; NOPQRSTUe3eqS0qPt 6TO# SPECI FI CATION Title of the Invention Porous 4 G oup
Metal Oxi de And Met hod For Preparation Thereof Technical Field This
invention relates to a porous 4 group netal oxide which is “ “\M“‘M“\H“l
applications such as catalyst carriers, catalysts, drying aﬁmﬁ lm
adsorbents and fillers, to a method for preparation thereof and.fgso
applications thereof. In paSPiE:GIIaFIGAﬂgIDrNention relates to a porous 4
group netal oxide which has a large specific surface area a oY

excell ent heat stability, to a method for preparation there mwlﬁﬂ@'mﬂm MIL
applications thereof. Further, this invention relates to a p
met al qQuilélef eaivshticyy of high purity porous titani um oxi de whi ¢¢0®ds a

| arge specific surface area, exhibits excellent heat stability has
precisely controll ed pore size and sharp pore distribution and is useful
for a catalyst carrier or a catalyst and to a nethod for preparation

ther eof . Feibhe GroB Metal CRiMd Rl MRE Fok PrépakiBH THbrgstoup Mmetal oxi de
consi sting of porous titanium oxide Ich has a | arge specific surface
area, exhibits excellent heat stability, has controlled pore size, exhibits
hi gh nmechani cal strength and is useful for a catalyst carrier or a catalyst
and to’]ﬁ}{}ﬁ&ﬁ]‘ﬁ fo-lor preparation thereof. Still further, this invention

rel at es—%o—cl—hy%-otreati ng catal yst consisting of a porous 4 group netal
oxi de of the aforenmentioned kind particularly, porous titanium oxide, for
hydr ocarbon oils such as petroleumfractions and liquefied coal, to a

method fofy .l vention relates to a porous 4 group metal oxide which is useful for

applications such as catalyst carriers, catalysts, drying agents, adsorbents and fillers,
to a method for preparation thereof and to applications thereof. In particular, this
invention relates to a porous 4 group metal oxide which has a large specific surface
area and exhibits excellent heat stability;, to a method for preparation thereof and to
applications thereof.

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

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

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

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



preparation thereof and to applications thereof nore particularly, this
invention relates to a hydrotreating catal yst conprising titanium oxide
(also referred to as titaniumdioxide or titania) with a |arge specific
surface area as a catalyst carrier and the catal yst conponents (consisting
of the principal catalyst conponent and pronoter conponent and, hereinafter
bot h apeemanbtiont thesdof amd dor apblicatiensiheresf Mmeae aparsiculeslyp dhisniventigni ch
are dispersed uniformy in high concentration on the titaniumoxide, to a

met hod rhlgtedP i RAhERRating @blysh doin@rizivy itkahiven oxidee(ded refetvedrts @s
specifically, this invention relates to a hydrotreating catal yst for

hydr oc i3t S yhi j I é”cfﬂ?:\’. f W and
nitroggﬁw%ﬁﬁbﬁ%ﬁﬂﬁg%ﬂ %éns%l S éttg&gg%%g agglgdré%ae19 I e%gn gnci ng
sel ectiye re al of nitrogen,co ents relatjve to sulfur c onents and,
2t t he tBe ARy a-eompapaisdCaISHARA s PrawiRa! Cotales sempensHt sRdibanshe,, 1 o
a nethod for preparation thereof and to applications thereof. Background
Technolcogpomert medhbegeinaften beturaragegllecavaly srefprsed toesanplyx pe satalyst

expl ained with porous titanium oxide taken as an exanple. The net hods known
t oday a@peiponesial)ywhichsaid disgersod autifoomiye ih digh aorcanteation bashe titanium
conbustion of titaniumtetrachl oride by oxygen (vapor phase nethod) while

anot helod & BaSLIn&hol Ner H&fﬁﬁfa% OfhebofNYH QB Sapiilicatibid tREIcHE a9, trﬂ@ffe

precur sor b}‘ftl tani um oxi Ie [ nI ? vanceI by fsucha means as hydrolysis o
et  acRPBARA Bl b aufiten 3 & 1oty St ot e bb AT
ot hocvhinth it EXRARe ol FEBoHRE PR SRR RURPPORIES AU e R SOBERBFRGAr o ¢ he

following: 2 where the hydrolysis of titanyl sulfate is resoted to,

ti t anylhyslnodaabaen iods rt@aaeh:gﬁt degreabwhile rnhagciagdselgdivel yenaavalt ofanpiregenur e
equal to or above the prevailing saturated steam pressure to yield hydrous
titani wiponeetsaethtivean sulfar Bytdponents iandnatitheosdrde tinte, capablo of nearkddly- 900C
to yield spherical anatase type titani um oxide (JP05-163,022 A); in the
case of j i hggr(;' anyl ; S i foanyl
sul f at ere g@%ﬁ%&%@tﬂﬁ v}ﬁ teﬂ n aégl}}’egﬁsa Z@nggogg?%#gﬁbgn%ﬁﬁ%fo%guﬁi ng
needl| es oﬁ %dr QEE]]% t%t ani um oxi de are dried and calcined to yield titanium
oxi de iWPAELHE Vg‘al s (JP05-139,747 A~ In case a sol-gel nethod

i nvol ving the hydrolysis of a titanium al koxide is adopted, a titanium
tetraal koxi de and water are mxed to forma precipitate, the precipitate is
filtered ,washed with water, then mxed with water to forma slurry, the

sl urry FEESHHE §5% hydr ot hermal treatment and the product thereby
obtained is dried to give nesoporous titaniumoxide with a pore vol une of
0.10.5 m /g and an average pore dianmeter of 3-30 nm (JP2001-031, 422 A)

However , rous,titani um oxi de prepared by the aforenmentiongd nvent i onal
met hods g@ﬁ%%&b@%ﬁ%\@eW%ﬂ%‘F S Puﬁéé?@f’ﬁﬁe? %emae@ﬁtpgrqlﬁe
probl em of suffering a rapid loss in specific surface area aﬁg,faikﬂr&g to
mai nt aititaniun ogisedaken e 2 eamplen ke pjeth Q@i 5edayrare rgHehly dassHle
tenperature or over a prolonged period of time. \Wat happens here is that

t he hydntixywo grethods aiet endist besed ehveembustion fof ditanisin tetzanhlonidexbyl exygen
undergo condensation or titanium oxide being fornmed undergoes the so-called
si nt er i (Papdr KRB Mleonptliariaaked bnahy ?ré%éﬂaﬁ@nﬁﬁf}iydﬁé@tiﬁa@ﬁum
exanpl e, ‘as shown in Fig. 1 which is a plot of the relationship between
speci fi G.suU BRs q ] r %Hsi ' yst al
transfoo(rgﬂn%et {)lf)g&fepg% armpéghous ooggd%eiggg&g%{é%r@ Fﬁéewtﬁ% es p %%%%}Q’S%E%ﬁ%

cal cini tenperature ris resulit, ..t he ecific surface area
decr ea %i%ﬂ-@‘iﬁﬁréﬁaﬂﬁ%@?’%’ %ﬁkgﬁi%wst{al{zgﬁgn Of?@iaﬂ}‘%ﬂln i ¢
surface area at_a high |evel. Under thesge cjrcunstances a catal yst. carrier
or a cditanjsn suifetaionhyduolysis ofra Biandam 01.4&!@9tfellczwefi1 bg ?imnga@ QW
activity for hydrotreating per unit specific surface area, cannot maintain

a | ar gethepgdirdusctitanidracsidy @Gguist phrisgmétdioder at ure because of its poor heat
stability nor manifest a sufficient performance as a catal yst and, unlike
catal yst Raprdsehitivbs 6R1ES UiremBARSReP HgRlUPhiR Rietifdds! £@ tHelBRURY: - Deen
utilized cohmerclally Where titaniumoxide Ts intended for use as an

al kyl ation catal yst, a high terrperaturze heat treatnment is necessary in
order to provide titanium oxide with

—




pr.operties 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 catal yst could not be
secured. Were titanium oxide was intended for use as a denitrogenation
catal yst of exhaust gases, it could only be used with its specific surface
ar ea | iwhdaredhednydrolypist of titdnyly sulfatgeisofesopdsty, titagyb edlfatecisdteated atqur heat
stability in spite of its excellent denitrogenation activity per unit

speci f ighote!1TACE and hydidhiged dtflﬁf)ﬁsﬁtb&eeé@d]!% or whowe theepreesiling saturated usi ng

a large quantity of a given catalyst as well as narrow ng of the range of
¢ _ g ,

uve STREERHES AL 18 DRI BRAIAaRERhrdtle ROPELIERLe RRLLIMRE SO

vai | aop ealeined st ARBIOT 2o50ed Saber e BFS ebistl oadn B RSeRa

possible to obtain a titani um oxide-based catal yst exhibiting satjsfactory
per f or rf‘ghc'e inothet ¢ase ofathei peutzalizasion; efatitanyl sokfate; seedleoprystals ohianyleen
made to solve the aforenentioned problens. For exanple, attenpts have been
made t guifdtt arssesmactad ywiclo mmoaguous udkalase silhiica andl tihes resubting: péealiesholr us t o
titani um oxide to prepare porous titanium oxide that has 4 a |large

speci f i@d%?ﬁ%ﬁ%ﬁmﬁiﬁ%ﬁd&j af WRdeRE! ftthed 98! visliabitdnibn Taflel 1 ety ar e

exa_rrlp! e attenpts. According to a proposal made in JP07-275, 701 A,
oi uti oot aaE IR taRt Araak TN MR R R bR R Bk IR PEA R ¢ e

coprecipitate s aged t ive silica-tjtapiumoxide. This nethaqd_.regul ates
the r adtitansin alkewdam asoptesh editaniyie detipaliomderand water aye mived WgOFE 83 w %
of titaniumoxide is used in one exanple) and the silica-tjitani um oxide

cat al yqtrecipitatenthe pyecipibataris ddtiered avashedawithodatsmothenamixed wathewpteratoge
specific surface area of 558 nR2/g. A proposal in JP08-257, 399 Ais

di r ect derrh & Bherpthe ahatry 48 sabjestetli oad hydrsthertabbsedtmant bydttheyprodiitt ng a
hydrol yzed sol of a titanium al koxide and a silicon al koxide with a nol ar

ratio qhefehyobtfaed KA 0 7ivE ntbsepordd tRahithd biide With hesoré VolehdsH 0.8t

350-1200 C."The ratio o ica added to titaniumoxide'is lowin this

titani | deb t al | .Adhe r ratio of

titani %%ﬁ{w@%@yﬁﬁﬁéﬁé Wﬁ%@t}@?@n@{gﬁéﬂ&é@#ﬁ@z titani um oxi de
cat al yst epared by 2-hour cal cination at 53g §£$ws a s e((:iifi C sgrf ce
area of 150W@¥PYy POKRYS PdsrdreRared Bpdhe Al ) BONVEREORE
silica-nodified titaniumoxide for use as a catalyst carrier is prepared by
al | owi mgethodi genexallyf shows extreraelyapdonhiass stakility end inresents the ipgeblem pleact
in an al cohol solvent and calcining the reaction product. This

si | i ca-sufidithiedrapif dossuim specifie surface seeaand fdirg tosmabntain erlahges sarfact oni ¢
ratio Ti/Si of 5-50 and shows a BET specific surface area of 90 n/g or

nor e eV§Ba Wikh &ij6itBE to edlciatiBARE THEN temperdtutdl 0P svétOP pedlonddlSeriddnef

exanple give the results that, when the Ti/S atomc ratio is 10,

Si 11 cag e 1hbbA KRS AR MRYRARGH1 R deAliDtheiochR (A ydfous

speci fic Su ea o

titanium oxide and undergo condensation or titanium oxide being formed undergoes
the so-called sintering thereby growing considerably in crystalline particles; for
example, as shown in Fig. 1 which is a plot of the relationship between specific surface
area and calcining temperature, crystallization or crystal transformation from
amorphous to anatase and rutile takes place as the calcining temperature rises and,

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



A.proposal made in JP2000-220,038 A relates to the preparation of titanium
oxi de fibers containing catalyst conponents in the follow ng four steps: ~1
a titanium al koxide is dissolved in a solvent and all owed to undergo

hydrol ysis and pol yneri zation reactions by addition of water to produce a
pol ymer ~2 the polyner is dissolved in an organic solvent to forma

spi nni mgaintajnithe spedfesuficerirag at adughilével. spun to form precursor fibers

the precursor fibers are treated with steam before and/or during

cal ci nat i UnderElfR6 dirf@imbtarichs, & dakilpsrbarfiefor 4 ealyes basedion tisarddaeskide) such
an anount in the step 1~ or ~2 as to adjust the silica content preferably

to 5-3 9 0 : i g ﬁ&ﬁﬂ&ﬁﬂ&& fonsd |1 Ca
and VQ8%%%#%Q?g§6§§F?®§?§h§Egﬁ%ﬁ?%ﬁ%??%ﬁQF%?Q%%?%%éﬁﬁf rous tltéﬁfﬁﬁéoxide
catal yst obtained.after 1-how calcination, in air at, 500 C sho a specific
U £ o CBRGGIERSA Jae5 STRANGHERoP BT R BIE iR eaRE el St Pifox de
conposite catalyst carrier is disclosed in JP5-184,921 A conprises adding a
titani teahpehbditycaorborpifeste suffitient peformancet ag acatalyshante elegtplvsti de
and a hydroxycarboxylic acid to oxide and/or hydroxide of alum num so that
t he nolcafridrator @atlysts bagiden akintiate® sicahasndes bees ukilided corhasscallyl t he

nol ar ratio of the hydroxycarboxylic acid to the aforenentioned titanium

oxi de becpmRse Gitdndnl 8RHeCR! FitBhdH HHE usB %glogléaﬁﬁ&l dlpge £ragpl e, a

catal yst carrier prepared by calcining at 600 ours and show ng a
mol ar "1 ~02JA120s ratio,of 1..53 an I hy.dr Car | C i 2
ratio g?mf_e{ﬁtgﬁ%s%eag @%agg}eﬁ% s?ﬁ%%@%’ ﬁe@dﬁ' @M#QB%#& Rglgh S‘é’}@gos ed
in JP08-057,322 A for preparipg a.phosphorus-contai.ni ng,titanium oxide
cat al y$¥oRarties ef a syRgrstong %WQ%HF 919#%5%@& sl ALty pnd %Sﬁﬁ?gﬂat ed

cake of titanium oxide, adding a specified amount of phosphorus to the
cake, munfre cired mgusha ddcxeaseeinathe absalitegamaunt of sipénstrong avit andathee wi t h
a specified 6 procedure to give a titanium oxide catalyst carrier

cont ai Rroderbicwtéquitedofon aatdlyist coaltbnbtdst eumd. de. 1 n an exanple, a titanium
oxi de catal yst carrier obtained by 2hour calcination at 500 C shows a

Speci 11C Wiichath:ateh BlidlORalBhondbd R0k PEOROSLRr Iy RARIALSHR 1O

preparing a catalyst for renoval of nitrogen oxide conprises m xing an

SR 250 W PR 6 kTR 1,
exanpl % AT k20 G015 BEHER oy 05 BRBR, et stabHD B Bis 9Ege gl

containing 2.5 wt % of phosphorus relative to titanium oxide shows a

speci f idensuegenationrastivey PER 3P specifit sréacemyrac Bhus theforoblens here werehough

t he af orenenti oned techni que involving addition of a seconary conponent
such aghsidebessity fornsing adladopbastityrof s given catalyist ms oxélbas aarroivihgof the

i nprove heat stability and give porous titanium oxide that is capable of

mai nt aiyghBdg Bperihfra e i M&@&@B&% peoPhedt dtapmey, at ur e heat
treatnent, the technique in question is not ‘capable of controlling the pore
size and [ j 1.0/ _Of ' [ i de

scarcity © Q%%ggsépéggﬁop |nﬁPH@%gyﬁﬁ%iéggégﬁ%'é%ﬁlpﬁgﬁ%g#érggﬁgﬁgg?ﬁgde it
difficult to objfai.n sufficient,performance in respect to sugch f r.s as
Feact | GRASE SRS HIAPIII PGS PIHEEA Sl SHeGe SFIPES BRI 18S PRty PYaRpD
catal yst catal ysts and catal ysts used in a variety of chem cal reactions
have nébiterafytsegaodrahrasipn spsistance anddt has aat heen gowsbladaobtam s ftappumyt

al so a precisely controlled pore structure in respect to pore size and pore
di st ri xddedpase@entdpdtl exhibiting satigfactomnperfirataneifecthiepattivalaxpppdicatiom a
chem cal reaction diffuse readily to the active sites of a catalyst to

achi eve 99a¢brPpr@sdsaRHavé ¥dbh Yma8E8®o0sdlvd TBe afbretforition8d HRBRnE MRSt i on

of the reaction. For this purpose, It is inportant that the 7 pore size

is controlled suit(the tar C S i I, a0 S, LAnort ant
t hat caet"&f‘ipg?’sé‘%?’%’ %vggggﬁ%gé%?oéﬁé %%ﬁ%oﬁor%&%%}eﬁ ér&ecgc Sahﬁlgg’and,
in addition, they are devoid. of, too small pores which are not .effective for
the r ecANIMgMR SRREGSD PIE T SHtaBiugR OEKleAP PrRRAILAIPUS by B Eatyaas s
the one that has pores controlled to fit the aimof the reaction. For
exanple, the effective pore dianmeter of a catalyst varies fromreaction to
reaction and it is 6-10 nmfor hydrodesul furization of gas oil, 8-15 nmfor
hydr odesul furi zati on of heavy oil, 15-30 nmfor hydrodenetalli.zation and
20-40 nm for asphaltene renoval. Fromthe aforenentioned point of view,
attenpts such as the foll owi ng have been nade to prepare porous titanium
oxi de having a controlled pore structure in respect to pore dianeter, pore
di stribution and the like. A nethod proposed in JP60-50, 721 B for

o o o, o v




titaniumtetrachloride, to formhydrated titani um oxi de, adding a pol ybasic
carboxylic acid to the hydrated titaniumoxide to forma chelate, shifting
the pH fromacidic to neutral by an alkali to separate an organic titanium
oxi de conpound, deflocculating the resulting organic titanium oxide
conmpound wi th an inorganic and and further calcining the defl occul ated
producta largeispecifio c¢ iaremianth showe exdllent Lieat stalabty iThe llowingarexanpl e
t hat porous titani um oxi de obtained by 24-hour calcination at 300 ~ shows a
total RAARPI IfBCIOAttEmPAS M /g, a BET specific surface area of 112 nR/g
and a pore radius in the range of 20-500k mainly in the range of 32-120 ~

with the I N3 p. s} 20 i a . [ area and
a less br‘g%P%ggg%dlgsﬁﬁlﬁéﬁli I&%HF%n J?grrzr;?grgg:ogl Fysaa\%]ellil%b; e ]?dlﬁ gﬁ%ﬁ% %xi de.
However, this nethod,has.limted the.calcjning tenperature tg,a | l,evel
of | 3008RHYGR CRPPEhare dissalved i amad g phitionsg sk substancashepeddade (e
mai n pores exist in a broad range of 32-120 as expressed in pore radius. A
met hod t cameseeprecipittion- arbtlaa®predpitate isagad togipe sibica titaninm oxdexile with
a well-controlled fine structure consists of preparing a titani um netal
conpos ini€thed Mp@ulatbsiiiie agkb ofititemiamsedide toasilief within tlentameatf R0 wedi (@3a

wat erm sci bl e organi ¢ sol vent one kind or two kinds or nore of salts forned
by neu , . . . , " o il
strong ﬁasgfgﬁg%éﬁa%\gg&ﬁ%g%wg%%g% ac|ladtfl%\?\ﬁltlcea‘??1 an% g%teﬂ%ndﬁagb; t wo

ki nds of, nore, of, ;sal ts;of rar h,netal s, .an n_r i e tal

Fr om t LB BE P Rlsaotg: G e Aus s ol s BBEL b R
preseng;f of 82}1ydrol ysis inhibitor. There is a description in an exanple
that p&f 808 MTani um oxi de obtai ned after 2-hour calcination at 600C shows
a specific surface area of 90 n2/g or nore but a broad pore distribution in
t he rangeAqfrop@al G0 dPI8-25W3%0Ads diventedhto desprepheationpol aditaniummixide oxi de
is used as a catalyst, it is necessary for titanium oxide to have high
purity bhaesd Eathlystrbyigelisieat hpdrobized tsel ofat itaniig dkoxide binds sibesrpalitoxidet o
Togari et al. [Togari 0., Ono, T. and Nakamura, M- Sekiyu Gakkaishi, 22,
(6), 3%@% é%ﬁ%ﬂﬁkgféxﬁo SRUPL-YPHOGAHSIOL (cRab-0.5) dhCAlHARIY theCRIRRMID Tt AL20S

