150°C is at least one selected from diethylene
glycol, triethylene glycol, polyethylene glycol and
butanediol.

21. A hydrogenation catalyst produced in the method of
any of above 10 to 20.

22. A method of hydrogenation of hydrocarbon o0il, in

which is used the hydrogenation catalyst of above 21.

11



The netal of Goups 8 to 10 of the Periodic Table is generally cobalt

ni ckel . The nickel conpound for use herein includes, for exanple, niktkdfV 2002
nitrate and nickel carbonate; and the cobalt conpound i ncludes, for

exanpl e, cobalt nitrate and cobalt carbonate. The amount of the netal to be
| oaded on the carrier preferably falls, in terns of its oxide, between 1
and 12 % by weight, nore preferably between 2 and 10 % by wei ght of the
catal yst. The phosphorus conmpound for use herein includes, for exanple,
phosphor us pent®Xi db ns@id log e heC phdsphad iRy Z€ifdacTreE YahpoFganic eKédeonpound
to be | oaded an the carrier preferably falls, in terns of its oxide,

bet ween Oc&raner & r¥odycatebghimpid®onatli®y anr8f¥at 002y nmear garefepabby bet ween
1 and 6 o by weight of the catalyst. The active netal conpounds are applied
to the catdielebywidpregded i npnideaircaahtietami ying heier méoh L} iionshithe
carrier may , be soaked by sequential inpregnation with different solutions
of the three & OaPSef s tdauBiAn PR Gigen & aft .the Periodic Tabl e,
the netal conpound of G oups 8 to 10 of the Periodic Table, and the

phosphor us conpoyndy nﬁ%tali éoﬁﬁ@&ﬁ&ﬁgéé(dﬁ%‘eﬁ%gg?gtggy [R5 £oNad gRiuet h one

solution containing all the conpounds I npounds are di ssol ved

in pure ] ragi. t t f L he r,odi c
Tabloe i S"%%%%P.}ﬁj{%?&?%g k?%llgr)qtl %r%&%gn%faﬁ%cotf%’%gﬁgggéngg fg§8fe t he
Periodic Table is fromO0.3 10 3.6 noJs/liter, and.the phosphaorus.conmpound
s from 1o o2b ORI T e SaMr e BReu o e BT hg S iTéERon Te so
controlled that_jit is equivalent to.the ter. ahsorption of the carrier.
Wih thatthe Hebhts 1B PE/dnaRad o tRahel | i bgR i o Rari6nt thfen t he
i npregnation solution is acidic, its pH generally falls between 1 and 4,
or of or abl YAt A 110 5NaRE 25 HY94F SdnsnadiSi oA oM LR ABEFFEFOBI t he

i npregnation solution. Wen the solution is alkaline, its pH generally
falls betReh BRANTRAPII kst BN MR di CFRRd YBLS THhEMAet RGdtBE pH
control of the solution is not specifically defined. In general, an

i norgani CEIY SBERleR Aft Fhe serdiehydPBEnhEBPréNdcitdcoredartfanrFbinci d, or

an organic acid such as malic acid, citric acid or _
et hyl ened?&iH¢RC t PPadC8OE  adi/d, 0 br LRAMSAPES $e4dded tih t lee cross

direction of the carrier (t indicates the distance from one
surface of the carrier) and the X-ray intensity, I, in which
F indicates the integral value of the X-ray intensity I(t) with
t being the distance between one surface of the carrier and the
other surface thereof, and Fm indicates the integral value of
the X~ray intensity Im(t) on the line tangential to the X-ray
intensity curve at the minimum and smallest point of the curve,
with t being also the distance between one surface of the
carrier and the other surface thereof.

25, The metal compound-loading refractory inorganic
oxide carrier of above 23 or 24, wherein the refractory
inorganic oxide carrier is y-alumina.

26. The metal compound-loading refractory inorganic

12



19 1 H P10 U 2002 solution. Preferably, a water-soluble organic conpound
is added to the inpregnation solution stabilized with a phosphorus 18 NOV 2007
conpound. The wat er-sol ubl e organi ¢ conpound i ncl udes, for exanple, diols
such as 1, 3-butanedi ol, 1,4-butanediol, butanetriol, 1,2-propanediol,

1, 2- pent anedi ol ; iso-al cohols having at |east 4 carbon atons, such as
5- net hyl - 1- hexanol , isoanyl al cohol (3-nethyl-1-butanol), s-isoanyl alcohol
(3met hyl - 2- but anol ), isoundecyl ene al cohol, isooctanol, isopentanol,

i soger anobxidsobexyienl oohahy 2f4-atiowet B3 -dpehbaneherein the metal
2,4,4-trinmethyl -1-pentanol; al cohols having at |east 5 carbon atons and

havi ng a hygseoxyd D$ aupmdended toxitdee, carbon except the term nal carbon,
such as 2-hexanol, 3hexanol; ether group-containing water-soluble polyners

such as pol yet hy) energlygeka1Pelygy¥yatbybeaenghenyl et Bey. ipekyaxyet hyl ene
octyl phenyl ether; water-soluble polynmers such as pol yvinyl al ¢ohol;
sacchari des. suc . SAC r , S6; tef - ; I ari.des such
as nethylgiﬂﬁ%u &%@fgaéﬁgggggﬁﬁbgéggga?%h?ga%%’ﬁﬁ%#%hgéﬁﬁﬁgﬁgﬁgg.l&he or
nore of these comppunds, .may, be added, to the inpregnation solution, either
singly or® §§%%#%inéﬁgi¥ﬁ% %ﬁﬁﬁﬁéa%ﬁ¥%é%§'water-soluble organi ¢ conpound to
be added to the carrjer preferably falls between and 20 s by weight, nore
preferably betvEen S%Qﬁd fga 06§m§8pﬁﬂfi8ﬁgfﬁg §S%rangFyhP&B¥?épF%carrier.
After having been prepared by the inpregnatjon, the resulting catalyst is
heat ed f oPXHf €3tdRYy Ofi RPAGethe ¥EErFe nkhaIRe !l OfeCEarPi£0L The
tenperature for the heat treatnment is not higher than 300C, and preferably
falls betheeirdi® Bkl 80T, t Al Wef erabl y between 80 and | 50C. |f the
tenperature for the heat treatnent is too high, the conponents held on the
carrier will agifl omédy aeghadd far| Predicing Hiw endtiagh casprungylopdingf t oo

| ow, the conponents could not be firmy held on the carrier and wll fail
to have higfractowy tinorgmnieaxidecgameneri sfedivceedaveail3 tand8general |y
takes from3 to 16 hours. In case where the refractory inorganic oxide
carri es avhitlancamppesesoliydregpesibox i cerictory i igorgamwhd uarédet, a
type of titanium conpound, it may be heated at 300C or higher. The nean
pore di aneieried wiid eataiystusobbtaihednithatheonmbnhnes awatboveodehéeral |y
falls between 40 and 140 angstrons, preferably between 60 and 130

angst r onsor @atdi ¢ heompeeind | tavlng agebai bang hepéont gener dekyprpaklisibsat ween
120 and 400 nR/g, preferably between 140 and 350 n2/g. The total pore

vol ume ofpdirer cat alotstiogenetRbhyl 3@, sthehweenifg 2i nént. Oheekgrtpref erably
between 0.25 and 0.9 cc/g. The nean pore dianeter and the total pore vol une
ar e nmeas uf ek raec oirmgi meriak iangretintd aofsatertdwny oferetueabil onpmpndndhe specific
surface area i s neasured according to a nethod of nitrogen adsorption. 21

1 U NOU 2U0 30. A method for producing the metal compound-loading

refractory inorganic oxide carrier of any of above 26 to 28,
which comprises impregnating a refractory inorganic oxide
carrier with an aqueous solution that contains a water-soluble
organic compound having a boiling point or a decomposition
point of not lower than 150°C, then drying it, and thereafter
further impregnating with an alcoholic solution of a metal
compound; metal alkoxide.

31. A hydrogenation catalyst having at least one metal

of Group 6 and at least one metal of Groups 8 to 10 of the

13



Anot her aspect of the invention is a nethod of using the catal yst for

hydr ogenati on of hydrocarbon oil. Prior to being used for hydrogenatib&ﬂovﬁmz
is desirable that the catalyst is pre-sulfurized for stabilizing it. The
condition for pre-sulfurization is not specifically defined. In general,
hydrogen sul fide, carbon disulfide, thiophene or dinethyl disulfide is used
as a pre-sulfurizing agent. The tenperature for the treatnent may fal

bet ween 200 and 400C, and the pressure may fall between atnospheric
pressur e Rewl @Bl aPELablfhe ssRdntiesn Por Hyer ctpdiidt | Gempangs L oge@ddi ng on
the type of the oil to be processed and on the use of the processed oil. In
gener al , téfrachmty dmderperataxield aklrs ibet ofean P0OE aaltb BEES tpr eBer abl y
bet ween 220 and 500C, and the hydrogen partial pressure falls between 1 and
30 MPa, preferaldly behyweesg@nandoRScdvRalysth@aveagt & onl ¢wste dre netal
specifically defined. In general, it may be selected fromvarious processes

using a fdxeghbed, 6%&@%@919391: 6HeeHHEb!LGBE Bedugs @ syspensei dnhed.
Preferred |s a flxe bed process The node of passing tree feed oil through

the bed blgeo fowand Y- fiow. r dingh Q%er%%H' o

condi tion OI’ t rocess, except the tenperature an

pressure, e v I L I e | 1y bet ween
0.05 and K_L%)P]ﬁ étl1(9&%) r? %Aol%ly be vf'}eee;é ré¥ ékl_!?h\% éfa 4}:§Odj;l?t§rz%at ?3 “of 22

1 8 NOV 20U2 hydr en/crude oil falls neraII etween 1 nd 2,500

Nt Kl pr‘”é‘?h?lé)t/ﬂsy i WRLrPD0Y LRPeEa I‘Qrﬁ’ltklhlg ?ﬁetﬁ?t‘}r 383?%0n oil to be

processed her ei nay be an ver etrol eum fractiqn ely, it

br oadl y includeg3 ébga ?ﬁhh 6P H# aéégn O% h@%%@ﬁéa%ﬁgs oi

as well as atnnspherlc resi due, vacuunlre5|due xed v cu m r esi due,
asphal t erfé bi [1D afid Fart ssFFEbithe FHEr PHTRAET R ‘?ast\,%s\bséb odef détive for

reduci ng the3§ulfur content of gas oil to 50 ppmor |ess.
or .

Fig. 1 is a graph indicating the data of linear analysis
obtained through EPMA of the metal atom in one example of the
metal compound-loading refractory inorganic oxide carrier of
the invention, and this shows the relationship between the
length, t, of the cross section in the cross direction of the
carrier and the X-ray intensity, I.

Fig. 2 is a perspective view showing one example of the
metal compound-loading refractory inorganic oxide carrier of
the invention used in EPMA. 1In this, the arrow indicates the
direction for linear analysis of the metal atom in the carrier.
BEST MODES OF CARRYING QUT THE TINVENTION

The invention 1is described in detail hereinunder.

The invention 1is a hydrogenation catalyst for

hydrocarbon 0il, which is produced by impregnating a refractory

14



Still another aspect of the invention is a nethod for producing a

hydr ogenati on catal yst, which conprises applying a water-sol ubl e or bahig 2007
conpound having a boiling point or a deconposition point of not |ower than
150C to a refractory inorganic oxide carrier, then applying thereto a netal
compound of Group 9 of the Periodic Table, and thereafter further applying
thereto at | east one netal conpound of G oup 6 and at | east one netal
compound of Goups 8 to 10 of the Periodic Table, optionally along with a
phosphor ukn@odporhdox The ¢afFird ot rorspaii td OBXiCPE t@ariingr ef 31et8de in the
invention includes alumna, silica, silica-alumna, nmagnesia, zirconia,
titani a, goho bxince,alccpapabihidneg Granpnboifl tatkes,iadiay Tabhersd $had t heir
m xtures. Above all, preferred is alumna.- Preferably, the nean pore

di aneter pf ddreicay riher mbakl scdgiomerty TheanduitbBe angsdreyres tiroy eiphef er abl y
bet ween 80 and 140 angstrons. Regarding its norphol ogy, the carrier may 23

~ ~ ~0V Z00Z AR ARt 10h BBYt HEn ShaRed L@ shavfe hofa BXBRPRind ool umar,
t hree-|1 eaved or four-leaved pellet. First, a water-soluble organic conpound

having a c%)Pc%)d;B Ng AR Mt Ul td8reMRASLET O8nPOLRE Of @IupoOVEeTtd han o¥50C
(this wil e hereinafter referred to as "water-sol uble organic conpound”)
s appl i edyd @ dihe d6f raghoryo Inaroapi &, oxi de wgarnbely ddnddis ol Liag poi nt
or the deconposition point of the conpound 1s lower than 1 , 1t 1S
unfavorabl e since the conmpound w Il evaporate or decoppose to |0 its
offoct WTR THELRh IR & Dp bt CARE S e CBipBLANBr SEhth 8750l e i n
water, it is also uanvorabIe.since t.he cogpound .S | effective.tﬁge

wat er - sol ubl e 6@H%h7% npdund TP 5 © P8 SEx &APIEE SFonE *h A End Ma tR6I ecul ar
wei ght of, at | east #H%ig%%gth ving a h%qroxyl.groqp ﬁnd/or an et her bond.
Concr et el VL1 2t Y8 b IS¢ “aiCCohdt 5T HvT g E o PifRG Spéirnt  of

not | ower than | 50C, such as 1, 3-but anedi. L,a§,9-bu anedi.ol , Butanetriol,
1,2-propdﬁ@ﬂ?cﬂ%lqﬁQ-?ﬁ#ﬁEﬁﬁﬁﬁQﬂ;a%Qﬂ$59%§%ﬂﬂ Sfavicng Yal P38t 54 225 bon
atonms, such as 5-nethyl -1-hexanol, isoarnyl alcohol (3-nethyl-1-butanol),
s-isoanylt%ﬁ%%H%+x%@¥%%thyﬁbQY%u?éﬁol?Feﬁgﬁﬁﬁﬁeb§léﬁ niPgoh8Rd MeE6ct anol
i sopent anol, isogeranol, isohexyl alcohol, 2,4-dinethyl-1-pentanol,

2,4, 4-trimeefggrad gehvanbining coRskSehablig e Meast PEreas bom &t 6He and
havi ng a hydroxyl group bonded to the carbon except the term nal carbon,
such as X3exehol LaBlhdtiuten ethend 150 angstroms, more preferably

between 60 and 140 angstroms. Regarding its morphology, the
carrier may be powdery, or may be shaped to have, for example,
a columnar, three-leaved or four-leaved pellet.

The metal of Group 4 of the Periodic Table to be supported
by the refractory inorganic oxide includes titanium and
zirconium, and titanium is preferred. Preferred examples of
the water-soluble metal.compound of Group 4 of the Periodic
Table are water-soluble titanium compounds and water-soluble
zirconium compounds, such as titanium sulfate, titanium
chloride, titanium peroxide, titanium oxalate, titanium
acetate, zirconium oxychloride, zirconium sulfate, zirconium

nitrate, zirconium acetate, zirconium ammonium carbonate.

15



24 ~ fl ~ n v zoos group-containing water-sol ubl e conpounds such af

pol yet hyl ene glycol, triethylene glycol, diethylene glycol, polyoxye ﬁ@pﬁﬂ@z
phenyl ether, pol yoxyethyl ene octyl phenyl ether; water-soluble polyners
such as pol yvi nyl al cohol; saccharides such as saccharose, gl ucose;

wat er - sol ubl e pol ysacchari des such as nethyl cellul ose, water-sol uble
starchy and their derivatives. One or nore of these conpounds may be
applied to the carrier, either singly or as conbined. The carrier thus
carries such aFRdat@PREGIRHIEECGIYehi 6CRBRBBEIRE GppFP&dCt H1SeFBr 128¢6r di ngl y,
when a netal conpound of Group 4 of the Periodic Table is applied to the
carrier iTabtliee twexthestcepriche eapdptiyebhlbetiveannehbodeo sl paeparhegcarrier is
retarded, and, as a result, the metal conpound of Goup 9 of the Periodic
Tabl e apploled ibm dhectcametel danguwgid ¥ ndssgersednt nol hed cammieer thEtnal |y,
therefore, the active netals applied to the carrier in the |last step are

wel | hel drenathbenies altHaxisdeuet o DeiErbwfh the Pesiqdic ckakbbeabsghby
di spersed in the carrier, and the catal yst exhibits high desul furization

activity.tnEhecameysh,  oknhhenyat rﬁa%k%bdr?e UGani: GAFROUAd 5818H€ion
i npregnated preferably falls between and 15 $ by weight, nore preferably

bet ween 5. and 9% iy wekghl) of ok he £arKd rof{a{]igdggx @B”Eaﬁr,ﬂeggin

wat er - sol ubl e organi ¢ conpound 1s too snall, ound w

et fect Lve byt EYED.LT e AU Lot ge, e th el pefrgage. (he
usi N9 L0 IHGROL pkhe, EOMPOUNd il Lobe UBRCORO] £3lee ot aRRl viinga e

wat er - sol U rgani ¢ conpound 10 e carrier, e carrirer doaked

Wth an aaueous.LIRECANOn, BRL USSR 81 NS SYTPOYRd R tPLgucglP! ovabl e
pressure.

To prepare the impregnation solution, the metal compound
is dissolved in water, or in an aqueous hydrochloric acid or
sulfuric acid solution, and is stabilized therein. For the
water-soluble titanium compound for titanium to be
impregnated, especlally preferred is a titanium-
peroxohydroxycarboxylic acid or its ammonium salt, as it
facilitates the introduction of titanium into the carrier. The
hydroxycarboxylic acid includes citric acid, malic acid,
lactic acid and tartaric acid.

The amount of the metal of Group 4 of the Periodic Table
to be supported by the refractory inorganic oxide carrier
preferably falls, in terms of its oxide, between 0.5 and 30 %
by weight, more preferably between 1 and 15 % by weight of the

carrier. If its amount is too small, the metal could not

satisfactorily exhibit its effect; but if too large, the metal
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i npregnation nmethod or a pore-filling nethod, and inpregnating the ja“mﬁ
with the solution nmay be effected under atnospheric pressure or under 002
reduced pressure. After the carrier has been soaked with an agueous

i npregnation solution of the water-soluble organic conpound, it is dried
under atnospheric pressure or under reduced pressure, preferably at a
tenperature falling between 50 and 150C, nore preferably between 100 and
130C, for fromO0.3 to 100 hours. Next, a metal conpound of Goup 9 of the
Peri odi ¢ JabPeund Hppre@Et tion ke loddoned s Fhiskiang d*nsfﬁﬂtel%iagwrﬁhe

di spersing the active netals applied to the carrier in the next step. The
met al of Meoabp 4iild prefeeqdty bt eagalmmErie coni time Tderme¢al @owpound

i ncl udes, for exanple, al koxides such as titaniumisopropylate, titanium

et hoxi de, thétano ten 2t ef Hiyn lateesiod at e, et hyl acet oacetate-titani um

tetra-n butoxy-titanium tetranethoxy-titanium zirconium acetyl acetonate,
acetyl acet one- ta fhuit Gyl 668h Wha &d QQBhLHni%E:QghQQiQﬁ%lﬁltsicbﬁ blfani um
sulfate, titaniumtetrachloride, titanium hydroxide, zirconiumsulfate, 26

~0~0a1002; gk rAn Ul aHL R4 88 ¢ 265 ANb HPHRXPER] 081 H@apkl CON WRxysul Tat e,

zi rconi um hydroxi de, zirconiumsulfate, zirconiumnitrafe, zirconium

acetate, andy zigconLum Mupcaphopat e, Fretacred al& flaxisdes,
[éh% ges.éa{ﬁwg) C{i og ? e ma{a d o %{ 4

sul fates an ori e ‘anoun conmpoun oup of the

Periodic Table to be carried by the carr.ier fal [ ;s of its

ox1 o, bel WRERT OB 2SS RBRA A G T Gr BRBF S 56t @8N 10%ra 93 €06 by
wei ght, nore_preferably between 1 and 15 % by wei ght of the catalyst. If
(L5 amounkE FECTERL %A Tead Diet el IOnpouRer vi PETREC] Reriidd Fael Bt i1 t oo

| arge, the viscosity of the aqueous inpregnation solution increases too
much, angb?ﬂ"ée%%n%o%nﬁngoaod) %b?u]b%nﬁ?rﬁtse Eont'FNE d&tHs bF°Rnhé tcarri er
and will be ineffective, For applying the netal caonpound _of G oup 4 of the
Peri odi ¢ Fabteeto %%eo%%??i%?,éofﬁt%n%m PoNHB % ERESFBS P& ARSEd! ved in

an al cohol to be al coholic solutions and the others are in water to be
aqueous sOPTRPRHE O Fhe CarFi®h: s Isoakedm il IFaHe eSol tRE IR % 16r di nary

i npregnation nethod or in a O;i)ore
optionally calcined. The

temperature for calcination
preferably falls between 400 and 650°C, more preferably between

450 and 600°C; and the calcination time generally falls between

0.5 and 100 hours.

In case where themetal compound solution contains anions
of sulfate or chloride, it is desirable that the amount of the
anions therein is at most 5 % by weight, in order that the
dispersion of the active metal becomes higher on the carrier
in the next step and that the activity of the catalyst is higher.
For this, water vapor is added to the air atmosphere in which
the carrier is calcined, or the carrier is washed with water
or with water that contains ammonia or ammonium carbonate,
before it is dried or after it has been calcined. When the

carrier is washed after calcined, it must be again dried.
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filling nethod, under atnospheric or reduced pressure. The al cohol
includes, for exanple, propanol, butanol, ethanol and nethanol. Wheg hegy
carrier is soaked with an inpregnation solution of the metal conpound of

G oup 4 of the Periodic Table, a stabilizer is added to the inpregnation
solution. This is effective for preventing the netal conpound from being 27
1 B ~dOV 2Q1L hydrol yzed or from aggl onerati ng. The stabilizer includes

am nes such as nonoet hanol am ne, diethanol am ne, triethanol am ne; al cohols
such as but anediioigl lsut aet erok, ope apfanediiok, Mt abt dyhpauidxednbliroupsoany|
al cohol (3-nethyl-1-butanol), s-isoanyl alcohol (3-nethyl-2 butanol),

i soundecyd ered altcdkaelst baeostanwd ,mdtsApentdoahd bfogevapsl § ticsaltexyl

al cohol, 2,4-dinethyl-pentanol, 2,4,4 trinethyl-1-pentanol; and acids such

as hydroctHorper acdith Wiy kedaepdioRg et ¥ Ca dHdbpHdtld Expdhndmalec acid.
Its anount may fall generally between 0.1 and 10 nols relative to one nol

of the'“%é?lféﬁ“%%”%héﬁcé?fl 4 of the Periodic Table. After having been

soaked with an inpregnation solution of the metal conpound of Goup 4 of

the Periodic T rdi i.s. dried . at f [ ed
pressure, prefgﬁg%F§&§? Q?{%%%Irgt%?ék%%F#?gggﬁgtggégggﬁggﬁgfggggggnnre

r ef er abl tween 100 and 550C, for fromQ.5 to 100 .hours. Next . the
Earrieri%?%ih%?lgﬁ,Oﬁre9ﬁgf %P%um%F?eﬁﬁ%gﬁfﬁ?gyfgﬁ%ﬁ%§ﬁ§ enT§6 and
750C, nore rg$erably betmqu 100 qg 650C, for fromO0.5 to 138 hour s.
Washi ng t%%f%% U | SOBPIIRY | vENFHYIGBroViRG sGRPEPESand "CHYBFRRET rom it .
Finally, at |east one netal conpound of G oup 6 and at |east one netal

conpound 'of1 ¥ 381G 3MON HEM RRF PG ot A2 tFabl ERE dri Sts b RaMPH U

phosphorus conpound are applied to the carrier. 28 ,
includes, for example, tungsten trioxide, and ammonium

tungstate. The amount of the metal to be loaded on the carrier
preferably falls, in terms of its oxide, between 4 and 40 % by
weight, more preferably between 8 and 35 % by weight of the
catalyst.

