SPECI FICATION "Title of the Invention Porous 4 G oup Metal Oxide And

Met hod For Preparation Thereof Technical Field This invention 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
met hod for preparation th&BHE CAn@I(bAdppOiNati ons thereof. In particular,
this invention relates to a porous 4 group netal oxide which has a | arge
specific surface area and exhibits excellent heat stability, to a nethod
for preparation thereof and to applications thereof. Further, this

i nventtuphofibbah&sntig @ porous 4 group netal oxide consisting of high-
purityporous titani um oxi de which has a |large specific surface area,
exhibits excellent heat stability, has precisely controlled pore size and
sharp pore distribution and is wuseful for a catalyst carrier or a catalyst
and to th for wpL.e ation rther. i s lenvention relates to
a porou?%ﬁsﬁﬁ%g%nHBP§@££§$%é§4&%&é@%@ﬁﬁSbsigg%ﬁﬁhgnﬁﬁpigﬁiun1oxide whi ch has
a large specific surface area, exhibits excellent heat stability, has
controlled pore size, exhibits high nechanical strength and is useful for a

cataliéa .caﬁﬁigr or a catalyst and to a nethod for preparation thereof.
Still Fﬂ is invention relates to a hydrotreating catal yst
consisting of a porous 4 group netal oxide of the aforenentioned kind,
particularly, porous titanium oxide, for hydrocarbon oils such as
petroleum fractions and liquefied coal, to a nethod for _1 preparation

t her eof Hng ingenipon irelateprte 2 neoreus 4 ravpwup paetalcoxide | yhichhiss vsafaéor on
refates to a hydrotreating catal yst conprising titanium oxide (also

r ef er ppplidatioas suth tarehtulyst @xness, estalystgnrirgingvaddnts ddasthentpaad fillerssur f ace
area as a catalyst carrier and the catalyst conponents (consisting of the

PrinctPal nfelhd Y&t ppBPARG thalsr RhaBt &plications thereof In particular, this

mvention 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

C useful for a catalyst carrier or a catalyst and to a method for preparation thereof.

Further, this mvention 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



conponent and hereinafter both are collectively referred to sinply 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
hydr otprepaiatign c tHieabofs and oo hyplicatiand divepddfis mdve pdutichlarky;, dhizabtvention
removing both sul fur conmponents and nitrogen conponents from hydrocarbon

oi I's t@lagedt@h BSEFRAcAthY EatBRRRANGHIIFSSS RhhVEn 'R W@ls®freftitddoes s
corrponents relative to sul fur corrponents and, at the sane tinme, capable of

mar ke Cl: sy f hod ion
tner ot SR oF ARRHIEMRR Bret BRERs bt afedBo AGalls HhERFaMods for
preparl ng &(l)rous 4 group, net al OXI des are explained with porous titanium
oxi de theatalys camponanisl (eonsiim w&tﬁéfomr@nﬁ%ghdpr@pa@g. fied
into two nethods and one is based on conbustion of titaniumtetrachl oride
by oxygemonéniaperd plasaafiet hoth) avei baleatiodlhereférsed asedinaplyt he 'patipstat i on
of hydrous titani um oxi de or the precursor of titaniumoxide in advance by

such rBARYNastsM y ershdl ! o&‘ﬁ?lf 4h fREIR BhednithAbA of Yhe aht&npahkal i
neutrallzatlo tanlu tetra oride or tltanlumsulfate or hydrolysis
of atl ni,um al i;d foIIo dr nd n|n dr ous
titani% of?oae ]%ﬁ%ﬂg ﬁ &ng Wﬂ?@%ﬂgg g]fl Ipﬂﬁaﬂ'ﬁbpé%nti oned
l'iquid ph met hods arethefollown wher ydroJ ysis of titanyl
sul f ats s Shusginvention trslajes 4015 éw%mt@e o‘g haslsearbom adsand

hyg_pol yzed at a pressure equal to or above the prevailitlg saturated steam
Qs suvkeich as yapdhde bf dernonding ibothn sulfwo zérpomerds tihd mitroger yompusenttis tfeorhum
OXI de is calcined at 400-900C to yield spherical anatase type titanium

oxi de HRRGIHGES M22%0 A high! AedrB€ WREE hahf8e"QMdRb! &bl & niideaRY!

sul fate, needle crystals of titanyl sulfate are contacted wth an aqueous

al kal i pe 3RL M Rt RR Y Sifuf ESHboANEs A38ThEheame time, capable of markedly

reducing consumption of hydrogen, to a method for preparation thereof and to

applications thereof.

Background Technology

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 titamium oxide in advance by such means as hydrolysis of
titamum 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: -
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hydrous titaniumoxide are dried and calcined to yield titaniumoxide in
needle crystals (JP05-139,747 A); In case a sol-gel nethod involving the
hydrol ysis of a C titanium al koxide is adopted, a titaniumtetraal koxi de
and water are mxed to forma precipitate, the precipitate is filtered,
was he dvherehthsahpdrolyistseof titargd smifate wareotedoto, ftoanylasaifaterip, haated sturry is

subjected to a hydrothermal treatnent and the product thereby obtained is

dri ed fRveilTe Teaad dkakstydddt AN pf@s@&ei&m@]woaaweethé%ﬁ%s&mﬁm& 5m/g

and an average pore dianeter of 3-30 nm (JP2001-031, 4 wever, porous
titani ym oxi I [ t he..af or nt i ofpvent i |, 0 L

genor TR aEwRE 56 PIRE ptieoRlnd Bt SRF B PR BS bite BT B8 o o
suffering a rapid | oss.in s&gcifiq surface area and falljing.to maintain a

| ar ge %G&‘Fﬂ@é@@oe%{) df el waenmlianatasectypattitenium o OrESdeer e or
over a prolonged period of tinme. \Wat happens here is that the hydroxyl

gr oupsA¥let amhtheheneedfvide heumlvedioaus titartyhsidfatep xieddleanystald ef tibanyl

condensation or titani um oxide being formed undergoes the so-called

si nt erdyietd BR! &a&beWing afiqoé\tﬁ.:\ééﬁé Ak MireNsdhiti St ahHithe Rahlting! wedldsosf

exanpl e, as shown in Fig. Ich is a plot of the relationShip between

speci fii ¢, surface area,and cal gi nip e rat urg, ..crystal lization er

cryst AP, et S P el A Sl AIRE 1 P el M BB ace s
the calcinjng temperature rises and, .as a result, the specific. sugface

ar ea MS@EOM&JN | & hitgasesa sol-aplrmetherls invaving b hydrelysine 8pecific
surface area at a high level. Under these circunstances, a catalyst carri.er
or{a dannlumns tallxiddisenloptddanititamnxn detraalkoxigpiane whterr taze exikeed ve fgrmhiagh
activity for hydrotreating per unit specific surface area, cannot nmaintain

a | ar gpedipRaid tte pHédftRe 35 Gltepdd, MiaheHSMRE AL &hBRGABSE Withi Watspasr heat
stability nor manifest a sufficient performance as a catal yst and, unlike

CoL 1 Yol £ A ey USSP LAl 5 BN oo
al kyl aﬁlierge%yco%%aﬁlnﬁ Es dl?e(f' 'go gq{fe mesoporous titamum oxide with a pore volume of 0.1
0.5 ml/g 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 mamtain a large surface

C 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 titamium oxide being formed undergoes
the socalled sintering thereby growing considerably in crystalline particles; for
example, as shown m Fig. 1 which is a plot of the relationship between specific surface
area and caleming 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



tenperature heat treatnent is necessary in order to provide titanium oxide
with C properties of a superstrong acid; 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 semmaiathin'the spedficamfacemaned diea hagh lemelended for use as a denitrogenation
catal yst of exhaust gases, it could only be used with its specific surface

area | i irhgsh (hREIEUMtandes, hQutAPRG8rer A0 @Ralf BaRACHERIRIm &8dQoor
heat stability in spite of its excellent denitrogenation activity per unit

speci tic surface area, Jhus, th r qbl ere were. theesne I for

coi g e gE R ERRERRY Bt agivBn B I IR ERALE wif PRt B SUFRGE afed pe
range of use tenperature of ;the catal yst caused by poor heat stability.
Mor eog@rnotiatdam & iaiga spesifie surface ag afshigh sampepaiure beeanse it dleregorr opsch
(FT) reaction, only titaniumoxide with a small specific surface area was
made &eai Stabllity inor maiifeet afsuffidegopdfahase s a estabtsannd, anbké tatadgstnot
been possible to obtain a titanium oxide-based catal yst exhibiting

sati stRaGlE ¥r %ﬁ%ﬁto Hlukdths oP@ﬂiEé,%'seHev@%BéérPéﬁii% confYi8F@1lyPr oposal s

have been nmade t e aforementioned problens. For exanple, attenpts
have be nmade..t 0. add a,secondary ;cenponent suchsag . silica al um na and
phosphor T tf’%u‘?ﬁ%%lﬁ C%Fiego rBSQp@?oaJ% %&rﬂ%ﬂ%@% ghg}fg as 4 a
| arge specific surface area _and shows excellent heat stability. The

f ol | olTHBeratare Bgafrpreatment i3 arcesaBhin Hrdey 6o PAPYIge t fannpropedalwitade in
JPQZ-275,701 A a silicon conmpound and a titanium conpound are dissolved

i npatpetiies oftd superstrome badi butsddtstiamatimgi leat stabiliycet] dinnishmgsspecific
coprecipitation and the coprecipitate is aged to give silica-titanium

oxi de gurffiéesS ardiBtARd 4 QBbeatE I the AlRbh@e Amduiritadl HiPePXirSiy bBidShhd GReW t hi n

the range of 1-50 wt% (13 wt%of titaniumoxide is used in one exanple)
and t ilica-ti i m ﬂé,’ 99%3“ ned by 3-hour cal cination at
500C gﬁoéj\%gﬁ%%?egx%gggry a gec@%teigi ?%s%ur ace area

Where titanium oxide was intended for use as a demtrogenation catalyst of

exhaust gases, it could only be used with its specific surface area limited normally to a

low range of 40-50 m=/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
C 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 titamium oxide that has



C of 558 n2/g. A proposal in JP08-257,399 Ais directed to the preparation
of a titanium oxide- based catalyst by gelling a hydrolyzed sol of a

titani um al koxi de and a silicon alkoxide wth a nolar ratio of (1-x) i
xSi Q2 (i(aat: O_gﬁg) ﬁ%g cal ci r;;brélgsﬂge re%tilltjﬁ]ng eltah?iiiéhgﬁom;%nzﬂoo'c The ratio
of si ki Bagadyedlt sutinte @ireanagl gaows ekegael s i openg Faged
catalyst and, in one exanple, the nolar ratio of titaniumoxide to silica
(T12 ehnaBlesi of sQclOBitAmPRs.and the titani um oxide catal yst prepared by 2-hour
cal cination at 500C shows a specific surface area of 160 n2/g. r" According
to a Mt ot RhONGSE biloBodT 2000 20 yPB3os ! hodr TRELA! @ShdddRNbH o OX1 de
or use‘as"a cataly arrier s prepared by all'owm ng a mxXxture of a
titanium, al koxi de and a silicon al koxide to react ip an al cohol solvent
and cﬁu%mﬁnhgomn@ln@%cﬁéﬁwﬁrmwgwﬁpd@@m  BassHPFaREe 15 PR AGAPSx de
for use as a catalyst carrier has an atomc rati;hTi/Si of 5-30 and shows
a BET te pauwiefdopresipifation saxdetheabpa@ipi@ite isoagedoiogzies sihica-tibmmumnbxidecbuat a
tenperature as high as 800C or above. One exanple give the results that,
when ti@hdd r&gul@es Bhe ratdd bttitahikl, oxidd fotalidiDfHthirethe Farpaiof 80KweR (@Bt ai ned
by cal ci ning at 600C shows a specific surface area of 185 n2/g. 5 A

pr oposab in_J - 3 t hey: pr. tabl f fhtani um
oxXi de%&#f g@ﬁ%ﬂéon g}ﬁgg%ga%eg% ]agﬂ g%‘?e%%kr%g%ez%ﬁ?&qen&g%eﬁ%%ﬂ%w&ﬁgg%@%st eps:

T '"a tjtani | koxide i s di ed in a solvent .and al l.Qwed .t o under go
hydropb@%ecﬁﬂ%iwmn%iﬁ%ﬁ@&g%@wg%&wﬁge@eﬂﬁ% & PPBduce a
polLynmer; (c)2 the polyner is dissolved in an organic solvent to forma -
sphnnichghd iptrgd: (c) the spinning liquidis spun to form precursor fibers;
(r) the precursor fibers are treated with steam before and/or during

cal ci natA @mopoRak &f JP08-260,39Di & igdidecdd to thiel reparativipeliadithsiaddgidd-n  such
an anount in the step 1) or (c)2 as to adj uspt) the silica content preferably

to - g%&l Wi y30y 8BNS KA rBlyZhy 88 dfAGitaBRith k&N ahl% SRAEANkSxAE Silica

and V. are
with a molar ratio of (1 —%TiO= * xSi0= (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 ratic of titanium oxide to silica
([i0=:8i0=) 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=2/g.

C 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 sihica-modified titamum oxide for use as a catalyst carrier has an atomic
ratio TVSi of 5-50 and shows a BET specific surface area of 90 m2/g or more even
when calcined at a temperature as high as 800C or above. One example give the
results that, when the TVSi atomic ratio is 10, silica-modified titanium oxade obtained

by calcining at 600°C shows a specific surface area of 185 m=2/g.



respectively 12 wt% and 19 wt % and the fibrous titani um oxi de catal yst

obtai ned after 1-hour calcination in air at 500 t shows a specific surface
area of 173 n2/g. A nmethod for preparing an al um na-titani um oxi de
conposite catalyst carrier is disclosed in JP5-184,921 A conprises adding
atitanid wyaclarih BRACKOE 20380 relatesdb the preparatiomod titaiuandxidgdr oxi de
and a hydroxycarboxylic acid to oxide and/or hydroxide of alum num so that

the ngbars tabtathifg ddthigst Whinpsheetst i She follewheC S stegs0({0ra liftasnand the
nolar ratio of the hydroxycarboxylic acid to the aforenentioned titanium

oxi de S:.0.42- a al ¢i.ni.hg e e ] . e le, a
cat al fgogcgdz;grarllser(igsﬁ%%fggrglg %y S@%’E@?n?“% gpgﬁg@tg{?g]f]ﬁgéyﬁgurh?agﬁgﬁsshé%gﬁg a
nmol ar 102/ A12Cs rati o .of 53 and nol ar _hydroxycar boxylic acid/Ti 02
ratiob@ eWaﬁaﬁm@&éfcaq}d@ow?M?@ riemdute 2 golmey Ao ifoposed
in JP08-057, 322 A for pr egari ng a phosphorus-containing titanium oxide
cat al ylsdsolved rihean ooganic selvehty tio ddryz iangpianing liniidn@atite smpngingeliquidrigdr at ed
cake of titanium oxide, adding a specified anmount of phosphorus to the

cake, spﬁh%_tfbﬁhéjreautsbﬁ ks Dechanstebstl fibe greCbaiedl Withi fleff dRAsHANCE
with a specifie 6 procedure to give a titaniumoxide catal yst carrier

ff;[‘ﬁia&%{o%ﬁa?%%@%@?ﬁ%o@w%%% %%tﬁéd%isﬁ%aﬁ 'c@aa%@ﬁﬁétj%ﬁasﬁgoo c
i fi ! 108 Q. '

3P07- 294 BRGRORR IAHERe g & (AR 99 the Sl GPant BRTTBH BR0de
;:ﬁ&ri ses m xi ng an oxide or hydrated oxide of titanium and hosphorus so

withs pindr o exzople giviesrthe. eseltatthab the icontentmnob siliba amd t¥VeDs rwrgt ur e,
calcining the m xture at 450-800 C and applying vanadiumto the cal ci ned

pr odugéspettivei 18xa9phad 10 w0 iand th fieous wpaihed dxidecaialyst dahiiedaifiepn at
550 C and containing 2.5 wt % of phosphorus relative to titanium oxide

shows 13, GReGIdrfticth AF Gt 560 &8 HowkZps Bl REf0E GréPeH 1733hean of vanadium

A method for preparing an alumina-titanium oxide composite catalyst carrier 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

C titanium oxide becomes 0.2-2.0 and calcining the kneaded mixture. In one example, a

catalyst carrier prepared by calcining at 600C for 2 hours and showing a molar

TiO2/Al=0s ratio of 1.53 and a molar hydroxycarboxylic acid/TiO= ratio of 1.0 shows a
specific surface area of 200 m=/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



Al t hough the aforenentioned technique involving addition of a seconary
conponent such 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 l|arge surface area even after a high-tenperature heat

t r eat peetedurchso givehmitifamivim oxifleecstalyat carriestcontaing|led o1t% ofi photphargst he
pore size and pore distribution of porous titanium oxide sharply and the

scar Cichimpafedofs exitleZ Bs a@PEfBplef artithh@uhesasdd estalyst tdaerier sbtalnst bip@s nade
it difficult to obtain sufficient performance in respect to such factors

as re ' sel. L ¥R Vo gf&,g Vi s:?ﬂ(;t% I ' 4 is inportant that
cat al ?@W%‘F’?ﬁg{ég@aﬁﬁg@&a ysstésg%se |L{r%fat§g\%€% 8%%/683‘111 ({%'em' cal reactions
have not, onl | arge specific ace.area and good, heat .stability .but
also a Aeethed) propssmd ﬁ?@@@iiﬁét AR pEpRRnE A et To O e R of and
pore distribution. GCenerally, it is inportant that nolecul es taking part
in a citeogenaloxideactinpmses friigeg aeackitdy oo hydeatadt oxidesof dganfuna andal yst
to achi eve good contact and readily conme off the active sites upon

conpl ghb&shoRfis tsBetHaQaﬁﬁés?ﬂonEOéoéoﬂh% Ao DOSE with bfStitAAR gpidet hatthéhe 7

pore Size is controlled to suit the target reactants. That is to say, it is

I mpor haty .- . fer =R | : ' ' : e
ronot Sanburky Blinfl Bel FHianke nfa0300°%, SRR yifaln R ARNEY |
not effective for the reaction or, too |arge res which ar teful. An
| deal PEtHI3) 2 Sx g1 R ORES HIBPREACSNEORT sdlopa P at #dof the
reaction. For exanple, the effective pore dianmeter of a catalyst varies .
fr@m cortaming 2.4 wttealcphesphans rdative ® teniimm ¢ode Bh@wa@egwmﬁ%wﬁa&ei on of
gas oil, 8-15 nmfor hydrodesulfiirization of heavy oil, 15-30 nmfor
hydrodgém@fbm%im@vgbéfoﬁﬂgb@ﬁaﬁ@qbfmﬁaﬁumasphal tene renoval. Fromthe

af orenmentioned point of view, attenpts such as the follow ng have been .
race 0 SERARIE 041 UoAATLD ISR DR EP Sesi e 1
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-ternperature heat treatment, the technique in
question is not capable of controling the pore size and pore distribution of porous
titanium oxide sharply and the scarcity of pore sizes optimal for the reaction in the
C 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



A nmet hod proposed in JP60-50,721 B for preparing porous inorganic oxides
conprises 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 -di ssol ving
range and the hydrosol - precipitating range (pH sw ng operation) thereby
causi pgrgsaetih cottrdlegstoadist thedtargearesetantadthane tatsapgt thenpydaosthatand a
step in which the coarse agglonerate of the hydrosol is dried and calcined

to gi \atdydiBbifer A% réigstandd o tHeldiffdsi6arf $hs BdactaiitSlathd, in haditin) eWith a
sharply controlled pore di stribution; however, it was difficult this

met ho n o] 0 rease
e %ﬁr LR A Baey %ﬁa@%%e%éﬁﬁ@ﬁ%eg&%%. story

i nvol vi ng heat lied,tq calcinatjon i cat al yst par.atj on. and

onct Yo aB Wase idealicatalystds thomne, mrﬁ%@qw%ﬁ & &he

JP06- 340,421 A for preparing porous titanium oxide consists of adding
armoniod thatreaction. d'dryerohpleathe effedtaei porecdiapmetend of Rocatelyatpyheies forhi t ani um
tetrachloride, to formhydrated titani um oxide, adding a pol ybasic

car boxyhdtion @Cletctich hRE if1106- @E}Qﬁntﬂ)ﬁ Aoz ctRm! G fhsilC Bel hfn fohi 11 ng

the pH fromacidic to neutral by an alkali to separate an organic titanium

compotNATReE a2 Sl 2Bt B ot e SR gh b8 0 L . e

pr oduct i)ﬁ gi ve po us titaniumoxide. There is a description in an
exanpl3P ned'@%l%%’ -titani um oxi de obtained by 24-hour calcination at 300
"C.shows a total pore volune of 0.348 nug, a BET specific surface area of
11@ nQ/Eroamdihaaﬁmemen‘admedspomtnﬁmemaﬁenﬂﬁsBue}sesAherfdlam;agl veteenange of
32-120 A with the nmain peak appearing at 120A, and it has a |arger surface
area ansdetd PepardsRads ffruth Gidé Ao raédﬂmu@a?@pigm«aétbyeﬂm shad! to

titani um oxi de. However, this nethod has limte e calcining tenperature

to a L@ %@S&%t?rgé éoﬁgzib%tﬁh%ﬁfdﬂl%hl{@' ntain a high specific surface area

and, l?e5| mal n pores exist 1n a broad
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 hydroso] 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
C 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,



range of 32-120 A as expressed in pore radius. A nethod proposed in

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
C sol Visamivom tetkachdorte, toviorki hydraded wisaiunt oxidet adding merplyhasieearbaxsiligat i on

of a weak acid wth a weak base, a weak acid with a strong base or a weak

base ‘weidntoathet hyligtedctithniumed:gde tafisno aechelatd, ehiftingthd pHsirom s@de tof salts
of rare earth netals, and then renoving the netal fromthe conposite

conpo gl-]g]jt eaLIRAL o > : At {]5ﬁe E%orﬁfﬂa
hydro?@g}lg’!ibgﬁl or.ﬁo‘l%i)re |saﬂa5%§gcflﬁ%?ﬁéﬁl Pir?agr@%@rrp eat at gcljlgous
titanium oxi.de obtai.n after 2-hour calcination.at 600C sho ecific
ur £ ades SPSRITE BB BTl CHIOROBRE A b TR SERE G GG TG ange
of 100-600 A. 9 Mreover, in the case where porous titaniumoxide is used
as a cakaliggt the deflocculased spaxdyct do giveapormsotitaeium trdde fhgre psraty for
full manifestation tits catalytic properties. According to Togari et al.

[ TogadscrihtionGnoan Ixarapié fhak ot titkhivbakixide Shthleaidshy 24-hddr cAlenatidab
(1979)], a catalyst carrier that is a conposite conmpound of A1203 n02 or

Si &2 [ ' ' : of
AL2Cs 5% e R ESRE e O Gk e B B SR SN2 g
acid sites devel op as. the.content hor.us in.titaniu [ 3

o o 2328 i ARty Moo Rcr P POOED BN o tie bR B SELEY At o
fopsation of coke and deactivation, of the catalyst in the -
hy@g@éﬂu thexaintieak appepangaiteldfAr and ibhss anargexcuufate myea endhe lessudi es
conducted by the inventors of this invention, the purity of titanium oxide
on t héread gerd TistAbutias ithah conBhemidiyonvaitutde thaafen axide. Fowkderpthigore, in

order to maintain a high desulfurization activity per unit specific

sur f agetRb@ ShadhlishteliStieNBaaheF kethbSratfire 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 titanium-metal composite
compound by adding to a solution of a titanium alkoxide in a watermiscible organic

C 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
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titaniumoxide and to suppress formati on of coke. By the way, sulfur
conponents and nitrogen conponents contained in hydrocarbon oils derived
frompetroleumor coal are c overted to sul fur oxides and nitrogen oxides
when the hydrocarbon oils are burned as fuel. They cause air pollution when
di schar gdereaven iai theoeasehwhers: porasischitaniyey ogeesisnasednas af extabisti ¥ ishe
deconposition or conversion reactions of the hydrocarbon oils thereby

| ower indgedshey £k ftitahims wxidle toliese highaniritgnfer fildlnidigfestaton it eatalytioponent s
in fuel oils for transportation are also poisons for those catal ysts which
treat gases di scharged from gasoline- and diesel-driven vehicles.
Under CI'rcunst ances, hydroprocessing has been practiced to renove

sul fur onpanent g, and ni.t en conponents m hydr gcat hon oj and a

| ar ge nﬁ%@miﬁ%?@ttﬁgﬂ%@v@'&l %@N?g@ﬁ%%aﬁ %%@@ ng have
been pro&osed; for_exanple, such catalysts consist of netals possessing
cat al Y2i )16 (PTY) faoeathlydt curienthaigs suzmposite wompodad o283 - Tidr@st en

(W, cobalt (Co) and nickel (Ni) and catalyst carriers such as alum na,

zeol i 0al-UROBashow s acrbhdingly Wfegter dirid BtreRROS pb eie sorstieht oA AMQgIopa  as
di scl osed in JP6-106, 061 A, JP9-155,197 A JP9-164,334 A JP2000-79, 343 A,

JP200 3,: - : i d , - 04 A
Coner a1 g caden, FEHI o deckhbettin URGHIST S0 Mgl e UEacifn o307 2
catalyst carrigr, is, mainly.used where. the renmpval of sul fur conponents
( desulhe PSR} OFphIsPbT S e GRLPBARI JeTsases (PrsgintbhpetnE sedHiFe o
cajal yst consisting of nol ybdenum or tungsten and nickel supported on a-
catal st theacatalyist ifacihtate fgrmataen wheoke tans derativation raf Adei stiin the
additionally the renoval of nitrogen (denitrogenation)) are the
obj ecthiydesiesilienzig®nodf petkeaim felctions and) scchrlibg teltle: dtadicssohdghed bpabi ity
of hydrogenating aromatic conpounds. The greater part of nitrogen
CONMPORES irivehborB HEFIAS HRABOA! {he AR OF tREnRMP BBk 9n 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
C 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

cornponents and nitrogen components from hydrocarbon oils and a large number of
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conmpounds and, when the renoval of the nitrogen-containing aromatic
conpounds 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
arrrmnihagml?matm@i catalyatsonsefidnfor hiydnepydcesaipgbliaviet Jeanf prapperd Jenexamplear omat i ¢
conpounds is required in the denitrogenation reaction. As a results, there

ri ses gaclpestalyets @nsi of RetelegResaipuaRAlyEs acfiviby thirdgehotbsing byeh asar bon

oils are hydrorefined in the presence of a hydrotreating catal yst

he. nPRICRE Y Oip), Hgedi (RRRRPR 0o A SERH 1) SRS S ler kBB o e

shoul d be for redyction of 11 autonobile exhaust gases in.the. future”

pr eset duminageehigalimina calpaitapRIn e an orassiicg alermRg t he
sul fur components in gas oil or fuel oil for diesel engines fromthe
currens distlesedoin F06-1W)&0H610 AS0IRDHSHYOT e dP9daH, 3pdad, AN2W06178,343s4A) | |
further reduction of sulfur conponents is desirable in the future. As for

t he nijpPpOE®H3 800 M IPSOOE-11 N 11V AT FR2OIPTBDAI FA aHa TFH0Y®R, JW4dA. they not only
deteriorate the quality of product oil by coloration but also poison and