Ti 02 or shows an increasingly greater acid strength as the

cont en f 2 r Si02 4 nerea . Eurther d i < - 22 A,
str ong%ggi ]@6 i ?%éﬂ’& o(ff Sﬁé"at ’?ﬁgﬁgotﬂttﬁﬁi’mg? 02‘}%5%@%}56@# @Fa#’g%?lu%&%eii de

i ncreases. ,Consequently, strong acid . sites on the catalyst faciJitate

f or mat ﬁ@ﬁe%fcaé%x% ane #2ne example, dher melararaliq of ftanigm oxide to e
hydrodesul furization of petroleumfractions and, according to the studies
conduc{B5$1Qneis ROH0OHs avtl the stitaniamt iozide tcatalystr ipreparedt by adthewroxi de
on the oxide (Ti02) basis is 97 ww% or nore, preferably 98 wt% or nore, in
or der tealcivaitiohaitr500° M ishbwdesspetifiz surfacd aeaafl60mhF/goer unit specific
surface area which is characteristic of titanium oxide and to suppress

format i onaglordigketo EYmEﬂﬁ)&"?ibpoM i TPR0UDRAos ANGilihihedifed ARARREAN S
contai ned in hydrocarbon oiTs derived from petrol eumor coal are coverted

to sulf 0X| [ i 0] - hyrned
s ueroidenith 68, L8 QLAY S ERadiER B nolGle 3REMEY 3, el "2 ]
catal ys 0l son nen farned [ n the deco ition, or ,copversipn reactions
o ¢ he AR B arPLon et by o 4 DR oL ABA G HOE LS BBER: | ons.
Furthernore sul fur_conponents in fuel oils for transportation are also

poi sonproduct: Rhissilicarmpgified titanizm oxide dforysesassa catadest carmembasyan atangia
gasoline- and diesel -driven vehicles. Under the circunstances,

hydr oprratie SBiSi@f 5850 bednshowaca iBIET specifie suvfaces ardauof 60 m8rgeat snaadvent r ogen
conponents from hydrocarbon oils and a | arge nunber of 10 hydr ot reati ng

cat al ySyisert eslivled! &7 a R¥ARPAOSE 381 High NRVEOMEEH: RPARO Tk ERImBlAFRE&hesuch
catal ysts consist of netals possessing catalytic activity for hydrotreating

such a5, b RISV A B el S

L)

I'tani um oxi de

and phqgsphorus-silicasal um na as.di scl osed i 6- 106, 061 A, JP9-155, 197 A
3Po- 16 Py FAlmng AbEOR0: ﬁgpwaﬁsm,emﬁﬁg WB@Elé,g £000- 117, 111 A,

JP2000- 135, 437 A and JP2001-62,304 A GCenerally, a catal yst consisting of
nol ybdenum and cobalt supported on a catalyst carrier is nmainly used where
t he renoval of sul fur conponents (desglfurizatiori) from hydrocarbon oils
is the major objective while a catal y$t consisting of nol ybdenum or
tungsten and ni ckel supported on a catalyst carrier is mainly used where

t he desul furization and additionally the renoval of nitrogen

(deni trogenation) are the objectives. The use of nickel here is said to be
due to its high capability of hydrogenating aromatic conmpounds. The greater

T .



aut onobi | e exhaust gases in the future"” presented in Novenber, 2000 states
that it is appropriate to reduce the sul fur conponents in gas oil or fuel
oil for diesel engines fromthe current | evel of 500 ppmto 50 ppm by the
fiscal year 2004 and a still further reduction of sulfur conponents is
desirable in the future. As for the nitrogen conponents in hydrocarbon oils
such as ghprapdsal mady indP2600220088 A welates tohe gueparationof ftanium osde by
coloration but al so poison and deteriorate hydrotreating catal ysts during
hydr opifipees sbrtairdng dabglysts bombpenelesi inathy foowieapies stepsudd aditpnisnbl e.
However, hydroprocessing by the use of the aforenenti oned conventi onal

hydr ot i ca e C ani i LG £ 0 nce in
desulf&??%g#?&% g%%xﬁéﬁi rogena F@ﬁ %%g %P5%%go§gsﬁﬁ%%g§sg&gﬂggﬁ%on uct
hydr opr ogessi ng. under,. severer..condi.tions in grder tp red t he; sul f.ur
conpon@APENg Elﬁﬂﬁqﬂghﬁﬁéﬁﬁp%P & .h%QWﬁB%%ﬁﬁd&m@W PPN FSessary
to reduce the throughput to 1/3 or to roughly_ treble the anmount_ of the

cat al y slissolRed ibetn orgag splvenivbe ferme & spinpmg liawidy i@aﬂher FINBRLRY
production schedule of an oil refinery while an increase in the anmount of
cat al yspunau!form gaecursonfibetst Datheipretuaisbrfibers are, treated with stesamtlefore Or

it would be necessary to raise the reaction tenperature by 20C or nore and

this waulhy Baldihafiof! AedordiRe thf thi€nithéder Geah ¥einpblihg is BdAsE in

neazy;$§ m?u orcibly incur a great deal of econonlcﬁ urden. Moreover, it
ext ent *He e SRbELRE s MehREER: 8BRSt D SREE NGk d 0%

hydr opr ocessing to renpve, nitrogen conpo ts a hi.gh. rat e d require
excessiWie Basons EXFHD %S‘Far‘%‘@e‘?‘fﬁs r{gﬁ%ﬁw&nﬁlﬁ%@é cpa%d%@qrgt i on
of a new apparatus for producing hydrogen at an oil_refinery where excess
hydr ogeespestively 4 Rywide and 491 wt% anddbe Ebravsdtitapiwg, oxide ¢agalyst ofamedisfiert o
prepare a desul furization catal yst of high 12 activity and this is for

t he f ollHeorngldiegionnin dinatb500 A€ ahosatd seecifietstirfoee acemsf SI3 m&/of t he

princi pal catal yst conponent nol ybdenum and the pronoter conmponent cobalt

and a_cat AlyafhoaF iftbpd hdaX SARAR laiund oMl dompbdifteadRit PhrriE! ybdenum

is normally 25 wt % ess on the oxide basis and any attenpt to increase

o Y SRR TR IEK RS B TR e RLED SRR
g 43 A A N R ST SN S, S

surface area_and pore volume thereby failing to exhibit a needed activity.
Di scl odwedeoxde phaluminum sobhatitbeimolenratic obfitamim p¥ide e AlHming becomesuct od
extensi ve studi es on porous 4 group netal oxides of excellent heat

st abi | i2 or dedsaargk tisp avoilér gatiaiof toe hadexyeathoryliv ahid db sheraforemerfticmed
catalyst nmetal, cone to the follow ng finding and conpleted this invention

addi ng tRaRRmh b&ide 1Keaes 012390 Rindedaldning th¥ dkieaded ndixhue! idehe 8xarmply hed

product of a hydrous 4 group netal oxide represented by the general formula

than- o cReayet B ke B Gafinife OGGOE FE§ s o ShavB A bnoRlt e
i de .whi h | fi : 80Q. :
por o v ORORAIEP=GR80F Lot 8 rabla hydrosBiHbBRfe FrE D a1 0F0 BBt R o .

shows excel | ent heat stability and contains a highly dispersed catal yst
net al snecifiegudacearea ah00 mf/Bon of a pH swing operation can produce a
porous 4 group netal oxide which has a controlled and sharp pore

di stri but Aomethrdl ipsoposed ih JB0S05%832 yA tfoprpreparng| sy phospheruscontaimngel | ent
reaction selectivity. 13 Further, the inventors of this invention have

found thahiaddhade Qﬁfalygmaﬂ{ert WnfHEGS hlrdPAifg 04 tH@PREMNES!t tdakivel gl d

pand

ions contalining an el enent selected fromsilicon (S~, phosphorus (~),

a2 P plst Bttt e, SEUAYR Ged BABRAC B iiomtbiis BN (1)
?eg¥gQOﬁol,.a h¥ﬂéo E|B%%ﬁgdg%-ﬁp ?k%ﬂg%ﬁ'Of a.h§9roHs éaﬁﬁﬁfge”Et dgxhde

group netal and x is a nunber greater than 0.1 or x > 0.1) foll owed by
drying and cal cining gives porous titani um oxide which has a |arge specific
surface area of 80 nR/g or nore even ghen calcined at 500 C for 3 hours,
exhi bits excellent heat stability, haS controlled pore size and shows a
purity as high as 97 wt% or nore and conpleted this invention. That is, an
i on exchange takes place between the thermally readily detachabl e hydroxyl
ions of hydrous titanium oxide particles whose pore dianeter is precisely
controlled and thermally difficultly detachabl e polyval ent ions of the

Y . e Y




shape conformng to the nol ecul ar weight distribution of the reactants, has
a larger specific surface area than porous titanium oxide which is
controlled to have a uniformparticle dianmeter and exhi bits high nechani cal
strength and conpleted this invention. Still further, the inventors of this
invention have found that the aforenentioned porous 4 group netal_ oxide, in
parti cpreedurptogiet 4 thanium oxidéecatalyeh camsyagontiaing ki davilg of whosphergisor
nore of compounds that yield ions containing el enments possessing catal ytic
acti vi tymbated ¥ opidet h ist¥exAahplee haianiimooKde datadystroatter bbeangbpds t hat
yield ions containing elenments constituting the principal catalyst

conpon et o:@rr%? i M f2/inhibiter to a
hydrosgﬁ%rgﬂ%@gg‘e#%gp a r?@%‘g‘ﬁ?g‘%@ﬁ‘ﬁg&r@ %8%% t1tani um oxi de
represented by the geneyal C2-~ 2X (wherei n.M denot gs 4
group netfaMeHgd,prapose %ﬁ@m%’?‘% ﬁgnp’éﬁ%g}‘@lg é cg%%l?'if) fory F%ngvc?ﬁp%?i tion
formula TiO c2-~ (OH)2X yH20 (wherein 0.1 S x [ 2.0 and 83 s.y ¢ 4Q) or

t he comiwegen mxideorcompaise® wixing (@pr-oxide Ho hyikated; exwlen of titariumoagdd 0. 3
Sy s 40) followed by drying and calcining, is useful as a hydrotreating
cat al y phofsHorhy oo tledtbphosphosus pesdumtsrifoy elk6ewt¥ntf yitauitnordxyde m the
desu)furization but also in denitrogenation and achi eving reducti on of

sul fur ygigg Al B9k %rﬁﬁﬁ R @0@@9@%&1@ ing Wirla@akh thaHe icalcied
excessive cohééulrrptl ﬁ%(; ﬂ?ogen and conpl e?%?%ﬁ%lgi S invention.

Accordin n_object ;of..this inv I I . V] . N0 up
net al &%@mﬁ%ﬂ%ﬁ%\%@&%ﬁ%ﬁ)ﬁ“‘%&a’{eﬁg{%@ﬁ ?t}&whas a Oglr%g%?pg%i e
surface areg and ;:v%?)a'n a_high qi s{l)e s'h n .of a .gatal yst neéq?ﬁ aqr}gﬂft@o
provi dEOBLAHENE S Mro BfEE%ﬁPé’P%r‘i A %{ﬁ ULHHYH Ex b‘}%@{vts HPPEHISS ntion
is to provide a porous 4 group netal oxide which has a precisely controlled
por e siaren eft2famsHa befopoapplitationicfuanatium addi tion to excel | ent heat
stability, a large specific surface area and a high dispersion of a

catal yst ARhoughet the aifdrdrbentictied! tachréqaat alvoblingr additinal of sta camoonany of
excellent reaction selectivity and to provide a nethod for preparation

t her eof | Hﬁﬁ!ﬁ ;1'11&\/ ﬁ&ésm{a)' ri$ th GitRhfith d8kifké $AnPElH 86

por ous c?l gir}%gmggé}ll glg ﬁi‘%aéﬁjl as § arge pecific surface area, ShO%)VS
excel l ent heat stabil.jt nd _has pores.preckse i i nd

i st ri oPvecpe st g B o UERRRG G b e Bipelle BErhualiafie
Preci se contrql of pore size also ans yni f rn)C nd, precige control .of the
di et dRTERTSUIHACRATg Benqeliera A Righdembaratire hept Sreatient thenreehniale i on i s
to provide porous titanium oxide which is controlled to have an arbitrary
pore diguestien is mat capalde eof diostrolling thenppre size sk pevensistAbwon 6f Prrous

nol ecul ar wei ght distribution of the reactants, has afol arger speci f'idf

sur f acditanen toxie slearplis ahd ttheisoarcityi ofpdré aizes optinmlrfot thel reactivavia the

uni form pore di aneter and shows hi gh nmechanical strength. A further object

of thi %awyﬁm%s%aaé itt (ﬁﬂiléflﬁ\’do%teﬁn@ﬁﬂidéﬂtwfo@ﬂlaﬁ@é M Yédpebtato JucH tagarsoon

oils which” perforns excellently in desulfurization and denitrogenation and

require . | . A further object of this

i nvent i%ﬁ%@%@%&@%@@#@t@@@ﬁggat al yst for hydrocarbon oils which
perforns gxcell entl ot onky in desulfiarjzation but also in .

deni troge d@ilﬁ}?oﬁ?&%ctg‘ﬁ% %%ﬁé"ﬂﬁ‘?l ?‘%Gﬂ#&fﬁs P@ﬁ‘gd?iaoﬁa%?tys?ﬁ fhpmmigaly

ni trogen conpgonents on_a commercial scale while avojdi ng excessive
consunpeagionsthaveqas galy pdaxgecspeeilie surfaee g sl be%tgstaﬁ@tx guba’éo iBde a
met hod for preparation thereof. A further object of this inventionis to
provi depracisalgr @mtailed sporg stetictuge vini oéspeetk és pove size aridy grore istribagon.
catal yst for hydrocarbon oils possessing excellent activity for both

desul f Ltg(%geg%f Nt %‘ﬁnﬁﬁﬂ%ﬁf PRANAJQRURANG KN HRE 1D adcHPhicAloR N6 Thffite

anount ogen a cconplishes a high degree of renoval of both sul fur
and 16 Rty ogen conpanents frem r I I i

i nvent irS?idJ:lye{Oaﬁ?sa °& Sa&%ﬁﬁ{aﬁ%ﬁt% g%@%gée%% gc}dr%% %g&%(?ﬁ?lg%béxep%dﬁt@cl e
grow h inhibjter to a hydrosq a hydrogel or a dried pr.oduct of. a Rhydrous
4 gr ouRcHNe SiteppeR P "é?é‘rﬂtjéiheﬂ"?a -gﬁﬁ@b@mwm%a%peﬁaﬁ@m%

(wherein Mdenotes a 4 group netal and x is a nunber greater than 0.1 or x
> 0.1), followed by drying and cal cining and the product occurs as a porous
4 group netal oxide having a specific,furface area of 80 nR/g or nore, a
pore volunme of 0.2 m/g or nore and a ‘pore sharpness degree of 50% or nore.
O the aforenentioned hydrous 4 group netal oxides represented by the
general formula MO c2-~ (O ~2X , a preferred case is where the 4 group
metal Mis titanium ('l ~ and the hydrous 4 group netal oxide in question is
hydrous titanium oxide and, still nore, the hydrous titaniumoxide is

o M. - o " Y I . et e ~a N\ B Vs I




conposi.tion formula TiO ~~-~ (A -~~ yH20 (wherein 0.1 Sx [ 2.0 and 0.3 y ¢
40) or by the conposition fornmula TiO c2-~ (O ~~ yH20 (wherein 0.2 s X
QL.0 and 0.3 <y < 40). Further, this invention relates to a hydrotreating
catal yst for hydrocarbon oils conprising a porous 4 group netal oxide

obtai ned by the use of a conpound that yields ions containing an el enent
havi ng pere aizeliy contralted to suit the targel vrackantsnfhatsissbopeayy it ds ampedant that
inhibiter. Particularly preferable here is a hydrotreating catal yst for
hydr oc aaRdste loffer ho rdibtahcd Betife diffPnBitthe rdAdtantsi 4ral) int @dditioh, thely dde
further, this invention relates to a nethod for hydroprocessi ng hydrocarbon

oils i C [ I j hydr - O i t 1

af or evn@r?tgﬁgn@g%ﬂysgﬁ% ?’é’%‘%ﬁgﬁg&c}}ﬁ’% gé?élﬁ%éﬂ}vﬁeéo%} Ielé;tgg%% &ﬁ%\rl\lgggenbgﬁeger t he
hydr otreatj ng condi,tjqns. .of, a reactipn tenperature of 280:400 C, .a reaction
p)r/essur a%e T’@Sﬁéﬁét X dﬁ?@@t%lygto‘.sl’atﬁ?ﬂnﬁ Eﬁatlﬁ%“nuﬂo%s ﬁ?é?‘guﬁgﬁp ithe gim, o:‘

50-500 NU for removal of sulfur and nitrogen conponents fromthe

hydr ocaf sbe reattion. Dégreextimpley tloe effetiveopereotligmeter ©f a cafiadyst rwagiesi emcan
typically be described in the followi ng manner. Firstly, this invention

rel at esea@ion foreadtiod agddt s 6¥0aimofsi thedvddestlfiszativraoiess iy Sathlinngy far
particle growh inhibiter to a hydrosol, a hydrogel or a dried product of a
hydr ou HH:”%F 1 r-ep AL Al SR - W
(a ~2Xq](y$r§§¥éeél n %@%%@ﬁggﬁg%%ﬁbﬂ%n ?(&I%S a rillu er %(?‘elgl?@rl ?%han
0.1 or x %]31 fol|l owi ng by drying and cal cining, has a specific surface
area of®B HOYre, a pore volunme of 0.2 m/g or nore and a pore

shar pness_degree qf 50% or re, shows excel|lent_ heat stabi]ity, has a high
di sper si oRraR tﬁe remestioned RPNk ol view, ptarapts ich asHh @ﬂ@WJ&g haved st
carrier. Further, this invention relates to a porous 4 group netal 18

oxi de whaddtd srepbreaporeus tiparippt dxide haning a eongrplieg paye shrichire dn respest @ | ar ge
specific surface area, shows excellent heat stability, has a high

di sper sjoeddizimétet; plobeé distriiiod ahthedlikntrol | ed and sharp pore distribution
and is useful as a catalyst or a catalyst carrier of excellent reaction

sel ect i vi AYylod QuipSRANGE JERI0 B PRL/BU R NofdBRS! porRREO Ik Yarib | Srides

invention relates to porous titani’um oxi ai ned” by addi ng one
ki nd or_two. ki nds or re o 0 unds that viel d,jons,co L NI Rgelhenent s
sel ot GARPiSHE et B DERERRE Ay e ebl R Fes o WU ey
barium (Ba nganese ~, alum num~ and zirconiumfir) in a very small

orount BH O%tﬂ@gﬁy i§rHMng hetwesn dhe T}Y@f%@[ﬁ%?@wg, ragieR Fd e oLy | ed

product of hydrous titanium oxide represented by the general fornula TiO
c2- ~ ( Qupeipitahiog sionge (P swingrtsweraiandt therelacansing growth of aystals |amgi ng by
drying and calcining, is characterized by a |arge surface area, excellent
heat stoahuselyt yogdmderitig thiel ladrewl andissstep én wisclptle/edrieyadghomagte ofieci fi c
surface area of 80 n2/g or nore, a pore volume of 0.2 m/g or nore and a

pore shaipaetss depHeandicalkBidiol SRES eN&Al Whide. This hiiHod cak QRirély  FEld3

hours, shows a purity of 97 wt% or nore and is useful as a catalyst or a
cataly i to i 1 . (g '