The metal of Groups 8 to 10 of the Periodic Table is
generally cobalt or nickel. The nickel compound for use herein
includes, for example, nickel nitrate and nickel carbonate; and
the cobalt compound includes, for example, cobalt nitrate and
cobalt carbonate. The amount of the metal to be loaded on the
carrier preferably falls, in terms of its oxide, between 1 and
12 % by weight, more preferably between 2 and 10 % by weight
of the catalyst.

The phosphorus compound for use herein includes, for
example, phosphorus pentoxide and ortho-phosphoric acid. The
amount of the compound to be loaded on the carrier preferably

falls, in terms of its oxide, between 0.5 and 8 % by weight,
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"I 8 NO V 2QQ2 The netal of Goup 6 of the Periodic Table is preferably

nol ybdenum or tungsten, nore preferably nol ybdenum The nnlybdenun1§qumpﬂﬂz
i ncl udes, for exanple, nolybdenumtrioxide, and anmoni um par a- nol ybdat e.

The tungsten conpound includes, for exanple, tungsten trioxide, and
amoni um tungstate. The anount of the netal to be | oaded on the carrier
preferably falls, in terns of its oxide, between 4 and 90 % by wei ght, nore
preferably between 8 and 35 % by wei ght, even nore preferably between 8 and
30 % by weightpreff etrfab lyabaltysen Thendet & of weiggs of tbelOabélyse. Peri odic
Table is generally cobalt or nickel. The nickel conpound for use herein

includes, for enanpteiveingkell abhbatiadandr dappl iridcckeltinachenrake, byand t he
cobalt compound includes, for exanple, cobalt nitrate and basic cobalt

car bonat e.pothey Rt + 98 dhe Bt @l th anke A 9308€i ORs t henEatirgl rpfgf erably
falls, in ternms of its oxide, between 1 and 12 % by wei ght, nore preferably

het ween %ea%%a%%’gg%?y e‘(’)éf.ieqmia f iﬁggﬁgﬁéﬁiéﬁtwiJﬁ%i&ﬂ%ﬁ*@ﬂ?ré’élﬁﬁg@gﬁnd for

use herein inclu ) exanpl €, sphorus pentoxi de and ort osphoric

2c1 0, TS ST 01 B SIPRUNY0ne,SSECRED, Y LooGRank T pralar ey

faIIs,in? . “between

preferably betwee and % b ight of .th atal yst. For_ applying the
active né%ﬁ?‘%gﬁbgﬁ%&§’t5%Fh@e¥§&$F§P?OBng8?r§5°?8¥ah F%p{%dggt%ﬁ% net hod.
The carrier may be sopaked by sequential inpregnation with different

sol uti onE T AHE 2aPley apdiepe RIS ﬁPB‘BgEngf Rie 1SR 5P L @BHPLUNd of

G oup 6 of the Periodic Table, the netal conpound of G oups 8 _to 10 of the
Peri odi ¢ SPRHSE PARP IR IRHBRHGUY L BRG] L Uba PN OB EIEMDh Py IsHiked by
co-inpregnation with one solution containing all the conpounds. In general,
t he net alcERPEHsds Hre MEtedoFoBROVRIP ALE WatEP 1 vaddiR milnceyakeF ng? aqueous

solution is so controlled that its anmount is conparable to the water
absorpti cih®f a atio that the metal of Group 6 of the Periodic Table

is from 0.7 to 7.0 mols/liter, the metal of Groups 8 to 10 of
the Periodic Table is from 0.3 to 3.6 mols/liter, and the
phosphorus compound is from 0 to 2.2 mols/liter, and the amount
of the resulting solution is so controlled that it is equivalent
to the water absorption of the carrier. With that, the carrier
is soaked with the impregnation solution. When the
impregnation solution is acidic, its pH generally falls between
1 and 4, preferably between 1.5 and 3.5, in consideration of
the stability of the impregnation solution. When the solution
is alkaline, its pH generally falls between 9 and 12, preferably
between 10 and 11. The method of pH control of the solution
is not specifically defined. In general, an inorganic acid such
as nitric acid, hydrochloric acid or sulfuric acid, or an
organic acid such as malic acid, citric acid or

ethylenediamine-tetraacetic acid, or ammonia is added to the
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carrier. Wth that, the carrier is soaked with the inpregnation sol ution.
When the inpregnation is acidic, its pH generally falls between 1 qqp[wﬁmm
preferably between 1.5 and 3.5, in consideration of the stability of q e

i npregnation solution. Wien the solution is alkaline, its pH generally
falls between 9 and 12, preferably between 10 and 11 . The nethod of pH
control of the solution is not specifically defined. In general, an

i norganic acid such as nitric acid, hydrochloric acid or sulfuric acid, or
an organselacidnsuch as malic acid, citric acid or

et hyl enedi am ne-tetraacetic acid, or anmpnia is added to the sol ution.

Wil e the actipgefetabhsy arLwabpkl8616914 e @anld €smpdhed akoygdagnitd oned
wat er - sol ubl e organi ¢ conpound may al so be "applied thereto along with the
active I . Aft Vi g At dj d,,t | IS
cal ci negf‘?k%r e?lggg% y a%oﬁ tsgfrrlpd(}fladtmurglegghlﬁggabe‘f\%gn %o@rﬁk{%‘gs nor e
preferabk mbgtﬂgen 100 and 300C, even nore preferably between 120 and 250C,
for from8"58°t6“100 hours. If the tenperature 30 1 8 hOvV ~i)0? for
calcination is_too |low _the netal conponents could, not satjsfactorily bond
Co the carrierThBut"F YT oo MgHe. (M HEral SRt SN e Seadi 14

aggl onerate. The hydrogenati on catal yst. produced according to the nmethod of
this asp@étﬁmBIet heg?‘%gnt PBAR] sa?av{)'ri"ﬁ?"gt?‘?ﬁ‘%ocg]s'ul f]ur‘]i'ztﬁ‘lgciad}‘?.élﬁe]i 11

anot her aspect of the invention relating to catal yst production is a nethod
f or prodééﬁﬁ@eﬁrh9érobe%éPF%ﬁa%%@h?§st%r%WHQRF%Rﬁé%Q%kﬁﬁ%ﬂﬂﬂ%ﬁQﬂfkf net al
conpound of Group 4 of the Periodic Table to a refractory inorganic oxide
carri er, havéng aft heashat efasbPubd et gaii @ coirpoutttailmdexaisili ng poi nt
or a deconposition point of not |ower than 150C thereto, and thereafter
further appkpvhgaibehnet o(atmébhgt-breutrmtal) compiaasanwdf adaeinels Gd at

| east one netal conpound of G oups 8 to 10 of the Periodic Tabl e,

opt i onal ngthkéng-mitanal phosphorusdeanznmd. alwolosondi t ii@edadranatpr egnat i ng
the carrier with the inpregantion solutions in this aspect is the sane as
that in thepahberohentsogedaaspectisoheklé iadverioilon J t4rel imettthod. flor
produci ng a hydrogenation catal yst, which conprises applying a

wat er - sopebkenol gan A4 conpoimsk halH Ing ea tlamidli;ngapobhb ler readieopndsi tion
point of not | ower than 150C to a refractory inorganic oxide carrier, then
appl yi nglehetet caaboet akomengmod ichvaingGe dupd 9ox0f 1 igdreuebonded tlalihes and
thereafter further applying thereto at | east one netal conpound of G oup 6
and at carbon except the terminal carbon, such as 2-hexanol, 3-

hexanol; ether group~containing water-soluble polymers such as
polyethylene glycol, polyoxyethylene phenyl ether,
polyoxyethylene octylphenyl ether; water~soluble polymers
such as polyvinyl alcohol; saccharides such as saccharose,
glucose; water-soluble polysaccharides such as methyl
cellulose, water-soluble starch; and their derivatives. One
or more of these compounds may be added to the impregnation
solution, either singly or as combined.

The amount of the water-soluble organic compound to be
added to the carrier preferably falls between 2 and 20 § by

weight, more preferably between 3 and 15 % by weight of the
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31 181~ UV ZU2 |east one netal conpound of G oups 8 to 10 of the
Periodic Table, and optionally a phosphorus conpound). In this aspedtiN0VH@o?
condition for drying and calcining the carrier having been soaked with a

i mpregnation sol ution containing a water-soluble organic conmpound and a
metal compound of G oup 4 of the Periodic Table is the sane as that in the
above- nenti oned aspect of the invention where the carrier is dried and

cal cined after having been soaked with a solution of a nmetal conpound of
Goup 9 ©frfherPeriodic Table. Concretely, the carrier is dried under

at nospheric or reduced pressure, preferably at a tenperature falling

bet ween 50 andAB0OC, hawirgpbefear ghigpdietdveeyn 106 ampr880Etibor fatem 0.5 to
100 hours. After thus dried, the carrier is calcined preferably at a

t enper at ps€u f al hy nga thet yeren sSPe anekd FaRCGnopers: 4ulef €ixhy bied wesi 00 and
650C, for fromO.5 to 100 hours. The condition for calcining the carrier

af ter haysng) Heed thicnahlyispaked W bfipdr & FRESFWA AR BOA U QN tiferaCti Ve
nmetal compounds 1s the same as that in the above-nenti oned aspect of the

o g R R e BBEE L Hnd TraBlex MY RESTETADLYLEL TRWeT S Ure
o e R HoR e e PR st ar 4 4 he {0t Badtesiet b - ol bl e
conpound: TR 3 e cPRRLEER;Lheretopabana  Lh S AR Y8 IRl The
sepect 61 HLEFRUER AU oo ) Lot g BELF Cho < Wk for
el colsbuns 6F Gtpree 0T U Tt rgtintlf & o’ (o o

opt i onal $3* B PhGEIhEEbs onpbaMtRveaaloRl am iy & Ynat’er® B8R bHIES AHR ¢

conmpound, having a boiling point or a
is effécted in air, and generally takes from 3 to 16 hours.

In case where the refractory inorganic oxide carries a
titanium-peroxohydroxycarboxylic acid or its ammonium salt, a
type of titanium compound, it may be heated at 300°C or higher.

The mean pore diameter of the catalyst obtained in the
manner as above generally falls between 40 and 140 angstroms,
preferably between 60 and 130 angstroms; and the specific
surface area thereof generally falls between 120 and 400 m?*/q,
preferably between 140 and 350 m’/g. The total pore volume of
the catalyst generally falls between 0.2 and 1.0 cc/g,
preferably between 0.25 and 0.9 cc/g.

The mean pore diameter and the total pore volume are
measured according to a method of mercury penetration; and the
specific surface area is measured according to a method of

nitrogen adsorption.
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deconposition point of not |ower than 150C thereto, and thereafter further
applying thereto a netal conpound of Group 4 of the Periodic Table. 1RV 2007
condition for inpregnating the carrier with the inpregnation solutions in
this aspect is the sanme as that in the above-nentioned aspects of the

i nvention. However, the condition for drying and calcining the carrier in
this aspect differs fromthat in the other aspects. Concretely, in this
aspect, after the carrier has been soaked with the inpregnation solution
cont ai ni ng a warertisd ubpecargfnine conpotndnaingl sanetzednet als icgmpoends, it
is sinmply dried, preferably at a tenperature falling between 50 and 150C,

pr ef er abl ya bet yeens 3O tgﬂ]e?%iofrproff hg@ardcarbenl@@ihours. After the

carrier has been soaked w the inpregnation solution of a nmetal conpound

of Goup 4 of tﬂfﬁ&ﬁfﬂoo@eqngaeggdi Fot heydasdersd @Rl ifthiis agReehplkt 1S
cal cined under the sane condition as that in the process of the other
aspects i er, a _ : 2wt .50l ut.i.an of
active nﬁ%@c%ﬂr}go%ﬁg slyfsst égl é?%egal E%%%:?%‘?Ie%/%/ %%g)lclgr%ﬁmeg? Lﬁ:s' fitrlrrllgl |y
cal ci ned,

referably at a tenperat falling betwe an Q0C,, nore
ot ef er abi SPHCt GEGh B30 ARG HODer TEaERCor® BT e RSy Bt egR 1196%nd 250
for from0O. 5 to 100 hours . The_hydrogenation catal yst pr.oduced according
to the melhdiPRATahi LIRTS8ER FULFAT5r At BT bro iR SRLPSRE Fha mean
pore size of the catalysts produced in the above-nentioned three aspects of
the inverffi®athat 16 48 |4F PSR &? 50 PARd SESEVARGSPPoRES br ef EP&bI y
bet ween 80 and 120 angstrons; and the specific surface area thereof falls
gener al | ytérepaeeinnetd andheodr e@tmen prieferfaglly bbswvaean2 AGarahd 350/ n2/ g.
The total pore volunme of each catalyst falls generally between 0.2 and 1.0
cc/ g, preirg dily Pyesness Dapst alnd betyees/ atnPrPheri e ME SRy s end 8P
hydrogenation, it is desirable that the catalyst is pre-sulfurized for
stabiliziMggit. The condition for pre-sulfurization is not specifically
defined. In general, hydrogen sulfide, carbon disulfide, thiophene or
di met hyl di sul fTige cosdasédnamhgdeosanatit Privey iggenderahdingmpekheure for
the treatnment nay fall between 200 and 400C. and the pressure nay fall
bet ween atywspifeche piedsube ramtsSEadPandThe tdendsei oh ther phpdeegedat i on
vari es, depending on the type of the oil to be processed and on the use of
t he processkd did genergénerthk, reaet ieacténpetanpsy dalle baltveehef@en 200
34 0 ~ 0 Vv Q02 and 550C, preferably between 220 and 500C, and the
hydr ogen fed t3sd°cpr pssfeeabal | se hateveer? 0l aaad580°dPanprakehglrygbat ween 2
and 25 MPa. The reaction node is not specifically defined. In general, it
may be sepact et bressvari Dakl pbetessesl asdnip HPha| xeck frediblay beviwagnbed, an
ebul i ent bed or a suspensoid bed. Preferred is a fixed bed process. The
node of passiag@?ePdeed oil through the bed may be any of down-fl ow and
up-flow. Regarding the reaction condition for the fixed bed

The reaction mode 1s not specifically defined. In

general, it may be selected from various processes using a fixed
bed, a moving bed, an ebullient bed or a suspensoid bed.
Preferred is a fixed bed process. The mode of passing the feed
0il through the bed may be any of down-flow and up-flow.
Regarding the reaction condition for the fixed bed
process, except the temperature and the pressure, the liquid
hourly space velocity (LHSV) falls generally between 0.05 and

10 hr', preferably between 0.1 and 5 hr'!, and the ratio of
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process, except the tenperature and the pressure, the liquid hourly sgace
velocity (LHSV) falls generally between 0.05 and 10 hr-', preferablyl 8 N0V 2007
between 0.1 and 5 hr-', and the ratio of hydrogen/feed oil falls generally
bet ween 150 and 2, 500 Nm kl, preferably between 200 and 2,000 NnB/kl. The
hydr ocarbon oil to be processed herein may be any and every petrol eum

fraction. Concretely, it broadly includes kerosene, light gas oil, heavy
gas oil, cracked gas oil, as well as atnnsgheric resi due, vacuum resi due,
dewaxed varduegersiniude asphdialde @enerahdyt detyand 4id0 aneé Aetddl0

conmpound- | oadi ng refractory inorganic oxide carrier (this will be
her ei naf tiem /kéf, epredetrabdy beaweesr 2P0o&nthé, DAVeNt/on .i s produced by
i npregnating a refractory inorganic oxide carrier with a nmetal conpound and

therefore carrigse hhertebaboafolhe onbé r xRNHeré in tag Bardreandt he
metal exists uniformy everywhere inside it. The specific 35 ? 8 NO U

2002 condi{ipp QbtthEcGRI EL8EL €80, bechdepbibh 6d by ¥abhauy mBihedssof
anal yzing the carrier. In the present invention, this is analyzed through

EPVA of t i 4 Fi i i ent
CPUR of (Receasidons dityed s, s grplsshon ng b il ccontagiey
carrier 0%# rb%é}é%%" tr%’%‘ldb'%‘ S g?ghﬁﬁt e§e£{‘§ué’,§% ;aeew‘oa le![d;e%':ac%%l ysi's

obt ai ned roug € netal omin one exa e carrier of
the invention., The graph shows .the_rel ationship. between .the length, t, of

t he crossr%%%??%ﬁl%%bQ%i}eﬁ%égjdi?Qgtlgﬁ 8?“?h§1§arﬁﬁﬁﬁl-ﬁﬁnﬁﬁ8 “Pay
intensity, 1. Fig. 2.sS a.,perspective,view showi_ng one examl e of .the netal
conpound-?%%%I‘Fh@ﬁr%ﬁfaf@tcgrlg/ei frgfg’? Q&ARELEYI e é’ﬁnrff‘lgrc etetrﬁ:eo' nf&nfiton used
in EPMA. In this, the arrow indicates the direction for |inear analysis of
the netal @t oM PR tPe ¥&FFier. The invention is described in nore detai
wth reference to Fig. 1 and Fig. 2. Herein referred to is one caql umar
exanpl e of the et FEHISINRIGEH °F & VSN 1iPRor§aRi Beskrde toarri er of
the invention, as in Fig. 2. The columar carrier is subjected_ to |inear
anal ysi s PRPOUEHP ERVRYOY 088 28R PECERBALBE Lt hh | ¢ CFR LlisE Sc PE®S Y486t | on of
the carrier that is parallel to the bottom surface thereof, as illustrated.
The gr aph? of2 1% SOl WHEWS HI3E 1¢a£amBPURAe RV ABEr 2 difad 4id1% PAiR tWRitcR t he
hori zontal axis indicates the length, t, of the cross section in the cross
di rect i ondetompes chran epointthanf it "kowder than disi’6nce &r omfonetounf ace of

the carrier) , and the vertical axis 36 i ~3 N O U ZQ2 indicates the
X-ray intEneT¥3niq ogipgtCawrien, theamPrihd ntet her af @ ;M RITRELAORRPLSBA in t he
carrier), and the graph shows the relationship between "t" and "1" . The

carrier offtREOHRAvENntYbntBat Periedichd aldis .o, and tFpreafgr pdun§hat | east
0.5, in which "F" indicates the integral value of the X-ray intensity I(t)
with t beipil Yhed dibsiretoeabel 9sth omgenstipf acempdunhe fc@reieré @nd=ag) and
the other surface thereof (t = to) , and Fmindicates the integral val ue of
t he X-rayle¢agensietietad epmpaunfie ] Pheuparfybatlitapf thetPrr dodky Teht ensi ty
curve at the mninum and snall est point of the curve, with t being also the
same di steptEorsl ahoviondetitders Ehospiorarsd qampeund).. If the ratio, X, is
smaller than 0.5, the condition of the netal conpound carried by the
carrier is not The frirfgachud t Heoggamiier oxhivle carmyemgfoheuret ah tbapound in
such a non-uniformcondition could not exhibit high desul furization
activity. ifvemtidn dnvilempesi atymime t 3é liimagns i bicatdibuniatd ,omaxyneof at he
carrier of the invention nust be at |least 0.5. The linear analysis herein
ment i onedz cadorPP) t ftarany, eanti 6xieE, amyystepPEinarduy aby itackies, havi ng
the specifically defined ratio, x, exhibits the specific effect of

clay minerals and their mixtures. BAbove all, preferred is
alumina.- Preferably, the mean pore diameter of the carrier
falls between 70 and 150 angstroms, more preferably between 80

and 140 angstroms. Regarding its morphology, the carrier may
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the invention. Next described is a method for producing the netal

conmpound- | oadi ng refractory inorganic oxide carrier of the inventi on.B NHe?00?
carrier of the invention is produced by dipping a refractory inorganic
oxide carrier in an aqueous solution that contains a water-soluble organic
conmpound having a boiling 37 1 H NOV 2U02 point or a deconposition point
of not lower than 150C, then drying it, and thereafter further inpregnating
with a solution of a nmetal conpound. The refractory inorgani c oxi de carrier
for use heedavderdi u@sshay i §RaPsAl Fedavs/| fea- aXamPhey dre§rednar:
zirconia, titania, zinc oxide, crystalline alumnnosilicates, clay mnerals
and t hei rthte(eulee&ved\trmefmn:lq:&\ea‘demeédeits yal um na. For use for

hydr ocracki ng of hydrocarbons, preferred is a m xture of 'y-alum na and
crystal line al uminosi kiwat er- ddeusiet akgahitheometald barpagrabos 1 pnef er abl y
of G oup 4 of the Periodic Table, nore preferably titaniumor zirconium

Co tel | d
Soner et el Bo it el Sdeer%%rpgﬁ%qdnneloq%sow hapi ta sl {12481 Sd4cankHa

titanium oxal ate, titanium acetate, zirconium

oxychl oride; ) ZHECRRIAMEHEERTL G F T EQNT {4M 1 t r'@&eerz'saozeﬂw%e@%%e
zi rconi um ammoni um car bonate. Al so preferred are netal al koxid

Co t el 4 I d
ot Ei{icit%aé%‘ﬁ?eir‘faﬁ. e i Tt %5%#?%%?3% R o R ani um
triisopropox arLan¥l% %5&1% utOX #”Qh l&@c%ﬁﬁq§% 1on oint of

but oxy-di %oplr%poxy al um nedm naoécety acet one- oxy CréonPim  For

the titanium conpound for titanjum} berrrpre nat ed specially referred
is ati ta’ﬁh%rﬁcﬁg v SRYEAr BBRYI ]i%) g(’,‘l dtotSi Yﬁ%]tﬁnsslé‘lcte the |

f |itat th 1 d 8 1 NOV 2 02 f tit

o o N S '?rie{}?a%%a;eyrﬁf R g U Ry gaifﬂd

| t d tart d. Th t of th t |

ot ea ohe AU Pdieath TN Epqid e maonr e 8

terns of |ts oxXi de between 1 and 30 % hy vverg nor e preferably bet ween 2
and 15 %Wt Sei ghtt oflg hé‘]csfrrrué‘rfa"iofrarbtl'? afothe | $PooCSMRPPNAt héSpet al

could not satisfactorily exhibit its
ineffective.