R T R,
neces SHFIFYS gABIYSuTe ¥ %t?ﬂﬁéiemfﬁvﬂﬁﬁwﬂ CREEnt CesilfgrPapR fom

depitrogenation and it becones necessary to conduct hydroprocessi ng under
se&r by jonj @lssisithe anajer objectieriwdeletsh eataliist vonugim ofemotybidenugasr oi | to
50 ppmor |ess. For exanple, it would be necessary to reduce the throughput
to 1/ Bugstdro arelghdkel tdiphbeed hén aarmaﬂélﬁsﬁ ciiercit abaisly. vBedlueReret houghput
would call for a critical review of the production schedul e of an oi

refi naééumz%ﬁoﬁ | ! %@ﬁﬁ%}?@l@ tHeh FerBERH NSf ﬁh@@%@@@g@ﬂhﬂo@e% tfe

addi ti ona |nstaﬁ% ay, two reactors.
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

C 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 Mimstry of the

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

11



woul d be necessary to raise the reaction tenperature by 20C or nore and
this would be done at a great sacrifice of the catalyst life. These
measures would forcibly incur a great deal of econom c burden. Moreover,
it is difficult to renove nitrogen conponents by hydroprocessing to the
same exte@nobilsexhaushegasease thé fistuire Upresemtpd e Noveartera2000 siatesrthat @ ief f ect
hydr opr ocessi ng to renpbve nitrogen conponents at a high rate would require
exces gppfopits YiRedaR: He SYAGOSRApGRGHLS h TaWQill 6 ARE SISk lidkel BAERIEat | On

of a new apparatus for producing hydrogen at an oil refinery where excess

hydr o ' | V@i ' b 4 t hble to

pr epa%?%%gwﬁ?%g%toﬁg 962) ?&F@é? %g)?‘fh* gﬁedﬁ‘%%?g%%li %(?qdy&%&ng SP@&?EHS% for the
foll owi ng reasgn: _in a hydrotreating % tal yst consisting of. the principal
cat al u@@ﬁpaﬁ POPRRANISTES g M E%re}am r%efé%eﬁesngorcéh%u@ltmgﬁla a
catal yst carri er(h;ai nly corrposeloll of al Itirn'};a, t he amount of 11rlml yal‘)isln;gim S
nor nmalcbmppabentsdh diydressbomoilstemchyaisgms b sthey ad onlyydeetiempe thequald se

nol ybdenum any further woul d cause aggl onerati on of nol ybdenum on the

cat al y$bdRoll BT coRittion BiSald® BbidoR el WteriRhieldeRoFAL RELAANREDQIME: NI gh
di spersion and effectively nmanifesting catalytic perfornmance and woul d

ddi ti | | od fif bl ' dd '
cur oSO AR A FeSFah e of s FEP R i act tvi ty

Di scl osure of the [nvention The inventor f this invention have. conducted
extensi\L/jIréO‘é’?Y@i PFSPSSIRE 4bsyr Hisp usfet Ig}&i Tpentaones) |ceRvedimal
stahility, a large specific surface area and a high dispersion of a

cala! ytirotetading ceatelysts tdvesf alot owiengpsérilydi giye asuffotens! qlezfprinanse in
i nvention; adding a particle gromh inhabiter to a hydrosol, a hydrogel or

a dri gédsulfiirdgitioh Odnd Hﬁﬂiﬁ(ijéénéti&i oupdnEl albeBhoe hepsRsBNt 8 Bndure

general fornmula MO c2-x) 1)2. (wherein Mdenotes a 4 group netal and Xx

s a PYERGro@sERESindel 3vdler cfditfons in order to reduce the sulfur components in
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 mstallation of, say; two reactors. Or, it
would be necessary to raise the reaction temperature by 20°C or more and this would

C 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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> 0.1) followed by drying and cal cining gives a porous 4 group netal oxide
whi ch has a specific surface area of 80 nR/g or nore, a pore volune of 0.2
mug or nore and a pore sharpness degree of 50% or nore, shows excell ent
heat stability and contains a highly dispersed catalyst netal and,

nor eowetivityappd ithst isdor tlhe ollokisgiressonpar athwhrotreating catilyst cangstingsf4 gr oup
nmet al oxi de which has a controlled and sharp pore distribution and is

usefu ridy t GondpdiRhf Sty bdeHurh Sind thé pe6hbRR! confiftiehP Robalt
sel ec%?%?ty.cﬁ%%éﬁsher@he inve%t ors of this invention have found that

addi n ne kimnd. or two_ l.ands of r f _compeunds that ~vield;ions .

cont PRy ANt srErie il et o At ) g€ of iahbdentiit i o um
(My), calcium(Ca), barium (Ba), manganese (M), alum num (Al). and

zi r compmmally2p wie ar lese postigl axidenkasa and any paenrt te igesashmalyldesiumer to a
hydrosol, a hydrogel or a dried product of a hydrous 4 group netal oxide

r epr eaaptfagthey vwdidd ganes abgloaterutien MOntdyleddrdin )oy tHenbetaBist chglanabés a 4
group netal and x is a nunber greater than 0.1 or x > 0.1) followed by

dryi ng. ol eini : ; . : : L :
specigygngar a@g&g?ggngyﬁggn@@ ﬁgﬁbhggéﬁgggggé%ﬂ &ﬁengggﬁ%?%gﬁ afag%o C for
3 hours, .exhibits excell ent heat t abijl i ty,. has,controll|led pore size and
ahows SRpERRRS colaliticrpatipatipopnd Wovs alldiocaans Broetice by hdedef on.

That is, an ion_exchange takes place between the thermall readily

det ac BHeste applncking pores endfdemeasimgssurface mrearnaosingee ﬁahmme;{mebm &sbingor e

di ter is precisely controlled and thermally difficultly detachabl e

po YV &b extiibit @nseedéd attityaf or enenti oned el enents and, further, the
pol'yval ent ions of the aforenentioned elenents which have undergone an ion
exchange can produce, because of their steric effect, an effect for
preventing the nearby hydroxyl groups from detaching thenselves C and

parti ©igddsund of thedapslesat i on pol yneri zation; this can effectively suppress

or prevent the hydroxyl groups fromcom ng off the hydrous titani um oxide
particles and

The mventors 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
mvention; 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)=x (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 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 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



the particles fromgrowing further and conpleted this invention. Further,
the inventors of this invention have found that synthesizing hydrous
titani um oxide which is controlled to have sharp pore distribution and, at
the sane tinme, further controlled to contain mcropores in a specified
range t Further, the ipentorsdif shis hivention dsyerfetnd ¢chéib bt dimedoriey kitdy ongwand

cal cining gives porous titaniumoxide which is controlled to have an

ar bi t La{d JPohGedt ANBbSIndd Bt Fidh ihsottdihRist rPBeidnd sclbded!TARE sHRBAOr N Ng

to the nol ecular weight distribution of the reactants, has a | arger

speci fd. urface a_than.porgus, tifani | de | I S_contr okl to
have Lé]'grﬂipﬁpﬁ?mﬁa ’i%llagn%{?lﬁﬂ’e%g)’ %@W@hﬁ%cﬁﬁﬁéﬁ?% gth and
conpleted this invention. Still further, the inventors of this invention
have abuaiduphdAlk had asoosient (Zehdd a perosnall gneumtnes @ pexiide, growth
particul ar, porous titanium oxide, when prepared by adding two |ands or

nor e afhibibemunigdiosel aliyekrokel ona drivdt piodictoofel kydotis 4 groapesstahgxidat al ytic

activity for hydrotreating, preferably two | ands or nore of conpounds that

yi el 4005 fanti b nekA TBHRSLCR U WO (EhalehiIM RRhoGRLA LS bu

compon and pronoter conponent, as a particle growt iter"to a

hydr osol..; a ;hydrogel qr a drjed,product of us titani um oxi de

repr e%ﬁn@ﬁyﬂ%@ Al gref“t‘)errrﬁﬁ?aél @g esx ag(/gl@x 0816%}6(832*?3{1 ndhes a 4
group netal and x is a nhunber reater than 0.1 or x> 0.1), the
conposaleingg gviefpogous itaripm @ hich bawa larghepesific eurface area of 80and 0. 3
S y..< 40) or the conposition formula 10 ¢c2-~) (OH)2. yH20 (wherein 0.2.S
X . 1ntP/gnat Gncdte SvenSwieh édtihedved 530 ACyiond hanss, cadldbits rgeellent Usatul as a
hydrotreati ng catal yst for hydrocarbon oils, performng excellently not

onl y E@bﬁﬁﬁ%ﬁs%ﬁiﬁdﬂgﬂ éﬂf’é sk SAd Shohat ?b?ﬂf%@%%‘ﬂ 28 KPR GVinbee fmd

reduction of sulfl nitrogen contents on a comercial scale w thout
SRR T BB RCTARI, 2L R e G R D o
met al rga)éilﬂgredetachable hydroxyl ions of hydrous titanium oxide particles whose pore
diameter 1s 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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whi ch shows excellent heat stability, has a |arge specific surface area and
contains a high dispersion of a catalyst netal and to provide a nethod for
preparation thereof. Another object of this invention is to provide a
porous 4 group netal oxide which has a precisely controlled pore size and
a shashapoemiatinging touthieomolenulad dveighbthdisbribubicreof thet rdactants thas ailaggera | ar ge
specific surface area and a high dispersion of a catalyst 15 netal and is

usef ukp@shicisificlayss tIdn Borab tiftung aiddesihich i€XGRFdRA o BA8E @fiform
selectivity and to provide a nethod for preparation thereof A further

object_qf ;this invenfi o i.S 1k r Owi Lgh- pur | 1 tani oxi de
i on PAEI BB B sRRPkS bigh BBHA el Vet Sl YRR e A % g
has pores. precisely controlled.in size and djstributed sharply and.to
provi de Shll Birkloer, £os inyenders it rieBfis haver lound dhab fhe @Eor@meﬁ@p@e@i ze

al so nmeans uniformand precise control of the dianeter of titanium oxide
parti pbems Acfoupt hetalohides tingfartibilari porens toaniusn brider ewiedepyeparadsby i t ani um
oxide which is Ccontrolled to have an arbitrary pore dianeter, has a pore
di St B8tlsOByb Mt 8P moF @ OB BB Rt RHEC Y cliteiThelbRbtddpL | O of
the reactants, has a larger specitic surface area than pordus titani um
oxide that .is contr.olled.to.haye,a uniformper di anef er, and shows .hi gh

o haRPRRTSIEE (GRAVHO AT i PURFUEEsR (HeETRAY eV PoRTIds Py TBPGVhe o
hydrotreati ng catal yst for hydrocarbon oils which perforns excellently in
desul fempedsothainsiclt ions egtiating elempats eapstibeangnthe rprindpascatabisbn of
hydrogen. A further object of this invention is to provide a hydrotreating
caf al yahpdront dryt peaaotes wonipoaent)iasha partide geovettc athibinér 1o adiydeodol, & n

desul furization but also in denitrogenation and can advant ageously achi eve

r educti I Wt 1 tSq | ile
u hxgx%gielfc or @ Hﬂédﬁﬂgdﬁét 6OBFdrous ARARGA Gdd r I%Qél{@a%ﬂ;hé eB8h&-aphi

avoi di essive ¢ unption’ of hydrogen in the course-o
hydr opy 9682 VAP LAYARDL! ISP MBENS s 0% R5&B A Hhd! P §%humber

greater than 0.1 or x > 0.1), the composition formula TiO -0 (OH2x *yH=20

(wheren 0.1 = x < 20and 03 =y = 40) or the composition formula TiIO -0
(OH)2x * yH=20 (wherein 02 = x < 10and 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

C: 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 n addition to

excellent heat stability, a large specific surface area and a high dispersion of a catalyst
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A further object of this invention is to provide a hydroprocessing nethod
whi ch makes use of a hydrotreating catalyst for hydrocarbon oils

possessi ng excellent activity for both desulfurization and denitrogenation
and consum ng a not too excessive anount of hydrogen and acconplishes a

hi gh aegakbendfis ueefal ab aodathlyshos al datalysinchrries of exeadigen reastipo reefecEvity om
hydr ocarbon oils. Accordingly, this invention relates to a 4 group netal

oxi de yeHttapRedde RnAUEH RS FrepR@iticatherédf owt h i nhi biter to.a~hydrosol, a
hydrogel or a dried product of a hydrous 4 group netal oxide represented

by the ggneral fornula,MO.c2-.. (OH) 2x nein M. . denotes..a 4 qar met al
and s 25 MR PR pERtish 25 bpo Vg ol GRS oty B

cal ciniing and the product occurs as a porous 4 group netal aqxide having a
speci w}égks&ws@c]@rgﬁ speciic BUtameayear shasyeexcallpnly geato?rtah@tbﬁnd. SPIgS or nor e
and a pore sharpness degree of 50% or nore. O the aforenentioned hydrous
4 gr oppediedalcoftrofédies gaprnadedisadbilitedt slerpbnandl td provide dVnetRod afof O, a
preferred case is where the 4 group netal Mis titanium (Ti) and the

hydr o yserhratig RhBRLR! PRardCoditrdlUgiS biy®Nsizh Sally dheas LiBRnUmA bideisand.
still ‘lénopfaé? t&?:ehhy rous titanium ox#)dlgZ iss repr esent ed eﬁlher i%/ t he
conposi tion fornul a ' - X aD2x  yH20 (wherein 0.1 < x <2.0 and 0.3 <
y < 46?nt5? Oﬁﬁ?ﬁ%’%%ﬁg&ﬁ%f’b%ngﬁ‘%ﬁﬁ]fﬁ c2- a (OH)2x yH20O (wherein 0.2
< x <1.0 . and_ 0.3 < < 40), Further, this invention relates_ to a nethod for
prepari iy wb;e%roé&blsnﬁwantw@)@d@ Riovkle pewps itenrsadrade avlaghuscl e

gr h inhibitor to a hydrosol, a hydrogel or a dried product of a hydrous

4 groumtrelieal tohiade abtabitedy pore khametsrt has 0bore diggribution mtalshapepound
as a raw material with a pH adjusting agent in an aqueous solvent and

repr esgifbAdiytd (e apRehlRl Wweasitdisaatia 6fehe Ybadtdnts( YYQ@ra%B%éi" $eagtes a 4

group netal and xis a number greater than 0.1 or x > 0.1) foflowed by
Y1 19uR08 o5l Pl Do 5’ SATTALL O EShAMAOHS b SOHAES For dos
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 mvention is to provide a hydrotreating catalyst for

C 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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general formula MO (12-x) (OH)2x , a preferred case is where the 4 group
metal Mis titanium (17) 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 conposition fornmula 110 (2-a (011/2, - yH20O
(mhermtmo@xﬂoommnen’@fﬁomddrd@o@rbomoﬂlﬂ)) or by the conposition formula 10
,) (OH)2x yHaO (wherein 0.2 < x <1.0 and 0.3 <y < 40). Further, this

i nvent | OcchRliBgIoStHiPirfveANER %ra@@é t8 L aicrbymbtdl Axidey dbtasRidoey a8Hing a
conprising a pofous 4 group nmetal oxide obtained by the use of a conpound

t hat ds | oms. ali n| n for
hydr op@(\b ‘@2‘ Jgfl\‘ngt?}@t °d gyglf()@&jr ﬁnﬁ%(i{ogatogrg dﬁlgﬁtérg’gﬁger ‘?@38‘&9@‘9% e her e
is a hydrotreatl catal yst _for_ hydrocarbon ojls in he 4, gr

ot al EMPSmealsRdnTarested by the teeperal HeEnilav e icomw r@fﬁ@»eé*rh@ew t hod
for hydroprocessi ng hydrocarbon oils which conprises bringing hydrocarbon
oi | s dehates ant gedupwinietal tanel 2ioa emenbérogredterithand.t entsi g Od g,tfe]lqmd by the
presence of hydrogen under the hydrotreating conditions of a reaction

t enpe cal?;%ﬁng ?fb&&& f f

0. 3-10 -1 and a 8‘% oge ol | ratlo or?asg%%%% %{Iﬁﬂuégné@g%églkfag@ésﬁl fur
and n|t co e J4omthe hydrocarbon endi n on the npde
o o SR TROD ST ek B0 WG X PR RRR L2 RSO Tt B ot g
manner. Firstly, this_ invention relt%ees to a porous 4 group netal oxide

whi chsharpsgssdageenyt 584t gnare p QK 1thel aformaentronedn s 4 @raumyeetgdol | a

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

t hexiges eepabsdnpedby sheviRrzdal rnGh) RO «-wh©H) = M pefatred caseds svlewp net al

and x is a nunber greater than 0.1 or x > 0.1) follow ng by drying and

cal ci ghdng Wlﬁtﬂgﬂ%ﬁtﬂt&]ﬁlﬁ{ (BY 8nartBeh§frRe 4 @chpinefloRidedn diiééﬁoﬂ ol une
of 0.2 mug or nore and a pore sharpness degree of "50% or nore,

1s hydrous titantum oxide and, still more, the hydrous titanium oxide is represented

either by the composition formula TiO @-o (OH)=2x * yH20 (wherein 0.1 = x <20
and 0.3 =y = 40) or by the compoesition formula TiO -0 (OHex - yH=20
(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
C 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 o (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. Of the aforementioned hydrous 4 group metal oxides represented by the
general formula MO -0 (OH)2x , a preferred case is where the 4 group metal M is
titanium (T and the hydrous 4 group metal oxide in question is hydrous titanium

oxide and, still more, the hydrous titanmium oxide 1s represented either by the
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excel l ent heat stability, has a high dispersion of a catalyst netal and is
useful as a catalyst or a catalyst carrier. Further, this invention
relates to a porous 4 group netal 18 oxide which is obtained by
application of a pH swing operation, has a |arge specific surface area,
shows cempetitientformealn EiChks-ki (QF) hasyH=0i Ghetéingkl ston of 20 eatd).§st=net al
and a controlled and sharp pore distribution and is useful as a catal yst or

a cat gl yst 40Xy by €he @hmPaihion EHnUlATOI QN IOIDLL | V%z}l)é(ﬁ%é”r@irﬁﬂ.ﬂegﬁﬁd_ for
preparation thereof. Secondly, this invention relates to porous titanium

oxXi de%bch i(fgc@t ai ned, §y adding one kind or two |ands or nore of

conpou alnﬁla' WeYd Tohs containing elenents selected fromsilicon (Si),
phosphorus (P),. magnesium (My), calcium (Ca), barium (Ba), nanganese (M),
al um nurk@Ahst, ks ETveRBAR @imﬁm@@w@wﬁ%ﬁthmgm Kﬁél e
grow h inhibiter to a hydrosol, a hydrogel or a dried product of hydrous
t i t anicommpekingea rpepses éngredp yetdh exxipenebtalindd byntha dEef] 2 -conmpop@d) that
(wherein x is a number greater than 0.1 or x > 0.1) follow ng by drying
and CHAANI: containfrRAAACIEHEAS Habiheda |oBfAGS UEAAEE fGH BidrobeaBb oM o heat
st abi ?lity an contro'gaég pore g?arréf%r as proveﬁﬁgy having a s eci?i C
surface arnea of .80 ,m2-/ r,.ngr a por vol une pf .0, 2 / r e and a
por e DRERERvHLaIERLET et raneleyan et 5 Branneat eiirE B, 3
hours, shows a purity of 97 wt% or nore and is u?e,ful as a catalyst or a
cat al yweracarhanegilsdn avhigh shedgra metalMds sitanipgh(Mher eof . Thirdly, this

i ngention relates to porous titanium oxide which is obtained by )
syéﬁhesi%ﬂh@qﬂb&m this invemtiiru relatdsde avimethod sor dytrqirbedsing hydrecarbshar p
pore distribution and, at the same tine, controlled to contain mcropores

in a $peetiele dompABEELHATBKY drB&rBoN Sild st doRhdt ORitR SKE M fehteritRinb@wed by

drying and cal ci ni ng, r;as a pore asymTetrl_c coefficient Nin the range of
the 1 Soareelie Gl 08 e el U R muer e b e RS, 2 Lo

f th [ f % I
OF NSt R Yedetion tomparatire of 586406 X Yeacin 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.

C 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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is the logarithm c value of the pore dianeter of the 98% pore volune), is
controlled to 19 have an arbitrary pore dianeter and a pore distribution
in a shape conformng to the nolecular weight distribution of the
reactants, has a larger specific surface area than porous titanium oxide
whi ch oisglecwhichak lobthihed hgvaprication of m pHr $winigeoydiratian, diasan dargehapesifigood

mechani cal strength and to a method for preparing such porous titanium

oxi de g, th& H};ér?pgﬂow@\é belBst ﬁeﬁé‘%t’éwﬂ%}%%eéﬁ 10 RisPhdict of Reast ng%tnﬁétaa of

hydrous tit um oxi e and t ng ope at nis perfor in the

non- di ssol vi of hy ostltan umo de bet the r onthe
ow pnd gl poid SEther; m}h& e Holies R Sotigth o & o

hydrous titaniumoxide (5.1 < o~ or between_the pH range near
the i samaref exeellpat rﬁac@ﬁn ﬁ@@%u@ and b mﬁtb&dﬁ@fr(rsp@"angnﬁ reof. 1) and t he
range on the high pH side (8 S pH < 12) according to one node of practice

or the Sdécomdlpgtiopanatntivh irslapsr fooporssi titarienn ogiddi whithvishgbtpbhed bpge of
hydrous titani um oxi de between the range on the low pH side (1 < pH5 4)

R O e U R e
of ny BegiRle FEleERen: AE0oR 45 ﬁki%ghgnﬁp@))r Anfe hear e Lsoebeqpj o poi

aglngtlrrefor grow h of particles in pH range near thelsoelectrlc

poi nt bariupy dBal gnangansse Vi akrpum d irconswe r{dr %guao\f%moﬁm mode

of ~practice. Fourthly, this invention relates to a hydrotreating catal yst
(ch aimsoumt catabysticle growidr inbibiter toid hydroselxi eetropdlairre driost prddiitafat

| east two finds or nore of conpounds selected from conpounds vyielding ions

cont aihgiRAsAHEARM HxIRSRERELAR] | gnlofal Fokrhiial Ti0 QLo WHRL(RREIE

preferabl y tvvo f| nds or nore of ¢onpounds constituti ng the principal

Co a fyar RIS RS BRER12br &7 o DD SehPoR HF dife “md Pl dF e
characterized by a large surface area, excellent heat stability and controlled pore
diameter as proved by having 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 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.

C_ Thirdly, this mvention 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 - CY(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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20 represented by the general formula' EO c2-x> (OH)2x (x is a nunber
greater than 0.1 or x > 0.1), the conposition fornula '110 (2-,) (OH)2x
yHZO(vvherern 0.1 <x <2.0and 0.3 <y < 40) or the conposition formula
'110 c2-x) (OH)2x yH2O (wherein 0.2 S x < 1.0 and 0.3 <y < 40) thereby
ex ¢ hargive gnt drbithsgor porg| diametErpadod poredisyuindion i aahamﬂmﬁymimmtnrthehe i ons
of these elenents followed by drying and cal cining and has a specific

sur f agfolahifar feidHl i BHuBbn WPtEe réadbite, M arrergerafsp&]ﬁc SwdadarareRthadnd a
por e sharpness gree of 50% or nore, shows excel lent desul furization and

denitr hyd tdg eat a
hydro@§$°§e%tﬁwmrﬁe%3ﬁ£@§%ﬁ§tﬁ%mﬁvf S T T
prepar ation ereof . Furtherpore, thrs ntion rel ates toamethodfor
hydr ogrigte @QW@N%E%‘@#E%D Q‘i TIFrePHANG SUee RENLS SHaBIUERL al yst .
Here, hydrous titanium oxide represent ed by the general fornula 110 (2- )
(OH) 20xider thé enethis asivoliven af pHmswmgVeherakipn (Qbiidx thy Heftleais dfehyirouded i nt o
the portion of structural vvater chem caIIy bonded to hydrous titanium

OXi de ¢} hil e xRl thé pH swifk) ishv\?eﬂ&htlé&'ih Phe idoREdiv@ahg I SI cal |y

cgexrstrng wi th hy ousltrtanrum oxrdedrtten as yH20 Inthrs iI'nvention,
t t { t
aryi namoo Ry oh R SRR e e tT i P 3 e o MR P B 7 or 3

hour s d th further calcined at 500 for hour s ther hand,
the a e GiFL FpBEe ReREEhenPe Cartonmfgl @%&Wﬁﬂ%@ héqoygf
@ht bet ween undried hydrous titanium oxide and dried titanium oxide. kn

d 708 o betwenrtthmyeH wmmge neai thie poeldotric mintaofHydirous titargnougdde (al  oxi de
represented by the general fornula MO (2-x) (OH)2x (wherein M denotes a 4

group Srﬁﬁaﬁ arml ahdl'ﬁle@aﬁg@'@ﬁrthﬂﬂﬁ%\h%iﬂ 6iiRN80. L pH % 12Paddbrdifg thiohe

I nvention, nmeans t hat lower linmt of the OH groups possessed

by a rﬂﬁf&{eoéﬂ)racﬁc@ Y'i8d eﬂH Ywifte o%%ratlon is performed in the non-dissolving pH

range of hydrous titanium oxide between the range on the low pH side 1 < pH =

1))

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 = 19)
and the range across the pH range near the iscelectric pomnt of hydrous titanium oxide
(6.1 = pH = 7.1) while allowing a sufficient aging time for growth of particles in the

C 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 contaiming 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 inhibiter to a hydrosol, a hydrogel or a dried product of hydrous titanium oxide
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dried product of a hydrous 4 group netal oxide exceeds 0.1, but preferably
0.1 <x < 2.0, nore preferably 0.2 < x < 1.0. Gowh of particles occurs
by sintering and condensation as the OH groups detach thenselves froma
hydrosol, a hydrogel or a dried product of a hydrous 4 group netal oxide
as a re;ﬁ*uéent@i bhehe goneadfgrmana TiOepl-a@fBat Cofs 4 hemsheppreater dbfve 0OH gr oups
with other functional groups increases heat stability and the specific

surf age yareq.| mﬁ%'ﬂmec%iﬁﬁéﬁiﬁ&?%mhlﬁla' TR 59, ROPHLD! eyHQOJ&ﬁhékeuMﬂI @lsg 4 group
met al oxi de which iI's prepared by the nethods general Iy used up to the

prese hygr ol ysi ey traI i zationeand @ ferred
hvar ots 20 i S Pt Brnf Bl SRR e o o0 SPEET 7
tltanlum(Tl) a is represented referab y. by the eneral fo la 710
<2-, alwimppink 0.2 \ééﬁr ¥ padd).8u &}bethererbanem angingxthe i;"&yoxy the
corrp05|t|on forrrula 710 c2- ,0 (OL- 1)2x yH20O (wherein 0.1 x < 2.0 and 0.3

G y 5 sadf ﬂ}i@ehych@u:mﬁ;iajﬂm dxtdemulith THO ia ofatieWelernedts folbaedily 0.2 5 x
< 0.3y < 40). Wien the value of x in the aforenentioned fornul as

is 0 drﬁng 2 r ok | face
area %re’%%se o the grgs’\%ﬁ%%&ﬁbg%%é%etg%%?nno@%eﬂge; slvgln to
attain hi sper si nof th cataly nent s unlform i gh
concef ﬁ%@?fg EZE’E% a e &E eﬁ“@h@fﬁ@%r@xm ’g% % ﬁ]{e Q
surface of hydrous titani um oxide |on- exchangeabl e with the catal yst
conpofiesilisrzaion endelepitrogrnationiperiprmapee apd ects 3fea bygizateeating caighysous
tigani um oxide do not formwhich nmakes it inpossible to obtain a hydrosol
foy dinyryetarbbn roildr with nibhineadi ecomsaxiptieni of hodimgensast tala hothbd thee
presence of a |arge nunber of hydroxyl groups ion-exchangeable with the

catal ]:%{paﬁé’cﬂﬂ}f’”ﬁ%réof S PRSI AR TthRM iREnMbe WReiafls  f é“@ﬂéthb&”%ﬁ he

catal ys corrponents on a catalyst carrier, the crystal particles of

Y Ol AL, RS SR B0 AFBPIGNS HENBIEIR by X ray and
struct urI—ferg,r h}%:ﬂous titanitm oxide represented by the general formula TiO =0 (OH)=x

or the composition formula TiO @0 (OH)2x - yH=0 can be divided into the portion
of structural water chemically bonded to hydrous titamium oxide written as TiO ¢z
(OH)=zx 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

("s

dried at 120 °C for 3 hours and then further calcined at 500 °C for 3 hours. On the
other hend, the amount of free water written as yH=0 is defined as the change in
weight between undried hydrous titanium oxide and dried titantum oxide.