" mvent MAERh ol i BBy, RSl B B AR LA SR it Skt By
synt hesi zi ng .hydrous titani umgxide which is contralled to haye a sharp
oore i PO AORR 4o IEPRIfCR SRR fRids, Grelar Each ShewR o HeraRapor es

in a specified range to nmake the pore distribution asynmetric followed by
dryi ng spadfic suefaee reyea ey laspof acavifynast aiesels «ff hest histoxy i inveliae: heafe of
1.5~ NS 4 as defined by the equation N=~A - /(B - A (wherein Ais
t he | ogaupliedintoccal@haidorofin tthe caealiystnpréparetien and reactime Heagavolvediin thal ue of
the pore dianeter of the 2% pore volune and Cis the logarithm c val ue of
the porgadh gdmof the 98% pore volune), is controlled to 19  have an
arbitrary pore dianmeter and a pore distribution in a shape conformng to

t he nol ecyl i.ght diist richutd f r jfic
sur face. e tbos b Pl A B0 A Bl Tk PRRhE BoRoa anfhuh R coDBEH

uni form_part.icle dianeter and shaows. gpod hani cal strength,and to .a

met hod o?‘i gpammgngum%mu%obﬂraﬁizahﬁ%t@@%m » 1 1Y SFXARRPIS, pH
swi ng operation during the synthesis of hydrous titanium oxide and the pH
swi ng operation is perforned in the non-di ssol ving pH range of hydrous
titani um oxi de between the range on t | ow pH side (1< pH s ~ and the pH
range near the isoelectric point of hydrous titaniumoxide (5.1 s pH 7.1)
or between the pH range near the isoelectric point of hydrous titanium
oxide (5.1 S pHs 7.1) and the range on the high pH side (8 S pH S 12)
according to one node of practice or the pH swing operation is perforned in
t he non-di ssol ving pH range of hydrous titani um oxi de between the range on

S "




conpounds sel ected from conpounds yielding ions containing el enments
possessing catalytic activity for hydrotreating, preferably two finds or
nore of conmpounds constituting the principal catalyst conponent and
pronoter conponent, as a particle gromh inhibiter to a hydrosol, a
hydrogel or a dried product of hydrous titanium oxide 20 represent ed by
t he gebhitaniun tetnadhdoride, t@ forn( hyflted titanium exidpeadding atpolyhasigcagbayde x ~
0.1), the conposition fornmula ~O c2-~ (OH)2X yH20 (wherein 0.1 s x < 2.0

and 0. 3cid to thed¥drated itntarpeddeé ite forhw areteantd] shiftthe-tHePH A omydidic (toher ei n
0.2 s x < 1.06222 0.3 ~y S 40) thereby exchangi ng the hydroxyl groups of

t he hy LUanhim:oxi i i : : 2 JePN8 y
dryingggﬁ cg é?ﬁ?%%hgﬁ g@h%Qg%§§¥#ﬁ2ﬁgﬁ%Pg£§§§?ggﬁﬁoﬁgg,%@;g orHn re, a
pore volune qf. 0.2 mJ/g.or.nore.and a pore sharpness degree, of ,50%,0r nore,
D hows ' 2a¢ dpnifingsiutue Hi@num id gomeRited SEAGE BHVRERE b ABd THehc < as
a hydrotreating catalyst for hydrocarbon oils with mninmal consunption of
hydr ogealckniag t thea defodeutptedr pradugthirtet gbie PeroUsotitamiwm hedder dherails a
invention relates to a nethod for hydroprocessing hydrocarbon oils by the
use of deseiptiosr@Enekanplk that poyais titdaien dxid cutairtedtyn24rhoax caleination
represented by the general fornmula 210 ~-~ (O ~~ or the conposition formula

Z10 c23¢ 300 €2 Showd'a QoA Hobe valumeIsE0 BAS i@ BRIT! derifielsubfhéd sied! aFl11pat er

chenical I'y bonded to hydrous titaniumoxide witten as Ti0 c2-~ (OH)2X and
i FRFSH gl b SR R OO A (R el g o5
1t ani GBS THARAPTRRTRCCA SR ES &A% FrAGP EHER 208 & 14R8d. at

500 C for 3 hours. On the other hand, the anount of flee water witten as
yH20 i braset poes distribhigor thay ecommensiiallyt availabie fitanthm exkidey ddowevarj thisi um
oxide and dried titaniumoxide. In a hydrosol, a hydrogel or a dried

pr oductmethod yadlintited4tlgy calpinimys aémesratare ¢praebmmtlevdl f 3008C dganerdat thor nul a
MO c2-~ (OH)2X (wherein Mdenotes a 4 group netal and x is a nunber greater
than 0udaiffai & High bpbdifid biuFadd¥RAt AN, besies, fhelindiRPosed Bkt ih1a hiouar

limt of the OH groups possessed by a hydrosol, a hydrogel or a 21 dried

or 04 e S IIONS oAU TR itk Qi xcood O 1. BUL preferably 0.1 ¢
RS AR RN T E o R

a result _of heat history and replacenent of the substitutable OH groups

wi th otwedlrcontwedledofine efructpee i eppsists cof hreparingals |titapivmunetab copanasitec
surface area. In consequence, it is also possible to use a hydrous 4 group
met al  osmngeundibyhadding te paschatidyy of aditariumo ddkayideirn bl watesarseiblet orgaie
present such as hydrolysis, neutralization and sol-gel nethod. A preferred

hydr ougolret M@ IIHRE & tvodkithds lof nhdi@ dPRElts forMuddy hé@rAliAtpHivf aBkédk Mids

titanium (Ti) and is represented preferably by the general fornmula Ti0O c2-~
(OH) ZX rel i : tﬁiﬂ{ 0] . : t sition
formul a ﬁ%gc‘géﬂi %%%%B&?\M&gﬁg n 0. x°1fa g(‘*@é’#&?@‘%%’%éﬁ%@gor t he
conposition foynmulg.~O c2-~ ~ H20 (whereisn 0.2 s.X 1.0 and,0.3 5y
SO00)  RRiEh Ak ouS AT oF 59 FReot oS AL NS R catithsiatdisoaRd dhenoss.

it becones difficult to obtain a | arge spec'%&c surface area, pecause of the
gr owt hr@momw%\@gnetalmmh@@m@osm@xm@nﬂn 28 afiq teatment, NeresisEYsi on
of the catal yst conponents uniformy in high concentration because of the
decr eas® the preserivg df ax hydaplysisp snlubitom d hene fis aedestription dnsart examplenthati de

i on- exchangeabl e with the catal yst conmponents. Conversely when x is 2.0 or

mor e,  Hifol vitdithin ekidayshtaiied! it 2HBURXédddndBor ot 600°D v aNgeeificl

i npossible to obtain a hydrosol or a hydrogel of hydrous titaniumoxide in

on- ox SRGLABEW 7B BLERHER oBad obe QMR Riprtln (REE of 105400

viempobgt of supporting the catal yst conponents on a catalyst carrier, the
crystal*particles of hydrous titanium oxide are small and anor phous when
exam ned by X-ray and the 22 catal yst obtained after drying and cal cining
has an i nadequate pore structure or an inferior quality as a hydrotreating
catalyst in other cases. Wien y is legs than 0.3 in the aforenentioned
formul as, hydrous titaniumoxide is ifi the nearly dry condition and it is
difficult to obtain a uniformand high dispersion of the catal yst
conponent s under such condition noreover, when a solution containing the
catal yst conponents is added to hydrous titanium oxide particles and
stirred, the dispersion of the catal yst conmponents progresses with

o o o - - o e o




tiitanium (Ti) conmpounds are titaniumtetrachl oride, titaniumsulfate,
titanyl sulfate, titaniumtrichloride, titanium nethoxide, titanium

et hoxi de, titanium propoxide, titaniumisopropoxide, titanium

tetrai sopropoxide, titaniumtetrabutoxide, orthotitanic acid, netatitanic
acid, titaniumtetrabrom de, titaniumtetrafluoride, tltanlunttrrfluorrde
pot assi unMdreewest i tho¢hsarmitiere poreusatitanism widei sansedeas 14 kalalyss, 1t 18
particularly preferable in the case of zirconium (2r) conpounds are

zi r coninsdeéaiy fahtitamiwe, oxide tohawsthighyeltigr fod dull mamfestatiorsof tatatalytic
zirconiumnitrate, zirconium acetate, zirconium acetyl acetate, zirconium
propoxhﬁ% &flszi rconium t-butoxide. Particularly preferable in the case of
haf ni u Bnpounds are hafnium chl ori de, hafniuntsulfate and haf ni um

or s o msaEBedD AR AGLIGR, OO0 AERRA SR SRR 0%

t he synt is of the aforenentione hydrous 4 group net.al des..incl ude

t he sali%%?éf 3361@9(78&%%@%%”@'@ abiis aeompesite compesmdiat e?aF es, 287 i des,
brom des, iodides, nitrates, sulfates, carbonates, acetates, phos hat es,
bor at e§10&xd[‘ﬂ)eshoxhgdnohbmsmglyagreﬁta‘aa¢1d streingthc as ébe anutend ¢dtAdsOart al so
i ncl ude those conpounds (salts) which are added as a particle growh

i nhi bi tg0OJ4 RmP&s@é( m‘lﬂtﬁﬁd ab Qle@éﬁlfeﬂdlr@JP@S 69%2294, S poris acl itek KRvelep as

Concrete exarrp es of titaniumsalts suitable for use as a pH adjusting

agent t

tetracht ﬁ@f t9§§tp31n%9£% iy Bty phag A r?%eﬁr%tthﬁ%t&rc%crdo?tee
titani um tra titani umtetrafl uor ndtlt i tluorj

Exanpl &% n%ﬁﬂ:’%‘@ ’% o ‘tfdx%ﬁ a&%?hgiga%é vatio Ba (ﬁ'f\tlﬂ e
inhibiter are ferrous sulfate, ferric sulfate, ferrous chI or| de, ferric

chi or i deydrodesulfugization of petrelevmn izagtions and, apoeding tathe afuslies-nopriacted It at e,

ni ckel chloride, cobalt nitrate, cobalt sulfate, cobalt chloride, nanganese
ni trat ethermvaﬁomd‘ thig iheéretion? the ptmtygoﬁtﬁammhlomdectm thetdmd&t(’iﬁ‘l@lz) baieis
yttriumsul fate and yttriumchloride. Exanples of the acids are nitric acid

( HNGs) , 971%%0& Ofnbfe, aﬁtéferabgr 985 Wth4 Zér @, Oin( %m“tocﬁfa@t@ﬁ&hﬁ achith
(~32CCs), formc and and acetic acid ( COC]—I) Exanpl es of the

al kalis ( éké%‘c&;‘{-g

(~a ~, C'150 um car or?ﬁt Rﬁé% ?”Qp ééﬁass (tn car ona}fle (%2 , SO |um

hydr ogencat bonat e ~T ot aSSI hydr ogencar bonate ~I1 COs). These pH
adj usthﬁtﬁné‘g@rﬁ‘é‘ferﬁiffgeﬂu%’ SJP cg)? €a mixture of two ki nds or nore.

The aqueous solvents to be used |n the synt hesi s of hydroys roup netal
oxi des i s Bydheveas; swémw%@dmwn@ewgﬁeg aercglgt%l e
organi ¢ sol vents such as nethanol, ethanol, propanol, tetrahydrofuran,

acet oneoiknderitiedxiore. priyoléemusrenbal Aréryavested| to dnistes| anst nitrepencekigesoduct
of the aforenentioned hydrous 4 group netal oxides can be synthesized by

t he reaghbenthef h§drcafbdnh @il f e ebaitiddo ag dfuchWIey edaugé Saift PillutionTedlain
conmpounds with a pH adjusting agent in an aqueous solvent. For exanpl e,

el oot Pyt ﬁé@!‘ﬁ‘@%%h@eﬁ%ﬁ% S5 e B It e artﬁ&*‘”d
kel | e el iR BB el iR 53 Lon o

a raw rraterlal |tan| umco und t he concgﬂég}@l nof tit ntumln
aqueousteastt hersorg) sylfar components BY §>ro trangppriglogn q5e
preferably 0 5 6 W % corrputed as titani um oxide (TiO02 the reaction

t enper apaisansr fan ghesef casalystsowhichnreataexhaast @aseodissh drauh | gaselingmansom
tenperature to 180 ~C, nore preferably fromroomtenperature to 100C, the
react i ofiegldeiehSehititges from normal pressure (0 MPa) to 9.0 Mra,
preferably fromO to 3.0 25 MPa, rmre preferably fromO to 0.9 MPa, and

1 adapt oIS ed%%%ﬁé’éﬁgt&%ﬁr%? PR Pee PERER 5 ‘%‘i’%m e

cont r ol FEBIPBFES SR RifRFEh PHRpoe MR NP, ﬁ%ﬁn%iﬁerga:r@?m et on

and the like, a pH SW ng operation is perforned between the ranges of
different pH plural tinmes in

..4
i
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an aqueous solvent by the use of a 4 group netal conpound as a raw nateri al
and a pH adjusting agent in the synthesis of a hydrosol, a hydrogel or a
dried product of the aforenentioned hydrous 4 group netal oxide. In
particul ar, the aforenentioned pH swing operation is performed preferably
between the precipitating pH range and the dissolving pH range of tre

hydr oubydrogreatimgneatalystsxaseuli for diydeaproesssipgahavepbeasn propoged Jpr Arampleyxi de
in which the pores are precisely controlled in size and distributed sharply

For exang eatalyats bmsky of hesthls poksassigtiatalptic activity fulrloglrbtrehtig ductuas

titaniumoxide, the pHis swng alternately between the precipitating pH

. . ¢ . : . o th
Loge, Bilakdah 398, Hhakol W aaR CVAAHEIEL O T g SRty 1o
?]:ngla)e]gtsr cherrall’tcal qéqaLil I |.br’: g] i n_ A%Heous ,Sool. ﬁt bﬁa@}pggégarr?s@%% SS.. !%gln\ciliozg

such factors as pore di aneter and Eore di stribution of ':(ﬂJe hﬁdrous titani um
oxi de pardisdosed bR 6L, 280 155 19¢ AodPPdblad4i Ac HRO0ATIR3 4 re
precisely by regulating the pHin the precipitating range, the pHin the

di ssol JP2g00-98864a) JP2B60117REL ApJP200MHR5,45DA aedalRR001-6253048ak of pore

di aneter appears at 8.2 nmin the pore distribution when the pH sw ng

operatio @é&\xﬁg% fa;) of YRRt MRSy BibrhuA %@&bﬂt@%@@&@ﬁa&t&m&ear S

at 16.1 rim e PH swing Operation is perforned ur tinmes 26

et e Bl AR Tt D ey AR, S o FRESE RO iy o e
A G U T RCTART RO E TR R R

aforenenti oned pH swi ng operation as follows: O the operation is perforned
i n t he twagsjen odnd micked nsuppostetly on ga pratalyaly sawierm sl moaisly iusedi wkebkithe (1<
pH S 12) in the electrochem cal potential diagramof titani um oxide between
t he radgeulfurizdtion! and pdditictelylthe péineval) ofanitrégen flenitaogpmation)} arddhe

i soel ectric point of hydrous titaniumoxide (5.1 s pH~ 7.1) or between the
PH ranggicneads g IgRebeGlitkel ReieNts (daid o Bb dud-th) itanBighh @apabiliey f t he
high pHside (8 SpHs 12) ~ 20 the operation is performed in the

non- di $sqgl vi ng..pH_r.an < 12) between the range on the | ow pH side
(1 < pi}ygmgegﬁgﬁgﬁﬁgﬁ&é&%?%t he pH range near the isoelectric point
(5.1 SpH S 7.1) or between the range on. the.hi H.side (8 s pH s, 12) and
t he rangle_'&vléﬁélgﬁ%%elf Rarty W&‘Ff@@nrf@&}p‘)?’ﬁﬁtsi gbgy@wgﬁ@%p@ﬁgn?cc .fSS'BBWaFC?. 1)
while allowing a sufficient aging time for gromh of particles. Thjs,

proced uompbsnga‘u andiwben dhe remopalad dhe nitsegestcopbaining aromaticearBRewRrdsHose
pore asymretric coofficient N defined by N= (A- O/~ - A (wherein Ais

t he | ogffedtedychyirbpcedsing) ehethydeogedation of the Brorpatiteings gakés place andl ue of
the pore dianmeter of the 2% pore volune and Cis the logarithm c val ue of

t he porBe ¢uptibaf ON bbadP 8RS Thus| thEedertifobendtivr Feaction garogfesdesSiaNG4.
In this invention, a particle growh inhibitor is added to a hydrosol, a

hydr ogel. ar rd u ; t eef&Fg Biifesdfzed in
t he af %lrheme?lﬁ?rgndg?%@ﬁggrﬁan e m@%?heﬁi %rag%egﬁaﬁgl calcin {Hgﬁgi ve a
por ous oxi de. Addi,ti.on of. rowt h inhi

e LU S O 6 A L0 04 A S S5 itld LRI % °

results, there rises a problem of an increased consumption of hydrogen when

hydrocarbon oils are hydrorefined in the presence of a hydrotreating catalyst
containing nickel.
The 4th Report of the Central Environmental Council of the Ministry of the

Environment, Japan, entitled "What the countermeasures should be for reduction of
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of hydrous titanium oxide represented by the general fornula TiO cz-~
(OH~X (wherein x is a nunber greater than 0.1 or x ) 0.1) followed by
drying and cal cining gives porous titani um oxide which has a |arge specific
surface area and shows excellent heat stability as proved by having a
specific surface area of 80 nR/g or nore, a pore volune of 0.2 m/g or nore
and a potenchikr adesst dagesar the fBaKe bpresented an d¥owsnarerc 200 statesdhahit is
tenperature as high a.s 500 ~ for 3 hours, has a controlled pore dianeter,
exhi bi ta?pﬁ)ﬂﬁag@ touedtve tHe SUlfut BorRpordite dnsidgil o Gldll oif for dewhteabitsls or a
catalyst carrier particle growh inhibiters suitable for the preparation of

t he af j 0 i L i w8l €. Jd10ns
cont ai iRy BARER ROUE0D g o BURFRS By hE SEATRRNE 004 AR Sl iR,

, calcium barium (Ba),. nganese (z, al um nu ~ d zi rconi um
Eg/? g aﬁé@@%g&%nﬁ%ﬂ@n@% s @%@%nglw(g?‘e Z:E%{Hem&]t &?re%g? PSR Nds or
more. |nportantly any conpound which is added as a particle growh
i nhi bi tempooentshy dydoecazbayr algsuchtas gasoildtheypot oinksudleteriprate the dnality of
titaniumoxide, is required to be effective for maintaining the specific