The water-soluble organic compound may be, for example,
one having a molecular weight of at least 100 and having a
hydroxyl group and/or an ether bond. Concretely, it includes
water-soluble alcohols having a bolling point of not lower than
150°C, such as 1,3-butanediol, 1,4-butanediol, butanetriol,
1,2-propanediol, 1,2-pentanediol; iso-alcohols having at
least 4 carbon atoms, such as S5-methyl-l-hexanol, iscamyl
alcohol (3-methyl-1l-butanol), s-isocamyl alcohol (3-methyl-
2-butanol), isoundecylene alcohol, isooctanol, isopentanol,
isogeranol, isohexyl alcohol, 2,4-dimethyl~1-pentanol,
2,4,4-trimethyl-1-pentanol; alcohols having at least 5 carbon
atoms and having a hydroxyl group bonded to the carbon except

the terminal carbon, such as 2-hexanol, 3-hexanol; ether
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effect: but if too large, the excess netal will agglonerate and could not

di sperse in good condition. The water-sol uble organi c conpound haV'nQBWDVZW/
boiling point or a deconp03|t|on point of not |ower than 150C (this w |l
hereinafter referred to as "water-sol uble organic compound” ) , which is
applied to the refractory inorganic oxide carrier, includes, for exanple,

di ol s such as 1, 3-butanediol, 1,4-butanediol, butanetriol, 1,2-propanediol,

1, 2pent anedi ol ; iso-al cohols having at | east 4 carbon atons, such as

5- et hyl - JgIW'&@'mtah%Q@x@an@éﬁ%@iukﬁfe Ef@inb}bhn@s%@ﬂ@'s)po§yé§}@fﬂ%e al cohol
(3-nethyl -2-butanol), isoundecyl ene al cohol, isooctanol, isopentanol,

i sogeranol,;jgsqhexyl gl Q$HR‘ 4- di | -1- pent b lycol,
2,4,4-tr| QLyq 1pentano é] ols(ﬂgﬁﬁﬁb at | east %2ﬁbon %tons 'and
havi ng a bonded to car egg t t rbon,
such as 2 thggﬁge %y%n%ﬁhgkﬂnguﬁgﬂght %& l%%%eé%s%ﬂﬁkFgﬁpolyners
such as pol ethylene col xyet hyl e phenyl .et her, po t hyl ene
octylphenfﬁ%§§ %&%% ﬁgy% ﬁété?“gblﬁﬁl iRerts %i@ﬁb%gy

pol yvi nyl al cohol ; sacchari des such as sacchar | ucose, mater sol ubl e

pol ysacch&d“& r§€€ﬁ as VBt h{F céPFGP6§85emat%fu§6? bl "3t 2F e LURAE ¢ hei r
derivatives . One or nore of these conpounds may be applied to the carrier,
ei ther si BIYSGCCRITEOREI nEUChTIRS amGitY lof CEAEURABEY - SHH LDT eSOV YRR ¢
conpound to be added to the carrier preferably falls between 2 and 20 % by
wei ght, neternshef endbihe betdegdivagigad. 19ne by mergmfi shesheceorpoueds The

i npregnation solution of the conpound is so controlled that its amount is
conpar abl eatyobeheppated absbinptdaont icfr t e tdanr isengllyyocoas rodmbhinged he
anount of water in which the conmpound is dissolved to prepare its solution.
| f the anbunt ofhkheaaqueaushsel ubronesfstbe aavetesosobllel orgayci conpound
is too small, the effect of the invention could not be attained; but if too
| ar ge, theowipscasi aypdiethehamreousAsobutiingl ynorleasasmeoal nuaipowrdl t he
conmpound coul d not penetrate into the depths of the carrier and will be

i neffecti we. GEbepcarsf ethanperiedicakedlwi 1 & dpyel sl enus henpaeghed i ian
solution of the water-soluble organic conpound according to a pore-filling
nmet hod, eithikehenndetept NsPhesace iphessuweenr thindert dleducdethpresstirer After
the carrier has been soaked with the agueous solution of the water-soluble
organi ¢ campeendrdet,i andr;i ed atregoind 206 etk 1S@oupbirthdi &£ cordwdd s no
water, and thereafter 90

of the Periodic Table applied to the carrier is highly dispersed
in the carrier. Finally, therefore, the active metals applied
to the carrier in the last step are well held on the metal oxide
of Group 4 of the Periodic Table highly dispersed in the
carrier, and the catalyst exhibits high desulfurization
activity.

The amount of the water-soluble organic compound to be
impregnated preferably falls between 3 and 15 % by weight, more
preferably between 5 and 10 % by weight of the carrier. If the
amount of the water-soluble organic compound is tooc small, the

compound will be ineffective; but even if the amount is larger

than the defined range, the effect of the compound will be no
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1 8 NUYV 2002 the thus-dried carrier is again soaked with a inpregm@qnﬁqgm
solution of the netal conpound. In general, the carrier my be soaked w't
the netal conpound solution according to a pore-filling nethod, or nay be
soaked with a | arge excess amount of the solution. To prepare the solution
of the metal conpound, usable is any of water, alcohols, hexane and

hept ane. A netal oxide, a type of the netal conpound, nay be dissolved in
an al cohol, such as propanol, butanol, ethanol or nethanol. Wen the netal
conpound mersuchgacneedl aaldkddide §qo ivugfespfabhe compaungdnvadiin®cor any
ot her al cohol to the alcohol solution of the netal al koxide for stabilizing
t he net al uakkoxbdécaThe anmount of the amine or the other al cohol to be
added preferably falls, in terns of the nolar ratio to the netal al koxide,
between 0.3 andrdr SappDfEnPriefenaiier-tetlveen OrGaand dompouie t@rithe

i ncl udes, for exanple, nonoethanol am ne, diethanol am ne, and
triethanolgm-ner, the additbondly skcaliledBY thairl adubbhiang@gn Afiler the
carrier has been soaked with the metal conpound solution, it may be dried
L vacuum.gn uagero ALMRSPBRELENAT ST ni8! drd I TRENA H5ead Blildig et ween

50 and 13 ter having en thus fully dried, the carrier is préeferably
cal ci ned re f i t : 0 Hagols ref.erably
bet ween ggﬁpgﬁéggggéﬁ5#§§“§fé%ﬁ?%g?ﬁg%?ﬁglﬁgggﬁﬂ?ﬁﬁt gﬁéa F% r?%ﬁgﬁgver,

t he cal ciping step nma omtted. The t al - conpound-,| oadi ng _r.efr.act or

i nor gani cgb%g%aerrzf%r w}‘.;tgetlgﬁ)s Hﬁgéﬁngﬁar%n'lggre?ﬁ%cg%p%ﬂa%Jéc? 'W%Wgr&ﬁnnery
nment i oned above na§ be furt her, gégcessed in the nmanner to be nentioned
bel ow so PREESFFEcAFrFRdehcf FUR-RRIRISSSHi® 1 east one metal of Group 6 and
at | east one net$I of Goups 8 to ﬁo of the Per%ogic,T ble, and it is used
as a catal yst fOFC®ydr8§ena®ToheT eBp8ciRATY §O84F4l yEty opR adqueous

hydr o- desul furi zation. The petal_of Goup 6 of the Periodic Table jncludes
WDIybdenuﬁpﬁﬁagPﬁﬁbg?e?ﬁl%ﬁﬁpn of the water-soluble organic compound,

it is dried under atmospheric pressure or under reduced
pressure, preferably at a temperature falling between 50 and
150°C, more preferably between 100 and 130°C, for from 0.3 to
100 hours.

Next, a metal compound of Group 4 of the Periodic Table
is applied to the carrier. This is for more highly dispersing
the active metals applied to the carrier in the next step. The
metal of Group 4 is preferably titanium or zirconium.

The metal compound includes, for example, alkoxides such

as titanium isopropylate, titanium ethoxide, titanium-2-

ethyl-1-hexanolate, ethylacetocacetate~titanium, tetra-n-
butoxy-titanium, tetramethoxy-titanium, zirconium
acetylacetonate, acetylacetone-tributoxy-zirconium,

zirconium butoxide; and also titanium sulfate, titanium

tetrachloride, titanium hydroxide, zirconium sulfate,
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nol ybdenumis preferred. The anmount of the netal to be carried by the
carrier falls, in ternms of its oxide, between 4 and 40 O by wei ght, 18NM/@M
preferably between 8 and 35 % by wei ght, nore preferably between 8 and 30

by wei ght of the catalyst . For the netal of Goups 8 to 10 of the Periodic
Tabl e, generally used is cobalt or nickel. Its anbunt to be carried by the
carrier falls, interns of its oxide, between 1 and 12 $ by wei ght,
preferably between 2 and 10 o by weight of the catalyst. If desired,
phosphor us ; pe¥nbamaddedl o1 88 carii®niulhe arRpERlopidéhe phiosgdioinus to be
| oaded on the carrier falls, interns its oxide, between O and 8 o by

wei ght, p be : - d : al .y

appl yi ng ?%ggﬁg?g¥g’téyf @“%ﬁ??&gg?gégéfgg?ggﬁPgﬁéEgﬁﬁéﬁﬁg %Eﬁ%ﬁi?ﬂh%he

ol ybdenu%%ggpgyngiPéorg&%'%c%t%ftet hgng’ezr.iro%i %u%agjmg h?ﬁlln ersoor{aq{e .exarrpl e,
yb a"the

mol ybdenum t7 i oXi de, ~ and amroni um par a- no ate; "an ungsten conpound

i ncl udes, _for. exanple, t sten trioxide and iumtungstate. The nickel
conpound bf SEREXEPoADE gfggxi €5t FH§%%%$?GHFf@%§§E% * '~ ~ r~ov z002

i ncludes, for exanple, nickel nitrate and basic nickel carbonate: and the
cobal't conpound!PRclPHREEL ¥ BX@AnPrEalcSREPPURFL Oft SLAIP basPE ddhal t
carbonate. |f desired, phosphorus may be added to the carrier. The

phosphor uSe&éfpéantrRsaliie beofat ki §dimtthigesar ¥ ber @aahpreé Ll phosiidus

pent oxi de and phosphoric acid. The netal conpounds are dissolved in pure
wat er in slichtaoxadico hdtweemd . yeard 36f% Byowgl Btof preéepeblpdiatWwRiili e i s
from0.7 to 7.0 nols/liter, the netal of Goups 8 to 10 of the Periodic
Table is fram 003 by & Binnl 8ok ktpere feard lyhee phesphons Lodnpygwrl dist from 0
to 2.2 nols/liter, and the anount of the resulting solution is so

control | edfttted ciatt ailysequilvfal eatantaurtthes watcesmabspriyitd natel ddwpaard i er.
Wth that, the carrier is soaked with the solution. Wen the solution in
whi ch thewtailrber insfdeppedel sbati df ctodt Baydt gerter atd sed=ltdys dfethkeen 1 and
4, preferably between 1.5 and 3.5, in consideration of the stability of the
i mpr egnat aqnesakutimpre gkern ohhesclol tlitdroninerealdead 1 thee mtshpHagenestad |y
falls between 9 and 12, preferably between 10 and 11. The nethod of pH

control otompeusalabild nox pete Spees finkal tiye debithedo f Ithegeaer abr aaid
i norganic acid such as nitric acid, hydrochloric acid or sulfuric acid, or

an organi eiati desuabfasceplec acid, citric acid or
et hyl enedi am ne-tetraacetic acid, or anmopnia is added to the sol ution.

After having bepartdhis irepenetdisli pheanad bercrmidhocd r the Heaswdidg
catalyst is heated, preferably at a tenperature falling between 80 and

600C, noreaplLefes aleycd3riet, SFNDExEmblYl, Hed Waem x12@ sasde QG o 1kfed he
tenperature for heat treatnent
in an alcohol to be alcoholic solutions and the others are in
water to be aqueous solutions. The carrier is soaked with the
solution in an ordinary impregnation method or in a pore-
filling method, under atmospheric or reduced pressure.
The alcohol includes, for example, propanol, butanol,
ethanol and methanol.
When the carrier is soaked with an impregnation solution
of the metal compound of Group 4 of the Periodic Table, a

stabilizer is added to the impregnation solution. This is

effective for preventing the metal compound from being
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is too high, the netal conponents will agglonerate and will fail to be
sufficiently active; but if too low, the netal conponents could noti§ uhy Yoz
bond to the carrier and will fail to be sufficiently active. The heat
treatnment is effected in air. The nean pore dianeter of the catal yst thus
obtained fall between 50 and 150 angstrons, preferably between 80 and 120
angstrons; and the specific surface area thereof falls between 140 and 400
m g, preferably between 160 and 350 n2/g. The total pore volune of the

catal yst fhahks1between @rdmanggiloMe££f thgpreferably between 0.25 and 0.8
cc/g. The nean pore dianeter and the total pore volune are neasured

according to a FELMAGAN HRICHYY REICLRANLATSL AN stk RS dd (e mitid ace area

i s neasured according to a nethod of nitrogen adsorption. Sti anot her
aspect of ,the,invention is a .nethqd of usi tal yst
hydro-desﬁﬁ?EPFEQ?PSﬁHSf Wﬁ&ﬁéﬁéﬁqigﬁggﬁV.a ?%gfggﬁﬁﬁl%%éﬂﬁé%ﬂ?%ﬁﬁ%’on, but
may be for denitrogenation and hydro-cracking. Priar to bei used for
hydr o- deséPFﬁPP%ﬁfBgn,pl?ocpai”seddé’gi'r%ﬂ?"ét}?%{;iﬂf eemcf}ﬁ%al §7§?a’ir‘¥?%r]eq°§1ﬂ]f uri zed
for stabilizing it. The condition for pre-sulfuyrization is not specifically
def i ned. |<ﬁ'§§gBVér,1‘HyEIPB@éhr sul BT #8°2B%tbon 3diCOHPEi de, (I MU PHErE Or
dinethyl disulfide is used as a pre-sulfurizing agent. The tenperature for
the treatRBhanmhy . f al Jowstagyden2008 koohok, sisogcanpdy AfPRFIUE@NANd t he
pressure nmay fall between atnospheric pressure and 30 MPa. The condition
for hydroidegartupilzatsoheyant i @5cohlebendi frod ore thhe togid agfo lt-he2 ,dil4t o be
processed and on the use of the processed oil. In general, the reaction

t enper at uteimathglbétperha0D; aadd 560Cispseter alsl yyoeowbdier220 anidi,500C;
and the hydrogen partial pressure falls between 1 and 30 MPa, preferably
bet ween 2sahflu2bcMRaid, Theet actcidn abrhei ¢ scidl rspeic &ctdl | tdefmaed I n
general, it may be selected from various processes using a fixed bed, a
novi ng bedayafe Ebuleneantl 1heitk treen SUIpenddi@mbéd, Rreftervedol snarfdilxed bed
process. The node of passing the feed oil through the bed may be any of
down- f | owvandhepnétaw. cBagattd gt tdwouratts Ortoormdirtiicali d aaglke fi xed bed
process, except the tenperature and the pressure, the liquid hourly space
vel ocity (LHSV)afablshgenes alden ketweanwd+tASamnihgd: diat iorprLfleradny
between 0.1 and 5 hr-1, and the ratio of hydrogen/feed oil falls generally
between 166 8nd Ret200cdpkling ps£f@rahd y4 bet ween F00 canid 2,0 ,NgHd . The
hydr ocarbon oil to be processed herein nay be any and every petrol eum
fraction.c&enceet ely, diri cbr aater | BEhUIBEe ke OSANErediigbd A% Rdre heavy

gas oil, cracked gas oil, as well as atmospheric residue, vacuumresidue,
dewaxed vgedHaYEBS,dME 2 88RPALEERE: Ad11 B bbale8ANh Qinla 6bBo¢ hendrventi on,
the netal -1 oading on a refractory 45 1 f~ N O V 20Q i norgani c oxide

carrier exi-gesrd8h{;OpBLYcEY eI YINBIL Jatstderbhercanrd &f -t Vieh achinge netal s

are applied to the carrier, they interact with the netal inside the

carrier, and theegtprethdeifarrier is calcined, preferably at a
temperature falling between 50 and 750°C, more preferably

between 100 and 650°C, for from 0.5 to 100 hours.

Washing the carrier is effective for removing sulfate and
chlorine from it.

Finally, at least one metal compound of Group 6 and at
least one metal compound of Groups 8 to 10 of the Periodic Table,
and optionally a phosphorus compound are applied to the

carrier.
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catalytic activity is higher than that of active netals held on the surface
of arefractory inorganic oxide. In addition, it is believed that ¥ 8§
active nmetals having a higher activity are selectively supported on the
metal inside the carrier, and therefore further enhance their catalytic
activity. The invention is described nore concretely with reference to the
foll ow ng Exanpl es, which, however, are not intended to restrict the scope
of the invention. [Exanple 1] 100 g of a y-alumina carrier (Al) having a
wat er absor pti ofihefmdt 8l od/ Groas &odkedewrahi &2i® Tghbdke am rapEoed 130 wt %
titaniumsul fate solution (this was previously diluted with pure water to
be conpar abhebtentiie orat elingdsai pt neReOfpHd e easly afig 1 yiswetumt mospher i ¢
pressure, then dried in vacuumat 70C for 1 hour and thereafter in a drier
at 120C fQpi13pheHls. 2BApeahal ned-atige@0C Mo 4 W, 0 MERMRAEarrier
(B1). The ambunt of the sulfate (5042-) remaining in the carrier was
measured w.th,L F gh-fr e [ L I e 58%}- S not
smal | er tE%%nggggbéﬂ%%gﬁ%nogﬂkﬁg¥%a@§?g§ah$ﬁér?P%r%?ﬁéﬁ%é%arr|é%I 1 was
put into s|.,5.er beaker, t iC de i Lter r. This
was 96 igg%b?%%Z sf?#reg ﬁﬁﬁwga EPﬁ%%F%%g gfgggl#%’md?ﬁﬁi?#&ﬁﬁl pour ed
along wth the re ter onto Leve,.  of which th sh_size is smaller
Chan’t e EPDESEREERe 1B PRERY bafk EDRERet $hid BRek St Tash CASF SRERAAT ¢ hr co
times, and the ampunt of the sulfate_remmining in the carrier was reduced
to 2 % byPREEGREPIKEIRLLThild WaEMared Bt Cr26€/ f BRLYesdUt §0Ch P ehdie wat er .
Next, 69.5 g of nickel carbonate (corresponding to 39.7 % of Ni0), 220 g of
nol ybdenuWeEBRExitRE® 2 f8T2BlY RELWRIHS- ﬁﬂ%s}ﬁérkﬂé WRAgR T pBY R YIORS $,
corresponding to 19.5 g of P205) were added to 250 cc of pure water, and

di ssol vedPtRérERRINI PATYERR 8 mdit 30T PyHesi dhhiat e cedladdstto room
tenperature, and pure water was added thereto to make 250 cc in total. This
is a inpregnati &hesBEEEf oAl (SIPuUPS08cECofl Ot RE ithgr Egrdridds Jabde 6rf (S1)
was netered, to which was added 6 g of polyethylene glycol (nolecular

wei ght : 40eperaThgrcohalts owasi alid lut ethevntile kedr eompeenrd tforpese digy@idbl e to
the water absorption of the carrier (Bl). 100 g of the carrier (Bl) was
soaked wi thcthdeshustali | gxeapilepr eghake bn sidingticonap8l)bamiler rdtaksslpheri ¢
pressure, then dried in vacuumat 70C for 1 hour, and thereafter heated at
120C for ¢6rhopete; and the cobalt compound includes, for example,

cobalt nitrate and basic cobalt carbonate. The amount of the
metal to be loaded on the carrier preferably falls, in terms
of its oxide, between 1 and 12 % by weight, more preferably
between 2 and 10 % by weight of the catalyst.

The phosphorus compound for use herein includes, for
example, phosphorus pentoxide and ortho-phosphoric acid. The
amount of the compound to be carried by the carrier preferably
falls, in terms of its oxide, between 0.5 and 8 % by weight,
more preferably between 1 and 6 % by weight of the catalyst.

For applying the active metal compounds to the carrier,
preferred is an impregnation method. The carrier may be soaked

by sequential impregnation with different sclutions of the
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This is catalyst 1. Its conposition and physical properties are shown in
Table 1. (Exanple 2] 500 g of titaniumtetrachloride and one liter of §difve)?
wat er were kept cooled with ice. Wth the pure water being 47 T ~ NOV
20J2 stirred, the titaniumtetrachlori de was gradually dropw se added
thereto while it was still cooled. This greatly generated heat and produced
white snoke, and then gave colorless titania sol. 1.2 times equivalent, to
the titania sol, of agqueous ammonia (concentration: 1 nol/liter) was

dr opwi se ddes droume ofi tari Betal  cerpbwid ofedrpop & hbuihe Zegierpiani um
hydr oxi de gel was thus forned. The gel was taken out through filtration
under suctalole, atite aget a1l diapsnaet di Gdoayts B Itict €0 off phee Peatiedicand
washed through filtration. This operation was repeated 4 tines until the

wash wasteabesamhdats ghospheraly cbhgoehl priwie iwgaﬂe&_f&\é%iyf keEkkRe gel .
The water content of the thus-obtained titani um hydroxide gel was neasured,

and 11 g,{ Uctoeﬁ%r%ggéittiéﬁi 3yif bhe 9&divasdrekehedin?fgC0f ageeous 25

wt. g ammohia was a thereto, and stirred for 30 m nutés. Then, 38 cc of

aqueous 304o. 94l drgen Reraxi de vas. of adsially, Aded: WIRelg Losgi ve an

yel |l ow titant um peroxotitani umso I on. citric acid was gradual ly
added to this

nd then . gradually. heate C W.th_stirri renove
t he exces%uﬂ?gﬁiaéh %%?5%*%@?5%%¥§n%ggugﬁrgﬁ%ghﬁg%Ié&su%§F8%g6§?lé? whi ch a
conpl ex s formed and canpl et el issol ved. Next his was conceptrated to
o 117 cctort erf DA A saPakeDLg: Bei e L (AR oL Che
titani um peroxocitrate (T1). 100 of a 'y-alumna carri.er (Al) having a
wat er absefptiohn: JfL et §hads gt%QagBAEEdlﬁ/\%%L%%W&ého’?h? Hélpééaééﬁéo% "1
[3 PJ DV 200Z solution of T1 (this was previously diluted with pure water

to be conpkable t o WD heei"RESEPBLLBR 6% 3T ikar ritet PRUAGBRT AL fSspheri ¢

pressure, then dried in vacuumat 70C for. 1 hour
falls between 1 and 4, preferably between 1.5 and 3.5, in

consideration of the stability of the impregnation solution.
When the solution is alkaline, its pH generally falls between
9 and 12, preferably between 10 and 11. The method of pH control
of the solution is not specifically defined. 1In general, an
inorganic acid such as nitric acid, hydrochloric acid or
sulfuric acid, or an crganic acid such as malic acid, citric
acid or ethylenediamine~tetraacetic acid, or ammonia is added
to the solution.

While the active metals are applied to the carrier, the
above-mentioned water-soluble organic compound may also be
applied thereto along with the active metal compounds.

After having been thus dipped, the carrier is calcined,
preferably at a temperature falling between 50 and 400°C, more
preferably between 100 and 300°C, even more preferably between

120 and 250°C, for from 0.5 to 100 hours. If the temperature
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and thereafter in a drier at 120C for 3 hours, and calcined at 500C for 4
hours to prepare a carrier (B2). Next, 50 cc of the inpregnation sol qggi;ﬂn,mw
(S1) that had been prepared in Exanple 1 was netered, to which was adde

g of polyethylene glycol (nolecular weight: 900). Then, this was diluted
wWith pure water to be conparable to the water absorption of the carrier

(B2) . 100 g of the carrier (B2) was soaked with the thus-diluted

i npregnation solution (S1) under atnospheric pressure, then dried in vacuum
at 70C forfokr halreinatd onhdrseafderldwattee ate tE20Cdgrorishtoureildrmiat i s
catalyst 2. Its conposition and physical properties are shown in Table 1.

[ Exanpl e 3atiREaeRoriiel KB MRS hRr eRaF Bl | Butthe fsed® Hmyh)ethasnd te Exanpl e
2. 50 cc of the inpregnation solution (S1 ) was netered, to which was added

6 g of polygihwl-ene gliyeok-eaRhecULalMeLgRE: 400) . Then, this was diluted
with pure water to be conparablé to"the water absorption of the carrier

B2). 100 f i : d,w s dinluted
i(npa egnat i gnosoltrﬁt%i gﬁrd%lg%re)n(agﬁégr att%:)igiéﬁep}ygrdgrctg?gugr e, tcﬁlé1 - ri etJlel n

t 7 f h , d th f heat t 120C f d
e N R e B L B R B Tk
conposition aq%é]physi cal properties are shown in Table 1. [Conparative

Exanpl e 1S58 -¢E 373 R8N npregnat i on sol ution (SI) that had been prepared
in Exanple 1 was netered, to which was added 6, g of pol yethyl ene gl ycol
(ol ecul ar wei gRELL40ANCEHEN, 2ERES twelt ditPEt e’d‘\’/@lﬁf‘p‘hr EeRatarst o- e
conmparable to _the water absorption of a y-alum na carrier (Al) having a
wat er abs&ESElYS toPTOdBCERPY 1S FoBe§haf gchre PERIIEn Y ALNYARREEEIH wit h
the thus-diluted inpregnation solution (S1) under atnospheric pressure,
then drie¢atdlygéuuhach70aupsises harerly Hitt &t Retéaf CeFPRBAE edf {iXIC f or
16 hours. This is catalyst 4. Its conposition and physical properties are
shown in Fabtle the[ Bempadaci veébBeany? ea 2fefractory inorganic oxide

carrier, along with a water-soluble organic compound having a
boiling point or a decomposition point of not lower than 150°C
thereto, and thereafter further applying thereto at least one
metal compound of Group 6 and at least one metal compound of
Groups 8 to 10 of the Periodic Table, optionally along with a
rhosphorus compound.