In a hydrosol, a hydrogel or a dried product of a hydrous 4 group metal oxide
represented by the general formula MO ¢z-0 (OH)=x (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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inferior quality as a hydrotreating catalyst in other cases. Wen y is

|l ess'than 0.3 in the aforenentioned fornmulas, hydrous titaniumoxide is in
the nearly dry condition and it is difficult to obtain a uniform and high
di spersion of the catal yst conponents under such condition; noreover, when
a sol driedrproduttasfri hgdtdus 4 graipy atetalonyide erterds ©.1 ultteprefaablydd. bus it ani um
oxide particles and stirred, the dispersion of the catalyst conponents

progr esseg mb%@ppéféfabgubtzy@%ca@@oot}ra@ﬁi BfBticl@Mocllirst e s

and
titani um oxi de partlc es and it 1sdifficult to obtaln a ‘uni form and hi gh
di spe n i i unif orm high sion is not
POSSi B(plgfepgaﬁ?rg m QIHBPS ?ﬁ{aﬁm%% R & ﬁg&]@s@g %ﬂ“@ﬁ%ﬂo‘%%d on
titani.um oxide in high concentratl on and_ _the catal st corrponents forman

aggl ofedteroducta of @npydions 4 rvovie subtadraxidews @ areanlyt ofcheadt higtery. and
Conversely, when y is in excess of 40, the anount of free water that is

not steplatemant watler sulistibiydbRUOH igraupsumithxotther Heacinsl exoass inteeand
hydrous titani um oxi de cannot be nolded or, even if nolded, the nol ded

form pego £ &seaéxg ORbeCANS AR R yst
corrpoﬁents g@%%@%%ge&% ﬁf 3e§lto h%r ous plgtanl UmIOXI e cont ai ni ng
exces e free vvater he nent st not, undergo ion
exchaﬁﬁér%df & (i\an‘é( M&e&% %8’ %ﬁsef ul
for the preparation of a hydrosol a hydro el or a dried product of a

hydr otike Aregeopohesdiydoglyie, neviralwation@ndssel-gewneidodchl or i des, f1 uori des,

brom des, iodides, nitrates, sulfates, carbonates, acetates, phosphates,

bogat es A prefbatéd shydhmﬁr@gfmm inetzd aixitesialthe ,oneimiwlaibb sheddnonganetal M 4
group netal s such as titanium (Ti), zirconium (Zr) and hafruum (HGO oxoacid

R Ve orSup G AR O A v SR e R
Pt anghRELY s B8 RSt el e Bl téﬁ%f){%% Hifisploh SRR IR ) ©
trichl or(biﬁzxtl tyaﬁzdnzwrﬁtrgl%xbdle(t |Xt anj UEbEt hgxbge él tanéJ Zlo)pr o%ﬁm de,

composition formula TIO -0 (OH)2x - yH=0 (wherein 02 = x < 1.0and 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
C 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 1t impossible to obtain a hydrosol or a hydrogel of hydrous
titantum oxide In some cases; although the presence of a large number of hydroxyl
groups lon-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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titani umisopropoxide, titaniumtetrai sopropoxide, titaniumtetrabuto)ude,
orthotitanic acid, netatitanic acid, titaniumtetrabrom de, titanium
tetrafluoride, titanium trifluoride, potassiumtitanate, sodiumtitanate
and bariumtitanate. Likew se, partl cularly preferable in the case of

zi r conatalyst Dhjainedpiendsyiageand calaningrhas ety mabeguatd yore istowhimgnor an
oxychloride, zirconiumsulfate, zirconiumnitrate, zirconium acetate,

Zi r conifeiThageAIkaGes RyarotAdatiz@datallyhl RPebHer @aadad WihdiC 9k Uesstthaut @ isle.
Particularly preferable |n the case of haf num conpounds are hafruum

S?Lﬁé'ﬁw&r@“ B s BRYd, Bty Al 3l e B PR G o

nore. The pH_adj usti agents to be used in the synthesis of the
af or e#@é 11} gndiffh %%Vb@r}g&m By fspersioncriide ¢atalyshpemperentse
correspondi ng 4 group net aI S such as chI orides, fluorides, brom des,

i odi desidensuchadoaditiosw hfcré®er, wlerba salutsn oan‘eﬁaihgsthe caitaiﬁs;th:atr:qmnemwt es,
oxal ates, hydrofluoric acid salts, silicates and iodates and also include

t hose ;098P 8¢ hYdrduditadlu bside ﬁéﬁlcl’ééd&‘?d AfrRdP#hd g&tu@r%&\bf lthé Bhkaljster to

be ¢ explainéd below and a variety of acids and alis Concr et € exanpl es

of titanium salts suitabl dj

oynt hESPRONR Bptitsed b MG BaedheB] of e fHaE P, b b ons i um

sulfate,  titanyl sulfate, tit umtrichloride, titani umtetrabrom de,

tit aniibaninm paeeparadesand it is difiquls to pbtair i waform, ang iagh eisneraor émpounds

(s ts) to be added as a particle growh inhibiter are ferrous sulfate, -
Li thisehéent’s,a fesultpasinibimrardehighetisparsiohlisnotipossifle to attaimwhentthe ferric

n| trate, nickel nitrate, nickel sulfate, nickel chloride, cobalt nitrate,

cobal taml)st ainBposaitankbed B B¢ b@ShortEN@RARS UM &:idd By hiPANYABSReatsol hade, 24
manganese chI oride, yttriumnitrate, yttriumsulfate and yttrium chloride.

=i 1 s 2 ) ‘%E@@%nm’ R SR R T T S A

aceti g t%f (cg{%y ersely, Ao y is in excess of 40, the amount of free water that is

-

not structural water of hydrous titanmium oxide becomes excessive and hydrous

titanium oxide ecannot 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
C 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 (TD, 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
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of the alkalis are ammonia (NH3), sodium hydroxide (NaOH), potassium

hydr oxi de (KOM sodi um carbonate (Na2CO3), potassium carbonate (K2CO3),
sodi um hydrogencar bonat e (NaHCOs) and pot assi um hydr ogencar bonate (KHCGs).
These pH adjusting agents maybe used singly or as a m xture of two kinds
or noteanitine (Ayveapsusds sEntitartianb tetredhibride, tienisymshiates tiddniyatilfates 4
group netal oxides Ci s not restricted and water and aqueous sol utions of

vat er ol GrRhRANEC RENER hetfdiil, AftHRLRARBhoxidd NABMITP RBRAR!
tetrahy rg%ran, aclee‘tone gﬁ% 131|eoxane’rray be useo. A hydrosol, ‘a hyec’irogel

or a dried product of the.afaqrenmentioned, hydrous 4 group.,nmetal .oxi.des can
be sy%FH@Qngﬁpﬁym ’?%ﬁgppéﬁg@FwBﬁEQﬁ¢% g”ﬁ?%&%%&ﬁ?%%ﬁ@aoﬁiﬁl erials
4 group netal conpounds with a pH adjusting agent in an aqueous sol vent.
For exgdpl metafitansuscid, t HiFaaa xteteabremident Atasivwey teirafiange.y Zitagivan
titanium conpound selected fromthe aforenentioned raw materials by an
aci d orifladidd, | potaediast eitahan sddkulf ditenztet hadedaptimadiitughtelgld@enss or
neutralized by an alkali in an aqueous solvent. In the hydrolysis or

al kal i, neut [ | o] a@%géa e ialonhidh 2w d .

conce trau%@oﬁéﬁr ani anmaﬁh% t he t:ft)queous sol \%ﬁﬁt | normﬁr%r%cf@fglm%

pr ef er abl 0,5-10 Wm % nor. referably 0.5:6 w% conputed as titanium
b e teFeeBlgricey ootk oRU ORI (A BDR N it FrchAAS B (o 300
C, preferably fromroom_tenperature to 180 t, nore pref_erabl)é fromroom

t enpergetatee Toconpogw, aceiwlacetate,i sivcorguas qupRoRde gard fZinwnhsRntiburedsure (0
I\/(F)’@ to 9.0 MPa, preferably fromO to 3.0 25 MPa, nore preferably fromO

t .

Paditeuladdn dorefigable irs thel @et edf hafiniwhl yorhpowddieiré chafamb raillotide por e
structure to have it adapted to the object to which titaniumoxide is

\‘;\;?g A hﬁgghgi SulfAe BindO Rafililin 'E§ENIbAdO P TRES: FaRO RN P WollP L @ktHX1 de
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

C 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 titamium oxide are titanium tetrachloride, titamium 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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controlled pore structure in respect to pore dianeter, pore distribution
and the like, a pH swing operation is perfornmed between the ranges of
different pH plural times in an aqueous solvent by the use of a 4 group
metal compound as a raw material and a pH adjusting agent in the synthesis

of a mydeasele, chlordeytigiin aritrate yteihmreofitet and ytireun Chidriskee Bratipeed

hydrous 4 group netal oxide. In particular, the aforenenti oned pH sw ng

s 4 al . rementio g
oper aif g a&w%&%%t% bl §HNGY) mgggﬁgﬂ\%ﬁﬁ%égﬁ%mnlgfé@ﬂ&? %aa_(mzlsmnge an

the di ssol ving pH range of the hy al oxide in order to

obt ai n_por.ous. r tal oxi i igh the r recisel

cont r GHPEYC; é@%@dﬁﬂg@??ﬁﬁfﬁ%@@%ﬁﬁ%ﬁ%ﬁ%@%ﬁmﬁwhesis
of a hydrgsol or a hydrogel of hydrous titaniumoxide, the pH.is_ swing

al t erofdihel alkalie ave emporia dNFEslpise GygroxadenNaQib, peteseiigs BydioaifiepH r ange
of hydrous titanium oxide shown in the electrochem cal potential diagram

of ti@@OHYyMdige [MboRaty bdNaaC@s); Apbtassiafn Etabbnaehe=C=)Eqsidiiner i a i n
Aqueous Sol ution," Perganon Press, London (1966)] plural times, normally

2-20 c%%{iﬂa@? Kalyg! K Neh t p i amet er
and p%*dgﬁé?nstrl utron o¥ (?%yegﬁ% oS T tgkt:ﬁgﬁéom %ﬁ%%rgﬁpg)' E'Iél?sr?g

synt hesi zed .can be controlleg i ncreasi ngly, nor reci sely by regulating the
oh | PR AES TP Pe SR SIIALR B B3 A RRECHE O PBOSEWRG Mdifye, “and t ho
nunber of swi ngs. _For exanple, the peak of pore diameter appears_at 8.2 nm
in the gheaqtiesus peuentaio batsadtindhp rysihiesly of pedasusoh greuperatal orades wi ce

be en pH 1 and pH 7 while the peak appears at 16.1 nm when the pH sw ng

opQL aisi it vestrited andestated ind aqrsous?slingsrweaihwabbrisobulsle pirkatic tsbventd i s
possible to prepare porous titaniumoxide with a strictly controlled pore

SUTI UCdytheas hibthASolC 88RmAY r@p%il Nt ARAYVAREPAN, SAcefiH Qtlnii Hid:2ae! 18§ Heor 2

porous 4 group netal oxide 'l ich the 4 group netal Mis titanium (Ti),
it is Heferable to performthe aforenentioned pH swi ng operation as
foll oWws™" 1) the operation is perfornmed in the

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 titamium oxide is synthesized by hydrolyzing a titanium
compound selected from the aforementioned raw materials by an acid or alkal

C 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 (TiO=), 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
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range of the non-dissolving pH range of hydrous titaniumoxide (I< pH < 12)
in the electrochem cal potential diagramof titanium oxide between the
range on the low pH side (1 < pH 4) and the pH range near the isoelectric
poi nt of hydrous titanium oxide (5.1 < pH < 7.1) or between the pH range
near tM@aj aweé eedferablypfiont 0(t6.(19 MPaHux thelpHasdelduedr sugblypm vdertiogh pH
side (8 SpH5 12) ; (c)2 the operation is perforned in the non-dissolving
PH ranggobilife e SulithuRAlteen & bRahRAOS e SiE thWhiBh!tibHRuk byl S 4)
and the range across the pH range near the isdelectric point (5.1 5 pH <
7.1) frog1the range on the | ow pH side or between the range on the high pH
si de C§£ "pH S 12) and the range across the pH range near the isoelectric
point (5.1 < pH< 7.1) fromthe range on the high pH side whjle _allow ng a
suf fi ci el thigiingentione 1p sirdeir bavobtadn 2ppetous| 4 groumineetsl ewdauvhichshagipt abl e
for the preparation of porous titanium oxi de whose pore asymetric

coef f icchrolled\poref dtreturdoin MspedtAopoks diaBneted)porwidistabuatidn nadtthe likegari t hm c
val ue of the nedian dianeter, Bis the logarithm c value of the pore

e R e S SR S
or o i TEope saet B T TiyPLha 2100 BUAHEFHOBH P SRR S e o
af orenentioned manner and the. m xture is dried and calcined to give a

por ouPH agrustipg meent indbhecrynthesin of ahydrosel, pddreged ogpdlnead produg efdhet o a
h)é&osol, a hydrogel or a dried product 27 of hydrous titani um oxide
;

e sdmreattnbipnéd by deme dagrobip miethhodid® c2-,0 (OH)2x  (wherein x is a nunt-)er
greater than 0.1 or x > 0.1) followed by drying-and cal cining gives porous

ti tani unppy  Gfie N8y MARISPEC bivirf SHELARR B BarfBiifled Rayfratgyce! | ent

heat stability as proved by having a specific surface area o g or
TOr e, . D9 P Bl Inep Bl IO RhE AU ANBRE SRBL RPTRS 1AREL4OT 50%
group metal oxide in order to obtain porous 4 group metal oxide in which the pores are
preasely controlled in size and distributed sharply. For example, in the synthesis of a
hydrosol or a hydrogel of hydrous titamium oxide, the pH is swung alternately
between the precipitating pH range and the dissolving pH range of hydrous tatanium
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 1s performed four times

26



when calcined at a tenperature as high as 500 'C for 3 hours, has a
controlled pore dianeter, exhibits a high purity of 97 wt% or nore and is
useful for a catalyst or a catalyst carrier; particle growh inhibiters
suitable for the preparation of the C aforenenti oned porous titanium oxide

are COopeyads Pﬁng%%’d I 7t gs Pc%}%i)%ﬁbﬁgto BrenRELRrs6s fed8tdn] bAMeSkIthaon

T

(Si), phospho , magnesi um ( calctum (Ca), barium (Ba), nanganese
(M), alum num and zireonium (Zr) and these conpounds may be used

si ngl y S5 C‘?P&H Oéeg%iqc&%rer ands or nore. Inportantly, any conpound
which is added as a particle growh inhibitor to a hydrous 4 group netal

oxi de, paht tlaitasewheredighdn ded striengilosd chsuitesl forquiareds d@rbep efidtekt i ve
for maintaining the specific surface area of hydrous titanium oxide at a

high | eyfle iNohillothd At S8l S1eMITN {shSt-eeaHT OTY) 0k 1D QRefothife th ierfpm dhe

titani um oxi de, not to beconme a catalyst poison by remaining as its oxide
in por ti iy ide and to.be_._i n&t fraom.t he. e 1 cal i nt
o ui et SR e i i PR T e SRR R BT by
containing th af orenenti on el enents act .as .a particle growh inhibiter
agai nstl'aag%Qﬁﬁé%B‘Pr}'dﬁso Bhbrange i hydres Bhagust cv@éle ﬁlyﬁr %i@m the
oxide is as follows. Fine particles of hydrous titanium oxide becone

char gedlestrtobheingel potrtial idnganagidersunodxite betweeh thdeangeoa et tdvwe ppbi nt
in the case of anatase crystals is near pH 6.1. In a solution whose pHis

short efdd fie < 5s1¢! €Chy hadRPLVH rafge MEdr aXE! is@E4EE poimt! dhyRkbha ¢Ratlnd he

hygeous 28 titaniumoxide particles are charged positively and anions in

th | ; ; . i i d
o oPH R S R T bk it b B0 o
[ I [ int, the hyd I _ f =the hyd :

i tant G ol ) RGOV H1raRGB TeTat 19 GryE Hn e 02y F SR PRATEDon is
solution readily adhere _to the surface of the hydrous titanium oxide

par ti cbesformedandheomnsdistolang pisangaél a7 phk %rl?g Fetwesn the rangesol thd on

di sperse to a high degree 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 5.1 = pH = 7.1 from the range on the high pH side while
allowing a sufficient aging time for growth of particles. This procedure 1is suitable for
C_ the preparation of porous titanium oxide whose pore asymmetric coefficient N defined
by N =(A- OUB - A) (wherein A is the Jogarithmic 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 1.5
=EN=4
Tn 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
marmer 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 dred product
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surface of hydrous titanium oxide particles by the electrostatic action and
bond effectively and firmy to the hydroxyl groups on the surface even
when their anmounts Care small relative to that of the hydroyl groups. For
this reason, when hydrous titaniumoxide is calcined, the portions which
have lfdrydrous ¢itahamgeskidé trhpmsemted by theagéermmal dummds TH netbeQiliest al
lattice (Ti-OTi) of hydrous titanium oxi de because of the presence of

firm ywhepded 3nl SRmbeF Ff?}tgpﬂ%@m dufit > AEPfoflgived B3 Ul ReBlinirg oWt h.

Mor eover, those hydroxy ups which are near the portions bonded to
anions.or cations are subject,t he influence.pf steric hindrange of

2ni on&'e Bttt BOHE Whh SRR Cares Do SURRE: GRIT SHOWO 8N ¢ he
surface of other hg_d_rous titani um oxide particles. Froma %gént of view
such &scellens heplostabidite as prevedry bavinaw esifinsicihcs apgerd$6 mifég ogmeneh of
hydrous titani um oxide particles are capable of bonding to nore hydroxyl

gr oups: pdrenvolmne v lDghinlgniromsrefing at pareshanshdsh elegrdecoflMBoe cefhaetdvea f or
interfering with the particle growth of hydrous titaniumoxide in the

st eps i 'Wall Efy | ERENL | Hﬁg]] unds of
sili cc\){rflﬁg(qsg?)ﬂ?ﬁhg%gg p’bﬂ%epﬁ@ér%%ﬁ‘e“&m n\é\éssl E@r? (o%gﬂ)o?%clgé%’um (éac? aﬁﬂ?n@( Ba),
mangangse (Mn) . .al um.nu Al i rconium (Zr) that yield such '
ol vy el B A R by R WrE SEmAre sk iRl e & GEElEhor Anabi t er
of hydrous titani umoxide. 29 Concrete exanples of the aforenentioned
conpoatilysis eimieraspartigler grewth gnbikiters i sintabile efor othenyeparationt efii the oxi de
are_.the follow ng. The conpounds of silicon (Si) are silicon .
teﬁacamxefde@heionéd | poronis ditaxivge, oxddle isdecedtpslnd thatayeld dbis cofitdihiigC
anhydride, nolybdenumsilicate and silicate ions. e conpounds of

T
hos rﬂin Rl ﬂi&&?i Hagd r i ’(ﬁ@t%ﬂaﬁﬁ’? hc acid,
Byrog%gip otrgi%31 acl qjﬁgﬁgﬁosp o(rsg’sﬁ}é%’p e?géa%rﬁ%%%ﬁjggp ates, ~ca E%‘Drﬁ

phospg)ates; p{%ﬁgﬁil um- hgwt &8 b%uwhglsl&)hat e%ﬁmﬂm@ﬁmaﬂﬁ] @ﬂgsgphat es

and s

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
interfere with the control of pore distribution of titanium oxide, not to become a

C catalyst poison by remaining as its oxide in porous titanium oxide and to be
mexpensive 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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conpounds of magnesium (Mjy) are magnesiumnitrate, magnesiumsulfate, C
magnesi um car bonat e, nagnesi um borate, nagnesi um acetate, magnesi um oxi de,
magnesi um hydr oxi de, magnesium fl uoride, magnesium chloride, nagnesium
broni de, nagnesi um i odi de, magnesi um carbide, organic acids containing
magn eﬂtarmmnmg:mbs pamﬁclemagree shanged omssitaredy rzmgln asionm inotheb daution neatitie
hydrates and the |ike of the aforementioned conpounds. The conpounds of

cal ci yahédeah tBb %uﬂab@ bR drBhe tit SRl SRS phtades. (Fn’?“clfé e BARAOREA e,
cal cium borate, calciumacetate, cal cium oxide, ca ci um hydr oxi de, cal ci um

fluori .caIC|um hl ori,d cal L,um br.om UmIOdId akciu

car b fotiaf Sefiel P & EHE She SRHERGTE (e melRedl BP bR B FERER R,

cal cium nol ybdate and the_  hydrates and the_like of the aforenmentioned
conpothridydivis ddapvnndeads naaticlesnarepeharged negatiyelynpad agadionsaiy Ghe

sul fate, barium carbonate, barium borate, barium acetate, barium oxide,
bar i usslosien exadil, adiare tethd Mﬁé@@ftﬂﬂ@h&&mﬁmﬁhﬂﬁomﬁamﬂi@leéommme barium
i odi de, bari um car bi de, organi c acids containing barium barium barium

lons and, ha mt}rlré)l %}ﬂm‘éqﬁ @%n%ﬁﬁﬁ@l B&ﬁeﬁ%%l 4 fde%ft% on the

af orenent | on conpoun S e conpou ganese manganese

Car boRRatE SRqnREa Led ) %@g%ggﬁg%gvmg%gs ool AL 7y paad
manganese. h drOX|de manganese fl uori de, anese chlorlde manganese
br omi @ectiva ff/f §emiyot the ydrmd@s@%%@mﬁb@ or giemi whews ithelt 6maumis ng

ma anese manganese, pernmanganates and nanganese nol ybdate and t he

hydr ates sardl hlative ke tfattdfethaf byeroyhtgromss) Farotie uredson, Twhen ohyrhonds of
al um num (Al') are alum num acetate, ammoni um al um num sul fate, al um num

br omi ﬁgamﬁhy&aglig éa,qﬁe A WHIC PI%'@@m@A 'm’%H%dWﬂ'[&EﬁbﬁEor

al umi num lactate, al um fum trate um num Per chl orate, potassi um
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 mfluence 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 titamum oxide in the steps for drying and
calaning. Now, it is the aforementioned compounds of silicon (S), phosphorus (P),
magnesium (Mg), calcium (Ca), barium (Ba), manganese (M), 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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C alum num sul fate, alum numsilicate, sodium alum num sul fate, alum num
sulfate, alumnumtrifluoride and alum num and the hydrates and the |ike
of the aforenentioned conpounds. The conpounds of zirconium (Zr) are
zirconiumsul fate, sulfated zirconia, zirconium carbide, zirconium

t et r achl Osndtete iahgsios ofrtlaxsfobdraentiened @niganidsmdefidr ade pazticlegrowth
tetrai odi de, zirconium oxide, zirconiumn-propoxide, zirconyl nitrate,

and 21 e FEoH u?nﬂ%%%ﬁhﬁﬁ%?f 8 %fneﬁﬂfﬁﬁﬂf‘%%gc"’?é’ 2t fﬁiimﬁlfﬁlﬁ%%' acetate
ot o SHesn o ER, R R, RS SOl AEhGasotl dUiancpRGes &

better effect when present in the form of an oxyanion in the a ueous

sol ut inpelybderginh | sbeateoapdusiticatei mmsi | The appaansds oofexibweplaerusi (B2-areén t he
aqueous sol ution while a phosphorus conmpound as PO43-. Conpounds of
magnephusphoiil Gicldn pBagdhamus? | dd6dn instaphespiefiganeisle winophoshhieataeid,

ioni zation tendency produce a greater effect when present in the form of

ggelar pagé}ﬂ)qﬁse %f%dv‘%/teha gr &)ar I -(-!; oﬁgglﬁ%sbglﬁgegf o%%ic&gg
Ba2+ Z :
hydr ot hRtepaT @hos&ﬁ:@a,c ”p””atofassﬁgﬁ.”ﬁh” s aeHa iR Bries; Ther an

anion or a cation, it is considered to be present as Al(B3- in the case of
an anicompownds @P3nagneshencalle) obre waghesiumeitrade,c anpgnasiiuyi sulfatey i ons
ofén el ement selected fromsilicon (Si), phosphorus (P), nmagnesium (M),

Jum batrbstiaté Baagnegingd hesge( Mngnesithnt Nddatite ( Mdgipeiush resady, um (Zr)
is added as a particle growth inhibiter to hydrous titani um oxi de its

conce S the
prepa%%%q%hﬁg? %g?%tﬁxé&etf?l %érﬁgﬁm oXi ggﬂ%ﬁg@fg@% rize hm)&%étrge Speci

surface ar 2a, C excel | ent ;.heat stabl I|ty r.eci seI controll ed pore SI Ze,
shar p% i SRSTSSTUm 13(#§e,a magn carbi § O hdds contgunng

»—4

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

The compounds of calcium (Ca) are calcium nitrate, calcium sulfate, caleium
carbonate, calcium borate, calcium acetate, calcium oxide, calcium hydroxide, calcium
fluoride, calcium chloride, calcium bromide, calcium iodide, calcium carbide, organic

