25 January 2006 SPECI FI CATION Title of the Invention Porous 4 Ggﬁgp th%I

Oxi de And” Met hod For Preparation Thereof Technical Field This iZ@Rarny£006
relates to a porous 4 group netal oxide which is useful for applications
such as catal yst carriers, catalysts, drying agents, adsorbents and fillers,
to a method for preparation thereof and to applications thereof In
particular, this inventi @ PECHRES(CATIOENous 4 group netal oxide which
has a | arge specific surface area and exhibits excellent heat stability, to
a nmethod for preparation thereof and to applications thereef Further, this
i nvention relates to a porous 4 group netal oxide consisting of high- purity
pPOr OUByd ] | } de which has a large specific surface area, exhibits
excel tle JfHfe R lity, has precisely controlled pore size and sharp pore
distribution and is wuseful for a catalyst carrier or a catalyst and to a.
nmet hod for preparation thereof Further, this invention relates to a porous 4
group al oxide cqnsistin f roou t ildani um oxhde ich has a | arge
speci fi (%ﬁ%ﬁéégvap3@@B§§h94§4§¥15@%§95éﬁ¥f%@%ﬂ???ﬁﬁﬁ#?? . has controlled
pore size, exhibits high nechanical strength and is useful for a catal yst
carrier or a catalyst and to a nmethod for preparation thereof. Still

further, this invention relates to a hydrotreating catal yst consisting of a
por ouSechnicpl Figldpet al oxi de of the aforementioned kind, particularly, porous
titanium oxide, for hydrocarbon oils such as petrol eumfractions and
liquefied coal, to a method for 1 25 January 2006 preparation thereof and to
applications thereof, nore particularly, this invention relates to a

hydr ot r 83tis ngveatic welateortpr a sporgus i 4 agroum metale oxide swhickf és rusefud ofoas
titaniumdioxide or titania) with a |large specific surface area as a

cat al ¥sblica@iohs §hckBd catalyst carriers, catalysts, drying agents, adsorbents and fillers,

to a method for preparation thereof and to applications thereof. In particular; this
invention relates to a porous 4 group metal oxide which has a large specific surface
area and exhibits excellent heat stability, to a method for preparation thereof and to
applications thereof.

Further, this invention relates to a porous 4 group metal oxide consisting of high-
purity porous titanium oxide which has a large specific surface area, exhibits excellent
heat stability, has precisely controlled pore size and sharp pore distribution and is
useful for a catalyst carrier or a catalyst and to a method for preparation thereof.

Further, this invention relates to a porous 4 group metal oxide consisting of porous
titanium oxide which has a large specific surface area, exhibits excellent heat stability,
has controlled pore size, exhibits high mechanical strength and is useful for a catalyst
carrier or a catalyst and to a method for preparation thereof.

Still further, this invention relates to a hydrotreating catalyst consisting of a porous
4 group metal oxide of the aforementioned kind, particularly, porous titanium oxide,

for hydrocarbon oils such as petroleum fractions and liquefied coal, to a method for




t he catal yst conponents (consisting of the principal catalyst c nponent g
pronoter conponent and hereinafter both are collectively refer apiary 2 ﬁB
as "catal yst conponents”) which are dispersed uniformy in high
concentration on the titanium oxide, to a nethod for preparation thereof
and to applications thereof and, nore specifically, this invention relates
to a hyepautient ihrgesfatad yiot applicaltipds oiheirduin neire sparticutzrly; shis pakentionf

removi ng both sul fur conponents and nitrogen conponents from hydrocar bon

oils gf&f'e Mﬂ.?{ %ﬁ%h] Rirkd P95
corrponenpes rel agﬁve 0 r corrpo ents an at t sane rtel nme, capable of
mar ked| reduci.ng ca n toarrethodf r epar at;i on
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preparing porous 4 group netal oxides are explained with porous titanium

oxi de thakatalyst camperents| (eonsidtingneft the qwincialreatadyistycormpenentighd premetari f i ed

into two nethods and one is based on conbustion of titaniumtetrachl oride by
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hydrous titanium oxide or the precursor of titaniumoxide in advance by
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of a titanium al koxi_de foll ovved b dr ng and c CI .nin ydrous
tit aniogide o%@cﬁan@‘ﬁ%qd g’r é!ﬁ“?o ghe g agfloMa9Rent i oned
i quid phase nethods are the foI | owi ng' 2 25 January 2006 where the

hydr olspedifically; thisaimvention frelates $o radrydeotreating icatalyst fonl lidrecarbomeailsed at or

above 170 t and hydrol yzed at a pressure equal to or above the prevailing
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hydrous titani'um oxide is calcined at 400-9001 to yireld spherical anatase
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components relative to sulfur components and, at the same time, capable of markedly
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reducing consumption of hydrogen, to a method for preparation thereof and to

applications thereof.

Ba und Technolo

The methods for preparing porous 4 group metal oxides are explained with porous
titanium oxide taken as an example. The methods known today are roughly classified
into two methods and one is based on combustion of titanium tetrachloride by oxygen
(vapor phase method) while another is based on the preparation of hydrous titanium
oxide or the precursor of titanium oxide in advance by such means as hydrolysis of
titanium sulfate or titanyl sulfate, alkali neutralization of titanium tetrachloride or
titanium sulfate or hydrolysis of a titanium alkoxide followed by drying and calcining
the hydrous titanium oxide (liquid phase method).

Representatives of the aforementioned liquid phase methods are the following® *




sulfate are contacted with an aqueous al kaline solution and the resultin
needl es of hydrous titanium oxide are dried and cal cined to vyi 85&6\9?%339%
oxide in needle crystals (JP05-139,747 A); In case a sol-gel nethod

i nvol ving the hydrolysis of a titanium al koxide is adopted, a titanium
tetraal koxi de and water are mxed to forma precipitate, the precipitate is
fil t enelserev@hleytivolyiss vfatieny] tsudfatarisceebotdd to, vitthey] sulfateoisnheated wtror, t he
slurry is subjected to a hydrothernmal treatnent and the product thereby

obt ai ' rfe ' ' i ' ] 30 L8nraledme of
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problemof suffering a rapid loss in specific surface area and failing to
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tenperature or over a prolonged period of tinme. Wat happens here is that
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under go condensation or titanium oxide being formed undergoes the so-called
sinter] t her r QW . opnsi der 1N [ i 140
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specific surface area and calcjining tenperature, .crystalligzation crystal
t r ans fyEReHs mampmnomﬁoamm@‘@dt ang alaae 4aeidh Eadigs ogseam, needlen
calcining tenperature rises and, as a result, the specific surface area
decr easpstalsagPO51 30/ AN ak e caseda fsol-gell method3inyslving the \nydodgsisef at ai n t he

specific surface area at a high | evel. Under these circunstances, a catalyst

carri eftaffurd alidxide/Btadeptidd aditaahuiustaxikdgide drdl watdrewrefmixed teXérmeael y hi gh
activity for hydrotreating per unit specific surface area, cannot maintain
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thereby obtained is dried to give mesoporous titanium oxide with a pore volume of 0.1-

0.5 mVg and an average pore diameter of 3-30 nm (JP2001-031,422 A).

However, porous titanium oxide prepared by the aforementioned conventional
methods generally shows extremely poor heat stability and presents the problem of
suffering a rapid loss in specific surface area and failing to maintain a large surface
area when subjected to calcination at high temperature or over a prolonged period of
time. What happens here is that the hydroxyl groups detach themselves from hydrous
titanium oxide and undergo condensation or titanium oxide being formed undergoes
the socalled sintering thereby growing considerably in crystalline particles; for
example, as shown in Fig. 1 which is a plot of the relationship between specific surface
area and calcining temperature, crystallization or crystal transformation from
amorphous to anatase and rutile takes place as the calcining temperature rises and,

as a result, the specific surface area decreases rapidly which makes it difficult to



Where-titaniumoxide is intended for use as an al kyl ation catal yst, a high-
tenperature heat treatnment is necessary in order to provide titﬁﬁi"ﬁﬁ‘\’?\‘ﬂ?ags
with properties of a superstrong add; but deteriorating heat stability and
di m shing specific surface area cause a decrease in the absol ute anount of
superstrong acid and the properties required for a catalyst could not be
secur eghintdhe tBe kpdcliv dinfzesiadea wea high kded for use as a denitrogenation

catal yst of exhaust gases, it could only be used with its specific surface
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specific surface area hys, the prablens here were. the..necessity for using
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use tenperature of the catal yst caused by poor heat stability. Moreover,
wher ecannatninaintain aldaige speefic asrface ateal stshighrtemtperatuse hecaueayf StshpgarT)
reaction, only titaniumoxide with a small specific surface area was nade
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possible to obtain a titanium oxide-based catal yst exhibiting satisfactory
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made to _add a secondary_ cqnponent sych as silic al um na.and phosphorus to
titani unVbgrelditeniuse cpade 1pdfr!@a@rﬁetdi g@nﬂﬁ%%ﬁxﬁ&e lations satelyst, s kighy 2006 a

| arge specific surface area and shows excellent heat stability. The
f ol | opémperatare beatmpteasmeht seictecedsheynn sordére topiovidet titamiypmopaidel withde i n
JP0O7-275,701 A, a silicon conpound and a titanium conpound are dissolved in

an achfliferfiSd d SperdtrbRs heidsBRSdaBRbrdtingt e Bl and divdishihe specific

coprecipitation and the Coprecipitate is aged to give silica-titani um oxide.
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Where titanium oxide was intended for use as a denitrogenation catalyst of
exhaust gases, it could only be used with its specific surface area limited normally to a
low range of 40-50 m2/g because of its poor heat stability in spite of its excellent
denitrogenation activity per unit specific surface area. Thus, the problems here were
the necessity for using a large quantity of a given catalyst as well as narrowing of the
range of use temperature of the catalyst caused by poor heat stability.

Moreover, where titanium oxide is used as a catalyst in the FischerTropsch (FT)
reaction, only titanium oxide with a small specific surface area was made available in
spite of its good abrasion resistance and it has not been possible to obtain a titanium
oxide-based catalyst exhibiting satisfactory performance for this particular application.

Several proposals have been made to solve the aforementioned problems. For

example, attempts have been made to add a secondary component such as silica,

alumina and phosphorus to titanium oxide to prepare porous titanium oxide that has
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obt ai ned by 3 hour cal cination at 500C shows an extrenely | arge Sgecifig
surface area of 558 n2/g. A proposal in JP08-257,399 A is direépdanyasy ¢fgd
preparation of a titanium oxi de- based catal yst by gelling a hydrolyzed sol
of a titanium al koxide and a silicon alkoxide wth a nolar ratio of
(1-x)TiGz xSiA2 (x = 0-0.5) and calcining the resulting gel at 350-1200 C
The r atlangefspedifi¢ carfadtedea andi slowsi excolledt hiesit| sbability. tHhes follovang iareoxi de-
based catal yst and, in one exanple, the nolar ratio of titaniumoxide to

sili chaﬁgjeg%fgl@g%ﬁp%%: 0.05 and the titanium oxide catalyst prepared by
2 hour calcination at 5001 shows a specific surface area of 160 nR/g.

According to;.a t hod proposed in , 493, Aq. sl ca- {fiad_ titani um
oxi de fo@ccﬁ’édén%rs%aac%"toﬁ?%?@tm@ Fr%ﬁﬁ?%ﬁ?@iréﬂ aofﬂgﬁ{lo%%@ﬁﬁ ufe of a
titanium_ al koxide and a silicon al koxide to react ip an alcohol solvent and
cal ci itanjunheompaind ane dipsaberdon. amragidicspiution, ﬂmsmisgbsftamp@hﬁf&w&dded for use
as a catalyst carrier has an atomc ratio Ti/Si of 5-50 and shows a BET

speci {4 capechpiRipitation eindOthertdp gecipitate isagadetd givd silica-titanined ozitle AThis
tenperature as high as 800C or above. One exanple give the results that,

when e : PO T lih . i . {ai ned
by caﬁ&%ﬁ]%g@&g{]@v&ﬂ%@%i ?‘?%el stoﬁsrﬂtll ace %?%%5&?2%% (gg January
2006 A proposal. made,in JP2000- 220, 038 rel at es,.t 0,.;1 he preparatj on_ of
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steps: (c)"a titanium  al koxide is dissolved in a solvent _and allowed to
under gotaiyest by §diour salginationyatdi00Xa tshewsasaestremelydgreegmecifie sueacapear t o
produce a polyner; (c)2 the polynmer is dissolved in an organic solvent to

formafs8 mB/eg |iquid, 33 the spinning liquid is spun to form precursor
fibers; (r) the precursor fibers are treated with steam before and/or

during | | QN 0B 0A O Jt.1 t L4k h$e-added in
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prefepably, cattglygf 1%9 gelling a hydrolyzed sol of a titanium alkoxide and a silicon alkoxide

with a molar ratio of 1—xTiO= * xSiO= (x = 0-0.5) and calcining the resulting gel at
350-1200 C. The ratio of silica added to titanium oxide is low in this titanium oxide-
based catalyst and, in one example, the molar ratio of titanium oxide to silica
(Ti02:Si02) is 0.95:0.05 and the titanium oxide catalyst prepared by 2-hour
calcination at 500°C shows a specific surface area of 160 m=/g.

According to a method proposed in JP2000-254,493 A, silica-modified titanium
oxide for use as a catalyst carrier is prepared by allowing a mixture of a titanium
alkoxide and a silicon alkoxide to react in an alcohol solvent and calcining the reaction
product. This silica-modified titanium oxide for use as a catalyst carrier has an atomic
ratio TVSi of 5-50 and shows a BET specific surface area of 90 m=/g or more even
when calcined at a temperature as high as 800C or above. One example give the
results that, when the TV/Si atomic ratio is 10, silica-modified titanium oxide obtained

by calcining at 600°C shows a specific surface area of 185 m=/g.




wt % and one exanple gives the results that the contents of si Iigg and V205
are respectively 12 wt% and 19 wt% and the fibrous titani um oxfedaRuanagLg
obtained after 1-hour calcination in air at 500 C shows a specific surface
area of 173 n2/g. A method for preparing an al um na-titani um oxi de

conposite catalyst carrier is disclosed in JP5-184,921 A conprises adding
a titaniAiprdppsalanygde it JP206DE26,088 ¢k reatesdb thé préeparatiomobkitatgusmaxiledr oxi de
and a hydroxycarboxylic acid to oxide and/or hydroxide of al um num so that

the nphgs 5&&?&'% datdjg8t eomBrhéifstin %@%}ﬁ@vﬂ%c' RBSsteps:0(Dra tRagiaRd the

nolar ratio of t hgéd‘ oxyca?boxyl ic acid to the aforegrentioned titani um
oxi de pecones 0.,2-2.0,and cal ¢ci ni ng the kneaded m xture. .| ne. ex le, a
cat al rﬂ?eﬁ’sﬁﬁ%fﬁrgﬂ BySEC}‘XPm n?gfg ﬁﬁo‘g 1%’“5]? efgﬂogygmgﬁds sﬂ‘ﬁ ing a

molar fQ2/AlzGB ratio of 1,53 and a nolar hydroxycarboxylic acid/ Ti Q2

r at i opolymerizabonweaciionshycaddigon of water terrmdiee 2 polyrwerg (O Ahawolyseerps oposed
I n JPCB-057,322 A for preparing a phosphorus containing titanium oxide

cat al gistolgad fh & 6AMRA¢ S6lvely & &z iangpiAnirg Hqiidn@atbe spingingeliquidhigdr at ed
cake of titanium oxide, adding a specified amount of phosphorus to the

cake, WA WA Xt ' CRb&eR | B nce
wth ?‘%@?‘?‘%@WQ%% @%ngﬂggg%gdggg%?%egl ve g“?lﬂ?am umo%ic?ge
catal yst, carrjer cantaing,1-5,w % of . phosphorus... conput ed as oxi,de.. I n an
exanphBc O’é?iﬁlﬂlgrﬁai‘ﬁi‘%@%?@e&é‘é’?@ﬂ?st% Mmezﬁo‘gb"% g %Bglpgunﬁd%,a)éggq?&p nati on
at 500 C shows a specific surface area of 108 nR/g. A nethod proposed in
JP07- e a7 andoundrinthersien r@ er @taaltpgxdms@ the eHion gntent preferablyetp 30 de

conprises m xing an oxi de or hydrated oxide of titaniumand phosphorus so

that @FR%SRhQIdHe egaApR sivesthe. rbsltyvtapthe ichatntmob silite amd tWieOs rirst ur e,
calcining the m xture at 450-800 'C and appl yi ng vanadiumto the cal ci ned

S50 CamattiveBi1 AT A 15 PpRUT L RO RRRIEH QRidc et Qe e ™
shows 1houb o Ic:1]cnla 'o?lul;{lfa?xg &t 500 C shows a specific surface area of 173 mZ/g.
A method for preparing an alumina-titanium oxide composite catalyst carrer is
disclosed in JP5-184,921 A comprises adding a titanium hydroxycarboxylate and/or a
sol of titanium oxide and hydroxide and a hydroxycarboxylic acid to oxide and/or
hydroxide of aluminum so that the molar ratio of titanium oxide to alumina becomes
2.0 or less and the molar ratio of the hydroxycarboxylic acid to the aforementioned
titanium oxide becomes 0.2-2.0 and calcining the kneaded mixture. In one example, a
catalyst carrier prepared by calcining at 600°C for 2 hours and showing a molar
Ti0=/Al=0s ratio of 1.53 and a molar hydroxycarboxylic acid/TiO= ratio of 1.0 shows a
specific surface area of 200 m2/g.
A method proposed in JP08-057,322 A for preparing a phosphorus-containing
titanium oxide catalyst carrier comprises hydrolyzing a titanium salt to give a
hydrated cake of titanium oxide, adding a specified amount of phosphorus to the cake,

plasticizing the mixture and molding and calcining in accordance with a specified



area of 125 nR/g before application of vanadium Al though the

af orenenti oned techni que invol ving addition of a seconary corrp%%é?ﬂua@(ﬁ@pe
as silica, alum na and phosphorus to titanium oxide can help to inprove
heat stability and give porous titanium oxide that is capable of
maintaining a |large surface area even after a high-tenperature heat

t r eat procbdureht® giee ntiguguim oxideastalgst carieptcontsing|leb ovt% ofiphosphargst he
pore size and pore distribution of porous titaniumoxide sharply and the
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it di to o tar n 1 ent mance I nrespect to such Tactors

as reaction.sel.ect CtIVIt J,t is inportant that
cat alﬁ @leipalion 2 {é\%@ y)C:;(t %ﬁjsdfﬁfl em cal  reactions
have not onlifl a large specrflc surface area and good heat stability but
al so a Avmeethed|proposedr wi URA71282075t Aufor upreparing e setalystofos sremayiak @f and

pore distribution. GCenerally, it is inportant that nol ecul es taking part

in a gifigefiabxdeasdnprised frhixeey dreasiidey dro teat bxide sbf ¢tanfune aadal yst
to achi eve good contact and readily conme of active sites upon
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pores which are not effective for the reaction or too |arge whi ch

ores
ar e wasdetulln atnexateple, titarityrs oxide prépared by Frhpun ealcipation a&@%ﬂro@ aad to fit

the aim of the reaction. For exanple, the effective pore dianeter of a .

cat al yditainiig 89 WERof Iﬁlﬁﬁﬁhbﬁi% rebatfveaet timidndotide sBows h0spedificfsurface
hydr odesul furization of gas oil, 8- 15 nm for hydrodesulfirization of heavy

oi | & and 20-40 run for asphaltene
rem)véﬂ\rie ﬁrlgﬁﬁl gb'%‘forea%g)ﬁﬁl | oneée pol n of view, attenpts such as the
foll ovvr hav en .made epar e.porous {itani .0Xi de having a

control F‘eb‘g‘F @drg nﬁnﬁng E@i’tm involving addition' of a*'selbhally

component such as silica, alumina and phosphorus to titanium oxide can help to

improve heat stability and give porous titanium oxide that is capable of maintaining a
large surface area even after a high-temperature heat treatment, the technique in
question is not capable of controlling the pore size and pore distribution of porous
titanium oxide sharply and the scarcity of pore sizes optimal for the reaction in the
catalyst has made it difficult to obtain sufficient performance in respect to such factors
as reaction selectivity, activity and catalyst life.

It is important that catalyst carriers and catalysts used in a variety of chemical
reactions have not only a large specific surface area and good heat stability but also a
precisely controlled pore structure in respect to pore size and pore distribution.
Generally, it is important that molecules taking part in a chemical reaction diffuse
readily to the active sites of a catalyst to achieve good contact and readily come off the

active sites upon completion of the reaction. For this purpose, it is important that the



pore dianmeter, pore distribution and the |ike. A nethod proposeg in
JP60-50, 721 B for preparing porous inorganic oxides conprises &° S2Rgry 7006
whi ch a hydrosol to serve as a seed is obtained, a step in which the pH of
t he hydrosol is swung between the hydrosol -di ssol ving range and the
hydrosol - precipitating range (pH swi ng operation) thereby causing growh
of cr psteabige dncontedledstel suitatiy trgetardantartth el ytdisds sayainds anportant thathi ch
the coarse agglonmerate of the hydrosol is dried and calcined to give a
met al i | So PELH WG oM | ' | Ay ysé}@r ply
contro e}%%%ggée}‘ lgcl)stl’l %ﬂﬁ%}ﬁhomvlg%i,&:tﬁe\ﬁé/ads | ﬁﬂc(:igﬁggglwo?hflge met hod

al one to.prepare a.titaniu xi de catal yst I.ch shows no, decrease in
speci fi%mgﬁ]aﬁeén}ﬂig’%rw SEaii n%?‘?‘??ﬁf’? fé\gt}ée F%%%’IOP %W@%ﬂ%?g’fe& y

i nvol ving heat applied to calcination in the catalyst preparatjon_ and

r eact wdncthare wastefuledniidealvatalystds the one thatdms pores cangwolleddpdid dhe atm

JP06- 340,421 A for preparing porous titani um oxide consists of adding
amonipf the tr8siction. FopYekadhple athe effedthl pifeC@RBtBE of otatakatMagies drath

Jggyary 200|6 titaniumtet r?phl oride, to formhydrated titani um oxide, f
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calcining the defloccul ated product to give porous titaniumoxide. There is
a deasphgitenereinovah exanpl e that porous titani um oxi de obtai ned by 24-hour
calcination at 300 C shows a total pore volune of 0.348 nug, a BET

speci f i Fel tae afopé8antibnedl pointBf Giedw) dttRniists Sutladis the ifoll argeeh
20-500A, mainly in the range of 32-120 A wth the main peak appearing at

120A, i g f ac i i.buti on
Lan B to e b BhObtariith! Gde R brifrdle8 bore LIAChROLE repBi 1o
l[imted the c%ci ni n(ﬂst% er at r%t a lowlevel of 300.0 in order to

pore diameter, pore distribution and the hke.

A method proposed in JP60-50,721 B for preparing porous inorganic oxides
comprises a step in which a hydrosol to serve as a seed is obtained, a step in which the
pH of the hydrosol is swung between the hydrosol-dissolving range and the hydrosol-
precipitating range (pH swing operation) thereby causing growth of crystals and
coarsely agglomerating the hydrosol and a step in which the coarse agglomerate of the
hydrosol is dried and calcined to give a metal oxide. This method can surely yield
titanium oxide with a sharply controlled pore distribution; however, it was difficult by
this method alone to prepare a titanium oxide catalyst which shows no decrease in
specific surface area nor loss of activity as a result of heat history involving heat
applied to calcination in the catalyst preparation and reaction heat evolved in the
reaction system.

A method proposed in JP06-340,421 A for preparing porous titanium oxide consists

of adding ammonia water to a hydrolyzable titanium compound, for example,



mai ntain a high specific surface area and, besides, the main poy, ﬁ exi sé (ﬂ
a broad range of 32-120A as expressed in pore radius. A nethod S BIYEE 0¢
JP11- 322,338 A for preparing porous titaniumoxide with a well-controlled
fine structure consists of preparing a titaniumnetal conposite conpound by
adding to a solution of a titanium al koxide in a water-m scible organic

sol ve titanimen kétnachdorideydo komal hydrated tianfuns akide, addimgd polybasie caboxgid on of a
weak acid wth a weak base, a weak acid with a strong base or a weak base

Wi th @Rl fofhe gﬂﬁmd HEfRtom 8ide 20 Fortth Rck¥lafe!Bhifling the pH B Qbididld S of

rare earth net and then renoving the netal fromthe conposite conmpound
by an_acjd,treatngnt., if necessar i n.the presence of rol ysis

i bPEopal vt SN osepFaia, o pieapis Rrems b BB bR, LR oxi de
obt ai ned after 2-hour calcination at 600C shows a specific, surface area of
90 n2the sesultng ayganig titapimporide ¢prmpeundtwith am inorgangna@d smdibotlego A 9
25 January 2006 Moreover, in the case where porous titaniumoxide is used as

a cat shlhiing i the dlefloeokasdr prddukt ttiot atel popugdithaiunay exidegThupe i isy af or ful |

mani festation of its catalytic properties. According to' Togari et at

T i . o . i i i R : 6
Elggg)af, g 8&%0%§X%%}E%%%%%%®%Mgu§g%%%te conp u% oé X%%m%% 2 or
SiQ2 Ti ' i ngl t id t th f
A1203 26800 CBlowE AdgBLBoritie Of G845 callimBHT SPegeTapon ot 02 ong

acid sites develop as, the content of phosphorus in titanium, oxide

i ncr e axd/g. AT AspereaRdivg nsthe)r@n@ec@fd%g@@é, reainlnin thae zapen of 33110t A e
formati on of coke and deactivation of the catalyst in the .
hydr oskegutlié wizdatgeak afpeaeinpaitel20A| andiibhas ankirgercaofatergrehartdhea ledsudi es
conducted by the inventors of this invention, the purity of titanium oxide

on thﬁr&ﬂ&éﬁ# ﬁﬁ%&? irt];ﬁahsoon%ﬁei‘l@ia%ﬂf LvARiSe tRAGHEDABETe. FBoWeteOthiEor €, i n

order to I'g
method has limited the calcining temperature to a low level of 300°C in order to

maintain a high specific surface area and, besides, the main pores exist in a broad
range of 32-120A as expressed in pore radius.

A method proposed in JP11-322,338 A for preparing porous titanium oxide with a
well-controlled fine structure consists of preparing a titanmium-metal composite
compound by adding to a solution of a titanium alkoxide in a water-miscible organic
solvent one kind or two kinds or more of salts formed by neutralization of a weak acid
with a weak base, a weak acid with a strong base or a weak base with a strong acid,
water, and one kind or two kinds or more of salts of rare earth metals, and then
removing the metal from the composite compound by an acid treatment, if necessary,
in the presence of a hydrolysis inhibitor. There is a description in an example that
porous titanium oxide obtained after 2-hour calcination at 600°C shows a specific
surface area of 90 m2/g or more but a broad pore distribution in the range of 100-600

A



desul furization activity per unit specific surface area which

characteristic of titaniumoxide and to suppress formation of é%r&%ﬂ”aéyz‘?%
way, sul fur conponents and nitrogen conponents contained in hydrocarbon

oils derived frompetrol eumor coal are coverted to sul fur oxi des and
nitrogen oxides when the hydrocarbon oils are burned as fuel, They cause

ai r pol IMoreomemvhe rthedéase hathegred porous  afaniem pxidg iacusedsas at edbpdyist,pbilons when
formed in the deconposition or conversion reactions of the hydrocarbon oils
t her eRycds@er foP dithiitne bkideite Havedligh Mragty foradl hpsfestatiohhritedaealysiol f ur
conponents in fuel oils for transportation are also poisons for those
catalﬁsts whi ch treat exhaust gases di scharged from gasoline- and

di ese nﬁﬁ#@ vehi cl es. Under the circunstances, hydroprocessing has been
practiced to renmove sul fur__ conpgonents _and_nitrogen ¢co nents.fro

hydr ocarAnserding to Tegarnet alr JogannBe Ong, ﬁm@&mﬁ@%m@@ﬁwﬁl ng

catal ysts useful for hydroprocessing have been proposed; for exanple, such
cat al 931(6), 336<1879hfa ctalgbiscarries dssti 15 @ atpdsiteicompotnd iof A\14Qs *AfOzorr eat i ng
such as nol ybdenum (M), tungsten (W, cobalt (Co) and nickel (N) and

cat al CHEM : ' ' ' ' Al4@Rigwm oxi de
nd BB P e R e B e, 107 A

JP9- 164,334 A, JP2000- 79,343 A, ,JP2000- A, JP20005 117

IP200010 30593k ERtSb s densBbel 20 AT e oo SPORg A S SRLIA) ARy of

nmol ybdenum and cobalt supported on a catalyst _carrier_is mainly used where
t he r theeantentf ofsphasphomsripditentum rdaincreases (Ganspaquensly sHoRE 8614868 oils is
the maj or objective while a catal yst consisting of nol ybdenum or tungsten
and npakel citplyet fadlitate fore@itidry sf col ranelr desctivatioh yof ushedcathlyst in the

desul furization and additionally the renoval of nitrogen (denitrogenation)

are thgﬁ@e%@m@é@n R ERmS Fratticke hnHEs@oiding # thd SuliRs@¥ARdE@ed by hi gh

capabi ydrogenating aromati c conpounds:
the inventors of this invention, the purity of titanium oxide on the oxide (TiO=) basis is

97 wt% or more, preferably 98 wt% or more, in order to maintain a high
desulfurization activity per unit specific surface area which is characteristic of
titanium oxide and to suppress formation of coke.

By the way, sulfur components and nitrogen components contained in hydrocarbon
oils derived from petroleum or coal are coverted to sulfur oxides and nitrogen oxides
when the hydrocarbon oils are burned as fuel. They cause air pollution when
discharged into air or they act as catalyst poisons when formed in the decomposition
or conversion reactions of the hydrocarbon oils thereby lowering the efficiency of these
reactions. Furthermore, sulfur components in fuel oils for transportation are also
poisons for those catalysts which treat exhaust gases discharged from gasoline- and
diesel-driven vehicles.

Under the circumstances, hydroprocessing has been practiced to remove sulfur

components and nitrogen components from hydrocarbon oils and a large number of

10



The greater part of nitrogen conponents in hydrocarbon oils occ

aromati ¢ conpounds and, when the renoval of the nitrogen-cont a%j:myaryZO%
aromati c conmpounds is effected by hydroprocessing, the hydrogenation of the
aromatic rings takes place and the rupture of C N bonds ensues. Thus, the
deni trogenation reaction progresses via elimnation of nitrogen as anmoni a.
For thydrotreating catalystshaefid dor hydhiprotepsing havedvesgeproposegl; domexamplec onpounds
S required in the denitrogenatlon reaction. As a results, there rises a

pr obl |n£§|nt 8finfe@£1§%§§és§ﬂ cQhtdlvEE Qe Ve hy db&ééaﬁegaﬁuh@sls are

hydr ore e presence o hydr ot reat| ng “cat aI yst contai ni ng ni ckel .

Envi AR a) Shesies O, b (CRERE kNt ealif ety ' '™

reduction of 11 25 January 2006 autonpbil e exhaust gases ip. the future”

pr esexs alimmaaeeltowlumep clyminaditanizm joxid esanéwqraﬁéﬁm WARE t he
sul fur conponents in gas oil or fuel oil for diesel engines fromthe
curresy dilesbd ah JP6-108I0610ASURPIGHYIT e JP8d64,384ah, JP2O0RTE,343sA | |
further reduction of sulfur corrponents is desirable in the future. As for

the ”Jlﬁéd;j[@!% @AEQ}?E@@ 71 TVAT ASRIROIBAOLI7A 3HA TEIR0URR odlA. they not only

det erior pro uc by co ratlon but al so poi son and

deteri or drotr atl c t al in roces and .t shoul d
desirab Ve SRy g0 ¥H@¥b‘rﬂném§ Iﬁ@@é@é& SH%?%%‘?%B tﬂjés%y t he
use of the aforenenti oned conventional hydrotreating catalysts goes not
necessartiet 18 giamly sasefli whenetthe aetovabelcalfur commonents (de

denitrogenation and it becones necessary to conduct hydroproce55|ng under
severkydreediohidlads ithe dhajer objectivdwtgletd)eataliist uongstingofniolybdenugnaer oi | to
50 ppmor |ess. For exanple, it would be necessary to reduce the throughput

wo 1/&3%% P augmk&%l?g{) revi ew%%e B%lg%rcét S S I@ﬁ@ughput

woul d € a cri uction schedule of an oil

et N X b B bt nahy the removal of nitrogen (denitrogenation) are the

objectives. The use of nickel here is said to be due to its high capability of
hydrogenating aromatic compounds.

The greater part of nitrogen components in hydrocarbon oils occurs as aromatic
compounds and, when the removal of the nitrogen-containing aromatic compounds is
effected by hydroprocessing, the hydrogenation of the aromatic rings takes place and
the rupture of C-N bonds ensues. Thus, the denitrogenation reaction progresses via
elimination of nitrogen as ammonia. For this reason, an enhanced capability of
hydrogenating aromatic compounds is required in the denitrogenation reaction. As a
results, there rises a problem of an increased consumption of hydrogen when
hydrocarbon oils are hydrorefined in the presence of a hydrotreating catalyst
containing nickel.