The condition for impregnating the carrier with the
impregantion solutions in this aspect is the same as that in
the above-mentioned aspect of the invention (the method for
producing a hydrogenation catalyst, which comprises applying
a water-soluble organic compound having a boiling point or a
decomposition point of not lower than 150°C to a refractory
inorganic oxide carrier, then applying thereto a metal compound
of Group 4 of the Periodic Table, and thereafter further

applying thereto at least one metal compound of Group 6 and at
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The active netals were applied to the carrier in the same nmanner as in
Exanple 1. Then, this was dried in vacuumat 70C for 1 hour, and thenegamgve[wz
heated at 120C for 3 hours and then 500C for 3 hours. This is catalyst

Its conposition and physical properties are shown in Table 1. [Corrparatlve
Exanple 3] 15 liters of pure water at 60C was put into a hot stirrer, to

whi ch were added sodi um al um nate and sodi um hydr oxi de to make an A1203
concentration of 8.0 s by weight and an NaOH concentration of 3.5 $ by

wei ght, raspect bvehgtalheshpditic o digat #doat 0 GFC 1@ Pee iadselubien A On
the other hand, 15 liters of pure water was put into another hot stirrer,

to which g roeo%@lonm Bﬁg@ghe% SoAUEOUS 1 tani i suldat ¢ rsol uti on

and an aqueous aI um n| e Sso ut| on to make a T| O, concentration of 0

6 by wel.ght, and agggl 3ARAC R 210100 10038 ok el Ot Sy Cegf vel y.

Thi s was hea a so Ion he so was a to t he
solution A__an roduce of .titania-

co- pr eci pit zft%«?dh‘ﬁ}bflétaelmlﬁ?%n?\}ééo%ﬁgagﬁﬁogﬁerf T%ﬁrwat@&t qt“ﬁ% 3
washed on a filter with 70 tinmes the of aueousg wk%a i a added
thereto. PEEFEN&E PRI GARER MG ek N4 R§ EHRIGL T SPEHS Make the
resi due have a solid content of 12 % by weight. Wth agueous ammoni a added
thereto, tRELSHIBftRhearespa dadnbbR avaeaﬁer%tchsrl%§5§@68 ¢h ot
stirrer at 90C for ? 3 hours. Next, this was again filtered, then washed
Wi th 10 tilmyenthenr e e d hef CpnréewaItSeﬁi,rlaﬁoam sredatined dffed havigac whil e
stirred. This was shaped into 1 . 58 mm columar pellets through an

ext ruder, beleensdeked @it 206 oflart ivs hduz gne tand admprogaict ef €adep edfat 500C
for 4 hours . This is titania-alumna carrier (B3) . Next, 50 cc of the

i npr egnat ithre Pelrabidon [Shlet haCohadebeky, prieparadr ier Exanbtiedl unakemet er ed,
to which was added 6 g of polyethylene glycol (nolecular weight). Then,
this was dithotsgt ewiitho puredwead @rprtes sherecopparfabbbliyoat he twartperr aghser pt i on

falling between 50 and 600°C, more preferably between 100 and

550°C, for from 0.5 to 100 hours.

After thus dried, the carrier is calcined preferably at
a temperature falling between 50 and 750°C, more preferably
between 100 and 650°C, for from 0.5 to 100 hours.

The condition for calcining the carrier after having been
finally soaked with a impregnation solution of active metal
compounds is the same as that in the above-mentioned aspect of
the invention. Concretely, the carrier is calcined preferably
at a temperature falling between 50 and 400°C, more preferably
between 100 and 300°C, even more preferably between 120 and
250°C, for from 0.5 to 100 hours. While the active metals are
applied to the carrier, the above-mentioned water-soluble
compound may also be applied thereto along with the active

metals. The hydrogenation catalyst produced according to the
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of the titania-alumna carrier (B3) having a water absorption of 0.7 cc/g.
100 g of the carrier (B3) was soaked with the thus-diluted inpregnatilohNOV 2002
solution (S1) under atnospheric 51 7 ~ NOYV 200l pressure, then dried in
vacuum at 70C for 1 hour, and thereafter heated at 120C for 16 hours. This
is catalyst 6. Its conposition and physical properties are shown in Table

1. 100 cc of any of catalysts 1 to 5 was filled into the reactor tube of a
fixed bed flow system Along with hydrogen gas, feed oil was introduced

into the neasddrot ubiei § radpeédts botiaomrab ltehdoebylendk e oigenbl-awnupward i n the
systemin a node of up-flow, and its reactivity with the catal yst was

eval uated. Priogtf0 tBhstnkeedhidc sbraitHy - iRehtgbh as1pidnd LES) from
the Mddle East), of which the properties are shown in Table 2, was

pre-1 1 eal eg 4 Jot gﬂy%&toq{ 384 ir&ieecr%%d%%t DEL 8L nd NERRYBRNERG o] sul T ur

content o ong w th hydrogen gas; pré-treated crude

or e- ool 1 urt S0 T ebitny eofony o e Eiiae | e R OPHte 4 0 cbEPERE

aty e’cat a‘?ys pre-suffurrzed,

crude oil (straight-run light gas oil (L fromthe Mddle East) .of the

e type LRt Al an SRsstrBnlhpel Shae e R (5 GHrEr Foid the

react or tuEe and hydr_ogﬁ{]at ed. The reaction tenperature was from 330 to
i

360C;, the° ﬁﬁeoa%ﬁlﬁgﬂfz DI &858’ WS W IWPAROF B+ QG0 BF CRYAr-8gen/ cr ude
oil was 250 Nmkl; and LHSV was 1.5 hr-1. The data nmeasured at 330 to 360C
were used®?® oBEaPRathE avalR§eheessl PP Con ey cohidt ant Wete&ach

catalyst. Based on this, the relative desulfurization activity of each
cat al yst SRbulpk? aiqrarnie| sompeung t haviRy 4 HpNOLIEDQPodéEsul Puri 2at i on
activitybased on the averaged desul furization rate constant of the catal yst
of Conpard¢cargpdxianpdre pofnat alfystod) Llowebeitignl 0050°@ndtlsdmawo i nakdbl e 3.
[ Exanpl e 4] (method 1 of applying active netals to carrier) 90 g of a
y- al um natleared Brex Auntheayeppgl pinat Bremxbzorpinedal gforhodnad o/fgGuaspdi pped
in 10 g of 1, 3-butanediol (boiling point: 209C) having been diluted with
pure watet ¢D e 8 O diand atrlieed
The condition for impregnating the carrier with the
impregnation solutions in this aspect is the same as that in
the above-mentioned aspects of the invention. However, the
condition for drying and calcining the carrier in this aspect
differs from that in the other aspects. Concretely, in this
aspect, after the carrier has been socaked with the impregnation
solution containing a water-soluble organic compound and
active metal compounds, it is simply dried, preferably at a
temperature falling between 50 and 150°C, preferably between
100 and 130°C, for from 0.5 to 100 hours. After the carrier
has been socaked with the impregnation solution of a metal
compound of Group 4 of the Periodic Table in the last step of

this aspect, it is calcined under the same condition as that

in the process of the other aspects where the carrier soaked
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at 120C for 16 hours to prepare a carrier (Bl). 100 g of the carrier (Bl)
was soaked with a solution of 47.5 g of an aqueous 30 mﬂ.@btitaniunq%qEqu@
and 0.5 g of sulfuric acid, which had been diluted with pure water to be
conparable to the water absorption of the carrier (Bl), under atnospheric
pressure, then dried at 120C for 16 hours, and thereafter calcined at 500C
for 4 hours. The carrier was washed in one liter of pure water with
stirring, and then dried at 120C to prepare a carrier (B2). Next, 45.6 g of
ni ckel carifdnate,s@Yubign ob fnod yhidemumeataloxtdepoands 42,2 gadfined.

ort ho- phosphoric acid were added to 250 cc of pure water, and di ssol ved

t her ei n wdnt gy nghat c8B€i eThesn, £ i Bl wasa lcniolert] o effeambtignper at ur e,
and pure water was added thereto to nake 250 cc in total. This is a

| mpr egnatiaan Sl ONe{ Sling 95 6wQbn 1 BO CAHJ | £604B2)nyBs §9ak@9amyh 47.5

cc of the 1npregnation solution (S1), which had been diluted wth pure
water to rabl - rpti h e 5 T a ~ov
zooa undgggg%%%ggﬁgffgmigggggf2§B§hdﬁpﬁgnggéﬁgfgéé§a?eggééﬁf%?Osgﬂ%urs.
This is talyst 7..1ts osttilon is_sh in Table 4. [Exapple 3]
(nethod 230 ChpbPd fi AR hrBords o P Py <2BsRotioh TALR M sticed i n
the sanme_manner as in anple 4, except .that .5 of pol yet hyl ene, gl ycol
(ol ecut BECRBEEAT 2505 e AT iy asnacron tsorue FEREERTs 1t s
conposition is shown jn Table 4, [Exanple 6 met hod, 1_of applying active
metal s tgoéarcf‘?ae‘ﬂmﬁltszl%n ‘9 V\E@é p?‘Sch‘?ﬂ)rlkn(S[%? %et%nﬁggai¥sgﬁ Exanpl e
4, except that sulfuric acid servlng as a stabilizer was not used herein.
Its comp&LOGIGES dnshfva PPN eTRBPE 1R efEhirgft @ SPECERet hdd 21 BV RpPPYi ng
active nmetals to carrier) 90 g of a y-alum na carrier (Al ) was soaked with
10 g of faldspuianesrblyargtuzes pbfand dgfetrIsframs, sPiefanfbhyYsul fate
solution, which had been diluted wth pure water to be 72 cc, under
at nosphepietwseds Sft @nd Hed anpedramsy 2eedf spe16PABLFLC andfereraaféer
cal cined at 500C for 4 hours. The carrier was washed,in one liter of pure
wat er wi tthesEiot ifisd Lsaggnerenldr Petwaen| 20¢ and fbar é9a paefrERD{B3)
Active netals were |loaded tgQ the carrier (B3) in the sanme manner as in
Exanpl e ®hetweied L8§0cacaB§em’19. The tedimposPt e o iugespbwacncTanl vsh.
[ Exanpl e 8] (nethod 2 of applying active nmetals to carrier) 100 g of a
y-al um n&adadser generAl)l vwasteeaked- iand 50. e cdf t hsefaprbialbebresenl uti on
(S1) containing 5 g of

0.25 and 0.8 cc/qg.

Prior to being used for hydrogenation, it is desirable
that the catalyst is pre-sulfurized for stabilizing it. The
condition for pre-sulfurization is not specifically defined.
In general, hydrogen sulfide, carbon disulfide, thiophene or
dimethyl disulfide is used as a pre-sulfurizing agent. The
temperature for the treatment may fall between 200 and 400°C;
and the pressure may fall between atmospheric pressure and 30
MPa.

The condition for hydrogenation varies, depending on the
type of the 0il to be processed and on the use of the processed

0oil. 1In general, the reaction temperature falls between 200
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54 ~ f3 fvV 0 V 2002 pol yet hyl ene gl ycol (nolecular weight: 90U) and

havi ng been diluted with pure water to be conparable to the water 1 BNOV 2
absorption of the carrier, under atnospheric pressure, and then dried # 002
120C for 3 hours to prepare a carrier (B4). 105 g of the carrier (B4 ) was
soaked with 42. 2 g of an aqueous 30 wt . o titaniumsulfate solution,

whi ch had been diluted with pure water to be conparable to the water
absorption of the carrier, under atnospheric pressure, and then cal ci ned at

250C for OWESo ni s ' oli, t o with
stirring,%gﬁdggﬁé% 5&%%%§%¥h§28%?§$ﬁﬁs??§ %@%a ysF'l%EdI%gQggﬁ%%§$§qon IS
shown in Tabl e 4. ( o) in i 0
carrier) 8&%&9?@@3 %gﬁggégﬁgﬁﬁégﬁaﬁﬁg}%éﬂgéﬁgqﬁ%%ngfggékgﬁlg?%%%ﬁ§5h,
except that 19.2 g of diluted hydrochloric acid solution containing 16.5 o
by wei ght of & £antéfrt et rachl ori de was used in pl ace of titaniumsulfate
and that sulfuric acid was not used. Its conposition is _shown in Table 4.

[ Exanpl e 10] (néPRod RS CRpRIGATIgl aichPre TRAGE St G480 ldarfeeiye€at alyst 7 was
produced in the same manner as in Exanple 4, except that 12. 4d?'0f
zi r coni ungexgERlori daaxdze SLECEAd FlrafeV dF 191E RACGRSSERETHt i GAd HRd
sul furic acid was not used. Its conposition is shown in Table 4.
[ Conpar at bee, Baanpbeiny bBed, gaof ahvd ld@nti dreqd Bl dasusvaked iwi thedt5 cc of
the inpregnation solution (S1), which had been diluted with pure 55 18
NUV | UUl matdertredbes cofpardiited pootkeswat®re abserpt ipars sahgt heeclrad er,
under atnospheric pressure, and then calcined at 250C for 3 hours. This is
catal yst 341 kthsocghpoihket bed msysbewmy no faddven-4f 1 quCanphrat- fMeovExanpl e 5)
Regarding the reaction condition for the fixed bed
process, except the temperature and the pressure, the liquid
hourly space velocity (LHSV) falls generally between 0.05 and
10 hr'', preferably between 0.1 and 5 hr™', and the ratio of
hydrogen/feed oil falls generally between 150 and 2, 500 Nm*/k1,
preferably between 200 and 2,000 Nm’/kl.
The hydrocarbon oil to be processed herein may be any and
every petroleum fraction. Concretely, it broadly includes
kerosene, light gas oil, heavy gas 0il, cracked gas 0il, as well
as atmospheric residue, vacuum residue, dewaxed vacuum
residue, asphaltene o0il, and tar sand oil.
The metal compound-loading refractory inorganic oxide
carrier (this will be hereinafter referred to as "carrier") of
the invention 1is produced by impregnating a refractory
inorganic oxide carrier with a metal compound and therefore

carries the metal of the metal compound. In the carrier, the

metal exists uniformly everywhere inside it. The specific



90 g of "y-alumna (Al ) was soaked with 47. 5 g of a 30 wt. g titanium
sul fate solution containing 0.5 g of sulfuric acid, which has been dij lﬁJN(ﬁ/dZUUZ
with pure water to be conparable to the water absorptlon of the y-alum na,
under atnospheric pressure, then dried at 120C for 16 hours, and thereafter
calcined at 600C for 4 hours to prepare a carrier (B5 . 95 g of the
carrier (B5) was soaked with the inpregnation solution (SI ) , which had
been diluted with pure water to be conparable to the water absorption of

t he carri eondiuhden af msplerirdepr essure,idamd ified bal ¢d nethsame2508sf or 3
hours. This is catalyst 9. Its conposition is shown in Table 4. 100 cc of
any of thefcahalysisgwase faddeicer Nt ant haer passontt becroficn fitked hed flow
system Along with hydrogen gas, feed ~i 1 t.rac i ntrn~l~i~crrl i nt~ tho

rearrtnr Enth?ZéaOﬂhj;O@?’Jhb}ﬁl@MA%rfftﬁetdf'@fﬁtyr make it flow upward in the
systemin a node of low, and its reactivity with the catal yst was

evaluated Pri of:4o i bis, digth Qhbud abr ARy BINCbh O e 038 cQlibyckBR) from

the Mddle East) 7 of WhIC properties are s own in 5, was, al ong
wi t h hydroge as r nt SYy. 4.5

1f | I\IOUZOUgg h%%r smetgit%%?nﬁén& é%ggpﬁgrliée%e é; fn ?éa'ﬁf?e?’xtlge

catal yst was_t hus sul furized, oil, (str ht-r n.Li .gas _oi |
(LeO froﬁ?FﬁéeModagltgeEd%‘fejntojfori'hém ot ypetaataloves des' & aa%Rerh

hydr ogen i ntroduced jnto the react %r t ube, nd hydr ogenat ed. The

reaction g@ﬁ'ﬂ)@?é? A E BEHECUERE TP GEIF B‘ﬁltta 4SS SKETPEe\Pa; t he
rati o of hydraogen/crude oil_ was 250 NnB/kl; and LHSV was 2.0 hr-1, The
relative a%t i V1% yCBFTe8EN tht épﬁstlfﬂé‘%’i%’oonrel al 1'% e SEEPRheS RS wtpﬁ of the
catal yst of Conparative Exanple 1 (catal st 14%n of being 100, is shown in
Tabl e 6. Peédfserghiphetnean FheiRrItdh ctcmt ¢ GFREY FECA&ANt ¥b§eRat i on
activity of each catalyst are in terms of the relative reaction rate of the
feed oil WPASEHARTHCR §8tthe epAFi 0B ang! £he Xdact tokerateyt Rer &8P -with the
conparative catalyst of being 100; and the dearomati zation activity of each
cat al yst #£siisn a epessSRACEhiee r 6L avi vaovandr enicorexandle i of t heeometplocessed
with each catalyst, relative to that in the oil processed with the

conpar at i VQm@Qtllaqiyk@a@in%erﬁérigt}@rFr oneTadhec 6pxidei saunder spodhehat the
catal ysts produced according to the production nethod of the invention all
have i nprdveégntesul faefizan &FMiot i vin ythileni thegenapiwoandéchtesy thad
dearomati zation activity. (Exanple 11] (1) Preparation of Catalyst: 100 g
of a y-al difeatten rfar L{AeRrr g Jgs i wétidre Betal-atonydn Yenzaabderpti on of
0. 8 cc/g was soaked with 10 g of 1, 3-butanediol (boiling point: 204C)

havi ng been di | Tted nyent jour &swiasrr ttechén8to e desind Ldri Bd ratfelr20Cef or 16
hours to prepare a carrier (Bl). On the other hand, 13 g (0.12 nols) of

di et hanol ariFieg. 1 and Fig. 2. Herein referred to is one columnar example

of the metal compound-loading refractory inorganic oxide
carrier of the invention, as in Fig. 2. The columnar carrier
is subjected to linear analysis through EPMA in the direction
of the line on the cross section of the carrier that is parallel
to the bottom surface thereof, as illustrated. The graph of
Fig. 1 shows the data of the linear analysis, in which the
horizontal axis indicates the length, t, of the cross section
in the cross direction of the carrier (that is, "t" is the

distance fromone surface of the carrier), and the vertical axis
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was added to 80 cc of isopropyl alcohol and stirred to give a umforanNOV 2007
m xture, to which was added 35.5 g (0.12 nols) of
tetra-n-isopropoxy-titaniumand stirred at roomtenperature for 1 hour to
prepare a solution (T1) . Next, 100 g of the carrier (Bl) was soaked with
50 cc of the solution (T1) that had been diluted with isopropyl alcohol to
be conparable to the water absorption of the carrier, under atnospheric
pressure, then dried at 70C in vacuum for 1 hour and at 120C for 3 hours,
and t her eafridrcatalscthed-ata pAdCeheri £9, hburthatol pr epht enesmncatheeret(adl) .
Next, 49 g of cobalt carbonate, 97 g of nolybdenumtrioxi de and 90 g of

mal i c aci ¢t @cadded ra@ 1220 i6Ctak BHFEi ¥AL era@ddtigh sgoipedsidied eilie Wi t h
stirring at 80C. The solution was cooled to roomtenperature, and pure

wat er was added JHherigfl BeE\QeéWk’Q:"2§9d og i N i@l @hrr TBES # $ heMY-RaNaLdoN
solution (S1) . 100 g of the carrier (Cl) was soaked with 50 cc of the

| Mpr egnat i %['h%%‘éts' ‘B{] (15}% i hay ﬂgm‘R? & JoEEﬁg é(\ﬁtlhé ®.\uat eh »{]
corrparable 0 the water SOr ption o ' the car ier, er "at nospheri c

re re, ,and.t at ed, at 1OCfor 6 d for 3
E\ouf:u Thi 2Enl gh ?ltcgl ?gt Qﬁ% l?%%gf)%gs‘facla S:foﬁgrggf(zgggréﬁg Sﬂ Slo&gbl e 7.

7 8 f4 ~r; | [Exa Preparatio t Catal yst 17
vvas produ@e‘g\él E Pﬁéhgah% r’r(gﬁ%té?n % %?é’ng’lng ﬁr@8§8e8 Eli)ﬁ%tcap%qjyeert hgl ene
gl ycol (rml ecul ar vvel ght: 400, deconpositian point: higher than 2500) was
used in plldcg of apd §h%lﬁt§¥?€dFBFfP6eﬁr}\§ﬁ§PQ é Gartel er@{CCER r&f lqategts
physi cal properties are shown in Table 7. [Exanple 131 1) Preparati on of
Catal yst : &t aFeOre3 Kas Ugr duéea #nr@hel%%l%smhn%m Bs ¢ Banpine 11,

except that the carrier processed to carry the active netals was heated at
120C for Iengsemtdall tto phpsiXcalapridgp@nsiiéy &u&vehdin e Talsligwm and

smallest point of the curve, with t being also the same distance

as above, between (t 0) and (t = t,). If the ratio, x, is
smaller than 0.5, the condition of the metal compound carried
by the carrier is not uniform, and the carrier thus carrying
the metal compound in such a non-uniform condition could not
exhibit high desulfurization activity. From this viewpoint,
in the invention, the ratio, x, of the carrier of the invention
must be at least 0.5. The linear analysis herein mentioned can
apply to any carrier of any shape, and every carrier having the
specifically defined ratio, X, exhibits the specific effect of
the invention.

Next described 1is a method for producing the metal
compound-loading refractory inorganic oxide carrier of the
invention. The carrier of the invention is produced by dipping

a refractory inorganic oxide carrier in an aqueous solution

that contains a water-soluble organic compound having a boiling
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[ Exanpl e 14] In the same manner as in Exanple 11, a carrier (B2) was
prepared, using 1, 4-butanediol (boiling point: 235C) in place of 18 NOV 2002
1, 3- but anedi ol . An aqueous sol ution of commercially available titanium
sulfate (corresponding to 5.26 g in terns of Ti02) was diluted to be
conparable to the water absorption of the carrier, and the carrier was
soaked with the diluted solution under atnospheric pressure, and dried in
vacuum at 70C for 1 hour and then in a drier at |20C for 3 hours, and

thereafterpealicidied abcoRBEsienof BOURS of Next ,1dwHis thas dsioed, wlidn wat er
(30 tinmes the carrier) at 50C to renove the sulfate, and thereafter dried

at 120C f ofp 1 hour Saﬁcptﬁ(e@]lcé%rf%eﬁ A 1BBreqnatoMgopiti @33olufext, 50 g

of nickel carbonate, 97 g of nolybdenumtrioxide and 25 g of

ort ho- pho i i ity: 80 % by weight) were added to 250 cc of pure
wat er, anﬁ%g%lt\%gdgpﬁ@lré&#ﬁymth stirring at 80C. Then, this was cooled to
room t enperat ur and .pure wat er ded. . he . e jn total.
This is an i nprgaﬁatrlegﬁaggpﬁ igrrfo%%%l§g5§géégo%g%ﬁleé?n%?%g%%%%%c%% ution
(S2) was dil uted vvi&h ﬁure ter to,be cgnfarable to the water absorption
of the carrfier9EEsFIURNAR 160 'y GF Chet Car?t BP{ea) aRRE Sdbakett CHE i n under
at nospheric pressure, and heated at 12QC for 16 hours and then at_ 250C for
3 hours. Thi'®hi@ caalP§stO18de) t CHRFG A Spr BpEPLPasiare2sRdwn F1e%abl e 7.
(Conparative Exanple 6] (1) Preparation of Catalyst: In the sane manner as
i n Exanpl evirernsdts windh hbepre mixdareent okbevne eadsi earefArred tis 1y~
3-butanediol, 1C0 g of the carrier (Al) was soaked with the solution (T1)
havi ng beeriuiiingt-edati vHei Eopropocireshsr @b dresapheas) epxofeneedat er
absorption of the carrier, under atnospheric pressure, and dried in vacuum
at 70C foridl ehaixtamwed dbenp-al ud20€ drod Sr yeoals] irench vheimeafitlarcadal.ci ned at
500C for 4 hours to prepare a carrier (C9 ) . Next, 100 g of the carrier
(C4 ) was soake@hei mht80 of vifie tietd Inmoageatidon sspkafeoabl $lof Graup ch had
been diluted with pure water to be conparable to the water absorption of

t he 60 ¥ YUfNHd PeZiddilc abrlier povadger fatmbd phet tan pure osuz ey camicimeat ed at
120C for 16 hours and then at 500C for 3 hours. This is catalyst 20. Its
physi cal propertbesratelghowthen Habke 7coponpdr ai novkbudsanpt etat)iyd)
Preparation of Catalyst: Catalyst 21 was produced in the sane manner as in
Exanpl e | Buldhetept thatnnuanythbbdciodsl (Hidiahiimg ppendxid87C)t amghinot 1,
3-but anedi ol was used to prepare a carrier (C5) . Its physical properties
are shown axalBall, e titahCoanparcatiave, Exanpbeidh oxychloride, zirconium

sulfate, zirconium nitrate, =zirconium acetate, zirconium
ammonium carbonate.