C acids containing calcium, calcium, calcum ions and calcium 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 barlum 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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hi gh purity, preferably 97 wt%or nore, is 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 wt% preferably in the range of 0.2-2 w% of hydrous titanium

oxi de. When the particle growh inhibiter thus added to hydrous titanium
oxi de mangdaeese thoaate) Mang:hese tactets, nmaiganest foxide, tinenghheet hiydroxidesr easi ng
the specific surface area of titani um oxi de suffi ciently. Conversely, when

the a i i Lannot be
(rirlx‘ijériﬁéa?1 s@&ﬁ%ﬁg éﬁ‘fg[aeél?chlbﬁ et éélIﬂfE does not ﬁaﬂ afiee Md%

obt ai besi ni um oxi i ncrease in

specific surface,a ea to.an eci abl e _extent. The nethod for adﬁdr ng the
af or eASABREICEI Oreaty; ButoR H R AP ERISE PANSaL S PETOADSHEED  oxi de,

for exanpl e, hydrous titaniumoxide, is not restricted: a partl cle .growth
i nhi biandr mengabrseatibdete tame. thavhydrates #nd the dikexalnihe aferemegtisned et al
conpound, a pH adjusting agent, an aqueous solvent, etc) during the

pr epacainpoindy. a hydrosol or a hydrogel of hydrous titani um oxide; it may
be added to the reaction solvent during synthesis; where a pH SW ng

oper ati | &% luhdin gﬁﬂmhﬁﬁm 55&?@@"‘%}9% LYP rret al
corrpoun égmgﬁg%g%sustr ng agg%gﬂ?a?%e used 1n (ﬁﬁsw ng oper atr
be ;added in the, st after nt hesis an ore drati on. In
the cﬁgggfﬁhé]lm%@go@qean éﬁﬁ %’ %ﬁ’?‘%‘ﬁ‘ ‘é‘?}i@"al Uhe raw
material titaniumchloride with ammonia, inpurities such as chlorine and
armonhadroedeiatuninnelamiade calominrnn pitraige lAluhingus Hperghlosate, pptasaimin oxi de
these inpurities need to be renoved by washing with water; washing .
er aboniraind isodfate, abmenurpagibicaté, esodivowt duirihai srdfate;aalm&m@uﬁ’abe;vas hi ng
water in the steps for filtration and washing after the synthesis of the

o0 SRRSO i SECISRR4CD e L il oM
hydrodg bidb AR5 BthiSiuRld The @RURATRY ALoMdE ) are zirconium sulfate,
sulfated zirconia, zirconium carbide, zirconium tetrachloride, zircomium oxychloride,
zrconium hydride, zrconium tetraiodide, zircomium oxide, zirconium n-propoxide,
zirconyl nitrate, zirconyl carbonate, zirconyl hydroxide, zirconyl sulfate, zirconyl
acetate and zrconium and the hydrates and the like of the aforementioned
compounds.
C 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
m the form of an oxyanion in the aqueous solution. A silicon compound primarily
appears to exist as Si022" in the aqueous solution while a phosphorus compound as
PO.43" . Compounds of magnesium, calcium, barmum, 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+ |, Ca2~+, Ba2+, Zr4+
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with the particle growh inhabiter. In this case, the concentration of the
particle growmh inhibiter in washing water is preferably in the range of
1-100 ppmon the basis of the oxide of the elenent in the particle growh
i nhibiter. Adoption of these nethods can greatly sinplify the procedure
for agdiig2® pREdnshR] A Qukhiniak Belhtively atdbld heushydrbtide MO 9 X §H-0;

Furthernore, a particle growh inhibiter of hydrous titanium oxide may be

added r.Ou: 'tggi u if&q VA Jaend . her al ent
ani on%ﬁogﬁé;e{}ég’a%égcé}s’ a pa?ttl?lél e g?%\%ﬁ‘hella%ﬁi%ﬁ}g?f {igﬁﬁ%@&}% I %ﬁ?ﬁﬁr{n oxi de,
the pH of the s or_gel. of hydrous.titani oxide is preferably

cont rEP peesent ag, %t Ihdiedse R @Wt%‘@%‘b%&m&%ﬁﬁﬁ&ﬁ ORLi t ani um
oxide. On the other hand, when polyvalent cations are added as a particle
growt h iWhehi fiecompouty dyielding i basi ofmanxietEmentheseleeteds frame sidicomr (336! of
hydrous titaniumoxide is preferably controlled at a point above the

| soel gRb&iHerRe| (P, ﬁfaghﬁéiﬁﬁ&'s(Mg),t RBICHI OYCAIE - baMREE OER); m¥heTheaot (Vin),

pol yval ent ani ons and pol yval ent cations are added together as particle

gr owt hy.inhi bi s..t0 .hydrou i £ anj oxide...gontrokhli the pH of 1he sol
or " gersfituds D funlar G SHMMTARS Riri g Bt M brhyar ous
titaniumoxide_ 1.0 can cause the par_%i@gl,e grow h i nhi b;lh';)er to adhere

ef f ectifammn pgde.nss epceniragen 1s not yestiigted dn a8y \aResEc AVayaboreres grhsie h
inhibiter is added to a hydrosol, a hydrogel or a dried product hydrous

ti t anthepepadetiorepfipesent Bthnimymt dedgcwendierized by ladafgelspezifio)surfaGHpoa,
(N%rein Xis a nunber greater than 0.1 or x > 0.1), the conposition fornula

2 gﬁé@g@g} 19l q adlthif- YstA e
corrpog)igalfei]lgl?_%;g)%‘trr%tlmglia i O C2-, o@(()ml)ezﬁxﬁm?H%zg’)?v\her eip’r?r%. 2 xbéa%n%heﬁl% 0.3y

5 40) 1.an i i logd at ci t | t rted on
ti tanlh]L 8@%@%%@% a@%ﬁe%lﬁ i é‘g”sésr fa%@gdaﬁégﬁ g%ﬁg%%%aa@logggvol une
of 0.2 mu r. nore.and a pore sharpness degree .of 50% or for use as a
hy dr oPYBAFR I SHESHgT (CORBIRG ots OBR o PaTats, iBHSoiTES, FedihF Hons of
an el ement that shows . i

preferably in the range of 0.2-2 wt%, of hydrous titanium oxide. When the particle

growth mhibiter 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 mcrease 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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catalytic activity for hydrotreating is added as the aforenentioned
particle growmh inhibiter and the ions of the elenent in question undergo
an ion exchange with the hydroxyl groups of hydrous titanium oxide. The
conpounds to be used for the aforenentioned purpose as a particle growth

i nhabithe rpHrssving @peratibn or he neayrpe unldedtinatheystep dafierngrohesd andtefore
possessing catalytic activity for hydrotreating; those conpounds which
yieldg eﬁ \;\}q{ ot he principal catalyst elenents nolybdenum. (Vo) and/or
tungsten ?r are indi spensabl e and other conpounds yielding ions of

el enent s ch act ,as no i.ncl u ound caont in | enent s of
the o, %1”‘% vyt MR i, BiiGe S RBHATE) bE MBI, BiE TR of
iron (Fe nlckel g};ﬂ) cobalt (Co), phosphorus (P), boron (B), platinum
(Pt), m@ orila veitly an{mpiiaa rEpHLtEe ARdkas Rijorineored pruneriabl y a
group of elenents conposed of cobalt (Co), nickel (N), phosphorus (P) and
boron reBjin tikeslee lo@rpilings hydibgeE dfs@eths hgdhausotit@asiuen nixidd/ rddothdsso Ki nds

nore. 34 The aforenentioned conpounds to be used as a particle growth

i nhl bi: I ﬁ]r%o taﬁgﬁ% and
anions are Srgeﬁsgglr%?da:%e iéég?g‘%‘da%u% @%%ﬁew%ﬁw%@ an 833- or
as net al carbo | ani i ons ,are present t|o S such
25 N e daiay e pes e nhe “5ed s o58%Eeh Mo ales T o
activity for hydr otreatl ng such as nentioned above are supported on a

cat al yd éa@@ﬁr washing alier the sypibesiscef the aforementionad hydeoysdatesiwn, one

supported repeat edI y plural tines before another, or they may be supported
si\qul toxitko tisdrgbyw adding the yraetide grdwetlcattibiesr. to'lﬁyelroxwﬁwﬂdm ykigé divvagh
particul arly suitabl e oxyanions include amoni um nol ybdates [ (NH4) 6M7O24

fnl)ll;z/g& c%ﬁa&%%mo& %120) dﬁ%@%ﬁ%%ﬁ%ﬁﬁ%’% b%%%%eg)

st 1T coppl, yRdl b&rtitie (N%M tef I HZQ(% '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
titarmum oxide. Furthermore, a particle growth inhibiter of hydrous titamum oxide
may be added to hydrous titanium oxide after a drying treatment.

(' When polyvalent anions are added as a particle growth inhibiter to hydrous
titamium oxide, the pH of the sol or gel of hydrous titamium oxide is preferably
controlled at a point below the iscelectric 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 1soelectric point of hydrous titanium oxide. Moreover,

when both polyvalent amons 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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tungstic add (H2WX), ammoni um tungstate [5W0 12W0O3 1120, 3(NH) 20 12\W3
- nH201, sodiumtungstate (Na2WX4 2H20), HsPO4, HPG3, H4AP207, P205,
NHAH2PO4, (NH4) 2HPO4, (NH4) 3P04 H20, H3[ P04WL2036] 5H20 and salts of

het er opol yaci ds containing Mo or W The netal salts suitable for yielding

net al hydrdusriyenannonsde at thedmsoeletiBe4)dintb¢fOQ)d000 GGHENIn oxibé COy 6F.Meas - Et SH,
RU3(CO i 2-NEts-EtSH, ( ri - C6HAMe) 2Al 02C02S3(CO 4, W CO 6 and W CO) e- NEt 3

Et SH caddeahy clé%&éﬁth Diitigd 8 aﬂﬁéré'é@cavél tH@E@bol%@?’ean i ncl ude ni ckel
nitrate [N ( )2 61-20/, nickel sulfate (NiSO4 61120 ni ckel chloride

(N C12), G et at e 4H ob Cc2) 2
(N S12) o glel afhel sl 5k blter&%%%‘%d & ﬁ%@l@%@%ﬁf‘iﬁ%&%ﬁnd
cobal t chloride (CoCl2 6H20). As_ for the appunt of the aforenmeptioned
conpodrigd wpdurtchrdroys jhanpas joxle wprewnied by cheegeneralyformilanJ# oereat i ng
to be added as a particle gromh inhibiter in order to effect an ion
exchaf@QEDai twhérbin kyslamuhber gepterchahydl ong i Odnitheompdstion fiemdaount  of
the principal catalyt el enment nolybdenum No) and/or tungsten (W to be

suppor{@d..0n @grt.al ?Hz@e(%'e?ém'@lc‘@mkr led prefoes ably, ak 4b) wh%mer nore,

nore pre era Iy at 20-40 wt% on the oxi de basis and the anount of the

total catal. ts t su t on at-al yst carri
cont rS?ngasl W @@%‘r ﬁﬁf@ (eq}?gjrlga%‘? atﬁ)}[(g @?%7 Tt % on
t he OXIdebSISII’l or der t0|nc;r the selectivity of the

deni t Fogen4b) gndr e taghie @t@@dea@ ﬂﬁg§ der gge rsatalyt samerted on

degul furi zati on and denit rogenat i on. When the anpunt of the principal

| yitanived exidatehich hyb despeaifi¢ bujfacnafearof B0 Fg = Kok wlippeof 82 milga
catalyst carrier is less than 15 w% it is not possible to obtain the

e 8 04 Sha e i ol b g ponc Lo Hseatgtpa
catalyst for hydrocarbon oils, a compound yielding ions of an element that shows
catalytic activity for hydrotreating is added as the aforementioned particle growth
inhibiter and the ions of the element in question undergo an ion exchange with the
hydroxyl groups of hydrous titanmium 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

C 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 (Ru), more preferably a group of
elements composed of cobalt (Co), nickel (ND), phosphorus (P) and boron (B); these

compounds may be used singly or as a mixture of two kinds or more.
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gi ves an excellent performance in desul furization and denitrogenation with
m ni mal consunpti on of hydrogen, the anount of ion exchange is preferably
controlled so that it is 0.06-0.46 atomper 1 titaniumatomfor the

principal catalyst elenment and 0.02- 0.26 atomper 1 titaniumatomfor the

promot er %rﬁg%erg%rg@o% G #ddTh RRfuskd dd'4 gait?g% g&@mH Rihikibg el ibas al

of the princip prono ments. Several | methods such as the
foll owi.ng are avai I@bge foqueIgari n}cg qﬁatal st . supported ﬁn titanium
oxi de JOSERESHRGNE RAUEPBr SR FURRIOR ST PRUATIONT B4F PEECThgaoBT Rt ng:
hydrous titani umoxide is brought into contact with the ions of the
princi patchc as Mo€}s%el WiRet - aRD4sBe andnBxf>1 he asr metalecarbbeyleanionsi while
together or separately, to effect ion exchange, then the pHis finally

adj ust eghticpshrédreerithnd BRtall@Rofs Shcldaf N2 bhd CeR+eXANRROSI A RIS of | S

nol ded, dried and cal cined; hydrous 36 titaniumoxide is added to a

i npregnag i sol ution cont.aj.ni_ng the ion f _t-he principal .. ca S

ol bront SRR BeteRng ettt are ke R oeahR i RRocar P BEE 4t o
1-7 or pH 9-11, and the ion-exchanged product i3 filtered, nolded, dried
and cal tynreated oy @ eafalvst camiemilas By ke srBDged iomt Brec 6HTIEE INVFUCKSSEHE. | ons
of principal catalyst elenents consisting of nol ybdenum (M) and/ or

t ungst emnd \@hpparted hepeateslyo plané thinss befsrenansthef, o ¢hey enael mnenpported
selected fromcobalt (Co), nickel (N), phosphorus (P) and boron (B) and

t he iorlsjﬁﬁﬁ{@-%%%lgp:{s%%&td@ itﬁ&g%ﬁqen nmol ded, dried and cal cined. A
ta y

hygeous 4 group | oxide ( rous titaniumoxide) prepared in the C
af Qr.enent nene ner;. i s: then filtese de rated, .dried.and calcined to
Give a paBeodpPEHs' Tl  prletlly AU Xrbamdl S05008 ARRb
hydr ous 4, gr.0 I i is drj.ed. or rated t r content of
200- 900RABIA R 1 mﬁ%@%od v@ﬁ@oon(ltg@gm= béﬁ@wd SR
specified configyration, dried at 40-350 t, preferably at 80-200C__far
0" 5- 24 mobibdater GesMeths 0. SrE-Gounsdlvhtio whish Gabiokb HaMoBo- 12560,
preferably at 400-700 "C, for 0.5-24 hours, preferably 0.5-10 hours.
molybdenum pentachloride (MoCls), silicomolybdic acid (HaSiMo12040 * nH=0),

tungstic acid (H=WO.), ammonium tungstate [FINFD.O - 12WO0s - H=0, 3INH)=0

* 12W0s - nH=0), sodium tungstate Na=WO0a - 2H=0), HsPOa, HPOs, H4P20-,
P=0s, NHH=POa, NHa)zHPO4, NH2)sPO4 - H20, Ha[POaW120z6] - 5H=0
and salts of heteropolyacids containing Mo or W.

‘The metal salts suitable for yieldng metal carbonyl anions include

O

(NEt+)[Mo(CO)s(OOCCHs)], Mo(CO)e-NEts-EtSH, Rus(CO)1=-NEt="EtSH, ( 7 -
CeHaMe)=Mo=Co0=Ss(CO)s, WCO)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(CHsCOz)= -
4H=0], cobalt acetate [Co(CHsCOz=)= * 4H=0l, cobalt nitrate [Co(NOs)z -+ 6H=0),
cobalt sulfate (CoSOa4 + TH20) and cobalt chloride (CoCl= * 6H=0).

As for the amount of the aforementioned compounds of elements possessing
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The porous 4 group netal oxide of this invention obtained in this manner
normally has a pore sharpness degree of 50% or nore. Porous titanium oxide
or a porous 4 group netal oxide in which the 4 group netal Mis titanium
(Ti) has a pore sharpness degree of 50%or nore and a pore volune of 0.2

m /g eataiyiceactivitgdfer bpdtdtsealing totg atdednay & paetide gnbweth adiibitereth aideb00 ' C

for 3 hours. Titaniumoxide of this invention supporting an el enent having

catal yti ct.l vl ' [ ' ' b dgiddhigh gives
excol fogfedcin it fodiinge WEEOHACRIADRL SRl PdbRTHE N KR (R
hydrotreating,catal yst, fqr, hydrocarbo I ls | s,,capable o Vi ng
bot h SHORE CAH4E RAPYBgEFR cRmeBen e 008 s Bt TR 1%
t he presence of hydrogen at a reaction tenperature of 280-400C, a 37

r eact Pappqrtess eur & catalgst] gy, is antrpidrd afreforably cath 15 -wida dorantoyelr e/ oi |
ratio of 50- 500 NUM Brief Description of the Drawings Fig. 1 is a graph

|11 uspretbtably bbe20r40 aHHN@Ghithe RRideebasis hexdntad ahikalt nafnthe ttabedtatyst e and
the specific surface area of the titania hydrosol which was obtained in

Exa ) . Y .
habriBpohditd 1058 SubbGREth BRG] ATiPES PN ple@AlNY 8L SUONLE 1 g
the pore asymmetric ,.coefficient N Fj,g. 3. s, a.graph.inyestigating the
1 e . RS yelrahly e P Bl obn i PRk beid i OGS 0o DAt eS| de by
the use of porous titanium oxide of Exanples 1 and 9 and Conparative
Exanpkesctivityhpb il denitEpggnation sreactgera gheteby usepraving petfermanes iob bl p

be en the sulfur renoval and the nitrogen renoval in hydroprocessang by
t hlg_udesdfuriZacioni dedi derdabgdnesiono fTWEsANMHee snstintt b thgpratigaldcaalyst he

Co/ Mb- al um na catal yst of Conparative Exanple 11 and the N /M-alum na of
ConpapRhiotfes RN Rleful? (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 minimai
consumption of hydrogen, the amount of ion exchange 1s preferably controlled so that
1t 15 0.06-0.46 atom per 1 titanium atom for the principal catalyst element and 0.02-

C 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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Fig. 5is a graph showing the results of electron probe m croanal ysis
(EPMA) of the hydrotreating catalyst obtained in Exanple 38. Fig. 6 is a
graph showing the X-ray diffraction pattern of the hydrotreating catal yst
obtained in Exanple 38. //~~ Fig. 7 is a graph show ng the X-ray

di f f r étdohiom peate & adddd tood ihoegnatiog isdeitiop Moosiningithe 18ns of thegrapuipal
illustrating the relationship between the nitrogen renoval and the

hy dr 0@ 1\ BRIt 01 2REALNEE PrBndobs: dlesbat, SANERHeLe Meffltsd dt gHI L7
catal yst o 38 Exanples 33 and 34 and the alum na cCatal yst of Conparative

Exanpl es and 1 . varyin he hiqui d-shounl acepvel ocihty in {.he
angeobH S5Th e 15 jortBloheBec e LG YaohRRE el A i "o des
of practice of this invention will be descri bﬁgmconcretel_y bel ow with

r ef er édEousotitanaumc exiap 48 irayehi i) wontag Vb wnsvel prasprbsatalystt hi s

i nvention, a variety of physical properties of porous titanium oxide and
hy dr oglenterttanonsisting dfanulebderdet €Mu) aad/doyuhgaten (W) anidrthe ietdafdne KiRdr e

vol une (TPV) and pore size distribution] The pore volunme and pore size

di St 1 P Y@M roRREAUSlebi oD LURRA SR SlE (89, Bk HARBhARENGY based

on mercury penetration under pressure wt t rument,
Aut opar € ,9200~avaijl abl.e from Shimadzu, Corporagti o The t hod, i s , descri bed
o enafborar 6 e RgdfeertEnary BRi i hBaRH, mafed, dSedTad ark "R
Ritter and L. E Drake, Ind, Igg? Chem Anal., 17, 782, 787%%4%, L. C
Dr ake, IAhdhydrays 4 caewp, metal ogede {bydpougntitanium  agide)epreparegein thast |
Ch Emgrs., 2, 307 (1965). The neasurenents were made at a surface .
t i aforementioned yaind:. ®8thdhnfikerbda dehydtaed, drigd exraf cAléthedhtd giveanyi ng
the absolute nercury pressure fromO0.08 to 414 Mra.

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 80-200°C, 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 titanium oxide or a porous 4

C group metal oxide in which the 4 group metal M is titanium (Ti) has a pore sharpness
degree of 50% or more and a pore volume of 0.2 ml/g ar 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 1s capable of removing both sulfur and nitrogen components from hydrocarbon

olls effectively in the presence of hydrogen at a reaction temperature of 280-400C, a
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[ Pore sharpness degree] A cumul ative pore distribution curve is neasured by
a nercury porosineter and the pore dianeter at 1/2 PV of the total pore
volunme (TPV) or the nedian dianeter is obtained fromthe ordi nate denoting
the cunul ative pore volune and the abscissa denoting the pore dianeter
(A) . Feddtionipresdule sf 2-16&IPar&n VOISWef (. BVIQ lncohhad retydroged/bibratangé0of t he
pore dianmeter within 5%of the |logarithm c value of the nedian 39 dianeter
i s obtsahngd and the pore sharpness degree which shows sharpness of pore
distribution is obtained fromthe pore volune (PVYM and the total pore
volune (PVT) as follows; Pore sharpness degree = [pore volume (PVM/total
pore volunme (PVT)] X 100. The pore sharpness degree defined here serves as
a factgpr r_eval uathng-the degree of pores optimal for the reaction

rel ati 4 al £ %égﬂ-}%iurre and the greater the pore sharpness
degree, the sharper the pore distribution becones or the nore favorable
the situation becones. [Crystal structure] The crystal structures of the
catal yst_and the cataly carrier,were determned by X-ray diffi'actonmetry
with theligi d % %rﬂﬁaﬁgt ﬁi}#&wgpmlm‘fmismlt@twe%fﬂiﬁi #hhdreatymesbei f i ¢
surface area] The three-point BET specific surface area of porous titanium
oxi de tevaperittar andehe spédific surdacai ateafof dhe tinmtiia thyenosol Mtudo miasMbtehed 201

avai l abl e from Mountec. The nethod is described in detail in an article by

S. Br yd@8kple19 Hnd BB treafiitbdore 1ok |:@titionlof 2APArtResfowsR Gnhib®8r. 309

(1938). [Pore volume (TPV)] The pore volune of porous titanium oxide was
19 (ra@mr Sh [lf%d%st %@%ﬁ%@@fz’gﬁf ilgstrAting the mithGe FTR L inir QIR E 1228 cual | abl e

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/Moralumina 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
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accordance wth the nmethod based on nercury penetration under pressure. The
method is described in detail in EE W Washburn, Proc. Natl. Acad. Sci., 7,
115 (1921), H L. Rtter and L. E Drake, Ind. Eng. Chem Anal., 17, 782,
787 (1945), L. C. Drake, 1Ind. Eng. Chem, 41, 780 (1949) and H P. G ace,
J. Amixanipled 33 &hé B¢ sBEdghe.aluin@eatalyst 66Gympatativeckizamples il sandel2byrade at
a surface tension of nmercury of 0.48 NNm 40 and a contact angle of 140
m"%&ﬁﬁﬂgﬂ%ﬁ@ﬁd%ﬂbﬁﬁc@%@&fw&ﬁ of 8K 08 to 414 MPa. [Pore
asymmetric coefficient "Nl The pore asynmetric coefficient N defined by N =
(A- O/(B- A was obtained from Fig. 2 showng the relationship between
the cunmul ati ve pore volune (ordinate) determ ned by a nercury porosineter
and t I [ expressed in logarithn). That is, the

| ogar ?b??ﬁ%av@ ?@&%ﬁtéﬁg&%@@%t er corresponding to the 50% pore

vol une, 2% pore volune and 98% pore vol une were respectively taken as A, B
and C and the pore asymmetric coefficient N was expressed as the ratio of

the dista betweep C and to.that. between, B and, A chani.cal .strength
(S de’ GRSk MSOPS RGPYRCaESg] thim EBEAR AT 4F o) el R i
Strength: SCS) was deternmned with the aid of a Kiya strength tester. A
cyl i ndeferexice éx theuaheompanyang exampleseand poropadtiveesanipdess was conpressed by
a disk with a dianmeter of 10 mm and t he nmechani cal strength was obtai ned

by di vi dinnthi hevdrmiig, appiries ﬁtﬁahmipfﬁp@ﬁe@ﬁﬁm biyasiien logidlgt fndf the
cylindrical extruded formas follows; SCS = WL wherein W(kg) is the |oad

APPL! SifafinsH it TRl S5 AN b thMholning iRehsRgt 1 of e

[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 avatilable 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 0.48 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 denoting 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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(Step for synthesis of hydrous titani um oxide particles) Silicon
tetrachloride (SiC4) was used as a particle growth inhibiter of hydrous
titanium oxide. Zb a vessel containing 5500 g of an aqueous sol ution of
silicon tetrachloride (concentration of silicon, 0.29 g/l conputed as

Si ) dienetezddebtalfdl gndfthe 4brashaquess segeeuvheh shows slanpuesst etpaehl ori de
with a concentration of 500 g/1 and 166 g of 14 wt% anmonia water to

synt hegdiz (JEasel sﬂé’(%r [RS(EVNIRE] } utenpsrmt ure
for t?%stﬁgyﬁ?ﬁgés waesd 0 '%?%fgr%yl;lasw ng ope?g?%ﬁ&mtggpgléerfor rrgd on the
hydr osol, ;sl urry of hydrous titanium oxide thus obtained by adding 165 g of
an aq®@ VEBl ution of titaniumtetrachloride wth a concentration of 500
g/l, returning the pHto the dissolving range of hydrous i tani um oxi de on
the aci dPeresihamnessdegice T mv@m@ﬁ&m’mﬁ pmtfe/ardm&’éf’Wit ef18@®  shift
the pH of the slurry to the precipitating range of hydrous titani um oxide

on the (Tl kadd dharpnaie degied defiabd @erdddrosd 00a Gredelor evalwatingehé degred to

give hydrous titanium oxide particles. The pH of the final hydrosol slurry

of h t 1 &ani ' . faf {63?15]? f il j and
was h?%?%gﬁ#@%ﬁiﬁ%ﬁ&%ﬁ%@%%@%?g@ o} %/I%rsygﬁ@i? iaglginfifﬂg nér%m gﬂles
filt d, hed with 7.51 of t t hl ori d i [
and t W9 <BRBCRRS HEF7| EHEasPOPETate EEh WGP e PRAMT Dhi WE. T Ral 1y,

filtration by suction gave a gel of hydrous titanium oxide which had a

wat er feemaklatthe sitvafeanbegomgst er + free water) of 300 wt% on the solid
baghs. (Step for extrusion nolding) The gel of hydrous titani um oxide
syQLhéSivatal diyictel i cation of the pH swing operation was nolded into a
cylindrical formby the use of a piston type gel extrusion nolder equipped

with a 1T PRkt 38RIGIred b8 the catalyst and the catalyst carrier were determined by

X-ray diffractometry with the aid of an nstrument, PW3710 available from Phillips.
[Specific surface area]

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).