The 4th Report of the Central Environmental Council of the Ministry of the

Environment, Japan, entitled "What the countermeasures should be for reduction of




t he amount of catal yst would require additional installation of -jg t
reactors. O, it would be necessary to raise the reaction terrp%? W&%G

20t or nore and this would be done at a great sacrifice of the catalyst
|ife. These neasures would forcibly incur a great deal of econom c burden.
Moreover, it is difficult to renmove nitrogen conponents by hydroprocessing
t o t hgutvambiledatstagases in tise fidsee"giresaritéd in Novpmbent2008rsfiateayhatattienp t o
ef fect hydroprocessing to renove nitrogen conponents at a high rate woul d

requi éﬁ%@ﬁs&sw ge&%%%@pémﬂﬁ &)Enﬁrbfféhﬂﬁﬁ{‘ 288 Giltd fuelvolll fir IRGEE Shiiaks

I nsta on o new appar atus Tor produci ng hydrogen at an oil refinery
wh hyd ' b i labl,e. - As, d -hed e b ] t
poss: BPE 16 Eavel of 00 PPt 1 Piim BRH A8 SRR UA T 3348 filthel 006
activity and this is for the foll ow ng reason: in a hydrotreating catal yst

consi saduegonf of shlfuprdomyiopantscas dlegwableo i dhenfuthise.y Bge farnthm NitgeRr onot er

conponent cobalt and a catalyst carrier mainly conposed of alumna, the

amoungorhoriEaity e hpdidcibontils ath ws g8s vil %hey nbesslyaletétieratetiseqidity of and any

attenpt to increase nol ybdenum any further woul d cause aggl onerati on of

mol yb 68 A st 1 ' "}ﬁr‘d{r&rgé tag}g@@,ﬂgﬂgmfrom
underé@?ﬁ?ﬁ%’%@%p%@s@n ané&éﬁ%@?\?gﬁyﬁm i estltgryfg%t l'ytic

perfo nce and woul.d, addi tional.l oduce such adyerse fects as

bl ockﬁ@%%%anégb%gw%@ %}rﬁ/@@@egﬁ@a@asw%ww@%er eby failing
to exhibit a needed activity. Disclosure of the Invention The inventors of
this i ntiowéven thydeoprocessinge doyexthengisge oft thei exforsmerdianed sogyentipnalet al
oxi des of excellent heat stability, a large specific surface area and a .

hi gh hedwbeasingn @talistsatdeky s hotrehatessadlye gioe t afficint owerfprinandé ngn and
conpleted this invention; adding a particle growh inhibiter to a

hydro&égt?ﬁxgizggli 0g¢lq4 et dbbittio?’ QHHC it Olheforl¥ " AUSesdady OHP BiHdRct OXi de

represente he genéral formula MO c2-,0

hydroprocessing under severer conditions in order to reduce the sulfur components mn
gas oil to 50 ppm or less. For example, it would be necessary to reduce the throughput
to 1/3 or to roughly treble the amount of the catalyst. Reduced throughput would call
for a critical review of the production schedule of an oil refinery while an increase in
the amount of catalyst would require additional installation of, say, two reactors. Or, it
would be necessary to raise the reaction temperature by 20°C or more and this would
be done at a great sacrifice of the catalyst life. These measures would forcibly incur a
great deal of economic burden. Moreover, it is difficult to remove nitrogen components
by hydroprocessing to the same extent as in the case of sulfur components and any
attemp to effect hydroprocessing to remove nitrogen components at a high rate would
require excessive consumption of hydrogen and this would necessitate installation of a
new apparatus for producing hydrogen at an oil refinery where excess hydrogen is
barely available.

As described above, it is not possible to prepare a desulfurization catalyst of high
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(OH)2x (wherein Mdenotes a 4 group netal and x is a nunber gre gr tha£ %.1
or x > 0.1) followed by drying and cal ci ning gi ves a porous 4 Aapee
oxi de which has a specific surface area of 80 n2/g or nore, a pore vol une
of 0.2 mM/g or nore and a pore sharpness degree of 50% or nore, shows

excel l ent heat stability and contains a highly dispersed catal yst netal

and, adietvand thispsifornthe Mllviviag reheni ny adpedratieating catalystounsistingmdr ous 4
group netal oxide which has a controlled and sharp pore distribution and is

usef Uth@?%i;?/acﬁﬂ Rhts¥st Uonfhordhd i dibdeurh Snd th& pr6inb&R conBiFiftien® eobalt

selectiv 13 25 “‘January 2006 Further, the i1nventors of this invention

have foynd that  addi.ng one kind or t ki.-nds_,of _nore of ¢ unds .t hat
yieIdaP s ¢ BfﬁF% gﬁnﬁb%ﬁ%ﬂﬁm§gﬂggﬂggn?%dﬂ¥%??¥%§Wﬁ$(%@?Bﬁﬁﬁggdﬁorus
(P), magnesium NO, cal cium (Ca), barium (Ba), nmanganese (M), | um num (Al)
and zheaoally 25 (@t or fesa ondihg oxirde basamene ez sttbempplr o Inrreage sylybdenyi bi ter to
a hydrosol, a hydrogel or a dried product of a hydrous 4 group netal oxide

r epr eagyifacthby wdidd @anss abgloaieration MOmolybderifd -ch) the ¢afabrseicarfiérdandt es a 4
group nmnmetal and x is a nunber greater than 0.1 or x > 0.1) followed by

group Xisa er than 0.1 or x > 0. , -
S 1 oS A auBCh R B n bR BT, LRUEHE HiGH ity g Yty Slre,
pur i (BN GRS RSP o VO U ARSI RRaTH BEROS A AR 1 an

i on exchange takes place between the thermally readily detachabl e hydroxyl

i ons effecty ds bleskingt pores and dedeeasimg: swrfase arpo vdmsre vo exeby £ailingci sel y
controlled and thermally difficultly detachabl e polyvalent ions of the .

af or etegitibibacheeedraetivatyand, further, the pol yval ent ions of the

af orenenti oned el enents which have undergone an ion exchange can produce,
because of their steric effect, an effect for preventing the nearby

hydr oxyl groups from detaching thenselves and participating in condensation

POl Y MBlidck RO theThveritith ef f ectively suppress or

The inventors of this invention have conducted extensive studies on porous 4 group
metal oxides of excellent heat stability, a large specific surface area and a high
dispersion of a catalyst metal, come to the following finding and completed this
invention; adding a particle growth inhibiter to a hydrosol, a hydrogel or a dried
product of a hydrous 4 group metal oxide represented by the general formula MO -0
(OH)2x (wherein M denotes a 4 group metal and x is a number greater than 0.1 or x
> 0.1) followed by drying and calcining gives a porous 4 group metal oxide which has
a specific surface area of 80 m2/g or more, a pore volume of 0.2 ml/g or more and a
pore sharpness degree of 50% or more, shows excellent heat stability and contains a
highly dispersed catalyst metal and, moreover, application of a pH swing operation
can produce a porous 4 group metal oxide which has a controlled and sharp pore
distribution and is useful as a catalyst or a catalyst carrier of excellent reaction
selectivity.

13



prevent the hydroxyl groups fromcom ng off the hydrous titaniu xi de

particles and the particles fromgrow ng further and conpl et edE% ﬂ?@"aw 2006

i nvention. Further, the inventors of this invention have found that

synt hesi zi ng hydrous titanium oxide which is controlled to have sharp pore

distribution and, at the same tinme, further controlled to contain

m cr opoifkstlier, thes peentire df thizgmventiom bave Heupd that ddding dnet kol essywoet ri ¢

foll owed by drying and cal ci ning gives porous titaniumoxide which is

cont rgd J g j g i hon in a
Rirkd8 4f hibrd BY Sorffodidd &faegire}rqp%rﬁtogh%gﬁ&t RSl an SdheRt Blbeedifitch sftiebh

14 25 January ape conf ar wei ght distribution of

the rgactants, ha | arger. s | fig.sur ar ea Nn_porous tg um
oxi de Pg‘ﬁsﬁﬁéo%ipﬁdpﬁg’gest%mh@ga o(baﬁ?’ Wc@q@im‘?&aﬁg@;xhi bits
hi gh nmechani cal strength and conpleted this invention. Still further, the

i nvenalunsinuim t(Asandvareonbm h&rk it cuvery small renamdr asen pastide grpwtlbus 4
group netal oxide, in particular, porous titanium oxide, when prepared by

addi ngHigerkionobydrosslDs Sydioged 6P a Whidd prodtctydfel lydrets 4qattipmétabosiienent s

possessing catalytic activity for hydrotreating, preferably two | ands or

R e L e
e s B G 8508 50 € DB e Mok 7

4 group netal and x is a nunber greater than 0.1 or x > 0.1), the
conpoealtinmg gvesporod titarfiun ofade) whichyhiasOa lovgre speaifiQsurfae areapoh8and 0.3 S
y S 40) or the conposition fornula 'I1Oc2 o (011)2x yH20O (wherein 0.2.S X
< 1. O @ sore Yeven4@heh oddl@ied! doy500 YCnfor Rhdues| edhibitg exeallens deak as a

hydrotreati ng catal yst for hydrocarbon oils, performng excellently not

oY e el oh R a Bolt Ligd 30 b0 b 29300 A TR hEbRTand eduCt T on

of su en‘contents on a co rcial Scale wthout requiring
excessi ve can ti on of dr ogen and,conpl,ef ed { hi i nvengi )
oompelete ti)lJanBwen on. t1s, 81 ors exchan. es place Befween ﬁleqc'i]lerma]ly

readily detachable hydroxyl ions of hydrous titanium oxide particles whose pore

diameter is precisely controlled and thermally difficultly detachable polyvalent ions of
the aforementioned elememts and, further, the polyvalent ions of the aforementioned
elements which have undergone an ion exchange can produce, because of their steric
effect, an effect for preventing the nearby hydroxyl groups from detaching themselves
and participating in condensation polymerization; this can effectively suppress or
prevent the hydroxyl groups from coming off the hydrous titanium oxide particles and
the particles from growing further and completed this invention.

Further, the inventors of this invention have found that synthesizing hydrous
titanium oxide which is controlled to have sharp pore distribution and, at the same
time, further controlled to contain micropores in a specified range to make the pore
distribution asymmetric followed by drying and calcining gives porous titanium oxide

which is controlled to have an arbitrary pore diameter, has a pore distribution in a
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Accordingly, an object of this invention is to provide a porous,4, grou
nmetal oxide which shows excellent heat stability, has a | arge %ﬁﬂéﬁ%ﬁi&oos
surface area and contains a high dispersion of a catalyst nmetal and to
provi de a nethod for preparation thereof. Another object of this invention
Is to provide a porous 4 group netal oxide which has a precisely controlled
por e shape @nﬂ)mﬁngappthpan&ediﬂsr weaght distributioadet therreagtangs has| 2 Mrgaeat
stability, a large specific surface area and a high dispersion of a catal yst

15 25gpbaifid d1¥fadd Qfed Bl parods tisanised bkidasviticls & @ritedlledrto hatabalyifdrnear ri er
of excellent reaction selectivity and to provide a nethod for preparation

t her eof furs abj egt: 1S, ] i ' ' l-qh- i Ly porous
1t Pl et i SRR el el iRl AR b RIS Bydinliohy, BT
heat stabiljty and has pores recisely controlled in size and distributed
shar pl ysﬁﬂdﬁlﬂ’é‘l%r'@m gé'eatq?@ﬂﬁégmfwen‘g@é ﬁtfgﬁﬂgtthé?"é]@ﬁ. qﬂ?@@ﬂ&@n"c‘%nt rol of

pore size also neans uniform and precise control of the dianmeter of

ti t anporouex gleupamietall esde, An fpartindar, gajrend titdniti exidaywhengreparedobyr ovi de
porous titanium oxide which is controlled to have an arbitrary pore

di amef gf; hﬁﬁ%aldﬁﬁéeo?'ﬁbfé Ryt b&ﬁgdnﬁh& %H&P%delﬁoﬂfrﬁr hiaidifgt BlendEtecul ar

wei ght distribution of the reactants, has a’l arger specific surface area

than porous titani umoxide that ihs,.controll h . uni £ or or

i ancbOReRng SHBRR, SV fotn bt BPRs Sy, PG, RpdR P bR of
invention is tQ provide a hydrotreating cat %St for hydrocgﬁrbon oj I s which
per f oromepaings| thawt vipld fonseeqntrining slementsnepnshnting fba armpalasialbeh ui r es

m ni mal consunption of hydrogen. A further object of this inventionis to

pr ovi eenporient meid primotgr campbyett, era pastitle geovstdnindiibitertd & thyslrogobr ars

excellently not only in desulfurization but also in denitrogenation and can

advanhﬁﬁ%géa%zya b @ \RodGI Ut hytltofd tRuhfuth Gxidb PépreSafad IsotiRogenémlon a

comercl al scal e I I'e avoi di ng excessive consunpti on of hydrogen
formula MO -0 (OH)2x (wherein M denotes a 4 group metal and x is a number

greater than 0.1 or x > 0.1), the composition formula TiO o (OH)2x *+yH=0
(wherein 0.1 = x < 20and 03 =y = 40 or the composition formula TIO @-o
(OH)zx * yH=0 (wherein 02 < x <10 and 03 =y = 40) followed by drying
and calcining, is useful as a hydrotreating catalyst for hydrocarbon oils, performing
excellently not only in desulfurization but also in denitrogenation and achieving
reduction of sulfur and nitrogen contents on a commercial scale without requiring
excessive consumption of hydrogen and completed this invention.

Accordingly; an object of this invention is to provide a porous 4 group metal oxide
which shows excellent heat stability, has a large specific surface area and contains a
high dispersion of a catalyst metal and to provide a method for preparation thereof.

Another object of this invention is to provide a porous 4 group metal oxide which
has a precisely controlled pore size and a sharp pore distribution in addition to

excellent heat stability, a large specific surface area and a high dispersion of a catalyst
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in the course of hydroprocessing and to provide a nmethod for prg 3ratio
thereof A further object of this invention is to provide a hydr %%@%‘?‘W&
nmet hod which makes use of a hydrotreating catal yst for hydrocarbon oils
possessi ng excellent activity for both desulfurization and denitrogenation
and consumi ng a not too excessive anount of hydrogen and acconplishes a

hi gh degaleendfs ussfolas acfatélysthos aldatalystnehrtier 26 e3cellent yeartion selechw§ien
conponent s from hydrocarbon oils. Accordingly, this invention relates to a 4

group : - particle growth inhirbiter to a
afi 48 bridd g nithad RErbaddidhtefbol

hydr o or a'dried product of a hydrous 4 group netal oxide

repr ese d t.he g ral_for.ul.a, MO cz-Xi . X_(wher.ej: d es a 4
o oup. ek St ORe e e RGPY 48 o MR ity DO it GH3E 7
drying_and_cal ci ning and the product occurs_as a porous 4 grqup netal oxide
havi nghach bpeei large spacifiscauriace ares, gowipexpelenthheat, stablzl&? anddasporss 0. 2

m/g or nore and a pore sharpness degree of 50% or nore. O the

af or e?f@ﬁée@“@mﬁifw@d)m dzegnat pdisatlaited ostizaply nadr &5 endvade by méthod efoer al
formula MO cz-xo (OH)2x , a preferred case is where the 4 group netal Mis
titan] . S 0, ! ale ONbSIENnd YesthiaNand Sprawdé ous

ti tan?ﬁa%é?%gq}&% ,ﬂgﬁ&n%oﬁlggltﬁgpﬁ%d%%ﬁs ti ?Izla%% oxl id[g ?Islars%present ed
ei t her t conposi ti f or mul a, BO ¢2- x Q02x - yH20 (wherein 0.1 S x
<2.0 0%%1@?&%%9&&@%9“%9&&@6]@%& for nul>/a ' 1(10 c2-xi (OH)2x
yH20 (wherein 0.2 S x <1.0 and 0.3 Sy S 40). Further, this invention

r el at es A durtheneohjedt b thisr wyention ip de qerevidegp@ups riteaIm o HS
conprises adding a particle growmh inhibiter to a hydrosol, a hydrogel or a
dri edegiteslledt toohase hird aehitrady pope pliametdr, hxs de potd distributin tihea rshapei on of a
4 group netal conpound as raw material wth a pH adjusting agent in an

a
aqueOW the ok %ﬁegé i 'B\{]ﬁgn%ﬁﬁé%a&%@ﬂhﬂsma%@eﬁﬁﬁ) 2x

(wher notes a 4 'gro nmetal and x is a nunber greater an 0.1 or x
> 0.1 uxtfgtlzel glm'éeadt}P% %E)f{oluggtx%?fijum oxide that is controlled to have a uniform pore

diameter and shows high mechanical strength.

A further object of this invention is to provide a hydrotreating catalyst for
hydrocarbon oils which performs excellently in desulfurization and denitrogenation
and requires minimal consumption of hydrogen.

A further object of this invention is to provide a hydrotreating catalyst for
hydrocarbon oils which performs excellently not only in desulfurization but also in
denitrogenation and can advantageously achieve reduction of sulfur and nitrogen
components on a commercial scale while avoiding excessive consumption of hydrogen
in the course of hydroprocessing and to provide a method for preparation thereof.

A further object of this invention is to provide a hydroprocessing method which
.makes use of a hydrotreating catalyst for hydrocarbon oils possessing excellent activity
for both desulfurization and denitrogenation and consuming a not too excessive

amount of hydrogen and accomplishes a high degree of removal of both sulfur and
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calcining. O the aforenentioned hydrous 4 group netal oxides rggresentg&éjy
the general formula MO (2-x) (OH)2x , a preferred case is wher€ 1#M2aW p
metal Mis titanium (Ti) and the hydrous 4 group netal oxide in question is
hydrous titanium oxide and, still nore, the hydrous titaniumoxide is
represented either by the 17 25 January 2006 conposition forrmula Ti O C2-~)

( OH) 2nitroged @ompoaerisfrdn hydrocaxrbéh Gilsand 0.3 y < 40) or by the conposition
formula TiO c2-,0 (OH)2x yH20 (whdWMh 0.2 S x <1.0 and 0.3 Sy S 40).

Furt her A&a&icﬁu%l Ve [1RBnfish 3EBEed & 4h$’1%9t esili dete abtaknet by addfieds ocar bon
oils conprisi a porous 4 group neta

oxi de obtained by the use of a
conpound. t hat l.ehds, iqns cont aini n ale . ' lcqactivity
for hi <%ggwwﬁdnbﬂﬂﬁfqﬁg}5?@FEOGFQ@wﬁDE§H§§§t eaﬁégagg%%ﬁgﬁsyx%#%?erabIe
here is a hydrotreating catalyst for hydrocarbon oils in which the 4 group
met al givupsmetal axidenrapresentast by |the genpeal formpda MOQ/é?TH g(ﬁfﬁ@f éwg%re!rb met hod
for hydroprocessi ng hydrocarbon oils which conprises bringing hydrocarbon

0i | s déictesant arjupwinkthl tinel afionerenbérogredterthdnd.t eati iy Odatfellywed by t he
presence of hydrogen under the hydrotreating conditions of a reaction

t enpepak f - ;rE&t?&tdICBH f o : f

0. g[)lgﬂé};é-a?aawﬁgﬁgné%%gg&g ol rati g%?é%%g%% I Kl%?%%@?g#gegabﬁégul fur
and nitrggen _.conpone fromthe hydrocarbon gils. endi n Q he node
o pr AT S0 GOH FHE Dk o 08t Bt FEEEt BioN Fa BdRr e g
manner. Firstly, this invention relates to a porous 4 group netal oxide

whi chsharpobssadegreesf 5006 dom guarep &t thel aforpmentionedh hpdrads 4 graupyaetdol | a

hydrogel or a dried product of a hydrous 4 group netal oxide represented by

t he gexidegteprasctibdbMie genepal forinta MOkese(OHM.denptefarred daggriswheret al  and

X 1s a nunber greater than 0.1 or x > 0.1) follow ng by drying and

cal i g orfGP 2t ARG titsnitit (B Sndthe h§lird 4Bt ietloRidedn question
is hydrous titanium oxide and, still more, the hydrous titanium oxide is represented
either by the composition formula TiO -0 (OH)zx - yH=0 (wherein 0.1 = x <20
and 0.3 <y < 40) or by the composition formula TiO -0 (OHz2x *yH=0
(Wherein02 < x <10and03 =y = 40).

Further, this invention relates to a method for preparing porous 4 group metal

oxide which comprises adding a particle growth inhibiter to a hydrosol, a hydrogel or a
dried product of a hydrous 4 group metal oxide obtained by the reaction of a 4 group
metal compound as a raw material with a pH adjusting agent in an aqueous solvent
and represented by the general formula MO -0 (OH)2x (wherein M denotes a 4
group metal and x is a number greater than 0.1 or x > 0.1) followed by drying and
calcining. Of the aforementioned hydrous 4 group metal oxides represented by the
general formula MO 2o (OH)=2x , a preferred case is where the 4 group metal M is
titanium (TY) and the hydrous 4 group metal oxide in question is hydrous titanium

oxide and, still more, the hydrous titanium oxide is represented either by the
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pore volunme of 0.2 nmug or nore and a pore sharpness degree of %A)or %:E(%
shows excellent heat stability, has a high dispersion of a cat ua 6
and is useful as a catalyst or a catalyst carrier. Further, this invention
relates to a porous 4 group netal 18 25 January 2006 oxi de whi ch is obtained
by application of a pH sw ng eration, has a large specific surface ar ea,
shows canpeditien fornean BiCh k-l (Q/I?Dé&asyﬂzﬁir (gheméinpget staxn of 20 cadd).§st=net al
and a controll ed and sharp pore distribution and is useful as a catal yst or

a cat gl ystqq) eregr;le mBaGEhd ERUILARO! Q0 ¥OHHSL | ViHYROrGehdreirr0.2eEhed for

pr epa atron t Secondly, this invention relates to porous titanium

oxi de%g @t ai @ y adding one kind or two kinds or nore of
compou yr d= ons cont aining elenments selected fromsilicon (Si),
phosphor us (P) magnesi um ( , caI cr um (Ca), barr um (Ba) se (I\/h)
al um nurfvrsher, shis nventen wel dyatreptingacatal g@n

growth inhibiter to a hydrosol, a hydrogel or a dr| ed product of hydrous
tit angetipHMingen &@ﬁﬁﬁﬁ%ﬁdp et xgRnebtainddbbmtha dEeQoft 2-compotiii2that wher ei n

X 1s a nunber greater than 0.1 or x > 0.1) follow ng by drying and

g?la;t:): ?1 P% ah% ]co%%%ltﬁél poaell?tygra‘z]i]!rrrlg'[%‘r:caasi pérjlgveﬁbg?;o hg I ng aﬂhgg‘%?f&i cd
80
por ¢ B BuSogiBaer Pondun raBRean e o argoreatat Seobichror "

hours, shows purity of 97 wt%or nore and i s ufeful as a catalyst or a
cat al hsdrocaxboneqﬂsandvhldlbherérgrmmmtaldvlepmMm Thereof. Thirdly, this

i nvention relates to porous titani umoxide which is obtained by

synt hesiStIn @iyl ehis ihiéstiin relatdsde amethodsor diytiraprbestsing hpdrecarbshar p por e
distribution and, at the sane tinme, controlled to contain mcropores in a

d
R e s e

icient Nin the range of 1.5 < N

|<03 a? M@%&gé@y%mgtﬂﬁ?ﬁ%ﬁoy of h§7cﬁ‘o:gerc1:)u/n er thé ilyéx\%nt% %m% Onliftichie

of a reaction temperature of 280-400 °C, a reaction pressure of 2-15 MPa, an LHSV of

0.3-10 hr ~1 and a hydrogen/oil ratio of 50-500 NI/ for removal of sulfur and nitrogen
components from the hydrocarbon oils.

Depending upon the mode of practice, this invention can typically be described in
the following manner.

Firstly, this invention relates to a porous 4 group metal oxide which is obtained by
adding a particle growth inhibiter to a hydrosol, a hydrogel or a dried product of a
hydrous 4 group metal oxide represented by the general formula MO -0 (OH)2x
(wherein M denotes a 4 group metal and x is a number greater than 0.1 or x > 0.1)
following by drying and calcining, has a specific surface area of 80 m?/g or more, a
pore volume of 0.2 ml/g or more and a pore sharpness degree of 50% or more, shows
excellent heat stability, has a high dispersion of a catalyst metal and is useful as a

catalyst or a catalyst carrier. Further, this invention relates to a porous 4 group metal
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dianeter, Bis the logarithm c value of the pore dianeter of th % por
volume and C is the logarithmc value of the pore dianeter of fﬁ]ia@g%%?ﬂﬁe
volune), is controlled to 19 25 January 2006 have an arbitrary pore diameter
and a pore distribution in a shape conformng to the nolecular weight
distribution of the reactants, has a larger specific surface area than

por ousxitle tvettichiris eltadaedvibycipplizationtof @l pHdswimghapeeaton) rdsoa taxper shecifie

di aneter and shows good nechani cal strength and to a nethod for preparing

such Qt?{’f%éésafeiat .\Hénex@ﬂ.bﬁf heﬁp&aﬁﬂftgiq%ési DR BfspRrdidh pPh AP/ RktAN during

t he synthesi s df hydrous I'tant um o and"the pH sw ng operation is

performed in . t non; di ssol vin H  range, of hydrous tjtani um oxide, between
t he r 8RG& e dl%wgbﬁlﬂ%e(‘ﬁ%qt@n dhsnaseﬁiﬁlea%ﬁqatql&% e PGt

i soel ectric point of hydrous titanium oxi degé‘S. 1 SPHS 7.1) or between the
pH r acgwienefiexdelent maetion selectipiyi and tf a nyethod fortnrepanationdkereef.(5. 1 PH S 7. 1)
and the range on the high pHside (8 S PH S 12) according to one node of
pract i caepindipeting ifvénteorP PElatdsl @ pofouRetif-aiinRd okidet Whidhoft dbtadiddvbpg pH
range of hydrous titani um oxi de between the range on the low pH side (1 < pH

R R S S
e oo o b SIS E B E O lit E8°

sufficient aging tine for growth of particles in the pH range near_the
i soel batinirc (&), nhangartepd M, tlumirium @) dad(BreonsupHZe) n ) veryceweli ng to
anot her node of practice. Fourthly, this invention relates to a

hydr ob Rkt B8 £ BhrHS broWRibCIHilsites toat Akifdsol, SUBRIOEEbran difetlaoduetafi de

obtai ned by adding at 1 east two finds or nore of conpounds selected from

cOmPOURSy K A0 OB SRR oy SRR oRRSBORR 1 EAL Kb 11 1
the princ PLES Akt S2IPBNCHE 2" B9 TR WP ARENE aBF AlchRRE! ' ©

characterized by a large surface area, excellent heat stability and controlled pore

diameter as proved by having a specific surface area of 80 m2/g or more, a pore
volume of 0.2 ml/g or more and a pore sharpness degree of 50% or more even when
calcined at 500 °C for 3 hours, shows a purity of 97 wt% or more and is useful as a
catalyst or a catalyst carrier and to a method for preparation thereof.

Thirdly, this invention relates to porous titanium oxide which is obtained by
synthesizing hydrous titanium oxide which is controlled to have a sharp pore
distribution and, at the same time, controlled to contain micropores in a specified
range to make the pore distribution asymmetric followed by drying and calcining, has
a pore asymmetric coefficient N in the range of 1.5 = N = 4 as defined by the
equation N = (A - C/(B - A) (wherein A is the logarithmic value of the median
diameter, B is the logarithmic value of the pore diameter of the 2% pore volume and C

is the logarithmic value of the pore diameter of the 98% pore volume), is controlled to
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growh inhibiter to a hydrosol, a hydrogel or a dried product g dro
titani um oxi de 20 25 January 2006 represented by the general oisrrs.?/"éfa 'U%OG
c2-x> (OH)2x (x is a nunber greater than 0.1 or x > 0.1), the conposition
formula 110 cz- a (OH)2x - yH20 (wherein 0.1 S x < 2.0 and 0.3 Sy S 40) or
the conposition fornula TiO c2-xi (OH2x yH20 (wherein 0.2 S x < 1.0 and
0. 3 ShuvéaAQrbitharyepyre eiahetgizngl 4 perdgstdytion gr 2 shapetorifaxeningdodhe
titaniumoxide with the ions of these el errents foll owed by drying and

cal ci ?imjg i t i %ﬁﬁf)ﬁ%fm%ir@aﬁfaﬁt%e gree OP%@ ¢ siifs&® ardaRRAR VOl une

of O. and a pore sharpness or nore, shows
excel | ent desulfurl atlo and denjt nati on rfor e,and acts,as a
Pyl oPPERS| HETRILPYAE WHER 9 FARGELED A TP < WOLAITHH BATRE Bt htn of
hydrogen and to a nmethod for preparation thereof. Furthernore, this

i nvenshews geddmeshanical steerigshl ansk to mynpthed frasepagng gueln paravstitaniumby t he
use of the aforenentioned catalyst. Here, hydrous titani um oxi de represented

by t hgxiden gt imdtBbdihdolvbs 4- ¥H §#Ahe?¥peratioh HBnGTRRS ishhehesfsosfh iy drolis O ¢2-, 0
(OH) 2x yH20 can be divided ?iﬂr—llto t he I|?)ortion of strusg?ural V\gltdierr chem caIIy

2?”??@54&“@%&# i 4P IS éﬁ&f%ﬁ DRREE T D it 12, P2 2"
Chang s GlJRSHDUS SLaRibin i fgbkwRn the S””Ct éﬂwﬂﬁﬁﬁeilg}ept;ﬂ?;ﬁﬁox.éﬂe.s

dried at 120 t for 3 hours' and then fi. rther calc[ ned at 500 t for 3 hours.
On t hend ¢héeH range nedwetherisoelecttit Horeeof\ydeousiiianien axidey/ 0 SsphbfEned as
the change in weight between undried hydrous titanium oxide and dried

ti t an7anoeKksiceer thefpHMBNes dlear hd kdeRaRlc MintofiyReutietiot ofide (hydrous 4

group netal oxide represented by the general formula MO c2-x> (OH)2x
(Wneret ge %8%‘ t]?!g;h a<] = f'dm% 1 or X
> 0.1) i rII-M[_ﬁI s(i? %@eﬁ%’é n, Bn %Iyégirgs @ha‘f‘ e 1 (%g/);r Qg?) tQhe OH
9" OUP R R Srsa?:goeb%r %hgyp(ﬁ Os%v?xllg o%e?gm ! o%el ormaed in the non- dissolving pH

range of hydrous titanium oxide between the range on the low pH side 1 < pH =
4) and the range across the pH range near the isoelectric point of hydrous titanium
oxide 5.1 = pH = 7.1) or between the range on the high pH side 8§ = pH = 12)
and the range across the pH range near the isoelectric point of hydrous titanium oxide
(5.1 < pH = 7.1) while allowing a sufficient aging time for growth of particles in the
pH range near the isoelectric point of hydrous titanium oxide (5.1 = pH = 7.1)
according to another mode of practice.

Fourthly, this invention relates to a hydrotreating catalyst which is a catalyst
supported on titanium oxide obtained by adding at least two kinds or more of
compounds selected from compounds yielding ions containing elements possessing
catalytic activity for hydrotreating, preferably two kinds or more of compounds
constituting the principal catalyst component and promoter component, as a particle
growth mhibiter to a hydrosol, a hydrogel or a dried product of hydrous titanium oxide
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21 25 January 2006 dried product of a hydrous 4 group netal bgl; exceeﬂi
0.1, but preferably 0.1 S x 2.0, nore preferably 0.2 < x < 1.

particles occurs by sintering and condensation as the OH groups detach

t henmsel ves froma hydrosol, a hydrogel or a dried product of a hydrous 4
group netal oxide as a result of heat history and replacenent of the

subst idpueseinbed Byithe generabiorinuds B0 &undOEDpalx @y aupsnbergreatee thah ésl
stability and the specific surface area. In consequence, it is also possible

to usg. 2 >hpdh ot &ﬁﬁ&gfﬁoﬂaﬁmaxm i fégH)éxpr HQ()?@NHé’re'Eﬂ‘Q) [etheds

general [y used up t the present such as drol y neutralization and

sol - referr hydr ous 4 grou netal |de | he o n whi ch
t he 4%2% ﬁg% % %t@ﬁlﬁﬁ@ﬁl E léIBr @H&?’érg by t he
general formula 740 c2 o] aéwherel nxis. a nurrber great er than 0.1 or

x > O(whereirh8.2 &postt |1éhandr0ra| T O% 210) . thereby1pghangimethenhadexil 0. 1 S x
< 2.0and 0.3 Sy S 40) or the conposition formula 10c2-,0 (OH)2x y_20

(Wher gioy FQ -of theXhydrbud tﬁﬁﬁn@n Tdle With 49 iondhentlide dlahugtsofolbwied bye

aforenmentioned formulas is 0.1 or less, it becomes difficult to obtain a
l id
cﬁ‘;gt%ﬁ%?éh%&?ﬁﬁw"@%ﬁdib%% %‘Eﬁﬂé%@l@%eo%ﬁ%f&?ﬁéﬁ%%ﬁmﬁ%’edﬁﬁf*.%kgmum oxd de

uni f or &m& hi gh concentration becausg of t ecrease i,n the hydroxyl
group@f@ GRS GNGH 2 AP GHATRIICER FeaRReoR BRt G TSR SKRUSHE t h ¢ he
catal yst conponents. Conversely, when x is 2.0 or nore, the crystals of
hy dr odesulfurizatiomandi démitrogenation fnerformiinch andleets a3 alhwﬂwmaﬁrg casabyst ai n a
hydrosol or a hydrogel of hydrous titaniumoxide in some cases; although

the plopSgiFecabord dildr §RhNBRiRial cdonRMAgtoN! of Bydrtgeni 4t e changthad!for wi th t he
cat al yst conponents is desirable from the viewpoint of supportl ng t he

t al t t hyd
tita x%&%af o el angﬁlg%%rpt enh&ﬂergfalf& alé[? IO%rray and tf“le y o

tlta e are s when exam ned
hydroprocessing hydrocarbon oils by the use of the aforementioned catalyst.

Here, hydrous titanium oxide represented by the general formula TiO -0 (OH)2x
or the composition formula TiO -0 (OH)2x * yH=0 can be divided into the portion
of structural water chemically bonded to hydrous titanium oxide written as TiO -0
(OH)=x and the portion of free water physically coexisting with hydrous titanium
oxide written as yH=0. In this invention, the amount of structural water is defined as
the change in weight between drying and calcining when hydrous titanium oxide is
dried at 120 “C for 3 hours and then further calcined at 500 C for 3 hours. On the
other hénd, the amount of free water written as yH=0O is defined as the change in
weight between undried hydrous titanium oxide and dried titanium oxide.