Also preferred are metal alkoxides. Concretely, they
include tetra-n~isopropoxy-titanium, ethylacetoacetate-
titanium, tetra-n-butoxy-titanium, tetramethoxy-titanium,
triisopropoxy-aluminium, tri-s-butoxy-aluminium, mono-s-
butoxy~-diisopropoxy-aluminium, and acetylacetone-tributoxy-
zirconium.

For the titanium compound for titanium to be impregnated,
especially preferred is a titanium-peroxohydroxycarboxylic

acid or its ammonium salt, as it facilitates the introduction
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Cat al yst 22 was produced in the same manner as in Conparative Exanple 6, ]
except that the carrier processed to carry the active nmetals was heat §oN0at2002
120C for 16 hours . Its physical properties are shown in Table 7.

[ Conpar ati ve Exanple 9] Catal yst 23 was produced in the same manner as in
Exanpl e 14, except that the starting carrier was not pre-treated with

1, 4-butanediol to prepare a carrier (C6). Its physical properties are shown
in Table 7. (2) Evaluation of Catalysts: Fr-PMA of Carriers (Cl) to (C6)

The carri erfs {iGhniten (380 prepacedrisrt he Mreocesdr of yroducilng catad yst s
were separately enbedded in a resin (PMVA: pol ynethyl nethacrylate), and
each piece wagqeyt it Rar aldiel, Wil d 2RO LR HMe adestaPeidst as in
Fig. 2. Using an 61 1 U ~UU 200? ordinary EPVA device, each test pellet
was anal y to aLn.i I e |l erated,yo |, i was 1.5
kV; the béggnds'i zgR\%aéH(iblh?n %ﬁdgf%gneeﬁ%ctcglﬁ%%gﬁg r tgﬁt b%aéé?%ge?ﬁn?%utgﬂethe
sanple was Q.05 uA The test.results are.qgiven }in_Tabl . .
Hydro-desﬁlegﬁlaFEQtriyoﬁn%g?%}‘sC(ﬂxllci—er €8 fé%lrl%e%ecr% %%?%éfs’th% T ysts 16
to 23 was filled into the reactor tybe of a fixed bed flow system. Al ong
with hydr 8§eﬁt§a§,’”fi§edg8fcf“e\?ﬁs?i F\Paogﬂc%db}/n‘f’%l? b (A T ‘isj%rearglr%m its

bottomto thereby make it flow upward in the systemin a node of up-flow,
and its rE8EHEENt Y WA NS BeP¥aret ¥t Qlashévartiatel: Prii oFSt 8MPHrE, 2% eed oi
(straight-run light gas oil (LG fromthe Mddle East), of which the
properti esogr @n@%&m e Taptal 8CouAd, naltorkg biistie chpdidyerxFdPiti nttdduced
into the system at 250C under a hydrogen partial pressure of 5 MPa for 24
hours, toetfdecsbybpt dfstbdurdrae t hbencdssnetaltwill pgotararyse awd t hus
pre-sul furized, feed oil (straight-run light gas oil (LG fromthe Mddle
East) of theldamettgpepassebovegeas, cahdhgiewth hydrogen gas, introduced
into the reactor tube, and hydrodesul furized. The reaction tenperature was
from 340 to 360Chet he tieydsodei lpardatgdn ior eseupeuwishsvMpPg; at Heoirlatna of
hydrogen/feed oil was 250 Nm kl; and LHSV was 2.0 hr-'. The relative
activity ebisachrcat akyshpbesteon peirat iof® o tlhaedestbhul 528t i hirat e
constant of the catal yst of Conparative Exanple 6 (catal yst 20) of being
100, is shawn ibe Tedptei O f62r rdf8rNed Vo20@62 'madrarFabllebe idrdanic
understood that the catal ysts of the Exanples in which the value x of the
carrier Ccbspbangén,tiaincl).i5 agdl havecathegre tesitidny izatgeniacisdd y.

[ Exanpl e 15J 500 g of titaniumtetrachl oride and one liter of pure water
wer e kept caeelied, Wwhbludes fomaeernphedi dferertuchoaki nBimutdkeanedldlh t he
pure water being stirred and cooled, the titaniumtetrachl oride cool ed was
gradual | y1drepuwitaeeddded t hebetentorgbVe a cb) brpessadddiarii,a hydr,achl ori de
sol. 1.2 tines equivalent, to the titania sol, of aqueous anmoni a

(concent r gekhoanedispnl;/1sd-ed)cotasl dhapwngeaaddedtt & ddrdon &8oma, such

as 5-methyl-l1-hexanol, iscamyl alcohol (3-methyl-1l-butanol},

s-isoamyl alcohol (3-methyl-2-butancl), isoundecylene
alcohol, isooctanol, isopentanol, isogeranol, isohexyl
alcohol, 2,4-dimethyl-1l-pentanol, 2,4,4-trimethyl-1-

pentanol; alcohols having at least 5 carbon atoms and having
a hydroxyl group bonded to the carbon except the terminal
carbon, such as 2-hexanol, 3-hexanol; ether group-containing
water~-soluble polymers such as polyethylene glycol,

polyoxyethylene phenyl ether, polyoxyethylene octylphenyl
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sol, and stirred for 1 hour, and titani um hydroxide gel was thus forned.
The gel was taken out through filtration under suction, and again dib@ggﬁﬂﬂz
in about 1 liter of pure water, and washed through filtration. This
operation was repeated four or five tines until the wash waste becane
neutral, whereby the chloride was renoved fromthe gel. 11 g, in terns of
titania, of the titanium hydroxide gel was netered. 50 cc of aqueous 25 wt.
% anmoni a was added thereto, and stirred . Then, 100 cc of aqueous 30 $

hydrogen pefoxt dg s Qiadual! Yo affee-d heheho 4o s%?gieéglt%qédhthni a gel

therein, and this gave a peroxatitani um solution. citric acid
nonohydr at e s_gradual |y added to this._ and {.hen aradually up to
50C with %??\?Ag‘?]ﬁgd?% r \ﬁ%l’\l/e the %@(%%k%asr%i/edro l#cﬁg%dxi :@_teﬁ[ @g%é%qt is was
concentrated to be 117 63 ? H NOV 2002 cc_ of el I owi_ sh oran

t ranspar gt L ¥8P e P OR1AGHi SUD afFonMERIY Lt &FF Y %xo&attleét"éo?ldl*%g)e. 100 g
of a y-alumna carrier (Al15) having a water absorption of 0.8 cc/g was
soaked withabohccanst thigd rageebist 568Ut | ORCoPr TR < Phi B4R CHFOARES
diluted with pure water to be conparable to the water absorption of the
carrier) mddre appbiptreria theessgréery heatber el nel v aviudd gompdoedor 1 hour
and thereafter in a drier at 120C for 3 hours, and calcined at 500C for 4
hours to prepartha awounterof BhE) waGarthelobherohaanc 250wpoiraf tgube wat er
was added to 37 g of nickel carbonate (20 g in terns of NNO) , 83 g of

nol ybdenuwmidied okd dehanda 881 @r b r ef ¢ habs ph ooy i tacieth @punidt R0 &5 % by
weight) , and stirred at 80C to dissolve them After this was cooled to

room t enpes Bdkit £, mPie epaf erabvbg wekdesed eraid 19 ymike walghec ofn thet al .
This is an inpregnation solution (S15). 50 cc of the inpregnation solution

S15 was neieredy .t o Tl Ghopregnaddesh 60 ofi ol yet iy esengdbysal iemylecul ar
wei ght: 400) . Then, this was diluted with pure water to be conparable to

the watercahepspleé@n fatt hetear ah8iint B1S . cbaPagadh et heo catnd efvatBES) was
soaked with the thus-diluted inpregnation solution (S15) under atnospheric

pressure, s S8R i b8 HreaeHYM al, 79& dt rbiNOWg 3R &hod?OG £ @izt hours,
and thereafter cal cined at 500C for hours. This is catalyst 24. Its
physi cal pf OpRIEh €EnAT EombOWMY | 1 T o bd (X IR rESli t84 s01Lt8 b0V 1077.
If the amount of the aqueous solution of the water-
soluble organic compcund is too small, the effect of the
invention could not be attained; but if too large, the viscosity
of the aqueous solution increases too much, and the compound
could not penetrate into the depths of the carrier and will be
ineffective.
The carrier may be soaked with the aqueous impregnation
solution of the water-soluble organic compound according to a
pore-filling method, either under atmospheric pressure or
under reduced pressure.

After the carrier has been soaked with the aqueous

solution of the water~soluble organic compound, it is dried at

around 120°C or so until it contains no water, and thereafter
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Cat al yst 15 was produced in the same manner as in Exanple 15, except that
the carrier processed with the inpregnation solution S15 was cal ci hedigaty;
250C for 3 hours. Its physical properties are shown in Table 10.

[ Conpar ati ve Exanple 10] 13 g of diethanol am ne was added to 80 cc of

i sopropyl alcohol and stirred to give a uniformmxture. 35.5 g of titanium
tetrai sopropoxide (TTIP) was added thereto, and stirred at roomtenperature
for 1 hour to prepare a solution (T1) . 100 g of a y-alum na carrier (Al5)
havi ng a weé ethabs@r ptd 0Baotidr 8ieCci@amsssankedwithhaS@mpeeghathensol ution
(T16) which had been diluted with isopropyl alcohol to' be conparable to

the wat ergsabser i 1o Qe tnneecaqaeainﬁmgndefn at dmsPNer it PLaFTYLS. nbien dried
in vacuumat 70C for 1 hour and then in a drier at 120C for 3 hours, and

thereaftef, cal ckpgd, at 500G foh 4 NOYES oy AL &P LA eI BLE) 5 The
ku? FSl Cﬁﬂﬂ{ as |

i npregnati on so i on was prepared i n the sane nmanner n Exanple
15, and 50 cc of. the solution was netered. .6 .q.0f .polyethyl ene gl vcol
(ol ecul ar° Wi ghjt]gl%ﬁl)etmg’aod"dlgaytbg ?%?}g?d\)'\qﬁi%c a\}&/ﬁgg¥hee)?1gedﬁ ﬁ‘{“gax& th pure
water to b onparabl e to_the water absorption o he tit.ani um added
B no cof 78T SOBIBI5 | OBO BTGP o R PP OF OBIS) tHAG Stk BATRPEHCY he
t hus-dil uted sol ution under atnospheric pressure, then dried _in vacuum at
70C for 1ufike difdapNenf tatirocat6phgl otk am@ngshertageyop PeFGE
thereafter calcined at 500C for 3 hours. This is catalyst 26. Its physical
properti esx i@ shovPe o Tabie mekal goreeusd, afpyobet HéSeat¥e@sis 28 to 26
was filled into the reactor tube of a high-pressure fixed bed fl ow system
Wth DVDS: et hyduceh sag fiomaneddedutiaacdt o ethamolspranghhanga .| i ght gas
oil fromthe Mddle East), of which the properties are shown in Table 8,
was processed tWhdravdieanstlef uconpeientl sofsuzhsa~méya e igtuxidd ,ondg wst h
hydr ogen gas, the thus-processed LGO was introduced into the systemat 250C
under a hyels ogBnl @drd iagld pnessime of ahy. 5thPa fbeoldl Hourtde bdcbhedeby
presul furize the catalyst. Wth that, feed oil, atnospheric residue from
t he M ddl soEassion obfwhiheh tétealpr epkoxids doe shtailizing the metal

alkoxide. The amount of the amine or the other alcohol to be

added preferably falls, in terms of the molar ratio to the metal

alkoxide, between 0.3 and 2.5, more preferably between 0.6 and

1.5. The amine includes, for example, moncethanolamine,

diethanolamine, and triethanolamine. The additional alcohol

may be 1,3-butanediol.

After the carrier has been soaked with the metal compound
solution, it may be dried in vacuum or under atmospheric

pressure, at a temperature falling between 50 and 130°C. After
having been thus fully dried, the carrier is preferably
calcined at a temperature falling between 300 and 800°C, more
preferably between 400 and 600°C, for stabilizing the metal in
the carrier. However, the calcining step may be omitted.

The metal compound-loading refractory inorganic oxide
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in Table 11, was hydrogenated in the system Concretely, the feed oil of
Table 11 was, along with hydrogen, introduced into the reactor tubqffmqumz
its bottomto thereby nmake it flow upward in the systemin a node of
up-flow, and it was hydrogenated therein. The reaction condition is as

foll ows: Hydrogen partial pressure: 13.5 MPa Liquid hourly space velocity
(LHSV): 0.3 hr-1 Hydrogen/oil ratio: 850 NnB/kL Reaction tenperature: 370C
The results are given in Table 12. [Exanple 17] 66 T a ~ov | oop 750 g of
ammoni um Yatyper zelohs t prédlac@d cont ehe: madnB8er hygnheopgad, aSpOe/ AdyOpenvl ar
ratio: 5.0) was put into a rotary ~;iln, and heated therein at 700C for 3
hours to bersheamM-&Zardd tie AheSRhme0ftd e zreatibged esowuspended in 6
liters of deionized water, and, with stirring at 75C, 2000 g of an aqueous

10 wt . nitrifaGdaselyli goryes, addedkhesgt mover o8 88618ds And3@tmi nut es.
After the addition, this~was filtered, and the resulting solid was washed

ith 20 tj [,aht L.Qni t ia- -1
Peol i to BLUTTS Py tal Bopa CPae are o 11F T SoLS 08 the Btnel

hand, 70 gtogﬁs%ggunnﬂydgog%%gévgﬁeﬁ%§§o$%§§£%§hg%ﬂg&ewgﬁééfg%iﬁ%mgter. 200

g of sodium alum nat e was give a uni‘for sol ution
V. Still on tgf ot her . ha d,égoo of alumniymnitrate di ssolved in 2
liters of “Puf t qrtn¥%%qf eﬁﬁgggﬁﬁﬁﬁngBFUt?Bﬁ %@té%nﬂgﬁﬁﬁﬁﬁ%%5?¥pure
wat er was heated at  70C, and with stirrin the al unm na solution V was
added t heFBt o PEGRPRICt it of Pt hads® sTPAVRECERUEGh FWaeHeRn 6. BRCNext |
the alum na_sol ution Wwas added to it, until the pH of the resulting
sol uti on FRREMERPW 15, PIRERT rehi s TRERRRYE Rift BRe Mietailngo R c8TRiRbdt es. The
operation of varying the pHfrom3. 6 to 9.0 was repeated 6 tines in all.
Next, thePydd ERRGLGEI f aveks £ it BRBES @nd tehexi@dsi dptWee daah@d® & obtain
alum na gel Z. The acid-treated zeolite B was suspended in deionized water
in 1/1 byPYerghoht Al engigireRlvhibstwera £ uahdha3§el® P¥agebght, more

preferably between 8 and 30 % by weight of the catalyst. For

the metal of Groups 8 to 10 of the Periodic Table, generally

used 1s cobalt or nickel. 1Its amount to be carried by the

carrier falls, in terms of its oxide, between 1 and 12 % by

welght, preferably between 2 and 10 % by weight of the catalyst.

If desired, phosphorus may be added to the carrier. The amount

of the phosphorus to be loaded on the carrier falls, in terms

its oxide, between 0 and 8 % by weight, preferably between 1

and 6 % by weight of the catalyst.

For applying the metals to the carrier, preferred is a

dipping method. The molybdenum compound of Group 6 of the

Periodic Table includes, for example, molybdenum trioxide, and

ammonium para-molybdate; and the tungsten compound includes,

for example, tungsten trioxide and ammonium tungstate. The

nickel compound of the Groups 8 to 10 of the Periodic Table
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1 8 NOV 20U2 introduced into a kneader in a ratio, zeolite B/solid
of 10/90 by wei ght, heated and concentrated with stirring thereint
concentration enough for extrusion nolding. Through an extruder, th
pelletized into columar pellets having a size of 1.6 mm Next, thi
dried at 110C for 16 hours, and then cal cined at 550C for 3 hours.

carrier

On the other hand, an amoniumtitani um peroxocitrate so

(T15) was prepared in the same nmanner as in Exanple 15. Next, 100 g
Y-type zeohtledeont aidy ngxahpena gackd Br nlitwasesoaked adic 6Giekedf the
aqueous T15 solution that had been diluted with pure water to be conparable
to the watef,aRseL Pt bl hel NELAI | &mpdler 1 ,:9¢ TRSPHELT k6 rPlegatiNe, and

heated i n Vacuum at 70C for 1 hour and then at 120C for 3 hours, and

ther eaf t eLogal £1 0002t SONG {96 Dchaurs, Lo pLApaigc. carifedeClil,

ot her han

suspensi on 0 rioxide and ni ckel carbonat

a
o1 Mo b
i's was
S was
This is
| uti on

of the

On the
ein

dei oni zed wat er was heﬁt]ed t 90C, .and malic i d was_added theretg to give
e S35

a i npr egrdt? OR"SLY R

Car? 8P CIF Vs s0%k

e

TRETRECEEPIPon so

that the resulting catal %st could contain_15. 1 ~ %ﬁl\gﬁﬁ?%gé in terns of

MO, of WoRybadmintibhd

£ Lpde Spyf e PYRTPLE n ANGSRD

this was dried at 120C for 3 hours, and calcined at 500C for 3 hour
i s catal yghosyhophc agqig NORP¢ Uretal [REgshysisc &r epdFsrtivesd ot PHEScat al yst
27 are shown in Table 19. [Conparative Exanple 11] A Y-type o
zeol i t e- coatarf nithguahuri e iatnipérthe Wesadr epr el 1 Pheaerdafaér as in
Exanple 17. On the other hand, 13 g of diethanolam ne was added to

Table is from 0.7 to 7.0 mols/liter, the metal of Groups 8 to
10 of the Periodic Table is from 0.3 to 3.6 mols/liter, and the
phosphorus compound is from 0 to 2.2 mols/liter, and the amount
of the resulting solution is so controlled that it is equivalent
to the water absorption of the carrier. With that, the carrier
is soaked with the solution. When the solution in which the
carrier is dipped is acidic, its pH generally falls between 1
and 4, preferably between 1.5 and 3.5, in consideration of the
stability of the impregnation solution. When the solution is
alkaline, its pH generally falls between 9 and 12, preferably
between 10 and 11. The method of pH control of the solution
is not specifically defined. In general, an inorganic acid such
as nitric acid, hydrochloric acid or sulfuric acid, or an
organic acid such as malic acid, citric acid or
ethylenediamine-tetraacetic acid, or ammonia is added to the
solution. After having been thus prepared by impregnation

method, the resulting catalyst is heated, preferably at a

temperature falling between 80 and 600°C, more preferably
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80 cc of isopropyl alcohol, and stirred to give a uniformsolution. 35.5 g
of titaniumtetrai sopropoxide (TTIP) was added thereto at room t enpdrbailir A0
and stirred for 1 hour to prepare a solution (T11). Next, 100 g of the
Y-type zeolite-containing alumna carrier I was soaked with the sol ution
(T11) that had been diluted wth isopropyl alcohol to be conparable to the
wat er absorption of the carrier, under atnospheric pressure, then dried in
vacuum at 70C for 1 hour and then in a drier at 120C for 3 hours, and

ther eaf t er, G3)Ghng Oaén?%"fcor D¢ NOW & dfp JUBRA'E £8-CRERLCEr§ Blldnc | N the

same manner as in the carrier 'B11 was processed to thereby

carry ni Cﬁg teg%égﬂgg@egﬂ%@al%@adbrfe&%t @hy% omE*}%,tw@%'llpf@p@rt' es

of the cat own'in C- cracki ng, Heavv Gas Q|

| 00 cc an e .cat I st 27 or, S f a

hi gh- pr es§l?r fsluftetj(}Cbled‘ta'L ot~ E s?e %\/@%(ﬁ\/h)gu Aeﬂ&}%é;a gﬁ%ﬁ%ﬁ%s& met hyl
dISU|fIde) dedtherei ho (stral ht-run, Ilght as 0j the M ddle
East) , chqcﬁthefiB gbe Péls t%;‘Pret foGATEneFabl szngcé;éD to have
a sul fur content of ght. Along with hydro en gas, , the

t hus- pr océéjsfgchG@tMsaFHWSduc@belhrﬁa& (& adyrendmiat €256€TAIER &l hydr ogen

partial pressure of 11.0 MPa for 24 hours, to thereby pre-sulfurize the
catal yst. Wth ffhatmearé@@r@¢1amﬁ%ﬁf§/o§a@l%ﬂataéws\wltw oRéapnepefalles are
shown in Table 15, was hydrogenated in the system Concretely, the feed oil
was, al on@aﬁiw{elenhﬁ@r egen 1l S0nengdbcedsi npvefakalp buchotweenedd ram i 120 bot t om
to thereby nake it flow upward in the systemin a node of up-flow, and it
was hydr ogenmttednsheard rtheThpecefttisor fearditeanther easf ffallllewse twdmhr ogen
partial pressure: 11.0 MPa Liquid hourly space velocity (LHSV): 1.0 hr-'

140 and 400 m’/g, preferably between 160 and 350 m*/g. The total

pore volume of the catalyst falls between 0.2 and 1.0 cc/qg,

preferably between 0.25 and 0.8 cc/g.

The mean pore diameter and the total pore volume are
measured according to a method of mercury penetration; and the
specific surface area is measured according to a method of
nitrogen adsorption.

Still another aspect of the invention is a method of using
the catalyst for hydro-desulfurization of hydrocarbon oil.

This is for desulfurization, but may be for denitrogenation and
hydro-cracking.

Prior to being used for hydro-desulfurization, it is
desirable that the catalyst is pre-sulfurized for stabilizing
it. The condition for pre-sulfurization is not specifically
defined. In general, hydrogen sulfide, carbon disulfide,

thiophene or dimethyl disulfide is used as a pre-sulfurizing

agent. The temperature for the treatment may fall between 200
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Hydrogen/oil ratio: 1000 Nm/KkL Reaction tenperature: 385C The results are
given in Table 16. 70 18NOV10~l Table 1-1 Catal ystCatal yst 1Cat al yst§ NOV 2602
2Cat al yst 3Ni 05. 05. 15. 1i i MO, 28. 228. 328. 3on Conpos t~t P~0:, 2. 52 . 6
2 . 6w .Ti0-3.23.33.3A10,61 . 160 . 760 . 7Mean Pore D aneter

(PD) 858585angstrontpecific Surface Area (SA) m/g250248245Tot al Pore Vol une
cc/ g0. 530.520.52 Table 1-2 Catal yst Cat al yst 4Cat al yst 5Cat al yst

6Ni 05.15,15.1 i i MO 28.228.328.3Conpos t on t P=05 ~2.52.42. 4w

f
Qe e S T L
~~V 2~0? Tabl [ 15/ 9C) 0. 8599S Co
wt. ~1. 3ngf%agur%0%§<g'n§é%%g¥;: le (Vol urrze of Arolrjrat iuzzsm)m)eg;cl iC

Char act eri ot csT 4% ni EPARLBGPT ngi ol niJ06I0CSS POPHE 55E1on - verids, "
depending on the type of the 0il to be processed and on the use
of the processed oil. In general, the reaction temperature
falls between 200 and 550°C, preferably between 220 and 500°C;
and the hydrogen partial pressure falls between 1 and 30 MPa,
preferably between 2 and 25 MPa.