C  [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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(Steps for drying and cal cining) The cylindrical nolded formof the

hydr ogel of hydrous titani um oxi de obtained in the extrusion nolding step
was dried in a dryer at 120 C for 3 hours and the dried 42 form was
calcined in an electric oven at 500 C for 3 hours to give porous titanium
oxi de.arkhe coatact nagdlefdriOnasyiald oavgihg the abjolute mertes prassure fibbe 0.08
properties of the porous titanium oxide thus obtained are shown in Table 1.
[ Tabl goY14pypPl € 1 Raw material species Tid 4 x in conposition formula
0.78 vy in conposition fornmula 12.5 Properties Titani um oxi de content

(WMt% Q7.3 Specific swwfaceqarea (n2/g) 187 Pore volunme (TPV) (m/g) 0.36
Por e Jﬁ&?ep"fﬁ]g@nﬂé&@gﬂ%%“%% Exanpl e 2 Porous titani um oxi de was obtai ned
as in Exanple 1 with the exception of using an aqueous solution of
phosphor The poradasgyrometia coefficeemt oY defiasd by NIF (Aoéng/A) wapopiaiad fremp2C5)
as a particle growh inhibiter of hydrous titanium oxide and setting the

synt heBjigs & ehpeiat thie relatdBsiip Bbvaenopies tduesulafivé hereorslumet (draitiayeh oxi de
t hus obtained are shown in Table 2. Exanple 3 Porous titani um oxi de was

oM 2L ol AR, R e SEOSHL B g
COmPU e PO Thaf'Ss, b Tt vaes of Bt Bore tadtetdy rdshonding to the
50% pore volume, 2% pore volume and 98% pore volume were respectively taken as A,
C 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;

C 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 Si0=) were added 165 g of
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titanium oxide, setting the synthesis tenperature at 100C, perform ng the
pH swing operation tw ce under such conditions as to produce the sane
anount of hydrous titaniumoxide as in Exanple 1 and adjusting the pH of
the final hydrosol slurry of hydrous titaniumoxide to 8. 43 The

pr opeahimpeots sdietipoobiisiniumaptrachloxdd evithh o contengratin cfr500stlownl 166 gabl e 2.
Exanpl e 4 Porous titanium oxide was obtained as in Exanple 1 with the
except. b ' : W i iHﬁ:h% C%Bﬁt i e ayshat e
(concgﬁl?{ﬂgﬁ%ﬁﬁ%}?&ggﬁ%ﬁg}% s g'fiéta corrp%?le a ng% as a partic %é'gr owt h
i nhi bi;ter, of hydrops {itani,um oxid etting the synthesis tenperature at
120G, r?@@ﬁ%&r?ﬁ’é%wlmj’%‘ﬁ@?g@lﬁn six times under such conditions as
to produce the sane anmount of hydrous tjtaniumoxide as in Exanple 1 and
adj ust i iy pthewpig oferahien fWwaraperfiyunasson the diyeyoset siwygr elibydiouartitamumi de to
S. The properties of the porous titanium oxide thus obtained are shown in
Tabl e oxide tha@Bten&d Borselding 165 i dfmroxic@uvashtinasednasni thtrbxopde 1 with

t he exception of using an aqueous sol ution of bariumchloride dihydrate

i b 2 i b 00 B s Sinte M R SRR AP Bl 0 o

140C and .adj ust.i ng(%g of hydrous titanium
Ex

oxi de titenigm grde Si %ﬁ i glfé?»t%rh%eg By yglrlgé% ers;}f:‘lg’;l{%@mlﬁﬁ@ao‘b’%ﬁrﬁ@d are
shown in Table 2. anple 6 Porous titanium oxi de was obtained as in
Exanplsbifithe pH ofithe ehoepto die pfecystating ramgeqidydsousotitariom ofide ondbai um
oxygchl ori de octahydrate (concentration of zirconium 0.33 g/l conputed as
Zr é plladine Hide! aadeansther HNBWRIg epeRitiony #=aUpetfbrimed Um 8xedBydrous

titamum 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 slurry 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%

C 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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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
Porous titanium oxi de was obtained as in Exanple 1 with the exception of
using an aqueous sol ution of manganese chloride tetrahydrate

( conc dmitni avasoralaheddnganeleetric rep2atgh00 COnbriBekows e porauspitahivche
grow h inhibiter of hydrous titaniumoxide, setting the synthesis
@Peration twi'ce under such

teme%%é%@@%%d%ﬁ%#m%%mﬂas%ﬁ%a f'ous titanium oxide as in

condi t1 on 0 produce the sane anmount of hy
Exanpl e .1, and adj.usti the pH of the. final drosol sl urry of -hydrous
rcani urbsPEpertcs  the Rore Spanie Sxide tPHe OATsCaE S A TR t hus
obtained are shown in Table 2. Exanple 8 Porous titani um oxi de was

obt ai HEablad] i n Exanple 1 with the exception of using an aqueous sol ution
of al um num chter+de—{econcentrat+on—of—atumnpm—0-36—g-H——cpnput ed as
A1203) as a particle growh jnhibiter of hydrous_titlaRPORfox| de, setting
t he synt hesi s| t psfpestataldpeci@at A0 C and adjusting the |pHwd, the final

hydr osol slurryxim(;)uyn 'r;.iq]rfcgntﬁluat tanium oxide to[7. Tng pr nerti es of the
porous titanium okl 88 ThiS obt ai ned are shownlin Ta e_[g_LTabl e 2]
Exanpl e 2 ExanpliecBrEsiaripindgs 4 Exanple 5 Raw gmaterial s@écies Tid 4 Tioln

|

I
Tid4 Tid4 xin coppsdsti on [RLA 808 breld- 80 Q30 0. 583 Yy I n conposition
formula 12.5 |12.5 13.0 12.7 Properttes—Trtanirumoxtde—eontent (w% 97.5
7

98.8 97.1 97.77 Specific surfac®esfienfpsyd) 158m® 97 184
C 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, 0.25 g/l
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.

C Example 3

Porous titamium oxide was obtained as in Example 1 with the exception of using
an aqueous solution of magnesium chloride hexahydrate (concentration of
magnesium, 0.08 g/l computed as MgO) as a particle growth inhibiter of hydrous
titanium oxide, setting the synthesis temperature at 100°C, 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 shurry of

hydrous titanium oxide to 8.
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Pore volunme (TPV) (m/g) 0.33 0.33 0.80 0.34 Pore sharpness degree (% 61
70 55 79 Exanple 6 Exanple 7 Exanple 8 Raw material species TO, Tid4
Tida x in conposition formula 0.50 0.65 1.0 y in conposition fornula
12.8 12.6 12.3 Properties Titani umoxide content (W% 97.1 97.6 97.3

045 0. 37 PEPCPERAFTSEE bl et befle RO HTE SRR TRl & e

i n Tabl es and, 2, titanium oxi de whose preparation is the target of this
i nvention Ble[ﬂlrity of 97 wt% or nore, a specific surface area of 80
n2/g or nore, a pore volunme (PVT) of 0.3 m/g or nore and a pore sharpness
degree of Pd&60s ttamone oxideanpd ebt@nial asisn tHxtzanpleni eitld chevaxcapttioni ofegsiag i n
Exanple 1 with the exception of using an agueous solution of silicon

tet rachhpridie, r o d: Qe bils SECETRULR b Ak S0B)1 g 2
particlr%ﬂgr wt%gi nhi ?lt@é(tréag(?‘uﬁlygkﬂg{}g Silﬂ?%(%ag‘?n(oxi e. Tﬁe propertli’ es o%ﬂthe
porous titanjum oxi t hus t ai ned are, sho in Table .3. Ex lLe 1

Por ous HPRHARCRRET osadustis Bt SRR A ows B nition eXERc B ERB AP
using an aqueous solution of silicon tetrachloride (concentration of

si | i consyrghesisgempenatpie el 1288, srecfoymdng the adpsoing operationesiwdames abdsh of
phosphorus, 0.09 g/1 conputed as P205) as particle growh inhibiters of

hydr ousgudHi aphditionyidieto pebdiucagtheheasgnihesing oftleydrenattitheiat 8Qide andn
perform ng the pH swi ng operation six tines under such

_ Example 1 and adjusting the pH of the final hydrosol slurry of hydrous titanium oxide
C s
"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/l
computed as BaO) as a particle growth inhibiter of hydrous titanium oxide, setting the
synthesis temperature at 140°C and adjusting the pH of the final hydrosol shurry of
hydrous titanium oxide to 8.
C "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 ZrOz) as a particle growth inhibiter of hydrous titantum 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..-
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conditions as to produce the same anount of hydrous titaniumoxide as in
Exanple 1. The properties of the porous titanium oxide thus obtained are
shown in Table 3. Exanple 11 Porous titanium oxi de was obtained as in
Exanple 1 with the exception of using an aqueous solution of silicon

t et rachl Baiote titannee widdat was obfaiséd as on Exdndde d/ withotheuéedptias oSusiyg,

cal cium chloride di hydrate (concentration of calcium 0.15 g/l conputed as

g c%ﬁ(ﬁ@%ﬂg%%%?%ﬁé{%*%g?%xaﬂéﬂ%%%%‘&%%@@%% TR, quoous
2%??&&%@ gl e VinO o & stile GorebrRbIRer Rl TGREQds RiETOWEr BRfen ni ne

ti mes under such conditions as to roduce t he sane amount of hydrous

ti t anisethngcthtesyathess Ewepaypbire aéri@()a@ performyinghtdhet sving hperatioatwiogdr osol

slurry of hydrous titaniumoxide to 7. The properties of the porous

ti t aniufifedxiudle cirltiioPifiopddacetienaimie kmohab bEhydroubxaaphen bRidBeIsdHS

titani um oxi de was obtained as in Exanple 1 with the exceptlon of

prepar f \Nhh’l 4t iing a
parti C%%l?gﬁfﬁ%ﬁﬁ%nélggﬁ@q cgtgr ouéwfqlgﬁlum o] | anélsus inﬁﬁgggueous
sol uti o& of silicon Ctetrachloride (concentration of silicon, 0.03 g/l
corrputtg as Si2), calciumchloride (concentration of calcium 0.03 g/l
conputed as CaO and magne3| umchloride (concentration of nmagnesium 0.01
g/ 1 conplbegrepertitsaf the parmsisitiignivan exiderthtis ebtsingsl atecthowasin ‘Haple Be tit ani a
hydrogel slurry. The properties of the porous titani um oxide thus obtained

hovwExamplee®l e 3. Exanple 13 The washed hydrogel of hydrous titanium
oxi de was obtained as in Exanple 1 wth the exception of not using a

particl epgi QWi lahitith RidR wal P Ss tn FBAMPIR WS the exception of using

an aqueous solution of aluminum chloride {(concentration of aluminum, 0.30 g/l

Pl

computed as Al=0s) 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]

d 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 125 12.5 13.0 12.7

Properties Titaniurn oxide content (wth) 975 98.8 97.1 97.7
Specific surface area {m¥/g) 158 93 g7 134
Pore volume (TPV) (ml/g) 0.33 0.33 0.80 0.34
Pore sharpness degree %) 61 70 55 79
Example 6 | Example 7 | Example 8
Raw material species TiCl, TiCl, TiCl,
x in composition farmula 0.50 0.65 1.0
y in composition formula 128 12.6 12.3
Properties Titanium oxide content (wt%) 97.1 976 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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To 50 g as Ti 02 of the hydrogel of hydrous titani um oxide [water content
(structural water + free water), 300 wt% on the solid basis] was added 0.92
g conputed as P205 of ammoni um di hydrogen phosphate powders as a particle
growh inhibiter and the two were kneaded to gi ve a honbgeneous m xt ure.

Ther eaf t By eachhff the aBmpleAGE MubRsaSahd 2F40HRE ckidewhhes brysation #ithe por ous

titani um oxi de. Exanple 14 A dried nolded form of hydrous titani um oxide
corre ndi tq 50 ag. TiQ Sed S in 20 of @50 [ of
posp Bt of By tedttan e e B ol STORE o iwoRs Zoo ey el ish 302 pos)
and thereafter the procedur anple 1 was faoll owed_ to give poraous

ti t aniByFHERE Bere; arrp@rw@yarﬁ &’églt)&gx 0&@5@%@9@%1)% harpeessilegresilai ned
are shown in Table 3. [Table 31 Exanple 9 Exanple 10 Exanple 11 Raw

mat er i58P0 epmores TO, Tid 4 TiCd4 x in conposition formula 0.78 0.35 0.13 vy
in conposition fornmula 12.5 12.9 13.2 Properties Titani um oxi de content

(wt % 9??#21%51&19 97.1 Specific surface area (n¥/g) 109 82 97 Pore vol une
(TPV) ( g) 0.33 0.81 0.88 Pore sharpness degree (% 73 63 52 Exanple 12

comost (TR0 SERu i berBoanl of BF il & tithhe b  bhng o
T 0P Atpacous Sojution of Siheon toteachlorids (cenceritration of s, 0.06 gl computedd
as Si0=) as a particle growth inhibiter of hydrous titanium oxide.
C 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 Si0O2) and phosphoric acid {concentration of phosphorus, 0.09 g1 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.
C 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 SiO=), calcium chloride dihydrate (concentration of calcium, 0.15 g/l computed as
Ca0) and magnesium chloride hexahydrate (concentration of magnesium, 0.04 gl

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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Specific surface area (n2/g) 146 162 167 Pore volune (TPV) (m/g) 0.32
0.34 0.36 Pore sharpness degree (% 82 60 56 Exanples 10 and 11 relate to
the cases where a plurality of particle growh inhibiters of hydrous
titani um oxi de are added to the synthesis solvent, Exanple 12 to the case
wher e 3 peaforinohe thy phitdwing loparaton whe Mipokesousderistahiconditions as te perded dur i ng
~- washing of the gel and Exanples 13 and 14 to the cases where a particle

gr owt bhe &4k Rid@intiof thanReh QRld Ad RNERAMPI UanBadpnaad e yHtde t he
hydrous titanium oxide gel or inpregnating the dried material. 1n each

case, i [ X1 wh I ration.Lks,the target of this invention has
a purﬁ?ﬁ&%@g@fm&guggﬁ c&ﬂgﬁﬁ’gce area of 80 n2/g or nore, a
pore vol ynme (PVT) of 0.3 nug or nore and a pore sharpness ee of 50% or
mor e. 49’,#1@@;@9@@.3@ thspeKoms tifanipgy gude gh%&?tamedM@ 1@8@215&1% as in
Exanmple 1 with the exception of synthesizing hydrous titanium oxide only

in one rleashplerid n an anount corresponding to that obtained after three pH
SWi ng operations in Exanple 1 without using a particle growh inhabiter of

hydro | [ b dgs | ] ' i and
ydrous r%dr%%'%ﬁ%}@htﬁ%&ﬂ%% toBPiﬁg?dPe‘{sf % "EREBlPT wiHM RHe ABGERIAP b

adj usti | ydroso lurry of hydrous titaniumoxide to 7.
Tab! oPEParg Iy I Eo BRI of PESpBTERER R i SR ool o PhBas i o
ot BEHVE HATOLAEBAEE AAED PG TbUSTEIAN SEHEUE:AEgn of GHIOPR t he
st for the synthesis of hydrous titanium oxide. The properties of the .
poau setrachiorider{concaterations ob bilisome@0arg] stmpntadnad &0e), 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 shury.
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.

C 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 092 g
computed as P=0s 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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Conpar ati ve Exanple 3 Porous titani um oxide was obtained as in Exanple 1
c an aqueous solution of silicon tetrachloride
conputed 49 as SI2 in the step for the
The properties of the porous titanium

with the exception of using
with a concentration of 0.60 g/l
synt hesi s of hydrous titani um oxi de.

i cogtiihtien e RY@s)siehdraaflattihe yfocederBRA TGN Sle Bxaap flodeBan pite

e was obtained as in Exanple 1 with the ‘exception of

slurry of hydrous titaniumoxide to
‘ynt hesi s of hydrous titani um oxi de.

oxi de t
titani um ox

adj usti

|
51 n thBEny

of the

porous titanium

Conpar at i vEhEPEAPRTEES O

wi th the exception of using

B e

final hydrosol

xi de thus qbtained are shown in Tabl e, 4,

@ous Btanpnuexds thas abeinss arerhwvas in Fableghpl e 1

The properties

an aqueous sol ution of nagnesiumchloride with

a concerﬁm@bia}n of 0.08 g/1 conputed as MyOin the step for the synthesis

of hydr the pH _of the final hydrosol
sl ur?/y of _hydrous titaniumoxide to 4. The progeperesdof Exemaledhrldiample 11
titani ym Ree meetidhereciebt ai ned are shown ijn Tabl ¢ 4.TCl[ Tabl eTigl. Canpdit i v
Conpar at i vie cdoopgin &tniuée | Exanpl e 1 Exanpl e 2 anul7e 3 { Rawssmat gri al.13
speci e Tildofhpdkited @mdlk Cl[4 x in conpositijon fornulaz% 30/ 0. 759 0. 715 @y |
conpositTon pRIMEA 12 U kg okide Sontdnt OPET(45S | TT TgglRi UM OXflg CANT &y (V
5(921- /Zg§9SP62125641§p80|2;| C BRI GGl &8a (TTHT G, QU107 hg¥  [FOT G,V 0! 57 7V)
) ) ) Pore volume (TPV) ml/g 0.33 0.81 0.88
o Pore sharpness degree (%) 73 63 52
C 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%) 97.6 974 874
Specific surface area (mi/g) 146 162 167
Pore volume (TPV) {mi/g) 0.32 0.34 0.36
Pore sharpness degree %) 82 60 56

s

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 18 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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Pore sharpness degree (%9 71 75 48 Conparative Conparative Exanple 4
Exanple 5 Raw nmaterial species Tid4 Tidqg x in conposition formula 0.75
0.75 vy in conposition formula 12.5 12.5 Properties Titani um oxi de content
(W\t9% 88.9 99.2 Specific surface area (ne/g) 224 78 Pore volune (TPV)
(mM/g) 0.36 0.17 Pore sharpness degree (%9 45 74 50 Conparative Exanple 1
was prepared w thout addition of a particle growmh inhibiter of hydrous
titani um ofcpoardtive Epamiplé t surface area in Conparative Exanple 1 is |ess
than 80 n2/g. Conparative Exanple 2 relates to the case where the addition
of a partPgloRisOtieiling RRide el bistahesls abhah Exainple?d antth fRe sheepfitie of
surface area is less than 80 n2/g while Conparative Exanples 3 and 4

more. £ et O YRR AR e o] R on B e AR B0
iy b £ 4P TR 2o S B S, PBREAT r5G ARABIE f QEEht, dsing

pol yval ent . cations in_the synthesis solvent qr magnesium chl oride

hexahy drreréclgagrosdheinhapiter @%@@Q@fHWi prafle ra}mf yaghout| perfgrmainghy wdus
titani um oxi de was adjusted to 4 which is |lower than the isoelectric point
of anat aseng bpstation anbladjusinsg sleepHtdiahe hedyosol slukey ofitagiress titamas txikden
into titanium oxide under this condition. The effect of adding a particle
growt h ighyi biter of hydrous titaniumoxide will be explained on the basis
of the results obtained in Exanples 1 and 9 and Conparative Exanples 2

t h‘@ug h 4. mpe properties of the porous titanium oxide thus obtained are shown in Table 4.

Comparative Example 2

Porous titanium oxide was obtained as n Example 1 with the exception of using
an aqueous solution of silicon tetrachloride with a concentration of 0.009 g/l computed
as Si0= in the step for the synthesis of hydrous titarmum oxade.

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

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

L
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To a vessel containing 5500 g of water was added 150 g of an aqueous
solution of C sodiumsilicate with a concentration of 100 g/l, then the pH
was adjusted to 4 by adding a 20 wm % aqueous solution of sulfuric acid to
give a hydrosol slurry of hydrous silicon oxide. Thereafter, the same

addi ngaPBORLiRithe s&§ fof thd §reBediaef Makolspeatiath otide.ce or the pH swi ng

operation was repeated three tines to give a hydrosol slurry of 51 hydrous

silicon i . i f - f d to give
por ous. siPESEPARb Rl ot Brob BaBN s al BRI Rros B T UGS 4000

t hus obtajned had_a specific surface area of 650 n2/g. The specific
surface €§B§NT§3E$%@Qﬁé4of this high-purity porous silicon oxide and the
porous titaniumoxide with a purity of 99.2 w % prepared in Conparative
Exanpl e Poraml tearswpr essledwiay dbteinedxas ani dxafopde | oomh thei drcephidnt oft ani um
oxi de. Porous titanium oxide of Exanples I and 9 and Conparative Exanples 2

thr OU%jWb?H%f B BN 15)drbso Bl 8EhRIrodls Bigdrifith bideé th BGAThe step,

tetrachl e added as a particle growh 1nhibiter of hydrous titani um

oxi de duri n e.synt hesi s.., Therefore, the effect of increasing the
speciFgﬁB%ﬁ%@%ﬁ%ﬂ%¥@3W§?%%Bgﬂﬁu%vw%a article growth inhibiter of hydrous
titani um oxi de al one exclusive of the sane effect_ produced, by the added
silicon teepaenrEes eithe Porwis terprues sxifegiiusipbtained areshown in Tallei% i ¢
surface area (an increnent of specific surface area) between m xtures of

hi gh- pur Coynptaratave Hrampled® and hi gh-purity silicon oxide prepared in the
saaf}ratio as in Exanples 1 and 9 and Conparative Exanples 2 through 4. .In
or{er toperikititinhiis Ridewhs obtate B9 id Mambple! pg@t&pm&éﬁexdaﬁﬁah P iy

hydrous titanium oxide alone in Exanples 1 and and Conparative Exanpl es

cubt 0t P O RBn A RS 4 AR RREROHRE U8 B B3P

i BRSSPl s S oo AP a LS R 3 11
of the final hydrosol shury 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 TiCi, TiCl, TiCl,
X in composition formula 1.30 0.75 0.75
¥ in composition formula 12.0 125 12.5
C Properties Titanium oxide content (wt%) 992 98.2 95.4
Specific surface area {m¥/g) 60 §7 189
Pore volume (TPV) {ml/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 ih composition formula 125 12.5
Properties Titanium oxide content (wt%) 889 892
Specific surface area (m¥/g) 224 78
Pore volume (TPV) {ml/g) 0.36 017
Pore sharpness degree (%) 45 74
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The results are shown in Fig. 3 in which the content of silicon oxide in
porous titaniumoxide is plotted on the x ands and the increnent of
specific surface area on the y axis. As is appaxpnt fromFig. 3, the
increment of specific surface area is large until the 52 content of

si | i c@lonopacidivecExdmpls 1Wwas areparkd withoethedditorpef 4 ipentiale growrthrnmimleider up
to 2 ww% thus it is seen that a particle growth inhibiter of hydrous

tifaniggmyaxhdetitdmnnd 68ide. ThepebAR Al eeieath CohphPstitaEixathilee wAesd fi c
surface area. However, where the content of silicon oxide is l'ess than O.

% a3phfl A0 SHHR5R oflpaFRERET RS LAMBIES LR £ (B SRS TAGOL AR d0eaal a0

nor e - wh i'sinvention s no
effect far. i ncreasi the s eC|f c surface area radu y decreases t he
cont ePargel esgqu%& rﬁ%b&eréﬁﬁseeé an{.d, Wha ithgo'wes ('aSB £8 é!r%aglﬁaﬁf
i nhibiter of hydrous titaniumoxide in excess of this value produces a

snal | ¢haef8@an?/g GvEdanPbmphBalite dixdmplesy Bt dned i refathyidr thes case amhers the de
particles) Zb 11 kg of water was added 330 g of an aqueous sol ution of

titanigdaidieh bﬁamaﬁ%icveegmwﬂhuﬁumess QQM@bltaanoé wﬁ@@aﬁakhbqnadlyu&t titdifult of

t he synthesis solution'to 1.5, and 340 of 14 wt % anmoni a wat er was
added shi Q v r

i tani TR e *ﬁ%‘iﬁa@?g%ﬁo/oe?%?mﬁﬁf‘%&%. @g% e ibiﬁaés% et Sile
hydrosol s]uyryr; drous t.itanium ﬁ S added g of an a ue us
sol ut iE3AWER "P]il%étr?ir YETPUE Ht dRTaR wafenw d&'ﬁ?\‘@tﬁl PB‘?SE’@@@SQJ ent

regrn the pH of the slurry to 1.5 or to the acidic side of hydrous
ti énicaimonsilde:het $1arthsss solverit A megnesium aimonda hexbbydvats wddedded i f t
the pH of the slurry to 6.3 near the isoelectric point of hydrous titanium

oxi de.thafH bitite ﬂHaﬁWyHBoébﬂ?@hﬁtryQﬂ' Ao £ Pieah R LMEEWAS dditsted oW Hith
gi ve hydrous titanium oxide particles.
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 7
Examples 2 through 4.

To a vessel containing 5500 g of water was added 150 g of an aqueous solution of

C 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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The hydrous titani um oxide thus synthesized was subjected to the steps for
filtration and washing, the step for extrusion nolding and the steps for
drying and cal cining described.in the aforementi oned Exanple 1 to give
porous titani um oxide. 53 The properties of the porous titanium oxide

pr epar eydroagsiiitenydd@ usttéd tias) the pexkdercasfEshowle ih wablfelldwed Takghe 51
Exanple 15 Raw material species TiCe TOO a Nunber of pH sw ng operations

spec £ 1RorE FER0A ol ThFitcRods,slikor B2 AT Py B4 e s GRAlegSS
192 Nethareeaic GuFiamy akes, S0 TIRGETe EPORC uriREPE o At Bire (G s, 4
9.9 Exanple 16 To 11 kg of water was added 330 g of an aqueous sol ution of

titani umighgiurityhbarvislellicon tdvide s thetpoadisontaofiubDoxige with agjmst of B8.2pH of
the synthesis solution to 1.5, and 355 m of 14 w % amoni a water was

{1 an Ui AR O Rala TR kR o P PR e I e Y S,

hydrosol .sl urry. of. hydrous titani um oxi de was added 330 g of an aqueous
sol uti o @?@@W achloride with a concentration of 500 g/l to

return the pH of ) .
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
C 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 hydrous
C 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 i silicon oxide and corresponding to the content of sthcon 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 axis.

As is apparent from Fig. 3, the increment of spectfic surface area is large until the
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the slurry to 1.5 or to the acidic side of hydrous titanium oxide, then 355
m of 14 wt% anmonia water was added to shift the pH of the slurry over
the isoelectric point of hydrous titaniumoxide to 7.5, and this pH sw ng
operation was repeated four tines to give hydrous titanium oxide

part i coffentBeERibsn biitla ReatRed WY, sl theanaeatbtfis partidudardy groétmedd api um
oxide as in the aforenentioned Exanple 15. The properties of the porous

E)i‘ ;32%\@? wa‘é/}’g%‘é%%ts lﬁo%g Ir}i : Qgg\ ﬁéftifgg]/gaEmgo h][un]aﬁjwa%e? eolr%-}po a Jgigi ‘-.Ebﬁegp.agtél gg
. : | : . . 438
on’ 1 feabiesds & o %Et?'egﬁct?.iwper b8 he ST TIEe am' eh gy eVﬁﬁfwg%en P

titanium oxide by the use of 330 g of an aqueous solution of titanium
t et r achk comtéat off dilicoa eoxideriessahan). bit%530nghé casdofBanphradive Hkamteanmoni a
water to give porous titaniumoxide as in Exanple 15 with the exception of

spending PBAFE HhHRiCANa of BD ERSorahofHvRicHYS tROtark ; B AGPRN@L! On.