SUFfacﬁnﬁhﬁﬁoﬂﬁphwﬂﬂaﬁénbhiQEbpﬁh@ﬁb@ﬂmﬁhaﬁnﬁﬁﬂhwh@ﬁ@hﬁngQk&&ﬁﬂ&dhﬁhgere
with the control of pore distribution of titaniumoxide, not to becone a

cataly IreQRsi i0i J %4%9% i K i ik oxi de and to
be inezlgﬁg%ve ??%ﬁ??ﬂgkgggﬁggﬁggraB i nt O(ﬂ@?%ﬁ?ﬂ%ﬁ% %g?ﬁgﬂ% mechani sm by
whi ch t heconpounds,t hat vi.el d, iops contaidi 3 fQr t] . ment s
act as a HAVEE! ohSuRRieestig Py chiagirnal i APSeBeRbaREl (ARG G
dried g{gguct of hydrous titaniumoxide is as, foll . Fine _particles of
hydr ouswereteeating ofatalystec dMr geege cBWet rfulhqent nperformanss, dn
solution and the isoelectric point in the case of anatase crystals is near
pH 6. 1 desulfiarizadiont | amd wader#rggenatios hamd oft thesomss el necessary pdo ntopndit

hydr oxyl groups on the surface of the hydrous 28 titani um oxi de particles
are chajydeshro@sbing\ighderapgeran icomditions i erde o réduicer thediulfur @chpofets ihhe
surface of the hydrous titanium oxide particles. On the other hand, in a

sol uti spﬁgﬁgoﬁg réffe%g%ma&xﬁﬂs,!ig%ﬁﬂ&b@gk@éssmy% fRUEEOME thgb@stigyton the

surface o ous titanium'oxide particles are charged negatively and
canons i he, sol uti o ily adhere,to SHI f Y. S

titani &?n%?‘d@ ?&g&#%ﬁ?éﬁa(?ﬁ %n%'%fgeo S Hg ﬁa%gﬁstthﬁgégﬁe&gﬂﬁa@ﬁ%&o‘%ﬁgt%ns in
the sol ution disperse a high degree on the surf.ace of .hydrous tit.ani um
oxi de ek @ iciigal quae% thep G FEDae oh et i Ys5RETYE il an, BCpeaghdnt j r i y
to the hydroxyl groups on the surface even when their anmounts are snall

rel at i the amaumtof ofitadrsé wopdt vgquirg adgisonddnstalation of sey, tweheeactoys Qg
titanium oxide is calcined, the portions which have been ion-exchanged with
ani ons vasuld deireoesssdoy twraisotho idaetion yahpératatet by 801C-oPniore aind it wosld
titani um oxi de because of the presence of firmy bonded ani ons or canons

and thipg cﬂﬁ%%t@%géa%%ﬁm’éﬂbe%ﬁh&% SVAD. THARE §RYESures RvRl BrelbBXrlcu houps

whi ch are near t portions bonded to anions or canons are subject to the

i nflue 0 i B e [.O i LEfdcul ty
o t ho sy PEEIBOe BHRRRE MirePRiacitds SURATE Ol sRS K b rhenis
particles. From a point of view such as this, p | ent ani opns or cations
whi ch @;}pY‘gQErCFﬁ%%@% e samg ag m Q‘u’ﬁ E?ﬁeo‘% %ﬁﬁgmmnégpsa% Aabl e
of bonding to nmpre_hydroxyl groups than nonoval ent anions qr.  canons and
they arastemip to effécs bydveprpeassingitorremova gitipgen eameponents 8t & higlhwate weuldy dr ous
titaniumoxide in the steps for drying and calcining. Now, it is the

af or emeatioe excessing cormsisnptfiors of hydrogérband thisoepild mesessithte matpilasionrof aMy) |
cal cium (Ca), bariumVia), nanganese ~, alum num ~ and zirconium (Zr) that

yield ARy : [ row h
/o b e app ygﬁ%g(g‘t?i tani umH%txuiEgeﬁ.qr%gﬁpgléoqﬁg?ée&?g@%@ngf‘%s?@g{f‘ ek 1

af or emgnt ioned..ggnpounds useful as a particle growh inhibiter of hydrous
titan?ﬁﬁ?%%@ﬁaﬂ ﬁ%'the foll owi ng. The conpounds of silicon (Si) are silicon

tetrachloride, siljicon djaoxide, silicic acid, silicate salts,, siljci

anhydr i def\s %6 ve; 1tile 20k pasrable; toirrgpare; %ﬁgslﬂg%zaé@ﬁ*p@z#a%t o bigh
phosphorus (~') are phosphoric acid, phosphorous acid, netaphosphoric acid,
pyr ophosphori c and, phosphorus oxide, amoni um phosphates, cal cium
phosphat es, magnesi um phosphat es, bartgnlphosphates, pot assi um phosphat es
and sodi um phosphat es. The conpounds magnesi um ~Vl g) are nagnesi um
nitrate, nmagnesium sul fate, magnesi um carbonate, magnesi um borat e,
magnesi um acet at e, magnesi um oxi de, magnesi um hydr oxi de, nagnesi um
fluoride, nmagnesium chloride, nagnesium brom de, magnesi um i odi de,
magnesi um car bi de, organi c acids contai ning nagnesi um nmagnesi um nmagnesi um

I o oy Y b1




31 or. Mn2+ . A conpoud of alumnumis relatively stable as a hydroxide
A120s xH20~ noreover, as it can assune the formof either an anion or a
ration, it is considered to be present as AlIGs3- in the case of an anion or
as Al3+ in the case of a canon. Wen a conpound yielding ions of an el enent
selected fromsilicon (Si), phosphorus (~), nmagnesium (My), calcium (Ca),
bar i umacBuity amdrigpmissior thwifellgwing| neasaninm -a eatvgi gtr qonsistingddd as a
particle growth inhibiter to hydrous titaniumoxide, its concentration is

not reghé igieébdl tasdlysts @gapinanht Waplybdeewer andithe erofetar epapaidrbreobhltpor ous
titani um oxi de characterized by a large specific surface area, excellent

heat s ili reclsel y, - EnSihie aﬁ{?ﬁ%} } hbdt i on
and a tﬁ?lghé;%ﬁl%/%,&g*%fgagﬁy%béw&a((B)Fr)élnore,é’ F}ééaal me Ba#?ﬁlslygiighﬁggfgssary
to add the conpou i uest,i on,. ;C uted as its oxide, at a ra in the
Fange. oAl TR arleser e Bridd BARS kS 85 AttdmBt b fiaftiss i etin
titani um oxide. Wien the particle growth inhibiter thus added to hydrous
tit ani @myofartheri wouldseaush fgetomeration oftmelybdemam omihe eatalystecagnerands o

i ncreasing the specific surface area of titanium oxide sufficiently

Conver shkisy wolbkh préveens deiolybdenanc ées 1thdstrgéing oigh sdispémitn and xeffketivélyhi gh
purity cannot be obtained and, besides, titanium oxide itself does not

increa%ﬁ%ég&asﬁggd thftRUpEABANSH&R alnd W@P&H&ﬁ&ﬂyep%d&@t such@dvetdaod for

addi ng t enent’i oned particle growh inhibitef to a hydrous 4 group

net al i de, f : g j [ ' [ - a
par 1 cloeP o oo BPYES a5ty bR bR 418 pird Wl BRI RS,
4 g_rou%ma . co nd,. a pH adjusting agent, an aqueous solvent, etc.)
during ﬁéi’-‘g’ité’pa -a hydrosol or a hydrogel of hydrous titanium

oxide it may be added to the reaction solvent during synthesis where a pH
SW ng operation is perforned, it may be added to the raw materials 4 group
met al ¢onmpound and pH adj usting agent to be used in 32 the pH swi ng

oper at iﬁ%&i@ﬁb’@ﬁ%ﬂd in the step after synthesis and before
dehydration. In the case where hydrous titanium oxide is prepared by
neutralizing the raw material titaniumchloride with anmonia, inpurities
such as chlorine and ammonia remain in_the_hydrosol or hydrogel of such
hydr ous t Theinvembegiofthig iavantiondavergnducted exeagive studies eRboEmsHSREPhi ng
wi th water washing water containing a given particle growh inhibiter may
be usednetnl vaxidusnof ertellent rhaahestabitifys o dargki spaciici surfaced avess landgaakhigbr t he
synt hesis of the aforenentioned hydrous titani um oxide, thereby adding the
parti cl@sdbreivh Nofl 8héaRilyel rhé&alyenedi ot theafbllwinyX ifigfling '1d0 Borhpletadrshisng

wat er or ‘gel-1ike hydrous titanium oxide after washing nmay be m xed with

t he parti r i,nALkE b er, , J

parti cI]fel{lég;ﬂrt(;fovx\}tgH’g1 N Bi ngﬁﬁc%l&;] %s I @%ﬁﬁi%&?ﬁ‘%@?%%@ﬁ%%ﬁ éirll%g of
1-100 ppm,o h sis,of the ide,of the elanent in t ardi rowt h
i bi BEPR S AERO G 4 B medA e Tentrebp R, e st o BRI ey 1or
adding a_particle growh inhibiter to drous titanjum oxide, Furthernore a
parti cl©HeslvherainiMidenptesra fhgapi s %mfﬁﬁﬁ a@aetmgreaéeratba@&ﬁ 8T Fydr ous
titaniumoxide after a drying treatnent. Wen pol yval ent anions are added
as a papt0.4d) fllgwedtty dnyimghand calcimihg divesia porousi gnoux intbal axide whicbthashe sol
or gel of hydrous titaniumoxide is preferably controlled at a point bel ow
the i sQehseifid SurfRlire fof ROMMSUS of h@r8] 4l PodX velRimdBf 02emibhermbangnd when

pol yval ent rations are added as a particle growh inhibiter to hydrous

titani ;l@fé’)éig%ﬁ{ne%? lagglaeqif 509 of Phord! s}%iz%eﬁoem Rékst Stabiily lé%q%‘(’h%ﬁ% o%us

prefer r at a point above the isoelectric point o
titani ymoxide. Mreover, wh bot h_pol yval ent. ani o a ol vval ent

ot | ond T Ciforbed Gtatvas gl A nBotts aBRficafiorice 207 g GPatiltion
titanium oxide, controlling the pH of, the sol or gel o 3 dr ous

titani WanoRiodEca@ PereUR sheram metabexide whichykaoa BAbgha® parey can
cause the particle gromh inhibiter to adhere effectively to the sol or

gel . | ndigtmbutieneand ds ensefydans iac estadysbvdrhai catalyst earrer of drcbllent aedntdnosol ,
a hydrogel or a dried product hydrous titani um oxide represented by the
gener algefpfippa Ti0 ~-~ (A ~2X (wherein x is a nunber greater than 0.1 or x
> 0.1), the conposition fornula Ti0O c2-~ (OH)2X yH20 (wherein 0.1 ~ x [
2.0 and 0.3 Sy ~ 40) or the corrpositiign formula TiO c2-~ (O ~~ yH0
(wherein 0.2 Sx ~ 1.0 and 0.3 Sy S 40) and the m xture is dried and
calcined to give a catal yst supported on titanium oxide which has a
specific surface area of 80 n2/g, a pore volune of 0:2 m/g or nore and a
pore sharpness degree of 50% or nore for use as a hydrotreating catal yst
for hydrocarbon oils, a conpound yielding ions of an el enent that shows

T | o - o e o " Y - -y




The af orenenti oned conpounds to be used as a particle growth inhibiter
yield ions in an aqueous solution, either anions or rations, and anions are
present as oxyani ons such as M42- , W42- , P043- and B033- or as netal
carbonyl anions while rations are present as netal canons such as N 2+ and
Co2+ . Wien plural kinds of elenments possessing catalytic activity for

hydr ot r eaFirthes the inventers obthes iatemionahavesioppdrihati adding ene &ind or dwer i er ,
they may be supported on the carrier in succession, one supported

repeat eghds & bR oftcdofoulas ehat ALt conB4i ¥n BRndift selépfrdrivr@d silicon

simul taneously as a mxture on the carrier. e conpounds yi el di ng

partic r i I A s | i . a 7024
o, - CREVDIRBOETE (B TRBHT CYRF., iuRUTC, U IRB0 et WY
and (HzM04, H2 H20) , .nol enum pent ach}oride uvi OC s) .

si | cobpisE k) and ZauAD G0 B0 eryt %}ﬁaﬁtale%ﬁ as(aipﬁm.d@, X HBni um
tungstate [540 |2W>s H20, 3~VI

it e ~20 12W3 nHZO%SZ sodi um tlul gstate ~a2W4
2H20) , ikkibitér teRITdrosobzohydogdar atrvied poduct sf-a heraos 4 grap)BpEl oxideo,
H3[ PMWL2036] 5H2 and salts of heteropol yacids containing Mo or W The

et al  gapicgestedtinbtie %@ierﬁl firlilg Mét @l.o d@Henyiwherdin demotesde 4 group
(NEt 4) [ (00)5(%0143 1. Mb(CO) 6 NEt3-EtSH Ru3(CO) 12- NEt 3- Et SH,

CEHANE) 2402 CHEB3 (£ 40 0D, NEL 35t G follhRdTB tad
suitab%ﬁyggr y|§I§§%§1neta r%??gﬁs |néPJ%E%nf%ngbn?trate N ~TGs) 2
6H20], njckel sulfate L. S04 6H2 ni.ckel chloride .N Cl ni. ckel

vot ni SR D B POORBDHT B Rae SRS FBS i hubRaid sUBe et R 50,
nitrate [Co(NGB)2 6H20 , cobalt sulfate (CoSQ 7H20). and cohalt chl oride
(Cod 2 mz[%moy.mme even rhens eplginedort ORA e%%e urénézahgﬁﬁﬁeisg@@t eat

el enments possessing 35 catalytic activity for hydrotreating to be added
as a patabilitye hgs cotirollethpduiet size and showes atmustfyf achighras 9h wikcbimpzre windh t he
hydr oxyl groups of hydrous titanium oxide, the anmobunt of the principal

cat al yteofileiea thishvéstest MHAVES, anidh@xchangstakes pIAGk Betwben shiptimrhedlyon a

catalyst carrier is controlled preferably at 15 wt% or nore, nore

prefer q@é&lfﬁ%dﬁ&&éﬂl%%l tiBfis %ri}ﬂiﬂrx]&gasi tRgIARYAOTWhAR bl

catal yst ¢ nents to upporte catalyst carrier 1s controlled

pr ef er apl t .20 W% or [ not & pref ré&&ﬁﬂ t - 0% i de
basi s icﬁa%lp S pyesisly goalggdf%a%‘i ¢t aﬁ t @%gé%gﬁgklﬁam%nﬁ&}gggcti on
t her eby_i nprovi ng, performnce o oth desul furizat.ion d ni trogenation.
When t iHhe mergnone%@?qmem& ﬁﬁ‘ltl @5& n}g{e P&fbé’r@ifmtéo%Pg FROARRPONSHd/ or
tungsten (V~ supported on a catalyst carrier is less than 15 wt% it is not
possi blelernentsbwhich have ueddrgent Ay dor exdhange ganqirpdiey becpaisa of theinstarier bon
oils. Moreover, in order to obtain a hydrotreating catal yst for hydrocarbon
oi | s whiffebt, ainveffechfor preedrthip theendaabyrhpdroxyh getegd! ot idetddhimg thenselves
denitrogenation with m nimal consunption of hydrogen, the anmount of ion

eXChanQﬁui?mBﬁ&%&ﬁﬁ%ﬁﬁ &Rﬁ%hﬂh&ﬁpp§®n&ﬁﬁhﬁbh;Eﬁ&oaﬁﬁeﬁk&ﬁmﬁi%ﬁp?ﬁ%skm
mfor t a

titani umato f e principal catalyst elenment and 0.020. 26 om per 1
at om 1 PeE Wistivo BT BomcoRERR b the dvlie i forT iR Rk pdeiles B0 ™

usef ul t hods such as the . foll ow are avail abl e,.for preparing a catal yst
supporﬂggfﬁﬁuéPﬁgﬁFhﬁ“EQPQ@“%%%%ﬁgggﬁﬁpk FBHPRoned catal ytic
activity for hydrotreating; hydrous titaniumoxide is brought into contact
with the Funthenfthenmventorsi gfathis dnvention bhverdound that isgnthesizing hydgous
pronoter elenent, either together or separately to effect ion exchange,

t hen t gtaphivhsofider&fHish &dpotgtellddito laveashsepipore lkistribogion cind3 a9 tha datdee

i on- exchanged product is nolded, dried and cal ci ned; hydrous 36 titani um

oxi de i d t%MB ' Iﬁﬁbﬂk%&p‘ i ' Sre
princi pa abata‘%g?ﬁE engﬁgqgﬁgﬂ?hose 0 tﬁggp oggFg?agggﬁggﬁéh?gﬁigxchange

is effegte t pH 1-7 oF 9- nd the;ign- U .

i1 ter dirempsatevameiic Rloved by, Eabe R bR dRE ORIl it
into confact, with fhe igns of principal catalyst _elenents consisting of

mol ybdeW (wpn‘-afﬁﬁwgfwt g e Arkityary pare a@m@ﬁg has & pere WEIOR, 11 3o f
pronoter elenents selected fromcobalt (Co), nickel (N), phosphorus (P)
and boron ~) and the ion-exchanged product is filtered, nolded, dried and
cal aned. A hydrous 4 group netal oxidi hydrous titani um oxi de) prepared in
the aforenenti oned manner is then fil éred, dehydrated, dried and cal ci ned
to give a porous 4 group netal oxide (porous titanium oxide) and here the
hydrous 4 group netal oxide is dried or dehydrated to the water content of
200-900 mt % preferably 250-600 wt% on the solid basis; nolded into a
specified configuration, dried at 40-350 C, preferably at 80-200C, for

~ O~ "~ A Y T T L e e P U
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has a pore sharpness degree of 50% or nore. Porous titaniumoxide 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 volunme of 0.2 nl/g or
nore, occasionally 0.3 m/g or nore, even when calcined at 500 C for 3
hours. Titanium oxide of this inventjon supporting an el ement having

cat al ytshepeconforming tor theymolecnlsatweight dlsmgbiu@l of grsmremz@a@dbawi largeyi ves
excel l ent performance in desulfurization and denitrogenation as a

hydr ot rspadifingundadeadriea tthae hofuisrtitaaiin mxidd whithds centeellsbiochafe a anifeimg bot h
sul fur and nitrogen conmponents from hydrocarbon oils effectively in the

presen gt Taattil hEHRAT SteHeth d%3R ARG thid iBfentigrBact i on
pressure O@e%@%ﬁ?‘?&t&. k?—%@%}?ﬁ({)&% 10 hr - lg%a(r%{? a m}grogen/ ol Ierrlat I o of
11 st r at A D PSRt s JiVeriicR hOk b8 it the AeiBhtinned.ng
the specific surface area of the titania hydrosol which S obtain I n
Exanp! @ordseh@groraametabaxide, wepatisularepergys thitapiugs O@q@aw\lﬁ@ Erﬁj}%ﬂﬁf y
inhibiter. Fig. 2 is a graphic nodel illustrating the method for obtaining
t he poragdasy rowet kinds aef arteof cdinpbugds Ythias viell dpils i contshingatelergentse
effect of adding a particle growh inhibiter to hydrous titanium oxide by

the us OlgtalyticA BLiviP ﬁiﬂ%e cferaBl; Swan tirtdyToR " floke €of
Exanpl g@%es%ﬁ%?ough ygcal% g. 4@12%3@5‘?%h i ’Iggtrat %irng the relationship

bet wee f I Vs : nj al. i\ h L g by
he. uoQobopids b, yRIA iBbs RtiierblLERREL o Ssiifne theouANARAACERTYG
Co/ Mb- al uzni na catal yst ,of Conparative Ex le 11 and.the Ni/Msal um na of
Conpar &PV\PQ“@%%‘}I é“%@.o"ﬁfi pmppney ’aa%?é}ﬂﬁﬁglgﬂp pﬂ@b}t@gm)@syﬁcﬂm@ Btron
probe m croanal ysis (EPMA~ of the hydrotreating catal yst obtajned in
Exanpl dwdgogekiay. a @lried progugphf Sidwiusgtitamiun. pxige qepraseptedoby shetgoneralf t he
hydrotreati ng catal yst obtained in Exanple 38.

formula MO ¢z (OH)2x (wherein M denotes a 4 group metal and x is a number

greater than 0.1 or x > 0.1), the composition formula TiO @-o (OH)2x *yH=20
(wherein 0.1 = x < 20and 03 =y = 40) or the composition formula TIO @
(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
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.

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

excellent heat stability, a large specific surface area and a high dispersion of a catalyst
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Fig. 7.is a graph showing the X-ray diffraction pattern of nol ybdenum oxi de
~0~3~. Fig. 8 is a graph illustrating the rel ationship between the nitrogen
renoval and the hydrogen consunption obtained in the tests conducted on the
titania catal yst of 38 Exanpl es 33 and 34 and the alum na catal yst of
Conpar ati ve Exanples 11 and 12 by varying the liquid hourly space velocity
i n t he metabendfis Lisdful abra edtalyet ef ar extalyEntadicmesf texcalent readtivneseléotinity

Sui t abl e nodes of practice of this invention will be described concretely
bel ow w ?fgfﬁﬁ, pshrexanpl es and conparative exanpl es.
In thi %%@%éﬁgﬁ%ge%%ﬁf%&g p ygt?fgg?) properties of porous titanium

oxi de and ous, titapj,um.oxide were determ.ned by the fol.low hods.
[ Por e vo|%%%‘?¥>9b1§ﬁ%°€ ]%Yeflgm&i 519 %H%S%gﬁwgﬁg 08} b@m&%d{@%e si ze
di stribution of porous tjtani um oxide were determ ned .the t hod based
on ner dthigh heser laxge speqhe svripgecateg, shaows ﬁxqeilénhgeabﬁtagﬁltyr?é@rﬁﬁ%ﬁf’?es

Aut opore 9200 avail abl e from Shi madzu Cor poration. The nethod is descri bed

i n det girbcisely Eontsbllsthshbsive arfér distribiated. shamplly aBdi to providesa (method, fan. L.
Bitter and L. E. Drake, Ind. Eng. Chem Anal., 17, 782, 787 (1945), L. C

Dr ake, p'réz‘(Siax?a}ggﬁ(tllﬁ?&ﬂ‘ Prédse 688r6118f PbrérRiretnlsh Hease uniformaind pigise Chem

Emgrs., 2, 965). The neasurenents were nade at a surface tension of
mer cury. of .Cont act . Iff 140" while varying the absol ute
mer curé0 ?'812%{3%8%%80%&3%%% of e shar pness degree] A cunul ative
pore distribution. curve s peasured by a nercur or.psi.net er. .and, t he. pore
di anet er ‘éti%{‘?[@rli‘%‘?ﬁ C&H@’% JrEnteg, 18 t%F/’OP{IW\L.‘{Q( ?&%ugoﬁ ‘émrr%'fiﬁnwmcgn]ét er is
obtai ned fromthe ordinate denoting_the cunul ative pgre_volune and the
absci ssantredest it aveeap @rbitrarsnperer dipmeter-diasoninage tdistzibutior Wopeshapeune
(PVNI') contained in the range of the pore dianmeter within 5% of the

| ogar i tchifoemvag tetlef nioheulrediveighB distribitioredfthel eactsings, fed @ lxtgehspqeidice
shar pness degree whi ch shows sharpness of pore distribution is obtained

stg m t RerfAes Qr¥P tHAR (IR titdiduh] exidet tHat A8 cBnitBlledreo (mvé) a amifofin pue Por e
pness degree = [pore volune (PVM/total pore volune (PVT)] X 100.
diameter and shows high mechanical strength.