In a hydrosol, a hydrogel or a dried product of a hydrous 4 group metal oxide
represented by the general formula MO 20 (OH)=2x (wherein M denotes a 4 group
metal and x is a number greater than 0.1 or x > 0.1) in this invention, "x > 0.1"

means that the lower limit of the OH groups possessed by a hydrosol, a hydrogel or a
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25 January 2006 catal yst obtained after drying and cal ci ni ng has an

| nadequat e pore structure or an inferior quality as a hydrotr(-:?ét'f%{ja'yzooe
catalyst in other cases. When y is less '"than 0.3 in the aforenentioned
formul as, hydrous titaniumoxide is in the nearly dry condition and it is
difficult to obtain a uniformand high dispersion of the catal yst
conpodeed produnderf = hedrouent gtdupnnetslr @ode excestde ). B ladl piteferablyahl atnkng t he

catal yst conponents is added to hydrous titanium oxide particles and

stirr ' ' f<t he I %%@35009‘5]& ; R

diffi %%@'}ﬁg@aﬁlﬁé@?&g%gl Errgr a?%’g' @W}g% rous ti t?ﬁ?%@n om%ﬂéﬁd

particl and it i |fficult to obtain uni form and hi di spersion in
Phi s concinSation, as she OH srowps e dharimelies drap e bramsnls SnaroiBBEiia o 1 o
attain when the catalyst conponents need to be supported on titanium oxide

i n hi ghied qroductr af aohy 4 rgrogatrabtad toxdanps ne mesult ofnheat higtprynandit e or a

lunmp with the resultant |ow catalytic activity. Conversely, when y is in

excesgepMceffinttdfeharRibatin@hbler OF1 wahfs witht other fidedtional Webupinchees of

hydrous titani um oxi de becones excessive and hydrous titanium oxi de cannot

be 3 ' -ce e | ded f o I £ Lel 0,

mai ne ot oeablsr i she sERAT B R B R BB BTE RS st T oo
when . added to hydrous tjtanjum.oxide cqntajning. excessive, free water and
the chy A@@yﬁﬂ@ﬁ@ip@%\g c @@Waﬂweﬂw@@é%@ba@w@msted.
The raw materials 4 group netal conpounds useful for the preparation of a
hydr othel preseritysiich gs hydrolysis meadraiization tndfsobgdlyoethod. 4 group nmetal oxi de
include the followi ng chlorides, fluorides, brom des, iodides, nitrates,

sul f at egy pieférbed iy@fous PERUP! 1BStal RkRIENE2he Yne kA kR the ¥adatie Snetal M
hydrofluoric acid salts, silicates and iodates of 4 group netals such as

T g g I I R RO O, |

or o Al s, O Les CTPRUNCS ol SO Bl Gl S B BNATRY o
0 (OH)2x *yH=20 (wherein 0.1 = x < 20 and 03 =y = 40) or the
composition formula TiO o (OH)2x * yH=0 (wherein 02 = x < 10and 03 =
y = 40). When the value of x in the aforementioned formulas is 0.1 or less, it
becomes difficult to obtain a large specific surface area because of the growth of
hydrous titanium oxide crystals and to attain a high dispersion of the catalyst
components uniformly in high concentration because of the decrease in the hydroxyl
groups on the surface of hydrous titanium oxide ion-exchangeable with the catalyst
components. Conversely, when x is 2.0 or more, the crystals of hydrous titanium oxide
do not form which makes it impossible to obtain a hydrosol or a hydrogel of hydrous
titanium oxide in some cases; although the presence of a large number of hydroxyl
groups ion-exchangeable with the catalyst components is desirable from the viewpoint

of supporting the catalyst components on a catalyst carrier, the crystal particles of

hydrous titanium oxide are small and amorphous when examined by X-ray and the
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titanium (Ti) conmpounds are titaniumtetrachl oride, titaniumsulfate,
titanyl sulfate, titaniumtrifluororide, titanium nethoxide, tiﬁ‘?ﬂﬂuﬁﬁﬁzooe
et hoxi de, titanui propoxide, titaniumisopropoxide, titanium

tetrai sopropoxide, titaniumtetrabutoxide, orthotitanic acid, netatitanic
acid, titaniumtetrabromde, titaniumtetrafluoride, titanium trifluoride,
pot as sataigst icbteiaéd aftep diryimgt arich catenan habam imdeqhaegpare dtiketweser an
particularly preferable in the case of zirconium (Zr) conpounds are

ST con | oni . . g . . g )

T co b e B e e S M o um

propoxi de,and zj.rcopi.um t.- but oxi de... Particu] arl. referabl,e in the case of
ey the alREBeRHRCST PR kR Htvatn piade nhoeraet ey condiin,
oxychi oride. These raw materials 4 (group metal conmpounds may be used singly

or asandnt s diffecudif tor edainl admiformnand highh dispersat) obthencatalyshcempondtdsused in

the synthesis of the aforenentioned hydrous 4 group netal oxides include

t he sah#er Qichtdoaditions aiRedd,Wheh 8sehiiofRbatinitigtthe @8talgstl dhipédentsfis uor i des,
brom des, iodides, nitrates, sulfates, carbonates, acetates, phosphates,

bor at tli%gf I ' of tﬁ.";f i Ly ' LESRd al so

I ncl uggd?cgégtia@%%?%oun sﬁfls%&(gés?a%#%]g@ég a glélctih é;;ﬁfs? E%@?iogﬁgggr 0

i nhabiter to be explained bel ow and a vari gt f aci.ds apd,al kali s.

Concr EEPRIENTP| REOEBIESRS (Vb PRI DegysenPt gglomeratian af 3 agy@@blﬁng agent
in the synthesis of hydrous titaniumoxide are titaniumtetrachloride,

ti t antitanisml éxite particlesiand it id diffieult to obtainm wriforh and dugh tdispensiomin
tetrabrom de, titaniumtetracuorde and titaniumtrifluoride. Exanples of

t he cehipessdAs(srdstik) ah@ﬁibﬁnaﬁﬁﬁﬂighsdiép@@iohi 16 nét pessible o bttaibivhen thee
e

ferrous sulfate, ferric sulfate, rrous chloride, ferric chloride, ferrous
nitra ' L L ' ' ' : j . ride,
Cobar patalsf bdrhfottrt BRed e Sipdited & ftarlhit Sids ] hiheorbuftttiof phe
mangapese sulfate, 24 25 . January 2006 nganese chl opi ttyriumnitrate,
DoL P Sttt Fobiprtionts FUR G eblpterin th £t with e EstltaHf W

catalytic activity. Conversely, when y is in excess of 40, the amount of free water that is

not structural water of hydrous titanium oxide becomes excessive and hydrous
titanium oxide cannot be molded or, even if molded, the molded form becomes difficult
to maintain. A solution containing the catalyst components becomes diluted when
added to hydrous titanium oxide containing excessive free water and the catalyst
components mostly do not undergo ion exchange and are wasted.

The raw materials 4 group metal compounds useful for the preparation of a
hydrosol, a hydrogel or a dried product of a hydrous 4 group metal oxide include the
following: chlorides, fluorides, bromides, iodides, nitrates, sulfates, carbonates,
acetates, phosphates, borates, oxalates, hydrofluoric acid salts, silicates and iodates of
4 group metals such as titanium (TY), zirconium (Zr) and hafnium (Hf); oxoacid salts
such as titanates, zirconates and hafnates of 4 group metals; and alkoxides of 4 group

metals. Of these compounds of 4 group metals, particularly preferable in the case of




of the acids are nitric acid (HNG3), hydrochloric acid (HQ), iﬂdiquric 2ao%id
(H2S™4), carbonic acid (HCOB), 2fornmic acid (HCOOH) and acet i ryary 2006
(CH3COOH) . Exanples of the alkalis are anmonia (NH3), sodi um hydroxi de
(NaOH), potassium hydroxide (KOH), sodium carbonate (Na2CGs), potassium
carbonate (K2CO3), sodium hydrogencarbonate (NaHCO3) and potassium

hydr ogitasiand §Hixtempttieds hre Tiesiem pétradilosdd, ngangen tsulfary btangleshifsite)gl y or
as a mxture of two kinds or nore. The aqueous solvents to be used in the
synt hesl s : QX o] nestl er and
aqueous s%t%ﬁ:[s&fc@’ \L/%g%er-so u Féﬂ@%fgglﬁé?gufg%e@@%’gﬁé Elt%lﬁhgg Iﬁrrgﬁ%)gﬁ%l :

et hanol , .propanol, tetrahydrofuran, acetone and djoxan b sed. A
hydr o%&‘f“}lﬂgl \%QH?QP@Qdeo L1 @&WW %ﬁﬂ@uaq MP@%M%S 4
group netal oxides can be synthesized by the reaction of one of the

af or eaeid; | metatitanw acwd, e titah tyrtrahnomm%/eal titampoungsrafivolide, tHandjmst i ng
agent in an aqueous solvent. For exanple, hydrous titaniumoxide is

synt hesflageddy phtuediahy Zitatate, t éddiinY HitaRAEP AKAd basilee t @thriake ise,

af orenenti oned raw materials by an acid or alkali selected fromthe

afore L an Headiust i agent scor. neutraly xe nialkali- in. an
aqueogg&icﬁ%tﬁtﬁmf%gbﬁehh;@)ﬁo% sOfo‘?m?P’}ué%Pi @féu&?‘gﬁ?@}ﬂ% (%g O@rcgﬁ}lgﬁ/
material titapi um conpound,. th concentratjon of titaniumin the, aqueous
sol vefRtra 9 n@m%ch@@ge:p@@@%%l , ZLIOI, IR BFCORBHRD| y
0.5-6 W\t % conputed as titaniumoxide (TiQ2), the reaction tenperature

r angesacdtaten ricomiummpeetstacetate,o zROGHIGM prrepexidé| gnd r zZinconbam  tthewpedat ure to
180 C, nore preferably fromroomtenperature to 1001, the reaction pressure

rangePafﬁ@Mﬂggﬁ@ferﬁbﬁsﬁP&Be(&sé/Pﬁ) hafi®m0 cdipourdse fa@é abdfitivich OfRIGd® 3. 0 25
25 January 20 MPa, nore preferably fromO to 0.9 MPa, and the pHis

sel echeghisi 1Ak ERQOHIREUES SOBLEAL! 15680 P hHEHIS 4 bRy Cblaiadapt ed

] éct (004 IS

compounds may be used singly or as a mixture of two kinds or more.

The pH adjusting agents to be used in the synthesis of the aforementioned hydrous
4 group metal oxides include the salts of the corresponding 4 group metals such as
chlorides, fluorides, bromides, iodides, nitrates, sulfates, carbonates, acetates,
phosphates, borates, oxalates, hydrofluoric acid salts, silicates and iodates and also
include those compounds (salts) which are added as a particle growth inhibiter to be
explained below and a variety of acids and alkalis.

Concrete examples of titanium salts suitable for use as a pH adjusting agent in the
synthesis of hydrous titanium oxide are titanium tetrachloride, titanium sulfate,
titanyl sulfate, titanium trichloride, titanium tetrabromide, titanium tetrafluoride and
titanium trifluoride. Examples of the compounds (salts) to be added as a particle
growth inhibiter are ferrous sulfate, ferric sulfate, ferrous chloride, ferric chloride,
ferrous nitrate, ferric nitrate, nickel nitrate, nickel sulfate, nickel chloride, cobalt

nitrate, cobalt sulfate, cobalt chloride, manganese nitrate, manganese sulfate,
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used. In this invention, in order to obtain a porous 4 group | oxi
which has a controlled pore structure in respect to pore di arre{%‘?a%'a%ﬁ)%s
distribution and the like, a pH swing operation is perforned between the
ranges of different pH plural tines in an aqueous solvent by the use of a 4
group netal conpound as a raw material and a pH adjusting agent in the

synt heahgamdsecchivtitie) Soiriuna ditrete) yetriah salfdtd aad griotuatchidrideh&xamples

af orenenti oned hydrous 4 group netal oxide. In particular, the

af or e__;quti]] [ ]ﬁeﬁ' ng.: gﬂg@@i j d(I_le fgpﬂglg- aciQ SN t he

pr eci pi tgt?dﬁl(gsdp rangce&:é(% hesgﬁlg}gg?@ﬁé%@%ﬁarang% 0 tééaﬂgdrous " group
metal oxi de i to ohtai. 4 oup mnet X} [ i ch the pores
e gremmsary Ehativel Ry acd GGG sebored PP HRERREReD e, i n

t he \s&%hesi s of a hydrosol o)[ a_hydrogel of nggﬁ))us titani tﬁ;ndgj%e, t he pH
is s e adlkelis)ate bynmomsnviddds), sedipne (hygmmi raxade MyaEHDy potpesim &sol ving
pH range of hydrous titanium oxide shown in the electrochem cal potenti al

di agr(ROE), AR UEMehde: [ WaR00Lhabsassif | astehatl SHICONeMaHm

Equilibria in Aqueous Sol ution,” Pergamon Press, London (1966)] plural

tinme ormal Ly 2-2 ' an e | DO}l u actors
as st arreis INGEE0R) 3P betfr SRR PR Pt IRUCRA Theer.
particles. being synthesized can _be controlled increasingly nore precisely
by r difdlagiustpeagentamay %@dﬁrr@YBra%\@im@mﬁ&@%WOtlﬂegfbﬂgmr%he di ssol vi ng
range, and the nunber of swings. For exanple, the peak of pore dianeter
appear sThe afuousrsolverith ¢o berusediiatthe myhthesis oftignlrowe 4 grogminretaberades i on i s
performed twi ce between pH 1 and pH 7 while the peak appears at 16.1 nm.

when &gyt RidsSaY afdewatdrdhd BqR6GILSIREAPHf wWaitéRsoldble Prghait UplwengH06
between pH 1 and pH 7; thus it is possible to prepare porous titanium oxide

nechanchat? ke Bieol dioP2id, B4Rt fakR A8 HRELR e
used. :

A hydrosol, a hydrogel or a dried product of the aforementioned hydrous 4 group
metal oxides can be synthesized by the reaction of one of the aforementioned raw
materials 4 group metal compounds with a pH adjusting agent in an aqueous solvent.
For example, hydrous titanium oxide is synthesized by hydrolyzing a titamium
compound selected from the aforementioned raw materials by an acid or alkali
selected from the aforementioned pH adjusting agents or neutralized by an alkali in
an aqueous solvent.

In the hydrolysis or alkali neutralization of a raw material titanium compound, the
concentration of titanium in the aqueous solvent is normally 0.1-15 wt%, preferably
0.5-10 wt%, more preferably 0.5-6 wt%, computed as titanium oxide (TiO2), the
reaction temperature ranges from room temperature to 300 “C, preferably from room

temperature to 180 “C, more preferably from room temperature to 100'C, the reaction

pressure ranges from normal pressure (0 MPa) to 9.0 MPa, preferably from 0 to 3.0

25




oxide in which the 4 group netal Mis titanium (Ti), it is pref j\ble ;&gq
performthe aforementioned pH swing operation as follows: (I t4RtayaN-49086n
is perforned in the range of the non-dissolving pH range of hydrous
titaniumoxide (I < pH < 12) in the electrochem cal potential diagram of
titani um oxi de between the range on the low pH side (1 < pH S 4) and the pH
r ange MPay midh@ praforibi foht 08I0 MPa st tuspH isalested suitaldy (5 ofdé t8H S 7. 1)
or between the pH range near the isoelectric point (5.1 S pHS 7.1) and the

range ' Lde (8..s o C)y tikQne | ormed in
' e nsAnabLl bits RhPbES e Rdchplel i iAo R AAIE R PTFD,
side (1 < pH S 4) and the range across the pH range near the isoelectric

poi nt ‘{Sgd-l SPHS 7.1) fromthe range on the | ow pH side or between the
range on the high pHside (8 S PH S 12) and the range across the pH range
near t heln tlasaheedtion; inarder ¢& obtsin PHpGrotis14 grogpnimétal oawgewbicht has i gh pH
side while allowing a sufficient aging tinme for growh of particles. This
proce ' ot @Rl @ufePin §R2é AldrRBted! pdRe 'dRsteiblitibA RindnheX{lde awhose
por e g’%@n’%ﬁ??ec%ﬂf | Cl en%ésﬁlé%té&?i nedaidgg&ﬁ ,:pd(i‘% - O/(B - A (wherein Ais
the I ggarithm c val ue of #he dian dpaneter - i t.hi.c_val ue of
the paits suiiaberhtnn is Reriooingl Penda HEF Ehiden of difrsht BEL BRRRL HBsln f o
the pore dianeter of the 98% ponce volune) falls jn the range of 1.5 N ' 4.
| n t higd aquesns selwentaby the uge @P 3 AEOWP q:qrepowi %@thaf&m@d%é@ a
hydrogel or a dried product of a hy=drous 4 group netal oxide synthesized

i n t hpHhdjstingtizenteth thesynthesinof 4 hgdrasoly alyelroge] dr iaediiahprodactofhe t o gi ve
a porous 4 group netal oxide. Addition of a particle growh inhibiter to.a

hydr og@renfenbBHE@BGEr s Pndlibeletdl 88HE! 27 25 January 2006 of hydrous
titanium oxide represented by the general fornmula r no c2-,a (OH)2x

cal ot mi it PgYBUAR TRE, iRl oo P Vi chefattbros bPHORIRE iertalT) 2

d sh ) .
aresa %gt\ﬁ/gen()\éfe precipitating pH range and the dissolving pH range of the hydrous 4

group metal oxide in order to obtain porous 4 group metal oxide in which the pores are
precisely controlled in size and distributed sharply. For example, in the synthesis of a
hydrosol or a hydrogel of hydrous titanium oxide, the pH is swung alternately
between the precipitating pH range and the dissolving pH range of hydrous titanium
oxide shown in the electrochemical potential diagram of titanium oxide [M. Pourbaix,
"Atlas of Electrochemical Equilibria in Aqueous Solution," Pergamon Press, London
(1966)] plural times, normally 2-20 times, and the pore structure involving such
factors as pore diameter and pore distribution of the hydrous titanium oxide particles
being synthesized can be controlled increasingly more precisely by regulating the pH
in the precipitating range, the pH in the dissolving range and the number of swings.
For example, the peak of pore diameter appears at 8.2 nm in the pore distribution
when the pH swing operation is performed twice between pH 1 and pH 7 while the

peak appears at 16.1 nm when the pH swing operation is performed four times
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excel l ent heat stability as proved by having a specific surface_area OL%q%g
n2/g or nore, a pore volunme of 0.2 nug or nore and a pore sharﬁ@g‘ B e

of 50% or nore even when calcined at a tenperature as high as 500 C for 3
hours, has a controlled pore dianeter, exhibits a high purity of 97 w % or
nore and is useful for a catalyst or a catalyst carrier; particle growh

I nhi biters suit@able f . r: I fleR8re BbRTENERNHQNEskide s a
titani W(?)‘?Pd}%ﬁaf@ng&%ozrﬁ%%gtlﬁgﬁb%tééﬁg tigol:}llsfscon?ai ning elenents sel ected
fromsilicon (Si), phosphorus (P), nmagnesium (M), calcium(Ca), barium
(Ba), stedcamentrolet porestuietvidita (Al) and zirconium (Zr) and these conpounds
may be used singly or as a mxture of two kinds or nore. Inportantly, any
conpound Mth%fhabém@@%i%%n@ech@mchbmemmasmqmdifma povous hgaewusielalyr oup
metal oxide, particularly to hydrous titaniumoxide, is required to be
effectivg f.or | AL aj ni t 5 fS il AR BrcThrdhieEl to texforatheum
oxi de 9?985 ]ﬂi‘ahlrzﬁe%%%ggptrggm?%?ﬁ%re W t t’ﬁe cgntrol of g)gre

di stribution of titapium oxide, . not t.g,becg a catal yst lﬁﬂﬂs

r enai nhfeyeraentionec pl 6WIRE SHEBAROY A @%-8@?8@9 8381%%13 &qﬁoexpeé;i)shl the ¢t om
t he econom cal point of vi eWHerA pl gl%si bl e ngéggni sm,&gg\gi cﬁ Qizgg} oe::mds
that yrehgb ofthe mondasolvirg pHerange of dydnaniso @lnega ck | e
growt h i nhi biter against a hydrosol, a hydrogel or a dried produizt g{i

hydr ou 'gam,ﬁ{&p LB £8] dovenimn@dde betweas tief rarpedsrotise awt pHi um
oxi de %lgé%rre C argédgg\?l\nntbﬁ el"ectricity in an aqueous solution and the

i soel ectyri i i-n & he.case of ¥SAbErik DolR A Widrbud titdrium

ol ut | Seviobe P 4 afdtRRGH pB0f BRF 4Bt P

ric point, the RAydroxyl groups on
the surface of the hydrous 28 25 January, 2006 titan um oxi rtichesg are
char gexiges®r veIBH aml Tahi BnketeenrdesBit Farge Pg%i%ﬁ %%Kég&gc ?@hith(g'lsmface
of the hydrous titani um oxide particles. %8%3 g‘;h rg&ag@s in a sgl ution
whose pH &&cBatand Hheirsoge ert thechighi pil, side, 12 § o e5tEnORSTANAR 1 ace
of the hydrous titanium oxide particles are charged negatively and cations
it heperformed in the non-dissolving pH range (1 < pH = 12) between the range on the

low pH side 1 < pH = 4) and the range across the pH range near the isoelectric
point (5.1 = pH = 7.1) from the range on the low pH side or between the range
on the high pH side 8 =< pH =< 12) and the range across the pH range near the
isoelectric point 6.1 = pH = 7.1) from the range on the high pH side while
allowing a sufficient aging time for growth of particles. This procedure is suitable for
the preparatioh of porous titanium oxide whose pore asymmetric coefficient N defined
by N=(A- O)/(B - A) (wherein Ais the Jogarithmic value of the median diameter, Bis
the logarithmic value of the pore diameter of the 2% pore volume and C is the
logarithmic value of the pore diameter of the 98% pore volume) falls in the range of 1.5
=EN=4
In this invention, a particle growth inhibiter is added to a hydrosol, a hydrogel or a

dried product of a hydrous 4 group metal oxide synthesized in the aforementioned
manner and the mixture is dried and calcined to give a porous 4 group metal oxide.

Addition of a particle growth inhibiter to a hydrosol, a hydrogel or a dried product
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solution readily adhere to the surface of the hydrous titani um gxide
particles. In a case such as this, the anions or cations in the $3UaE, 2096
di sperse to a high degree on the surface of hydrous titanium oxide
particles by the electrostatic action and bond effectively and firmy to

t he hydroxyl groups on the surface even when their anounts are snall

r el at iof éhytdponsh ditanfurh hexifiy depydsentedubs . tHeo gendrab formaslan Tidheno h{iHhus
titanium oxide is calcined, the portions which have been ion-exchanged with

an! onswRereiis §1ik %gggﬁfggp %eiﬁfﬂéxh@.l%ﬂ? 8l o pfdloRed Mb% Md BiEhRiS

titani um oxi e presence of firmy bond nions or cations
and this does not, | ead to. crystal row h. Nbregver,.those hydroxyl groups
whi ch Zies RS Ciariam: PSE HhideRalon 4R OCRt A AR ARG BHRE t o ( he

i nfluence of steric _hindrance of anions or cations and bond with difficulty
to t hexeglignbheat sabilivy asproved bjuhavve aospesificsuriagel avassof §0 marg ontaotede

particles. Froma point of view such as this, polyval ent anions or cations

whi ch g rvehfné RE 0. Dt & Bord¥ad QUpore! dhrRirphieBs gt §RB0% Wrafior evepapabl e

of bonding to nore hydroxyl groups than nonoval ent anions or cations and

i re h | than_ m i an

L1t aneier i GRE L (ool LTI 4800 7C" o RS b p oA pffe, 1 O
f ti d.co ds of .silj ,_ph P), ' F

Cal of GRTBEET, BRI LB AHE N W TR AR, RAREEA Pt 2 ERLADRE BBrR Lm (71 )

that yield such polyval ent anions or cations and are useful as a particle
gr owt ieatalystbcamterofparyidieo growilt anhibitersi seitalde ©85 thereparzdive ofntheet e

exanpl es of the aforenentioned conpounds useful as a particle growth

i nhi biaf@emehtioped gssrots ttitanliih oxtide @eecdmpoild thatngield hens apptuinig of
silicon (Si) are silicon tetrachloride, silicon dioxide, silicic acid,

N are st ac i oxi i ci d.
o1 ootk il b A B dprU B Gl Aapregiacesg, | o
et D O () 2 S 2P SR " UG AShIYAD and zirconium (Zr) and these

compounds may be used singly or as a mixture of two kinds or more. Importantly, any

compound which is added as a particle growth inhibiter to a hydrous 4 group metal
oxide, particularly, to hydrous titanium oxide, is required to be effective for
maintaining the speéiﬁc surface area of hydrous titanium oxide at a high level, not to
mterfere with the control of pore distribution of titanium oxide, not to become a
catalyst poison by remaining as its oxide in porous titanium oxide and to be
expensive from the economical point of view.

A plausible mechanism by which the compounds that yield ions containing the
aforementioned elements act as a particle growth inhibiter against a hydrosol, a

hydrogel or a dried product of hydrous titanium oxide is as follows. Fine particles of

hydrous titanium oxide become charged with electricity in an aqueous solution and
the isoelectric point in the case of anatase crystals is near pH 6.1. In a solution whose

pH is short of the isoelectric point, the hydroxyl groups on the surface of the hydrous
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phosphorus oxi de, amoni um phosphates, cal ci um phosphates, lum
phosphat es, barium phosphates, potassium phosphates and SOdI um%ﬁi{%}yﬁ By 2006
The conpounds of magnesium (Mjy) are nagnesiumnitrate, magnesi um sul f ate,
nmagnesi um car bonat e, magnesi um borate, nagnesium acetate, magnesi um oxi de,
magnesi um hydr oxi de, magnesi um fl uoride, magnesi um chl oride, nagnesium

br omi t{mmumgnmieuparmﬂhsdare chgrgedi pmmtmaaljomml anrogammt}mzsdﬂtmnrmadﬂyng

magnesi um nagnesi um nagnesi um i ons and magnesi um nol ybdate and t he

hydr ahgserditd the ulfake oPfhe IFIr8h9 tieamiid 6538 paPHRes! OIS thel ithet MaRALVRIS Of

calcium (Ca) are calciumnitrate, calciumsulfate, calcium carbonate,

1 uor SAoh Htien G ArHEEEe Beflerbfh Mt RE R T e e o

car bi de, _organic_ acids cont a| ni_ng cal ci um _cal ci um cal.ciumions and
cal ci the hyrpeiss tisammem toede ppaticles sarancharged | negatiyelyt had atationsent itheed
conpounds. The conpounds of barium (Ba) are bariumnitrate, bariumsulfate,

bar i usolation eelily, adifre borthesatze ofdhe hydroas eitatieun bride pariilesldn abse um

hydr oxi de, bariumfluori de barium chloride, barium brom de, bariumiodide,

par i UEbr S £ AR A de b ﬁ&@@ﬁﬁ%@%@*ﬁe the‘*ﬁ%? Breh eRe5 "
T

sl T AP TAn  AREBRE B i GURY AP0 Hyiias SIEHRGHE: Botiofh 258 FePfary 2006

manganese borate, nmanganese acetate, anese OX|de %anese hydr oxi de,

mnga@ﬁ%@VCIN@ﬂﬁmﬂm@@r@@‘O&ﬂlmumon @ gurfaescevenotrheie thein agemigde i odi de,

manganese car bi de, or ganl c acid contai ni Nng manganese, nmanganese,

e sl lati gty ot gy (e e sty of e
acet afiemidN R4 AUAEA YRR portions which have been jon-exchanged with anions or
cations do not form the crystal lattice (Ti-O-TY) of hydrous titanium oxide because of
. the presence of firmly bonded anions or cations and this does not lead to crystal
growth. Moreover, those hydroxyl groups which are near the portions bonded to
anions or cations are subject to the influence of steric hindrance of anions or cations
and bond with difficulty to the hydroxyl groups on the surface of other hydrous
titanium oxide particles.

From a point of view such as this, polyvalent anions or cations which suppress the
growth of hydrous titanium oxide particles are capable of bonding to more hydroxyl
groups than monovalent anions or cations and they are more effective for interfering
with the particle growth of hydrous titanium oxide in the steps for drying and
calcining. Now, it is the aforementioned compounds of silicon (S, phosphorus (P),
magnesium (Mg), calcium (Ca), barium (Ba), manganese (Mn), aluminum (Al and

zirconium (Zr) that yield such polyvalent anions or cations and are useful as a particle

growth inhibiter of hydrous titanium oxide.
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sul fate, alum num brom de, al um num chl oride, alum num fluoride fl um %rg
hydr oxi de, al um num | actate, alum numnitrate, al um num perchl o?% gouary 6
pot assium alum num sulfate, alum numsilicate, sodium alum num sulfate,

al umi num sul fate, alumnumtrifluoride and al um num and the hydrates and
the Iike of the aforenentioned conpounds. The conpounds of zirconium (Zr)
are zir dosticrebesadan@iles of s hfthr@deatioehednpairidsonsdfinl g8 bpadticlezdroaghi um
tetrachl oride, zirconium oxychloride, zirconium hydride, zirconium

21 r congoig: e YR fiqg QR MO, TRSOdfopnds S B0 A et ate
CompoBian Wik ks SRGRGS SWekpatd TUE SHRCSBEC nYBROUEIR t ani um

oxide as a particle growh inhibiter is stable as oxide and produces a
bet t emaflidertumhsiticatee andt silicatet st Fne odonapoumdpanf grhdsphorve  &duesas
solution. A silicon conpound primarily appears to exist as SiGa2- in the

aqueoyRo§MHdiel %id{‘hbha i oPHES PR, USn SOBREMIrRS aclO4 hesselendgidf

magnesi u cal cium um zirconi um and nanganese Wt a greater

I oni zation tendency produce a greatqr .effecy . .when pr t o1 m of

t hei r PESH i P5%e Q&H@Wﬁolpmtesfhemi\ Wen%]ﬁ?sﬁﬁﬁgeé’ c%lré%%ﬁ%%ﬁacti ng
as a particle growmh inhibiter are likely to assunme. the form of 2+ Caz+
Ba2+ zﬁqspha@qs,i@mmmm pﬁmpb@ws@@d Sl PR AR &%ﬁat ively
stabl e as a hydroxide A120a xH2O noreover, as it can assune the form of

ei t hecorapoands nofomagressfimn, (Mg iase comghdsinad hitrdte, pmegeesiums sedf3B3- in t he
case of an anion or as Al3+ in the case of a cation. Wien a conpound

yi el difiricgiien AlarBéhath SR neSi8he Hopste! MABrislurs OdtelstE, mdpHRSRIR ¢34, ?) |

magnesi um (M), calcium (Ca), barium (Ba), nmanganese (M), al um num (Al)
d 7 . . q . . o
1t anP st AR R B Hbbih * apitaluiel AR, WeERANT

however, ere . 1 . : . . .
%romlyc\f], magnesium iodide, magnesium carbide, organic acds contaimng

magnesium, magnesium, magnesium ions and magnesium molybdate and the
hydrates and the like of the aforementioned compounds.

The compounds of calcium (Ca) are calcium nitrate, calcium sulfate, calcium
carbonate, calcium borate, calcium acetate, calcium oxide, calclum hydroxide, calcium
fluoride, calcium chloride, calcium bromide, calcium iodide, calcium carbide, organic
acids containing calcium, calcium, calcium ions and calcdum molybdate and the
hydrates and the like of the aforementioned compounds. The compounds of barium
(Ba) are barium nitrate, barium sulfate, barium carbonate, barium borate, barium
acetate, barium oxide, barium hydroxide, barium fluoride, barium chloride, barium
bromide, barium iodide, barium carbide, organic acids containing barium, barium,
barium ions and barium molybdate and the hydrates and the like of the
aforementioned compounds. The compounds of manganese (Mn) are manganese

nitrate, manganese sulfate, manganese ammonium sulfate, managnese carbonate,
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surface area, excellent heat stability, precisely controlled

sharp pore distribution and a high purity, preferably 97 wt% or nore,
ainmed at, it is necessary to add the conpound in question, conputed as its
oxide, at a rate in the range of 0.1-3 w% preferably in the range of

0. 2- 2mridanede Mpohtoy sningamse nnoekitde matgzmebtd eoxide, t inainganeseo hytraxide, bi t er

t hus added to hydrous titaniumoxide is less than 0.1 w% it does not

mani f f ' h'l?%' h %P@EH j f g daani um
oxXi deﬁ%nﬁ ?%elefgtr‘\ltsﬁge’ g}‘%\rlli\%géﬁr:l é%a)%/ d'iee’n?rtl € aggél ﬁr@%ﬁ%%ﬁ%g%??@e%t ‘13(/?‘Il (%)egrous
titani um oxide of., high puri.tty cannot be obtai ned and, besides, titanium
oxi deTHAREBNPSRIGAELIdE, PIEEHES BHd opRNEEIRAPERNSE, RGPS FEFAREAINE ci abl e
extent. The method for adding the_ aforenmentioned particle growth inhibiter
to a aydrmangmesgrm@bfbdatmla:ﬁxthee hytloates eadbtlee Likgdefotlee taiferanientioosd de, i s
not restricted: a particle growth inhibiter nay be added to the raw

mat er e@hpouddyt exanple, a 4 group metal conpound, a pH adjusting agent, an
aqueous sol vent, etc) during the preparation of a hydrosol or a hydrogel of

Syt hosi e ;%%%#@n?%%e %ﬁﬁg@@iﬁﬁ%&%@%@?@%ﬁéﬁ%&% | (o the
' 4. .pH adj ' ! in 32
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synthesi s and before dehydration. In the case where hydrous titani um oxide
i s pr bypdwosutlepalumeiruml lagtiate altminam nitwate; ahkminumnp hater pdtassiunh
anmoni a, inpurities such as chlorine and ammonia remain in the hydrosol .or

hy dr oglimieiins ealaey dl@tin tsiliiagen dhds Aashibties sulfitspaluniingsn RefHtd, 0 be
renoved by washing with water; washing water containing a given particle

row jy, Lohi hi t b shj t | h t 3 WLLration
gnd @%ﬁ%fﬁéﬂr@g ?f#[sﬁ‘gglﬂlgno [yﬁ{e&gé or?#e%#%ngg&h%o%%t?q gr%léum

aforementioned compounds. The compounds of zirconium (Zr) are zirconium sulfate,

the preparation of porous titanium oxide characterized by a Iag%(re specifli
Jarlipsy 2008
i's

sulfated zirconia, zirconium carbide, zirconium tetrachloride, zirconium oxychloride,

zirconium hydride, zirconium tetraiodide, zirconium oxide, zirconium n-propoxide,

zirconyl nitrate, zirconyl carbonate, zirconyl hydroxide, zirconyl sulfate, zrconyl
acetate and zirconium and the hydrates and the like of the aforementioned
compounds.