The properties of the porous titanium oxide thus obtained are C shown in

Tabl e .EX |e 48 To .11 kg of,water.was .added NaOKl t Lust th Hto

155, Pl e, b i0Getg o Rb R R B AT bR B s 23 T

concentration Qf 500, g/l was added to shift the pH{o 5 8 and_this pH

SWi ng caa@nétqrf] %@m«%p@wie Brviee amm‘ghnﬂn taapawiq growth| Ingiey afhe rest

of the procedure in Exanple 15 to give porous titanium oxide. The

pr opetydesustitaninem poideuia dxctsandf tins oxlwbeprolueesabsmbRedeffoce shown in Tabl e 6.

[ Tahl e 6] Exanpl e Exanpl e Exanple 16 17 18 )
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 titamium oxide. The temperature during this synthesis was
60 C.

To the hydrosol shary of hydrous titanium oxide was added 300 g of an aqueous

c solution of titanmium 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 shurry to 6.3 near the isoelectric point
of hydrous titanium oxide, and this pH swing operation was repeated twice or four
times to give hydrous titanium oxide particles.

The hydrous titamium oxide thus synthesized was subjected to the steps for
filtration and washing, the step for extrusion molding and the steps for drymng and

calcining described in the aforementioned Example 1 to give porous titanium oxide.
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Raw mat eri al
conposition fornula -

species TiCd4 TiCqg Tida

X in conposition formula - -
Properties Specific surface area (n2/g) 176 125

y in

169 Pore volunme (TPV) (m/g) 0.29 0.23 0.30 Pore sharpness degree (% 65

61 62 Pore asymmetric coefficient (N)

(SC) ( Kﬂid“fpiop@rt&)esloﬂth@

(-) 3.46 3 3.3 Mechani cal
gorob titatiugi arigk gireparet Fford heOhydrbus Gapaimat i ve

strength

Exarrple Porous titani umoxide was prepared as in Exanple 15 with the
excep agnﬂaqaglgrg ng the pH swi ng operation between pH 2.0 in the
| ow p range and p ) in the high pHrange four tines in total by the
use o of an aqueous solution of titaniumtetrachloride with a

bable 50,

conce of 500 g4 and 355 m of 14 wt% amonia water. The properties

of the porous titTani um oxide thus obtai ned[ are SNown gI, [al € 7
Conpar at i Exanmpte—7 Puuus LiLdniumuxiu: Was P as 4, Exanpl e 15
Wi {rﬁ t he .V,)?\%Vépmftiegarl‘lspgfles FCI o1 the || a '\#ng G,)e?g@r Ot szﬁd\lﬁ\l’eeﬂ pgpll- 5in
the | ow pH-—+ange and pH H“rﬂpe”fpﬁ‘%'”gﬁpe? gh—pHlrange flowr—times in total
by the us 3*ﬁf°°"%’°ﬁ'i'°‘hf°m“a' n_aqueous. .sol utionl of tifanitm tletrachl bride with a
concent r at ¥ mowbsitBOBgk 1| and 355 m of 14 M % amonia  water. The
properties of FArdpertipor oug Spdcifianirtame oxd de t husmbt ai negd arle slidwn|in Table 7.
Conpar ati ye Exanpl e 8 PopoudSotihd @pvum oxi de gapg pPrepsy ed aagn Exanpl e 15
with the exception of  PBERARIDUse¥AT 0SOI SLUTTY G NYdrogs titani um
oxi de by adding 355 m Tpgréﬁym\r/nvgtmcoeﬁllggntqml a et gr and, Fien—adging] 330 g of an
aqueous s bl ution of tits Mechlamcal strength (SCS) (kg/mm} 1.0 06

C Median diameter {nm) 5.4 99

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 shurry of hydrous titanium oxide. The temperature during this synthesis was
75 C.

To the hydrosol shurry of hydrous titanium oxide was added 330 g of an aqueous
solution of titanium tetrachloride with a concentration of 500 g/ to return the pH of
the shurry to 1.5 or to the acdic side of hydrous titanium oxide, then 355 ml of 14 wt%
ammonia water was added to shift the pH of the slurry 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

obtaimed are shown in Table 5.
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tetrachloride wth a concentration of 500 g/l and performng the pH sw ng
operation between pH 9.5 in the alkali range and pH 7.5 in the | ow pH
range four tines in total by the use of 355 m of 14 w % anmoni a wat er and
330 g of an aqueous solution of titaniumtetrachloride with a

concent riatdropledf/ 500 g/ 1. The properties of the porous titanium oxide thus
obt ai ned are shown in Table 7. [Table 71 Conparative Conparative

Conpar atyyve kESCHREE v @ER! OmEXPIP LEyPamBRMI A £E4 B a@uﬁﬁtcﬂ}fé%)ﬁ k&l 4

Tida Tida X 1n conposition fornula y in conposition forrula - -

Propertie ecjfic surface area / 05,.146 .115, . Rore vol TPV)

(i} op: 854 426 PEb swyineSobasdfitn S e oL AP 6y B tal o e st LB e 1
coefficient (N (-é 56 5.2 56 Mechanical strength (SCS) (kg/nmm 0.8 0.4
0.9 Maqdlcw%mn pH [ oerthe 3s@lestac ppist @ hydro soxade By dheus
titaniumoxide particles) To 10 kg of pure water was added 1500 g of an
aqueouse 8HBBO igasf af afudani dotatidnedtt iginhani teerachlohida wihceosricehirationfof 210 g/ 1
to adjust the pH of the synthesis solution to 0.5, and then 2300 g of 14

wt % a ' t ta?xéﬁi?:' %ﬁgnﬂ{"}\{ ol
sl urr?ngf a@t‘é}?éﬁé ftﬁ?t%ggliqgﬁ%m e. Mﬁﬁ#%ﬁp&g%@ug%&%rl ng t ?)é&i{%%t o

esis
R A RO
eone egﬁé SIJ[-Ii s%\?mg i)pgga?tio%/. %‘h;[e %roperties of the porous tltamum oxide thus obtained are
C shown m 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 58 and this pH swing operation was repeated three times in total while
following the rest of the procedure in Example 15 to give porous titamium oxide. The

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

[Table 6]
- Example Example Example

C 16 17 18
Raw matenial species TiCl, TiCl, TiCl,

% in compesition formula - — -

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

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

Pore sharpness degree (%) G5 61 62

Pore asymmetric coefficient (N) (=) 3.46 3 3.3

Mechanical strength (SCS) (kg/rmm) 0.9 i1 0.8

Median diameter (nrn) 7.2 9.0 71

Comparative Example 6

Porous titamium oxide was prepared as in Example 15 with the exception of
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return the pHto 0.5 in the add range of hydrous titani um oxide (hydrosol
di ssolving pHrange), 2800 m of 14 wt% amoni a water was added to shift
the pHto 7.0 (hydrosol precipitating pH range), and this pH sw ng
operation was repeated five times in total to give hydrous titani um oxide

parti ?bﬁ’@mﬁ@ tespHawihi lcpeatticdnbetneenadhi2iyin el loonpHordnze aaehpHet 5on of

the aforenentioned step for synthesis of hydrosol, the C hydrosol was

filter %:éh% ] ke - ntil
the a sg},rllec}elr%bc 0 Fge ( %Swﬁﬁ?er%?tﬁggﬂ?ws%?g?g@gas coénﬂ%g;&@gio%ﬁi#r ation
wth silver Itrate, to.give titanj.a h sol . f reparatian of

G | o i setediodie S amscentahoach sl Bl and Bl bl Eh EhtaiRer was
filtered by suction, dehydrated until the water content (structural water
+ :frwmﬁ&)e)pmp@@nesftmm@aﬁ wanaiup Gddettngs obbhived apy shewenusdable ' 1. 8
mmdi anmeter die, and dried at 120 C for 3 hours to give a dried nol ded

form of ChhparaiveXixdndblery for adding a particle growh inhibiter) The dried
nol ded formof titania obtained above was i Mmersed in "an aqueous sol ution

of anmong 4m.9 'I%HB' %{b ' o 3k I?Sr o] ; 1N -16. wt %
of ti ta%um o;?ci[i e on %g%lgr%}%?@,%ngt S lgi %%q’g&eﬂp%gmg)f%ﬁ%é}?a ure for
2 hours.and fjltered through. a filter per. 5C to gi nol ybde
S uppoPPEATEM fhe:pH swing spgRdiondhetegn miL i shes o b rore 576 DHdeium
supported on titania was dried at 120 C for 3 hours and then calcined at
500 Cif the BighopHsramge dowrtizessh yofad hythe asabf 880 gufsor acakous solutianiaf. C The
properties of the nol ybdenum catal yst supported on titania are shown in
Taﬁe tBanitxd tatkgch?ide with a concentration of 500 gl and 355 ml of 14 wt% ammonia
water. The properties of the porous titamum oxide thus obtained are shown i 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
C 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 oxade thus obtained are shown in Table 7.

[Table 7]
Comparative | Comparative | Comparative
Example 6 Example 7 Example B
Raw material species TiCl, TiCl, TiCl,
X in composition formula — - —
¥ in composition formula - - —
Properties Specific surface area (m?/g) 105 146 115
Pore volume (TPV) {ml/g) 0.15 0.32 0.15
Pore sharpness degree %) 43 40 48
Pore asymmetric coefficiant (N) (- 5 6 5.2
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The hydrosol after washing in Exanple 19 was i nmersed in an aqueous
solution of ammoni um paranol ybdate with a concentration corresponding to
16.3 wt % of titanium oxide on the oxide basis, left standing at room

tenperature for 2 hg %%hqicalfsiréngtﬁfs%gl: by (]%yglg)i Jn( @nd cehy@g\gt ef’,ﬂ%i! t he
wat eri content (strugtgrar_water—+free rﬁat e eactet 13§u -0 vordi ng by
the Use—of a 1.5 rmlMESRRSAEeE o ¢ o (o BN Ly &4 nd rdPiedfor i was dried

at 120C for 3 hours and then calcined at 500 C for 3 hours=to give a
nol ybdenum cat al yst supported on titania. The properties of the catal yst

t hus t ai.ned e.shown, in Tabl.e 8. ..Exanpkey21 A cobalt-nol ybdenum
cat al @g@p&}p%ﬁl%%s ﬁx@r?%P W@%Q@g‘éﬁe&ﬂ in Exanple 20 with the
exception of using sinultaneously cobalt nitrate and apmonium

par anol ybda ez ef pawce iveater grasnaddedhHbRD 1208 anr aqweis saduon of Zanwsunt
corresponding to 3.0 wt% and 10.0 w % of titanium oxide on the oxide

basi s tetp@chltitdewithed bheenthtivhef a0 aliystadilishopifhohtt @nthediovslution Tabl e
8. Exanple 22 The hydrosol after filtration in Exanple 19 was i mersed in

an agqyepus .3q %%h%ooo% op E@W@ Ea%ﬁpéﬁfa%a%?‘@é% H&T&n{lf‘f&@i‘ﬁhy&%%}attﬁnﬂo cobal t

nitrate as particle gr Inhibiters, respectively 1n an a

correspgndi n 0, 2. % .0 %and 2.9 w% ,.of titanium oxide gn the
ol to et hardael stk papv s aisiee The femmesgiae durmg Bsg by

suction, and dehydrated until the water content (structural water + free
water)iylﬂ@@@lﬁ wt % on the solid basis. Mdlding by the use of a 1.8
m'rtcbli aneter die followed and the nolded formwas dried at 120 C for 3
hoys arilb theehydresalishedy ofihydftisGithaiug dxide thusmhyhivedavas added 1500 g

phosphor us- nol ybdenum cobal t catal yst supported on titania. The properties
of ther Gat Auedius IUHRPLRLHBEAUA] SetPAANYidd whlP Lecodheentration of 500 gl 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
C 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 hydroscl 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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[ Tabl e 81 Exanple 19 Exanple 20 Raw material species TiC4 Tidq x in
conposition fornmula 0.21 0.53 vy in conposition forrmula 0.3 17.2
Properties Specific surface area (nR2/g) 129 142 Pore volune (TPV) (m/Q)
0.42 0.35 Pore sharpness degree (% 54 65 Exanple 21 Exanple 22 Raw
mat er (Step fpealdise Aiparticld gGisith xhibitegbnposition fornula 0.53 0.53 vy in
conposition fornula 17.2 17.2 Properties Specific surface area (n2/g) 115

149 Porg,y eiqedf%&mEa/)foﬁﬁ* dfgataﬁla?%b@aﬁéd aﬁ’&feew‘é%hﬁﬂ@ﬁs‘éd%%ﬁeaqb%us -

Exanple 23 A phosphor us- ybdenum ni ckel cat al yst supported on tltanl a was
prepared,.as i.n Ie 2 % ceptlon of | t ane

phospﬂ P8 a | b%acpg@é%ath ﬁ%llg Oﬂa}}} gl artlcl e
growt h i nhi bi ters respectlvel Yy in anount corresponding to 2 w% 8.0

an
Wt % aRd e ol tilgmeer oxidle n the exidadasts, lefe sthadies Aaope temﬁer@m@eforu?es of
the catal yst thus obtained are shown in Table 9. Exanple 24 A

ni ckehour athbiglbered chivaigh chlted pagier SUppartethoybdentians@ppwateduretiined as in
Exanpl e 22 with the exception of using simultaneously nickel nitrate,
amon(ghs for drying and calcining)
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.
C 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 aqueous solution
of ammonium paramolybdate with a concentration corresponding to 16.3 wt% of
titanmium 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
C 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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par anol ybdate and cobalt nitrate as particle growh inhibitors,
respectively in an C anmount corresponding to 2.0 % 8.0 wt% and 2.0 wt %
of titanium oxide on the oxide basis. The properties of the catal yst thus
obt ai ned are shown in Table 9. Exanple 25 A phosphorus-tungsten-nickel
cat al yst The ppaettées afithé chtahisa thasoinmpdraad shewnnn Tabdn®l e 20 with the
exception of using sinultaneously phosphorus, ammoni um netatungstate and
ni ckel nE%éﬁbFe%? particle growth inhibiters, respectively-“irn an anount
corresponding to 2.0 wt% 8.0 wt% and 2.0 W% of titani um oxide on the

oxi de b'fﬁi . sThe on, ties .ofi.t he | yst._thus ebtained are shown in
Tabl o o. The byl SERRRIRR S riSpR ot dreiied i A eBls sURP
oxychl oride was used as a raw material and a_hydrogel of zirconia after
filtrafinbosperic amnkravmomuanparagedykdate eingt maitc@@taée GE

par anol ybdate in an anmount corresponding to 16.3 w % of zirconi um oxi de on
the oxXhbiteas hr@sgebt@&ély $t andimeuiat cormspoiidingdd A Qe 810 At%haut 8.9 wi%t er ed
by suction and dehydrated until the water content (structural water + 60
free YREN : h W B is | f alb
mm d\i,e%rreteruggi%e o(#?%]v\%% g?\ tS]tﬁ’eFe;ﬂngghl gém?oé%/gb%rgnat\%)t/aestf rre ﬁléét) 120 C
for 3 our and,.t hen | cine t C for 3 hou to,qgi ve nol ybdenum
cat al YR by SReor b Beludiated vl th putts canBht RSty

obtained are shown in Table 9. [Table 9]. Exan'EI e 23 Exanépl e 24 Raw

mat er iveateslgeaches 4G0cmismrcthe solid basis. Molding by the use of a 1.8 mm-diameter

C., 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
titama.

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

[Table 8]
Example 18 | 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) {mi/g) 0.42 0.35
Pore sharpness degree (%) 54 65
C Example 21 | Example 22
Raw material species TiCl, TiCl,
% in composition formula 0.53 0.53
y in composition formula 172 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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X in conmposition formula 0.53 0.53 y in conposition formula 17.2 17.2
Properties Specific surface area (n2/g) 167 105 Pore volune (TPV) (m/g)
0.31 0.46 Pore sharpness degree (% - - Exanple 25 Exanple 26 Raw nateri al
species Ti 4 Zirconiumoxychloride x in conmposition fornmula 0.53 0.30 vy

i n coppeshblybdateoand lrackel . idtrhie 4s Pirtieky kiwethSpddbitérs, seseatieelariaaann®/ g)
133 103 Pore volune (TPV) (mM/g) 0.38 0.43 Pore sharpness degree (%9 - -

133 103 , ! e shaf pness_ degr |
19" bor ibYE st ErRnfnk 0120 W0 & TR 20TPh o Al GNEMAT bRAESETT o

gi ve % titania carrier. The properties of the titania carrier thus obtained
are sHBWA in Table 10. Conparative Exanple 10 A nol ybdenum cat al yst
supported on titania was prepared _as in Exanple 19 with the exception of
dryi ng tHee pmwpediesfobtie eftalyist tniseobbtinei mee showestarkpble 49 before addition
of a particle growh inhibiter at 370C, adjusting the water content of the
hydrous Joxdrfigletd a | ower | evel and addi ng amoni um par anol ybdate as a
particle growh inhabiter in an anount corresponding to 16.3 wt % of

IERR T R e PO TR
Example 22 with the exception of using simultaneously nickel nitrate, ammonium
paramolybdate and cobalt nitrate as particle growth inhibiters, respectively in an

C 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 in
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
C basis.
The properties of the catalyst thus obtained are shown i Table 9.
Example 26
Following the procedure of Example 19, zircomum 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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Conparative Conparative Exanple 9 Exanple 10 Raw material species TiC a
TiCda x in conposition fornula 0.53 0.01 vy in conposition fornula - O
Properties Specific surface area (ne/g) 71 54 Pore volune (TPV) (m/g) 0.36
0.41 Pore sharpness degree (% 51 45 Exanple 27 (Step for synthesis of
hydr ous fileb tagliedheedrle A (9 86)thEosdildl kasiof MyldiegWef ehe Wae atldeds 3hA0 ¢

of an aqueous solution of titanium tetrachloride vmth a concentration of

210 g/ 1 0g
of 19 wiiadtih B RRR L Al Rl EAP TR ?ﬁiﬁ SPAS 681 g 38" i 93‘231%%
hydr osol sI urry of (%/_drous titani um oxi de. rat ure dur| ng th

synt hespadwhen gelamedrat 608 Ty firok bouss tar giye s HW§/ EVETE S0 Pﬁus
obt ai ned was added 1500 g C of an aqueous sol ution of tltanl um
tetrachkerdrde Wwth a concentration of 500 g/1 to return the pH of the
slurry to 0.5 in the acid range of hydrous titanium oxide (hydrosol

return t netiorPPepi RET R My Phicied e AMRRLRIABT, Dhi v ange) , thi s

pH sw ngraé)ggglatlon was repeated five tinmes in total, the hydrogel was

filtere he resulting cake was washed with pure water repeatedly
until the absence of chforine | on (U7 7) WapeLARkiRTEd DYELLLE3k! ON With
SI | ver ﬁaw%a‘f“érlafjs” 99,'33 Ld.KE VVd? I}Ii l; 81 eu ::mu | UlFilé_KUl d l.I }:] at ﬁ-gﬁ”l IR
terrpera lili;nccou%sr'zr Iné e ter—content \Stﬁ.’—'c'rCL tad ’3336? +— €€ ugé —watet
became ppEroX eI V300wt %-on—t-he—selid-basl s 8 give &de. at-ed-
. v in composntlon forfmula 17.2
C Properties Specific surface area (m*/g) 167 105
Pore volume (TPV) (ml/g) 0.31 0.46
Pore sharpness degree (%) - —
Example 25 Example 26
Raw material species TiCl, Zirconium oxychloride
x in cemposition formula 0.53 0.30
y in composition formula 17.2 17.4
Properties Specific surface area (m*/g) 133 103
Pore volume (TPV) {ml/g) 0.38 0.43
Pore sharpness degree (%) — -
Comparative Example 9
The dried molded form of titamia 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 titama 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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hydr ogel
cat al yst conponents) To the hydrogel
obt ai ned was added an aqueous

of hydrous titanium oxide.

par ai nol ybdate [ (NH4) 6Mb7024 6H20],

wt % obxicletbakts. nitrate [ Co(NOB) 2 6H20] and
2 hours to give an

kneader
m Xt ur e.

TH
into a cylé\ﬁIL cal

(BHERE

form
to gi

at room tenperature for

rorm by the use

(lon exchange with ions containing

of hydrous titanitun oxide thus

a

die, the

sol ution containing 30 wt% of amoni um

4 W % of phosphoric acid (HaPO4) and 4

the m xture was kneaded in a

i on-exchanged intimate

b ot &&aﬁ@ﬁtmﬁ@dtwn@a o9 SEAkAly ThbleTe nixture was nol ded
.4 mm di anet er

d at 120 C for 3 hours and then cal ci ned at 500 C for

rotreating catal yst conposed of the catal yst conponents

nol ded
3 hours

supported on titanium oxide. The propefrties of thRabwdr Ot c@ablath@d cat al yst
obtained in Exanple 27 are shown in Table 11, Exauple 28 FRadiyedfoot r eat i ng
catal ys @gqq&@g@,@p&ks € caral ySt conppnents $Uppggfed on il ani um oxi de
was pre e XS ion o treraforementiomned anpte 41 \9"5:5 t—te t:)ébcf:ptl gn of
preparl 1% e ||yd| oget——06 hyU| ots—tH-tafri-gmoexi-de oY etk g—afi—agueot S

sol uti omfﬂm&_%m—ga_de_and—an—aquenus solution of nm. ni a

Wi t hout | per fiRyPRfttisg a pHEPeeifs Mfaersteat | bn'™ifed t hen Hdding to ¥*his hydr ogel

of hydrpus titani um ox| Bee vdmenei® of | t /etat al y686 yi el di n§487 wt% of

nol ybdepum (McGs), 5 W BorethapedsaldeerdeCoO) @&nd 5 wtH0 of phospdsor us |(P205) on

The properties of the hydrotreating catal yst obtained in
63 Table 11. Exanple 29

t he oxi de basi s.
Exanpl e 28 are shown in

c:: Example 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% ammomnia 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 g/l to
return the pH of the slurry to 0.5 in the acid range of hydrous titamum 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 mitrate, and the cake was filtered and

dehydrated at room temperature until the water content (structural water + free
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A hydrotreating catal yst conposed of the catal yst conponents supported on
titani um oxi de was prepared as in the aforenenti oned Exanple 27 wth the

exception of preparing a hydrogel of hydrous titanium oxide by repeating
the procedure of adding an aqgueous solution of titaniumtetrachl oride and

an aqueaustesPbetias Shprogimaiela J00HEW e dpersatid obgsis evepivel gedehyirbtidal
and then adding to this hydrogel of hydrous titanium oxide the ions of the

cat al yst j l%'!._ﬂg -t % of C nol ybdenum (MoGs), 4 wt % of cobal t
(CoO a#&@%@?%&%ﬁ or us%é 5}305) on the oxide basis. The properties of
t he hydrptreating catal yst obtajned i.n Exanple 29 are shown in Table 11.
Exanpl e ‘R‘%%WQ&W@OEM@@B%WW@ he catal yst conponents

supported on titanium oxide was prepared as in the aforenmenti oned Exanple

27 wi th t hdo ¢kedpidiroge] dbthyprepatitagua bydieddels dftaimedrwas adided inmqosiwe by
repeating the procedure of C adding an aqueous solution of titanium

t et r achlgghitse, M%@E}F R SohHL rﬁﬁ'm ?W YWME r-agdion) 412
times in total and t %ﬁ gﬁg?%g tOd[ I soénaf roge %‘f?([ hy ?%Y][s?t@%%ani um %xi de
the ions Qf the catalyst nent i el di % 0 bde MoGs) ,
4 w55 o ek PRonse ik BEERDR b3 A b et et TR 5 R R
The properties of the hydrotreating_catal yst obtained in Exanple 30 are
shown i the abitare wasghogasled 1812 depeaderyav soore dempsrataralfos £ bomsoegvernt he
catal yst components supported on titanium oxide was prepared as in the
af or emendi-eneshrigednintim a2 mutxtiret i | e exception of preparing a hydrogel of
hytous titani um oxi de by repeating the procedure 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 caleined 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
C_ 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 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 MoOs), 5 wt% of cobalt (CoO) and 5
wt% of phosphorus (P=0s) on the oxide basis.

The properties of the hydrotreating catalyst obtained in Example 28 are shown m
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addi ng an aqueous solution of titaniumtetrachl ori de 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
conponents yielding 25 w% of tungsten (W) and 5 wt % of cobalt (CoO on
t he oXisddk Dlasi s. The properties of the hydrotreating catal yst obtained in
Exanple 31 are shown in Table 11. Exanple 32 A hydrotreating catal yst

conposegEﬁ,;mgéeZ%at al yst conponents supported on titani umoxide was
prepared as tn the aforenmenti oned Exanple 27 with the exception of

preparin rogel of hydrous tijfani ym oxide by repeating the grocedure
of addi‘%gﬁ&ﬂ%gﬁﬁ@%&swgﬁ iCBHRGEE iogaﬂ}% ﬁ?‘iaiﬁtaéﬂ%&i“%@s pé’ﬁbeaq%ous
solution of ammonia (pH swi ng operation) seven tines in total and then
addi ngitaniunh psidhycsqurebaredtf asmcthe adoreimeationad dxiatple BE with shefxeepbionat al yst
conponents yielding 30 wt% of C nol ybdenum (M0O3), 4 wt % of cobalt (CoO

and 3 oMp¥eRirif® RORydBEEBLf Mydihes tidriam BaRleShy TBgedtiriip €hé i1R6ccdurd e
hydrotréjatl ng cat a?zyst obt gl?rned in Exanple 32 %r egshovvn in Table 11.