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

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

A further object of this invention is to provide a hydroprocessing method which
makes use of a hydrotreating catalyst for hydrocarbon oils possessing excellent activity

for both desulfurization and denitrogenation and consuming a not too excessive

amount of hydrogen and accomplishes a high degree of removal of both sulfur and
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The pore sharpness degree defined here serves as a factor for eval uating
the degree of pores optimal for the reaction relative to the total pore

vol une and the greater the pore sharpness degree, the sharper the pore
distribution becomes or the nore favorable the situation becormes. [Crystal
structure] The crystal structures of the catalyst and the catal yst carrier
wer e daitrogamennonexits frgmaydroeaabonetlsy with the aid of an instrunent,
PWB710 available fromPhillips. [Specific surface area] The three-point BET
specific Adsbbfcﬁﬁ?l yafles ifferionOMiaths taai Apreuy detilbexideobtaihek By widding ke ai d
of an instrunen thsorb Model 1201 avail able from Mountec. The nethod IS

descri art Y,

| bl | er %Sgn&l%r#&%ﬁ{ to é&iyﬂ%@sgp(algggﬁg‘é{]% vé%} E&@E}\f he pore

vol ume of t.i,t ani um oxi S det h th nenRGuUr

por osi fE? oHde ée@%@ﬂtsdim U?%M 39?9?1‘ 3W MY
accor dance vmth t he nmet hod based on rrercury penetratlon unde)r ei e. The
met hod desotéescd igreap imetalkand K 1@ mumber geestethan @dar x Natd.1 flaved &y

115 (1921), H L. Ritter and L. E. Drake, Ind. Eng. Chem Anal., 17, 782
787 ( 1%¥Hing dnd &lcibirgdend thedprodogt odchiesias a HorousdD glcl@iietad mstidd. heRriﬁg ace, J.

Amer. |Inst. Chem Engrs., 2, 307 (1965). The neasurenents were nade at a

surfac %gé&ﬁéé BRI 8 Xnﬁ{g & ABrdVa Pt vohﬁﬂéi ofQ qu/gef 28 laed dnéo
\Vj r

whi |l e rying t f e absol ute cury pressure fromO0.08 To 414 MPa. Pore
N =
(A PSR deghe Bb o0, o6 TP G B SRabisipfGed iRl HoREbO RS e

the cumu i ve pore volune (o nat ter by a rcyr pr osi et er
and th@%ﬁéemegméx»ycgsg@ngr@i aé\i r@@ﬂa’ar A ﬂ“?Hé%;Sé) s whepe

| ogarithm c val ues of the pore dianeter corresponding to the 50% pore

vol ume the% gronp metialiVb isaitend g (0 rand dhielhsslrons 4 greap satalesige imguestion A, B
and C and the pore asymmetric coefficient N was expressed as the ratio of
the di $§ apaerodaetitaenm@xadel afd] still hedre petieerirobs aitanitun [oddtehis meprdsentedengt h
(Side Crushing Strength: SCS) ]

either by the composition formula TiO o (OH)zx * yH=0 (wherein 0.1 = x <20

and 0.3 =y = 40) or by the composition formula TiO > (OH)=2x *yH=20
(wherein 02 < x <10and03 =y = 40).

Further, this invention relates to a method for preparing porous 4 group metal
oxide which comprises adding a particle growth inhibiter to a hydrosol, a hydrogel or a
dried product of a hydrous 4 group metal oxide obtained by the reaction of a 4 group
metal compound as a raw material with a pH adjusting agent in an aqueous solvent
and represented by the general formula MO -0 (OH)=: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. Of the aforementioned hydrous 4 group metal oxides represented by the
general formula MO -0 (OH)=x , a preferred case is where the 4 group metal M is
titanium (Ti) and the hydrous 4 group metal oxide in question is hydrous titanium

oxide and, still more, the hydrous titanium oxide is represented either by the
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The nechanical strength (Side Crushing Strength: SCS) was determ ned with
the aid of a Kiya strength tester. A cylindrical extruded formwth a

|l ength of 6 M or | ess was conpressed by a disk with a dianmeter of 10 nm
and the nechani cal strength was obtained by dividing the | oad applied at

the tinme of breakage béﬁthe | ength of the cylindrical extruded formgs
f ol | onsoBPesitiow formite FIQ ks KQH) s * YHeO Gulaerappliled at €hd0tange08f =

breakage and L (nr~ is the length of the cylindrical extruded form Exanple

1 (Step f e 486t !b%fthé @hpdytion Usrhulhdhiou - 2x01)nar G tyhéein 0@n= x
tetrachloride (SiCl4) was used as a particle growth inhibiter of hydrous

titani Qs & vesselneontai ning 5500 g of an aqueous sol ution of
sili co;@'et ra(%:éu-'?oﬂ g’e Tc%on)gent ration of silicon, 0.29 g/1 conputed as Si02)

wer e adde 5 g.of .41 . an ueous solutjon.of titan pmietrachlori.de with
a concent ﬁH’él't?’Sﬁ s d@gengion 5%6 66 @M? e@@%mx&ay%]?%&% P ]ﬁesi ze
a hydrosol slurry of hydrous titanium oxide. The tenperature for IS

synt hesiompuising @ @rons pHgewim mespleexide ohtained dur ther Herl b @qmpcrwni |
slurry of hydrous titanium oxide thus obtained by adding 165 g of an

aqueousyislas Ubno Borithirtihg am dlenriesit rlacind ai dtalyticactivitg rfoe hiydedtrentingf a$@0 g/ 1,
returning the pH to the dissolving range of hydrous titani um oxide on the

aci di Cﬁqrﬁ NGRIAAE PrtkRfirty Bhetddbld HeRME0R 1R dNREEtidOcatBlykt firhe PH
of the’s u?l}eﬂjtagmtlhe g%gilgltatl n ?ange of %ydroush%titani um oxi de on the
al kal i ne_si de, and anot her SW n ti,0n rformed to give hydrous
titani [}?‘?{(}39?3590 g %Wbéc. %g%ugﬁwpnmr@gbl slurry of hydrous
titani um gxi.d s adjusted to 5. (Steps for. filtration and hi n The
synt hesi zé&hﬁw&@w{iﬂ%woaﬂ &8 method %%%Xéﬁ&%r%ssfl?g a’éﬁ?ﬂgﬁé‘shed
with 7.51 of water to remove chlorine and anmmoni umions and the procedure
of fil tailstwhichasomwisekibringing hydmearhon oilsi o contiagt with the afosementioned
suction gave a gel of hydrous titanium oxide which had a water content

(st ructhydrbtreatieg catalyst én thé Pféseﬁée S0 dnbgérpunddrethediyiddotipestingg cdriftitignst or

extrusion nol ding) The gel of hydrous titani um oxi de synthesized by

! LRl A 17, A Mg 1
- di arﬁéplb 191! & a&&taeﬁﬁdxfog{an/(d)ﬂ ¥‘I3.tqg of* 561558 II\?Ji/l %1“ ge)moval of sulfur and nitrogen
components from the hydrocarbon oils.
Depending upon the mode of practice, this invention can typically be described in
the following manner.
Firstly, this invention relates to a porous 4 group metal oxide which is obtained by
adding a particle growth inhibiter to a hydrosol, a hydrogel or a dried product of a
hydrous 4 group metal oxide represented by the general formula MO -0 (OH)=2x
(wherein M denotes a 4 group metal and x is a number greater than 0.1 or x > 0.1)
following by drying and calcining, has a specific surface area of 80 m2/g or more, a
pore volume of 0.2 ml/g or more and a pore sharpness degree of 50% or more, shows

excellent heat stability, 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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The cyl.indrical nolded formof the hydrogel of hydrous titani um oxide
obtained in the extrusion nolding step was dried in a dryer at 120 ~ for 3
hours and the dried 42 formwas calcined in an electric oven at 500 C for
3 hours to give porous titanium oxide. The calcined formwas allowed to
cool in a desiccator The properties of the porous titanium oxide thus

obt ai nestidy whidhoisrobitainEddyeapplidatioh| of alpHEswing eperRbon,nmseailatge specific

speci esTi C 4x in conposition fornula0.78y in conposition

; | . . . D C i . ;
a(r)(ra<r31n(J n#ggagg%%%g’h\%’?une %T:gl e?%b%)smg%%;%gﬁ%harpness ggglr%g? gé)g)C?lgl@%l;(larrpl e
2 P titanj ' bt ai had i ny EXx ] ' f
usi ng_ A caBaaIeb et At PoBEpro: 4 & AeaHEaner st G S SHBCT Lo
0.25 g/1 ted P206 ticl i nhi bit f hyd

(1 t ani RFOR Gexarlens seactivl seIReIUPHERGER & TERPSAR BRI IOt ne

properties of the porous titanium oxide thus obtained are shown in Table 2.
Exanpl e 3S&mndlys thist aventiomxieldesds pobous tisahiam joridex winthe isl obiained fhy
exception of using an aqueous sol ution of magnesi um chl ori de hexahydrate

( concenidgihd AmeOkindBeP U RInd®. 68 nddre 60 BRbEENnd:s thID)icld iBn®abhiathiggr owt h

i nhi biter of hydrous titanium oxide, setting the synthesis tenperature at

or oduc S RET R Bont Uik 188/ Bhblthckit (), 1A (B Cald (R *°

gfjj Z:S),t ibr}:\(‘i]'iutnqe(BDa})_,| gantggﬁesfei | ,ha}igrrn?ﬁgxln wrarn%/l %;'oorr]ﬁ/l%lo@r) tiriltaa%ijmsr%)éhde to
amount as a particle growth inhibiter to a hydrosol, a hydrogel or a dried product of
hydrous titanium oxide represented by the general formula TiO cz-»0 (OH)=x (wherein
x is a number greater than 0.1 or x > 0.1) following by drying and calcining, is
characterized by a large surface area, excellent heat stability and controlled pore
diameter as proved by having 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 even when
calcined at 500 °C for 3 hours, shows a purity of 97 wt% or more and is useful as a
catalyst or a catalyst carrier and to a method for preparation thereof.

Thirdly, this invention relates to porous titanium oxide which is obtained by
synthesizing hydrous titanium oxide which is controlled to have a sharp pore
distribution and, at the same time, controlled to contain micropores in a specified
range to make the pore distribution asymmetric followed by drymg and calcining, has
a pore asymmetric coefficient N in the range of 1.5 = N = 4 as defined by the
equation 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), is controlled to
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The properties of the porous titanium oxide thus obtained are shown in
Tabl e 2. Exanple 4 Porous titanium oxide was obtained as in Exanple 1 with
t he exception of using an agueous sol ution of calciumchloride dehydrate
(concentration of calcium 0.17 g/1 conputed as Ca0) as a particle growh
i nhi bitor of hydrous titaniumoxide, setting the synthesis tenperature at
120C, pevé anmnbitratyepetl dsmnatergmel aporendistrbutioneim aisHape sanformmgdtiotthens as
to produce the sane anopunt of hydrous titaniumoxide as in Exanple 1 and

adj ust ifidledl8r Piight dift@ibltibalof &l FORPANS| HAd X lefgr(]ei“éﬁé&ﬁ@ stfh@MrdE thxhde to

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

Tabl e 2, I [rOUS, 44 t.ani um exi de obt ai ned_as. £ni;Exanpl e W th
the oxPepToiPsfun. PRYR IFbith (SR 7 5408 < sbilb b sk Ry rd o
(concentration_of bparju 0.24 g/ 1 compujed as Ba0) as particle growth

i nhi bi S8PWHERY m&sﬁgmcain strengthandde, a @r&t%g friwepaiing guch POrMgiEARIWRe at
140C and adjusting the pH of the final hydrosol slurry of hydrous titanium
oxi de wside; théenghhodenvolses af pHhewjng operation adhirimg cke dgnthess abhpdrees ar e
shown in Table 2. Exanple 6 Porous titanium oxi de was obtained as in

Exanpl eitdnivin xidecasd chetdl wihg WpefdticisApodersed dh the GibredissdlviagpEm
oxychl ori de octahydrate (concentration of zirconium 0.33 g/1 conputed as

Zr 02) #n S?@ﬁ}%&&h@ Moﬁa%hgeénrgiee %glg%%sm@la@;ﬂ}p@m«w gpcspt ting

t he syn enpérature at ertres o he poroas tr1tani um
oxi de th oht-ai ned are shown .in .Tabl : anpl.e 7 44 .. Parous-ti ium
oxt o it BB B Bof B Whelpri Tt ot SR iR 9198 &g SR aeous
sol ution. of nmanganese chloride tetrahydrate (concentration of nangznese,

0. 22 g/fal) eshetivean the pHORNgE neap she 1seblectgicawent efdypus ftamuny emda 5.1
titanium oxide, setting the synthesis tenperature at 180 C, perform ng the
pH swi 5 pifeEafild mntvihearangelen thedtigh piiisidedBs SspHo=prlakacerdihg to ame
anount of hydrous titaniumoxide as in Exanple 1 and adjusting the pH of
the fi 'ih&’ddeh&‘id{)ﬁh"cﬁbe Dk Uhe oI fswike apepatidd &pesfdneviéd en tBe Son'diSsdiiARMi es of
t he porous titani um oxide thus obtained are shown in Table 2. Exanple 8

Por ous ybhSABE HiMth tRafifn OB REFeE? the'rdniR 0 the'loW HHI 448 (FX<ERH & Of

usi ng

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

Fourthly, this invention relates to a hydrotreating catalyst which is a catalyst
supported on titanium oxide obtained by adding at least two kinds or more of
compounds selected from compounds yielding ions containing elements possessing
catalytic activity for hydrotreating, preferably two kinds or more of compounds
constituting the principal catalyst component and promoter component, as a particle

growth inhibiter to a hydrosol, a hydrogel or a dried product of hydrous titanium oxide
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an aqueous solution of alum numchloride (concentration of alumnum O0.30
g/ 1 conputed as A120s) as a particle growh inhibiter of hydrous titanium
oxi de, setting the synthesis tenperature at 40 ~ and adjusting the pH of
the final hydrosol slurry of hydrous titaniumoxide to 7. The properties of
t he porous titani um oxide thus obtained are shown in Table 2. [Table 2]
Exanpl eefExentpdl dyegenkteal 4emavial BOs@aw (@esd (lis a number greater than 0.1
speciesTid4Ti A 4Ti C, Tid 4x in conposition fornula0.750.800. 300.55y in
conpos o} ix0 > D) Mhé kempbaition forhala’ FHOPeLbi (@) taniyHa@xiderein 0.1 = x
content (w % 97. 598.897. 197. 7Speci fic surface area(nR/g)1589397134Por e

vol une Tg@ag{nd}) p%) 03 0"2320)-8%0tﬁé%@ﬁ?@mﬂ#ﬁg}e&w@m‘i‘m npl e

6Exanpl e 8Raw nat eri Specl 4X T n conposition
formul a0, 500. 651. 0y i n_conposj f.ion_formH al2,.812. 612..3ProperiigsTitani um
oxi de CWhesm m~$9’? fo7k- S-?Pdsé ect Vc%u%aﬂéer DY £F @§§6§Mﬁ%ﬁe

vol une (TP\/)(M/g?hO.330.420..37P0r.e shar pness deqree(% 766078 45 | n each
of t he geoupgpbbthe hydtenisetitaniamdogde twith rtihenioos ol ¢hege elengands fellawesh bys t he

target of this invention has a purity of 97 wt % or nore, a specific surface
area oldridgrRidealdiniigrzhd lad® sgeci® surtace BYEA of 80 thBg b heproya porecvamaea por e
shar pness degree of 50% or nore. Exanple 9 Porous titanium oxide was

obtai n | ?ﬁ%}’ Carid W tél%x@ﬁéép&é' Qff 5084 8 1ABre2 GHBRY Sexealldtiti on of
sili coﬁgtog%ﬁiérl ee?%%\rﬁlﬂc (E&ter ati1on of sé}le?con, 0.05 g/1 conputed as Si02)
as a partiel e growt h,i,nhibiter.of hwdrous titani,um oxide. . Th roQpert.ies of
the podsuaedion fnth gt oenon Ghpeoraiiiie A AN S B Hifoutinl BRAY 10
Porous titanium.,oxide was obtained as in . Exanple, 1 with.the exceptiqn of
using & 3&1@%@@30@09 vt gringne] @@tﬂﬁl{r@pia%m?@m%aeg%anéem R aopHipdfor
silicon, 0.02 g/1 conputed as Si02) and phosphoric acid (concentration of
phosph@regaration9 thereof orlparthermareP2tisy asverdron credatgs owe h ai niethedr frof
hydrous titani um oxide, setting the synthesis tenperature at 80 ~ and

per f or Mydeoproeeshigwdrecaeben aild oyitlsd vsd éfithe afsrgiensiondd eatallist.i ons as to
produce the sane anount of hydrous titaniumoxide as in Exanple 1. The

i i Lani i j ) ble 3.
2 o) e RS L0 e v ST D, QR

Exanpl e f _ a f _l_a5|nExanp:e_1vv|ththe

gééﬁgé'ﬁ? the i%%%bﬁ%ﬁﬁpﬁi'ﬁ-ﬁ“&ﬁ%%f@ﬁ%upé?z@ic% t&sz?izﬁf% %%%?%m;r&%e
[ [ ' 0.15 g/l c . Ca0

aghes CLAEURER HatatcshemiaRIl BondedocdR RS s age s aien G0 Copere

conmput ed}gs Ng(& as a particle growth inhibiter while using the aqueous

sol ut i 60 s~ amdathe postiarviof dree waterphysieallyf enexisyimghwiths hy i itgnivys
synthesis tenperature at 100 46 C, performng the pH swi ng operation nine
tines wsiflerweitteh asoidi®i bnthia snventipnothecamoinet afesteuctural water isdefmedss
titanium oxide as in Exanple 1 and adjusting the pH of

the change in weight between drying and calcining when hydrous titanium oxide is

dried at 120 °C for 3 hours and then further calcined at 500 C for 3 hours. On the
other hénd, the amount of free water written as yH=0 1is defined as the change in
weight between undried hydrous titanium oxide and dried titanium oxide.

In a hydrosol, a hydrogel or a dried product of a hydrous 4 group metal oxide
represented by the general formula MO -0 (OH)2x (wherein M denoctes 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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the final hydrosol slurry of hydrous titaniumoxide to 7. The properties of
the porous titanium oxide thus obtained are shown in Table 3. Exanple 12
Porous titanium oxi de was obtained as in Exanple 1 with the exception of
preparing the hydrosol slurry of hydrous titanium oxide w thout using a
particle growth inhibiter of hydrous titanium oxi de and using an agueous
sol ut i cmedfprodictcaha thydrawh grode nietah oxiderexceats @, but preferably 03 & &
conputed as Si 02), calciumchloride (concentration of calcium 0.03 g/1

conput ed 26, £RP rdB0e3 I ckt q10, rot@RNE PAltidtd 8uld by aaReshs Bnd0. 01

g/ 1 conputed as 0) as washing water in the Step for washing the titania

hydr ogel rry. _The pr rties of th QLQuUS. i tanihum oxide,t I ned
are ohgumToralit R QLR dPtad By RRANES OB VRS hieRel BLA I
oxi de s obtajned_ as.in Exanple 1 with the exception of_.not using a
parti cloglegy G 9 2 hyaroust Ahgroupumetal ardagoRi a@uﬂzett beaty lastory gndot ¢ he
hydrogel of hydrous titaniumoxide [water content (structural water + fee
wat er) replaGement ohthen suksstituthlida ] groups adtle dtierofingticoapgroags ascrP2@8 of
anmoni um di hydrogen phosphate powders as a particle growth inhibiter and

t he t whene sRblitgateltHeOscifie strfatsrasei §awsniiguees; it Ehasepodstile t 0ge aame
procedure as in Exanple 1 was followed to give porous titani um oxide.