A silicon or phosphorus compound to be added to hydrous titanium oxide as a
particle growth inhibiter is stable as oxide and produces a better effect when present
in the form of an oxyanion in the aqueous solution. A silicon compound primarily
appears to exist as SiOs2" in the aqueous solution while a phosphorus compound as
P043- . Compounds of magnesium, calcium, barium, zirconium and manganese with
a greater ionization tendency produce a greater effect when present in the form of
their cations in the aqueous solution. The aforementioned compounds acting as a

particle growth inhibiter are likely to assume the form of Mg2+ , CaZ~+, Ba2+, Zr4+
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oxi de; thereby adding the particle growh inhibiter to hydrous tJjtaniu
oxi de through the washing water or gel-like hydrous titanium oéﬁ%@uaW{BQPG
washing may be mixed wth the particle growh inhibitor. In this case, the
concentration of the particle gromh inhibiter in washing water is
preferably in the range of 1-100 ppmon the basis of the oxide of the

el emegit M2+ h@ eaipduel ¢ alind¥ilimiis pélatively stAslo as atiydebxidld a0 5et RELS; can
greatly sinplify the procedure for adding a particle growh inhibiter to
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drying treatment . \Wen polyval gnt apions are added as a_.particle growh
i nhabbe present a54l(ard 1 thegape maa@pqrr?élﬁﬁ%m&w%pfaﬁa@@n- of hydr ous

titaniumoxide is preferably controlled at a point bel ow the isoelectric
poi nt  ofWhatelr gueorhpdraid Wielditiglcon©noft ey eférhent Rakedtedwim peilipmal ),

cations are added as a particle growh inhabiter to hydrous titanium

oxid t : cﬁ?{ﬂr |l Rh U Xi ' ef\erabl y
cont ?%]il(}sg’glog‘%é gp)poﬁlﬁgﬁg%gi\?{e @ﬁ% ?Zsﬂoe ecg%?’ctﬂpm nt %ég’hﬁé‘% agxet@?t ani um

oxi de.. Mar eov en both | yval.ent ani ons,and | yyal.ent, cations are

o adeclBEaRL Al andaftoprin GREARE as PRI Bropih HEEbEH RIS Ge.
controlling the pH of the sol or gel of 33 25 January 2006 hydrous titanium
oxi detitaniumeoiide atseemoertraoomis not restinaded in anyspeeie Waye howeyer; svhere ause

the particle growmh inhibiter to adhere effectively to the sol or gel. "'

| Nt hheGRrepardtivheof popaid tittnduareiddicharhéterized by a larespetificauifade ased,, a

hydrogel or a dried product hydrous titanium oxide represented by the

R e s e o i o L G e
CunerEh Bt rbierably 4f avigo roniBe iRl o L néfeteaty topdfber, 0
B B Sl AR g st 600
preferably in the range of 0.2-2 wt%, of hydrous titanium oxide. When the particle
growth inhibiter thus added to hydrous titanium oxide is less than 0.1 wt%, it does
not manifest the effect for increasing the specific surface area of titanium oxide
sufficiently. Conversely, when the addition exceeds 3 wt%, porous titanium oxide of
high purity cannot be obtained and, besides, titanium oxide itself does not increase in
specific surface area to any appreciable extent.
The method for adding the aforementioned particle growth inhibiter to a hydrous 4
group metal oxide, for example, hydrous titanium oxide, is not restricted: a particle
growth inhibiter may be added to the raw materials (for example, a 4 group metal
compound, a pH adjusting agent, an aqueous solvent, etc.) during the preparation of a
hydrosol or a hydrogel of hydrous titanium oxide; it may be added to the reaction
solvent during synthesis; where a pH swing operation is performed, it may be added

to the raw materials 4 group metal compound and pH adjusting agent to be used in
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or nore and a pore sharpness degree of 50% or nore for use as a2f$
hydrotreating catalyst for hydrocarbon oils, a conpound yi el di4?g'a8a¥ 2906 an
el enent that shows catalytic activity for hydrotreating is added as the

af orenenti oned particle growh inhibiter and the ions of the elenent in
guestion undergo an ion exchange with the hydroxyl groups of hydrous

tit anithenpdkisdeng dperatonmpor it mdyobbeddeddnfthe stbp adteprsmthvsionad hpftneose as a
particle growth 1nhibiter are required to be conmpounds that yield ions of

el emepLi (ﬁ%ﬁgﬁssi ng catalytic activity for hydrotreating;,-those conpounds
whi ch yl}é ons of the principal catalyst elenents nmolybdenum (M) and/ or

tungsten ( are indi spensabl e and ot her . conpou yi el ding i gns of

el ement Mecﬁa%cw Eeﬁb’ ehkantiyy €8 RY WQ%XWW @}eeﬁ%‘ﬁts of
the 9, 10, 13 and 15 groups, preferably a group of elenents conposed of

i ron fipriahtiteum dilpride soth anoo)ia, phpertes ssch By chlvmmenaridBammoriai num
(Pt), palladium(Pd), rhodium (Rn) and ruthenium (Ru), nmore preferably a
gr oup r&hair ifMEHY SydesEeP @ dhdrdzeP ¥ tsucko hydusk gitarilim - oxideo splothse( P) and

boron (B); these Cconpounds may be used singly or as a m xture of two kinds

or note. 2 ry 2 f Ab . 0 : as a
parti 858“%‘%86\31’?%@%%ﬁ@ég&gﬁyﬁﬁéﬁ@%ﬁaﬁn%@ﬁg% |]['o(r:#,?ﬁéa('al|er1%‘rr’l ani ons
or catjons, and anions .afe.present. as oxyani ons. such as M042-, 42-
P043- g888 e o r@i’gmeédﬁ%nm URAORS Wikh VRler ol the SteRsei®nt as
metal cations such as N 2+ and Co2+ . Wen plural kinds of elenents
posse§itratipre andl whslungcafteri the synthhgid raftthesaforementidneds hydious ditadiwbove ar e
supported on a catal yst carrier, they nmay be supported on the carrier in.

succeggideNthereticadiRpahé parti@d erdwi hibittrato HydiBss Helfum afdsé Hefoughr t hey
may be supporteéd sinultaneously as a m xture on the carrier. The conpounds

yi o S0 BREIE WSB! 4o SULIRDLGAN00Sr | AR 6P TR dP b R

with the particle growth inhibiter. In this case, the concentration of the particle growth

inhibiter in washing water is preferably in the range of 1-100 ppm on the basis of the
oxide of the element in the particle growth inhibiter. Adoption of these methods can
greatly simplify the procedure for adding a particle growth inhibiter to hydrous
titanium oxide. Furthermore, a particle growth inhibiter of hydrous titanium oxide
may be added to hydrous titanium oxide after a drying treatment.

When polyvalent anions are added as a particle growth inhibiter to hydrous
titanium oxide, the pH of the sol or gel of hydrous titanium oxide is preferably
controlled at a point below the isoelectric point of hydrous titanium oxide. On the
other hand, when polyvalent cations are added as a particle growth inhibiter to
hydrous titanium oxide, the pH of the sol or gel of hydrous titanium oxide is preferably
controlled at a point above the isoelectric point of hydrous titanmium oxide. Moreover,
when both polyvalent anions and polyvalent cations are added together as particle

growth inhibiters to hydrous titanium oxide, controlling the pH of the sol or gel of
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nol ybdate (Na2MbO4 21120), nolybdic acid (i 2Mb04, H2MoG3 H20), Igbdz%ragm
pent achl ori de (Mbd b), silioonolybdie acid (11 QSi Mb-L204.0 ' nHPoRANAY
tungstic acid (H2W4), ammni umtungstate [5(NH) 40 ' 12Wo3 H20, 3(NH) 20
12W03 nH20], sodiumtungstate (Na2Wo4 2H20), HSPO4, HPGCs, H4AP207, P205,
NHAH2PO4, (NH4) 2HPO4, (NH4)sPO4  H20, Hs[ PO4W 2036] 51120 and salts of
het er hpditopaditdaivnm raxadan ah thdvisoelectvic Thentref hydress tisarsuint exile f-br1.Qicahdi ng
nmet al carbonyl anions include (NEt4(M(CO 6(000CHs)], M(COg NEts EtSH,

RU = . d CO) 6
NEng%%ﬁwﬁéiﬁgﬁ%‘géW@al ts %g‘tl\flg%agg{ e %or yiélg%i[&%%wr%e%?gl@'ggt [ \c/)\gls i)ncl ude
i ckel nitrat L (NOs)2 61120 ' | .sul i S04 , 61120 i ckel
Chi or 1 dan(RE €35 Whirch bt pavtee e piast (it Dydosel g bvarieel i f o

[ Co(CHSCO2) 2 412.0], cobalt nitrate [Co(NGCs)2 _61120], cobalt sulfate

( CoSOdrizeizopdacichycbbuas ttitahiuon ioxisle Epoesensed by . thasgeneralt faemulaafifdne-of t he

af orenenti oned conpounds of el enents possessing 35 25 January 2006 catal ytic

act i v{OM)4.0twhareirok i€atiumgbdroereatediian (BE oRxpa Dildthe @o@pbdition firkidler in
order to effect an ion exchange with the hydroxyl groups of hydrous

titaninidhi L1, QUEE, L%@t’(gz‘lﬁ%{éeiﬂfo.ihg ri&%.@aén&?)taﬁﬁ y¢! &Ma0f opghybdenum

(M) and/or tungsten supported on a ca St “carrier 1s

control | ed.pref.erably..at 15 % or re, re eferably at - 40 % on
t he o&“?THBO%‘g%YF dorgy at@é?’ﬁ?u }ﬂﬁ"tﬁzéo@ﬁ%t@éétx (%ﬂp@ﬂ@a?%ét oé%e
supported on a catalyst carrier is controlled preferably at 20 wt% or nore,
nor e Pr ekedBbhnd sthesminturat isg died wnd epleived Hasgiveia cotadist supnomedeere t he
selectivity of the denitrogenation reaction thereby inproving performance of

bot h titlesuhd bxidé waticlohagadpedific budaenatcdat 80\ih&Yg, tahsora Wolithe of O2hel/gri nci pal
catal yst el enents nol ybdenum (M) and/or tungsten (W supported on a

GoL A g8 A48 ) Sk DBk of P08 4 § A "
catalyst for hydrocarbon ocils, a compound yielding ions of an element that shows
catalytic activity for hydrotreating is added as the aforementioned particle growth
mhibiter and the ions of the element in question undergo an ion exchange with the
hydroxyl groups of hydrous titanium oxide.

The compounds to be used for the aforementioned purpose as a particle growth
inhibiter are required to be compounds that yield ions of elements possessing catalytic
activity for hydrotreating; those compounds which yield ions of the principal catalyst
elements molybdenum (Mo) and/or tungsten (W) are indispensable and other
compounds yielding ions of elements which act as promoters include compounds
containing elements of the 9, 10, 13 and 15 groups, preferably a group of elements
composed of iron (Fe), nickel (Ni), cobalt (Co), phosphorus (P), boron (B), platinum (Pt),
palladium (Pd), rhodium (Rh) and ruthenium (Ruw), more preferably a group of
elements composed of cobalt (Co), nickel (Ni), phosphorus (P) and boron (B); these

compounds may be used singly or as a mixture of two kinds or more.
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hydr ocarbon oils. Mreover, in order to obtain a hydrotreating Cﬁijal yst f%r
hydrocarbon oils which gives an excell ent performance in desul $¥aam 249
and denitrogenation with mninmal consunption of hydrogen, the amount of ion
exchange is preferably controlled so that it is 0.06-0.46 atomper 1
titaniumatom for the principal catalyst elenment and 0.02- 0.26 atomper 1

Ui Lani um o4 o Lof LRenBA GIRLEAL BB L8 o0 HndRopahamiaatitlr vislddntam

atom f or princrpal and pronoter el ements. Several
useful methods such_as the follow ng are available for preparin 0 | yst

. suppor e dnoaquecusHOlHI B icfbep GEEBSITHUORS A ?\qurgﬂgﬂﬁsgrit%ﬁ Wac ivity
for hydrotreating; hydrous titaniumoxide is brought into contact wth the

i ons okuthes MO paV O a) POl emdrBOafd darhes imetal clrbonyl pueas syhile

el enent, either together or separately, to effect ion exchange, then the pH
is finally adjuste ¥ ge- ghd T R-andyvhbg plar ddadeofied
produc@bé%%#%i&sgaigggné%%#‘% %&5’1 ai}f/kgrous 36 25 Januar)}j 2006 titanium
oxide is added to a.inpregnating.soluti cont.ai nj t '

pri nci pimentst pOSpessIRE %aixﬁcaa Woé)é %&P‘H@a‘ﬁ%ﬁb‘?@ﬁ%ﬁ&h@ﬁﬁ?&%ﬁ%%ange
Is effected at pH 1-7 or pH 9-11, and the ion-exchanged product is .

filter etipportedesh admitalystoarres) teyeoay bey eweparted oaNhErRaSTIER AN iSUCHSTGt
into contact with the ions of principal catalyst elenents consisting of

ol y DA ep b HopeatbdROBhaA] (ienbefdrocarather, afr oy ihangl beo supparéedf

pronoter e ele romcobalt (Co), nickel (N), phosphorus (P)
cal oi nerans Aoy SR iBRHEE AR RS Ty ar ous i tani um oxi de) pr epar ed i n
Lo gi ve. aThoPoRPoUngs oulsdieg aPIGRPIATY FRGIAS (oV AR sarilf ‘afifnBReF, 1o°
200- S0 amolybeafaee! KNEBOSM@SB500" AHEO0n N aYRLH ANFLIN Ry S
specified configuration, dried at 40-350
molybdate (NasMoOs * 2H=0), molybdic acid (H=MoOs, H=MoOs - H=0),
molybdenum pentachloride (MoCls), silicomolybdic acid (HaSiMo12040 * nH=0),
tungstic acid H2WO.), ammonium tungstate [EINHD4O - 12WO0s - H=20, 3INH)=0
. 19WOs * nH=0], sodium tungstate NazWOa - 2H20), HsPOa, HPOs, H«P=07,
P20s, NH H=PO4, (NH4)2HPO4, (NH4)sPOs - H=20, Ha[POaW120s6] * 5H=0
and salts of heteropolyacids containing Mo or W.

‘The metal salts suitable for yielding metal carbonyl anions include
(NEt)[Mo(CO)s(OOCCHs)], Mo(CO)e-NEts-EtSH, Rus(CO)1=NEteEtSH, ( 7 -
CeHaMe)2Mo2Co28s(C0)a. W(CO)e and W(CO)eNEt="EtSH . The metal salts
suitable for yielding metal cations include nickel nitrate [Ni(NOs)= + 6H=0], nickel
sulfate (NiSOa * 6H=0), nickel chloride (NiClz), nickel acetate [Ni(CHzCO2)= -
4H=0), cobalt acetate [Co(CHsCOz)= + 4H=20), cobalt nitrate [CoNOs)2 - 6H=0],
cobalt sulfate (CoSOa * TH=0) and cobalt chloride (CoCle - 6H=0).

As for the -amount of the aforementioned compounds of elements possessing
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t, preferably at 80-2001, for 0.5-24 hours, preferably 0.5-5 hog ,and. t hen
cal cined at 350-1200 t, preferably at 400-700 C, fory0.5- 24 hoéﬂiqnuawdzoo
preferably 0.5-10 hours. The porous 4 group netal oxide of this invention
obtained in this manner nornmally has a pore sharpness degree of 50% or

nore. Porous titaniumoxide or a porous 4 group netal oxide in which the 4
gr oupcdtalyic Adivitytfod Bpdivtreating thae aldedr s s lpartide growtte gntebitef irb0fdepr mor e

and a pore volunme of 0.2 nl/g or nore, occasionally 0.3 nug or nore, even
when | e ~ u K =Tl ' t&%b' Sirh "D 1+RB
suppoﬁf%ﬁgga%e%%ng%%%mg @%t%f%o&l gf(yt#\g}(%f?lﬁ?% hydrotreating s porous
titani um oxi whi.ch gj ves. excel | ent rforma I n,, desul furj I on and
deni taw@ﬁapg g?ﬁ BENgp eﬁfalﬁ@iﬁmw @QB’S’Q%W @\io %ﬁﬂtﬁ#ﬁ%bﬁ’z% dis
capabl e of renoving both sulfur and nitrogen conponents from hydrocarbon

oi | s sififmrtdédvehya icatdlpst carerens eonfrolgdirmpglenably at 1bawtiooer marpemorer e of
280-4001, a 37 25 January 2006 reaction pressure of 2-15 MPa, an LHSV of

'([)hg %ﬁréférably ap DAY 9G4 R loxdddt basi®TaneD tIsd Anidunlt. ofBeliectotBeagtalyati on of

awngs Fig. 1 is a graph illustrating the relationship between the
heat treat nent enper at u and spec. i f okif.ani a
nylr oCBTBUTTER to € SBEREHL fo A o0 GREEL b onitla e BhaRy 3 200k oh 0

addition of a particle growmh inhibiter. Fig.,2.is a graphi.c nodel

i | | ustacge, mgre Haefesablydat 39'43b%%niql?ga!% mes’gr kasig er do gmese thent N
Fig. 3 is a graph investigating the effect of adding a particle growmh

i nhi bidlestivity ofiyble alemitrogemaiiom meactien bherdy imprayﬁlg)@edgsmanc%lmf thxi de of
Exanples 1 and 9 and Conparative Exanples 2 through 4. Fig. 4 is a graph
|11 ushpallfiatibR 484 addRefirhtionl Wakent fie swhdult 6fnhy abriadigall bstalystt r ogen

renoval 1 n hydroprocessing by the use of the titanic catalyst of Exanples 27
elements molybdenum (Mo) and/or tungsten (W) supported on a catalyst carrier is less

than 15 wt%, it is not possible to obtain the desired hydrotreating activity against
hydrocarbon oils.

Moreover, in order to obtain a hydrotreating catalyst for hydrocarbon oils which
gives an excellent performance in desulfurization and denitrogenation with minimal
consumption of hydrogen, the amount of ion exchange is preferably controlled so that
it is 0.06-0.46 atom per 1 titanium atom for the principal catalyst element and 0.02-
0.26 atom per 1 titanium atom for the promoter element or 0.08-0.82 atom per 1
titanium atom for the sum total of the principal and promoter elements.

Several useful methods such as the following are available for preparing a catalyst
supported on titanium oxide possessing the aforementioned catalytic activity for
hydrotreating; hydrous titanium oxide is brought into contact with the ions of the
principal catalyst element and the ions of the promoter element, either together or
separately, to effect ion exchange, then the pH is finally adjusted to a value in the

range of 3-9 and the ion-exchanged product is molded, dried and calcined; hydrous
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t hrough 30 and 32, the Co/ Mb-al um na catal yst of Conparative Exgg:ﬁl e léqﬁﬁd
the N/ M-alum na of Conparative Exanple 12. Fig. 5is a grap it e
results of electron probe mcroanalysis (EPMA) of the hydrotreating

catal yst obtained in Exanple 38. Fig. 6 is a graph showi ng the X-ray
diffraction pattern of the hydrotreating catal yst obtained in Exanple 38.
Il ~~ ftgniumh osde igadded hoimpgghhting-sohyiodi dhtaningahenans eff theqfrinpalbdenum
oxide (Mb@3). Fig. 8 is a graph illustrating the relationship between the

nitro r I; 2043 pror .
condu%?cgla;sg%}é éltﬁ}{&a%{ége 8€l?%lﬁ;g§ﬁg§xoggﬁg§£’j§28ary ?gg%eﬁé%gnd};?% H§%$and 34
and the Ee | yst of Conparati ve. l,es nd.12 b aryij.ng the
T qut 6 RotdT 1 g e, onserchpnen i iscreds Siodeed Sricoan ol hed

Enmbodi ments of the Invention Suitable nodes of practice of this invention
wi || bhpdoeschismedmcoxde a5 dirpuglat avowbantact: withr threc ionsooft hangipeb eptalystng
exanpl es and conparative exanples. In this invention, a variety of physical

pr opeglehfRts &or&ﬁawg%ﬂﬂablybaéﬁmmmﬁ atdtbr thMekten W) iandrtherivexofimeidnéd

determ ned by the followng nethods. [Pore volune (TM and pore size

oxi b YR el B RERA0R0E BeaR (ol ikt O BosBRbREE, 7
Sihi a2 boTB) She iomexdhingsd bRt S orede iR APH IR vishbur n,
Proc. Natl. Acad. Sci., 7, 115 (1921), H L. Ritter _and L. E_ Drake, Ind.
Eng. Chein hydratis , 4 1groups et pxideo dbydraus Gtamuek egxideld prépeged Thdhe, 41,
780 (1949) and H P. Gace, J. Arer. Inst. Chem Engrs., 2, 307 (1965). .The
Meas UpRIBMEEHNESE nidserals theiu filtage, tdhgtaatedf dAed cnd/ calciried4th Nive and a

porous 4 group metal oxide (porous titanium oxide) and here the hydrous 4 group

metal oxide is dried or dehydrated to the water content of 200-900 wt%, preferably

250-600 wt%, on the solid basis, molded into a specified configuration, dried at 40-350

C, preferably at 80-2007C, for 0.5-24 hours, preferably 0.5-5 hours, and then calcined

at 350-1200 C, preferably at 400-700 C, for 0.5-24 hours, preferably 0.5-10 hours.

The porous 4 group metal oxide of this invention obtained in this manner normally
has a pore sharpness degree of 50% or more. Porous titanmium oxide or a porous 4
group metal oxide in which the 4 group metal M is titanium (T) has a pore sharpness
degree of 50% or more and a pore volume of 0.2 ml/g or more, occasionally 0.3 ml/g or
more, even when calcined at 500 “C for 3 hours.

Titanium oxide of this invention supporting an element having catalytic activity for
hydrotreating is porous titanium oxide which gives excellent performance in
desulfurization and denitrogenation as a hydrotreating catalyst for hydrocarbon oils
and is capable of removing both sulfur and nitrogen components from hydrocarbon

oils effectively in the presence of hydrogen at a reaction temperature of 280-400C, a
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contact angle of 140" while varying the absolute nercury press e from ?38
to 414 WMPa. [Pore sharpness degree] A cunulative pore distrib J@H Yy 8
nmeasured by a nmercury porosineter and the pore dianmeter at 1/2 PV of the
total pore volune (TPV) or the nedian dianeter is obtained fromthe
ordi nate denoting the cunul ative pore volunme and the abscissa denoting the
por e fhzetiBh @redsite of I 5 MPAGH hHEV th@300rte Vohnde Hyvdervabtatiowd0rn  t he
range of the pore diameter within 5% of the logarithm c value of the nedian
39 2556 A Y 2006 di aneter is obtained and the pore sharpness degree which
shows“Sharpness of pore distribution is obtained fromthe pore volunme (PVM
and the total pore volune (PVT) as follows; Pore sharpness degree = [pore
vol une (PVM/tot al pore volune (PVT)] X 100. The pore sharpness degree

d. 3 fact or for evaluating the degree of pores opti nal

| e ARy pore volune and the greater the pore

shar pness degree the sharper the pore distribution becones or the nore
favorabl e the situation beconmes. [Crystal structure] The crystal structures
of the catalyst and the_catalyst carrier were determ ned by X-ray
di f f r actfogetlr ys i tgrapheilkistrabhgathe melationship, betaseero t&@ahﬁ%ﬁbltﬁea@m@ﬁf
Phillips. [Specific surface area] The threepoint BET specific surface area
of potepuserhtinenindrtioxssteifivasirfies eirgh o€ the titdria thydresoll wdfictawas wbtainednt
Macsorb Model 1201 avail able from Mountec. The nethod is described in

(gﬁ;m JJ;SEQa@lB%@IQ %@%ﬁ?%gg?te@[%%\ég laﬁﬁhe L of gﬁféxﬁcﬁrﬁo&h ThibRen  J. AM

Fig. 2 is a graphic model illustrating the method for obtaining the pore asymmetric

coefficient N.

Fig. 3 is a graph investigating the effect of adding a particle growth inhibiter to
hydrous titanium oxide by the use of porous titanium oxide of Examples 1 and 9 and
Comparative Examples 2 through 4.

Fig. 4 is a graph illustrating the relationship between the sulfur removal and the
nitrogen removal in hydroprocessing by the use of the titania catalyst of Examples 27
through 30 and 32, the Co/Mo-alumina catalyst of Comparative Example 11 and the
Ni/Mo-alumina of Comparative Example 12.

Fig. 5 is a graph showing the results of electron probe microanalysis (EPMA) of the
hydrotreating catalyst obtained in Example 38.

Fig. 6 is a graph showing the X-ray diffraction pattern of the hydrotreating catalyst
obtained in Example 38.

Fig. 7 is a graph showing the X-ray diffraction pattern of molybdenum oxide
(MoOs).

Fig. 8 is a graph illustrating the relationship between the nitrogen removal and the

hydrogen consumption obtained in the tests conducted on the titania catalyst of

38




The p
mer cu

ore volune of porous titanium oxide was determned with th&;}{d
ry porosineter, Autopore 9200 avail able from Shi madzu Corp

s 2Gbe

accordance with the method based on nercury penetration under pressure. The
d is described in detail in E. W Washburn, Proc. Natl. Acad. Sci., 7,
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1921), H L. Ritter and L. E. Drake, Ind. Eng. Chem Anal., 17,

782,

E4mpled 33 &nd Baaltel thelaidmifan gatalyise of Combaratd@ Exaplesdichrtd 12Pby Gr ace,
J. Aner. Inst. Chem Engrs 2, 307 (1965). The neasurenents were nade at a
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[Pore volume (TPV) and pore size distribution]

The pore volume and pore size distribution of porous titanium oxide were
determined by the method based on mercury penetration under pressure with the aid
of an instrument, Autopore 9200 available from Shimadzu Corporation. The method is
described in detail in E. W. Washburn, Proc. Natl. Acad. Sci,, 7, 115 (1921), H. L. Ritter
and L. E. Drake, Ind. Eng. Chem. Anal, 17, 782, 787 (1945), L. C. Drake, Ind. Eng.
Chem.,, 41, 780 (1949) and H. P. Grace, J. Amer. Inst. Chem. Emgrs., 2, 307 (1965).
The measurements were made at a surface tension of mercury of 048 N/m and a
contact angle of 140° while varying the absolute mercury pressure from 0.08 to 414
MPa.

[Pore sharpness degree]

A cumulative pore distribution curve is measured by a mercury porosimeter and
the pore diameter at 1/2 PV of the total pore volume (TPV) or the median diameter is
obtained from the ordinate denocting the cumulative pore volume and the abscissa
denoting the pore diameter (A). Following this, the pore volume (PVM) contained in
the range of the pore diameter within £5% of the logarithmic value of the median
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the cylindrical extruded form Exanple 1 (Step for synthesis of _hydrous
titani um oxide particles) Silicon tetrachloride (Sid4) was us egP fanuary 2006
particle growth inhibiter of hydrous titaniumoxide. |Ib a vessel containing
5500 g of an aqueous solution of silicon tetrachloride (concentration of
silicon, 0.29 g/l conmputed as Si.2) were added 165 g of 41 25 January 2006
an aqdeanstes a$ vbiadedhnd ithe Povenshetpred degredewhichhslweosteephest ofoporef 500
g/1 and 166 g of 14 wt% amoni a water to synthesize a hydrosol slurry of
hydr o 3 i i da. [ & . A pH
SW ngagsgépgﬁ%#%\/\ﬁla%ﬁl %gr%@@ﬁbggpﬁﬂg}‘%ﬁm ?Hsiltg? %Q%Peﬁjyﬁ)rng%% I'tani um
oxi de t?:jﬁ obt ai ned by adding 165 g of an aqueous solution of titanium

t et r aBh with a concentration of 500 g/1, returning the pHto the

di ssol ving range of hydrous titaniumoxide on the acidic side, and then
addi ng IBseghafpriess degtea mipnieavalamer( PV shalfrore welupre GV Dhe >%$1Q0.ry to the
precipitating range of hydrous titanium oxide on the alkaline side, and

anot her T sieBafitficd Hbsite WRENBE hERY E2ted £ QMG e EPMSatih tRE Hbgrepxi de
particles. The pHof the final hydrosol slurry of hydrous trtani um oxide

was adj d t. : t e f.or fiil. Lon [ lLzed

nyar oCbPOE opbRafon Pl Bactfh relaiibe B pROGIREpBRANE, EURERIRE T 1 o

water to renove chlorine and, ammonium ions_and the procedure of filtration

and wRew § sp @dthenisbarperi the ppre fdlw&wpan 08sc OF dhegBi&ea gel of
hydrous titanium oxide which had a water content (structural water + free

wat er Javofalde bhewittatom bdvermms] i d basis. (Step for extrusion nolding) The gel

of hydrous titanium oxi de synthesized by application of the pH sw ng )

[Crystal structure]

The crystal structures of the catalyst and the catalyst carrier were determined by
X-ray diffractometry with the aid of an instrument, PW3710 available from Phillips.
[Specific surface areal

The three-point BET specific surface area of porous titanium oxide was determined
with the aid of an instrument, Macsorb Model 1201 available from Mountec. The
method is described in detail in an article by S. Brunauer, P. H. Emmet, and E. Teller,
J. Am. Chem. Soc., 60, 309 (1938).

[Pore volume (TPV)]

The pore volume of porous titanium oxide was determined with the aid of a
mercury porosimeter, Autopore 9200 available from Shimadzu Corporation, in
accordance with the method based on mercury penetration under pressure. The
method is described in detail in E. W. Washburn, Proc. Natl. Acad. Sci,, 7, 115 (1921),
H. L. Ritter and L. E. Drake, Ind. Eng. Chem. Anal,, 17, 782, 787 (1945), L. C. Drake,
Ind. Eng. Chem., 41, 780 (1949) and H. P. Grace, J. Amer. Inst. Chem. Engrs,, 2, 307

(1965). The measurements were made at a surface tension of mercury of 0.48 N/m
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operation was nolded into a cylindrical formby the use of a pi Rntw)f
gel extrusion nolder equipped with a 1.8 mmdi aneter die. (St e%"té nyiary 2006
drying and calcining) The cylindrical nolded formof the hydrogel of

hydrous titani um oxi de obtained in

a dryer at 120 C for 3 hours and the dried 42 25 January 2006 form was

cal ci

red 4 BordtActeheglerdf d40venvitle PAGIrg flay aBsdhaier Betry ipressues diwen 0idBani um

oxide. The calcined formwas allowed to cool in a desiccator. The

prope%i% 3 athe porous titani um oxi de thus obtained are.shown in Table 1.
anple 1 Raw material speciesTiCl4 x in conposition fornula0O.78
1g[ﬁrrposi tion formyl alzl}\ﬁ PropertiesTi tani um oxi de content (wt % 97. 3
C@g%ﬁ@n@ 87 Pore volune (TPV)(m /g)0.36 Pore sharpness
degree(% 78 Exanple 2 Porous titani umoxide was obtained as in Exanple 1

[ Tabl e

y in
Speci

ereARy BRIy

wi th t heTkxperptdsymmeétriesioafficient Nadefamedsby N wtAocC)EB -pfhosahdstameddiram

(concentration of phosphorus, 0.25 g/l conputed as P2Cb) as a particle

gr owt fpig nhi Ghdvéih, Oghe%ﬁlﬁﬁﬁﬁsﬁil t BEtarh Ol @uaidatiSe tidrd ydliifies B RS)S

tenperature at 85

obt ai
obt ai

e properties of the porous titani um oxide thus
ed ar.e own_in Table 2.  Exanpl.e 3 Porpus titan um oxid S
Aetprlfed B mistetd hetpRimaer AR dBe okt Pt (AbSHh ehgrEsctlin
logarithm). That is, the logarithmic values of the pore diameter corresponding to the

50% pore volume, 2% pore volume and 98% pore volume were respectively taken as A,
B and C and the pore asymmetric coefficient N was expressed as the ratio of the
distance between C and A to that between B and A.

[Mechanical strength (Side Crushing Strength:SCS)]

The mechanical strength (Side Crushing Strength:SCS) was determined with the
aid of a Kiya strength tester. A cylindrical extruded form with a length of 6 mm or less
was compressed by a disk with a diameter of 10 mm and the mechanical strength
was obtained by dividing the load applied at the time of breakage by the length of the
cylindrical extruded form as follows;

SCS=W/L
wherein W (kg) is the load applied at the time of breakage and L (mm) is the length of
the cylindrical extruded form.

Example 1
(Step for synthesis of hydrous titanium oxide particles)

Silicon tetrachloride (SiCle) was used as a particle growth inhibiter of hydrous
titanium oxide. To a vessel containing 5500 g of an aqueous solution of silicon

tetrachloride (concentration of silicon, 0.29 g/l computed as SiO=) were added 165 g of
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an aqueous sol ution of magnesi um chl ori de hexahydrate (concentrgfion of
magnesi um 0.08 g/l conmputed as MJO) as a particle growth inhi bfé.éqnua;yZOOG
hydrous titanium oxide, setting the synthesis tenperature at 1001,

perform ng the pH swing operation tw ce under such conditions as to produce
t he same anobunt of hydrous titaniumoxide as in Exanple 1 and adjusting the
pH of ah quédusadohiityst ofstitianilr rtetraciiloritly evithua condeniationfi500 glaril 18Bg25
January 2006 The properties of the porous titanium oxide thus obtained are

anuary 2006 The pr orous ¢ Lani h |
Beanpflt Wi friment RIRE fo nitfel? o M AN MK OF HYR i R AL B

chl orjigde di hydrate oncenf.ration ocal cium 0.17 g4 conputed as CaO) as a
parti uﬁfﬁé@?@@’n SW’&’T‘%@@ (t%i tani um oxi de, setting the synthesis
tenperature at 120C, perform ng the pH swing operation six tinmes under such
condi t i ¢npHaswing qpevatiore wasep edno the dify | slusryt of bydrons ditadizinas i n
Exanple 1 and adjusting the pH of the final hydrosol slurry of hydrous

titanhgde eius6btaliredby A8y PEBEf 8% Afudons sBRiteMSofttithallind fegstlderidlous
obtained are shown in Table 2. "Exanple 5 Porous titani um oxi de was obtai ned

aht o PR A RuerhalioR Rt bR SR aR H HE e ¢BE BUIRRE (SR MBS 6 ' 0T
F erpeHisiie. G g 1he aHgicee ST GenrsbRE SPo it T He? SHRBPUE S Bory of
hydrous titaniumoxide to 8. The properties of the porous titanium oxide
t hus ghiftaheqd] of ¢he blnmry totheapreeipitatmaamge oof hyforusustapivani:ode onitie was
obtained as in Exanple 1 with the exception of using ;
alkaline side, and another pH swing operation was performed to give hydrous
titanium oxide particles. The pH of the final hydrosol slurry of hydrous titanium oxide
was adjusted to 5.
(Steps for filtration and washing)
The synthesized hydrosol shurry of hydrous titanium oxide is filtered, washed with
7.5 1 of water to remove chlorine and ammonium ions and the procedure of filtration
and washing was repeated twice. Finally, filtration by suction gave a gel of hydrous
titanium oxide which had a water content (structural water + free water) of 300 wt%
on the solid basis.
(Step for extrusion molding)
The gel of hydrous titanium oxide synthesized by application of the pH swing
operation was molded into a cylindrical form by the use of a piston type gel extrusion
molder equipped with a 1.8 mm-diameter die.
(Steps for drying and calcining)
The cylindrical molded form of the hydrogel of hydrous titanium oxide obtained in

the extrusion molding step was dried in a dryer at 120 C for 3 hours and the dried
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an aqueous sol ution of zirconium oxychl oride octahydrate (conceptration %f
zirconium 0.33 g/1 conputed as Zr2) as a particle growth i nhdhyanuar$006
hydrous titani umoxide and setting the synthesis tenperature at 140 C. The
properties of the porous titanium oxide thus obtained are shown in Table 2.
Exanple 7, 44 25 January 2006 Porous titani um oxide was obtained as in

Exanpfoemlwaitdaldhel éx aandle@iic Pveti%it§00 dD for Beltuit's $0/givd porovk titanganese
chloride tetrahydrate (concentration ormanganese, 0.22 g/l conputed as MO

as a i o6 | .nhi_hi I j.um oxi de, .~setting the
synt hg’gﬁé mn‘cpagéﬁ%\ﬁ?oéﬁ;wa?ﬁggg%eaper orngnﬂfldg';3E c{:f'%BpH SWi ng operati on twi ce
under suych conditfio as to oduce amount o hydr tanl um
oxi de as hepropsiias ogshemmua @’“Bﬁéﬁw SY&/‘HP “slurry of
hydrous titani um oxide to 8. The properties of the por ous tltanl um oxi de
thus [ablé Hled are shown in Table 2. Exanple 8 Porous titanium oxide was
obt ai ned as ih—Exarpte—1wththe—exeeptton—of—ustng—an—agueous sol uti on of
al um num chl gri de (concentration of alum num|0.30 g/ 'anm?,'bﬂmut ed as Al1203)
as a particle giaq,wﬁalggr,grgp;ckgster of hydrous titani um gxide, setting the

synt hesi s tenperatureat—40trand adjusting te pHOft fTinal hydrosol
slurry of hy drd FemRopttion SR dxide ta 7 The ptopertiles G t he porous

titani um oxi ceyEMGpoQMmrmd are shown in Table 2. |[ Taldlbe 2] Exanpl e
2Exanpl e 3Exanple gFX %Egl e Rﬁ .WEx?Je C@Ateépe,l @@;l)_l T4T7d,61, O TiCl4 x in

conposi tion flornmul a0. 300-55—y—R—~eefppst{rof—ermtal2. 512. 513. 012. 7

Specific surface area (m*/g 187
Pore volume (TPV) (ml/g) 0.36
Pore sharpness degree (%) 78

Example 2

Porous titanium oxide was obtained as in Example 1 with the exception of using
an aqueous solution of phosphoric acid (concentration of phosphorus, 025 gl
computed as P=0s) as a particle growth inhibiter of hydrous titanium oxide and
setting the synthesis temperature at 80 C.