7o St EXCALE XAy BRI Sy 2 PRae T T St Bass O °
oA iy TSR TSRS ) S HSPa0E T2t 159

of hydrous titanium oxide the ions of the catalyst components yielding 20 wt% of
C molybdenum (MoOs), 4 wt% of cobalt (CoO) and 7 wt% of phosphorus (P=0=) 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
C 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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Pore sharpness degree (%9 70 80 54 Results of reaction Relative

desul furization activity ( - ) 2.6 3.4 2.0 Relative denitrification
activity ( - ) 3.5 4.3 2.9 Hydrogen consunption (N/1) 42 44 38 Exanple
Exanpl e Exanple 30 31 32 Raw material species Tid4 TiCl4 Tid4 x in
conposi tAolydiotretitiag Ocatblytt I6nipodéd of the canpasi bhrapoheitBubgpbdtell $3. 0 13.0
Propertles SpeC|f|c surface area (n2/g) 132 113 141 Pore volunme (TPV)

cact o AP PR TR R TR S TP R
denltr%Eflcatlogrg a%t I!VI t?/ f@ydzms E‘&i‘%ﬁ%@% droggghﬁggﬁe%dﬁ gNIfll) 41

cobal t - nol ybdenum phosphorus catal yst supported on alumna (5.1 wt%
CoQ 2@adding a6 MxTesous 1sohtierP208)tanivrh te origlpeand ian sgreaweselnbanaif 241
n2/g for use in deep hydrodesulfl irization of gas oil. The properties of

t he hygiabipabH gviig slerhtictpdour tinfdaRantl hyd thea rmtlﬁmglﬂo Why&‘@@@l‘bﬂ n

Tabl e 12. Conparative Exanple 12 The catayst used was a commerci al

kel b t 6 %
ocB) T SREALE Zefle Bhe SURECE' 06 bRt MikiPnts yiidihg! 1, ot
PO oAU S5 S OL R Sl 5 1 hd B o o Che

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

e

& Tuble1l.
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 titantum 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
C molybdenum (MoOs), 4 wt% of cobalt (CoO) and 3 wt% of boron (B=0=) 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 11.5 131

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

Pore volume (TPV) {ml/g) 0.35 0.23 0.47
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catal yst conponents fromthe one in the aforenenti oned Conparative Exanple
11. The properties of the hydrotreating catalyt used in Conparative Exanple

12 are shown in Table 12. Conparative Exanple 13 The hydrogel of hydrous
titani um oxi de obt ai ne 27 vva nol ded,;,t he | ded f gy m was

dr i ed Fat—126—cH ff’}ﬁfg’aﬂ’l‘ﬁnﬁ ggeft 41 .S(T/.)c)u bt 050 \:ftnis .uuf'é 66 t he
cal ci ned ?séfp’srﬁ’ \/\E‘ét' cBirs fepeliregop by dame-ahuebbis—dotdtion the ions
cont ai ni ng the cat aI yB ?BEWF)%WFH@HF&‘I'Y'WQC dsed i F;fgmwl e 71'73, - |p%i at'lT20 C
for 3| hours and then| alogéedsuartios00 |C MNP 3| hod?s tlo didve @ h$@iroffreati ng
catal yst conposed of the catal yst conponent s| supp t egkappet | tEadmplem| OXi de.
The properties of the hydrotreating catalyt obtaizped!i n fgonpjar agi ve |Exanpl e
13 ar e R AWErdl fhedaP! F 12 Conparative Exanpl £ oA Nydig] re@t iy, cat al yst
Corrp0>e)((1|n(c)ompésgtllgn urgnblaou St Lunpunentb prlportea Ur 15b T Lﬂ[&l‘iu oxJ e‘\; S

r af-prermrenti+on Exanplt-e—27 f —on I

Br 22: ¥1In °°£”p?-.5"5'mf9\rm%? f ch\':lrl: n:-:cc::ll t ﬁ:l zmlccxi d té tnr eat ?’g:l- t \l::ni‘?’g:ju\ edur e
of ajdl ng P&’ﬁe"aﬁueous %F'ﬁ?“ﬁﬁceﬁfeat i t 4ni e} o | orli dd'&nd an'*queous
solution of ammmonia wimedTRPer at i|orfin/g0 ti nﬁa&ﬁ in] t88al hnd3Bheh adding
to this hydrogel of hyds guendssdandeum|oxiltle t he iBBns [of Whe (cat &f ysf]
conponenkssuyd &lrddictng 2 PressYeeafuriatiicldenum-(OVbPa) 234 wt %xaf cpbapt (CoO and
4 wt % of phosphorus ( r;mdegtnﬁc;t.mct.\,@m de basis. The propgrties oF the
hydrotreating catalysryahtaf Bed i, CoPagah VE Efanpiie 14 Care_shown in
Tabl e -12—Conparative Exanpre 1o A hydrotreating catalyst—conposed—of the

| yst conponents supported on

Comparative Example 11

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

supported on alumina (5.1 wt% Co0/20.0 wt% MoO=/1.1 wt% P=0s) 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.

C

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 in 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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titani um oxi de was prepared as in the aforenenti oned Exanple 27 with the
exception of preparing a hydrogel of hydrous titanium oxide by repeating
t he procedure of adding an aqueous solution of titaniumtetrachl oride and
an aqueous solution of anmmonia (pH swi ng operation) seven tinmes in total

and t lthe @ittiherd foren s ipeeapedd with thdr ause tdguebis rolutione(of el s of t he
cat al yst conponents vyi eI di ng 14 wt % of 67 nol ybdenum (I\/bCB) , 4 W % of

g?gglert I es ogaﬂ% éhtﬂgr ott e t| ng cat %ﬁ%st %’f%?ﬁ%‘g??n rr%g??t%: ?Pe grrpl e 15
Exanp O il e CABINEl b ED0LS R BANER 1 10 d B Erotrea TR Ay o

conposi tion formJIa - - 0.01 y in conposition formula O Properties
Speci fompesad ofdbe aatedyst v@mppnents spaportadopditanivod axede( TPV) (m/g) 0.51 0.41
0.36 Pore sharpness degree (% - - 68.2 Results of reaction Relative

desul fu rTH@pr@@rﬁ@é biViHeyhydrotreafing ctalytloltaiReidain @ tivd Ekasipleon3
act|V|ty - 1.0 2.1 2.3 Hydrogen consunption (N /1) 41 53 - Conparative

Conmpatr, (?w? q«gﬁl 4 Exanple 15 Raw nateri al spemes TIC, Tid4 xin
conpositron fornmula 0.12 0.25

Comparative Example 14
A hydrotreating catalyst composed of the catalyst components supported on
C 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 (MoQOsz), 4 wt% of cobalt (CoO) and 4 wt% of phosphorus (P=Os) 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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y in conposition fornmula 13.2 13 Properties Specific surface area (nR/g) 66
165 Pore volunme (TPV) (m/g) 0.22 0.48 Pore sharpness degree (% 46.2
53.8 Results of reaction Relatiwve desulfurization activity ( - ) 1.2 0.8
Rel ative denitrification activity ( - 1.9 1.9 Hydrogen con unStion
(NI/1) - n8ybdeesm E¥afid) et wtyitobaltd &) gnde’s wibh of plypephgags ?E’i Fhen thst s
were conducted on hydrotreating of Mddle East straight-run |ight gas oil
by the uggdefhatie hydrotreating catal yst's of Exanple 27-32 and Conparative
Exanpl e 11-15 and the performance of the catal yst was exam ned. The |ight

gas oil h the follow roperties: specif]j Vi S5L4C) . :
sul fur co nfﬁf'ﬁ RIOPF r%e,s ‘%}B’W @?%ad:é‘}g E%tﬁ?yésﬁ tog’%%ﬂlﬁb%é@ﬁ"% %’ﬁ%‘ﬁgDM
properties, (initial boiling point 232 C, 50% boiling point 295C, 90%
boi l'i ng mmomgcTa@s he |ight gas oil was subjected to a hydrotreating
in a high-pressure flow type reactor under the follow ng conditions:
reacti on[Pybhs3®lre, 5.0 MPa; reaction tenperature, 350C; liquid hourly
space velocity .2 Q. hr-1; hydrogen/oil ratio 250 N/ . Al the catalyst
used ih the tests were submitted to presul fidingyetivhg Gagwarefve||i Ghrorarstyas
oil whose content of sul fur conponents; had beenEsdplasit 6d BxorsR.15 \WEreriplg 13
addi ng| mhwruedriaydpeddssyl fi de. Regardi ng| the resul t s—of tihe hydroprocegsgi ng
tests, | thecheatdliiohud &t € constant was | obt ai ned whil e rlegarding [t heggs
desul f urj ZakiOfoni&agd ijON as 1. 2Th order reaction and tHe denitrjogengtion

react i pITas, Lie: ISt OV e T enpt [ o and g peyut Ty, meTe expressed 115 —
CTT

: AL b STLAES £ o G20 o oo
Voloover, * the consumpEPBATHE R0 ogont A qas BELar ded i I 0%
Pore sharpness degree (%) — - 68.2
Results of reaction Relative desulfurization activity (=) 1.0 1.1 1.3
Relative denitrification activity (- 1.0- 2.1 2.3
Hydrogen consumption (NI 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 0.8
Relative denitrification activity (—) 1.9 1.9
C Hydrogen consumption (N1/1) - 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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The results are shown in Tables 11 and 12. (Rel ationshi p between nitrogen
renoval and hydrogen consunption) The rel ationship between the degree of

nitrogen renoval and the consunption of hydrogen was investigated on the
catal ysts conposed of the catal yst conponents supported on titani um oxide

titania c I qt | 24 Wi B+ e
gi| um na cat a%ylgqﬁstsg?ggn‘ggsr g??j&g%gg?ﬁ%@ghﬁ@gﬁ%&%' g‘lbﬁghﬁj?esul ?glog{‘gngé"hom
in Tables 11 and,12. ;As is apparent,.from Tabl.es 11 and 1 t catal ysts of
hi 51 nVBATRB A Elo TR PGS TRt BESSREL FhYeNaE Forl R ¢y
approximately three tinmes as high as that of the_Co/ M catal yst supported
on al unitempstatosep3dt h@méda}m%esnapeare&bq@,t 2.0dwn v hydzogeniplaratis) 355 Rddnt

of hydrogen; further, they show the denitrogenation activity approximtely

1.5 ti megl] dke bhally s 1B lin Qhe thgs Nudre\ fihrkigledl d5presuliiiRng & e udd s glgy of
Conpar ati ve Exanple 12 which is considered to show a relatively high 69

hydrotreatin ctivit apd yet their conrsuytion of r n.h Sl owar. by
T e P rRE b PR e Bbefit et ooty 86,29 Rl pr i
catal ysts of Exampl.es 27 through 30 can shaprly reduce the consunption of
hydr oger‘ﬂ.m(elﬂéﬂ’lailﬁr%ﬁ%-i p between sul fur renoval and nitrogen renoval) The
rel ati onship between the degree of sulfur renoval and the degree of

ni trogen Repandahg ths résutizsdfi thatlediroprdecbsimntalty she reacpes esteaforstiet was
catal yst conmponents supported on titanium oxide (titania catalysts) of the

af or emenpioined %ﬁ%gﬁgﬁg, tHe MUy Btioh heaEdrMRé 3| MR fer Bkibat ardf the

Copparative Exanple 1 the N /M/alumna catal yst of Conparative

o By ST PRI A S T I P TSR

sui tabl Fi:e act):{veuvsaﬁug Sxm?h the results of Comparative Example11taken as "1.0." Moreover,
the consumption of hydrogen (NI} 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

C:_ 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 NiMo catalyst supported on

alumina of Comparative Example 12 which is considered to show a relatively high
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hydrotreati ng catal yst in hydroprocessing ained at both desul furization and
deni trogenation. Exanple 33 (Step for synthesis of hydrous titanium oxide
particles) To 10 kg of pure water was added 1500 g of an aqueous sol ution
of titanium tetrachloride with a concentration of 210 g/l to adjust the pH

of th { ot 4 y hapwat er
%gﬁl‘tﬁtﬁ‘@ﬁ%ﬁigsa tﬁ;eéug{‘ Hyett et GnatRPHRADE 21%@.%@%1?% llésﬂef"‘bﬁ/ qeNMthan

was added to shift t to 7.0 and ‘give a'h slurry of hydrous
titani I ] rature during this synthesis was-60 C. To the
hydr oé@?%&%’%?‘%@%ﬁs titani um oxi de thus obtai ned was added 1500 g

of an aqgueous solution of titaniumtetr oride with a_cqgncentration of
500 g/ 1 thus, Teit e fat Mﬁﬂu%ﬁf@@@% 27&5?@0%3%1 30 ﬂaﬂ@«%’aBﬂYhydr ous
titanium oxide 70 (hydrosol dissolving pHrange), then 2800 m of 14 wt%

amonireduetthe copsurapdedof loydrogénirn the pH of the slurry to 7.0 (hydrosol
precipitating pH range), this pH swing operation was repeated three tines

in tot al%ﬁ%ﬁﬁgﬁwe% t#éﬁé‘g‘gaﬁaqnﬁ?g%rhf&ﬁw@ ng cake was washed with

pure water repe unt i absence o orine ion (C - ) was
confir by .ti.tration with,sikver niptrate, and,th ake was filtered and
denydr ac Lo Hrlafigishie Bhipdien ikt Pl MGl ot R el bitieefac or
free water) becane approximtely 300 wt % on the_ solid basis to give a
dehydremesal mpgr Biyestigatedyen dbe datelyntsuerorpssd. of the etalish gerppentsons
cont ai ni ng catal yst conmponents) To the hydrous titani um oxi de obtai ned

above suppertedi dadtird@mad:dde dfitanareatalystsipaf o hftbeiatatiphdd-xpiiles 274H201,
0. at om of phosphoric acid (H3PO4) and 0.06 atom of cobalt nitrate

AN 0L e Closk Aot P b T e ol

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)

C  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 shurry of hydrous titamium 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 shurry to 0.5 in the acd range of hydrous titanium oxide
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time was 6.5. (Mdl ding, drying and cal ci ning) The hydrous titani um oxide

i on-exchanged with the catal yst conponents was C nolded into a cylindrical
formby the use of a 2.4 mmdi aneter the, the nolded form was dried at 120
C for 3 hours and then calcined at 500 C for 3 hours to give a

hydr otllgdobsl gliselvangy sH @ingEX shet éS&anﬂ'Eiﬂdélprvtﬁ@errhhemaafJaﬁeh eshddiedttveat i ng
catalyst are shown in Table 13. Exarrpl e 34 The hydrous titani um oxide

obt ai @?Hnrh f g 0.47
atomo rﬂln| gg@g%ﬂﬁ%gc%t e [ H4) E %H{Ajfill%giﬂ rang%’és%la]t%gsn}?géfwﬂhg
phosphor aci d (H3P nd 0,.10 ato rate 1 6H2Q
per ?’t% OB YWAst %ﬂeéﬁda i E‘Bé‘tsséfa hﬁé rdF?% f RS ﬁt%%a%i% té‘f"f ect an
ion exchange Thereafter, the ion-exchanged hydrous titani um oxi de was

filtereshltingcoke atasdwashed witbcearsewater nepeatiediypinatiBthe abagnoe ofchlorine
hydrotreati ng catal yst of Exanple 34. The properties of the catalyst

obt ai Agd(@lre) whousnfirmeld} €trafon Béeipiler 3t hadthe ich ke s fiverete anas

synthesi zed as in the aforenentioned Exanple 33 with the excepti on of
synt h

bet \Aeg{%h%#ég%d%?ous th%rh um ox:é%&]if P%s\%%?%ﬂ%ﬂ%tgtﬁggt%%%é%{ 5) and t he
pr eci |tat| ran ) ven The dr.ous tjtani oxi de
s ¢ conpratBiay Jo7 ik & B¢ A it
a water content (structural water + free water) of approximately 10 wt % on

the sbiydegshel kydrpes bariumaenideis it ani um oxi de were added 0.16 at om of
a nium paranol ybdate [ (NH4) 6Mo7024 4H201, 0.11 atom of phosphoric acid

( nasxdhange with ions containing catalyst components)

To the hydrous titanium oxide obtained above were added 0.26 atom of ammonium
paramolybdate [NHa)eMo7Oz4 * 4H=0], 0.05 atom of phosphoric acid (HzPO4) 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
C 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 [NHoeMo~-Oza * 4H=0],

0.06 atom of phosphoric acid (HsPO.4) and 0.10 atom of cobalt nitrate [CoNOs)= -
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0.06 atom of cobalt nitrate [Co(NGs)2 6H2Q] per 1 atom of titanium and the
m xture was processed as in Exanple 33 to give a hydrotreating catal yst of

Exanple 35. The properties of this catalyst are shown in Table 13.

Exanpl e 36 Hydrous titani um oxi de was synt hesi zed as in Exanple 33, washed,

filter eghgny peii%t)gﬁggﬁg%ﬁuﬁ;yaﬁ& Ik @ith HIPIRRTS RANKABlefkst N aur al

wat er ree wat er drous“titani um oxi de thus- obtai ned was
appr oxi mahel é 400 wt % on the solid basis. To this hydrous titanium oxide
were add&d?B8%96 at om of annnoni ui n paranol ybdate [(NH4)61\207Q 4 4H2Q,

0.12 atom of phosphoric acid (HsPO4) and 0.05 atomof 72 cobalt nitrate
[ Co( NOB) 2 Therefierptde itnaromugedt hdrnisititamum medeiwashlensdsdelydretasdsent] as
in Exanple 33 to give a hydrotreating catalyst. The properties of this
cat al ysfroasegd oy, ifkataplee3d 3o Exa e d3dtréuthny, Lcﬁté!tﬂ s bh eaipleysd. THS

prepared as in the aforenenti oned Exanple 33 w e exception of adding

to the hydrqus td I [ 0 jum tungstate [(NH4) 2WHA]
and O. O@%?@?ﬁ%&%%%%sﬁﬁjgépgd%%%T%E%Bj}j"per 1 atomof titanium
The properties of this catalyst are shown in Table 13. Exanple 38 A

hydr otreaP[Eigﬁ&”llélat?’él yst was prepared as in the aforenentioned Exanple 33
with the exception of adding to the hydrous titani um oxide 0.38 atom of
ammoni um Hyalraus tiadiame Jxfiddé-4)BMytRdsided? @k , inOtheb afrementiched i Exzaopld 33
(H3BG3) and 0.06 atomof cobalt nitrate [Co(NO3)2 6H20 per 1 atom of

B o S s A
alternately between the hydrous titanium oxide dissolving pH range (pH = 0.5) and
the precipitating pH range (pH = 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 [(NHa)eMo+Oza * 4H=0], 0.11 atom of phosphoric acid (HsPO«) and
0.06 atom of cobalt nitrate [Co(NOs)z= - 6H=0] per 1 atom of titanium and the
mixture was processed as in Example 33 to give a hydrotreating catalyst of Example

L 3

The properties of this catalyst are shown in Table 13.

Example 36

Hydrous titanium oxide was synthesized as in 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 sohd basis.
To this hydrous titanium oxide were added 0.16 atom of ammonium paramolybdate

[(NHa)eMo7Qza - 4H=0), 0.12 atom of phosphoric acid (HsPO4) and 0.05 atom of
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submtted to el ectron probe mcroanalysis (EPMA) with the aid of an
i nstrunment JXA- 8900 available fromJOEL Ltd. The results shown in Fig. 5
indicate that 0.38 atomof nolybdenumis supported on 1 atom of titanium
and, in spite of this hi gh rate nmol ybdenum i s supported uniformy in the
por es.cobailt t mitrate {E(NOsky b 63 ipen battber of titenermeaslithe mixttie was
hydrotreating catalyst obtained in Exanple 38 and nol ybdenum oxi de WO3)
with t EmbRY Yol @dp] r I The
P8cdbell 9k i pR 33’%&2@“ A g‘f‘}{:}% pess a%%e t% #l! Fhé 1EpERel |df Rhis

hydrotreatl ng catal yst™ of e results shown in Fig.

whi | e bcdenug oXli. d%r/bgg) gave the results shown in Fig. 7. In the

f or mer® resent as 73 nol ybdenum oxi de (MbGs) on the
cat al yst carrier, a diffraction pattern of MoGs would be bound to appear.
However , Examples’ di f fracti on pattern is observed for the catalyst of
Exanpl e 38 shown in Fig. 6. This indicates that nolybdenumis coordinated
to titanAlmdestresting yathbist wanropiredelsanythpradaenteritionediéxanple dheithur f ace
of the catalyst carrier. Corrpar ative Exanple 16 Hydrous titani um oxi de was

nt h t r
synt hegbzadeas IL'?)fEéi:ﬁi g&o&@%ﬁﬁ&m bLRe 0. 12P4BRR dfg:%HM@;\M g

titani um oxide by sett nthesis tenperature at 95C

(pr1 = ey INHLD= Ef@%f Ld"%hdﬁa"fﬁswéaﬁwh‘ét”% Jopapks P i *"o°

hydrous titani um oxi de thus obtained was washed, filtered and dried at 120
C for @gm@mtmmh&‘hmweﬁm@ﬁhwawwtwahomm able fe water) of the
dri hydrous titanium oxide was 0.5 wt% on the solid basis. A

hy t r eBkamplecd® al yst was prepared as in Exanple 33 fromthe hydrous
titani um oxi de obtai ned above. The properties of this catalyst are shown in

Tabl e 14A hydesmadtild ¥RaFsaRkrégared as in the aforementioned Example 33 with

the exception of adding to the hydrous titanium oxide 0.38 atom of ammonium
paramolybdate [NHa)eMo-Oz4 * 4H=0], 0.16 atom of boric acid (HsBO=) and 0.06
atom of cobalt nitrate [Co(NOs)= + 6H=0J 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-

C 8900 available from JOEL Ltd. The results shown in Fig. 5 indicate that 0.38 atom of
molybdenum is sﬁpporbed on 1 atom of titanium and, in spite of this high rate,
molybdenum is supported uniformly in the pores.

Furthermore, Xray 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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To a 30-1 vessel equipped with a stirrer was introduced 10 1 of water, 1.5
1 of the aqueous solution of titaniumtetrachloride prepared in Exanple 33
was added with stirring to lower the pHto 0.5. To this solution was added
2.3 1 of 14 wt%ammnia water to raise the pHto 7 0 and stirred there for

g@ﬁe d
?PF: g)r(legﬁﬂo give h roﬁ}g%@?a?\r?{}ﬁqgg%%%@tsgfﬁﬂ%lﬁ dros c'E‘iI%H rl\gﬁg%g\qggg its
on the Beiabederad pibegar i ?reééfaeaﬁﬂe)&%@cﬁ% s Reed (3 o

hi gh wat er cont net 74 Conparative Exanple 18 A hydr otreatl cat al yst was

pr epar echtadyst noft tﬁ(mldee&@nshmduaﬁlgplé Thisv midicatere témtem Yrdepfmmdigi ng
0. 05 atom of anmonium tungstate [(NH4)2WH4] and 0.019 atom of cobalt

ni trat ecddpalNEE €0 BHERINP8LdE s@ﬂg%dt hétAieteh, Tﬁgelﬁrﬁquéﬂs% EHe surifigee

catal yst obtained are shown in Table 14. Conpar at| ve Exanpl e

hydrotr%:ﬂ g ata t was prepared as in the aforenmentioned Exarrpl e 33

W th 833%’ T-addi ng 0.62 atom of ammoni um par anol ybdat e
[(NH4)eM o, Q24 414-20] and 0.27 atomof cobalt nitrate [Co(NG3)2 611201
per 1 ator@@ﬂpﬂattm&ﬂﬁfﬂm Ji 7 properties of the catal yst obtained are shown
in Table 14. Test Exanple 2: Hydrotreating test of light gas oil The tests

wer e condudy@dusrtithytlirotoedd imag yhtidsiidideaas tagtmplegdB withn the ghtepgias ofoi |
by the use of the hydrotreating catal ysts of the aforenenti oned Exanpl es 33

thr OUQ réhaiig LOMRRE AlthhanBXRaM B sbéhidd the &@ﬁrﬁﬁex&%ﬁ@hﬁ@ﬂ@ agf the

ca was exam ned. The light gas oil has the following properties:

cont ent éwﬂige,%é %%%P%até&ﬂ%ly %8ﬁwgen ‘?%lr %ggjf %%Pt @’3&78%&@@ %%]iol%'tn%fBZ

C, 50% | t 295C, .90%.b | t
° Gﬁ-’] I=n(95)D%InI& the precip ting Ip nganpgcg GDH = 7.0) nine times. The hydrous

titantum 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 cbtained above. The properties of this catalyst are shown in Table 14.
Comparative Example 17
C To a 30-]1 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 hydrosal is amarphous and its water content (structural water + free water)
was approximately 1000 wt% on the sohd basis.

This hydresal could not be molded because of its too high water contnet.
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348" C. The light gas oil was hydrotreated in a flow type reactor under the
followng conditions: reaction pressure, 5.0 MPa; reaction tenperature,
350C;, liquid hourly space velocity, 2.0 hr- 1; hydrogen/oil ratio, 250

Nl h. In these hydrotreating tests, the catalysts were submtted to

presul fi diChaphyathRerisaphf 181 ght gas oil whose content of sul fur
conponents had been adjusted to 2.5 wt % by addi ng di met hyl disulfide.

Regardi ng., { he results qf.the hydroprocessi sts, l:he ction

Conat ant a8y TSR Fabh 1 e aral fott he: HEurerbidfrd ABEER ShhEL
1.2th order reaction and the denitrogenation reactiqn as.the |l.st order

react i otheagrPephienr @sadding 0% atorp d SaonE Iz tngstatp NP e Gl and RO19
results of Conparative Exanplel Itaken as "1." The results are shown in

Tabl es d@nand cbBalt[Fabie [CBINQ:ExadiLE)] Peanphioroditaaind3 T3 PopeRaoy of
material species TiCl4 TiCl1 Ticdl, x in conposition fornmula 0.67 0.67 0.50

y in co 50%!{%%8 QE'J@EEH R Properties Specific surface area
(n2/ g) )2 EQ& or%re\?%l?uneu{%esl%r’ﬂ/g) 0.35 0.47 0.46 Pore sharpness
degree (%54 70 55 Resul isﬁf reaction Relative desulfurization activity (
) 2.5 2Gpmparateg Bxappledkhitrification activity ( - ) 3.5 3.3 3.0

Exanpl e Exanpl e Exanple 36 37 38 Raw material species Tid4 TICI4 TiCl4
A hydrotreating catalyst was prepared as in the aforementioned Example 33 with

the exception of adding 0.62 atom of ammonium paramolybdate [NHa)eMo7Oz4 -
C 4H=0] and 0.27 atom of cobalt nitrate {Co(NOsz)= * 6H=0] per 1 atom of titanium.
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
oll 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 295C, 90% boiling point

O

348°C.