Sl i, S5 T Ao 90 o o0
(concens otion elaphophotis L8 (7 o 0L SATRILES 88 PZ09) and ther eaf ter
Db e 1A prcferrod Eydrous 4 group metal axide is the one in whkeh the 4 grovp metel M ©
is titanium (TY) and is represented preferably by the general formula TiO 20 (OH)2x
(wherein x is a number greater than 0.1 orx > 0.1), the composition formula TiO c-
50 (OH)2x *yH=20 (wherein 0.1 < x < 20 and 03 =y < 40) or the
composition formula TiO -0 (OH)2x * yH=0 (wherein 02 = x < 10and 03 =
y = 40). When the value of x in the aforementioned formulas is 0.1 or less, it
becomes difficult to obtain a large specific surface area because of the growth of
hydrous titanium oxide crystals and to attain a high dispersion of the catalyst
components uniformly in high concentration because of the decrease in the hydroxyl
groups on the surface of hydrous titanium oxide ion-exchangeable with the catalyst
components. Conversely, when x is 2.0 or more, the crystals of hydrous titanium oxide
do not form which makes it impossible to obtain a hydrosol or a hydrogel of hydrous
titanium oxide in some cases; although the presence of a large number of hydroxyl
groups ion-exchangeable with the catalyst components is desirable from the viewpoint
of supporting the catalyst components on a catalyst carrier, the crystal particles of

hydrous titanium oxide are small and amorphous when examined by X-ray and the
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Exanpl e 9Exanpl e 10Exanpl e 11Raw material speciesTi4TiA4TiA4x in
conposi tion fornul a0. 780. 350. 13y in conposition

formul al2. 512. 913. 2Properti esTi t ani um oxi de

content (wt % 98. 497. 497. 1Speci fic surface area(nR/g)1098297Pore vol une
(TPV) (m /g)0.330.810. 88Pore shar pness degree(% 736352Exanpl e 12Exanpl e
13Ex aneatalgstRehtamet exftexl dryprer and Talcinifig Glas TarCinhdengnateoppesstrucdnre or an
formul a0. 780. 780. 78y in conposition fornul al2.512.5-PropertiesTitanium
oxi de_qafiionloielit) 87 oOhycBending Biteist s o @ees. AWhah 12isdhdGE620.8 70! o
vol une (TPV)(m /g)0.320. 340. 36Por e shar pness degree(% 826056 Exanples 10

and 11 I RbUr el of : par i i mhihiters
of hydrtlggsﬁérl%{%ér%}&l?%sgm gea]g\régﬁg%gga 16 the %%/ntﬁglzll gﬂesgﬁ%@w Egg%ofei 12 to
t he case where,. rticle grow.h inhihi.ter..of hydrous titanium oxide is

hddeq i Hae AiBamhg Ghiind GEform And ik iersO of tie sk SDiudn&Sisher o
particle growm h inhibiter is added to_porous titani umoxide by kneading

wi t h t hindey enduconditiomimereoxéiwhgnla sstutionpecngainingdie casalyst companestdisl . I n
each case, titanium oxi de whose preparation is the target of this invention

has a piddetl todHyd@dusnitasiunirekide partifles ahdcstived, ahe dispeesioh dQheiatalgst nor e,
a pore volune (PVT) of 0.3 m/g or nore and a pore sharpness degree of 50%

or nor ' 3 : Nk & : [ ter
s ad 2y TRREHS el it Bifheulfy NSRRI Antuoh O OB LIS
concentgration of, 500 1 and. t.hepe0. 4.1 14wt % ammoni & . .added
oht o BB e pariflch 0F i PRERE o ofiain h MO AT Rt SiertB3 48
slurry of hydrous titanium.oxide, Thereafter,,k additiqn of the aqueous

<ol ut | dHISRSei AnAiTEHI G RBERPDANA Suglh I Spasioivdit 2058 rtowé@mé‘gmfile twice
under the boiling condition to give hydrous titanium oxide particles. The
pH of tcatalystreaingopentssndedsiblpersyippérted dnditsniving axide im diglieoneestratipasndd t o

7. Thereafter, the same procedure as in Exanple 1 was followed to give

por ous thet@italyst esingeneriidefopmORAr Aggdomerate her ROl@nls Wwith atheuresoltade lowus
obt ai ned are shown 1 n Table 4. Conparative Exanple 1

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

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

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

metals. Of these compounds of 4 group metals, particularly preferable in the case of
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Porous .titani um oxi de was obtained as in Exanple 1 with the exception of
synt hesi zi ng hydrous titaniumoxide only in one reaction in an anpunt
corresponding to that obtained after three pH swing operations in Exanple 1
Wi thout using a particle growh inhibiter of hydrous titani um oxide and

W t hout perform ng a pH swing operation and adjusting the pH of the

hydr os titasiun () ecbmipyundsiare titaniimmtetricidoride, fitartimen snlfptey; titasylsfulfate
porous titani um oxide thus obtained are shown in Table 4. Conparative
Exanpl ejtgningd oehldridenititihiith dfetiaskiddt fidieema sthakid atifdriuh gfdrblb”b)ﬁ&é?

exception of using an aqueous solution of silicon tetrachloride with a

ginﬁsgr SUS'. | ! ﬂ.ﬁ}'og)r% oxXi gl ' e g)opgr |O§S&%§P 'el por%%)aus n%ﬂagedr” um 0X|.ggsi EUS
fydra & m Tg I;: e i um !
e ob@ainemEIATARIGAeit | BEATHT HIEPRbRR G  TERTER oPA ER G (aanEm O

solution of silicon tetrachloride with a concentration of 0.60 g/1 conputed
49  agrifinodde, npotassivire tithoate, heoddymt Hisanateobnty banum t titamata, wiee, The
properties of the porous titanium oxide thus obtained are shown in Table 4.
Corpar aitieul ippleferdbRO 0 he! eadhiof miwitian W) oftaperadisaars nifeoaiphe 1
with the exception of adjusting the pH of the final hydrosol shiny of

hydr 0%&5&3@&&@ ArtbARmh SxSchlBrilld Szirdofifuch YultBe ABhRES! Sitdte, HALAEN
t1tanl um oxli de.

acetate, zirconium acetylacetate, zirconium propoxide and zirconium t-butoxide.

Particularly preferable in the case of hafnium compounds are hafnium chloride,
hafnium sulfate and hafnium oxychloride. These raw materials 4 group metal
compounds may be used singly or as a mixture of two kinds or more.

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

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

nitrate, cobalt sulfate, cobalt chloride, manganese nitrate, manganese sulfate,
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The prqperties of the porous titanium oxide thus obtained are shown in
Tabl e 4. Conparative Exanple 5 Porous titanium oxide was obtained as in
Exanple 1 with the exception of using an aqueous sol ution of magnesi um
chloride with a concentration of 0.08 g/1 conputed as MyO in the step for
t he synthesis of hydrous titani um oxide and adjusting the pH of the final
hydr os adarsdamese clolbrilly,drttrismt niteate, uytttwindsulfate 4ndyteripmogdotide sExdmples
porous titani um oxide thus obtained are shown in Table 4. [Table 4]

Compar gt i LG r NS ﬁﬂg& EoRRR DV auia 8RagOqnt eri al
speci e?fl':t}gf%&%%%ﬁgqgg corrpog’ﬁil on }fﬂglf%rrul al. 30 .’?50. 7%31'0?% conpg)Si tion

ZSLt”‘éL‘:/ oGt @?@Q%?T@%ﬁ?ﬁ?%@@ﬁ@ﬁﬁf aqtinad (GRPERNME Sxpsreles |
TP 0,.160. 150. 28P 99 717548C0 ive, Ex
g@?péﬂﬁtﬁ%é@&@é‘ﬁ mﬁ@%@%ﬁ%ﬁéﬁ@?@ qurﬁapsa@ég}ﬁl&gdrpéagp ©

formul a0. 750. 75y in conposition fornulal2. 512. 5PropertiesTitani um oxi de
cont en{KQE) 88odad 2Spbaidte c (Nae€Cheg, gotadsittthg)@Pdonsite PIKeCOa),ursedium
(TPV)(m /g)0.360. 17Pore sharpness degree(% 4574 50 Conpar ative Exanple 1

in Tab h?dﬁgbﬁbﬁ%@ﬁaﬁeom:ﬁi@%)téﬁ@?bwﬁb% deydeb nabe {KEITOS)N CEheskt h
Exanpl e 32 described in the specification of JP 56-120, 508 A on a 1/5

£ tani S S0FREDE AR S e DRbEUARE, A e B O kR Rl Ui o of o

particle growth inhibiter, of hydyous titani umpxide. The specific surface
area in %a@b‘?%‘ﬁrsg&e? [N ?&Wy@g 8?%7&‘0@5? OUP MEAL OISt han
80 nR/g. Conparative Exanple 2 relates to the case where the addition of a
parti clsengt sestrictedrans weaten endeniepus solmtipngrof,watersplubleyergania selventace
area is less than 80 n2/g while Conparative Exanples 3 and 4 relate to the
case weacle akhaedrchol, iethard], pragpamnbl, abirabydrsfiiorann aicéiohe rarids divrare nhan b8 wt %
and the purity of titaniumoxide is |ess than 97 w% Conparative Exanple 5
rel ateggb® the case where a particle growth inhibiter of hydrous titanium
oxi de which is presumably present as polyvalent rations in the synthesis

sol vent o iU ri 3%8 safgggﬁ t]ﬁﬁi]‘%ﬁ& f final
hydr osol é rey gfa ﬁ%/‘%lra us&?%dg%? m ogll&td(gt%s a ju%f%gg o] |%FFI|£§§I ower
than the  isoelectri o] af at ase crystal.s and.j;t is seen.th very
v o etahaseBR cha o Sebhefited B! enreaiio o ord defte, HELSBERE LR The
effect of adding a particle growmh _inhibiter of hydrous titaniumoxide wll
be expmatasalssherowe metal sompounds withia pH adivsing agent Imampauesus salyend and
Conpar ative Exanples 2 through 4. Zb a vessel containing 5500 g of water
was addfed é@&inpleothydrousytitamisms aixidé am syhtlsesiiedmbyi hidwlyezing teh tanium
concentration of 100 g/1, then the pH was adjusted to 4 by adding a 20 wt %
aqueousgompbihd Cieleeted fidnirthe afokéinbatigitede rawhishtesials by Win Yactf obyslkalis
silicon oxide. Thereafter, the sanme adding procedure as the foregoi ng was

L;‘g‘r‘v‘gts %@eé% fffxg/xﬁ [_)tp% %Tox@ﬁﬁe%‘ﬁioﬂgd Ve LAl B Wkent S BF Ak alitiF By bnEkaliin 9! Ve a

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 0.56 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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hydrous silicon oxide. After this, the procedure of Exanple 31 was foll owed
to give porous silicon oxide. The porous silicon oxide with a purity of
99.4 wt % t hus obtai ned had a specific surface area of 650 n2/g. The
specific surface area of a m xture of this high-purity porous silicon oxide
and the porous titaniumoxide with a purity of 99.2 w% prepared in

Conpar dPuaemicxe ppdferably fonb o tex(H 84Be darid thérpHnisxselertddosuitaldy in orderdoi de
and titani um oxide. Porous titanium oxide of Exanples 1 and 9 and

Conpar ahhtt6] fReApRE ettt RHERVAit GBI Y sctSol WERR txhflfin hddd Bat i ng
in silicon tetrachloride added as a particle growh inhibiter of hydrous
titani L{%le&xi de during the synthesis. Therefore, the effect of increasing
the specific surface area produced by a particle growth inhibiter of

hydr ous tili: ni yum oxi de .al one exc| usi ve of tgg sane effect. rogij e}g‘i‘%sgy t he
added si | HBYPR{RM), 3R EEY: 4 OBEAIR G PAXAIS(4 BFOM dnetad OEIaenWRIINhAHAci f i ¢
surface area (an increnent of specific surface area) between m xtures of

hi gh- peontrglled perei struauirelin raspedti tolpope dismeter,| pare wisixibdtiop medahedikenat he
sanme ratio as in Exanples 1 and 9 and Conparative Exanples 2 through 4. In
or der o} aRid bPerabiondh fReonebd dtkaG theMiide! of diffieehh pENPlUhI Bimedfin
hydrous titanium oxide alone in Exanples 1 and 9 and Conparative Exanples 2

Lt 0UShrfacy Mk QOB (AL uBPEE U ol LASPCRREANIS, QM At

subtracti SPECI rface daea origl n Silrcon oxi d%n%ﬁald
correspgepdi,ng,.to the content of .silicon oxj de i rous,tifani,umoxide in
et BT PORNG agARt B st RosiS 5. B0 Sohyiolil of & e PRt & thee

shown in Fig. 3 in_which the content qof silicon oxide in porous titanium
oxi de aonementioned hydrausd group maetal exidei ncrenent of specific surface area
on the y axis. As is apparent fromFig. 3, the increment of specific
surface alreparticdlar, gheuafbrémemisorfed pHc ewhegtopefatiinl is perfoxndé preferhldy 3 wt %
and the increnmet is particularly pronounced up to 2 wt%- thus it is seen

that appanédt ke ﬁgflﬂ?ibatﬁ:@ PP g0 hnl WHE QiSsdlvih@ P Pase GF tABHydReGus 42

consi derabl e effe or increasing the specific surface area. However,
where t - @f : Sl il i J 0% i e of
Conpar 5??“\}58%;‘%%‘24’26@@‘8@% K %uﬁ?gzggéuaég‘g&%&%% gvgfc(})lr%ﬁyrages\f\ﬁﬁ%?ch is
the target. of this,invention,is not t.ai ned~ The effect for increagsing the
spect T Fesnly gl dhedirRie, AR ethBlrl S For sl ip the mePRuE AT e

exceed wt % and addition of a particle gromh_inhibiter of hydrous

titani }yﬁwﬁog@ri A gel of hydreus, fitaup d&fgsﬂ’& BHais ewvusrg allematelinpl e
15 (Step for synthesis of hydrous titanium oxide particles) Zb 11 kg of

wat er \etwesitte BROipitatinggyH aqugeand ¢hé dissolving pH teange wihhydrouwsdithonime wi t h
a concerntration of 500 g/1 to adjust the pH of the synthesis solution to

1.5, argiddhowh Bf thedelettiochenticil pot@ithl dasraadgfetdriushotide (Ve Petiaix,6. 5

and give a hydrosol slurry of hydrous titaniumoxide. The tenperature
dur i ng viskni &g&ﬂ'j nﬁ%ﬁ {ﬁu’ﬂb’ . t dHEr - oSt %‘alrﬂ Ihani um
oxi de vv%?algé%éﬂgé3 0 S 0 alg aqu%%%%@llutl o%ﬁg#mtii ;I;e%' umg?%gégh{%ﬁoge wth
a conc ion of . 500 g/l tn Leturn the f the slurry to 1..5 or_ {o the
2ot ai o Lo pRlkef inmy SommalR A inte el B o Sridhipl, Biiclvine Huchinat e
was added to shift_the pH of the slurry t . ear the. isoelecixic point
of hydrRgers ag pere firmeterandsperedistsl 0§ﬁ?ﬁ§e§y&t§ﬁ%@nﬁa§q paiigles,i ce
or four tines to give hi;grous titani umoxide particles. The hydrous

titani lhemesodhesizad eymbeesntrelledvasreasbigly mearetprecibely dyeregutading thetpHt i on
and washing, the step for extrusion nolding and the steps for drying and
cal ci niinghd peedipibeihg rarides tid pHeitetid disgsivingaanbe ahdttheuab@osfEwings.t ani um
oxi de. 53 The properties of the porous titanium oxide prepared fromthe

hydr ouspdrl &AM B! HEaIREE pSRCHBnidler’ aPh&ars-atld8f 1l the pore distribution

when the pH swing operation is performed twice between pH 1 and pH 7 while the

peak appears at 16.1 nm when the pH swing operation is performed four times
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Exanpl e 15Raw material speciesTi C 4Ti A 4Nunber of pH swi ng operations24x in
conposition fornula--y in conposition fornul a--PropertiesSpecific surface
area(nk/g) 183168Pore vol une (TPV)(m /g)0.250. 43Pore sharpness

degree(% 7863Pore asymmetric coefficient (N)(-)1.711. 92Mechani cal strength
(SCS) (kg/ mm 1. 00. 6Medi an di aneter(nm6.49.9 Exanple 16 Zb 11 kg of water
was addetivéaDpHl dfansnpHoViethus 16 & pddstble 06 prépaaaiporoustitadimnosiide with b a
concentration of 500 g/1 to adjust the pH of the synthesis solution to 1.5,

and 35%hdPdonkrbIeg S ﬁgy?ﬂ ter was added to shift the pHto 7.5 and
give a %r‘gs& %]l\g%g()y 0 ﬂ%ﬁ%us titani um oxi de. The tenperature during
this synthesis was 75 €. .To the hydrosol, slurr feo hydrous fitaniu xi de
wns added St G0 phre et BuehEat seiesh 5s Mehipr S Erdl AT &
concentrafion of 5Q0 g/1 to ret .the pH of _the slurry to 1.5 or to the
aci di ¢ oyaieeubw%m}u&& arpvp metal M]il@ &itanyay @511:@ P@‘Pf{aﬂabtlwt@@%fﬁMi ewat er
was added to shift the pH of the slurry over the isoelectric point of

hydr ousftreteenitioned pHi ewtiog Dpératimndag followsH{S wha gpersdicat isoperfemed apethieed
four tinmes to give hydrous titanium oxide particles. Porous titanium oxide

was pr Qﬁﬁg@df fHeonont-AiRsblyEigs rhahba Bf hydrews dieardtnd axiflé €1 <f %:Ieﬁe np) engd

Exanple 1 The properties of the porous titanium oxide thus obtained are

shown i . T0 . - Of of 14
ot 56 amebr e plal renti 38t o hutin S o B AN R B B
perforne Y LMES N N al .between pH.,3.8 gn the acidic ,side.and pH 7.5
bver 1 it Uost aiH 1 et Rnh th pH: pee Bt the-FoRrgtic ottt HENIc B0 ¢ o
an aqueous sol ution %f titaniumtetrachloride with a concentration of

oxide (95.1 =pH = 7.15 or between the pH range near the isoelectric pont (6.1 =

pH = 7.1) and the range on the high pH side 8§ = pH = 12) ; @ the operation is
performed in the non-dissolving pH range (1 << pH = 12) between the range on the
low pH side (1 < pH = 4) and the range across the pH range near the isoelectric
point (5.1 = pH = 7.1) 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) while
allowing a sufficient aging time for growth of particles. This procedure is suitable for
the preparatioh of porous titanium oxide whose pore asymmetric coefficient N defined
by N = (A - C)/(B - A) (wherein A is the logarithmic value of the median diameter, B is
the logarithmic value of the pore diameter of the 2% pore volume and C is the
logarithmic value of the pore diameter of the 98% pore volume) falls in the range of 1.5
=N=14

In this invention, a particle growth inhibiter is added to a hydrosol, a hydrogel or a
dried product of a hydrous 4 group metal oxide synthesized in the aforementioned
manner and the mixture is dried and calcined to give a porous 4 group metal oxide.