The properties of the porous titanium oxide thus obtained are shown in Table 2.

Example 3

Porous titanium oxide was obtained as in Example 1 with the exception of using
an aqueous solution of magnesium chloride hexahydrate (concentration of
magnesium, 0.08 gl computed as MgO) as a particle growth inhibiter of hydrous
titanium oxide, setting the synthesis temperature at 100C, performing the pH swing
operation twice under such conditions as to produce the same amount of hydrous
titanium oxide as in Example 1 and adjusting the pH of the final hydrosol slurry of

hydrous titanium oxide to 8.
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PropertiesTitani um oxi de content (w % 97.598. 897. 197. 7 Specifi cogssgjface

ar ea( nz/ g) 1589397134 Pore vol une (TPV) (ni/g)0.330. 330. 800. 34 PN A8,
degree(% 61705579 Exanpl e 6Exanpl e 7Exanpl e 8 Raw materi al

speciesTiCl4Ti Cl14TiCl4 x in conposition formula0.500.651.0 y in conposition
formul al2. 812. 612. 3 PropertiesTi tani um oxi de content (w % 97. 197. 697. 3

Por o shar AHEdoaeE T B fiiros Hierin SRR Shs by e o R ol s i

Tables 1 d 2, titanium oxi de whose preparation is the target of this
inventionigﬁﬁllﬂeﬁurity of 97 wt% or nore, a specific surface area of 80
m2/g or nore, a pore volune (PVT) of 0.3 nug or nore and a pore sharpness
degree of Pob\% titarinfe oxibsan ebtairRer asisn HExzamplent exibdthevaxcapitioni efeesing i n
Exanple 1 with the exception of using an aqueous solution of silicon
tetrac ri centrat i on of 19ik] i a
GG g iR AbiHE Py a8 (Ghbeg@amt off caRul O g% &

particle gr Fnhlro ous trtanium oxide. The properties o
porous titaniym oxi thus obtai ned ar hown in Table .3.  Exanpl or ous
titani FRPIRY ﬁﬁaéa@g@%ﬁrl’@éhgg 4% g}bﬁb 1%% Oﬁg@%f’%ﬂgﬁ%ﬁﬂé%g an
aqueous solution of silicon tetrachloride (concentration, of silicon, 0.02
g/ | corayuithesis sempettyrant 18085 pevforming ithe pdd sueng PRETAIPNSIXHHEP MHAEE
0.09 g/l conputed as .

such conditions as to produce the same amount of hydrous titanium oxide as in

om)]

Example 1 and adjusting the pH of the final hydrosol slurry of hydrous titanium oxide
to 8.

The properties of the porous titanium oxide thus obtained are shown in Table 2.

Example 5

Porous titanium oxide was obtained as in Example 1 with the exception of using
an aqueous solution of barium chloride dihydrate (concentration of barium, 0.24 g/
computed as BaQ) as a particle growth inhibiter of hydrous titanium oxide, setting the
synthesis temperature at 140°C and adjusting the pH of the final hydrosol sharry of
hydrous titanium oxide to 8.

The properties of the porous titanium oxide thus obtained are shown in Table 2.

Example 6

Porous titanium oxide was obtained as in Example 1 with the exception of using
an aqueous solution of zirconium oxychloride octahydrate (concentration of zirconium,
0.33 g/l computed as ZrO=) as a particle growth inhibiter of hydrous titanium oxide
and setting the synthesis temperature at 140 C.

The properties of the porous titanium oxide thus obtained are shown in Table 2.

Example 7.. -

44




P20b) as particle growmh inhibiters of hydrous titani um oxide, zﬁti n&é&%
synthesis tenperature at 80 C and perfornming the pH sw ng operal {32

ti mes under such conditions as to produce the sanme anmount of hydrous
titaniumoxide as in Exanple 1. The properties of the porous titani um oxide
t hus obtained are shown in Table 3. Exanple 11 Porous titanium oxi de was

obt ai neda@sud BrEaAPLAS Wi bthhedexsapExampé 1usithgheaxcasticooSusingut i on of
silicon tetrachloride (concentration of silicon, 0.15 9/1 conputed as

Si2), calciumeghlori i . €0 ' oI I
compupRatyo Tt b Rl AL T RS At GREh W hboell,
magnesi um 0.04 g/l ¢ uted as MO as, a partic rowt,h i nhibiter while
usi ng02%e2/heprepuedsan r@na%@ paaﬁ%gcﬁre%é ]%JB‘SV@%P% F‘M&‘Wé R@DBInIdE i hesi s,
setting the synthesis tenperature at 100 46 25 January 2006 C, perform ng

t he phetsinrthe epatlasistompersture aed80ndepedachingdhdiphl swsngieparatipn dgee t he
sane anount of hydrous titaniumoxide as in Exanple 1 and adjusting the pH

of  theqkt Ddh @a&%@'as%ﬂgga%(%fth'amﬁnbhﬁ@aﬁ 155@1@& gieariiony oxidb@smioper ti es

of the porous [ ani um oxi us obtained are shown in Table 3. Exanple 12
Por ous, titanium,xj.de. wag ohtrai.ned.as, i n Ex | ] dgn of

pr epaﬁxﬁﬂlﬁ%ﬁg W%‘é%"’%ﬁl?rﬁ 03&%%3&&@?@%@@%@%&%@& g%lﬁgg a
particle growh inhibiter of hydrous titanium oxide and usi nhg an aqueous
sol ut k@B of silicon tetrachloride (concentration of silicon, 0.03 g/1
conputed as Si2), calciumchloride (concentration of calcium 0.03 g/l
conput edlaspiopEiticsnd thepaesi titasino viide the obtedred arei showef infkae i um 0. 01
g/l conmputed as MgO as washing water in the step for washing the titanic

hydr OgelEﬁJ]ﬁfn The properties of the porous titanium oxide thus obtained
are shown 1n I?ﬁ)l e 3. Exanple 13

Porous titanium oxide was obtained as in Example 1 with the exception of using

an aqueous solution of aluminum chloride (concentration of aluminum, 0.30 gl
computed as Al=Os) as a particle growth inhibiter of hydrous titanium oxide, setting
the synthesis temperature at 40 ‘C and adjusting the pH of the final hydrosol slurry
of hydrous titanium oxide to 7.

The properties of the porous titanium oxide thus obtained are shown in Table 2.

[Table 2
!7 Example 2 | Example 3 | Example 4 | Example 5
Raw material species TiCl, TiCl, TiCl, TiCl,
x in composition formula 0.75 0.80 0.30 0.55
y in composition formula 12.5 12.5 13.0 12.7
Properties Titanium oxide content (wth) 97.5 98.8 97.1 97.7
Specific surface area (m¥/g) 158 93 97 134
Pore volume (TPV) (ml/g) 0.33 033 0.80 034
Pore sharpness degree %) 61 70 55 79
Example 6 | Example 7 | Example 8
Raw material species TiCl, TiCl, TiCl,
x in composition formula 0.50 0.65 1.0
y in composition formula 12.8 12.6 12.3
Properties Titanium oxide content (wt%) 971 976 97.3
Specific surface area (m¥/g) 125 100 114
Pore volume (TPV) (ml/g) 0.33 0.42 0.37
Pore sharpness degree %) 76 60 78
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The washed hydrogel of hydrous titani um oxi de was obtained as i anpl
with the exception of not using a particle growth inhibiter of 2?/5;’5%500]6
titaniumoxide. To 50 g as T1Q2 of the hydrogel of hydrous titanium oxide
[water content (structural water + free water), 300 w % on the solid basis]
was added 0.92 g conputed as P2Cs of anmoni um di hydrogen phosphate powders
as 3 parf &l AU EambRRIRM:Blesthd DEENRUMPHSIX WRRAS Brdarditie ithe

honmbgeneous m xture. ereafter, t sanme procedure as in Exanple 1 was
foll oywed to.gi.ve porous, titani um oxide., Exanple 14 A.dri ed-nol ded for m of
nyclr odeeet O s An BRI bt RSBy Ty Bon arpesitia it are e 8 00 m
of a solution of phosphoric _acid (concentration of phosphorus,_ 4.8 47 25
JanuamyZ/goaneye, amn@u@bmea@\ﬁi)oﬁb%ﬁﬂgtwfén@@fma pire ghaspoessrdegnge exanpl e 1
was followed to give porous titanium oxide. The properties of the porous
titani5om epdndee.t hus obtained are shown in Table 3. [Table 31 Exanple
9Exanpl e 10Exanple 11 Raw material speciesTid4TiA4TIC 4 x in conposition

f or mul aOp780Q.. .13 y in conposition fornulal2.512.913.2 PropertiesTitanium

|19)

oxi de corﬁ’t"’eln'c};é 99 98. 497. 497.1 Specific surface area(nk/g) 1098297 Pore

volume (JPV)(m/g)0.330.810.88 Porge sharpnes egree(% 736352 anpl e
12Exarrp|%3r99E§1§%%‘P§1 PHARFAF AP a%%mﬁéqﬂ%%&‘ﬁ fogryon %H&%ﬁosi tion
f ormul a0. 780. 780. 78

an aqueous solution of silicon tetrachloride (concentration of silicon, 0.05 g/l computed

M

as Si02) as a particle growth inhibiter of hydrous titanium oxide.

The properties of the porous titanium oxide thus obtained are shown in Table 3.

Example 10

Porous titanium oxide was obtained as in Example 1 with the exception of using
an aqueous solution of silicon tetrachloride (concentration of silicon, 0.02 g/l computed
as SiO=) and phosphoric acid (concentration of phosphorus, 0.09 gl computed as
P=0s) as particle growth inhibiters of hydrous titanium oxide, setting the synthesis
temperature at 80 C and performing the pH swing operation six times under such
conditions as to produce the same amount of hydrous titanium oxide as in Example 1.

The properties of the porous titanium oxide thus obtained are shown in Table 3.

Example 11

Porous titanium oxide was obtained as in Example 1 with the exception of using
an aqueous solution of silicon tetrachloride (concentration of silicon, 0.15 g/l computed
as SiOs), calcium chloride dihydrate (concentration of calcium, 0.15 g/l computed as
Ca0) and magnesium chloride hexahydrate (concentration of magnesium, 0.04 g/l
computed as MgO) as a particle growth inhibiter while using the aqueous solution as

an aqueous solvent in the step for synthesis, setting the synthesis temperature at 100
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y in conposition formulal2.512.5- PropertiesTitani um oxide

cont ent (Wt % 97. 697. 497. 4 Specific surface area(n2/g) 146162167 PoY¥anyay 006
(TPV) (m /g)0.320. 340. 36 Pore sharpness degree(% 826056 Exanples 10 and 11
relate to the cases where a plurality of particle growh inhibiters of
hydrous titani umoxide are added to the synthesis solvent, Exanple 12 to

t he c&3penbemengthrapHiswing gpemsttioni rihe binher wedertyydh eosditiohans toprodude i s
added during washing of the gel and Exanples 13 and 14 to the cases where a

parti it RRFR s .'t'éngﬁﬂ : RYSmb ' ' di ng

W th %is%gﬁ%ﬂ&mt{b?gﬁl um tl(lzm e ggﬁl egarlé)?{rrpreghg% ?%ﬁ%ﬁﬁgglﬁeﬁ% tgj?i al. In
each casg, .titani oXIi ose,., pr.eparatipon.is the target of this invention
has a&ﬁﬁ?@b’yﬁo@?%‘%gﬁ‘yﬁP@n B’E‘c?’?‘&%a)gurface area of 80 n2/g or nore,
a pore volunme (PVT) of 0.3 m/g or nore and a pore sharpness degree of 50%
or nor e Thegrepertieswithe paoas Ghmpanaoiide tiwaophmed srersbogntintFableida oxi de was
obtained as in Exanple 1 with the exception of synthesizing hydrous

titani umExaxisle 19nly in one reaction in an amount corresponding to that
obtained aft'er three pH swing operations in Exanple 1 without using a

) B 5 PP IR T o g o
obt ai PEHIENE SieodrGsoh AGEY 41 Iesmise fseriyen fSridh, FathoBoRgs 3 PRSI oxi de
was obtained as in Exanple 1 with the exception of using_  an agqueous
sol ut growthfinkibitercof hystroag hitamiue owiderard vemgem rguears sdlubio ©d sgicen conput ed
tetrachloride (concentration of silicon, 0.03 g/l computed as SiO=), calcium chloride -
(concentration of calcium, 0.03 g/l computed as CaO) and magnesium chloride
(concentration of magnesium, 0.01 g/l computed as MgO) as washing water in the step
for washing the titania hydrogel slurry.
The properties of the porous titanium oxide thus obtained are shown in Table 3.
Example 13
The washed hydrogel of hydrous titanium oxide was obtained as in Example 1
with the exception of not using a particle growth inhibiter of hydrous titanium oxide.
To 50 g as TiO= of the hydrogel of hydrous titanium oxide [water content
(structural water + free water), 300 wt% on the solid basis] was added 0.92 g
computed as P=Os of ammonium dihydrogen phosphate powders as a particle growth
inhibiter and the two were kneaded to give a homogeneous mixture. Thereafter, the
same procedure as in Example 1 was followed to give porous titanium oxide.
Example 14
A dried molded form of hydrous titanium oxide corresponding to 50 g as TiO= was

immersed in 200 ml of a solution of phosphoric acid (concentration of phosphorus, 4.8
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as SiI2 in the step for the synthesis of hydrous titanium oxide._ The
properties of the porous titanium oxide thus obtained are show?dJanygy 200§
Conpar ati ve Exanple 3 Porous titanium oxi de was obtained as in Exanple 1
with the exception of using an aqueous solution of silicon tetrachloride
with a concentration of 0.60 g/1 conputed 49 25 January 2006 as SiQ2 in the
step f L6 ' ' | sFExafiplenl aperfollesedto give

por ous Q%Ogﬁ?ﬁyn%%%gégﬂé%&o tl‘aé;éﬁg%ﬂg?gwség%?m@ in Table 4. Conpar ati%le
Exanpl e 4 Porous, titan um oxi de was obtained as in Exanple 1 with the
except RSOV LLBBUWR OXI46- t he pH of the final hydrosol slurry of hydrous

titaniumoxide to 8 in the step for the synthesis qf hydrous t'Lbingum
oxi de. Th@hprmmerti@sofmhepmmmdﬁanmmioo@dafﬁmsmht@@edmgS B‘f*’ﬁlilﬁerta § & shown
in Table 4. Conparative Exanple 5 Porous titanium oxide was obtained as in

Exanpl gﬁbw ]h t he exception of using an aqueous sol ution of magnesi um
chloridée"Wth a concentration of 0.08 g/l conputed as MO in-the—step—for

J =N ATL 1
the synthesis of hydrous titani um oxide| and ad] GsanetecP i Hfeepaie 14 E¥aﬁfﬂ'°1” nal
hydr oSOl Rl HefeYialGhect¥drous titani um oxi de to 4, ThélLproperfi¢les of fikk porous

titani UM oXLdRtbUS-@Ptarned are shown | n Tabl g 4078 [ Tabl e0.35] Cpnpddatiye

Conpar m)u{iﬁqu\ﬁgsimg_rpgt | VE Exarrpl‘ 2] J.I:?(i’i.rrpl 3 ZExarrpLe1§5 Ray mafzer i a 13.2
SPeCi s o e o I o ST S oo T BRI AL 300 790 784 97,
Specific surface area (m*/g) 109 82 97
Pore volume (TPV) (ml/g) 0.33 0.81 0.88
Pore sharpness degree (%) 73 63 52
Example 12 | Example 13 | Example 14
Raw material species TiCl, TiCl, TiCl,
x in composition formula 0.78 0.78 0.78
y in composition formula 12.5 12.5 -
Properties Titanium oxide content (wt%) 97.6 97.4 97.4
Specific surface area (m*/g) 146 162 167
Pore volume (TPV) (ml/g) 0.32 0.34 0.36
Pore sharpness degree (%) 82 60 56

Examples 10 and 11 relate to the cases where a plurality of particle growth
inhibiters of hydrous titanium oxide are added to the synthesis solvent, Example 12 to
the case where a particle growth inhibiter of hydrous titanium oxide is added during
washing of the gel and Examples 13 and 14 to the cases where a particle growth
inhibiter is added to porous titanium oxide by kneading with the hydrous titanium
oxide gel or impregnating the dried material. In each case, titanium oxide whose
preparation is the target of this invention has a purity of 97 wt% or more, a specific
surface area of 80 m2/g or more, a pore volume (PVT) of 0.3 ml/g or more and a pore

sharpness degree of 50% or more.
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y in conpositi on formul al2. 012.512. 5 PropertiesTitani um oxi de

cont ent (wt % 99. 299. 295. 4 Specific surface area(n®2/g) 6067199 Por#° Y¥IUaRE2006
(TPV) (m /g)0.160. 150. 28 Pore sharpness degree(% 717548 Conparative
Conparative Exanple 4Exanple 5 Raw material speciesTiCl4TiCl4 x in
conposition fornmula0.750.75 y in conposition fornmulal2.512.5
PropertiesTitani um oxi de content (w % 88.999. 2 Specific surface

area(nk/ g) 22478 Pore volume (TPV)(m/g)0.360.17 Pore sharpness degree(% 4574
50 25 Janu@snpafilivedirgapki]l ve Exanple 1 was prepared without addition of a
particle grovvt h | nh| biter of hydrous titanium oxide. The specific surface

area in %\a%'d% WakSoitafed bham $%aridle. 1 Gaithaklss iexeepti@mife 2
e Case

relates to ere the addition of a partlcle growh inhibiter is

| ess than 1wt(V and t specific syrt I )twﬂfﬁ ile
Conpar aﬁ“\} ?1 gﬁ@nﬁnﬁl erﬁ%nﬁlﬁ@e?é S]gr%f?'hn 38 }g Cg?ém
particle wthlnhlblter S m)rethan3wt%and he titani um

oxi de i 0] % obkained 7aftgrothres il singe OpSEARSNS 15 Eé@‘?ﬂ@ %&ﬁﬂ%‘%&@@ Bwhere a
particle growth inhibiter of hydrous titani umoxide which is presumably

pr esent pastide! groaitknnhititeri afnlydrous itasjurn hesds ol vetitousrperfamesguanpH

chl ori de hexahydrate was added and
swing operation and adjusting the pH of the hydrosol slurry of hydrous titanium oxide
to 7.
The properties of the porous titanium oxide thus obtained are shown in Table 4.
Comparative Example 2
Porous titanium oxide was obtained as in Example 1 with the exception of using
an aqueous solution of silicon tetrachloride with a concentration of 0.009 g/l computed
as SiO= in the step for the synthesis of hydrous titanium oxide.
The properties of the porous titanium oxide thus obtained are shown in Table 4.
Comparative Example 3

Porous titanium oxide was obtained as in Example 1 with the exception of using

an aqueous solution of silicon tetrachloride with a concentration of 0.60 g/l computed




the pH of the final hydrosol slurry of hydrous titani um oxi de was adjusfed
to 4 which is lower than the isoelectric point of anatase crys?%l’%“‘léﬁﬂ£qq6
is seen that very little nagnesiumwas taken into titanium oxide under this
condition. The effect of adding a particle growh inhibiter of hydrous
titaniumoxide will be explained on the basis of the results obtained in

Exanpl 256i0-313h8 stpdoftiiddrhédi€of ydons tsardubhsddah 4. To a vessel

cont ai ni ng 5500 g of water was added 150 g of an aqueous sol ution of sodium

silicatemM. th n ration..of . I : d to 4 by
addi ng a@%@@%ﬁ%ﬁ@?ﬁé p?%‘#‘%ﬁtg%l%g%%(g{eft&ru}s %B%élltl%f?'gé_%ﬁf% ggd%@ragléol slurry
of hydroys silicon oxide, Thereafter, the sane addi ng procedure as the

f or egoi néomgrat@ffeﬁmpet% ce or the pH swing operation was repeated three
times to give a hydrosol slurry of 51 25 January 2006 hydrous silicon oxide.
Af t er t hPsroukhitamiosedxide whs Bobiained as vias Fikatdpdeveld with gihee exgeptionsofsi | i con
oxi de. The porous silicon oxid4 with a purity of 99.4 w % thus obtained had

a Specaidﬁ'ﬁﬁ:%tih%g%?yﬁﬂf‘@ﬁﬁl : oﬂéﬁ:@ BehyRe6s btanitH 5866 taB8A thé s@pm xture

of this porous Silicon oXide "and the porous titaniumoxide with
a puri of 99. 2. 0] repared i n,Conparative Exanple 2 can be expressed
by thg&?ﬁ}}? %?h%%&@ﬁ?@%‘?@%%%%d titani um oxi de. Porous titanium oxide
of Exanples 1 and 9 and Conparative Exanples_ 2 thyroug 4 contai ns porous

si | i con Bhe peopertieg ofdbe pgrous t@mm@m@%y@wbm@f&awgmmﬁa akicle

growt h inhibiter of hydrous titanium oxide during the synthesis. Therefore,

t he ef f eCompatativecEgaaplech t he specific surface area produced by a particle
growh ii-Aubiter of hydrous titanium oxide al one exclusive of the sane.

ef f ect W&%ﬁg%ggig%(@ %?dc?edeé?si obBiihéF 98 ih FAAEHLOr Witd fRNeRBpHsR LTS by the

difference in Ic surface area (an increnment of specific surface area)
bet ween m xt ures, of hi-gh-purit bt ani oxi de - Ni_gh- \ I.diicon
oxi de aﬁ’r %(ﬂ)%ﬁoélﬁ SPW eOfgﬂﬂgnﬁsé ()C&];l;\oélmn%a%ﬁ&‘ecgﬁ%ggﬁg Oglaadhsgé/l Ecymfihll;ed

as MgO in the step for the synthesis of hydrous titanium oxide and adjusting the pH

of the final hydrosol slurry of hydrous titanium oxide to 4.

The properties of the porous titanium oxide thus obtained are shown in Table 4.

[Table 4]
Comparative Comparative Comparative
Example 1 Example 2 Example 3
Raw material species TiCl, TiCl, TiCl,
X in composition formula 1.30 0.75 0.75
y in composition formula 120 125 125
Properties Titanium oxide content (wt%) 99.2 99.2 95.4
Specific surface area (m?¥/g) 60 67 199
Pore volume (TPV) (mi/g) 0.16 0.15 0.28
Pore sharpness degree %) 71 75 48
Comparative Comparative
Example 4 Example 5
Raw material species TiCl, TiCl,
X in composition formula 0.75 0.75
y in composition formula 125 12.5
Properties Titanium oxide content (wit%) 88.9 99.2
Specific surface area (m¥/g) 224 78
Pore volume (TPV) (ml/g) 0.36 0.17
Pore sharpness degree %) 45 74
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Conparative Exanples 2 through 4. in order to confirin the effegt of agl%;ogg
a particle growth inhibiter of hydrous titanium oxide al one ir?%éﬂ\‘ﬁfy

and 9 and Conparative Exanples 2 through 4, an increnment of specific
surface area was obtained by subtracting the specific surface area
originating in silicon oxide and corresponding to the content of silicon

oxi de UompgrativesExamapthe drwax pdeparedBxahpueadditiordoPa aaatictenpgroveth irchibitanpl es
2 through 4. The results are shown in Fig. 3 in which the content of silicon

oxi deof Hy&%t&uﬁtaﬂihhﬁﬂki&@. PhiedebFiddiFi&h A ihr‘@ofﬁp%iié_ﬁvé‘}mat:ﬁ'@ei P%rlﬁgfﬂte

of specific surface area on the y alds. As is app4,~prit fromFi g. 3,

I ncr engent ecihfic surfa area is_l,arge, until the 52 25 Ja .y 2006
cont oRban Sl P clobheaElvErEnth % seIfd thihe rapeReres tha ARt o
pronounced up to 2 wt% thus it is seen that a particle growth inhibiter of
hydr ob8rticleagnovhhoinhibiterdsilpas than @ dnwt’deand thespestiic surface areadsigss he
specific surface area. However, where the content of silicon oxide is |ess

t han @hdnv80ma¥giwhiloeComparafivEdixanpldsve dxdnplrelate, toatlbpeasé iwhere thee
area of 80 n2/g or nore which is the target of this invention is not

attai 4 f : ' baag if 4 :
R L e s R L e S
particle, grqwt h.i nhibi t f _hydrous, titanium oxi de in excess of this,value
P oaucedtedsdpa than a7 vl Compatitiva Bxaiilf oAt A Hbe case FiipyR acptils
titani umoxide particles) Th 11 kg of water was added 330 g of an _aqueous
sol ut igeewth inhibiter eihydrous titamiuge oxide: whichcismreaumably prefend 33 rplyvalent

adj ust the pH of the synthesis solutionto 1.5, and 340 ml of 14 w%
amonicativas ¢h thessyadHesistlvdnt! ér thggrebium chléride hexiahedatenwes erldedsdnd r y

of hydrous titanium oxide. The tenperature during this synthesis was 60 V.
the pH of the final hydrosol slurry of hydrous titanium oxide was adjusted to 4 which
is lower than the isoelectric point of anatase crystals and it is seen that very little
magnesium was taken into titanium oxide under this condition.

The effect of adding a particle growth inhibiter of hydrous titanium oxide will be
explained on the basis of the results obtained in Examples 1 and 9 and Comparative |
Examples 2 through 4.

To a vessel containing 5500 g of water was added 150 g of an aqueous solution of
sodium silicate with a concentration of 100 g/l, then the pH was adjusted to 4 by
adding a 20 wt% aqueous solution of sulfuric acid to give a hydrosol slurry of hydrous

silicon oxide. Thereafter, the same adding procedure as the foregoing was repeated

twice or the pH swing operation was repeated three times to give a hydrosol slurry of
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'I'b the hydrosol *slurry of hydrous titani um oxide was added 300 of a
aqueous solution of titaniumtetrachloride with a concentratio@géﬁ"ugf}'gzoé)pl
to return the pH of the slurry to 1.5 or to the acidic side of hydrous
titani um oxide, then 355 nil of .14 wt% anmonia water was added to shift the
pH of the slurry to 6.3 near the isoelectric point of hydrous titanium

oxi de, (RadohdsFichi! I ARRCHAS | 9 depest Blample el ofas dullowdd tegiveo gi ve

hydrous “t1tani um oxi de particles. e hydrous titani um oxi de thus

synt hesi zed 'was subj.ected to the,.steps,for., filtrati 0 i . the step

for extAOBEORIHRI 8K96: 8ppﬁ(§455§ﬂé%§1 ‘?’8?16 a‘PE}? ﬁd’%‘% 6%%%%@ ge@%‘?%@d in

the aforenentioned Exanple 1 to give porous titaniumoxide. 53 25 ‘% uary

2006 THmdpa spetific eurfate atem pfilm /gt Ehe specific sertpeapeaseef 4 Faﬁﬁwrous

titanium oxide are shown in Table 5. [Table 5] Exanple 15 Raw materi al

speci e%ﬁﬂg&?ﬁﬂt@ s EicoR foxtdld Svd Hie g@ﬁf@t fipmedh ¥xide withpopititoof §92mul a- -
0

y in co ition formula-- PropertiesSpecific surface area(nk/g) 183168 Pore

oef 11 CTERPPRER) R CaRpRs B RAn e ? S B ornr et P e R R RAERS
dianeter(nm6,.49.9 Exanple 16 Zb 11 kg of water was added 330 g of an
aqueou@@iﬂ and tamtm pxdai um t et rachl ori de

Porous titanium oxide of Examples 1 and 9 and Comparative Examples 2 through
4 contains porous silicon oxide originating in silicon tetrachloride added as a particle
growth inhibiter of hydrous titanium oxide during the synthesis. Therefore, the effect
of increasing the specific surface area produced by a particle growth inhibiter of
hydrous titanium oxide alone exclusive of the same effect produced by the added
silicon tetrachloride can be expressed by the difference in specific surface area (an
increment of specific surface area) between mixtures of high-purity titanium oxide and
high-purity silicon oxide prepared in the same ratio as in Examples 1 and 9 and
Comparative Examples 2 through 4.

In order to confirm the effect of adding a particle growth inhibiter of hydroug
titanium oxide alone in Examples 1 and 9 and Comparative Examples 2 through 4,
an increment of specific surface area was obtained by subtracting the specific surface
area originating in silicon oxide and corresponding to the content of silicon oxide in
porous titanium oxide in Examples 1 and 9 and Comparative Examples 2 through 4.

The results are shown in Fig. 3 in which the content of silicon oxide in porous
titanium oxide is plotted on the x axis and the increment of specific surface area on
the y axas.

As is appayent from Fig. 3, the increment of specific surface area is large until the
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with a concentration of 500 g/1 to adjust the pH of the synt hesé%sol ut%)%g
to 1.5, and 355 nml of 14 w % ammoni a water was added to shift WaM<Y?. 5
and give a hydrosol slurry of hydrous titanium oxide. The tenperature

during this synthesis was 75 C. To the hydrosol slurry of hydrous titanium
oxi de was added 330 g of an aqueous solution of titaniumtetrachloride with

a conegitbhdf 9hicodf 08draiches 8 with uhd theéndbinet is pareicalarty pronoudcdsl ap to the
acidic side of hydrous titaniumoxide, then 355 m of 14 w% amoni a water

hydr oﬁggmo}g’n?}ﬁir% %xllg %gex??x:%{ %%@hﬁ?@%%\]ﬂhﬁg nggr a@%ﬁfé\%u/a@%r g%ggt ed four
times to..gjve hydro ti | um oxi de particl.es. Porous t4tani um,oxi de was
pr epafRANIeESH %14@;%%8@?19&!}1@‘8}{}%8&&@@ specifif sprface ayegy r?f’?%ﬁ@l‘fr%xanpl e
15. The properties of the porous titanium oxide thus obtained are shown in

Tabl etle catertsof ddivom oxideds fesEthmpDd WiPomistin the kageaff Comearative Exdawde 300 m
of 14 wt % ammoni a water to adjust the pHto 9, and the pH swi ng operation

was per4 @]?éﬂb $irkRe Hr8R 8f 80 ni B rhGweieith R the Burgdt of thi iavértion sinde and pH

7.5 over the isoelectric point of hydrous titaniumoxide by the use of 330
900" ARafSTHE R o BLLLVATLAT L LG ek il dcsanesntigy’ o of
6 lur PoTJERS RGSIBPOIS A 3gRIat B o116 TG J5BHR OF SSPRECn BB JOLTRT 46 um |
oxi de thus obtained are shown in Table 6. Exanple 18 To 11 kg of water was
addedhjd@dsttiiannin skidehe eptéss of s Saluetprndacesacgrealler effect. ut i on of titani um
tetrachloride with a concentration of 500 g/1 was added to shift the
Example 15
(Step for synthesis of hydrous titanium oxide particles)
To 11 kg of water was added 330 g of an aqueous solution of titanium tetrachloride
with a concentration of 500 g/l to adjust the pH of the synthesis solution to 1.5, and
340 ml of 14 wt% ammonia water was added to shift the pH to 6.5 and give a
hydrosol slurry of hydrous titanium oxide. The temperature during this synthesis was
60 C.
To the hydrosol slurry of hydrous titanium oxide was added 300 g of an aqueous
solution of titanium tetrachloride with a concentration of 500 g/ to return the pH of
the slurry to 1.5 or to the acidic side of hydrous titanium oxide, then 355 ml of 14 wt%
ammonia water was added to shift the pH of the slurry to 6.3 near the isoelectric pomt
of hydrous titanium oxide, and this pH swing operation was repeated twice or four
times to give hydrous titanium oxide particles.
The hydrous titanium oxide thus synthesized was subjected to the steps for
filtration and washing, the step for extrusion molding and the steps for drying and

calcining described in the aforementioned Example 1 to give porous titanium oxide.
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pH to 5.8 and this pH swing operation was repeated three tinmes [n total
while following the rest of the procedure in Exanple 15 to gi végmzooe
titani um oxi de. The properties of the porous titani um oxide thus obtained
are shown in Table 6. [Table 61 Exanpl e Exanpl e Exanple 161718 Raw nmateri al
speciesTiC aTiA aTiCl4 x in conposition fornula-- y in conposition

f or mul aFhe pidd 5theesdrbus tisanihac exidegaepird) foml el hpdidos eitdaluine
(TPV) (m /g)0.290. 230. 30 Pore sharpness degree(% 656162 Pore asymetric

coeffjgi - . 3 Mechanical strength (SCS)(kg/ my©.91.10.8 Median
di amt’%@%%&ﬁ %@P%@ﬁ@ﬁpar ative Exanple 6 Porous titani um oxi de was

prepaﬁ%%]ésli n Exanple 15 with the exception of 55 25 January 2006 ‘
perfo 5% he pH swi ng operation between pH 2.0 in the | ow pH range and pH
4.5 in tie tighpH Tange four times rntoral by [the gga,ffs 330]g of an

agueou' s A gton—of —tirtant-um-tetracthtoroe—wt
and 355 By M R S i & wat er— The—ptopert
oxi de thus_obtained are |SHBER PhoYraMeB P | Conpadatife Examdle—7 Por ous
titani um pxinderrewtisn formelpared as in Exanple 15 with the exicepfian/of

y in composition formula - -

T d.rib':;)llt,ﬁlll.rlldtllun of 500 gq
es—o+—tRe—pOeroHs titani um
a

Properties Specific surface area (m¥/g) 183 168
Pore volume (TPV) (ml/g) 0.25 0.43
Pore sharpness degree %) 78 63
Pore asymmetric coefficient (N) =) 1.71 1.92
Mechanical strength (SCS) (kg/mm) 1.0 0.6
Median diameter (nm) 6.4 9.9
Example 16

To 11 kg of water was added 330 g of an aqueous solution of titanium tetrachloride
with a concentration of 500 g/l to adjust the pH of the synthesis solution to 1.5, and
355 ml of 14 wt% ammonia water was added to shift the pH to 7.5 and give a
hydrosol slurry of hydrous titanium oxide. The temperature during this synthesis was
75 C.