The light gas ol was hydrotreated in a flow type reactor under the following
conditions: reaction pressure, 50 MPa; reaction temperature, 350°C; liquid hourly
space velocity, 2.0 hr-1; hydrogen/oil ratio, 250 NI, In these hydrotreating tests, the
catalysts were submitted to presulfiding by the use of light gas cil 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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X in conposition fornmula 0.98 0.67 0.67 y in conposition fornula 17.74
5.75 5.75 Properties Specific surface area (n2/g) 155 157 156 Pore vol une
(TPV) (m/g) 0.47 0.40 0.49 Pore sharpness degree (%9 54 60 59 Results of
reaction Rel ative desul furization activity (-) 2.0 2.0 2.5 Relative

deni tri (Bbt‘éﬁiédoﬂlﬁl%tl"e‘éhfcﬁné the He&ﬂ%n%zzﬁzo?l FeactibNas1¥dtHooMRRNRbENE and the

Conparative Exarrpel Exanple 17 Rawrraterla species Tid 4 T|CI4X|n
conp05|t|o for 02 27.

o]0} 0] 0,
b oper t fe8tegEERHrE 5ttt Sheotot RaFoeaa0 iR RarEs PRt intrg) i2es -
Por e sharpness degree (% 42 - Results of reaction Relative desul furization
act i vi t3elgtive yaluneowithdharesmtsad iamnpazagereiforeraplel {ialsen(as "l)" Pha results are
Conpar ative Conparative Exanple 18 Exanple 19 Raw naterial species TiCl4
TiCl4 ghdvn 69TEBRIstIPMA 94ula 0. 67 0.67 y in conposition formula 5.75
5.75 76 Properties Specific surface area (nz/g) 113 50 Pore volune (TPV)

(m79) g, P10

Exampie Example Exampie
33 34 35
Raw material species TiCl, TiC, TiCl,
x in composition formula 0.67 0.67 0.50
y in composition formula 5.75 575 0.39
) Properties Specific surface area {m/g) 102 1586 154
C Pore volume (TPV) {mi/g) 0.35 0.47 0.46
Pore sharpness degree (%) 54 70 55
Results of reaction Relative desulfurization activity { =) 25 2.3 2.1
Relative denitrification activity (= 3.5 3.3 3.0
Example Example Exampie
36 37 38
Raw material species TiCl, TiCl, TiCl,
x in composition formula 6.98 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) {mi/ g 0.47 0.40 0.45
Pore sharpness degree (%) 54 60 59
Resuits of reaction Relative desulfurization activity ( — 20 20 25
Relative denitrification activity (=) 3.2 3.0 3.3
C [Table 14}
Comparative Comparative
Example 16 Example 17
Raw material species TiCl, TiCl,
x in cemposition formula 0.14 1.11
y in composition formula 0.02 27.1
Properties Specific surface area (m%/g) 65 —
Pore volume (TPV) {mi/g) 063 —
Pore sharpness degree %) 42 -
Results of reaction Relative desulfurization activity (=) 1.2 _
Reiative denitrification activity (=3 2.1 —
Comparative Comparative
Example 18 Example 19
Raw material species TiCl, TiCl,
X in composition formula 0.67 0.67
v in composition formuia 875 575
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Pore sharpness degree (%9 55 49 Results of reaction Relative ]
desul furization activity ( - ) 0.8 1.3 Relative denitrification activity (
- ) 1.8 2.2 (Relationship between degree of nitrogen renoval and

consunpt i gp—of hydrogen) The rel ati i-p betweep the degree of nitrogen
renoval and t hBreewiesunpt i|Spesdic sutardrsaen wasmi/Bvest i ghifed By th¥ use| of the
hydr ot r eatji ng cat al ysts ([tPoteanivae C@al yst $) (mgf) t he afxrengnti oned Ekanpl es
33 and 34 |and the commer girale Gabbysdsse(allumma G cat af ystg) ofssConparative
Exanplss _11@%qu§gﬁggg%e fgﬁmuggm%ggthQU|d(hoquy_spgggi VQIQCﬂéy i'h the
range fro o} ro-1. Ferresu s are shogwr g A g and-Tt_ s seen

t hat the censunrptt+on—of- ké?eégzqﬁgﬁ¥§éyr'ggceg s.arﬁi% i rhejé;se— f the
titania catalysts of Exanples 33 and 34. (Explanation of Exanples and
Conpar ati ve Exanples) As is apparent fromthe results shown in Tables 13
and 14 relgtjng to. th af qr enent.i gned Test anple 2, the hydrotreating
catal yst o GrAEDnRHrdEtyed AFETERt RSN, 400 PR U PHERY CHEEPeAY y
approximately twice_or nore and, .in addition, the r denitrogenation
activity akpsr relafensbily betwesn thandegrer ofhmiteogerarempvalhand sheseosamptiontodl yst
of Conparative Exanple 11. Furthernore, they show approximately 1.8-fold
desul f uhidaigbarvachivestigated byahe wwadf ehphodtdtedzaing dathlybtd (itdats ¢atalyersat i on
activity or nore conpared wth the commercial catal yst of Conparative

than' tnd o RFefichuphdf Bab s S8R 330 (o TmERRR o BT LIRPERT
Co ' 16 .t h h 19 _i.ndi e h
cokant S R PARA EIOMRPIF dd 48 37 Ry arits HF LER HUrgape

smal | (Cqonparative Exanhpl e 16), an ion exchange with the _catal yst
conponevtlsciiots theyrmngs rgmok e d heuty.i thecrasutsare showm IhBigi Ssaund it 5261 on

activity and the denitrogenation
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

denttrogenation activity approximately three times or more that of the commercial

0O

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 titamum oxide is

small (Comparative Example 16), an ion exchange with the catalyst components does
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activity are not sufficient and on the sane order as those in Conparative
Exanple 12'. On the other hand, in the case where the content of
structural water and free water is excessively large (Conparative Exanple
17), the nolding operation required for the preparation of catalysts

cai not 1}1 Q)‘%&% %orrp ?ﬁ‘ﬁr oththk Qﬁ‘es %ﬁkﬁ% Sty AOHY Serfir oé&'?atll(

princi pa nent ungsten an ronoter conponent ni c
supported .on the C re |ns fficient aratiyve Exa n
i mpr oveREHVILY W@@@gﬁ‘ﬂfﬁﬁﬁpﬁéﬂi&@ SN 9rdﬁ§§8§59%€r% OIrgRar A V? gg‘@i@b ??‘n
the case where the anpbunt of the principal catalyst conponent nol ybdenum
i s excedn tke oft@riparain the Gcenphereltbp conterh of strestrah watauand freebeatenis
effective for |nprovrng t he desul furization activity and the
deni 1 0goRahRAYy gle Yape BEYS WlApI6PPD] GRDHdANeAGERE dbACel rbdifs: the
uivention, It I's ssrb to prepare easily a porous 4 group netal oxid
whi ch not on has %ﬁ e s ecrfhc surface a but als exhi bi t;s
excel | eAt ]ﬂ%l gtcﬁ‘ FFEyS & ETIqIIec, §§9‘@Ir’enilo%ﬁ &Pt é"’}éeé& ﬂ%ﬁ a
porous 4 group netal oxi de which is characterized by excel l ent reaction
sel ect | weguntg ofthgeprinmpali satalyat terponefaturigstin apdtieyproeneter compynenid
excel l ent heat stability and useful for a catalyst or a catalyst carrier
based omicke} QmspRtatetonl thy dditiedsgreofinguffivighd Gongharativedfxdtpde 91®UmMo
nmetal oxide having a controlled and sharp pore distribution. Furthernpre
hrgh pu ; as
o X V"’?ﬁ@ﬂ@ﬂ ERTRPa Bt ROy S PRRr R SR RATHEL BORR: b whUT
co ol | d pore er _and.shar ore distributio dis useful for
appr cathonEramu (ol ahey DRSIRAT ICAETR Arapmetoe gy Baentn o sredye
catal yst_carrier. 78 Furthe cordrng to this |nvent|on it is possible
to pr epé@@l%r@me demmnlan 9éx$‘éfil exgepe vassiossdt iobe awt edleptave fesgimaproving
distribution in a shape conform ng to the nol ecular weight distribution of

t he r eathedesulftrizaticar ditivitgrandpihreadadiiroperertiorhactivatyl ar ger specific

Industrial Applicability

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

O

1s 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 fitanium oxide of this invention has properties
such as a large specific surface area, excellent heat stability, precisely controlled pore
diameter an1d sharp pore distribution and 1s useful for applications specifically
requiring titanium oxide as a catalyst or a catalyst carrier.
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surface area than porous titaniumoxide in uniformspherical particles and
exhi bits excellent nechanical strength and it is possible to prepare
porous titaniumoxide which is tailored to the purpose and use as a

catal yst carrier or a catalyst. According to this invention, it is possible

to provigigtilery@baEhe 8 tig isadlans it ]préblbl@&@@réﬁﬁ% fotimmias saddesul f

irization and denitrogenation with mnimal C consunptlon of hydrogen and

par 1 1 Sy By bkl v He e e Aol Bbn I & SRR RRRelingr JEE RGRERAP © 1
d | f d d b I |y,
appl e Brigian o Brpacias phabRMIG mﬁ%d@@@mﬁ‘ T P

and deni trogenation of other hydrocarbon oils. C79 Wiat is clained is:
(1) Aspdaceusred tanuporoes ditasxing exide mhundormh aphetieali zaticlen araexhibits s
prepared by adding a particle growth inhibiter to a hydr osol , a hydrogel

or a Qﬁdeﬁ&]hoh%ﬁﬁﬁlcﬂ sﬁ*en%'bﬁj bAHSit 4s PRLPIETES dSoroBR rt%%ﬂﬁhﬁdmﬁ&et he

general formula MO cz-~> (wherein M not es a 4 group metal and x
isan er han med b i.ng and cal ci ning
and- h IR GRS 1?%85%?%%?%%%@%8 & P o e of 0. 2
mug or nore and a por.e sharpness de ee of 50% m)re (2) A poraous 4

group meYEPrdERg b @%Wbéfdlslﬁpséﬂ T’ﬁ}&r%f@r’él eplretath M i s

titanium (Ti). (3) A porous 4 group netal oxide as descrlbed inclaiml
mheremmdhm&zm@ﬁMmpnnetah ddsifurzationi and ( Aehitrdgenafioporwits 4ngrimap net al
Eﬁg as described in claim1l wherein the hydrous 4 group netal oxide is

]Sfﬁvn 19régeri 8RASHRE ThelydYis sORaBRMBASHY 36 hpdrikdesdihef - - a

(O—I)2 yH (whereln%e1<x< .yand03<y %). Pltyrdbess
hydrocarbon oils, particularly of gas oil and the like which require superdeep
desulfurization and deep demitrogenation, but also advantageously applicable to
hydroprocessing involving lower degrees of desulfurization and denitrogenation of

other hydrocarbon oils.
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(5) A porous 4 group netal oxide as described in claim1l wherein the
hydrous 4 group netal oxide is hydrous titanium oxide represented by the
conposition formula TiCc2-;J (O-D2. yl1l=LO (wherein 0.2 5 x < 1.0 and 0.3
<y < 40). (6) A porous 4 group netal oxide as described in any one of

cl ai mephhat g gughed igwWherein the hydrous 4 group netal oxide is prepared by
using a 4 group netalr conpound as a raw material and a pH adj usting agent
and performng a pH swing operation alternately plural tines between the
precipitating pH range and the dissolving pH range of the hydrous 4 group

net al oxide,in a synthesis | vent. .(.%) . A.porous. 4 .gro tal oxide,as
Gosar | Dok Hargud HeibaeRoit tidh i oitterztd tortBs b i ppamsed i | «
titaniuim (Ti) and the hydrous titaniumoxide is 80 synthesized by using a

raw neadehigla piarace gro tteartd @ hyHresdf, us hiydpogedent a dared perdust of ag a
pH swi ng operation in a synthesis solvent in the nond4 solving pH range of

the hydrpyss 4 ggﬁlk(ﬂll sl dRidR) tfrBgtRby b&' ﬂ{eageﬁéxa?%@maemt 8T @ge..on

the 10w pH si < pH < 4) and the pH range near the isoelectric point
of the hydr.g titani um oxide (51 H<7. or_ hetween.the pH e
near CHRETEBuL depo@® T arolug ad AL Ang oS el BRI P s T
and the range on the hi gh pH.side (8 < pH < 12). (8) A porous_4 group

met al Tolewed by degpgimwhcalainirg 20dehat acipgrs stirfarecirgh of SECfE @ mange 4

group netal Mis titanium (Ti) and the hydrous titaniu xide is

synt he PRE Vel Phi- 22V gwr maeterand 2 Prrashamneshirarre og]ﬁﬁ%aorpmoa@j usting
agent and performng a pH swing operation in a synthesis solvent in the
non-di SSEhw ey 4 EARGFY (REINNIROFObH 1R RN PXHRREINLL Brdiemeplge ON
the | ow %)—I sPde 1 p <E%) andé{tﬂe range across t eepH range eare t he

i soel x it@?ﬁfi ntqﬁf the hydrous titaniumoxide (5.1 < pH 7.1) or between
the r glé e gh pH side (8 < pH < 12) and the range across the pH

range neak the isoelectric point of the_ hydrous .
J 63) A porous 4 group meta?l O}dée as describecyl?n cfa?m 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 oxade is hydrous titanium oxide represented by the composition formula
TiO¢z-50 (OH)2x * yH=0 (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
TiO@-s0 (OH)2x * yH=20 (wherein 02 = x < 1.0and03 =y = 40).

(6) A porous 4 group metal oxide as described in any one of claims 1 through 5
wheremn 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 (TV and the hydrous titanium oxide is
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titaniumoxide (5.1 < pH S 7.1) while allowng a sufficient aging tine for

gromh of particles in the pH range near the isoelectric point (5.1 < pH <
7.1). (9) A porous 4 group netal oxide as described in claim7 or 8 wherein
the pore asymetric coefficient N of the hydrous titanium oxi de defined by

N = (&yn th@élbé(ﬁw ling 6VSF Sdtertal Gtdrién] agapbUAITLEdVALEE a@fusting dFeflt an

di aneter he | ogarithmc value of the pore dianeter of the 2% pore

o 3%@%&@#?@* PR S G LBl E%if@%ﬁ TR S
O owt FRGRTRE BT H1aB GRASAIEraR Al Por rt%%%é‘hew%“ge e'rggéé‘%ngﬁé“ o e

selected fromsilicon (Si,), phosphorus (P), nagnesium (Mj), calcium(Ca).

mangalves pH sitlg (1 aFELpﬁ{nEmIm t}mwlemang@newrt}(eZis()elecd:ﬁdpoﬁt phtlmisydtoas oup

nmetal oxide as described in any one of clainms 1 through 9 wherein the

part ' ﬁfﬁnﬁfrp&lﬂe @i BEUe £573) 6PBRMKRH tYlb%JH“r RES FRNSRdMIp@ht

el enent selected fromsul fur (S), nolybdenum ( tungsten (W, vanadl um

one ot BFCRIEoHS Hipui o G & Ef 2 W#&@' e A

corrpoufmd i eI di gﬁl ons containing an C elenent selected fromiron (Fe)
ni ckeld ) (Co), platinum(Pt), palladium(Pd), rhodium (fib) and
rut heni um (Ru) (13) A porous 4 group netal oxide described in any one of

cI ai ns 18t Armwgis 42grounpanetab okive @adésceibed dhawtshonebf bidies 1 sheughd
&eher with the 4 group netal conpound as a raw material to the reaction

Blheftifi 1 4 MBoSy OSSN AT tihRumhIIY A thedhAPuI@hieK dlade A ter the

synt hesis and before the dehydration of the hydrous 4 group netal oxide,

o af L et 06 AEDNEA AP RShBSLPEAAG GALSLRR! AR b MushkgTQus 4 or ouP
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 @ =
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

C particles in the pH range near the isoelectric point (5.1 = pH = 7.1).

(9) A porous 4 group metal oxide as described m claim 7 or 8 wherein the pore
asymmetric coefficient N of the hydrous titanium oxide defined by N = (A - O/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) fallsin therange of 1.5 = N = 4.

(10) A porous 4 group metal oxide as described in any one of claims 1 through 9

wherein the particle growth nhibiter is a compound yielding ions contaiming an
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(14) A porous 4 group netal oxide as described in any one of clains 1
through 12 wherein the particle growh inhibiter is added in the steps for
filtration and washing of the hydrous 4 group netal oxide. (15) A porous 4
group netal oxide as described in any one of clains 1 through 14 wherein

the palduditesdicidt BronhilRbhelS), plrdsieshat (P Riddnessnt B! bachusodCakt ric

point of the hydrous 4 group netal oxide iIn case it is anions, added at a

pH nore than t Qel ectr i n is cations .or added at a pH
correWﬁem é%ﬁra?@m%‘n 1{1&@80 in case it is sinultaneously
ani ons an catlons 82 (16) A parous_4 group netal ox] described in any
one of gﬁ Aorousht QoD mwbm@ﬁeuas dw@cgntﬁpym@cg@m [’W&gla Pticle
grow h inhibiter has catalytic activity for hydrotreating and t he hydroxyl
gr oupsvieteinhthehpdrtiuls gfogtlo iphivitealis oxicdmpanad gxbhandeds kyntdieniconas of
said elenent. (17) A porous 4 group netal oxide as described in clainms 10
thr ougﬁn%élt\@@ré@drﬁomm@gr(sy SmélyEd i) uﬂrgg% vte vanaafmﬁ YVPhnQ7 W %
or nore on the oxide (MR basi s. 18 A porods 4 group netal oxide as
descr bed claim 17 wherein the eI ement Coriginating in the particle
gr owt iter is contained in the range from0.1 wt%to not nore than 3
wt % on th oxi de baS|s (19) A rrethod faor preparing a orous 4 gr ou rretal
oxi de wH 4 gzoupl aneig. oxde pstdesra b@fWYlQﬂ@lQﬁ 55
hydr ogel or a dried product of a hydrous 4 group netal OXI de obt ai ned by
t he redrréiantief partkle reeowthmihhibites ip curdmgsuadr pelding@tiends abntsitingaapH
adtﬁti ng agent in an aqueous solvent and represented by the general

bRnMAt (Blected (R 2% wrﬁa&%@ee&aﬁﬁ@ Al9hAUM (P03 C?J]%lﬂmﬁ (Pg),a

nunber greater than 0.1 or X > 'owed By drying an al cining

t here N taI OXI de whi ch has a specific surface area
of sob%@émo@%‘%é, gh‘g‘l%lpm'

(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.

C (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
1soelectric 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.
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pore volune of 0.2 nug or nore and a pore sharpness degree of 50% or nore.
(20) A nethod for preparing a porous 4 group netal oxide as described in
claim19 wherein the hydrous 4 group netal oxide is hydrous titanium oxide
or the 4 group netal Mis titanium(Ti). (21) A nmethod for preparing a
porous 416y Aupordas al gRxipdiett §6ds debebeldnNnChiy Bhd Bf ddistei rthirhigethygr ous 4

group netal oxide.is hydrous zirconiumoxide or the 4 group netal Mis

zi rconi . : . ngthod. f e ' : : ehal oxide
2" oSty eilitehf Sy RLCHh PRl BRI RIRRE R forflh ot
hydroys titani um oxi de represented by e conposition for aTiO- o
(OH) 2ot bﬁm@g@nﬁi the by xzf. ety @ft fgie ﬁx@éu@)&% 2Yoy) r%"t%i%ga By
preparing a porous 4 group netal oxide as described in claim19 wherein

t he hyschanged byrthe pormeifabidedémeni.s hydrous titani um oxi de represented by
the conposition fornula TiO (2-x) (OH)2x yHLO (wherein 0.2 S x < 1.0 and

0.3 y 49 A (lo#dids 4 1Bl RethP bxideoRPAdRADA]L RO CRES 4 (DEIvRgHElRIvherdide as
described in any one of clains 19 through 23 wherein the hydrous 4 group

nmet al ;oxide is tal ned ‘by . usin 4, gr tal _conpounRd as

mat er Flief pglf? a4 gﬁ?@d}n@ iaré%&leab%%ft @ﬂtﬂ%@? Wn?ﬁ ﬁrgma(l)rs ans%en(ﬁfmﬁg@?r)on
alterpately between the precipitating pH range and the dissolving pH range
of thbaﬁ%drous 4 group netal oxide plural tinmes in a synthesis solvent.
(25) A nethod for preparing a porous 4 group netal oxide as described in
any one (18 Agharbus 418rotih metgh ofidevaredescribed én 4lagmolip wisdrein the eleiengni um
(Tig and hydrous titaniumoxide is synthesized by using a raw materi al

t i NanipHpaeie Ay e AitaHide Ritow Rt intiSbitAgisf@Rbdinad th BIeé thd8 fienPORRvEWItHY

operation in a synthesis solvent in the
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)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 thereby

C yielding a 4 group metal oxide which has a specific surface area of 80 m=2/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 (T9).

(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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non-di ssol ving pH range of the hydrous titani um 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 titaniumoxide (5.1 S pH < 7.1)
or between the pH range near the isoelectric point of the hydrous titanium

oxi de (5(p) ﬁ]ﬁbt}ﬁ)d7f011bre§ﬁ\?jngt@90f@ﬂgﬁ%%gxptxh@tﬂ iostilentd ddseRbé@irrclaih 9912)

(26) A nethod for preparing a porous oup netal oxide as described in

(1) "aneeRguf A A B A9 Sl RS b Sty S T Rt b
[ [ und and dj ' d f ' H sw
oper atthBoRRReproHEuTes T  Gon i Rt hFiabh o BrieBo PV 7 “oF ZHGEERP-H he

hydrous titani um oxi de between the range on the low pH side (1 < pH < 4)

and the yarfged@icross the pH range near the isoelectric point (5.1 < pH <

7.1) or between the range on the high pH side (8 < pH < 12) and the range
across t(38) AHnEARASoP BRpaHE 4 PERWRY HickipRALR okﬁlejasi:ildéﬁiﬁec? intelaithilioe

allowing a sufficient agingtine for gromh of particles in the range near

the isgelectpic oint (5.1 < pH.< 7.1) 4. (27), A.nmethod for pr RiNg a
por ous TR, Hi iR b, i by igRuE (005 rpeRiBE Do 26
wherein the particle growh inhihiter i dded together wt the, 4 group
met al tgérﬁammam@@ TR ?MSé?i%l( 2t R ¥ hermins B2 anix dé] LRgand,8.3

synt hesis of the hydrous 4 group netal oxide, after the synthesis and

bef or esthie =d#lydr ati on of the hydrous 4 group metal oxide or after the
deKdrati on and before the calcination of the hydrous 4 group metal oxide.
(28 A ”@4?@1%%%@%@?%11%@51 FRIESA SrdfPpiRtATRIxide QX HERTRRdI8S&idRd i N

any one C of clainms 19 through 27 whérein the particle growh inhibiter is

added I t [ ' ' . met al
oxi de O?tﬁ}a%ggggitpﬁ(?lsgha%?gqr%?gg&gggbagéﬁa&%%r & ﬁé{%ﬁﬁ%éﬂf@%@(}é}gt r]%gppoi nt
' casey tgrolu?a %%tglo ggmggur? dz%d aa;[":ama?1 &gteﬁal 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 (T and hydrous

titanium oxide 1s synthesized by using a raw material titanmium compound and a pH

O

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 5.1 = pH = 7.1) and
the range on the high pHside 8§ = pH = 12).

(26) A method for preparing a porous 4 group metal oxide as described in any one
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corresponding to the isoelectric point 1.0 in case it is sinultaneously
anions and cations. (29) A nethod for preparing a porous 4 group netal

oxi de as described in any one of clains 19 through 27 wherein the particle
grow h inhabiter is added in the steps for filtration and washing of the

hydr oy chiisOLpP(iBhsh 23 wHBreif thé @%r@p”ﬁﬂe&ﬁ% RritRhRRAT(M%R BOSRRS 4

group netal oxide as described in clfaim?29 wherein washing water to be
used iin_the steps for .filtration and washi.n f..the hydraus; 4 gro nmet al
oxi de tRARLIR RN s sy Ditickized B Piog Al el ks Rt and Adide of
1- 100 ppm on the oxide bhasis ofé%ge metal contained in the particle growh
i nhi biadgstingzagent ansk perdonaing: ®5heviRE apgraiensna grpthesivetolyengndaeas
described in any one of clains 19 through 30 wherein the netal contained

in a prntdisddvige @M hangehdfithiediydrass titatiaydtide betweent thefrangbydribelewt i ng
and the hydroxyl groups of the hydrous 4 group C netal oxide are exchanged

giyl ts hgﬂ R af < ?fgg aefalng é}?@}a&gg@&r)@ @ﬁggnggheéxvﬁdee dfsBéle&ﬁg TRRAT bgn

onprising porous 4 gr met a SCri I'n any one o

cl ai 6 r . (3 A hydrotreati cat alyst, for bon,oils as
Geocr dd SnbBl & A erietiverh 1 kgta b he Hidk 2 e B = HH SRR 55 %
hydrotreating catal yst for hydrocarbon ojils as described in_clains 31

t hr oughe raseevwasrestheneHerangennearathatpoelgetaioypoint 4o i éepﬁ for7.Rywhdler eat i ng
is the principal catalyst el enment nol ybdenum (M) and/or tungsten (W and

one Kialldwirg awufficint agirgmiiner foe peweiht of eetided aotHe1@med neddtheliboeldé@riand 15
gr s. (35) A hydrotreating catalyst for hydrocarbon oils as described i.n

cl alm3d whar e tdiey pyonoter elenent is one kind or nore of elenents
selected from c?ﬁ%lT (();)), ni ckel (N), phosphorus (P) and boron (B).

(27) A method for preparing a porous 4 group metal 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

C of claims 19 through 27 wherein the partide 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 = 1.0 in case it is simultaneously amons 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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(36) A hydrotreating catal yst for hydrocarbon oils as described in claim34
or 35 wherein the anount of ion exchange of the principal catalyst el enent
is 0.06-0.46 atomper 1 atomof titanium that of the pronoter elenent is
0.02-0.26 atomper 1 atomof titaniumand the sumtotal of the amounts of
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is 0.08-0.82 atomper 1 atomof titanium (37) In the preparation of the
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i ons 16Reus hiskY R metalroxids pntars dapgtbiclesgransh anhyvger Héancﬁ%owﬁld%&]ﬁi ng the
pronoter elenment, either together or separately, to effect an ion
exchangege bof Aal(i0yppragul thd agde hesispifl the hétal cangmead§ in3tHe, panticl gugwthr yi ng
and calcining. (38) In the preparation of the hydrotreating catal yst
descrijigfhitep any one of claims 34 through 36, a nethod for preparing a
hydrotreati ng catal yst for hydrocarbon oils which conprises adding the
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pronmoter_ elenment at pH 1-7 or pH 9-11 to effect an_ion exchange, filtering,
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hydrotreati ng catal yst described in any one of clainms 34 through 36, a
met hocatalytiptetpvty fig hydrptieoating atidnihechydroyslt gifoups fof dhe dardeous di greupwhi ch

coai ses effecting the ion exchange involving the ions containing the
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i ons containing one rnd or nore of the pronoter elenents selected from
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(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 cils 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
C 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
(N1, 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 1s 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 1on exchange of the principal
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oils in the presence of hydrogen at a reaction tenperature of 280-400 C, a
reaction pressure of 2-15 MPa, an LHSV of 0.3-10 hr -i and a hydrogen/oil
ratio of 50-500 NIIl to renove sul fur conponents and nitrogen conponents
fromthe hydrocarbon oils. 87
catalyst element and the promoter element 1s 0.08-0.82 atom per 1 atom of titanium.
(37) 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 bringing the hydrous 4 group metal oxide into contact with the ions
containing the principal catalyst element and the ions containing the promoter
element, either together or separately, to effect an ion exchange, finally regulating the
pH in the range of 3-9, molding, drying and calcining.
(38) In the preparation of the hydrotreating catalyst described in any one of claims
C 34 through 36, a method for preparing a hydrotreating catalyst for hydrocarbon oils
which comprises adding the hydrous 4 group metal oxide to a impregnating solution
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
C catalyst element molybdenum (Mo) and/or tungsten (W) and the ions containing one
kind or more of the promoter elements selected from cobalt (Co), nickel (Ni),
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 ~% and a hydrogen/oil ratio of 50-500 NI/

to remove sulfur components and nitrogen components from the hydrocarbon oils.
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