The reaction mode 1is not specifically defined. In
general, it may be selected from various processes using a fixed
bed, a moving bed, an ebullient bed or a suspensoid bed.
Preferred is a fixed bed process. The mode of passing the feed
oil through the bed may be any of down-flow and up-flow.

Regarding the reaction condition for the fixed bed
process, except the temperature and the pressure, the liquid
hourly space velocity (LHSV) falls generally between 0.05 and
10 hr™, preferably between 0.1 and 5 hr!, and the ratio of
hydrogen/feed oil falls generally between 150 and 2,500 Nm*/k1,
preferably between 200 and 2,000 Nm®/kl.

The hydrocarbon oil to be processed herein may be any and
every petroleum fraction. Concretely, it broadly includes
kerosene, light gas 0il, heavy gas o0il, cracked gas 0il, as well
as atmospheric residue, vacuum residue, dewaxed wvacuum

residue, asphaltene oil, and tar sand oil.

In the invention, the metal-loading on a refractory
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end point ~390 Table 3 Catal ystRelative Desul furization Activi tyExag}oA/e )
1Cat al yst 1150Exanpl e 2Cat al yst 2151Exanpl e 3Cat al yst 3128Conpar at i ov 2007
Exanpl e 1Cat al yst 4100Conparati ve Exanpl e 2Catal yst 5110Conparati ve Exanpl e
3-~Cat al yst 6105 Table 4 net hod of Ni oMbO, P=05Ti Oz,

2r 02A1203appl yi ngacti venetal s tocarri er Exanpl e 9Cat al yst

719. 51S. 69. 05. 170. 8Exanpl e 5Cat al yst 814.51S. 54. 05. 071. OExanpl e 6Cat al yst
919. 515. 44. 14. 87Z. 2Exanpl e 7Cat al yst 1024. 415. 59. 05. 071. 1Exanpl e 8Cat al yst
1134. 415.i00 RNl o Eda s & i8Caedl §65 W20 r4lYy. €8 DgyioTe 2BsdMs bhe

10Cat al yst 1319. 515. 59. 15. 070. 9Conp. Ex. Catal yst 14-4.415. 64. 1075. 94Conp.
Ex. Cat al ysirrlimr9. S5ibheb4adbi Od 32 152arelaBp N 201 thabkterb5i8pectheg G avity
(15/4C)0.8490Sul fur Content wt..1.03Ni trogen Content ppnB88Total Vol une of

Aronat i CSRO-a@ChL Ehaltmbt s 1hs92eCyige icaran@r3- ey¢ltherefore their
aromaticsll. 3Distillation Characteristics Cnitial boiling pointl11890 ~

poi nt 370 and \RAINGLAES vIgkl @s%%é‘“&ﬁ%aﬁa&n ACLiYhbY¥ () Pes ltlépgenau on
Activity ($)Dearomatization Activity (9$)Exanple 4174194106Exanpl e

Si%iiﬁ?@%ﬁﬁf%?g @jsao?%é%mgé“ﬁg@%%%@ & SHORIEITEND Tab e
7-1 ca 17

1oCo00. 245 (%tt% Mvely aﬁcpg‘é}t |o(n:ﬁ)(f’3él/§t g“cqi%%snt Vév&‘—i B gpbPBeT. o

4Ti 024. 04,140 8A12037 07S. 976, 074, 9Vean Porg PD

core 0.8 6 53 0853C f§53 a%g U A BEUA Tabl e 76&:%3??; st ?EZT/%L;JWE
S0Cat al v P TGl J5E SReatafgtt | At s AR ofnegr - CatatyBid
3Conposi ti onMbos15. 915. 615.919. 6w . =P~-O __ -2 .

9Ti O, 0. 93%BGYIEY8Al , 0z79. 176. 279. 174. 9Mean Pore Di amet er ( PD)

Angstrorr858485858peC| fic surface Area (SA) nz/ g255253255250Tot al | Por e
Vol ume cc/ gp, 54Be533yaptisgn 1is described mdre concretely with

reference to the following Examples, which, however, are not
intended to restrict the scope of the invention.
[Example 1]

100 g of a y-alumina carrier (Al) having a water
absorption of 0.8 cc/g was soaked with 52.9 g of an aqueous 30
wt.% titanium sulfate scolution (this was previously diluted
with pure water to be comparable to the water absorption of the
carrier) under atmospheric pressure, then dried in vacuum at
70°C for 1 hour and thereafter in a drier at 120°C for 3 hours,
and calcined at 500°C for 4 hours to prepare a carrier (Bl).

The amount of the sulfate (50,”) remaining in the carrier
was measured with LECO (high-frequency combustion IR
detector), and it was not smaller than 5 % by weight of the
carrier. Therefore, the carrier Bl was put into a 2-liter

beaker, to which was added one liter of pure water. This was
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Tabl e 8 Specific Gavity (15/4C)0.8490Sul fur Content wt.~1. 03N trogen
Content ppnB88Total Vol une of Aromaticsnono-cyclic aromaticsl4. 92- cyc1l é ﬁﬂ\?%
3-cyclic aromaticsll.3Distillation Characteristics Cnitial boiling 2
poi nt 11890 ~ poi nt 370end point413 Table 9 x of Carrier CCatal ystRel ative
Hydro- desul furization ActivityExanple 110.64Catal yst 16130Exanpl e

120. 56Cat al yst 17120Exanpl e 130. 64Cat al yst 18135Exanpl e 190. 85Cat al yst
19138Conp. Ex. 60.00Cat al yst 20100Conp. Ex. 70.90Catal yst 21105Conp. Ex.

80. 00Cat alkyst r2d 105G t Bxr i 89 QR @bmsﬁiloffaﬁégou@d‘aw KL fabl e 10
Cat al yst 29Cat al yst 25Cat al yst 26N 0 3.23.13 O- wt.13.213. 213. 3P

>05 wt . F§ 4. 4. 1 n Pore
D aneter, ang§§ nv%’lag%lrzgggfwr%l\faec‘ge A(rggfaggrlr?ﬁ\ tﬁ%éygfgs%gogoreg%%ﬁw

cc~g' 10.5 97 59 O q 0O Table 1 Pr rties of
& ude 01 3 CORBOLPRCo G R PLy BPB6SART AR L ls%%s.tﬂ?ls Ieratl PN

(50C0) 290cst Sul fur3 48wt ~N|tro e 184 nResi

Car bon9. 3§ﬁPeéA§8h%ﬁlfﬁ%n%12“%%vgg*?BebB mQy b‘%gﬁﬁme sHLhP B PR RS ¢

24Cat al yst 25Cat al yst 26Sul fur Contentp, 220. 200. 27w . ~Ni t r ogen

Cont ent 620806860 L L1 by @S 1gedpq%§ozgo|6, £y BEABPEce Mot a‘h"ﬂls was

angst ronR4. 39Si Oz/ A1203 nol ar rati 08. 7Specific Surface Area752 75 1 8 NpV
1UU2 Tabl driedCatal 98fC 27@at alhystr 28N O amofed Wa4.exMoO W . ~s15 . 115 .
ITio-w . ~r~4 . 00 . 9Mean Pore Di aneter, angstronil03109Surface Area,

m ~g-' 267275Por BeXb} upd, 5 crof-nDc8FD. GEb@atesdcorgeFabhding Heals. Gas

Q| Specific Gavity0.906Sul fur Content, wt.$2.63Ni trogen Content,
pprb90ConpadsnNCar bor2 2Resg dodl ,motykd®risyi scoskige ( abnB0CG) ] . Tsple(fracti on
at higher than 360C, wt.Rs82 Table 16 Catal yst 27Catal yst 28Reacti on

Tenper at upeth€rsBS3BhErackaatd ofpuriact: @b &, hbghespdhdnngd6OL 19.5 g
(wt.~)3635Internedi ate Fraction Yiel d3634 Internediate Fraction: at 120 to
360C The bydrpoggnatdren added yisé Df0t be bfiventrieonaltas, i rpyd weids soidrdd gher
desul furization activity, denitrogenation activity and dearonati zation

activity thare¢Anvephi Onatr Gt altyslosc, antha e tefilkeahkveob 064 hyslreganat i on
of hydrocarbon oil, especially gas oil. In the netal conpound- | oadi ng

refractoryemperganie, oxhdepess niffe Oiwatsheddevienheobtot he mEtal 2 BXicst s
uniformy 76
in total. This is a impregnation solution (S1).
50 cc of the impregnation solution (S1l) was metered, to
which was added 6 g of polyethylene glycol (molecular weight:
400). Then, this was diluted with pure water to be comparable
to the water absorption of the carrier (Bl). 100 g of the
carrier (Bl) was soaked with the thus-diluted impregnation
solution (S1) under atmospheric pressure, then dried in vacuum
at 70°C for 1 hour, and thereafter heated at 120°C for 16 hours.
This is catalyst 1. Its composition and physical properties
are shown in Table 1.
[Example 2]

500 g of titanium tetrachloride and one liter of pure

water were kept cooled with ice. With the pure water being
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1 8 NQU Z00 everywhere inside it, and the value x of the carrier neasured
through EPMA is at |least 0.5. Therefore, when the carrier carries acﬁgwgvzwz
netals to be a hydrogenation catal yst, the catal yst has high

desul furization activity. 77 1 f3 NOV 2UuU CLAIMS 1. A hydrogenation

catal yst for hydrocarbon oil, which is produced by inpregnating a
refractory inorganic oxide carrier with a solution containing a

wat er - sol ubl e netal conpound of Group 9 of the Periodic Table so that it
carries tRkeiretdl, eorpaundniten dtradr@odiner egratd rgius 1ty alr cagueeus
solution containing at | east one nmetal conpound of Goup 6 and at |east one

met al conpeyd Of e @ QYRE i Betit Qs At hecheriodi ey Tabheasoythate ddtLarries
the netal conpounds, and thereafter heating it at a'tenperature not higher

than 300C,.2. The dugtieaenahi e ailialyshd ofeudiacaoban oLt @s .l med In

claiml, érern the netal conmpound of G oup 9 “of t er 1 od eis a
titani um conmpound.. 3.. The hvdrogenati tal. yst. f.or hydrocarbon oil as
clained i r?oglpai f 3t\/§7|‘1“§rseien(%tlﬁ’é‘l teint%ani%[(}m%%oenﬁol Ades S<'§17¥L§aIOtcfaoafcﬁaeO(?JS
titani um peroxqhydroxycarboxylic acig 4. A hydrogenation catal for
hydr ocar bGA™6M* 2 W?%%eri‘tsr%tr cedB /}r]r?ber%)gﬁ\ﬁlﬁi‘g RVt raggtegr?glschﬁr gani c
oxide carrier with an aqueous solution containing a salt of a

titani um pereRdRysr bx Posr BoXYT e fad 8 syt nakd it dyiire B YErex t ¢ &flum
conpound, then further inpregnating with an agueous solution containing at
| east one wast Bhugdopdedd dhe@oupas wmempur oyHe fapL ARt EQPPOHET Of
Goups 8 to 10 of the Periodic Table so that it carries the netal
conpounds SUBtiThe BAypdragehatdbirerged yist abouthydibEarboh wile a8 tEg,

and washed through filtration. This operation was repeated 4
times until the wash waste became neutral, whereby the chloride
was removed from the gel.

The water content of the thus-obtained titanium
hydroxide gel was measured, and 11 g, in terms of titania, of
the gel was metered. 50 cc of aqueous 25 wt.% ammonia was added
thereto, and stirred for 30 minutes. Then, 38 cc of agueous
30 wt.% hydrogen peroxide was gradually added thereto to give
an yellow titanium-peroxotitanium solution. 29 g of citric
acld was gradually added to this, and then gradually heated up
to 50°C with stirring to remove the excess hydrogen peroxide.
This was further heated up to 80°C, at which a complex was formed
and completely dissolved. Next, this was concentrated to be
117 cc of an orange transparent solution. This is ammonium
titanium-peroxocitrate (T1).

100 g of a y-alumina carrier (Al) having a water

absorption of 0.8 cc/g was soaked with 60 cc of the aqueous
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18 ~10V 2(10? clained in any of clains 1 to 9, wherein the refractory
inorganic oxide is alumna. 6. The hydrogenation catal yst for hydroqaaﬁﬁpmm
oil as claimed in any of clains 2 to 5, wherein the anmount of titani n
terns of its oxide formfalls between 1 and 15 ~ by wei ght of the
refractory inorganic oxide carrier. 7. The hydrogenation catal yst for

hydr ocarbon oil as clainmed in any of claiml1l to 6, wherein the netal of
Goup 6 of the Periodic Table is nolybdenumand the netal of Groups 8 to 10

of the Perj.gdj.c | S +RjickK vdr [ r
hydrocarbgﬁﬁg$ﬁlggggﬁg}n%%”%h%gﬁ O?Jgﬁg§%§d§q§§%§,Qg%§ 1ﬁ%%?%$%g go
phosphorus conpound, al on ith the nmetal conmpoun G oup. 6_and the netal
conmpound gﬁ ég%ﬁﬁ§a§ﬁﬁot%o%§ﬁ Vﬁéeﬁeﬁﬁgafe $§BI8E ggeAFﬁﬁfﬁ%ﬁ?o?nder
hydrogenati on of hydrocarbon oil, in which is used the hydrogenation

catal yst GftT@PPheriE ArRESEreo Bhendr e GrdthEaCHBR pEodUdE Agral hour

hydr ogenati on catal yst, which conprises inpregnating a water-sol uble

or gani ¢ caempouhe deaviteyg anbei Hrhgrpatni2@iC dodedohpusit i andpor htiwéd not

| ower than 150C to a refractory inorganic oxide carrier, then inpregnating
t heret o aatett@l0°Cofpoufidhofir & boppBepdrd he Reriicdi c(Blabl e, and thereafter
further inpregnating thereto at | east one netal conpound of G oup 6 and at
| east one met al NearpobAdcof o GroupsirrtaynEd ioh tshéuReonodisd) Teabate.hdd. The
met hod for producing a hydrogenation catal yst 79 1 8 NOV ?00l as clained
i n clai m @enwherepiaretdhéncBkahysé prwakiaestdred,ortchytiiehdesul addedasi on.
12. A nethod for producing a hydrogenation catal yst, which conprises

i mpr egnat igng fapoeyath goamewid,f1 G chlal veegieriquh)c. Tahka, tehas
refractory inorganic oxide carrier, along with a water-sol uble organic

compound RAaw ngi Buthei lWitth POLAE W&t ar deeORROHonip@t aRQient PftHIOtwA Baer than
| 50C thereto, and thereafter further inpregnating thereto at |east one

netal conpewRe i A 88ptife &t rated gAY, OnEoTet 8F ©ameUd of (Epupss8 to 10
of the Periodic Table. 13. The nethod for producing a hydrogenation
catal yst soaked with the thus-diluted impregnation solution (S1) under

atmospheric pressure, then dried in vacuum at 70°C for 1 hour,
and thereafter heated at 120°C for 16 hours. This is catalyst
2. Its composition and physical properties are shown in Table

1.
[Example 3]

The carrier (B2) was prepared in the same manner as in
Example 2. 50 cc of the impregnation solution (Sl) was metered,
to which was added 6 g of polyethylene glycol (molecular weight:
400) . Then, this was diluted with pure water to be comparable
to the water absorption of the carrier (B2). 100 g of the
carrier (B2) was soaked with the thus-diluted impregnation
solution (S1) under atmospheric pressure, then dried in vacuum
at 70°C for 1 hour, and thereafter heated at 120°C for 3 hours

and then at 500°C for 3 hours. This 1is catalyst 3. Its
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as clainmed in claim12, wherein the catal yst produced is for

hydr o- deni trogenation. 14. A nethod for producing a hydrogenation cét%N@%sz
-whi ch conprises inpregnating at |east one netal conpound of G oup 6 and at
| east one netal conpound of Groups 8 to 10 of the Periodic Table to a
refractory inorganic oxide carrier, along with a water-sol uble organic
conpound having a boiling point or a deconposition point of not |ower than
150C thereto, and thereafter further inpregnating thereto a nmetal conpound

of Goup 4,d-Lhe; ﬁréx?&’fsp?ré Al e B pethe dgethed shounpradyehng &,

hydr ogenation catal yst a aimed’in'claim19, wherein the catalyst

pr oduced for_hydro-dear ti,zation. 16. The nethod for producing a
hydrogenal?%%?%%& %V%tggﬂmgﬂgzg NOV 2UU as clainmed in any of clainms 10 to

15, wherein a phosphorus conpound is | oade it refractory inarganic
oxi de carri er, (?dﬁﬁ %§3?P%rﬁ@ﬁﬁﬁ%ﬂ5iﬁ9ﬁp&8ﬂH%&P“c?§&& égﬁﬁdgﬁﬁebﬁgpal
conpound of Groups 8 to 10 of the Periodic Table thereto. 17. The net hod
for produefRAEEHYHR dgeiRlon #acargserad: cFai'tel h wWampdtecitaign®t10 to
16, wherein the netal of Goup 4 of the Periodic Table is titanium or

zi r coni urpo IgetiThkemetHatr G lor(Merlegudierigval B EF offehhat i diedat &hist Was cl ai med
in any of clainms 10 to 17, wherein the netal of G oup 6 of the Periodic
Tabl e i s dblybeldmimhoputeingseen;o andanps nadtlel toftherwatpsr 8bserplioh t he
Periodic Table is cobalt or nickel. 19. The nethod for producing a

hydr ogenas f o watlainista aareliaicmedl) nhanin®fa clatiers a3 oreti®n wieeisn t he
refractory inorganic oxide carrier is alumna. 20. The nethod for producing

a hydr ogenat ¢ onl catgad § sheasaxt pa med 1l wanyoaked hwditist U thasiEi lwhedei n t he
wat er - sol ubl e organi ¢ conpound having a boiling point or a deconposition

poi nt of nEiréonetidhagoLdOGn s(st) heardr enacsphectiedpireerugieet hyleene
glycol, triethylene glycol, polyethylene glycol and butanediol. 21. A

hydrogenagj ooy Cat ab yStulrduced Eprt hendet hoth Oft e 0t el dlei®el0 a0 20.
22. A nethod of hydrogenation of hydrocarbon oil, in

120°C for 16 hours. This 1s catalyst 4. Its composition and
physical properties are shown in Table 1.
{Comparative Example 2]

The active metals were applied to the carrier in the same
manner as in Example 1. Then, this was dried in vacuum at 70°C
for 1 hour, and thereafter heated at 120°C for 3 hours and then

500°C for 3 hours. This is catalyst 5. Its composition and

physical properties are shown in Table 1.
[Comparative Example 3]

15 liters of pure water at 60°C was put into a hot stirrer,
to which were added sodium aluminate and sodium hydroxide to
make an Al,0, concentration of 8.0 % by weight and an NaOH
concentration of 3.5 % by weight, respectively. Then, this was
heated at 60°C to be a solution A. On the other hand, 15 liters

of pure water was put into another hot stirrer, to which were
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whi ch is used the hydrogenation catalyst of claim?21. 23. A netal
conpound- | oadi ng refractory i norgani c oxi de 81 1 8 NOV 2002 carr1§W0V20:
produced by inpregnating a refractory inorganic oxide carrier with a netgf
conpound and carrying the netal, in which the netal exists uniformy
everywhere inside it. 24. A nmetal conpound-|oading refractory inorganic

oxi de carrier produced by inpregnating a refractory inorganic oxide carrier
with a nmetal conpound and carrying the netal, of which the ratio, x =

Fin/F, isaatielieast Lnduy tdvecOiaph dundiLoad | 861 Eheowakad oknl bee@ouanal ysi s
of the metal atomin one direction obtained through el ectron probe

i or oanal ysh, 4 ERM. 0fs dNEc 0055, $60HA0D 20116 1E0RBEAL S L ANGsPOUBNG the

rel ati ons etween t engt € Ccross section in the cross

direction_of t arrjer _(t jndic i St apge f rom o r.f.ace of the
carrier) %ﬁd Wteﬁghi- raaljilgi f er‘?‘slizgy,@(grx,%‘s?én&v%&c% Fg?nc?i'gat{ésgfhgléil t gtgr al
val ue of the X-ray intensity ) with t _being the di stance between one

ty | (t [

surface oFefRBCEAF®+¥r difd St HesS dtafdrekart 4de tRePBGt SCAHE R B ndilé4t es t he
integral value of the X-ray intensit In(x%%pn the | ine tangential to the
Xoray intERSTEYORUF WAREANRE [P RErARHHE Ko opaE Rt BN S ST Ve, wi th
t being also the distance between one surface of the carrier and the other
surface therespduog. aTHel nef af 2 ¥R g8 SRy RHEETiRditaty hNeEgasi-c oxi de
carrier as clainmed in claim23 or 24, wherein the refractory inorganic
oxi de carThes wasya@ddirdtn®.0°26fodhe hoetral dewpouhdik oeals ngpahefd act ar y
inorganic oxide carrier as clained in any of clains 23 to 25, wherein the
82 1 8 filwer~vdthmdtlakivespoimdeilsod aptedumnlOk@xivte? @Worilize adeieal
conpound- | oadi ng refractory inorganic oxide carrier as clainmed in any of 23
to 26, wheheratthe Retal water was added to the resulting residue to

thereby make the residue have a solid content of 12 % by weight.

With aqueous ammonia added thereto, the pH of the residue was

made 11, and this was aged in a hot stirrer at 90°C for 13 hours.

Next, this was again filtered, then washed with 10 times the

residue of pure water, and thereafter dried at 80°C while

stirred. This was shaped into 1.58 mm columnar pellets through

an extruder, then dried at 120°C for 15 hours, and thereafter

calcined at 500°C for 4 hours. This is titania-alumina carrier

(BR3) .

Next, 50 cc of the impregnation solution (S1) that had

been prepared in Example 1 was metered, to which was added 6

g of polyethylene glycol (molecular weight). Then, this was

diluted with pure water to be comparable to the water absorption

of the titania-alumina carrier (B3) having a water absorption

of 0.7 cc/g. 100 g of the carrier (B3) was socaked with the

thus-diluted impregnation solution (S1) under atmospheric
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is of Goup 9 of the Periodic Table. 28. The netal conpound-| oadi ng
refractory inorganic oxide carrier as clained in claim27, wherein thegNiy )5
nmetal of Group 4 of the Periodic Table is titanium 29. A nethod for

produci ng the netal conpound-|oading refractory inorganic oxide carrier of
any of clainms 23 to 28, which conprises inpregnating a refractory inorganic
oxide carrier with an aqueous solution that contains a water-soluble

or gani ¢ conpound having a boiling point or a deconposition point of not

| oner thamrk568Gret herhelt yidmgett ,irandathemeaftt e 0f@Wr tther i npoegnatamg with a
solution of a netal conpound. 30. A nethod for producing the netal

conmpound- k-padkRgteef hagt elyat MOF@anker oxs dev ey r i ehief ianya©d1¢si 6 26 to
28, which conprises inpregnating a refractory inorganic oxide carrier with
an aqueous t30tYhpO8it hah £ONRAS @ 1IWBEBHe SOl BBl £ OTFRMINC: BOTPVUA havi ng a
boiling point or a deconposition point of not |ower than 150C, then drying
it, and t Lyfuct her ~dippk NOrlL ~4 n al coholic solution of a netal
conpound, al” al koxi de. : ydrogenati on catal yst having at | east one
metal of G oup nd_ap | t.oen f u t o f. i odic
Tabl e supported§8§ ?ﬁe&rfre?g? %grr(g%g%%?%%%dll %88?;%385 Qll—}%voodﬁ)trzberg@r actor y
i norgani c_oxi de _carrier-.of any o lains 2 i, to 2 32. hydr ogenat i on

cat al yst ﬁg\‘?fzgﬁraﬁu?%a%? aoréxégt %Fgofiwosi}/pStbema‘ndﬁz}anPe"él??h%Wedolg%q%rf of

G oups 8 to 10 _of the. Periodi¢c Table supported on the al ,

compound- F8adi AE°FePLActBFy PREPOATTE bRTUc Rarii et er Sif gt b 23 to
28, which is heated at a tenperature not higher than 300C. 33. A nethod of
hydr o- desBPFGPTZEP | DR BFOhRAMSC athbhOli YV HA Wit &6 SYS581 ther mode

hydr ogenati on catal yst of claim31 or 32. 89

. Ah. AYY. ASERIRY f@ew@nAnt AFEaAGR VALY WS AhE. 9% R la@taArapr Rl b2 R A(@. AU
y. A9. A{E. Ah. A E. AUE. AS. A{ FE. A@ A@QA A2. AS.AS. A A f2. Ay. A2. A A .A A AQ@AY
2. A Ah. A %EQFAWMS.SAU.fAA.dAP;l (straight-run light gas oil (LGO) from

y.A2. A@. A2. {@A. A AL. Ay. Ay. AA. A A Ah. A Ay. A . Ah. AUS. A .