Addition of a particle growth inhibiter to a hydrosol, a hydrogel or a dried product
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500 g/1 and 355 nml of 14 wt % ammoni a water to give porous titani um oxide as
in Exanple 15 wth the exception of spending approximtely 2 mnutes at pH
6 during the pH swi ng operation. The properties of the porous titanium

oxi de thus obtained are shown in Table 6. Exanple 18 To 11 kg of water was
added NaOH to adjust the pHto 11.5, then an aqueous sol ution of titanium

t et r ac hff diyditeusiititanaum omdde treptasemtedf by the ggenenals favudd Ti® shié t(Qex<pH t o
5.8 and this pH swing operation was repeated three tines in total while

fol | owi(RBetdif ¥ B nGinbePerdter G 6.11 g EXefollwed b idvinB iUl dhingni um

oxi de. The properties of the porous titanium oxide thus obtained are shown

in Table 6. [Tablg, 6]. Exanpl e 16 I . ri

speci e 2%0&54%3&1 Pﬁa o@bﬁ%ngflg%ﬁw@%gﬁa%%égi%Jl?%nShOWS
formul a---PropertiesSpecific surface area(nf/g)176125169Par e _yol une
(TPV)(rﬁXPQJiZ@.t at Q@gﬁ%ﬁs@éo Ypﬁé%gée?ﬁg'%esyﬁée%@%&@ A7 ek Foge,
coefficient (N)(-)3.4633.3Mechanical strength (SCS)(kg/ 0. 91. 10. 8Medi an
di aret er pone)vol@ewf 012 edigpar mbres endaaparie ssharpuess degraet efHilimopiere aves
prepared as in Exanple 15 with the exception of 55 perform ng the pH

SW ng GPledrataleiel etV esinpétatur® adhighead 500 BE foaBkowsdhasa 4obtrblled perehi gh
pH range four tines in total by the use of 330 g of an aqueous sol ution of

P S0 T B0 S i T

are Shoc\zliwtlalgr& -ngbxlie%'; ?particle growth inhibiters suitable for the preparation of the
aforementioned porous titanium oxide are compounds that yield ions contaimng
elements selected from silicon (S, phosphorus (P), magnesium (Mg), calcium (Ca),
barium (Ba), manganese (Mn), aluminum (A and zrconium (Zr) and these
compounds may be used singly or as a mixture of two kinds or more. Importantly, any
compound which is added as a particle growth inhibiter to a hydrous 4 group metal
oxide, particularly, to hydrous titanium oxide, is required to be effective for
maintaining the specific 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
catalyst poison by remaining as its oxide in porous titanium oxide and to be
inexpensive 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 ihibiter 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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Conpar ative Exanple 7 Porous titani um oxide was prepared as in Exanple 15
with the exception of performng the pH swi ng operation between pH 4.5 in
the low pH range and pH 6.5 in the high pH range four tinmes in total by the
use of 330 g of an aqueous solution of titaniumtetrachloride with a
concentration of 500 g/1 and 355 nil of 14 wt % ammoni a water. The properties
of the tjjannms dxideaparticlexiase chargedoposifivelyl amd: animmsninl the ablusion. readily
Conpar ati ve Exanple 8 Porous titani um oxi de was prepared as in Exanple 15

Wi th t helh@xeaPiHettrRice RF BRAh{MDus tRAARRS kide! pHirtivle@fORYXHS otitertharalinven oxi de
by addi ng 355 mL of 14 wt % ammoni a water and then adding 330 g of an

and perP bR, é?&%ﬁséi%%%%ﬂ%ﬁ?%%éﬁ?@ﬁ%%ﬁ AL el 2

and pH 7.5 i theloprr ngefortlrre i n.total use of .35 rrfLof
14 wt %g RUGHIENIYRG 0590 I@F‘I@Feénm?@qﬁ SB?gﬁt’rV(?ﬁI CRUOR AR
tetrachloride with a concentration of 500 g/l The pro erties of the porous

ti t ani woluticndeadiiy adbéredo ibel sarfacesofdhe hiydrotsti rarficlesdmracase ve
Exanpl e 6Conpar ative Exanple 7Conparative Exarrpl e 8Raw mat eri al

speci estick) #&TiHis, 4he Grftend br eatimesid tien sblation! dsperse td aclhighoddgre@on the
formul a- - - Propert | esSpeci fic surface area(nk/g)105146115Pore vol urre

((:-(I)_;}/]2 |( clen (%f?y()ﬁ%gs 1"%58]5&15 lelg‘acigﬂ Eg%i%ﬁé?@%@ﬁ%%@ﬁﬁdl anet er
effectively and firmly to the hydroxyl groups on the surface even when their amounts
are small relative to that of the hydroyl groups. For this reason, when hydrous
titanium oxide is calcined, the portions which have been ion-exchanged with anions or
cations do not form the crystal lattice (Ti-O-TY) of hydrous titanium oxide because of
the presence of firmly bonded anions or cations and this does not lead to crystal
growth. Moreover, those hydroxyl groups which are near the portions bonded to
anions or cations are subject to the influence of steric hindrance of anions or cations
and bond with difficulty to the hydroxyl groups on the surface of other hydrous
titanium oxide particles.

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

growth inhibiter of hydrous titanium oxide.
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(kg/mm. 0.8 0.4 0.9 (nn) 6.7 13.0 6.3 (Step for synthesis of hydrous

titani um oxide particles) '"Ib 10 kg of pure water was added 1500 g of an
aqueous solution of titaniumtetrachloride with a concentration of 210 g/1
to adjust the pH of the synthesis solution to 0.5, and then 2300 g of 14

wt % amoni a water was added to shift the pHto 7.0 and give a hydrosol

sl urry of Conaetruexamplesiof the xifaemehtienéd opapatmde udeful ag a paticky gtdwhi s was
60C. Zb the hydrosol slurry of hydrous titanium oxide thus obtained was

added 1ahiigy of hfidhoRd At Bkitb P8 1 follbival. THelBhfRERNS bf SBei (3)) re

concentration of" 500 g/1 to return the pHto 0.5 in'the acid range o

hydr ous .titani,um,exi.de (.hydrosol..di ssolving, pH,.range 2800. mL _of .14 wt %
nron Siligah o PeGER RS SRS ol ShRae bty HiHERE Shte ” Sitier FrP iRy or
range), and_this pH swi ng operatiagon was_repeated five tines in tgtal to

gi ve hyaelghdenyma siligatenande spieata aorss. They egrapewnds jof t phespbarus dPhaate ng)

Fol |l ow ng the conpl etion of the aforenentioned step for synthesis of

hydr os gdhospharidyatidys ghosplsorbiis t acidd, metephogshorid rexid; alpgrompwsphatie daddt h

pure water repeatedly until the absence of chlorine (G - ) in the filtrate
Wwas CO?fhoéﬁEﬁ'uBy dxiidd, atanmophirh %iﬂoéq_hat@b,t rfléiuke ph¥sHdtbanirAageHiono! -
p

(Step for preparation of dried form The titania hydrosol obtained in the

Cont entHPEPICe A aERpbaes Rttt ek Rles Y PAONAL plRpaip e

nmol ded by the .use,of a 1.8 i\aneter die,. and dried at 12Q ~ for hour s
to gi vEORNgHds ﬂ%méan?%vmmﬁ\}f@i {83R| magnesium sparate,  MAgHEFYy %}&F%%w e

growh inhibiter) The dried nolded formof titania obtained above was
i mer sdgagnesgimacarbonate, magnesium borate, magnesium acetate, magnesium oxide,

magnesium hydroxide, magnesium fluoride, magnesium chloride, magnesium
bromide, magnesium iodide, magnesium carbide, organic acids containing
magnesium, magnesium, magnesium ions and magnesium molybdate and the
hydrates and the like of the aforementioned compounds.

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

nitrate, manganese sulfate, manganese ammonium sulfate, managnese carbonate,
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sol ution of amoni um paranol ybdate with a concentration corresponding to
16.3 mt% of titanium oxide on the oxide basis, left standing at room
tenperature for 2 hours and filtered through a filter paper 5C to give

nol ybdenum supported on titania. (Steps for drying and cal ci ning) The

nol ybdenum supported on titania was dried at 120 C for 3 hours and then

cal ci negamtare8® Korhtey, Bahguicset acayhtes rmangdrydsd enide,c ataalgasiese lydootidel on
titania. The properties of the nol ybdenum catal yst supported on titania are

shown ingaﬂ_ e qlluo%i&%mh%l%%e@% OSRhngidRt MRHMINBImdhdarasididE was

I mersed 1h an aqueous S I on of amoni um par anol ybdate with a
concentration corrnesponding to 16,3 W% of titanium oxi on..t | de

bas, <. magatess FHIE ArErD aclkApunls biingahsf gERERe iaulBolilAY,
and dehydrated until the water_ content (structural. water + fi~ee water)

r eachedndomangsmess naplyedate andeth@ehysh“a@m@f ﬁﬁeﬁﬂﬁr&é eoﬁijer%ﬁmtm@g and
the nol ded formwas dried at 120C for 3 hours and then calcined at 500 C
for 3 hompsuhds.gi ve a nol ybdenum cat al yst supported on titania. The
properties of the catalyst thus obtained are shown in Table 8. Exanple 21 A

cobal t - moTkbdeRpBladd 8f YRimSkpR ¢ADadellutdihem fectite, RhBRASHREN ddumihdmanpl e

20 with the exception of using simnmultaneously cobalt nitrate and ammoni um
par anol yhdat e . [ .qL O 1.0, bi He. LASRERL J']v i t

cor resﬁ%ll flehgajtﬂgm%a%{ V%o&é‘g% %ﬂﬂ% gm@?’anl um oxI dell%sxr'llli?’he oXI ge basi s.
58 The praoperties of the catal yst thu bt ai ned are shown _in Table 8.
Exanpl 2’3@50"?&% HygBYR) tl%@%ﬁ‘t@r mi@ 31%?\ e pgr aﬁn@’k‘q@wlpn an

aqueous sol ution ) 5 i i )
aluminum sulfate, aluminum silicate, sodium aluminum sulfate, aluminum sulfate,

aluminum trifluoride and aluminum and the hydrates and the like of the
aforementioned compounds. The compounds of zirconium (Zr) are zirconium sulfate,
sulfated zirconia, zirconium carbide, zirconium tetrachloride, zirconium oxychloride,
zirconium hydride, zirconium tetraiodide, zirconium oxide, zirconium n-propoxide,
zirconyl nitrate, zirconyl carbonate, zrconyl hydroxide, zrconyl sulfate, zrconyl
acetate and zirconium and the hydrates and the like of the aforementioned
compounds.

A silicon or phosphorus compound to be added to hydrous titanium oxide as a
particle growth inhibiter is stable as oxide and produces a better effect when present
in the form of an oxyanion in the aqueous solution. A silicon compound primarily
appears to exist as Si0s2" in the aqueous solution while a phosphorus compound as
P043- . Compounds of magnesium, calcium, barium, zirconium and manganese with
a greater ionization tendency produce a greater effect when present in the form of
their cations in the aqueous solution. The aforementioned compounds acting as a

particle growth inhibiter are likely to assume the form of Mg2+, Ca2+, Ba2, Zr4+
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of phosphoric acid, ammoni um par anol ybdate and cobalt nitrate as particle
gromh inhibiters, respectively in an anount corresponding to 2.0 % 8.0
wt% and 2.9 w % of titanium oxide on the oxide basis, |left standing at room
tenperature for 2 hours, filtered by suction, and dehydrated until the

wat er content (structural water + free wat eréereached 400 wt % on the solid
basi s. oniPry. Agompeud staluimiaum B relativebnsable agicchydiokidedd=Qad * (il ded
formwas dried at 120 C for 3 hours and then calcined at 500 C for 3 hours

t o gi VendreBRAS BY & dsr AfuhIgUsHeck alithes ahadieh of dPeReichett 19 eohdid@edao The
properties of the catalyst thus obtained are shown in Table 8. [Table 8]

Ex I I 0 ' REG j ' ' oL
fo?ml %8@%%59#@3083%@@% %égﬁ;f%'r' mﬁ‘%’rgéx.]_%r%élg? I es%zgggﬁl?#lcog urface

area(m-/ 29142Por e vol,unme. (. TPV) (m / g) 0. 420. 35Por har pness... :
degree(9 rFBF@OE‘{léxXP?His%gZ WO ré%meg e@@ﬁ‘f(ﬁ% &ilicgn; (S0,
conposi tion forml a0.530.53y in conpositio .

f or mul @hpspharug PR)penagnesSpaci¥ieh ealawac éC;r, coguigng (Ba)s mepsareseoNmb

(TPV) (m /g)0.330.41Pore sharpness degree(%-- Exanple 23 A

phos pheilwsimahy@demdvireakian @) & xddedsap partideqrowth anhibiterso hydypmsed as
in Exanple 22 with the exception of using sinultaneously phosphoric acid,
amoni Yiphafm RIS ch{?&%Fatﬁﬁqs Mot & tribtell/ il P ShedHct waY; ek, Rvhere

inhibiters, respettively In an anmount corresponding to 2.0 w% 8.0 wt % and
2.0 % of titapium.oxide.on the oxide basis. The pr [tLes
cat al'yShe PreRcraBp B olS s2hiviih ofe fhariited by PireB it aitack Mo,

ni ckel - nol ybdenum cohalt catal yst sypported on tjtanic S prepared,as in
Exanpl €xcellept iheap gl e@@ﬂé&y@nﬁgﬁﬁé pgrehﬁuz@,a%@ia%m yone?’@ﬁm%woma&% a
ammoni um par anol ybdate and cobalt nitrate as particle growmh inhibiters,

r especthigle | yurity, arefarablyn97c st e opandiengs tanm@dOatyt ¥ is Sneesganty siodadd othat % of
titani um oxi de on the oxide basis. The properties of the catal yst thus

obt ai negmpoand iawjudstioha birapltedExaitel @ids ab Rratephiv thes rangg of Orl-3ivetke)|
catal yst supported on titanic was prepared as in Exanple 20 with the

except ipqefe%blg%%e%mglet(ﬂmg Afg,ﬁ;ﬁg&%g%itaﬁﬁﬁfﬁ B, "Wheh Whe ertigleand

ni ckel "nitrate ‘as particle grow Iters, respectively in an anount

di f.0.2. 0 W% ,8 Q 2.0 wt % of . t{t ani j
oxi e BovEE SrbBigy Pl #hac B Beliohididhet ' F iR MA b W%, Badet;
Table %iot EI)I(lgglpije& %}?e effect for increasing the specific surface area of titanium oxide

sufficiently. Conversely, when the addition exceeds 3 wt%, porous titanium oxide of
high purity cannot be obtained and, besides, titanium oxide itself does not increase in
specific surface area to any appreciable extent.

The method for adding the aforementioned particle growth inhibiter to a hydrous 4
group metal oxide, for example, hydrous titanium oxide, is not restricted: a particle
growth inhibiter may be added to the raw materials (for example, a 4 group metal
compound, a pH adjusting agent, an aqueous solvent, etc.) during the preparation of a
hydrosol or a hydrogel of hydrous titanium oxide; it may be added to the reaction
solvent during synthesis; where a pH swing operation is performed, it may be added

to the raw materials 4 group metal compound and pH adjusting agent to be used in
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Fol  owi,ng the procedure of Exanple 19, zirconium oxychloride was used as a
raw material and a hydrogel of zirconia after filtration was imersed in an
aqueous sol ution contai ning ammoni um par anol ybdate i n an anount
corresponding to 16.3 w % of zirconium oxide on the oxide basis, |eft
standing at roomtenperature for 2 hours, filtered by suction and

dehydr ahe pHirwihgtdperatidns or b mhasnbe (astded cinuthel steptafber-sygthesis and heforer )
became 400 wt % on the solid basis. Mlding by the use of a 1.5 nmm di aneter
di e folddpyaehtaid the resulting nolded formwas dried at 120 C for 3 hours
and then calcined at 500 C for 3 hours to give a nol ybdenum cat al yst

supported | e
shown 1 TRGE G e HRGrOIS BEGHLRD oRide BTneBhE By dAMMIBHA e Sadl
speciesTi A 4Ti Cl 4x in osition formul a0.530.5 osi tion .

£ br mul dEatEEY tBanipe ChioBEe B ARRISRIs SEQUEFER HEll g5 FhITORaRG 20N

(TPV) (m /g)O0. 310 46Pore sharpness degree(% --Exanpl e 25Exanpl e 26Raw

mat er i alensiecireshie Ghytitosal omi dyduoget rif osuade hydrouso tifasivn crxideorand 4be®30. 30y

in conposition fornulal7.217. 4Properti esSpecific surface

ar ea( M3hihiRab0edRdr © o reBvddTBY)Washing 0488 WP evahihn mates sortagisg @' 0) - -
Corrparative Exanpl e 9 The dried nol ded form of titani a obtained in Exanple

19 bef n I n I

give a1l trg I a &élgr%ﬁ %&gériogle t| e ﬁlse? Hﬁe ti ta | aa%grffﬂl gﬁgt%sssg%tcal ned

are sh Tab e 1 tive bd cat

suppor t i}ﬂn & Ei é&nﬁ’& ]ISn Eﬁ&n‘ﬁfo e ]ile%]kllﬁémélfa%%tnﬁ%w of
dit

drying the m)ldedformof titania ohtained in rrple2befo on of
o Dar L ieide, ghemby alAmEshearaide EroRth FUibben Ty REUR Gt ACER T

hydrous oxide to a |ower |evel and adding amoni um par arml ybdate as a
part i clthegwashihg iwdiiebiok egel-like drydaorsutitaniamr exige refiengvashing 1B8ayvhes mixed
titani um oxi de on the 61

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

-

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

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

growth inhibiters to hydrous titanium oxide, controlling the pH of the sol or gel of
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oxi de basis. The properties of the catal yst thus obtained are shown in
Tabl e 10. [Table 10] Conparative Exanple 9Conparative Exanple 10Raw

mat eri al speciesTi O 4Tid4x in conposition fornula0.530.01ly in conposition
formul a- OProperti esSpecific surface area(nR/g)7154Pore vol une

(TPV) (M /g) 0. 360. 41Pore sharpness degree(% 5145 Exanple 27 (Step for

synt hediysrads titadiumsoxide abthensogledwicnzoing of bydrous titdaiuky oxifle putel fecaBr was
added 1500 g of an aqueous solution of titaniumtetrachloride with a

concentchad fhe prtidd Growih thiBfkisladhbre sffbceivelte thy Bbl@get sol ution to 0.5
and then 2300 g of 14 wt % anmoni a water was added to shift the pHto 7.0

and give AV e ' ' qg;a%

during thlﬁlsmsé?/cﬁgﬁemes &&%@EM%&%%%@%&@%?’V@%@% ro 1"tél{.tgani um
oxi de thus, obt.ai ned,was added 150 of an ueqQus sol ut Lon of tjtani um
Dot 1 ac TGP Rk, VMRS iderm e Brorsuted BY: gt e finfa 5P e
slurry to 0.5 in the acid range of hydrous titani um oxide (hydraosol

di ssol WOl = wheretre X, is ahraumbedgreater -Wo6xa B athgacompogition daaelat o
return the pH of the slurry to 7.0 (hydrosol precipitating pH range), this
pH swi MyOogehatOM)eNas HsDe@iletehi 02 £ res<i 8.0 ahdl0.3t [ hy dE o lorvide
filtered and the resulting cake was washed with pure water repeatedly until

the ab . el . ! ot i b
€ a %ﬁﬂﬁﬁ%@ig}ﬂﬁwﬁﬁwﬂ SQ%xf S@)H)%) a%’,%éﬁﬁ % drefPg2PX ki t€’al pomdoh <i | ver

nitrate, e cake wa ere drated at roomtenperature until
the vvatyer i%B Pl %ﬁet " ﬁjxrea{s YRLE "amdl A GheR%to give a catalyst supported on

titanium oxide which has a specific surface area of 80 m=2/g, a pore volume of 0.2 ml/g

or more and a pore sharpness degree of 50% or more for use as a hydrotreating
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 titanium oxide.