To the hydrosol slurry of hydrous titanium oxide was added 330 g of an aqueous
solution of titanium tetrachloride with a concentration of 500 g/l to return the pH of
the slurry to 1.5 or to the acidic side of hydrous titanium oxide, then 355 ml of 14 wt%
ammonia water was added to shift the pH of the shury over the isoelectric point of
hydrous titanium oxide to 7.5, and this pH swing operation was repeated four times to
give hydrous titanium oxide particles.

Porous titanium oxide was prepared from the hydrous titanium oxide as in the
aforementioned Example 15. The properties of the porous titanium oxide thus

obtained are shown m Table 5.
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perform ng the pH swi ng operation between pH 4.5 in the |ow pH gange an H
6.5 in the high pHrange four tines in total by the use of 330£§J%W35f1§00%
aqueous solution of titaniumtetrachloride with a concentration of 500 g/l
and 355 mM of 14 wto/o ammonia water. The properties of the porous titanium
oxi de thus obtained are shown in Table 7. Conparative Exanple 8 Porous
titani uRxexmgle 1%as prepared as in Exanple 15 with the exception of

preparing a hydrosol slurry of hydrous titanium oxide by adding 355 m of 14

w% a i ' 0 R i tani um
et achi o o P e R o R R P ORI v ng
oper af.i on, .between. pH 9.5.in the al.kali, pange and 2.5 int low pH range
Cour i s the pPE i agprariof seab T osgaed S0 Ay Bl hetieen I 28 530 g
of an aqueous solution of titaniumtetrachloride with a concentration of
500 gthe aditlie siteomed pHe§.5o6vertibe peretectric ppindof birdoisdetaniuy gaderbyidhe ar e
shown in Table 7. [Table 7] Conparative Conparative Conparative Exanple
6 Ex ambe off B33 BRIfarBadiastulBioRitionl ofStie@ies fetlathlonlié Witha ¥orientratipesift i on
PropertiesSpecific surface
APNESS

formula y in conposition fornul a---
323?25&%5@@%@ eggggm%rg% %@%ﬁ%ﬁﬁ% %ﬁ?o@ég@%@gﬁ SO anuary 2006

Example 15 with the exception of spending approximately 2 minutes at pH 6 during

the pH swing operation. The properties of the porous titanium oxide thus obtained are
shown in Table 6.

Example 18

To 11 kg of water was added NaOH to adjust the pH to 11.5, then an aqueous
solution of titanium tetrachloride with a concentration of 500 g/l was added to shift the
pH to 5.8 and this pH swing operation was repeated three times in total while
following the rest of the procedure in Example 15 to give porous titanium oxide. The

properties of the porous titanium oxide thus obtained are shown in Table 6.

[Table 6]
Example Example Example

16 17 18
Raw material species TiCl, TiCl, TiCl,

X in composition formula - — -

y in composition formula - — —
Properties Specific surface area (m%/g) 176 125 169

Pore volume (TPV) (mi/g) 0.29 0.23 0.30

Pore sharpness degree (%) 65 61 62

Pore asymmetric coefficient (N) =) 3.46 3 3.3

Mechanical strength (SCS) (kg/mm) 0.9 1.1 0.8

Median diameter (nm) 7.2 9.0 7.1

Comparative Example 6

Porous titanium oxide was prepared as in Example 15 with the exception of
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Mechani cal strength (SCS) 1 (kg/ nmO0.80.40.9 Median di arreter(nn)& 713. 06, g
(Step for synthesis of hydrous titanium oxide particles) To 10 BJB?“%? 06
wat er was added 1500 g of an aqueous solution of titanium tetrachloride
with a concentration of 210 g/l to adjust the pH of the synthesis solution
to 0.5, and then 2300 g of 14 wt % ammoni a water was added to shift the pHto
7.0 pedghite theYHI9aak opbitition ItwlyApdIS.( irf iy low pM ege iRl pHNPEr at ure

during this “synthesis was 60t. To the hydrosol slurry of hydrous titanium

Cou a7 PRE GRS e By B PRIR RO REb TS

t he acrd ran e of . hydr titani um.oxi dr Ivr range)
2800 Htarg Gf];d Wﬂ%@%@gé@égﬁa@a %513’;118?@ Or(1ﬁydrosol
preci pi tat| ng pH range) and this pH sw ng operation was repeat ed five

t i meswiatert Thalpropertiey of ﬂtlmqromms tifatrAminuoxideiines ghtained laes shven epTabler7.
filtration and washing) Follow ng the conpletion of the aforenentioned step
for Syn@lﬁﬁe\n gl7. the hydrosol was filtered, the resulting cake
was wash t pure ter repeat edly until the absence of chlorine (O -)

inthe fdltrate was contirned rati oW thy sitver | t i ve
titani ap t(B‘p i eﬁaspPE%) ‘ﬁra@n%W@ﬁ %Vﬁ’)thTtﬁlg é’?cteg% ydr osol
obtained in the af or ement i oned manner was f| | tg_@ed by suctlo 1(_jleétgdrat ed
unt i | perernVaEehedd iPAng CperaiionUtveRR DIt 46 1Y

approximately 50 wt % nol ded by the use of a 1.8 nmdl arreter the, and dried
at 12 tie high PHheues féur tiines i tolni by thede df 830 @ affart adueoua sobifiopsofJanuar y
2006 (Step for adding a particle growth inhibiter)

titanium tetrachloride with a concentration of 500 g/l and 355 ml of 14 wt% ammonia

water. The properties of the porous titanium oxide thus obtained are shown in Table 7.

Comparative Example 8

Porous titanium oxide was prepared as in Example 15 with the exception of
preparing a hydrosol slurry of hydrous titanium oxide by adding 355 ml of 14 wt%
ammonia water and then adding 330 g of an aqueous solution of titanium
tetrachloride with a concentration of 500 g/l and performing the pH swing operation
between pH 9.5 in the alkali range and pH 7.5 in the low pH range four times in total
by the use of 355 ml of 14 wt% ammonia water and 330 g of an aqueous solution of
titanium tetrachloride with a concentration of 500 g/l. The properties of the porous

titanium oxide thus obtained are shown in Table 7.

[Table 7]
Comparative | Comparative | Comparative
Example 6 Example 7 Example 8
Raw material species TiCl, TiCl, TiCl,
x in composition formula — - -
y in composition formula — — -
Properties Specific surface area (m¥*/g) 105 146 115
Pore voluma (TPV) (ml/g) 0.15 0.32 0.15
Pore sharpness degree %) 43 40 48
Pore asymmetric coefficient (N) ) 5 6 5.2

56




The dried nolded formof titania obtai ned above was i mersed in sg a ueggge
sol ution of ammoni um par anol ybdate with a concentrati on correspg ?H@W
16.3 wW%of titanium oxide on the oxide basis, left standing at room
tenperature for 2 hours and filtered through a filter paper 5C to give

nol yhdenum support ed Mgcrg’arﬁcgltsgglgtg(sos)( Siﬁ@§rm;)0' 9,r,ci(§ pg‘ ande‘E" ¢i ni 51_9)4 :I'Ihe

nol ygdenum suppor t ed—oh—t+tapta—was—¢r+etd—a Ht fror 13pToyrsand tthen

cal cilnedat 500 ' 0 i YPI3 $ANFE 1o give B yvhdenumlcat u'.pyst supportled on
titania. The properties of the nol ybdenum catal yst supported on titania are

shown in Table 8. Exanple 20 The hydrosol after washing in Exanple 19 was
I mrersed i,n an aqueous sol ut.jon of .amoni par anol ybdate with a
conceﬁcft!aﬁfq’r b@%@%&ﬁgp% JEEHH%I @“&% P)@-‘g?clllerg)i t ani um oxi de on the oxide
basis, left standing at roomtenperature for 2 hours, filtered by suction,
and dehykir 30 dog ofipuke twetenawas added 600 (s tof @t agqadousasadvtion fof ddanivag er )
reached 400 wt% Mlding by the use of a 1.5 mmdianmeter die fol | owed and
the nplitaedldfidwiisa Biedbation 2881091 3 shepH bh e galthédiedolatior00 ' C

for 3 hours to give a nolybdenum catal yst supported on titania. The

propert hes .of; th al Rﬁg/g | ne ' : tgx:ﬁggle 21 A
cobal t- % etﬁ?ﬁﬁl‘%@pag égﬁlls %%%n‘%?l&?%fi%a&vg%d%g%g@&a%g I'n "Exanpl e
20 with _the exceptiqn_of usjng. simultaneous| balt nitrate, and amoni um
par anBng e 8 &ﬁtﬁl‘élfréf Srididaus m%ro&‘%ér gg’ﬁei@m%ﬁ e ARG nt
corresponding to 3.0 wt% and 10.0 w % of titanium oxide on the oxide basis.
58 25syethesiswaa08BCThe properties of the catal yst thus obtained are shown in
Tabl e 8. Exanple 22 .

To the hydrosol slurry of hydrous titanium oxide thus obtained was added 1500 g

of an aqueous solution of titanium tetrachloride with a concentration of 500 g/l to
return the pH to 0.5 in the acid range of hydrous titanium oxide (hydrosol dissolving
pH range), 2800 ml of 14 wt% ammonia water was added to shift the pH to 7.0
(hydrosol precipitating pH range), and this pH swing operation was repeated five
times in total to give hydrous titanium oxide particles.

(Steps for filtration and washing)

Following the completion of the aforementioned step for synthesis of hydrosol, the
hydrosol was filtered, the resulting cake was washed with pure water repeatedly until
the absence of chlorine (Cl - ) in the filtrate was confirmed by titration with silver
nitrate to give titania hydrosol.

(Step for preparation of dried form)

The titania hydrosol obtained in the aforementioned manner was filtered by
suction, dehydrated until the water content (structural water + free water) becomes
approximately 50 wt%, molded by the use of a 1.8 mm-diameter die, and dried at 120

C for 3 hours to give a dried molded form of titania.
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The hydrosol after filtration in Exanple 19 was i mersed in an Eﬂ eous

sol ution of phosphoric acid, ammoni um paranol ybdate and cobal t ﬁ?qngﬁs
particle growth inhibiters, respectively in an anount corresponding to 2.0
w% 8.0 wt%and 2.9 wt% of titanium oxide on the oxide basis, left
standing at roomtenperature for 2 hours, filtered by suction, and

dehyd(&ép%naﬂdﬁﬁggmgmmfmmm@structural water + free water) reached
400 wt % on the solid basis. Mdlding by the use of a 1.8 mmdi aneter the

fol | owe ng.. olen: f.aﬁ‘ﬂs 9 9% g ad}g] n

cal ci ne?ﬁa&é@gx@a{ggr h%ftrjerls Og}é]l ve CQE‘B?}]%‘*S&?% us- rerlgﬁegb e%lt}m g%gﬁ

catal yst .supported on titania, ,The operties of the catalyst t obt ai ned
are SHRHOR Pl ABMOnRIM patanelyhdatey |5%@(§ﬁ%ﬁl@ W@%F@QL&B

speci esTi C14ATi 4 x in conposition formula0.210.53 y in conposition

f or muivalh. &l fitshi@mopede i ces Spe okifle dasis; left standing rd/ mppie Samperaénee ool 2ime
(TPV)(m /g)0.420. 35 Pore sharpness degree(% 5465 Exanpl e 21Exanpl e 22 Raw

mat er h@hrsSRRLAlgS & Chblioh fHiler WP dild holydenbiad s@stsbriedl on tithr§QMposi ti on
for rrulgllflﬁs. 217. g&ér g%febrtg?esSpecI?%qég surf%ce area(ng/ g)8115149 Pore vol une

gﬁ&%%gﬁgme 'Shelr p(r:]:tSZI Sggrgﬁé?ﬁe?gm ?t zziﬁi a was prepared as
n The molybdenum supported on titania was dried at 120 C for 3 hours and then
calcined at 500 “C for 3 hours to give a molybdenum catalyst supported on titania.
The properties of the molybdenum catalyst supported on titania are shown in
Table 8.
Example 20
The hydrosol after washing in Example 19 was immersed in an agueous solution
of ammonium paramolybdate with a concentration corresponding to 16.3 wt% of
titantum oxide on the oxide basis, left standing at room temperature for 2 hours,
filtered by suction, and dehydrated until the water content (structural water + free
water) reached 400 wt%. Molding by the use of a 1.5 mm-diameter die followed and
the molded form was dried at 120°C for 3 hours and then calcined at 500 C for 3
hours to give a molybdenum catalyst supported on titania.
The properties of the catalyst thus obtained are shown in Table 8.
Example 21
A cobalt-molybdenum catalyst supported on titania was prepared as in Example
20 with the exception of using simultaneously cobalt nitrate and ammonium
paramolybdate as particle growth inhibiters, respectively in an amount corresponding

to 3.0 wt% and 10.0 wt% of titanium oxide on the oxide basis.
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Exanple 22 with the exception of using simultaneously phosphori cid,
ammoni um 59 25 January 2006 paranol ybdate and nickel nitrate asgﬁj?’ﬂ‘faa%oos
grow h inhibitors, respectively in an anmount corresponding to 2.0 wt% 8.0
wt% and 2.0 Wt % of titanium oxide on the oxide basis. The properties of
the catal yst thus obtained are shown in Table 9. Exanple 24 A

ni ckel - Mhhy/pepertioscstiohé bataRisativgs oltubedrdre dhowntih tRable8was prepared as in
Exanple 22 with the exception of using simultaneously nickel nitrate,

anmoni u }ﬁbl%nﬁ ybdate and cobalt nitrate as particle growth inhibiters,
respectivel'y'inan anount corresponding to 2.0 wt% 8.0 wt% and 2.0 wt % of
titaniumoxjde on the gxide .basis. The properties,of the catalyst. thus

obt ai ned g}"glﬁ’é&”?-fgﬁ ég@p@ngnaﬁ)%hg) WS ADERRISe 4 a8.aq1eus spUHPRk el
catal yst supported on titania was prepared as in Exanple 20 with the
excepif phosgghouigi a@i,gmmmmmqjyhnﬁ;nbmﬁsmbahm:mratmasmﬂnhr@sw&he and
nickel nitrate as particle growh inhibitors, respectively in an anount

cor BRI rdPediiiVhi an dindlu dhrRBPorlife th B LY, BINWD 21 90 wivet he

oxi de asis. The properties of the catal yst thus obtained are shown in

Table 9... Exampl.g 26 Fol | ow th r,ocadur f I | lLum

oxych Ioﬁ P%%‘EUWQB’“ﬁs & %’ﬂ&n%%%sﬁa%g ?%Pag}%g%%%’&%gglg’f*?%ﬁ% |f c% %ﬁg&%f ter
filtration was i mMmersed in an agueous sol ution containing amoni ym

par amiterrdabe sugtiem a%dﬂhyck@tedegp@ﬁahmva@ ggntent topcipr i‘f’%‘@ﬁih?ﬁjﬁe@xi de on
the oxide basis, left standing at roomtenperature for 2 hours, filtered by
suct i evater) deadteddtoft wibswnt tHe sohe hemise Maldingelyt thies tiseiof aildl muatdeameter

die followed and the molded form was dried at 120 “C for 3 hours and then calcined
at 500 C for 3 hours to give a phosphorus-molybdenum-cobalt catalyst supported on
titania.

The properties of the catalyst thus obtained are shown in Table 8.

[Table 8]
Example 19 | Example 20
Raw material species TiCl, TiCl,
x in composition formula 0.21 0.53
y in composition formula 0.3 17.2
Properties Specific surface area (m¥/g) 129 142
Pore volume (TPV) (ml/g) 0.42 0.35
Pore sharpness degree %) 54 65
Example 21 | Example 22
Raw material species TiCl, TiCl,
x in composition formula 0.53 0.53
y in composition formula 17.2 17.2
Properties Specific surface area (m¥/g) 115 149
Pore volume (TPV) (ml/g) 0.33 0.41
Pore sharpness degree (%) — -
Example 23

A phosphorus-molybdenum-nickel catalyst supported on titania was prepared as in

Example 22 with the exception of using simultaneously phosphoric acid, ammonium
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60 25 January 2006 free water) became 400 wt % on the solid basi Mol di by
the use of a 1.5 nm dianeter the followed and the resulting m)fﬁiéﬂ‘ Bf%ﬁas
dried at 120 C for 3 hours and then calcined at 500 t for 3 hours to give a
nol ybdenum cat al yst supported on zirconia. The properties of the catalyst

t hus obtained are shown in Table 9. [Table 9) Exanple 23Exanpl e 24 Raw

mat er Pﬂalﬁﬂ%‘daﬂé Tkl 4T6MA) hitraten ag oparoislet Erwthoirhibisérsb 36speatively incanposi t i on

formul al7.217.2 PropertiesSpecific surface area(ma/ g) 167105 Pore vol une

ot of P08 Bt o2 SN BT S B0 W oFHBITRAR, GRS 085 530 50

y in conposition fornulal7.217.4 PropertiesSpecific surface area(n/g) 133103
Pore bafsine (TPV) (m /g)0.380.43 Pore sharpness degree(%-- Conparative
Exanple 9 The dried nolded formof titanic obtained in Exanple 19 before

addi t i oThefprapexytiestof theecagalyat thisrdbitineed mrevalsowalic Table &t 500t to give a
titania carrier. The properties of the titania carrier thus obtained are

shown i g Lahhie 040. Conparative Exanple 10

A nickel-molybdenum-cobalt catalyst supported on titania was prepared as in
Example 22 with the exception of using simultaneously nickel nitrate, ammonium
paramolybdate and cobalt nitrate as particle growth inhibiters, respectively in an
amount corresponding to 2.0 wt%, 8.0 wt% and 2.0 wt% of titanium oxide on the oxide
basis.

The properties of the catalyst thus obtained are shown in Table 9.

Example 25

A phosphorus-tungsten-nickel catalyst supported on titania was prepared as n
Example 20 with the exception of using simultaneously phosphorus, ammonium
metatungstate and nickel nitrate as particle growth inhibiters, respectively in an
amount corresponding to 2.0 wt%, 8.0 wt% and 2.0 wt% of titanium oxide on the oxide
basis.

The properties of the catalyst thus obtained are shown in Table 9.

Example 26

Following the procedure of Example 19, zirconium oxychloride was used as a raw
material and a hydrogel of zirconia after filtration was immersed in an aqueous
solution containing ammonium paramolybdate in an amount corresponding to 16.3
wt% of zirconium oxide on the oxide basis, left standing at room temperature for 2

hours, filtered by suction and dehydrated until the water content (structural water +
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A ol ybdenum cat al yst supported on titanic was prepared as in Exanple 19
with the exception of drying the nolded formof titania obtai néeJ '?PaBkaQRﬁ e
19 before addition of a particle growh inhibiter at 370C, adjusting the
wat er content of the hydrous oxide to a |ower |evel and addi ng annrnoni um
par anol ybdate as a particle growh inhibitor in an anount corresponding to

16. 3 V%e%agé@ﬁ@écg@%bém 6&%}8@5&3 W VI RAL By el eisbasti 5 1.5 hem-

properties o al'ys us obtalned are shown'in Table 10. ['Fable 10]

Conpar at.i ve Conpparativ | e 9Exanpl €,10.Raw _nat er | heg i LCl 4 X
in co WWn@ﬁﬁﬂWﬁg.%gﬁreﬁuﬁpm(&‘ﬁql%wﬁér(ﬁﬁ@éfoigg g%efr% i3§s p%ci fic
surface area(nR/g) 7154 Pore volune (TPV)(m/g)O0,360.41 Pore sharpnes

degr ee (&G iHEn Exlamedeat?50q S efor Sohownprivrave @ molybdensms catiadyshisurPestetan
particles) To 10 kg of pure water was added 1500 g of an aqueous sol ution of
titani -~ rachloride with a concentration of 210 g/1 to adjust the pH of
the synthesis solution to 0.5 and then 2300 g of 14 wt % ammoni a wat er was
added to ift the.pHto 7.0,an ive.a hydrgs f hydrous titanium
oxi de. Th %@?&%r@@%@@*%bggog%ﬁ?@é{%%gﬁ)t@s}%‘% t he hydr osol

slurry of hydrous titanium oxide thus obtai ned was added 1500 g

[Table 9]
Example 23 Example 24
Raw material species TiCl, TiCl,
x in composition formula 0.53 0.53
y in composition formula 17.2 17.2
Properties Specific surface area (m?/g) 167 105
Pore volume (TPV) (mi/g) 0.31 0.46
Pore sharpness degree (%) — -
Example 25 Example 26
Raw material species TiCl, Zirconium oxychloride
x in composition formula 0.53 0.30
y in composition formula 17.2 174
Properties Specific surface area (m?/g) 133 103
Pore volume (TPV) (ml/g) 0.38 043
Pore sharpness degree %) - —
Comparative Example 9

The dried molded form of titania obtained in Example 19 before addition of a
particle growth inhibiter was calcined at 500°C to give a titania carrier.

The properties of the titania carrier thus obtained are shown in Table 10.

Comparative Example 10

A molybdenum catalyst supported on titania was prepared as in Example 19 with
the exception of drying the molded form of titania obtained in Example 19 before
addition of a particle growth inhibiter at 370°C, adjusting the water content of the
hydrous oxide to a lower level and adding ammonium paramolybdate as a particle

growth inhibiter in an amount corresponding to 16.3 wt% of titanium oxide on the
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of an aqueous solution of titaniumtetrachloride with a concentéi I on g} %00
g/1 to return the pHof the slurry to 0.5 in the acid range of éﬁﬂ”@[}' 00
titani um oxide (hydrosol dissolving pH range), then 2800 m of 14 w%
amoni a water was added to return the pH of the slurry to 7.0 (hydrosol
precipitating pH range), this pH swing operation was repeated five tinmes in
t ot al oxidB&akidr ogel was filtered and the resulting cake was washed with
pure water repeatedly until the absence of chlorine ion (C - ) was

confir i t ' ' | . . was filtered and
dehydrgfgldé)%{l]fobre%%er%h#gﬂn%ga Sﬁgﬂdusﬁékftgk?ﬁga&gﬁpg\?ﬁé%%g%?@structural wat er +
free ﬁz %5 dﬁnuary 2006 water) becane approxi mately 300 wt % on the solid
basi s %’%ﬁl a dehydrated hydrogel of hydrous titanium oxide. (lon

exchangg w th ions—contai ni ng_cataryst| conponeng ). 1o, L Mecivdrager of
hydrous| titani um oxide thus obtained was addeqd ap agugous g50ldid gn
cont ai nwl%u apmont-um-paranotypdate [(Ni—H;rxéllvb:G:M o?@pi wt % of
phosphop-&Y a8 G2 ChEEH)  and 4w % of —epbatt—niltrat e[ Cof-NGs) 2“—6H201 and
the m x opReE d in a kneader a rnnmtnrrprgrséture foro'coé hodrs to give
an i onke¥cdemregisd fymei rat e i xture. (Mol ding, |dryifAg and cal 8ining of

catal yst) Theroserties ur e Womcifiobulieck aret 0 A &yldndri call form by ¥e use of a 2.4
mm di aneter die, the mrdedunfcarmy)was dr ek atl 1203€ for 3 hadurs gnd then
calcined at 500 t for [B,DeliFsedsQefiave| a ydratreadsd ng cat al st cqnposed of
t he cat al'yst components supported on titani um oxi de. The properties of the
hydrotreating catal yst obtained in Exanple 27 are shown in Table 11.

Exanpl e 28 A hydrotreating catal yst conposed of the catal yst conmponents

suppor t egkafple 27

(Step for synthesis of hydrous titanium oxide particles)

To 10 kg of pure water was added 1500 g of an aqueous solution of titanium
tetrachloride with a concentration of 210 g/l to adjust the pH of the synthesis solution
to 0.5 and then 2300 g of 14 wt% ammonia water was added to shift the pH to 7.0 and
give a hydrosol slurry of hydrous titanium oxide. The temperature during this
synthesis was 80 C.

To the hydrosol slurry of hydrous titanium oxide thus obtained was added 1500 g
of an aqueous solution of titanium tetrachloride with a concentration of 500 gl to
return the pH of the slurry to 0.5 in the aad range of hydrous titanium oxide
(hydrosol dissolving pH range), then 2800 ml of 14 wt% ammonia water was added to
return the pH of the shurry to 7.0 (hydrosol precipitating pH range), this pH swing
operation was repeated five times in total, the hydrogel was filtered and the resulting
cake was washed with pure water repeatedly until the absence of chlorine ion (Cl - )
was confirmed by titration with silver nitrate, and the cake was filtered and

dehydrated at room temperature until the water content (structural water + free
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titani um oxi de was prepared as in the aforenentioned Exanple 27 with th
exception of preparing a hydrogel of hydrous titanium oxide by2§daw\@'§HO6
aqueous solution of titaniumtetrachloride and an aqueous sol ution of
ammoni a wi thout performng a pH sw ng operation and then adding to this
hydrogel of hydrous titaniumoxide the ions of the catalyst yielding 37 wt%
of ol yAdERMAMB LRkl S0Pakiy; (GoGheasdid bastsvofgivhos plehy dsale®25)
on the oxi de basis. Re propefrties of the hydrotreating catal yst obtained in
Exanpl e 28 are shown in 63 25 Jgnuary 2006 Table 11. Exanple 29 A
hydr ot rl&% ‘%@&@W&h‘%@g %’Sa%f the catal yst conponents supported on
titani um oxi de was prepared as in the aforenmentioned Exanple 27 with the
except i Gon e&éhmwﬁhhgnﬁcm;tdmwbaf@lyshm@ems?ani um oxi de by repeating
the procedure of adding an aqueous sol ution of titaéli umtg&rachl ori de and
an aqueou Ui gawhis R Wide ¢has abtaindd seaeaddedres aguaoysal
Zlgsﬂ{e B%’%%gﬁjl (s)fﬁ dr ogam{a[rﬂ_|

and t hen di ng el of hydrous titanium oxide the ions of the
cat al yst ,canponents. vigl di 20 w0 E‘Eﬁ%!ﬂm MMo40us Yedi-@lohal t
(CoO) a%ug%@mo@p%%ﬁéa%&%ﬁ e "OXI géeq( asis. The properties of
t he hydrotreating catal yst_abfajned in le 2 r i n, otha 1.
Exanmpl ews% of ﬁm@n@@ﬂ%{i{%}gﬁ; 4c‘6?$%§’2g%)3§? W%Fé‘eggggﬁ%kz co?r%%m%?&sh
supported on titanium oxide was prepared as in the afqrenentioned . Exanple

27 Wi t htfd enigneepivbsknealle@rinpakheader tyrhonysemperatywe dors 2thaursi Qg vk Ale by
repeating the procedure of adding an aqueous solution of titanium

tetrach| Qrij :{E 2 %?l?nﬂ] gﬂ%]&gj ution of ammnia (pH swi ng operation) 12
ti-mes iir??{%}fa g%% e%ﬁg Ing to this hydrogel of
(Molding, drying and calcining of catalyst)

The mixture was molded into a cylindrical form by the use of a 2.4 mm-diameter
die, the molded form was dried at 120 *C for 3 hours and then calcined at 500 C for
3 hours to give a hydrotreating catalyst composed of the catalyst components

supported on titanium oxide.

The properties of the hydrotreating catalyst obtained in Example 27 are shown in
Table 11.

Example 28

A hydrotreating catalyst composed of the catalyst components supported on
titanium oxide was prepared as in the aforementioned Example 27 with the exception
of preparing a hydrogel of hydrous titamum oxide by adding an aqueous solution of
titanium tetrachloride and an aqueous solution of ammonia without performing a pH
swing operation and then adding to this hydrogel of hydrous titanium oxide the ions of
the catalyst yielding 37 wt% of molybdenum (MoOz), 5 wt% of cobalt (Co0) and 5
wt% of phosphorus (P=0s) on the oxide basis.

The properties of the hydrotreating catalyst obtained in Example 28 are shown in
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hydrous titanium oxide the ions of the catal yst conponents vyi elpfﬁ')n%yZS %
of nol ybdenum (MoGs), 4 wt % of cobalt (CoO and 5 w % of phos v a(y%)

on the oxide basis. The properties of the hydrotreating catal yst obtained
in Exanple 30 are shown in Table 11. Exanple 31 64 25 January 2006 A
hydrotreati ng catal yst conposed of the catal yst conponents supported on
titanTyp)eopi de was prepared as in the aforenmentioned Exanple 27 with -the
exception of preparing a hydrogel of hydrous titanium oxide by repeating
t he prOﬁdure om;9 addi ng an aqueous solution of titan' mtetrachl oride and
an aque Blte lon of ammonia (pH sw ng operation) four tines in total and
then adding to this hydrogel of hydroys titanium oxide the ions.,of the
cat al ystA daydyoeating iasalysth gommosk Anoéftlf‘let %@&%nmmer’&%cﬁ@WoPncobal t
(CoO on the oxide basis. The properties of the hydrotreating catal yst

obt ai fethium EXdewes piépared shavwheiaforeimbitiondd ExBxeplp & vgith shérgxieptionat i ng
cat al yst conposed of the catal yst conponents supported on titanium oxide

was ppe @g&;gﬂg% rai()g%(?x%g?lahf; glgafdﬁsi AR HAuRX 3HAChy rePbdting Be Preaiurenf Of

prepari ous titanium oxi de by repeating the procedure of
addi n n aqueous solution of  titani t et+ aghl oride an s.gsol ution
of agﬁ%%ag?ﬁﬂw&mpfmgﬁ%ﬁmgga?n dotagl gﬂﬁ%%ﬁugi iorgg to
this hydrogel _of hydrous titanium oxide the ions of the catalyst conponents
yi el damgnadiaviphh swingmyeyaidemserenbiorgs, ingtopploansk M@g@%ﬁéﬁﬂﬁ@gﬁn % of
boron 13203) on the oxide basis. The properties of the hydrotreating

cat al yshyaRiai tieghiinn Gxiderthe id8s af ¢he havslystncomponents yielding 20 wt% of

molybdenum (MoOs), 4 wt% of cobalt (CoO) and 7 wt% of phosphorus (P=0s) on the
oxide basis.

The properties of the hydrotreating catalyst obtained in Example 29 are shown in
Table 11.

Example 30

A hydrotreating catalyst composed of the catalyst components supported on
titanium oxide was prepared as in the aforementioned Example 27 with the exception
of preparing a hydrogel of hydrous titanium oxide by repeating the procedure of
adding an aqueous solution of titanium tetrachloride and an aqueous solution of
ammonia (pH swing operation) 12 times in total and then adding to this hydrogel of
hydrous titanium oxide the ions of the catalyst components yielding 23 wt% of
molybdenum (MoOs), 4 wt% of cobalt (CoO) and 5 wt% of phosphorus (P=0s) on the
oxide basis.

The properties of the hydrotreating catalyst obtained in Example 30 are shown in
Table 11.

Example 31
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Tabl e 11. [Table 11] Exanpl e Exanple Exanple 272829 Raw materi g

speci esTi C14Ti 0 dTOC a x in conposition formul a0. 331.83024 vy i réfb‘!ﬂﬁﬂﬁg’i%qo@n
formul a13. 011. 513. 1 PropertiesSpecific surface area(n/g)112121156 Pore

vol ume (TPV)(m /g)0.350.230.47 65 25 January 2006 Pore sharpness

degree(9% 708054 Results of reactionRel ative desul furization activity(-

) 2. 63. 4 G, Bebipbityse dapilt et ©h ' CfHeV i
consunpt%f or?(aﬁl)/ ') 424438 %ﬁamﬁgbﬁx&gr?gl %ieExb%ﬁr?%}I’Sé %%%%&%Sa\%dr%?gr@?gfm

(o s s o B PR
of preparing a hydrogel of hydrous titamum oxide by répeating the procedure of
adding an aqueous solution of titanium tetrachloride and an aqueous solution of
ammonia (pH swing operation) four times in total and then adding to this hydrogel of
hydrous titanium oxide the ions of the catalyst components yielding 25 wt% of
tungsten (WOs) and 5 wt% of cobalt (CoO) on the oxide basis.

The properties of the hydrotreating catalyst obtained in Example 31 are shown in
Table 11.

Example 32

A hydrotreating catalyst composed of the catalyst components supported on
titanium oxide was prepared as in the aforementioned Example 27 with the exception
of preparing a hydrogel of hydrous titanium oxide by repeating the procedure of
adding an aqueous solution of titanium tetrachloride and an aqueous solution of
ammonia (pH swing operation) seven times in total and then adding to this hydrogel
of hydrous titanium oxide the ions of the catalyst components yielding 30 wt% of
molybdenum (MoOs), 4 wt% of cobalt (CoO) and 3 wt% of boron (BzOs) on the oxide
basis.