{E. A2. A@ Bhepiddde fEas N AR AUD IADGEDR RIAPRZRS§RK3LEe shown in Table

1bdl 8v{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
] ca] ca] cafealesd] clcd] =] ehlie (dipethytadysrlfide added thereto,
9:}~}xsnid_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] caheapbd] vl bed @ apefar crdgrdabf 2.5 % by weight. Along with

hydrogen gas, the pre-treated crude 0il was introduced into the

system at 290°C for 24 hours, to thereby pre~sulfurize the

catalyst. After the catalyst was thus pre-sulfurized, crude
oil (straight-run light gas oil (LGO) from the Middle East) of
the same type as above was, along with hydrogen gas, introduced
into the reactor tube, and hydrogenated. The reaction
temperature was from 330 to 360°C; the hydrogen partial
pressure was 5 MPa; the ratio of hydrogen/crude oil was 250
Nm’/kl; and LHSV was 1.5 hr™*., The data measured at 330 to 360°C
were used to obtain the average desulfurization rate constant
of each catalyst. Based on this, the relative desulfurization

activity of each catalyst was obtained, relative to the
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/o
/ k$ 7b:y}xsnid_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] daf xal g@l
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]jca! P
EFi j 5z(9: }xsnid_Z]]ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca]l ca]ca] ca] ca] ca] cal]ca]calcalca]jcalca]cal:c J
t16"n""" """ #HENE#HAHSSIHS\ $$FUKWAKz upkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] c”a] c"a]
c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca! &@&z&
&&' ' 6' U' 'dequ(filuri)zga)ion 36t ¥ ¥t v PasedAv thexsremhgdafeahclicatehlcn] cal cal ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
a!,,->-eﬂrate constant of the catalyst of Comparative Example 1

A207/DY 11111 70v0001A1[ 111222nR2} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca

]ca] cal cajlcalnalgalgalsaleal ]1@@] caheakﬁabﬁalﬁa%galgaica] ca] ca] ca] ca] cal 22
3T3334C4i 4n4} 4 44444425n555 6666&7 7*7475

2]’22?525 R ) ey 2?fca%@%&eaésﬁgssg%g%@]g Legleaenl calcalc
( <A<<<<<} xsni’d %]ch] ééTéé]JE‘é]’éaﬁac%f]Jc%F] ééj‘éaﬁac"al]“@a? c“aa]tcea{-’] éaf%ﬁ’%b‘f’&a] ca] c&a

D%%D af'ca g %gg 328]::;]%(::1;]21(:5%:83¥%g]>2a] cal c&
]ca]ca]ca gEC]IfE’ﬁ‘—L e]cﬁ}xa(% é]%z]g%}g b CANGX@

a] caj cal ca ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!l PEEEEFRFFFCDG-GGGHH HH
Hi . 1/181 AA4°C) haNiIngoeexphidHitgd2] e apeg) vl varedye 8Pcat carcafhg@a] caj ca]
ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal OKgKhKKKKL?L| LL
L 'NRURYRZ K NRNNNS 08 CooPeyepi e [ &/] el ki ta|®ld] ca] c&a] ca] ca] ca] ca] ¢
a] ca] c”a] c*a] c*a] c”a] ca] ca] ca] ca] ca%ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal P\P
PPPPQ&Q QI Qr s B8Ry SESTAEYT (BLTTTFEBERS k&hivd ] @aFedpéapeada] ca] ca]
caj ca] ca] ca] ca] C g ca] ca] ca] ca] ca] ca] ca] cajcalcalc ] calcalc (]ca] ca] ca] caj ca]
Ca]ca|UU an aqueous 30 wt.% titanium sulfate and
VyWW2W)V\¥/\¥/\XXXGXXXXXXXXYQYYYZDZJ ZWZZZ7Z} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] cal ca]
ca] ca] cals¢d]fsd]icapcd]bambacbaled] bapeaféarcajice) th] palreayebdrajeapea] cal cal
ZZ7" [ c ANV

IM] ][ ] ’[\[5’[t©mplarahl\ll]e] to thelwastdn afjscaptdprap€ af lva|czajrdigrcdBéa) capdalt ca) cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calca]calcal " K ' aPaaaa
aa: bybbbhithRcyter.id] ¢ideduded ddesnidt iZHc ajcapoaf cadral € ajcat £a] #ad cal ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ddd, e\ e”
ei eoeeee/dfrefatfitfefrt gi glggiggkhi &8 139 AN jtlolke} s niahird].ca] Tted cad £ €] wag cal ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
I kk 3k Gk Hieyakovnielk k& b ¢ [Ldltleld] 8 mBnenPat et hini st mmimonrgnas niheénZjica¢d al cal cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] calaza]lealaonpooprepare a carrier (B2).

o! oppppppagBaqqqg>r | rrr7snsss#t Qupuquuuuu$v} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] ca] ca] tekea] éa).éapcaf cal ced L ajacdjaredtea] Gd].Capcaf cad tehdatem] ca] cal ¢
al! $v9v?vKvvvvawe wwwwwwwx WK Xxx Xy Pyyyyyyz<z=zJzzzz} xsni d_Z] ca] ca] ca] ca] ca] ca]
ca] ca] caltrdlecaldzn] eaficH] capcaf caltbal-pabsahoal cad«ial eakeaddddLabcapea) ca) ca]
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[Example 6] (method 1 of applying active metals to carrier)
Catalyst 9 was produced in the same manner as in Example
4, except that sulfuric acid serving as a stabilizer was not
used herein. Its composition is shown in Table 4.
[Example 7] (method 2 of applying active metals to carrier)
90 g of a y-alumina carrier (Al) was socaked with 10 g of
1, 3-butanediol and 47.5 g of an aqueous 30 wt.% titanium sulfate
solution, which had been diluted with pure water to be 72 cc,
under atmospheric pressure, then dried at 120°C for 16 hours,
and thereafter calcined at 500°C for 4 hours. The carrier was
washed in one liter of pure water with stirring, and then dried
at 120°C to prepare a carrier (B3). Active metals were loaded
to the carrier (B3) in the same manner as in Example 4. This
is catalyst 10. 1Its composition is shown in Table 4.

[Example 8] (method 2 of applying active metals to carrier)

100 g of a y~alumina carrier (Al) was soaked with 50 cc

of the impregnation solution (S1) containing 5 g of
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composition is shown in Table 4.
([Example 9] (method 1 of applyving active metals to carrier)
Catalyst 12 was produced in the same manner as in Example
4, except that 18.2 g of diluted hydrochloric acid solution
containing 16.5 % by weight of titanium tetrachloride was used
in place of titanium sulfate and that sulfuric acid was not
used. Its composition is shown in Table 4.
[Example 10] (method 1 of applying active metals to carrier)
Catalyst 7 was produced in the same manner as in Example
4, except that 12.4 g of zirconiumoxychloride was used in place
of titanium sulfate and that sulfuric acid was not used. Its
composition is shown in Table 4,
[Comparative Example 4]
100 g of the carrier (Bl) was soaked with 45 cc of the

impregnation solution (S1), which had been diluted with pure
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water absorption of the y-alumina, under atmospheric pressure,
then dried at 120°C for 16 hours, and thereafter calcined at
600°C for 4 hours to prepare a carrier (B5). 95 g of the carrier
(B5) was soaked with the impregnation solution (S1), which had
been diluted with pure water to be comparable to the water
absorption of the carrier, under atmospheric pressure, and then
calcined at 250°C for 3 hours. This is catalyst 9. Its
composition is shown in Table 4.

100 cc of any of the catalysts was filled into the reactor

tube of a fixed bed flow system. Along with hydrogen gas, feed
0il was intreoduced into the reactor tube from its bottom to
thereby make it flow upward in the system in a mode of up-flow,
and its reactivity with the catalyst was evaluated. Prior to
this, feed oil (straight-run light gas oil (LGO) from the Middle

East), of which the properties are shown in Table 5, was, along

with hydrogen gas, introduced into the system at 250°C for 24
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hydrogen/crude oil was 250 Nm’/kl; and LHSV was 2.0 hr™'. The
relative activity of each catalyst tested, relative to the
activity of the catalyst of Comparative Example 1 (catalyst 14)
of being 100, 1is shown in Table 6. Precisely, the
desulfurization activity and the denitrogenation activity of
each catalyst are in terms of the relative reaction rate of the
feed 011 with each catalyst, relative to the reaction rate
thereof with the comparative catalyst of being 100; and the
dearomatization activity of each catalyst is in terms of the
relative saturation ratio in the o0il processed with each
catalyst, relative to that in the o0il processed with the
comparative catalyst of being 100.

From Table 6, it 1s understood that the catalysts
produced according to the production method of the invention
all have improved desulfurization activity, denitrogenation
activity and dearcomatization activity.

[Example 11]

(1) Preparation of Catalyst:

100 g of a y-alumina carrier (Al) having a water
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was added to 80 cc of isopropyl alcohol and stirred to give a
uniform mixture, to which was added 35.5 g (0.12 mols) of
tetra-n-isopropoxy-titanium and stirred at room temperature
for 1 hour to prepare a solution (T1l). Next, 100 g of the carrier
(Bl) was socaked with 50 cc of the solution (T1l) that had been
diluted with isopropyl alcohol to be comparable to the water
absorption of the carrier, under atmospheric pressure, then
dried at 70°C in vacuum for 1 hour and at 120°C for 3 hours,
and thereafter calcined at 500°C for 4 hours to prepare a
carrier (Cl).

Next, 49 g of cobalt carbonate, 97 g of molybdenum
trioxide and 90 g of malic acid were added to 250 cc of pure
water and dissolved therein with stirring at 80°C. The sclution
was cooled to room temperature, and pure water was added thereto
to make 250 cc in total. This is impregnation solution (S1).

100 g of the carrier (Cl) was soaked with 50 cc of the
impregnation solution (S1) having been diluted with pure water

to be comparable to the water absorption of the carrier, under
atmospheric pressure, and this was heated at 120°C for 16 hours

and then at 500°C for 3 hours. This is catalyst 16. Itsphysical

properties are shown in Table 7.
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11, except that polyethylene glycol (molecular weight: 400,

decomposition point: higher than 250°C) was used in place of
1,3-butanediol to prepare a carrier (C2) for it. 1Its physical
properties are shown in Table 7.
[Example 13])
{1) Preparation of Catalyst:

Catalyst 18 was produced in the same manner as in Example
11, except that the carrier processed to carry the active metals

was heated at 120°C for 16 hours. Its physical properties are

shown in Table 7.
[Example 14]

In the same manner as in Example 11, a carrier (B2) was
prepared, using 1, 4-butanediol (boiling point: 235°C) in place
of 1,3-butanediol. An aqueous solution of commercially-
available titanium sulfate (corresponding to 5.26 g in terms
of TiQ,) was diluted to be comparable to the water absorption
of the carrier, and the carrier was soaked with the diluted
solution under atmospheric pressure, and dried in vacuum at
70°C for 1 hour and then in a drier at 120°C for 3 hours, and
thereafter calcined at 500°C for 4 hours. Next, this was dried
with water (30 times the carrier) at 50°C to remove the sulfate,

and thereafter dried at 120°C for 16 hours to prepare a carrier
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weight) were added to 250 cc of pure water, and dissolved
therein with stirring at 80°C. Then, this was cooled to room
temperature, and pure water was added thereto to make 250 cc
in total. This is an impregnation solution (S2).

50 cc of the impregnation solution (S2) was diluted with
pure water to be comparable to the water absorption of the
carrier (C3), and 100 g of the carrier (C3) was soaked therein
under atmospheric pressure, and heated at 120°C for 16 hours

and then at 250°C for 3 hours. This is catalyst 19. Its physical

properties are shown in Table 7.
(Comparative Example 6]
(1) Preparation of Catalyst:

In the same manner as in Example 11 but with no pre-
treatment of the carrier (Al) with 1, 3-butanediol, 100 g of the
carrier (Al) was soaked with the solution (Tl) having been
diluted with isopropyl alcohol to be comparable to the water

absorption of the carrier, under atmospheric pressure, and
dried in vacuum at 70°C for 1 hour and then at 120°C for 3 hours,

and thereafter calcined at 500°C for 4 hours to prepare a

carrier (C4). Next, 100 g of the carrier (C4) was socaked with
50 cc of the impregnation solution (S1), which had been diluted

with pure water to be comparable to the water absorption of the
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(1) Preparation of Catalyst:

Catalyst 21 was produced in the same manner as in Example
11, except that n-amyl alcohol (boiling point: 137°C) and not
1,3-butanediol was used to prepare a carrier (C5). Its physical
properties are shown in Table 7.

[Comparative Example 8]

Catalyst 22 was produced in the same manner as in
Comparative Example 6, except that the carrier processed to
carry the active metals was heated at 120°C for 16 hours. Its
physical properties are shown in Table 7.

(Comparative Example 9]

Catalyst 23 was produced in the same manner as in Example
14, except that the starting carrier was not pre-treated with
1l,4~butanediol to prepare a carrier (C6). Its physical
properties are shown in Table 7.

(2) Evaluation of Catalysts:
EPMA of Carriers (Cl) to (C6)

The carriers (Cl) to (C6) prepared in the process of
producing catalysts were separately embedded in a resin (PMMA:
polymethyl methacrylate), and each piece was cut in parallel

with its bottom to give a test pellet as in Fig. 2. Using an
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- ' j i ion

100 cc of any of the catalysts 16 to 23 was filled into
the reactor tube of a fixed bed flow system. Along with hydrogen
gas, feed o0il was introduced into the reactor tube from its
bottom to thereby make it flow upward in the system in a mode
of up—-flow, and its reactivity with the catalyst was evaluated.
Prior to this, feed 0il (straight-run light gas oil (LGO) from
the Middle East), of which the properties are shown in Table
8, was, along with hydrogen gas, introduced into the system at
250°C under a hydrogen partial pressure of 5 MPa for 24 hours,
to thereby pre-sulfurize the catalyst. After the catalyst was
thus pre-sulfurized, feed 0il (straight-run light gas oil (LGO)
from the Middle East) of the same type as above was, along with
hydrogen gas, introduced into the reactor tube, and hydro-
desulfurized. The reaction temperature was from 340 to 360°C;
the hydrogen partial pressure was 5 MPa; the ratio of
hydrogen/feed oil was 250 Nm’/kl; and LHSV was 2.0 hr’'. The
relative activity of each catalyst tested, relative to the
desulfurization rate constant of the catalyst of Comparative

Example 6 (catalyst 20) of being 100, is shown in Table 9.
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[Example 15)

500 g of titanium tetrachloride and one liter of pure
water were kept cooled with ice in water in different cooling
tanks. With the pure water being stirred and cooled, the
titanium tetrachloride cooled was gradually dropwise added
thereto to give a colorless titania hydrochloride sol. 1.2
times equivalent, to the titania sol, of aqueous ammonia
(concentration: 1 mol/liter) was dropwise added to the titania
sol, and stirred for 1 hour, and titanium hydroxide gel was thus
formed. The gel was taken out through filtration under suction,
and again dispersed in about 1 liter of pure water, and washed
through filtration. This operation was repeated four or five
times until the wash waste became neutral, whereby the chloride
was removed from the gel.

11 g, in terms of titania, of the titanium hydroxide gel
was metered. 50 cc of agqueous 25 wt.% ammonia was added thereto,
and stirred . Then, 100 cc of aqueous 30 % hydrogen peroxide
was gradually added thereto to dissolve the titania gel
therein, and this gave a peroxotitanium solution. 29 g of
citric acid monohydrate was gradually added to this, and then
gradually heated up to 50°C with stirring to remove the excess

hydrogen peroxide. At 80°C, this was concentrated to be 117
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100 g of a y-alumina carrier (Al5) having a water
absorption of 0.8 cc/g was soaked with 60 cc of the aqueous
sclution of T15 (this was previously diluted with pure water

to be comparable to the water absorption of the carrier) under

atmospheric pressure, then dried in vacuum at 70°C for 1 hour
and thereafter in a drier at 120°C for 3 hours, and calcined

at 500°C for 4 hours to prepare a carrier (B1l5).

On the other hand, 250 cc of pure water was added to 37
g of nickel carbonate (20 g in terms of Ni0O), 83 g of molybdenum
trioxide and 38 g of ortho-phosphoric acid (purity: 85 % by
weight), and stirred at 80°C to dissolve them. After this was
cooled to room temperature, pure water was added thereto to make
250 cc in total. This is an impregnation solution (S15).

50 cc of the impregnation solution S15 was metered, to
which was added 6 g of polyethylene glycol (molecular weight:
400) . Then, this was diluted with pure water to be comparable
to the water absorption of the carrier (B15). 100 g of the
carrier (B15) was soaked with the thus-diluted impregnation

solution (S15) under atmospheric pressure, then dried in vacuum
at 70°C for 1 hour and at 120°C for 3 hours, and thereafter

calcined at 500°C for 3 hours. This is catalyst 24.
Its physical properties are shown in Table 10.

[Example 16]
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Its physical properties are shown in Table 10.
[Comparative Example 10]

13 g of diethanolamine was added to 80 cc of isopropyl
alcohol and stirred to give a uniform mixture. 35.5 g of
titanium tetraisopropoxide (TTIP) was added thereto, and
stirred at room temperature for 1 hour to prepare a solution
(T1).

100 g of a y-alumina carrier (Al5) having a water
absorption of 0.8 cc/g was soaked with 50 cc of the solution
(T16) which had been diluted with isopropyl alcohcl to be
comparable to the water absorption of the carrier, under
atmospheric pressure, then dried in vacuum at 70°C for 1 hour
and then in a drier at 120°C for 3 hours, and thereafter calcined
at 500°C for 4 hours to prepare a carrier (Bl6).

The impregnation solution (515) was prepared in the same
manner as in Example 15, and 50 cc of the solution was metered.
6 g of polyethylene glycol (molecular weight: 400) was added
to this, which was then diluted with pure water to be comparable
to the water absorption of the titanium-added alumina carrier
(B16) . 100 g of the carrier (Bl6) was soaked with the

thus-diluted solution under atmospheric pressure, then dried

in vacuum at 70°C for 1 hour and then at 120°C for 3 hours, and
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DMDS (dimethyl disulfide) added thereto, LGO (straight-run

light gas 0il from the Middle East), of which the properties
are shown in Table 8, was processed to have a sulfur content
of 2.5 % by welght. Along with hydrogen gas, the thus-processed
LGO was introduced into the system at 250°C under a hydrogen
partial pressure of 13.5 MPa for 24 hours, to thereby pre-
sulfurize the catalyst. With that, feed o0il, atmospheric
residue from the Middle East, of which the properties are shown
in Table 11, was hydrogenated in the system.

Concretely, the feed o0il of Table 11 was, along with
hydrogen, introduced into the reactor tube from its bottom to
thereby make it flow upward in the system in a mode of up-flow,
and it was hydrogenated therein. The reaction condition is as
follows:

Hydrogen partial pressure: 13.5 MPa
Liquid hourly space velocity (LHSV): 0.3 hr™
Hydrogen/oil ratio: 850 Nm®/kL
Reaction temperature: 370°C
The results are given in Table 12,

[Example 17]
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deionized water to be acid-processed Y-type zeolite B. 1Its

physical properties are shown in Table 13.

On the other hand, 70 g of sodium hydroxide was dissolved
in 2 liters of pure water. 200 g of scdium aluminate was added
thereto togive auniformalumina solution V., Still on the other
hand, 1000 g of aluminium nitrate was dissolved in 2 liters of

pure water to give an alumina solution W. Four liters of pure

water was heated at 70°C, and with stirring, the alumina

solution V was added thereto, until the pH of the resulting
solution reached 3.6. Next, the alumina solution W was added
to it, until the pHof the resulting solution reached 9.0. Then,
this was aged with stirring for 5 minutes. The operation of
varying the pH from 3.6 to 9.0 was repeated 6 times in all. Next,
the resulting gel was filtered, and the residue was washed to
obtain alumina gel Z.

The acid-treated zeolite B was suspended in deionized

water in 1/1 by weight. Along with this, the alumina gel Z was

67



10@ 10@ 10@10%@& ()- &9 10%@& () - i %/@/&u&&&dEbc 10% 10%& ()- 10%& ()-

10%& ()-g10%& ()-1S 10%& ()-L@0%& ()-& ;"W ' +(dEbC 10% 10%&.();
109%& ()- 10%& ()- 10%& ()- 10%& ()-glo%es&: () +(k((()E)) dEbC 109 8 NOV 2002
109%2& ()-, 109%& ()-* 10%& ()-(10%& ()-& 109%& ()-$

10%& ()-)))*Er****dE:/ 10z 10z<10%& ()-99 10%& ()- 7

10%2& ()-5510%¢& ()-210%& ()-0 10%& ()-****+++ xV7/ 10z 10%@ ()-!& 2

109 f& ()- 109@& ()-  109%@& ()- 109%@& ()-' mlO%@ ()- 10z,,,-=--6.7?7/ 10z(
L0%@ () Lol cLONEER. (o @ 10UGREE) 14096 (), LQUER L) o L0V (o O !
000aB7/ 10z 10@< 109" ()-'n37 T0%@EE () - 5- 10%@& () - 210%& () -. 100/@ (-

10% 0$Q,Q00 1 02 3 ., 10%
owg‘&'(%)gg@r%dg?%ug % %&i‘iz%@z%@#hf%/ﬁgl /(-)rcl}}&'s 0“63% ug (
10% u&! 0% ug& 0% U& 2" 303334dEMN

T09% u( 10V ngrf)m&uﬁda;a A ST en(%bt?oz% ar(sxgrusgl%%/em@g}%ng@

10% u& () - 4A4z444525dEnN . 10% uSMLO% % u& ()-0 10% ug&' ().-

10% ug: 8 Thr Oéﬁb%’b&"(t)rw?rlo*éﬁmwé)s é?ﬁ %E %éolé%/ﬁyum“ar pe

109%& () - (Z10%& ()- 10-u 10-u 10- u<10% u& ()-99 10% u& () -

37510% u&hgyiB8636v686 TAdEbE M0% MNeI& ChiF Vasodeigd a@wﬁ@%@ f9r il(ﬁ%o&: ()-
109%& ()-Y 10%8& ()- 71 7889V99dEbC 10% 10%& ()-F *f 1090& ()-8&z10%& ()-

10%¢& () - ho0vbE& {)d thagbhealrined\at 550EBCE A0 Bou0sh&ThH) 837s KOMI&Y) - 5

10%& ()-3 10%& ()-0z 10%& ()-. 10%& ()-;; ;!';";.;f;;#<bC 10%
1099& ()-38. 10%& ()- 109%& ()-1(Z10%& ()- 10b 10b
10b=10%&" () - #<<=@??@BbC 109%210%& ()-0 10%& ()-'i, 10%T& ()-

1090& ()-y 10%0@A (Ehe 10%E & (1) ar@Dx @Gy @ @@ i rilif et @40% i(Hratel0T 10T
10T<109%0& ()- LOf10%I& ()- 710%& ()-5ML0%& () - @agAy AAADENMDC 10%
1098 () - s&0%OROK) { FL 5 LOMOS {eparkO¥@R' theYEanelA8®ef )as in Example
1098 () - A- BpBBB' CACAEMC 10% 109%0& () - 10%0& ()- 109%0% ()-F 1090 () -
10908 ()-1510%0% () - dCCCCD] DDdEnbC 10% 109%0& ()-( 109%0& ()-& 109%% ()-Y
$z109%08 () -"
Next, 100 g of the Y-type zeolite-containing alumina
carrier I was soaked with 60 cc of the aqueous T15 solution that
had been diluted with pure water to be comparable to the water
absorption of the carrier, under atmospheric pressure, and
heated in vacuum at 70°C for 1 hour and then at 120°C for 3 hours,
and thereafter calcined at 500°C for 4 hours to prepare a
carrier (Cl7).
On the other hand, a suspension of molybdenum trioxide
and nickel carbonate in deionized water was heated at 90°C, and
malic acid was added thereto to give a impregnation solution.
The carrier C17 was soaked with the sclution so that the
resulting catalyst could contain 15.1 % by weight, in terms of
MoO,, of molybdenum, and 4.0 % by weight, in terms of NiO, of

nickel. Then, this was dried at 120°C for 3 hours, and calcined

at 500°C for 3 hours. This is catalyst 27.
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On the other hand, 13 g of diethanolamine was added to
80 cc of isopropyl alcohol, and stirred to give a uniform
solution. 35.5 g of titanium tetraisopropoxide (TTIP) was
added thereto at room temperature, and stirred for 1 hour to
prepare a solution (T11l).