The properties of the hydrotreating catalyst obtained in Example 32 are shown in

Table 11.
[Table 11]
Example Example Example

27 28 29

Raw material species TiCl, TiCl, TiCl,

x in composition formula 0.33 1.83 0.24

y in composition formula 13.0 1.5 13.1

Properties Specific surface area (m¥/g) 112 121 156

Pore volume (TPV) (mi/g) 0.35 0.23 0.47
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Resul

denitrification activity( -

ts of

reacti onRel ative desul furization activity(-)2.32.02.
) 3.43.03. 2 Hydrogen consunption(N/

Conpar ative Exanple 11 The catal yst used was a conmerci al
cobal t - ol ybdenum phosphor us cat al yst

ua%y 2606

%}I

supported on alumna (5.1 W%

Co(y 20.0 wt % MbGs/ 1.1 Iy\ét:ghPrZQeS%pe | a BEJ, speci 6| c surgoace| area off 241
nR/ g Fer—use—+n—deep- .'*wé’au...g'u.z"*:on of—gas—ott-r—Theprope $ of the
hydr o} reg‘fsl"ﬁg"féeéftéﬁ’yt RY‘?“3‘EY‘]"*""T‘“Fij‘”Zf"?g'.l’r’i*"itbvV“’ﬂf i Ve Bxahpl 811 lard? °hl;mg-?—n—rabl e 12.
Conpaf at i ve Exanpl e 1pRemymieptdfiesioretviisdd Was) a| coddrer di al*3nickel 29ml ybdenum
cat al yst supported on| Hyitogen qeasufBtiof wt|% NI/QY 20. 44t %Mo @) wi t h3& BET
specifrc surface area of 241 n-7g Tar use i gash NYENRRESUIEkdMezat i on of
gas ojl and differed in conposition off the cpat al3yst component sgfrom t he one
in th ﬁavfma gr%[u ecqelea Conpar ative Exanplie 11 'W’}‘ler perEi es[ of;d he

hydr op+eat+hg gt used—+n—ConparattveE£xa ot t2a 53;:,M’abl e 12.
Conpaf-ati§&e V‘?{' 9“"% 13 TFhe hydrogel—ofl-hydreus—tFtanium ox Hned in
Exanp d")?”ﬂﬁ@”rfﬂl"%d) the molded folmwas driedlat (124390 C fnr13'§ hours and
t hen cal ci Redertgs 500 | esity suFadsrres, 66 @HBeJanuatd? 2006 lihe lcal Wned form
was inpregnated with [rhee shure (BRWeoUsS |sdmUbi op (W6 t he P8hs | cdBai ni ng t he
cat al yst conponents) @BEsrdlS@kindsh dégxanplie 2%, driedzat |' 120 C fore8 hours and
then cal RINEG AactRAU [Grebfl desairddl Suk0 [JI(VE A hydpetreatimng clat apyst

conposed of the catal R%&,WQQWQQQLQWS[ PROLTEd[ 0N i tdni Gy OX| deg, The
properties of the hyd QL eattng - atatyt Mm)ou wud nm—Conparative_Exanpl e 13
are shown—i-n—Table 12l Hydrogen consimption

Comparative Example 11

The catalyst used was a commercial cobalt-molybdenum-phosphorus catalyst

supported on alumina (5.1 wt% Co0/20.0 wt% MoOs/1.1 wt% P2=0Os) with a BET

specific surface area of 241 m2/g for use in deep hydrodesulfurization of gas oil.

The properties of the hydrotreating catalyt used in Comparative Example 11 are

shown in Table 12.

Comparative Example 12

The catayst used was a commercial nickel'molybdenum catalyst supported on

alumina (3.6 wt% Ni0/20.4 wt% MoOs) with a BET specific surface area of 241 m2/g

for use in deep hydrodesulfurization of gas oil and differed in composition of the

catalyst components from the one in the aforementioned Comparative Example 11.

The properties of the hydrotreating catalyt used in Comparative Example 12 are

shown 1in Table 12.

Comparative Example 13

The hydrogel of hydrous titanium oxide obtained in Example 27 was molded, the

molded form was dried at 120 °C for 3 hours and then calcined at 500 C for 3 hours,
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Conparati ve Exanple 14 A hydrotreating catal yst conposed of the _catalyst
conponents supported on titanium oxi de was prepared as in the 29January 2006
af orenenti oned Exanple 27 with the exception of preparing a hydrogel of
hydrous titani um oxi de by repeating the procedure of adding an agueous
solution of titaniumtetrachl oride and an aqueous solution of amonia (pH

sWi ngtlgpepRiicdnfordD waAgTasphebria@ddwith dhe heinaddjleus Goldtion ®f dhegnsof

hydrous titani um oxide the ions of the catal yst conponents yielding 28 wt %

! HABERICER, Sl R oot g e, )
in Co ' Ex 4 in T 2. i ve EX 15 A
i oBPGES ARg. Ehet Ened of Q00 Lorto e BOMFe g Ve BBHBHTSAEE o ARG on

titani um oxi de was prepared as in the aforementioned Exanple 27 with the
exceptomposedf of the pataiysy coampynkrtg alippdriéd dn titanivin exidem oxi de by repeating
the procedure of adding an aqueous solution of titaniumtetrachloride and
an aqueepg, fhan Beat NGhtaRRe ChnpasMeR EkaRpld 13t ot al
and then adgﬁlﬁg to ?%g }ﬁ}i}iﬁcrogg‘(f‘l(‘l“go'd%l hydrous titaniumoxide theions of the
cat al yst ,conmpongnt.s .y el ding 14 wt % of 67 25 January 2006 nol ybdenum (Mo3),
4 ngﬁswggm%g@ﬁéé and 3 wt % of phosphorus (P206) on the oxide basis.
The properties of the hydrotreating catal yst obtained in Conparative Exanple
15 ar e (moparativetasnepled4 [ Tabl e 12] Conparative Conparative

= ¢)]

A hydrotreating catalyst composed of the catalyst components supported on
titanium oxide was prepared as in the aforementioned Example 27 with the exception
of preparing a hydrogel of hydrous titanium oxide by repeating the procedure of
adding an aqueous solution of titanium tetrachloride and an aqueous solution of
ammonia (pH swing operation) 20 times in total and then adding to this hydrogel of
hydrous titanium oxide the ions of the catalyst components yielding 28 wt% of
molybdenum (MoQs), 4 wt% of cobalt (CoO) and 4 wt% of phosphorus (P2=0s) on the
oxide basis.

The properties of the hydrotreating catalyst obtained in Comparative Example 14
are shown in Table 12.

Comparative Example 15

A hydrotreating catalyst composed of the catalyst components supported on
titanium oxide was prepared as in the aforementioned Example 27 with the exception
of preparing a hydrogel of hydrous titanium oxide by repeating the procedure of
adding an aqueous solution of titanium tetrachloride and an aqueous solution of
ammonia (pH swing operation) seven times in total and then adding to this hydrogel

of hydrous titanium oxide the ions of the catalyst components yielding 14 wt% of
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Conparati ve Exarrﬁl e 1l1Exanpl e 12Exanple 13 Raw material species--TiC 4
conposition formul a0.01 y in conmposition formul a-0 Properti esSpeeidnuary

surface area(nR/g) 241237110 Pore volunme (TPV)(m/g)0.510.410. 36 Pore
shar pness degree(%--68.2 Results of. reactionRelative desulfurization

activity(- )1.01.11.3 Relative denitrification activity( - )1 02,
Hy dr ogenmelghdentatl O6OL), MAiB3-of Colvala{@oOY enddhwiitaafiphesp

Raw mat eri al

s PeOs

speci esTi CI 4Ti C14 x in conposition formula0.120.25 y in

conpositi o% %orj‘t;ml al3. 213 PropertiesSpecific surface area(nl/g)66165 Pore

vol ume (

reacti onRel ati ve deaul f
The raopertigy
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[Table 12]
Comparative Comparative Comparative
Example 11 Example 12 Example 13
Raw material species — - TiCl,
X in composition formula - — .01
y in composition formula - — 0
Properties Specific surface area (m¥/g) 241 237 110
Pore volume (TPV) (ml/g) 0.51 0.41 0.36
Pore sharpness degree % - - 68.2
Results of reaction Relative desulfurization activity (- 1.0 11 1.3
Relative denitrification activity (- ) 1.0: 2.1 2.3
Hydrogen consumption (NI/D 41 53 —
Comparative Comparative
Example 14 Example 15
Raw material species TiCl, TiCl,
x in composition formula 0.12 0.25
y in composition formula 13.2 13
Properties Specific surface area (m*/g) 66 165
Pore volume (TPV) (mi/g) 0.22 0.48
Pore sharpness degree (%) 46.2 53.8
Results of reaction Relative desulfurization activity (—) 1.2 08
Relative denitrification activity (=) 1.9 1.9
Hydrogen consumption (NI/D - 38

Test Example 1: Hydrotreating test of light gas oil

The tests were conducted on hydrotreating of Middle East straight-run light gas
oil by the use of the hydrotreating catalysts of Example 27-32 and Comparative
Example 11-15 and the performance of the catalyst was examined. The light gas oil
has the following properties: specific gravity (15/4°C), 0.850; sulfur contents, 1.37
wt%; nitrogen contents, 101 ppm; distillation properties, initial boiling point 232 °C,

50% boiling-point 295°C, 90% boiling point 348°C.
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Exanpl e 11-15 and the performance of the catal yst was exam ned. _The Iigh})
gas oil has the follow ng properties: specific gravity (15/4C) 25dapuasy 2006
sul fur contents, 1.37 W% nitrogen contents, 101 ppm distillation
properties, initial boiling point 232 C, 50% boiling,.point 295C, 90%
boiling point 348C. 68 25 January 2006 The light gas oil was subjected to a

hydr ot eatiyy bRy eald! AN WRIsES R Ged O bR réRaeE o auhiidrprdasuteoflowviypg

conditions: "t N pressure, 0 MPa; “reaction tenperature, 3501; liquid

hourly space velocity, 2.0 hr- -; .dragen/ail rati 25 I - All.the
cat al ysteactedmdert ﬁget @%w%r @%‘ﬁ%‘ﬁp?'t éaa@%orbr&e&%)\fufedi ﬁg\lb@/h)taﬁe%éscgb{c}f
light gas oil whose content of sulfur conponents_had,. been gdj ust 2.5
Wt % by gadbagtueh, 3801 licid bofirlyespare yealodity &0 ﬂi@"rgbmeﬁlpﬁtrﬁﬂo» 550 M1

hydr oprocessing tests, the reaction rate constant was obtained while

regar di 99 e Jesuld ELP Bl RNd-easleretuBiitedith jsedefdigaby ithe usmchiliph

deni t r ogen fon as the 1st order reaction and the results were

Caken agas ol ohoserp-ase of SIAE Eimnadls SR eah AR EER (R aRIRe 0

The results are shown in Tables 11 and 12. (Relationship between nitrogen
r enoval damethyy dissdfedte.consunpti on) The rel ati onshi p between the degree of
nitrogen renoval and the consunption of hydrogen was investigated on the

cat al yst s ReymRARRIIAS rdshilts Gfthé Ysiranupesang tests dhe oeadbrorateiCOBRAIBHMYEAE de
(titania catal ysts) of the aforenentioned Exanples 27 thorough 30 and the

al um na : of Mk 168 rddctmdad 2 2t eder esiekiba ardethehown
i n Tabl 8§ é%%-ﬁ]le.eg%&l?% tg%pda{er%ent ro(?rl?'{'abl es %1 and 12(,e the catal ysts of

R RIS S 00 S ey e
on @ um;‘glzti?fre vgloxrlrelzo ?;\;i?}g itl\'ig rgé(ﬁtnsp Io C%%np%rll"gtixg tl*lx:aunple111:aken as "1.0." Moreover,
the consumption of hydrogen (NJ1) was obtained.

The results are shown in Tables 11 and 12.

(Relationship between nitrogen removal and hydrogen consumption)

The relationship between the degree of nitrogen removal and the consumption of
hydrogen was investigated on the catalysts composed of the catalyst components
supported on titanium oxide (titania catalysts) of the aforementioned Examples 27
through 30 and the alumina catalysts of Comparative Examples 11 and 12. The
results are shown in Tables 11 and 12.

As is apparent from Tables 11 and 12, the catalysts of this invention in Examples
27 through 30 show the denitrogenation activity approximately three times as high as
that of the Co/Mo catalyst supported on alumina of Comparative Example 11 and yet
consume a comparable amount of hydrogen; further, they show the denitrogenation

activity approximately 1.5 times as high as that of the Ni/Mo catalyst supported on

alumina of Comparative Example 12 which is considered to show a relatively high
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consune a conparabl e anmount of hydrogen; further, they show the
denitrogenation activity approximtely 1.5 times as high as th&p Jgpugn,g006
Ni / Mo catal yst supported on alum na of Conparative Exanple 12 which is
considered to show a relatively high 69 25 January 2006 hydrotreating
activity, and yet their consunption of hydrogen is |lower by 10 NMthan the
Ni / Mohgitdatingaddivity tand PetSthelrt conSufiptidh df’l*ﬁﬂréééﬁ iléwer by 10a0Althahs of
Exanpl és 27 through 30 can shaprly reduce the consunption of hydrogen.

(Rel at}i}'ogﬁ@kg bet.ween, sul.fur renoval and nitrogen renoval ) -¥he rel ati onship
e %18%38?'5

bet we Xﬁtfur renoval and the degree of nitrogen renoval was
I nvestigated on the catal ysts conpaosed of the catal yst ¢conponents _supported
ontita dxiscleart thah the, tisamia) o §§t8<5§ Ewﬁﬁ%ﬁgr%ﬁwajhga@ Py 27

t hrough 30, the Coi Md/al um na catal yst of Conparative Exanple 11 and the

Ni / Morelueaitha comuahptsdn of hydeopar ati ve Exanpl e 12. As the results shown in
Fig. 4 indicate, the titania catalysts of the Exanples are highly selective

t owar d ' j i as hydr ot ti
(RBRSBRI AR R LGS hiposy 22 2 oot Feat g

catalyst 1'n urization and

deni tr oggnat i.on. ampl e 33,(Step fo nt hesi s,of -hydrous titani um oxi de
particl g@')e ﬁ%at?t@% ggtvwlet}\%ﬁéeége%és PG a&do eacﬁega%gfg &5 uti on of
titanium tetrachloride with a concentration of 210 g/l to adjust the pH of
the syempeadi wasoinvestigated or the avatalysisncasposed of the catslysinsompaneriter was

added to shift the pHto 7.0 and give a hydrosol slurry of hydrous titanium

oxi degugfatddeonaitaning chidé fgtania satdystshelStie whsemontioned Exaheplay @7osol
slurry of hydrous titanium oxide thus obtai ned was added 1500 g

through 30, the Co/Mo/alumina catalyst of Comparative Example 11 and the

Ni/Mo/alumina catalyst of Comparative Example 12.

As the results shown in Fig. 4 indicate, the titania catalysts of the Examples are
highly selective toward denitrogenation and they are suitable for use as a
hydrotreating catalyst in hydroprocessing aimed at both desulfurization and
denitrogenation.

Example 33

(Step for synthesis of hydrous titanium oxide particles)

To 10 kg of pure water was added 1500 g of an aqueous solution of titanium
tetrachloride with a concentration of 210 g/l to adjust the pH of the synthesis solution
to 0.5 and then 2300 g of 14 wt% ammonia water was added to shift the pH to 7.0 and
give a hydrosol slurry of hydrous titanium oxide. The temperature during this
synthesis was 60 C.

To the hydrosol slurry of hydrous titanium oxide thus obtained was added 1500 g
of an aqueous solution of titanium tetrachloride with a concentration of 500 g/l to

return the pH of the slurry to 0.5 in the acid range of hydrous titanium oxide
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of an aqueous solution of titaniumtetrachloride with a concentratlon of 500
g/l to return the pH of the slurry to 0.5 in the acid range of 2Ryanuas,2006

titani um oxide 70 25 January 2006 (hydrosol dissolving pH range), then 2800

m of 14 wt % anmmoni a water was added to return the pH of the slurry to 7.0

(hydrosol precipitating pH range), this pH swing operation was repeated

t hr ee (lijdresol idissblvirgd pHitanigh) dhag 2B00vas Jfi1Utvetos dnandniaheater eead ddded toake was

washed with pure water repeatedly until the absence of chI orine ion (C - )

was cgg_ﬁr]g‘{é it er ed
and gégqa(#tb%gsm rrtéﬂetgt(ﬁ e untﬂ%ﬁ%ﬁn ter co ﬁﬁ(éﬁruct ral

wat er +free wat er) b apI’OXl % nthe | i,d basis to give
a deh?H‘?%‘@@B Wigp grepgatedof ah‘FW ?ﬁ]vuﬁh%%y\gﬁ"g%?{ﬁseﬁg 5} ‘ﬁnt:hﬁ i ons
cont ai ni ng catal yst conponents) To the hydrous titani um oxi de obt ai ned above

wer e aekidting cake atasrwashednwithi pare watearmepydatedlyeuntiNee) shaenoe of chlepige, 0. 05
at om of phosphoric acid (H3PO4) and 0.06 atom of cobalt nitrate [ Co( NCa) 2

6H2OLiRe(C1T )ak mpifiridddasy Hraabe witle sﬂx@r&hﬁfa% wad theeakeddshlerkdaader at

roomtenperature for 2 hours. The pH at this 'tinme was 6.5. (I\/bld| ng, drying

comonenrdfaL o 1Eph cipbul e GolTiehs il ABRALG BREEHLM bbbl S, fR6°1 YS!

Cal ci pRter bobie eppEPIIal ﬁﬁébrqm & v 406 loPaga iPngeaR AHTHRIE anpl e
33. The properties of this hydrot reat [ ng catal yst are shown in TabI e 13..
Ex anp hgdisgelbiehytrdustitartintmaokiden oxi de obt ai ned in Exanple 33 was thrown into
a solution of pH 9 containing 0.47 atom of anmoni um par anol ybdat e
[ ( NHAJTRivR4ER4nsH@ Ph jons containing catalyst components)
To the hydrous titanium oxide obtained above were added 0.26 atom of ammonium
paramolybdate [NH«)eMo+Oz4 * 4H=0), 0.05 atom of phosphoric acid (HsPO4) and
0.06 atom of cobalt nitrate [Co(NOz)= *6H=0] per 1 atom of titanium and the
mixture was kneaded in a kneader at room temperature for 2 hours. The pH at this
time was 6.5.
(Molding, drying and calcining)
The hydrous titanium oxide ion-exchanged with the catalyst components was
molded into a cylindrical form by the use of a 2.4 mm-diameter die, the molded form
was dried at 120 C for 3 hours and then calcined at 500 C for 3 hours to give a
hydrotreating catalyst of Example 33. The properties of this hydrotreating catalyst are
shown in Table 13..
Example 34
The hydrous titanium oxide obtained in Example 33 was thrown into a solution of
pH 9 containing 0.47 atom of ammonium paramolybdate [(NHa)eMo70z4 * 4H=0)],

0.06 atom of phosphoric acid (HsPO.) and 0.10 atom of cobalt nitrate [CoNOs)=
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[ Co(NGs)2 71 25 January 2006 6H2Q] per 1 atomof titaniumand d

stirring for 3 hours to effect an ion exchange. Thereafter, the

i on- exchanged hydrous titani um oxide was filtered, dehydrated and processed
as in Exanple 33 to give a hydrotreati ng catal yst of Exanple 34. The

pr oper I t I rs BX affedtearsn
Hydroub}f%i?al%?l trggiﬁ g%g}smggn eS| &3@%3@?}‘3@%&%}?@# gn}ﬁﬁ?}ed Exanpl e 33
wi th the exception of synthesizing hydrous titanium oxide by sw nging the pH
al tern&K@?ﬂ%ﬂg@et ween the hydrous titani um oxide dissolving pH range (pH =
0.5) and the precipitating pH range (pH = 7.0) seven tines, The hydraous
titani umDhhdefashe idr-eahacgby hydnprssteinnmt adde wasdilteard dshydyefedand

titaniumoxide with a water cont ent (structural water + free water) of

0. 06 atom of phosphoric acid (HaPO4) and 0.10 atom of cobalt niér te
3 Janani2996:

appr oxi - o DUS Ekxi 1@@40)’(1}@ wer e
e B 13 i foa %?S%r@gvn% %ﬁ%{;b[d? NFI’4) oy ar8g 01T atom
of phosphorlc agi.d (Hs and , 0.0 ato It nitrate [Co(NCB)Z 6Ha01
per 1 PrepRTEE }@rﬁaﬁﬂg’ abtapaed aed essed as in Exanple 33 to

give a hydrotreat| ng cat aI yst of Exanple 35 The properties of this catal yst
are shownExampdd88 13. Exanple 36 Hydrous titani um oxide was synthesized as
in Exanpl e 33, washed, filtered and dehydrated in a vacuumfilter. The

wat er  CoNteRtoks HEMALH RdRREE s}n theszatahen thle aosembytioned Esianaple 3R oxi de

t hus obt ai ed was apprOX| mat el y wt % on the solid basis. To this hydrous

z:ﬂég]m l{%? gg%,g ric acggyl%ggg?{yﬁghg 05 a’ltb%’lrjngof plBIApENDT (22

altemabely between the hydrous titanium oxide dissolving pH range (H = 0.5) and
the precipitating pH range (H =7 0) seven times. The hydrous titanium oxide was
filtered by compression to give a cake of hydrous titanium oxide with a water content
(structural water + free water) of approximately 10 wt% on the solid basis.

To this hydrous titanium oxide were added 0.16 atom of ammonium
paramolybdate [(NHoeMo+Oza 4H-=0], 0.11 atom of phosphoric acid (HsPO4) and
0.06 atom of cobalt nitrate [CoNOs)2 * 6H=0] per 1 atom of titanium and the
mixture was processed as in Example 33 to give a hydrotreating catalyst of Example
35.

The properties of this catalyst are shown in Table 13.

Example 36

Hydrous titanium oxide was synthesized as Example 33, washed, filtered and
dehydrated in a vacuum filter. The water content (structural water + free water) of the
hydrous titanium oxide thus obtained was approximately 400 wt% on the solid basis.
To this hydrous titanium oxide were added 0.16 atom of ammonium paramolybdate

[(NHa)eMo~+Qza * 4H=20], 0.12 atom of phosphoric acid (HsPO.4) and 0.05 atom of
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72 25 January 2006 cobalt nitrate [Co(NCa)2 6H20L per 1 atom of _titani 582)
and the mixture was processed as in Exanple 33 to give a hydr ofPdapyafy <006
catal yst. The properties of this catalyst are shown in Table 13. Exanple 37
A hydrotreating catal yst was prepared as in the aforenenti oned Exanple 33
with the exception of adding to the hydrous titanium oxide 0.12 atom of
anmonicgbalt tnittasé dCeNOBH) 28¥4D] arg . 8ravbritohivcobatd thet matterd Go(NOs) z
6H20 per 1 atomof titanium The properties of this catalyst are shown in

Tabl e l: y reaf | r red &gl nt
aforerpéﬁﬁsgér%gp éﬁa%p%lgp%S%w ﬁ%%t%g%égg%g%ﬁ% o§ 5a%oliqﬁg @%pfah%lgb hrbicﬁigsus
titani um. oxi de .38 .at,lgl of . ammoni um par anol ybdate [ (NH4) eMb724 4H2Q ,
0.16 SRRYSAreshPWNAR; B) and 0.06 atomof cobalt nitrate [ Co(NO3)?2
6H2Q per 1 atomof titanium The properties of this catalyst are shown in
Tabl e 13Ex&@uplehd®? nore, the hydrotreating catal yst obtained in Exanple 38
here was submtted to el ectron probe m croanalysis (EPMA) wth the aid of

an inst rﬁqﬁfﬂio&éﬁnéwﬁv%ab%bgafeﬂ% #OHe dbbmditioreasBkifpkasuvithn Fig. 5

i ndicate that 0.38 atom'of nolybdenumis supported on 1 atom of titanium

Eggésftﬂﬁﬁ%%@"f g f‘@ﬁ%&ﬁdﬁ%ﬁ §§@¥;0§1‘%' R ey Q-ﬁ%?é@ﬁfe ”%I%WSM " e
i st ENIERCRO L na L etomcht PRBH o YA L BN G ol orARD] BER 1 Tho

hydrotreati ng catal yst of Exanple 38 gave the results shown in Fig. 6 while
mol y bckéomrof ditaniend. NB@S)ropartees df leisrcatalystsare lsbowmiin Table 13, In the former, if
nol ybdenum were present as 73 )

Example 38

A hydrotreating catalyst was prepared as in the aforementioned Example 33 with
the exception of adding to the hydrous titanium oxide 0.38 atom of ammonium
paramolybdate [NHa)eMo-O24 * 4H=0), 0.16 atom of boric acid (HsBOs) and 0.06
atom of cobalt nitrate [Co(NO=z)= * 6H=0] per 1 atom of titanium. The properties of
this catalyst are shown in Table 13.

Furthermore, the hydrotreating catalyst obtained in Example 38 here was
submitted to electron probe microanalysis (EPMA) with the aid of an instrument JXA-
8900 available from JOEL Ltd. The results shown in Fig. 5 indicate that 0.38 atom of
molybdenum 1is sﬁpported on 1 atom of titanium and, In spite of this high rate,
molybdenum is supported uniformly in the pores.

Furthermore, X-ray diffraction patterns were measured on the hydrotreating
catalyst obtained in Example 38 and molybdenum oxide (MoOs) with the aid of an X-
ray diffractomer PW3710 available from Phillip. The hydrotreating catalyst of
Example 38 gave the results shown in Fig. 6 while molybdenum oxide (MoOs) gave

the results shown in Fig. 7. In the former, if molybdenum were present as
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25 January 2006 nol ybdenum oxi de (MbGs) on the catal yst carrier
diffraction pattern of MoG3 would be bound to appear. I—b\A/ever,Q"i-‘lga@‘lﬁ‘%zoos
diffi action pattern is observed for the catalyst of Exanple 38 shown in
Fig. 6. This indicates that nolybdenumis coordinated to titanium oxide
crystals and not nerely present in layers on the surface of the catalyst

carrier, aratiy 6 [ L. U hde hegi zas in
eanpl GISTHPENT RETEDORDRS oY RBEe i SR R R BE A0
setting the synthesis tenperature at 95C.a swi ngi ng the pH al t.efnat el
bet wee?wmtﬂd b@xybouné toi amr%pam.nﬂ@mew: dossethy H%E*asiﬂpm 3 (1§ Fﬁ)_se%")v@) foﬁ%bet Ke

precipitating pH range (pH = 7.0) nine tinmes. The hydrous titani um oxide
thus okiahRed ofeEwasled3sf hiveri eth afid. d8.i EtismtindRated fthet idolyhdesumrhe
wat er contént (structural water + free water) of the dried hydrous titanium

e i enomrdels iR Sfh Pt BndotinEATy SRR AT s treear e

properties of this catalyst are shown in Table 14. Conparative Exanple 17
7b a BObfﬁ.hﬁé@T@éYSté‘@mﬂ%ed with a stirrer was introduced 10 1 of water, 1.5 1
of the aqueous solution of titaniumtetrachl oride prepared in Exanple 33
was added Guniparasive xangpledd ower the pH to 0.5. 7b this solution was added
2.3 1 of 14 wt% amonia water to raise the pHto 7.0 and stirred there for

appr oxi m?—g}&oés ﬁ%ﬁigﬁﬁﬁ oxddiewaB St HRistadead e Bkimbler 38 ehitinshavasteptionns!
y

filtered gl ve rous titanium oxide. This hydrosol is anorphous and its

the solnaraaeedy A Yl Fiae by GERHHE KB yplRg g AR B e BT RH oh
vater Cs%rflitnréielgg' th764p al%e%%‘é%él%’z b%t?v?rgen the hydrous titanium oxide dissolving pH range
(pH = 0.5) and the precipitating pH range (H = 7.0) nine times. The hydrous
titanium oxide thus obtained was washed, filtered and dried at 120 “C for 10 hours.
The water content (structural water + free water) of the dried hydrous titanium
oxide was 0.5 wt% on the solid basis.
A hydrotreating catalyst was prepared as in Example 33 from the hydrous
titanium oxide obtained above. The properties of this catalyst are shown in Table 14.
Comparative Example 17
To a 30-] vessel equipped with a stirrer was introduced 10 1 of water, 1.5 1 of the
aqueous solution of titanium tetrachloride prepared in Example 33 was added with
stirring to lower the pH to 0.5. To this solution was added 2.3 1 of 14 wt% ammonia
water to raise the pH to 7.0 and stirred there for approximately 5 minutes. The
precipitate thereby formed was washed and filtered to give hydrous titanium oxide.
This hydrosol is amorphous and its water content (structural water + free water)

was approximately 1000 wt% on the solid basis.

This hydresol could not be molded because of its too high water contnet.
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Conpar ative Exanple 18 A hydrotreating catal yst was prepared as t he
af orenenti oned Exanple 33 with the exception of adding 0.05 at@n@puary 2006
anmoni um tungstate [ (NH4) 2WX4] and 0.019 atom of cobalt nitrate [ Co(ND3) 2
6H2Q per 1 atomof titanium The properties of the catalyst obtained are
shown in Table 14. Conparative Exanple 19 A hydrotreating catal yst was

pr epar ed L1, I oned Exanple 33 with the exception of adding
0. 62 ator@@?lp%ﬁ%ﬁg%%’%ﬂggﬁgml ybdat e [ (NH4) 6Mb- 7024 4H2Q and 0. 27 atom of

cobalt nitrate [Co(NGs)2 6H2O per 1 gtomof titani um _Th [ [ of

the catal &shydwér@aﬁ@a atalyshwa i‘%Paqfsala@ 1{14&9185 e %}eéi %&1%2? (f)gtlz r@g i ng
test of light gas oil The tests were conducted on hydrotreati rlg of 64& | e
East stthaieghéptiam of bdbingg@95 atoin by atimonisen ghngstats w0 @b QY st s
of the aforenentioned Exanples 33 through 38 and Conparative Exanples 16, 18

and 19 - be $n e aithech. The progattiegad oi |
has t h@% %@%k%gf %?%g%p@égp%)beg}%‘??pggiei %[“? (15/4 O 1 0. 85150; psuI fur

contents, 1.37 wt% . nitrogen contgn;s, ,101 ppm distillation properties,
initia|ti9@taiﬁav%64medﬁ§gs%@%@of3§%‘?|r1|4ng poi nt 295x, 90% boi | i ng poi nt
348t. The light gas oil was hydrotreated in a flow type reactor under the
f ol | owi ngConpatiative dsxamplectd on pressure, 5.0 MPa; reaction tenperature,
350C;, liquid hourly space velocity, 2.0 hr-1; hydrogen/oil ratio, 250 N A

In these AVIAERBLINBIAEIFES wakifepRfidady st thengforersebtioned: Example é8unvithdi ng
by the use of |light gas oil whose content of sulfur conponents had been

adi ust ool 8 2o ol Add a0 S bilmeh i ilamoRegiana [ OGHLIMorOsul s of

t he hy e reaction rate ' constant was 75 25 January 2006

obt ai ned Wij € 4 897 919 & NEn e S bt TEANOD-" SO b8 11afhl R tHEhium.
The properties of the catalyst obtained are shown in Table 14.

Test Example 2: Hydrotreating test of light gas oil

The tests were conducted on hydrotreating of Middle East straight-run light gas
oil by the use of the hydrotreating catalysts of the aforementioned Examples 33
through 38 and Comparative Examples 16,18 and 19 and the performance of the
catalyst was examined. The light gas oil has the following properties: specific gravity
(15/4 °C), 0.850; sulfur contents, 1.37 wt%; nitrogen contents, 101 ppm; distillation
properties, initial boiling point 232 C, 50% boiling point 295°C, 90% boiling point
348°C.

The light gas oil was hydrotreated in a flow type reactor under the following
conditions: reaction pressure, 50 MPa; reaction temperature, 350C; liquid hourly
space velocity, 2.0 hr™2; hydrogen/oil ratio, 250 NI In these hydrotreating tests, the
catalysts were submitted to presulfiding by the use of light gas oil whose content of

sulfur components had been adjusted to 2.5 wt% by adding dimethyl disulfide.

Regarding the results of the hydroprocessing tests, the reaction rate constant was
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deni trogenation reaction as the 1st order
expressed in a relative value with the results of Conparative Waéy?ﬁ%
taken as "1.' The results are shown in Tables 13 and 14. [Table 131 Exanple
Exanpl e Exanpl e 333435 Raw nmaterial speciesTi Cl4Ti d, 1101, x in conposition
formul a0. 670. 670.50 y in conposition formula5. 755. 750. 39 PropertiesSpecific

sur f ace arieal 1) a) 102456154 P05 BAMOLINER (CERYA B k. 380 428 A1 ehe

shar pnessdegr ee reactionRel ati ve desul furization

activity{.- )2.52.32.1 Relatjv enitrification,actiyvi - )3, 0
Bcan| GeEs AR RACEOR 68 b6 IR TIRERFAIT SR eSS Pets BB
conposi tion formula0.980.670.67 y in conposition formulal7. 745. 755, 75
Pr oper treksSeaciliie evith tiersuls of Corippratsd Exasglebltekenlagna.” The results are
(TPV) (m /g)0.470. 400. 49 Pore sharpness degree(% 546059 Results of

reacti QpRel ati renidesaldigrigation activity( - )2.02.02.5

reacti on and the resué&; wer e
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[Table 13]
Example Example Example
33 34 35
Raw material species TiCl, TiCl, TiCl,
x in composition formula 0.67 0.67 0.50
y in composition formula 5.75 5.75 0.39
Properties Specific surface area (m*/g) 102 156 154
Pore volume (TPV) (mi/g) 0.35 0.47 0.46
Pore sharpness degree (%) 54 70 55
Results of reaction | Relative desulfurization activity { =) 2.5 2.3 2.1
Relative denitrification activity ( —) 35 3.3 3.0
Example Example Example
36 37 38
Raw material species TiCl, TiCl, TiCl,
x in composition formula 0.98 0.67 0.67
y in composition formula 17.74 5.75 5.75
Properties Specific surface area (m%/g) 155 157 156
Pore volume (TPV) (ml/g) 0.47 0.40 0.49
Pore sharpness degree %) 54 60 59
Results of reaction | Relative desulfurization activity (—) 20 20 2.5
Relative denitrification activity (=) 3.2 3.0 3.3
) [Table 14]
Comparative Comparative
Example 16 Example 17
Raw material species TiCl, TiCl,
X in composition formula 0.14 1.11
y in composition formula 0.02 271
Properties Specific surface area (m¥/g) 65 —
Pore volume (TPV) {ml/g) 0.63 -
Pore sharpness degree ¢))] 42 -
Results of reaction Relstive desulfurization activity (=) 1.2 —_
Relative denitrification activity (=) 21 -
Comparative Comparative
Example 18 Example 19
Raw material species TiCl, TiCl,
x in composition formula 0.67 0.67
y in composition formula 575 575




Rel ative denitrification activity( - )3.23.03.3 [Table 141 Corrpgéﬁtlve

Conpar ati ve Exanpl e 16Exanple 17 Raw material speciesTid , TiCl 4

conposition forrmula0.141.11 y in conposition formula0.0227.1

PropertiesSpecific surface area(n2/g)65- Pore volunme (TPV)(ni/g)0.63- Pore

sharpness degree(% 42- sults of reactionRel ative desul furiza
: tjon act
)1.2- Hel at iPveedieni tri [ $atifionrfaetare ty(| - (781 cadihrat fé gctivity(

Exanpl e 18Exanple 19 Raw meré esiinal (TBYIEC eS[Ti GHATI ¢l 4 R3%n conpodi% i
formul a0.670.67 y in conpasl tlAReds Qe a5, 758 75 |76 26 January 42006

E{)?ge;}];;&so ‘Eé“u'ltao#reac??rb B AL RT3 Pore Vol ung (TPV) (mhs g) 0. 390. 19
p_ ess %) Jﬁmt‘aved n.m?c IS of T dgt | c))m-el arjyve desulf,yri zati on
)0.81 3 Relative e ¥ reatton acttvity(t—)1. 822

activity(

(Relationship bet ween degree of nltrogen removal and consunption of
hydr ogen)

(Relationship between degree of nitrogen removal and consumption of hydrogen)

The relationship between the degree of nitrogen removal and the consumption of
hydrogen was investigated by the use of the hydrotreating catalysts (titania catalysts)
of the aforementioned Examples 33 and 34 and the commercial catalysts (alumina
catalysts) of Comparative Examples 11 and 12 while varying the liquid hourly space
velocity in the range from 1 to 3 hr ~%. The results are shown in Fig. 8 and it 1s seen
that the consumption of hydrogen can be reduced sharply in the case of the titania
catalysts of Examples 33 and 34.

(Explanation of Examples and Comparative Examples)

As is apparent from the results shown in Tables 13 and 14 relating to the
aforementioned Test Example 2, the hydrotreating catalysts of Examples 33 through
38 show the desulfurization activity approximately twice or more and, in addition, the
denitrogenation activity approximately three times or more that of the commercial
catalyst of Comparative Example 11. Furthermore, they show approximately 1.8-fold
desulfurization activity or more and approximately 1.5-fold denitrogenation activity or
more compared with the commercial catalyst of Comparative Example 12. For all
that, Fig. 8 shows that they consume less hydrogen than the catalysts of Comparative
Examples of 11 and 12.

The results in Comparative Examples 16 through 19 indicate that, in the case
where the content of structural water and free water of hydrous titanium oxide is

small (Compal ative Example 16), an ion exchange with the catalyst components does
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The rel ati onship between the degree of nitrogen renoval and the nsunpt. |
of hydrogen was investigated by the use of the hydrotreating ca?gﬁﬁ@{%‘y%&g
(titania catalysts) of the aforenmenti oned Exanpl es 33 and 34 and the

comercial catalysts (alumna catalysts) of Conparative Exanples 11 and 12
while varying the liquid hourly space velocity in the range from1l to 3 hr

-1. Th | ' ' it : " ;
hydr og RO RS AR LA bﬁg}gthéd LzibpSaaliit! £l thhQealrsmBtionn o

arp I'n the case of the tfitania catalysts of

Exanpl es 33 and 34. «pl anati on, of Exanpl es and Corpar.atiy, As is
appar erﬂcﬁ\ﬂwlt&@trs@%ﬁﬁ@%t %Tl*fi)% the sems @ger 3s gﬁ%efﬂ@%rpgﬂ @%E@Q%Eﬁgﬁsfz :

af orenenti oned Test Exanple 2, the hydrotreating catal ysts of_ Exanpl es, 33

t hr oughO3hesdtbier hhad desthiefoase mdterethactritent of sippetoxalaatarandiree WaEST
and, in addition, the denitrogenation activity approximately three tunes or

Fur ¢ her S E g e e 4 BT At vi &

Furt her y w'a lari.zation activity or

nore and appr Qxi ely.1.5-fol d, denitrogenatign_acti vit r red
W th ¢ RETORRERR | G CRIBIARS SPDBPt CBmBRrATO. Eldrpeh 1ot th cafy WheFEBRLE]
8 shows that they consune | ess hydrogen than the g&éa ysts of Conparative
Exanpl esrmafintd ofithe p2incifed cataystt comporGargangsienea st he I TEemEey fr8hgperio
indicate that, in the case where the content of structural water and free

wat er  of;; WO QS oHicHa Bh UthedXadlet Sares iraduffidiGami@oatiaretiFx aliphmpls) 18)amai on
exchange wth e catal yst conponents does 77 25 January 2006 not proceed

Suftfi ol enboANhOR! dhat B 0RHH bUGL AR WA IR BHIPAGREeIIER tasegehatd on

activitVlglre suf on t'he sanme order as those in Conparative

Example 12°. On . th her hand, in_the case e nt.of Hed ur al
wat er aﬂé?f?’é@%té? |(g e prpewal, V’l}’ rgcém(@%%gr é%@gggggarrpllg 7 ,gst he
mol di ng operation required Sor the preparatiqn Olf> ca alﬂ%sts %qnnot he

per f or ndompbratave Example & ,CSER OeePT V\quefoun to be not eflective tor Improving

the desulfurization activity and the denitrogenation activity.

Industrial Applicabili

According to this invention, it is possible to prepare easily a porous 4 group metal
oxide which not only has a large specific surface area but also exhibits excellent heat
stability. Moreover, it is possible to prepare easily a porous 4 group metal oxide which
is characterized by excellent reaction selectivity, a large specific surface area, high
catalytic activity and excellent heat stability and useful for a catalyst or a catalyst
carrier based on a 4 group metal by the use of a hydrosol of a hydrous 4 group metal
oxide having a controlled and sharp pore distribution.

Furthermore, high-purity porous titanium oxide of this invention has properties
such as a large specific surface area, excellent heat stability, precisely controlled pore
diameter and sharp pore distribution and is useful for applicaﬁons specifically
requuring tltamum oxide as a catalyst or a catalyst carmer.
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anounts of the principal catalyst conponent tungsten and the pr ter
component nickel supported on the carrier are insufficient (CO%SQP%"H%@OOB
Exanpl e 18), no inprovenent in desul furization activity was observed. Still
further, in the case where the anmount of the principal catalyst conponent

nol ybdenum i s excessive (Conparative Exanple 19), such excess was found to

be not  ehfiffd ¥eoldihg baTBLS thithtidnl & ﬂggs@ﬂﬁl@rtbzfﬁépm @ebiy titaniandotitie
deni trogenatl on act i VI ty. Industrial plicability According to this

t : ble t I d
whi chHEE i PplREe sI%v%&o‘g’%@a%ﬁﬁgﬁ%rﬁ;ﬁ?AC%I@PE%BE&ME%QQE P el ent
heat stabilit Mor eqver, is possjble to prepare aS| I oro S 4 group
met al weightidistribation Dﬁth%@&é@ﬁ@ At 2y %@Wé’l@%ﬁm‘”éﬁ%t a

| arge specific surface area, high <catalytic activity and excel | ent heat
st abi finffaceani@aubahuborbas tAanabaloxite or unifean sphsticalgaticles dukehiblisa 4

group netal by the use of a hydrosol of a hydrous 4 group nmetal oxide

B SR S o a1

por ous S I'nvention has properties such as a large

specific. surfac a, excell e t heat stabi I| controll ed pore
di anet Chalﬁ(ﬁa’gﬁﬁﬁigo Bm@?‘)&@p hix ol aa%&aa,ly ﬁPIe$ a%p%l i cati ons
specifically requiring titani umoxide as a at t or.a ca arrler.
78 25 Jdwoanding mshisunvendion, at:@omﬁsxbée tOPEGYR 9‘%?8% gfa @i"% ble to
prepare porous titanium oxide which is control led to have ore distribution

in a ghanentcopdsrimatet ant hdestifueication andi glenittogemationt i Wi, ofmimmaleact ant s
at an arbitrary pore diameter, has a |arger specific surface area than

por oug, | nc?;ﬂ:% ) &%ﬂ%ﬁg‘ﬂ anA tfh%rd%fl‘tﬁ?&eis' SAlabRanst 6h19Sorhgdeogrodisting ofxcel | ent

mechani ca is possible to prepare porous titanium oxide

which is tailoredq to the rpgse_ and u t t SREk

cat al ¥ir0c%@@8r8 PRFIGOIY | (ﬁig?ﬁi glnalﬁt%gsahplgegs lﬁiﬁ {0 préossl gé’fde@
h I h

yar Og.ése 3 ngtlgrat gng Sctleevl\)lI tdemt]rogenatlon but also advantageously applicable to

hydroprocessing involving lower degrees of desulfurization and denitrogenation of

other hydrocarbon oils.
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excel l ent performance in desul furization and denitrogenation w B nininab
consunption of hydrogen and the catalyst is suitable not only f@pJanuary 2006
hydr opr ocessi ng of hydrocarbon oils, particularly of gas oil and the |ike
whi ch require superdeep desulftuization and deep denitrogenation, but also
advant ageously applicable to hydroprocessing involving | ower degrees of
desul {igidtzatladnedhd denitrogenation of other hydrocarbon oils. 79 25
January 2006 What 1S clainmed is: (1) A porous 4 group netal oxide which is
characterized in that it is prepared by adding a particle~growth inhabiter
to a hydrosol, a hydrogel or a dried product of a hydrous 4 group netal

oxide r sented by the gener : - ' denot es
a4 grogg OﬁPu%ﬁ‘oéle}lg Igg%r%@e %’%%%%Weff w@gtéy\??é&?gﬁi :nged by

drying _and cal cining and has.a specjfic surface area of, 80 nR/g,, a.pore

vol unaddingoa pawtige @rovih anlibifen to Gr EY@IW&&pﬁ agﬁlr%ad#m%o%(@%%ﬁf ) (2) A
porous 4 group netal oxide as described in claiml wherein the 4 group netal
Mis hiyfetisungtdup h3stalogrideoepresententipy rthe adenerdl dormsilal 840r izbe dO)2s! ai m 1

wherein the 4 group netal Mis zirconium (Zr). (4) A porous 4 group netal

0xi de(fRele? 81 UBRGkes ) £ %@e&e‘ﬁﬂ%ﬁi R i4 RS QHBathr tHAQON Gk al>axl)de is

hydr ous titani um oxi sented by the conposition fornmula '140(2-.~,

y

(OH) 2 H erein P.1 <.x < 250 and 0.8 < < X 0. 4 group
net al %@%@é%‘éﬂ)@ggr@éﬁaﬂ% ?515{113?8\/\?15?%?% tSH%fa?%ay r%augé gé Eé\rz%gpa ﬁr(zrteal oxi de
I's hydrous titani um oxide represented by the co sition formula TiQ.2- o
( OH) 2xolume of Q. Ameligpmmoreard R p@rqsbamm@S@&@rseQPB@%.or(rweA porous 4 group
met al oxi de as described in any one of clains 1 through 5 wherein the

hydr ous (%) Afpexpusve gedupomietid dxilepaseqrscabedin daimd whereyn the4 geew metal

M is titanium (T9).

(3) A porous 4 group metal oxide as described in claim 1 wherein the 4 group metal
M is zirconium (Zr).

(4) A porous 4 group metal oxide as described in claim 1 wherein the hydrous 4
group metal oxide is hydrous titanium oxide represented by the composition formula
TiOc-s0 (OH)2x * yH20 (wherein 0.1 = x < 20and03 =y = 40).

(5) A porous 4 group metal oxide as described in claim 1 wherein the hydrous 4
group metal oxide is hydrous titanium oxide represented by the composition formula
TiOcz0 (OH)zx - yH20 (wherein02 < x < 1.0and03 =y = 40).

(6) A porous 4 group metal oxide as described in any one of claims 1 through 5
wherein the hydrous 4 group metal oxide is prepared by using a 4 group metal
compound as a raw material and a pH adjusting agent and performing a pH swing
operation alternately plural times between the precipitating pH range and the
dissolving pH range of the hydrous 4 group metal oxide in a synthesis solvent.

(7) A porous 4 group metal oxide as described in any one of claims 1 through 5

wherein the 4 group metal M is titaniuim (T) and the hydrous titanium oxide is
80




conpound as a raw material and a pH adjusting agent and perform a pH
swng operation alternately plural tines between the precipi ta?gﬂan'i% ?gl%e
and the dissolving pH range of the hydrous 4 group netal oxide in a

synthesis solvent. (7) A porous 4 group netal oxide as described in any one
of claims 1 through 5 wherein the 4 group netal Mis titanium ('14) and the

hydr Olgtheligl WA feiy rilhernl HRIMIANY o50R6uAA Bindes Ir® ddistiig! digrd T aw
mat er 1'a n

titani um conpound and a pH adjusting agent and performng a pH

SW ng operation in synt hesi s .sol.vent in the .non-dissol vi, ramnge of
Che hgOR RLOTRIET B SRi Oaratiphdh & eraro e kA% e afTe on ¢ ne
| ow pH side (1 < pH < 4) and the pH range near the isoelectric poipt of the
hydr omgetoftthamwuuenwnpx@emﬁe@atei» phrabames datwenn the renggentbar t he

i soel ectric point of the hydrous titaniumoxide (5.1 S pH 7.1) and the

r angelgw pHheidbi(phppiIs£0d) ah@ the pHHange khr thd)sodegtoic pomt4f ghohpdmesal oxi de

as described in any one of clains 1 through 5 wherein the 4 group netal M
s tifan: gl d heprhyd 'ﬁ,@&h i | Mesdlé@le Byingsi ng a
raw n%l?ée‘]drly% &%p%éﬁguﬁ%pﬁuzgygﬁyba p @Sf‘?}js{??ﬂ%é%%t and pe(r: o]rnm' ng a pH
SW ng eration in a. synthesj | vent Lnyth on-di ssol yi r-ange of
The. RYGIEUELRna A B @ WeerPIins /ahgBodieanaes o prisbEr 18°0,s)
and the ra)r;ﬂ—ﬁ across the pH range near the isoelectric point of the hydrous

titan(&8inse é(BZ):L < pH 7.1) or between the range on the high pH side (8 S
pH < 12) and the range across the pH range near the isoelectric point of the

hydr ous (8} Atitbusndoxiotp fdtal oxidephb Bedoribedwini hgy ahk aficgnss $dhfoughedt agi ng

time for growmh of "particles in the pH range near the isoelectric point.

(8 B Gt i AR PO o o tsgpiian o
out de LD B M (A QAR o ISLH A i A R v v o
and performing a pH swing operation in a synthesis solvent in the non-dissolving pH
range of the hydrous titanium oxide between the range on the low pH side (1 <pH
=< 4) and the range across the pH range near the isoelectric point of the hydrous
titanium oxide (5.1 =< pH = 7.1) or between the range on the high pH side 8 =
pH = 12) and the range across the pH range near the isoelectric point of the hydrous
titanium oxide (5.1 =< pH = 7.1) while allowing a sufficient aging time for growth of
particles in the pH range near the isoelectric point (5.1 = pH = 7.D.
(9) A porous 4 group metal oxide as described in claim 7 or 8 wherein the pore
asymmetric coefficient N of the hydrous titanium oxide defined by N = (A - OB - A)
(wherein A is the logarithmic value of the median diameter, B is the logarithmic value
of the pore diameter of the 2% pore volume and C is the logarithmic value of the pore
diameter of the 98% pore volume) falls in the range of 1.6 = N = 4.

(10) A porous 4 group metal oxide as described in any one of claims 1 through 9

wherein the particle growth inhibiter is a compound yielding ions containing an
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of the pore dianeter of the 2% pore volume and Cis the logarithmc val 8 of
the pore dianeter of the 98% pore volune) falls in the range o 51’?5“%3’% 13
4. (10) A porous 4 group netal oxide as described in any one of clains 1
through 9 wherein the particle growmh inhibiter is a conpound yielding ions
containing an 81 25 January 2006 el enent selected fromsilicon (Si),

phosphRphHt( lectdPEMS | SBOMB), iRlsphats( @) maghRaan €3y Milkiund! (@a),num (Al )

e

and zirconium (Zr). (11) A porous 4 group netal oxide as described in any
one of cl ai ns through 9 erein the fNicle growmh inhirbiter is a
conpotHPSAEFU Y | ‘f‘fgﬂgﬁﬂt@rﬂ%%m‘ggmht sel ected fromsulfur (9),

nol ybdenu Mo), tungsten (W, vanadi um, .and boron (B). .(12) A porous 4
group ne(ﬂﬁ]lé\m@@ é@‘@é@cm@%iﬂmﬁ @esgﬁgé%ﬂn@maiw qpqlméﬁ}@oug% rein the
particle growth inhibiter is a conpound yielding ions containing an el enent

sel ectsfréinothd partidéarowth ckbibifeNds & apatpoutidoyieldihgtionsimopBijingpahl adi um
(Pd), rhodium ?Rh) and ruthenium (Ru). (13) A porous 4 group netal oxide

descri | 01ﬂﬁhr' hog) ' Rena | owt h
inhib?gégﬂkgmgg%gggﬁgﬁit e?saﬁ?ﬁb%ﬁég%ggroubhﬁgggﬁin@%npouﬁ%hggvga%gw

mat er | al t@ythe reaction solvent during the synthesis of the hydrous 4
group oxi de, after the synthesis and before the dehydration of the
hydrous 4 group netal oxide, or after the dehydration and before th

cal ci nat(l3nAgforohe4 grgdp anetad ogidess dercabedin @ay qresof daises dsraugh §up met al
oxi de as described in any one of clains 1 through 12 wherein the particle
gr owt kvhepéinbtiee patticl@ddedth nnhitgtest sps doptipdunidt ylding and cvatdinmg aof the
hydrous 4 group netal oxide. (15) A porous 4 group netal oxide as described
in an 10481 : : erR& iter is
g et e ol im0 Oflickdl (N1 SEIRAID (G4 Bl () 95 Ao PRY,

i soel ectric point
rhodium (Rh) and ruthenium (Rw).

(13) A porous 4 group metal oxide described in any one of claims 1 through 12
wherein the particle growth inhibiter is added together with the 4 group metal
compound as a raw material to the reaction solvent during the synthesis of the
hydrous 4 group metal oxide, after the synthesis and before the dehydration of the
hydrous 4 group metal oxide, or after the dehydration and before the calcination of the
hydrous 4 group metal oxide.

(14) A porous 4 group metal oxide as described in any one of claims 1 through 12
wherein the particle growth inhibiter is added in the steps for filtration and washing
of the hydrous 4 group metal oxide.

(15) A porous 4 group metal oxide as described in any one of claims 1 through 14
wherein the particle growth inhibiter is added at a pH less than the isoelectric point of
the hydrous 4 group metal oxide in case it is anions, added at a pH more than the
isoelectric point in case it is cations or added at a pH corresponding to the isoelectric

pomnt £ 1.0in case it is simultaneously anions and cations.
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t he hydrous 4 group netal oxide in case it is anions, added at a_pH nor
than the isoelectric point in case it is cations or added at a2§Hanmmy2006
corresponding to the isoelectric point 1.0 in case it is sinmultaneously
anions and cations. 82 25 January 2006 (16) A porous 4 group netal oxide
described in any one of clainms 1 through 15 wherein the el enment contained

in the gant AG®Roas Akkub %@mlt@ﬁdél@lés@ﬂieal ¥t gy @gkiofi daimd orthipyektotibeat i ng
and the hydroxyl groups of t he hydrous 4 group netal oxi de are exchanged by

thelos el e 7. !39%1 i bed in
cl ai m’ ng‘?fn?%%t@é{eﬁ]}]t@eepgorous roup rr%e?a}f‘ oXl as a ;(éuri ty of
97 wt%or m)re on t he aoxi basi A porous 4 nmet al oxi de
as detogrhysiatreating snd the ﬁn@rfogfgrww@@nﬁ 31"6’?‘113 8758‘1‘91&15? P eHPticle

grow h anhibiter is contained in the range from0.1 w%to not nore than 3

wt % oaxdhaeged bgtehd asiswof sgitlBlerAenet hod for preparing a porous 4 group netal
oxi de which conprises adding a particle growh inhibiter to a hydrosol, a

hydr ogel(1pragg g&hseg gg'g)fg}glﬂﬁétapt) A OUSbA] 19TRERSTRS BhrodshdFs Ableadined by

t he reactlon 0 p neta conpound as a raw material with a pH

adj ust,i ng agent in_an ue sol vent. epsesent ed by.,th I

For it NeSoEs. +ETeur. Teos iohar A rdEq0: L0 8 4on Pits ety SR
nunber greater than 0.1 or x > 0.1) followed by drying and cal ci ni ng thereby
yi el dbags.a 4 group metal oxide which has a specific surface area of 80 n2/g
or nore, a pore volune of 0.2 nPg or nore and a pore sharpness degree of

50% or mﬂ)eA Ho26)s A gretip adethb bxideepadéstgibad pordrim 47 grbergimtheklemerde as
described in claim19 wherein the hydrous 4 group netal oxide is hydrous

tit a”bﬂ%ﬁgihg%%etﬂﬁuﬁe%%% iiFbAkr M dohthinbdmh Yhe ¢Thge HOALD. JAwEBLtaod f or

prepari or ous group netal oxide as described in claim 19
not more than 3 wt% on the oxide basis.

(19) A method for preparing a porous 4 group metal oxide which comprises adding
a particle growth inhibiter to a hydrosol, a hydrogel or a dried product of a hydrous 4
group metal oxide obtained by the reaction of a 4 group metal compound as a raw
material with a pH adjusting agent in an aqueous solvent and represented by the
general formula MO -0 (OH)zx (Wherein M denotes a 4 group metal and x is a
number greater than 0.1 or x > 0.1) followed by drying and calcining thereby
yielding a 4 group metal oxide which has a specific surface area of 80 m=/g or more, a
pore volume of 0.2 ml/g or more and a pore sharpness degree of 50% or more.

(20) A method for preparing a porous 4 group metal oxide as described in claim 19
wherein the hydrous 4 group metal oxide is hydrous titanium oxide or the 4 group
metal M is titanium (TY).

(21) A method for preparing a porous 4 group metal oxide as described in claim 19
wherein the hydrous 4 group metal oxide is hydrous zirconium oxide or the 4 group

metal M is zirconium (Zr).
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wherein the hydrous 4 group netal oxide is hydrous zirconium oxide or the 4
group metal Mis zirconium (Zr). 83 25 January 2006 (22) A net Kodapygry 2006
preparing a porous 4 group netal oxide as described in claim19 wherein the
hydrous 4 group netal oxide is hydrous titani um oxide represented by the
conposition formula TiOc z- o (OH2 yHHO (wherein 0.1 < x < 2.0 and 0.3

<y <40) OIPN AlRUTOLIRarPEPBEINS Peh st oiRUR dekabedii daiso

describ clarm 19 n“the hydrous 4 group netal oxide is hydrous

titani ym oxi de yepresented b t.he .composihtion.formul a.7i Q:(2- d) 2.,

yt O (Wﬂ?ﬁr@lnn&@ ydroys 4 g%lpaﬁ)&t%l_%;ﬂ&%gﬁg‘drw%t@%n@%q ﬁ%};d%?%gte%r paring a
porous_ 4 group netal oxide as described in any one of< cl ai 19 {hrough 23
wher ethe comphsition Jermulgr 816 cree 40Hxk a¥tizb) bvherenel oy @siﬁgﬁ-o oup
metal compound as a raw material and a pH adjusting agent and performng a
pH swishg; oper4@)i on alternately between the precipitating pHrange and the
di ssol ving pH range of the hydrous 4 group netal oxide plural tinmes in a

synt hesi : ' r ; eibal  oxi de
2 doscr 2B R o frtboafin RO o R R B e etal M
Is titani um (Ti nd hydr ous I,t ani um oxi,de is synthesized by ushRg a raw
nat er f"‘gTerﬁlintQ]ﬁ %Y@@%ﬁ%%pam e i X@fquﬁgmﬁﬁéﬂf‘ %‘?}e 5%%‘?’#?‘%&% a pH

swi ng operation in a synthesis solhisent in the . _non-%ssol Vi ng p(i—( range of
the hyle caspositianiformule T abtelQEet y yPi=@ Whereie8.2 Betnesn lOmnd 8dge on
the low pH side (1 < pH 4) and the pH range near the isoelectric point of

the hydrpustfp)ani um oxide (5.1 pH S 7.1) or between the pH range near the
i soel ectric point of the hydrous titaniumoxide (5.1 S pH 7.1) and the

range onoyng b@odAhk ﬁfé?a%rﬁl% ngH)Lé éiLé%oup metal oxide as described in any one
of claims 19 through 23 wherein the hydrous 4 group metal oxide is obtained by using
a 4 group metal compound as a raw material and a pH adjusting agent and
performing a pH swing operation alternately between the precipitating pH range and
the dissolving pH range of the hydrous 4 group metal oxide plural times in a synthesis
solvent.

(25) A method for preparing a porous 4 group metal oxide as described in any one
of claims 19 through 23 wherein the 4 group metal M is titanium (TY) and hydrous
titanium oxide is synthesized by using a raw material titanium compound and a pH
adjusting agent and performing a pH swing operation in a synthesis solvent in the-
non-dissolving pH range of the hydrous titanium oxide alternately plural times
between the range on the low pH side 1 < pH = 4) and the pH range near the
isoelectric point of the hydrous titanium oxide (5.1 = pH = 7.1) or between the pH
range near the isoelectric point of the hydrous titanium oxide (.1 =pH = 7.1 and
the range on the high pH side @ = pH = 12).

(26) A method for preparing a porous 4 group metal oxide as described in any one
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(26) A nethod for preparing a porous 4 group netal oxide as described in _any
one 84 25 January 2006 of claims 19 through 23 wherein the 4 gr &paRER|200p
is titanium (Ti) and hydrous titanium oxide is synthesized by using a raw
material titanium conpound and a pH adjusting agent and perform ng a pH

SW ng operation in a synthesis solvent in the non-dissolving pH range of
the hgﬁ' tRiths 19 Bfotih 95 Qﬁeﬁ%‘%ﬁ@'& bR’ Aeed MNistianh@W (TDHuRd 89déchs< PH |

4) and the range across the pH rangé near the isoelectric point™ (5.1 < pH <
7.1) or between t.he range the high pH side (8 < pH < 12Y+an t range
ot bs Stamanbecile i SvhERted byl Gfap el el ihsmeRlbmpinia g
allowng a sufficient aging time_for gromh of particles in_the range near
the i edpisbogragent soidnperfaniing 3 pHEswing operation Anng syadnesisr sobresib 4p tﬁ;)g a
porous 4 group netal oxide as described in any one of clains 19 through 26
wher eindntdissoband ¥ sagecstttheiliyidirbig Btarismasidée betvgenhidie naingb ontthe léwgr oup
nmetal conpound as a raw nmaterial to the reaction solvent during the

synthegy §i§1§f (1t e ply &t ofs i HOHR P GbsePitle heh e WBLIBARIE Hotftd bef or e

t he at'i on The hydrous group netal oxPFde or after the dehydration

and b re t | ¢i nati on of, the hydrqus,4 .0r . ox4 de.;(28); A

net hogéiorépﬁ’gggia]rﬂé o 861 the ﬁﬁoﬂﬁﬁlhﬁpﬁgﬁ%eﬁpﬂg ]1251 one

of claims 19 through 27 wherein the particle growh inhibiter is added at a
pH | eske rahge actussitheepHcrarige peamthevisoelestrivypeintidb4 é: Blb §e¥~&) wislede in
case it is anions, added at a pH nore than the isoelectric point in case it
I s cahllewings saffidRet agird e foppreabasfparticleond tie tesgelreeat theispelectiic 1.0 in
case it is sinmultaneously anions and cations. (29) A nethod for preparing a

por ou ug; ak pyj de as described in any one of clains 19 through 27
wher e Rﬂ}tgse'qpirml'é gpowth inhibiter is added in the steps for filtration

and vas %WAOILeéh%ﬁ f?ny g{'e%%%n% 8 %gfjdpus% Eglaolupoﬁegaﬁ'oxide as described in any one

of claims 19 through 26 wherein the particle growth inhibiter is added together with

the 4 group metal compound as a raw material to the reaction solvent during the
synthesis of the hydrous 4 group metal oxide, after the synthesis and before the
dehydration of the hydrous 4 group metal oxide or after the dehydration and before
the calcination of the hydrous 4 group metal oxide.

(28) A method for preparing a porous 4 group metal oxide as described in any one
of claims 19 through 27 wherein the particle growth inhibiter is added at a pH less
than the isoelectric point of the hydrous 4 group metal oxide in case it is anions, added
at a pH more than the isoelectric point in case it is cations or added at a pH
corresponding to the isoelectric point + 1.0 in case it is simultaneously anions and
cations.

(29) A method for preparing a porous 4 group metal oxide as described in any one
of claims 19 through 27 wherein the particle growth inhibiter is added in the steps for

filtration and washing of the hydrous 4 group metal oxide.
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85 25 January 2006 (30) A nethod for preparing a porous 4 group netal oxig
as described in claim29 wherein washing water to be used in t Ife Hf}@/ziog
filtration and washing of the hydrous 4 group netal oxide contains a
particle growth inhibiter in an amount in the range of 1-100 ppmon the

oxi de basis of the netal contained in the particle growth inhibiter. (31) A

nmet hod f r | . ' Lol y one
of clai n(gb)lg rtﬁﬁ?{)(’ggﬁ' gbe?i\%kile%el éoﬁgwﬁﬁg?%%%g?ﬁg?i@?%%rt i (}?ieingz?ovw h
i nhi bi t.er has atalytic ,activity.f hydrotreati ng and,theshydr gxyl groups
of th&hﬂﬁ%ﬁ@sﬁm&r &y@%er Ffé(ti’é?l usgedh qu%é‘? c n@b@t%’{/‘ g Vp%#g'x%focft esgmet gl .

(32) A hydrotreating catal yst for hydrocarbon oils conprising the porous 4
gr oup hydeeus 4 groupemebaloxidseepntaing mypastisleogrowithipkibiter ih aprghoud, (L) A
hydrotreati ng catal yst for hydrocarbon oils as described in claim32 wherein
the 4 rﬂﬁ%y Bf 808! ppvhich the axite babitiof the IdetaPchivdireidr @ethengartileagnomtthf or

hydr ocarbon oils as described in clainms 31 through 33 wherein the el enent
havi ng_C; ytic activity for hydrotreating is the principal catalyst

el ement nol'ybdenum (M) and/or tungsten (W and one kind or nore of

pr onot er ments selected. from9, 10, 11, 13.and, 15 groups..(35) A
hydrotrégﬁjgdnﬁﬁpgﬂggpmﬂﬁgnﬁyﬂpggﬁ§ frowip wetad oudecas d&ééﬁ%ﬁ%@ wher ei n
the pronoter elenent is one kind or nore of elenents selected from cobalt
(Co) , oficlakes 19 thibugpHifswhereis tliemetaldobtained 1B} partddy growtdinbibitexthiasg

catal yst for hydrocarbon oils as described in claim34 or 35 wherein the
anmounteallytioActexgh fpdeydibtrefting randctheahydimiall yaiupel @ribBthydioGs @6gduh6 at om
per 1 atomof titanium that of the pronoter elenment is 0.02-0.26 atom per 1

atom of ., '%&é%%@@dﬁ&'%&ﬂ%@'&ﬂﬁsmm“ms of ion exchange of the

princi pa

(32) A hydrotreating catalyst for hydrocarbon oils comprising the porous 4 group
metal oxide described in any one of claims 16 through 18.

(33) A hydrotreating catalyst for hydrocarbon oils as described in claim 32 wherein
the 4 group metal M is titanium (TY).

(34) A hydrotreating catalyst for hydrocarbon oils as described in claims 31 through
33 wherein the element having catalytic activity for hydrotreating is the principal
catalyst element molybdenum (Mo) and/or tungsten (W) and one kind or more of
promoter elements selected from 9, 10, 11, 13 and 15 groups.

(35) A hydrotreating catalyst for hydrocarbon oils as described in claim 34 wherein
the promoter element is one kind or more of elements selected from cobalt (Co), nickel
(N, phosphorus (P) and boron (B).

(36) A hydrotreating catalyst for hydrocarbon oils as described in claim 34 or 35
wherein the amount of ion exchange of the principal catalyst element is 0.06-0.46
atom per 1 atom of titanium, that of the promoter element is 0.02-0.26 atom per 1

atom of titanium and the sum total of the amounts of ion exchange of the principal
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25 January 2006 catal yst elenent and the pronoter elenent is 0.222_{ . 82 t%@
per 1 atomof titanium (37) In the preparation of the hydrotr ghyary 20
catal yst described in any 'one of clains 34 through 36, a nethod for
preparing a hydrotreating catal yst for hydrocarbon oils which conprises
bringing the hydrous 4 group netal oxide into contact with the ions

cont aicRi Mkt tdMEndht 5 B proatby Senfehe NS WY dtdgn %)@1”? At ofkibariiont he

pronoter ~elenment, either together or separately, to effect an ion exchange,

finall | at i t he . in it h f, 3-9, Lding, Vi

cal ai n g B)e Pererinf oL P b BrEBRSE Salial derii Y Al &AM 1 e
in any one of clains 34 through 36, a nethod for preparing a hydrotreating
cat al \pdt thirougih P68y acaethed for pseparing p koshpirpakng satalyiy fphbyama&w roup

metal oxide to a inpregnating solution of the ions containing the principal
cat al yghicle! mse@ BNkl fherisydrons di grbug mdtal opidernteeconthetnmith the i 1- 7 or
pH 9-11 to effect an 1on exchange, filtering, nolding, drying and

cal ci %ﬂ&mﬁlg%c}}éag)n@@r@@gg% iﬁeﬂz@&eﬁt the ydriehs eahtAgikatee Yibndpscr | bed

in any one o a nmethod for preparing a hydrotreating
catal yst for hydrocapbon oils ich conmpri.ses effecting,the kqn exchange

i nvol \?E%erﬂth@lt LSBT A rﬁeﬁﬁr% tﬁrqﬁ%an%%llon EX St %@@W%@ enum
(M) and/or tungsten (W and the ions containing one kind or nore of the
pr onmotpd irethesmge of 8t% cwaldingy drieg badcalcmsig. ni ckel (Ni), phosphorus (P)
and boron (B), filtering, nolding, drying and calcining. (40) A nethod for

hydr ot r e@8) hotlef plepdiaiad bbthedhyfdiotvbatihg eatayst slescriledtiaciriynond dfeclaims
hydrotreating catalyst described in any one of clainms 32 through 36 with .

hydr 06ar eIV kS eliiR B SRENEEP] KUHKGRRHNE coPUNRTBE LOMSRRS Bl e of

280- 4 reaction pres 5 MPa, an L of 0.3-10 hr -1 and a
R LB A8 SOUSOR AL TR UL GHIRRASRGS A (700
of the ions containing the principal catalyst element and the ions containing the
promoter element at pH 1-7 or pH 9-11 to effect an ion exchange, filtering, molding,
drying and calcining.
(39) In the preparation of the hydrotreating catalyst described in any one of claims
34 through 36, a method for preparing a hydrotreating catalyst for hydrocarbon oils
which comprises effecting the ion exchange involving the ions containing the principal
catalyst element molybdenum (Mo) and/or tungsten (W) and the ions containing one
kind or more of the promoter elements selected from cobalt (Co), mickel (Nb),
phosphorus (P) and boron (B), filtering, molding, drying and calcining.
(40) A method for hydrotreating of hydrocarbon oils which comprises contacting the
hydrotreating catalyst described in any one of claims 32 through 36 with hydrocarbon
oils in the presence of hydrogen at a reaction temperature of 280-400 C, a reaction

pressure of 2-15 MPa, an LHSV of 0.3-10 hr -1 and a hydrogen/oil ratio of 50-500 N1/

to remove sulfur components and nitrogen components from the hydrocarbon oils.
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