Next, 100 g of the Y-type zeolite-containing alumina
carrier I was soaked with the solution (T11l) that had been
diluted with isopropyl alcohol to be comparable to the water
absorption of the carrier, under atmospheric pressure, then

dried in vacuum at 70°C for 1 hour and then in a drier at 120°C
for 3 hours, and thereafter calcined at 500°C for 4 hours to
prepare a carrier (B1l1l).

In the same manner as in Example 17, the carrier Bll was
processed to thereby carry nickel and molybdenum. This is
catalyst 28.

The physical properties of the catalyst 28 are shown in
Table 14.

-Cr i £ v
100 cc of any of the catalyst 27 or 28 was filled into

the reactor of a high-pressure fixed bed flow system. With DMDS
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10T3=10%I& ()-WiX[[[[[$[][bC 10!l @10%& ()-3(YL0%& ()- 100 100 lq% oo
=109& ()-9$ 10%0% ()-M 109%& ()- J[[[[\JI\\dEDC 10! 10%& ()- 10@@&!()-Nﬂvzm/
g10%& ()-3MLO%& () - 10%& ()-1 10%& ()-\\\2]q]~_dEbC 10!Y *S10%& () -
10%& ()- 3 10%& ()- 10%& ()- 10%& ()- 10%& ()-_C 0" o dEbC 10!7
10%& ()-@ 10%& ()-&3 10%& ()- 1 10%& ()-/ 10%& ()--

10%& ()-0" """ abC 10!l 10%& ()- @10%& ()-' m0%& ()- 10b 10b
10b3:109b86%£-9 10%¢& () - aCaaabEbbdELC 10! 10%& ()- 10%& ()- 10%& ()-
10% & ()- fovwsiyl dhovisde)- iskesd dcoedrde, 1300 e ighir rupyd&Ipy-
10% & ()- 10%& ()-f10%& ()-@0%& ()-c"dYdeee, f dELC

10! | 7310%@A L piflo5imOfaRe(Mid@Bl 8%®&) ( )of which the properties are shown

10%2& ()-'f10%& ()-$nl0%& ()-,fof <f=f>f?2fNfffbC 10! 3Y y 10%& ()-Y

, S1090&" () 1rY(TakQ%OR, (yas gt ez dl @234 08@& ()1-8H 1oL &ht) o f fHI<GSggdEDC
10! 109%& ()- 10%0% ()-Y @O%& ()-F10%0&% ()-1  109%2& () -

1098 () - gvddihhhirdElG 4Qkh A0KESHEN-Fay, LOUOS H)s-chQME s Y.GO was
S10%08' () - FS10%0&' ()- 10%& ()-iJiiii6jsjdEbC 10!. 10%0& ()-, 10%0& ()-F

A R e N e L LT

10% () - kikks dyuld 196Yi {0 Mpa for 24 hours, to thereby pre-sulfurize the
catalyst. With that, feed o0il, heavy gas oil, of which the
properties are shown in Table 15, was hydrogenated in the
system.

Concretely, the feed o©0il was, along with hydrogen,
introduced into the reactor tube from its bottom to thereby make
it flow upward in the system in a mode of up-flow, and it was
hydrogenated therein. The reaction condition is as follows:
Hydrogen partial pressure: 11.0 MPa
Liquid hourly space velocity (LHSV): 1.0 hr™
Hydrogen/oil ratio: 1000 Nm’/kL
Reaction temperature: 385°C

The results are given in Table 16.

70



100 10%@& ()- 10%& ()- f109%& () - 310%a& ()-yz 109 ()-F(y 2100% a'
100 mfmmnndE: / 100%2 109%@% () - #&10%@& () - 10%@& ()- 10%@& ()- 10%@B(NOV 207
10%@&' () - n$odooooodE:/ 100 1 10%@& ()-,/ Y10%x&' ()-& 10%@& ()-+ 10‘V@L O-)y
10%a&' ()-' 10%a& ()-op8p[ phpkpl pmpnpdYNC 100 10@ 10@

10@=10%a&' ()-9' 10%& () -

| 710%@&' () - f510%@& () - &3Y10%&' () - np{ ppp59qvqqdEYNC 100 10%@H& () -

109 ()- 10%@& ()- 109%@& ()-F fzl0%a& ()-', nlO%@& ()- qg)rarrrssdEYNC 100
| TOUE ()-3 L0%E ()- @OUR ()- 10%R ()- 10%E ()-

10%@& ()-s7tsttt.uqudEYNC 100 31 10%&& ()-,/ 10%@& ()-- 10%a&& ()-+

109 ()-) Tab%erl()-& 10%@& ()-quuuu:v= v>v’>v@'dYNC 100 10@ 10@

10@= 1ocy@_9_g_yw (O=L-3-L0%@ 0 —GrhManBYId EYNC
100 10% (& ()- 10G&YEY- 10% ugl (5331468 tigl (G2GLYst atalyst 3

10% u&' () L' L% us&! (\_ WAAMAMAA X Ix nxdEYNC 100, ’2_\1 10% u&' (\-J‘Yﬂ Q% u&' () -
10% u& ()13 y10% u& ()-109440% (}.1 1006 7189 () - nkxx) vy ydEYNC 1801
) 10% U&’ () &&hp Q% U 1O = %eP00k 1g) () - #8+8% k] () - 128180% & ()-28.3
10% u&' ()1tVy, g,jczzzl {dEYNCEHOO 5 10% u %) -13/10% 2 ()-31 10%8& () 1,/

10% u& ()19- 10% u& ()-3 TiP10% ul () - B{A{{{{{{{{bT3 3.3
A1.0, 6l.1 60.7 60.7
Mean Pore Diameter (PD) 85 85 85
angstrom
Specific Surface Area (SA) 250 248 245
m/g ;
Total Pore Volume 0.53 0.52 0.52
cc/g
Table 1-2
Catalyst Catalyst 4 Catalyst 5 Catalyst 6
NiO 5.1 5.1 5.1
co sition MoO; 28.2 28.3 28.3
R P.0s 2.5 2.4 2.4
T Tio, 0 3.2 3.2
Al,0, 64.2 61.0 61.0
Mean Pore Diameter (PD) 84 85 91
angstrom
Spe01f1cSurfaceArea(SA) 55 sa48 198
n'/g
Total Pore Volume 0.54 0.52 0.45
cc/g
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100 S10%& ()-' SY10%<& ()- 10-u 10-u 10- uF=10% u& ()-9210% u& ()-7
10% u& ()-{{{.|\||| dEbC 1008 10%& ()-| z10%& ()- 10%& ()-| gwm
yz10%<& ()-Y 10%& ()-3F 10%& ()-|}D}~}}}~dEbC 100 10%<& () - 10%&'()
109%<& ()- 10%& ()- 10%& ()- 10%& ()-~G-~~~PdEbC 100, 10%<& ()-|

*gl0%<& ()-(4 10%& ()- & 10%& ()-$ 10%& ()- " 10%& ()-P] 6dELC 100L9
109%<& () -1 37910%<& ()-5T10%<& ()-310%& ()-Y 0z10%& ()-.10%& ()-69:; <IbC
100B& 10% & ()-3 10% & ()-1 10% & ()-'Z10% & ()- 10< 10<

10<=10%& t)n 5=0EbC 10CB10% & ()- 10% & ()-3y 10% & ()- ° 10% & ()-3Y
10% & ()- _@10% & ()-=p+OrdELC 10BSs10% & ()-3"YI0U & ()-3 10% & ()-3

10% & () - Bsge%r&e (Grdvig LOYE 8 {92 } xmbC 100 | 10%& (P-8549( f0( 10(<

10% & () - [EI0E&ELE)t Lo & () - 3y&I0% & () -11JnhC 1008 10%&' () -

H 10%& (¥ ByTHv8&% dentKoph 1090& () - K H T0%& ()-K %0

Total Volume of Aromatics %

mono-cyclic aromatics 15.1
2-cyclic and more multi-cyclic aromatics 12.4
Distillation Characteristics °C
initial boiling point 200
90 % point 365
end point 390
Table 3
Relative
Catalyst Desulfurization
Activity

Example 1 Catalyst 1 150
Example 2 Catalyst 2 151
Example 3 Catalyst 3 128
Comparative Example 1 Catalyst 4 100
Comparative Example 2 Catalyst 5 110
Comparative Example 3 Catalyst 6 105
Table 4

method of Nio | MoO, [ P,0, | Ti0,,2r0, | Al,O;

applying

active

metals to

carrier
Example 4 | Catalyst 7 1 4.5 15.6] 4.0 5.1 70.8
Example 5 | Catalyst 8 1 4.5 15.5{ 4.0 5.0 71.0
Example 6 | Catalyst 9 1 4.5 15.4 4.1 4.8 71.2
Example 7 | Catalyst 10 2 4.4 15.5| 4.0 5.0 71.1
Example 8 | Catalyst 11 3 4.4 15.41 4.0 5.1 71.1
Example 9 | Catalyst 12 1 4.4 15,6 | 3.9 4,9 71.2
?gample Catalyst 13 1 4.5 |15.5 4.1 5.0 70.9
§°mp' Ex. | catalyst 14 - 4.4 |15.6] 4.1 0 75.9
§°mp' EX. ) catalyst 15 - 4.5 |15.5|4.1 5.0 70.9
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10%& ()-!"# +/ 3~ @bC 100H 10%& ()-K bH 109%& ()-K bH 10%& ()- K

bH 109%& ()-K H 10%& ()-K )2nl

MF! 3468=BG-_@bC 100H 109%& () - K

bH 10%& ()-K bH 10%& ()- K bH 10%& ()-K H 10%& ()-K ) 2nl

MF! GLMPWYZ[ ~_E+CH! 109%& () -K H 109%& ()-K H 109%& ()-K bH 109%& ()-K
ME! T H 109%& ()-K [\]~ bejcl *H 109%& () -K H 10%& () - K
ME! H 109%& () - K H 109%8& () -K j kgrxysT*) 2nl

bH 10%& ()-K ) ?nl

H 109%& ()-K H 10%& ()-K ) 2nl

18 NOV 2007

MF! OH! 10%0& () -K H 10%& ()-K H 10%& ()-K | H 10%& ()-K H 10%& ()-K
H 10%9& ()-K,LJ%) ?nl MFH 10%& () - K bH 10%¢& () -K

Specific Gravity (15/4°C) 0.8490
Sulfur Content wt.* "11.03
Nitrogen Content ppm 88
Total Volume of Aromatics §
mono~cyclic aromatics 14.4
2-cyclic and 3-cyclic aromatics 11.3
Distillation Characteristics °C
initial boiling point 118
90 % point 370
end point 413
Table 6
Desulfurization | Denitrogenaticon { Dearomatization
Activity (%) Activity (%) Activity (%)
Example 4 174 144 106
Example 5 184 151 110
Example 6 166 144 106
Example 7 147 186 113
Example 8 145 153 124
Example 9 179 142 108
Example 10 178 153 111
Comp. ExX. 4 100 100 100
Comp. Ex. 5 128 115 103
Table 7-1
Catalyst Catalyst 16 | Catalyst 17 | Catalyst 18 | Catalyst 19
CoO 4.5 4.4 4.5 -
NiO - - - 4,3
Composition Mo0; 15.5 15.6 15.5 14.6
wt. % P,0, ~ - - 2.4
TiO, 4.0 4.1 4.0 3.8
Al,0, 76.0 75.9 76.0 74.9
Mean Pore Diameter (PD) 85 85 85 86
Angstrom
SpecxficSurfaceArea(SA) 250 045 250 047
m‘/q
Total ZETZVolume 0.53 0.52 0.53 0.53
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H 10%8& ()-K (H 10%& ()-K H 10%& ()-K H 10%& ()-K ~ @) ?nl
MFI H 10%& () - K bH 10%& () -K bH 10%& ()-K bH 10%& ()-K bH 10%& ( N-BNOV 200/

) ?nl MF! nT*) ?nl
H 10%& ()-K ) ?nl

MF! nD*H 10%& () - K ) ?nl

MF! H 109& ()-K H 109%& ()-K H 109%& ()-K H 109%& () - K
MF!I H 109%& ()-K H 109%& ()

-K

H 10%8&' ()-K H 10%& ()-K H 10%& ()-K m\4H 1H 10%& ()-K H 10%& ()-K ) 2nl

MF!I H 1090& ()-K H 109%& ()-K H 10%& ()-K H 10%& () - K
H 109%& ()-K H 109%& ()-K ) ?nl

MF! H 1090& () - K

MUAH 1H 109%& () - K

Table 7-2
Catalyst Catalyst 20 | Catalyst 21 | Catalyst 22 | Catalyst 23
Co0 4.6 4,4 4.6 -
NiO - - - 4.3
Composition MoO, 15.4 15,6 15.4 14.6
Wt-% P:;Os - - - 2-4
Tio, 0.9 3.8 0.8 3.8
Al,0, 79.1 76,2 79.1 74.9
Mean Pore Diameter (PD)
Angstrom 85 84 85 85
Specific Surface Area (SA) 555 253 255 250
m'/g
Total Pore Volume 0.54 0.53 0.54 0.53
cc/g
Table 8
Specific Gravity (15/4°C) 0.8490
Sulfur Content wt.% 1.03
Nitrogen Content ppm B8
Total Volume of Aromatics %
mono-cyclic aromatics 14.4
2-cyclic and 3-cyclic aromatics 11.3
Distillation Characteristics °C
initial boiling point 118
90 % point 370
end point 413
Table 9
x of Carrier C Catalyst Relative Hydro-
desulfurization
Activity
Example 11 0.64 Catalyst 16 130
Example 12 0.56 Catalyst 17 120
Example 13 0.64 Catalyst 18 135
Example 14 0.85 Catalyst 19 138
Comp. Ex. 6 0.00 Catalyst 20 100
Comp. Ex. 7 0.40 Catalyst 21 105
Comp. Ex. 8 0.00 Catalyst 22 105
Comp. Ex. 9 0.20 Catalyst 23 108
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Catalyst 25

Catalyst 26

FI H 10%-$&8) Wkl 10953& () -

5/)?Y 3.2

3.1

3.2

FI' H 10%

8o0) wH A0%3& () - H 109%53&

(- 10%%&

() - 62099

& ()ibH)?Y

FI H 10%-$&d,) wiHE10%3& () - H 10%%&

() - H310%$&

() -H.30%3%

& () -4H010%

Y9/) H 10¢

®$& (3-H 10%$& () - H 10%¢

& ()4 10%

P& ()3-P?Y H

| H 10989$&

& () -y

1"} aE) H {0%e5& - p- H

10%%$& () -H 109

>$& 138H 10

>$&7§)%- H 1

09%>$&8(9-)?

(

FIH

10%$ 8k 4 -Po#8fi-amerer) HirlE YeSEH!

10%>3&5 () - H

10%88& () -H

10%=28&' () 4H

10%

$& ()-H

16%@H&e(hrga? Ynkd " / 89: ;

184

183

190

<f J) H! 10¢

- H 10%8%& (

-H 1095 $&

() - O 10963&

()-)?Y

FI <=XYZ[

xbF) H 10%$&H 10%5& () - H

T0V8&() -

H T0% & () -

H T0%3& () -

H 10%

$& ()-)?Y
FI\]~cdhl
$&

= éé} ?aE) Rerege$& () PHOP6YESES (PIHIBIRSRIY) - H 1096$& () - HI 10%$& () -) ?Y

~A>) H 10%-$&H 109%$&' () - H 10%$& () - H 10%$&' () - H 10%$& () - H 10%

FIH 109 $&0E ET £ Jdi R SH T07%0$& (T Th 499 S& ()] H 109%3& () - H 109%3$& () - HI
10%$& ( TSR TILY; ¢ o /T8 ()-10>%$10>%$10>%
f <10%-$& gﬁrl‘@mw%w*sﬁf’s*e% P %?1 QUER O~ &10% °$" & () -
Nitrogen 1840 ppm
Residual Carbon 9.33 wt.%
Asphalthene 2.98 %
\Y 37.6 ppm
Ni 10.8 ppm
‘Table 12
Catalyst 24 Catalyst 25 Catalyst 26
Sulfur Content 0.22 0.20 0.27
wt. %
Niltrogen Content 620 600 800
wt.%
Table 13
Y-type Zeolite B
Lattice Constant, angstrom 24,39
$10,/A1,0, molar ratio 8.7
Specific Surface Area 752
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CLOYXE&X & () Q ClO%(E&x& () CQ CLOWKE&X& ()-Q CLOYXE&X& () -

' ‘L« ArReS RERXEY() - CQ CLOYXE&X&' ()-Q CLOY%E&X&' () - COQ
CLO9KE&X& (- O CLOOKEEXE: ()-SWS$Q CIO9E&x& ()- Q. CLOYE&X& ()-C(Q

CLOW%E&X&E () - Q TREOWESFe{dridd catalyst of the invention has improved

and higher desulfurization activity, denitrogenation activity
and dearomatization activity than conventional catalysts, and
are effective for hydrogenation of hydrocarbon oil, especially
gas 0il. In the metal compound-loading refractory inorganic

oxide carrier of the invention, the metal exists uniformly
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LOH! 1099& thyougBHERPIE s( )at LUIKOW®E () -Therefore, when the carrier

carries active metals to be a hydrogenation catalyst, the

catalyst has high desulfurization activity.
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2. The hydrogenation catalyst for hydrocarbon oil as
claimed in claim 1, wherein the metal compound of Group 4 of
the Periodic Table is a titanium compound.
3. The hydrogenation catalyst for hydrocarbon oil as
claimed in claim 2, wherein the titanium compound is a salt of
a titanium-peroxohydroxycarboxylic acid.
4. A hydrogenation catalyst for hydrocarbon o0il, which
is produced by impregnating a refractory inorganic oxide
carrier with an aqueous solution containing a salt of a
titanium-peroxohydroxycarboxylic acid so that it carries the
titanium compound, then further impregnating with an aqueous
solution containing at least one metal compound of Group 6 and
at least one metal compound of Groups 8 to 10 of the Periodic

Table so that it carries the metal compounds.

5. The hydrogenation catalyst for hydrocarbon oil as
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inorganic oxide is alumina.

6. The hydrogenation catalyst for hydrocarbon oil as
claimed in any of claims 2 to 5, wherein the amount of titanium
in terms of its oxide form falls between 1 and 15 % by weight
of the refractory inorganic oxide carrier.

7. The hydrogenation catalyst for hydrocarbon oil as
claimed in any of claim 1 to 6, wherein the metal of Group 6
of the Periodic Table is molybdenum and the metal of Groups 8
to 10 of the Periodic Table is nickel.

8. The hydrogenation catalyst for hydrocarbon cil as
claimed in any of claims 1 to 7, which carries a phosphorus
compound along with the metal compound of Group 6 and the metal
compound of Groups 8 to 10 of the Periodic Table.

9. Amethod of hydrogenation of hydrocarbon 0oil, inwhich
is used the hydrogenation catalyst of any of claims 1 to 8.

10. A method for producing a hydrogenation catalyst,
which comprises impregnating 8 water-soluble organic compound
having a boiling point or a decomposition point of not lower
than 150°C to a refractory inorganic oxide carrier, then

impregnating thereto a metal compound of Group 4 of the Periodic
Table, and thereafter further impregnating thereto at least one
metal compound of Group 6 and at least one metal compound of

Groups 8 to 10 of the Periodic Table.

11. The method for producing a hydrogenation catalyst
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X([!109%& KgrBodic Table to a refractory inorganic oxide carrier, along
with a water-soluble organic compound having a boiling point
or a decomposition point of not lower than 150°C thereto, and
thereafter further impregnating thereto at least one metal compound
of Group 6 and at least one metal compound of Groups 8 to 10
of the Periodic Table.
13. The method for producing a hydrogenation catalyst
as claimed in claim 12, wherein the catalyst produced is for
hydro-denitrogenation.
14. A method for producing a hydrogenation catalyst,
.which comprises impregnating at least one metal compound of Group
6 and at least one metal compound of Groups B8 to 10 of the
Periodic Table to a refractory inorganic oxide carrier, along
with a water-soluble organic compound having a boiling point
or a decomposition point of not lower than 150°C thereto, and
thereafter further impregnating thereto a metal compound of Group
4 of the Periodic Table.
15. The method for producing a hydrogenation catalyst
as claimed in claim 14, wherein the catalyst produced is for

hydro-dearomatization.

16. The method for producing a hydrogenation catalyst
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compound is loaded on the refractory inorganic oxide carrier,
along with the metal compound of Group 6 and the metal compound
of Groups 8 to 10 of the Periodic Table thereto.
17. The method for producing a hydrogenation catalyst
as claimed in any of claims 10 to 16, wherein the metal of Group
4 of the Periodic Table is titanium or zirconium.
18. The method for producing a hydrogenation catalyst
as claimed in any of claims 10 to 17, wherein the metal of Group
6 of the Periodic Table is molybdenum or tungsten, and the metal
of Groups 8 to 10 of the Periodic Table is cobalt or nickel.
19. The method for producing a hydrogenation catalyst
as claimed in any of claims 10 to 18, wherein the refractory
inorganic oxide carrier is alumina.
20. The method for producing a hydrogenation catalyst
as claimed in any of claims 10 to 19, wherein the water-soluble
organic compound having a boiling point or a decomposition
point of not lower than 150°C is at least one selected from
diethylene glycol, triethylene glycol, polyethylene glycol and
butanediol.
21. A hydrogenation catalyst produced in the method of
any of claims 10 to 20.
22. A method of hydrogenation of hydrocarbon oil, in

which is used the hydrogenation catalyst of claim 21.

23. A metal compound-loading refractory inorganic oxide
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refractory inorganic oxide carrier of any of claims 26 to 28,

which comprises impregnating a refractory inorganic oxide
carrier with an aqueous solution that contains a water-soluble
organic compound having a boiling point or a decomposition
point of not lower than 150°C, then drying it, and thereafter
further dipping it in an alcoholic solution of ametal compound,
metal alkoxide.

31. A hydrogenation catalyst having at least one metal
of Group 6 and at least one metal of Groups 8 to 10 of the

Periodic Table supported on the metal compound-loading
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refractory inorganic oxide carrier of any of claims 23 to 28.

32, A hydrogenation catalyst having at least one metal
of Group & and at least one metal of Groups 8 to 10 of the
Periodic Table supported on the metal compound-loading
refractory inorganic oxide carrier of any of claims 23 to 28,
which is heated at a temperature not higher than 300°C.

33. A method of hydro-desulfurization of hydrocarbon
oil, in which is used the hydrogenation catalyst of claim 31

or 32.
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