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

compounds may be used singly or as a mixture of two kinds or more.
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wat er) .becane approximately .300 wt % on the solid basis to give a

dehydr at ed hydrogel of hydrous titanium oxide. (ion exchange with ions
cont ai ni ng catal yst conmponents) To the hydrogel of hydrous titani um oxide
t hus obtai ned was added an aqueous sol ution containing 30 wt % of anmmoni um
par anol ybdate [~1H4) 6MO7O24 6H20], 4 wt % of phosphoric acid ~i sP04) and 4
w % of cdBagd afonérmentienddompyinirels t6 H20)sedras a particlegromdhunkibiter ywddiians a

kneader at roomtenperature for 2 hours to give an ion-exchanged intimte

M Xt Ur g oML 008 soltbhNéitiRdchisshs binbatehrf afdlaaliors! dre Presdfivdd bxganitssnol ded
into a cylindrical formby the use of a 2.4 nmdi anetéer die, the nol ded

formwas ,dri at,_12 or hgur._s a the |.ci -C hour s
to gi Vee,ugh i?fgg/{%“rbea’tw 4%at’ a]ﬁ/)?tg @glr(ripgg)ead o& % geﬁg@%@%&%%@e
supported on titanium oxi de. The praperti.ges of .t y treating.catal yst
obt ai n6atPRs EeapFAsENt 23 H}Gégs‘}@&%sﬂ%c asfi\il%%iané@% e%eﬂpiWT%Wi%‘%li ng
catal yst conposed of the catal yst conmponents supported on titani um oxide
was pr efementsgmssessingecadslytie metivity fadhydratnentng Bugh tas mentienarealbovenansf
preparing a hydrogel of hydrous titanium oxide by addi ng an agueous

sol ut i @appbrtéd ban emalRitr@ghén thee naydb&Bup snsthleUdareier i sacoession,

W t hout performng a pH swing operation and then adding to this hydrogel of
ot yoodhen ERAEC ARG S000 bt i5g5e Mitpen 0 R R B
tEQ:mgréﬂggﬁgﬁi@g@{&gaweténe&eoéﬁgf hydrotreating catal yst obtained in

The compounds yielding particularly suitable oxyanions include ammonium
molybdates [(NHa)eMo07024 + 4H=20, (NH4)2=MoOs, (NHo)Moz07], sodium
molybdate (NazMoO« *+ 2H20), molybdic acid (H=MoO4, Hz=MoOs * Hz0),
molybdenum pentachloride (MoCls), silicomolybdic acid (H4SiMo12040 * nH=0),
tungstic acid (HzWO.), ammonium tungstate [S(NH)4O - 12WO0s - H=0, 3(NH)=0
- 12WOs * nH=0], sodium tungstate NazWOa + 2H20), HsPO4, HPOs, HaP20~,
P20s, NHaH=PO.1, (NH4)=HPO., (NH4)sPOa * H=20, Ha[PO4W120ze] * 5H=0
and salts of heteropolyacids containing Mo or W.

The metal salts suitable for yielding metal carbonyl anions include
(NEt+)[Mo(CO)s(O0CCHs)], Mo(CO)e-NEt="EtSH, Rua(CO)1=NEts="EtSH, ( 7 -
CoHaMe)=zMo=Co=S5(C0)4, W(CO)s and W(CO)e'NEts"EtSH . The metal salts
suitable for yielding metal cations include nickel nitrate [Ni(NOs)= * 6H=0), nickel
sulfate (NiSO4 * 6H=20), nickel chloride (NiClz), nickel acetate [Ni(CHsCOz)z *
4H=0], cobalt acetate [Co(CHsCOs2)2 * 4H=20), cobalt nitrate [Co(NOs)= * 6H=0)],
cobalt sulfate (CoSOa * 7H=0) and cobalt chloride (CoCle * 6H=0).

As for the amount of the aforementioned compounds of elements possessing
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Tabl e 11. Exanple 29 A hydrotreating catal yst conposed of the catal yst
conponents supported on titanium oxide was prepared as in the

af orenenti oned Exanple 27 with the exception of preparing a hydrogel of
hydrous titani um oxi de by repeating the procedure of adding an aqueous
solution of titaniumtetrachl oride and an aqueous sol ution of ammonia (pH
swi ng opaiyid autvityefoe hytlioteesting toddeadddutdag h grartiddigrowtlninhibterydorigel  of

hydrous titani umoxide the ions of the catal yst conponents yielding 20 wt %

?fgzgls)l) &ggﬁ?ﬁﬁ)gﬁigz@am .wgeﬂ%rlggert% ﬁeE og the L%&Qgirﬁ%ﬁtglglt%g cat glld?st
i i , 29 i T 11. i
oot a1 v Ethols SE PR pEncipaf iR bl AR HCham (BT Pado” Bl (91 FEBE ! 09

was prepared as in the aforepentioned anple 27 with the exception of

pr epar sugp@mf?@nogéat@ysmyw@mslstqonﬁmﬂa IE)%ieéééﬁyatr epeWtongy OMES PWERdur e
of addi ng an aqueous solution of titaniumtetrachl oride and an aqueous
sol ut i prefefablymah r2a4( piti%swom dhe pmide basis 1gnd ithe amourttosfatheatatal batalymtidi ng
to this hydrogel of hydrous titanium oxide the ions of the catalyst

conpongihpondrits @b be sdppittdd eh d@itigdesimel MEShtrolldd Wrfepibls @l @btvrlt(%:@Q) and

5 wt % of phosphorus 20s) on the oxide basis. The properties of the

hydr ot i 0 i i : o) n.T

Beampl B3 BprERIAbTR 3000 wkdh, <0 Te Bl B 31°YHRet o BPlcled the
conponent s. supperied,on titani um oxj.de s.prepared as in the

21 or eERertBH DR ARG UVET AT HRCHIR e SROP B eHiaRgR: o6 Joth of
hydrous titani um oxi de by repeating_the procedure of adding.an aqueous

sol ut i deswifunzationi andt éema@gqmtmmeg\é/ﬂmnaﬂl%@ww ebithei paAngpala eaighish (pH
Sw ng operation) four tinmes in total and then adding to this hydrogel of
hydr ousglenidras imutylodérden (he) andisr tingshen (&) alpysirtediorpa vatadyst yheiatiingpsg5 wt %
of tungsten (W0s) and 5 wmt % of cobalt (CoO) on the oxide basis. The

proper g} f €3 ' YiHe Qdvadestivoty i ahfhsthown
in Tab}ﬂéﬁ?ul(.g @x%hﬁ?%d%gg g\gsh%%?g(t)?ggtﬁ#ntyecat al ;t/ist corrgose of VTt%%e cat al yst

conpon {iﬁ 3”890' ed on titanium oxi de was prepared as in the
aforengl& [one ]}éq'ﬁpl e 27 with the exception of preparing a hydrogel of

hydrous tl{/Itoxaertl)lvgxr;n i order ?3/ 0 t%gr?aat h)rr]&rog]e%t' rgoc% %tefogfhydrocarbon oils which

gives an excellent performance in desulfurization and denitrogenation with minimal

consumption of hydrogen, the amount of ion exchange is preferably controlled so that
it is 0.06-0.46 atom per 1 titanium atom for the principal catalyst element and 0.02-
0.26 atom per 1 titanium atom for the promoter element or 0.08-0.82 atom per 1
titanium atom for the sum total of the principal and promoter elements.

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

range of 3-9 and the ion-exchanged product is molded, dried and calcined; hydrous
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addi ng.an aqueous solution of titaniumtetrachl ori de and an aqueous
solution of ammonia (pH swi ng operation seven tinmes in total and then
adding to this hydrogel of hydrous titanium oxide the ions of the catalyst
conponents yi el ding 30 wt % of nol ybdenum (~VI 003), 4 wt % of cobalt (CoO0)
and 3 wt % of boron 020s) on the oxide basis. The properties of the

hydr ot tieatiufngoxidé i yddedototainne@ghatify sointion 3antaiting theorisrof Thébeintibal [ Tabl e
11] Exanpl e 27Exanpl e 28Exanpl e 29Raw material speciesTi A 4TiA4Tid,x in

¢ orporbitahis eRbRM M bl e Dot AASHE idiflexchangs ig effected aft oL 17
o e rﬁpﬁ’)@(ﬁa’qﬁi}vﬁ > Sy Puppnged @ao%%q?.‘i%eﬁl%(aip”ef%&f’?%f Srend cggares

denltrlflcatlon activity(, - )3.54,32.9Hydr ogep

consunpydisie Mmmmé%rh;p@gbogwarﬁp ot atarihecions ref pagieal egtalyst

speci esTi A 4Ti A 4Ti A 4x in conposition fornul a0. 150. 340. 28y in conposition
f or mul elefnehits chrisistitey afpnolybdafipr dMa) andlor tangsten 6A) apd ghé 3151 bas Rand:

vol une (TPV)(m /g)0. 260. 320. 33Por e shar pness degr ee(%527065ResuI ts of

reacti t destay t t I
deni t r???géir'?l %ﬂrllﬁrgct I VI {al;!i(‘ﬂe%ﬁé bélec@%?%%wdgpgge%%%o%%ggﬁp?ﬁrﬁl /1 )41- -

g A A AR
rcr:!g)?g ?o(r) %s‘é/‘?’ gge pélﬁ’;’erA)P 3 )quqt Q}é\a oS S C‘Iémi)::qg&je} %?ﬁé@egf t he

hydrotreating catalyt used i_n Conpar atlve Exa le 11 are
aforementioned manner is then filtered, dehydrated, dr1ed and calcined to give a

porous 4 group metal oxide (porous titanium oxide) and here the hydrous 4 group
metal oxide is dried or dehydrated to the water content of 200-900 wt%, preferably
250-600 wt%, on the solid basis, molded into a specified configuration, dried at 40-350
C, preferably at 80-200°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
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 or more, occasionally 0.3 ml/g or
more, even when calcined at 500 ‘C for 3 hours.

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

oils effectively in the presence of hydrogen at a reaction temperature of 280-400°C, a
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shown i.n Table 12. Conparative Exanple 12 The catayst used was a conmerci al
ni ckel - nol ybdenum cat al yst supported on alumna (3.6 w % Ni 0/ 20. 4 wt % Mb03)
with a BET specific surface area of 241 nR/g for use in deep

hydr odesul furization of gas oil and differed in conposition of the catalyst
conmponents fromthe one in the aforenenti oned Conparative Exanple 11. The
pr oper régsionfprédperd pfi2-065 MBh, argl EESVALH0.31Udnr 1Inaxib adaydrogerdoibreadiodfb012 ar e
shown in fable 12. Conparative Exanple 13 The hydrogel of hydrous titanium
oxi de (gg@)%m_ed in Exanple 27 was nol ded, the nolded formwas dried at 120
9C for ours and then calcined at 500 C for 3 hours, 66 the cal cined
formwas inpregnated with the sane aqueous solution (of the ions containing
t he catal yst conponents) as used in Exanple 27, dried at 120 C for 3 hours
and t hep. . hours to give a hydrotreating catal yst
conpos & ?l ISfafw% 33 nts supported on titanium oxide. The
properties of the hydrotreating catalyt obtained in Conparative Exanple 13
are shown in Table 12. Conparative Exanple 14 A hydrotreating catal yst

conposed @f t.he catal yst..conponen supported on titankum oxi de S

pr epar ed @5 il 1§ 12 %“Iaé e#ﬁﬁﬁp d%%éﬁ’gﬁ@nﬁglp\m%ﬁﬂv?%%@cﬁbﬁﬁ grﬁeagﬁlent
preparing a hydrogel of hydrous titaniym oxide by repeating the_ procedure
of additergperatire aad she speaficosirércetarea of the h@n&&wﬁwﬁ @thaadW@ﬁ 0&&%}@8@ s
solution of anmonia (pH swi ng operation) 20 times in total and then adding
t o thi $n Bxdnpiel9 ahdhedt-treatdd beimietthe axdditiont dfe pavtislecgrowile indabae st
conponents yielding 28 wt % of nol ybdenum (~VI003), 4 wt % of cobalt (Co0)
and 4 wt oy fz@@gpmﬁ@ﬁm%pﬁhs@aﬁh Qh@iﬂéﬁﬁocbﬁﬁio%taiiﬁh@ﬂfe?tﬁ‘é&bﬁﬁrﬁtﬁbhe
hydr ot r eat ?ng catal'yst obtai ned inQCorrpar ative Exanple 14 are shown in
Tabl e ‘1_5(; B ative Exanple 15 A hydrotreating catal yst conposed of the
cat al yst conpohénts supported on titanium oxide was prepared as in the

af orenentjioned Exanple. 27 with the excepti gn. of preparin hydr ogel, of
yar ous (FEafiiam BN ITBpePesha Hi, S 26 OBtk A P Rle b AHEERE do
solution of titaniumtetrachl oride and an aqueous sqlution of ammonia (pH
swi ng &ydreus tiayiweasde byrtke use efgparpus hitpninenoadeohxemnples L apdd? apdl  of

hydrous titaniumoxide the ions of the catal yst conponents yielding 14 wt/
of 67 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 Xray 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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mpl ybdenum (MoGs), 4 wt % of cobalt (CoO) and 3 w % of phosphorus .'205) on
the oxide basis. The properties of the hydrotreating catal yst obtained in
Conpar ative Exanple 15 are shown in Table 12. [Table 12] Conparative
Exanpl e 11Conparati ve Exanpl e 12Conparati ve Exanpl e 13Raw nateri al
species--Ti 4x in conposition fornula--0.01y in conposition

f or nul Exciislepdd tindSApmnl fhecalatniha catalyst af Cphipe2dtias Kxatipbese] vandi it by

(TPV) (m /g)0.510. 410. 36Pore shar pness degree(% --68. 2Resul ts of

ti ‘ b ZR% LARCRE . 113Rel at i
Goni 1117y agny RgER ) kit YoRGRT i i dinge of 13T LA SRel atTve

consunption(NI/1)4153- Conpar ati ve Exanpl e 14Conparati ve Exanpl e 15Raw
mat eri al speciesTi O 4Tid4x in conposition fornula0.120. 25y in conposition

f or mul 1] i fy ace area(ne/g)66165Pore vol une
(TPV)(%f d B SRR O Ittt gree( % 46. 253. 8Resul ts of

reacti onRel ative desul furization activity( - )1.20.8Relative
denitrification activity( - )1.91.9Hydrogen consunption(N/1)-38 fi st

Exampl e 1, Hydrotreati.ng test .af. Light. gasq0il ;The,tests e1.gonduct ed on
hydr ot r ek‘“%ﬂ%@cfd%ﬁ&f Bgff:‘%’&e ogﬂpﬁ%\%nﬁpﬁnm%gewgppng\éﬁ%gelﬂ ewjg#‘ t he
hydrotreating catal ysts of  Exanple 27 and Conparative Exanple 11 and the
per f or Fefetencgfto th@a@ama}mn@mlawg@om@érwwxag%@%i | has the

followi ng properties: specific gravity (15/40, 0.850 sulfur contents, 1.37
Wt % ni t r by énsanwesig ,a Yatefypotphysicall prapediespofopeous ditaniumt éade bodl i ng
point 232 C, 50% boi ling point 295C, 90% boi |l i ng point 348. 68 The |ight
gas oi Ihydsustidintehesideoward Yeltahied by theiftllcvii @hethpfi€ssure flow type

reactor "'under the follow ng conditions: reaction pressure, 5.0 MPa~
oL RSO sl spece veloo Uy, 201
SUbm ety oyl DY o oLy LA 055 HASER e
disultf id%%énnjned by the method based on mercury penetration under pressure with the aid
of an instrument, Autopore 9200 available from Shimadzu Corporation. The method is
described in detail in E. W. Washburn, Proc. Natl. Acad. Sci,, 7, 115 (1921), H. L. Ritter
and L. E. Drake, Ind. Eng. Chem. Anal.,, 17, 782, 787 (1945), L. C. Drake, Ind. Eng.
Chem., 41, 780 (1949) and H. P. Grace, J. Amer. Inst. Chem. Emgrs., 2, 307 (1965).
The measurements were made at a surface tension of mercury of 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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Regardi-ng the results of the hydroprocessing tests, the reaction rate
constant was obtained while regarding the desulfurization reaction as |.2th
order reaction and the denitrogenation reaction as the 1st order reaction
and the results were expressed in a relative value with the results of
Conpar ative Exanple 1 taken as "1.0" Mreover, the consunption of hydrogen
(N / ~ whametdrak obthindd endetdiel pare assharphessrdegpec abids shdwashabess of pore

(rel ationship between nitrogen renoval and hydrogen consunption The

rel ati Qbbb tjg\@g@jﬁé@p%gﬁ ' VM) S gﬁﬁy@:]@ n of
hydr ogen wagtlieﬁvestl gate o%ﬂ?ﬁ%&égtma\ﬁ/gts corrpostgioef tgfgtﬂr?g@é’glta yst P
corrpo%t su§ported on titaniumoxide (titania catalysts) of the

af ore P Ene Exanpl es 27 through 30 and the al um na catal ysts of

Conmpar at i ye anples 11 and,. 12. The r lts e sho in Tahles 11 and 12.
As is ap 9@%@#}9%8 Brees= pre welume &W@%@x@w@ﬂgﬂeﬁﬁw i A3 on in

Exanpl es 27 through 30 show the denitrogenation activity approxi mately

t hr ee t i mEbe perehshzirpnesstdegrecodefinied Herd berveana hyfattos forpyahedingrthaldegreea  of
Conpar ative Exanple 11 and yet consune a conparabl e anount of hydrogen

furt herof pbiayoptiaul fob ¢hé peictivAIeRAVedB the thtwl b¥rePalume ARd She/ greater! {HEES as
hi gh as that of the Ni/M catal yst supported on alum na of Conparative

act1vi B¢ G d5RS, 58 Thobfer Y b UBaiRiRch Heiniy op tg SRS, ™

t he Ni/Nb/an#mlga.ca.al st. Thus, it is clear that the titania catal ysts of
Exanpl davora GYHAEER PSYPapr | y reduce the consumption of hydrogen.

Rel at i ﬁnshi p. between sul fur renoval and nitrogen renoval The relationship
bet wee guredf sul fur renopval and the degree of nitrogen renmoval was
i nvestigated on the catal ysts conposed of the catal yst conmponents supported
on titaniThe oxyistiE strudtardsafthe ahtedyst)amf thehentalyst exreiet iveore dlebraninkéd y2 7

t hrough 30, the CoJMo/alun:l17lla catal yst of Conparative Exanple 11 and the

Ni / Ndal}@my@ﬂga&aimé&y With CREBA &t dnVBisEanait P37 10% Va8 bleSPoth (BhiEpeWN i N

Fig. 4 indicate, the'titanic catal ysts of the Exanples are highly selective

t owar d ke ti and they are suitable for use as a hydrotreating
cat al ygsﬁ%ﬁ%y ropra(&)‘g%ssi ng ai med at both desul furization and

R o i i b A
of tit %\rr]liclgj rphe aid of an instrument, Macsorb Model 1201 available from Mountec. The
method is described in detail in an article by S. Brunauer, P. H. Emmet, and E. Teller,
J. Am. Chem. Soc., 60, 309 (1938).
[Pore volume (TPV)]

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

(1965). The measurements were made at a surface tension of mercury of 048 N/m
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tetrachloride with a concentration of 210 g/1 to adjust the pH of the
synthesis solution to 0.5 and then 2300 g of 14 wt % anmoni a wat er was added
to shift the pHto 7.0 and give a hydrosol slurry of hydrous titanium

oxi de. The tenperature during this synthesis was 60 C. To the hydrosol
slurry of hydrous titani um oxide thus obtained was added 1500 g of an
aqueousnsod uontant angleiof dH0umwlaler eatying thieaksolute anexsuce pressureofronr 0880 g/ 1
to return the pH of the slurry to 0.5 in the and range of hydrous titanium
oxi de (9414 0mpdr osol dissolving pH range), then 2800 mlL of 14 wt % ammoni a
wat er was added to return the pH of the slurry to 7.0 (hydrosol

preci pirpating pH ran - Lhhg pPH swi ng operation was repeated three tines
in tot (,HJ(,)ret Wﬁ@g‘%&ﬁ\%ﬁ?\ﬁl tered and the resulting cake was washed with
pure water repeatedly until the ence, of . chl ori i Q a .- .

conf i r med{hg pove ayrIBAtLg @ﬁﬁﬂwi\?aﬂﬁ@%@ﬁa ﬁﬁ@cfsés%%b%eﬁ?ﬁ% and
dehydrated at roomtenperature until the water content (structural ter +
free wdtier 2 beawmmg dwprelationskipy bae@ent thecunhdatvd ipdre aglemeologiina
dehydrat ed hydrogel of hydrous titanium oxide. (lon exchange with ions

cont ai Rlepgnsinbdlhysi ntaenenpRiosimeter hhd the drope didrbteni(dbscish dexprbiset ind
above were added 0.26 atom of ammoni um par anol ybdate [uVT14J6Mo7Q24 4H20],

0. 05 at f..0h i ik : ot 1@t

[ co-TolfERbpgoTRRLR Yhie Reatthhte bithoS 0 e ik Miafctlr Stapbpdi Bt
kneader roomtenpgrature for 2 S. Th Hat this ti S 6.5

(N d 7% BPPrERGE st Roligie o Silpdiose SokPht et sredi BohiEn Gt dhged
with the catal yst conponents was, nolded into a cylindrjcal_ form by thr%e use
of a 2. ameh €i andithe nere asymanetsicawsticioni Mawas exaessad a9 dhe @aigrofahgour s
and then calcined at 500 C for 3 hours to give a hydrotreating catal yst of
Exanpl eli@ancdbetweenfeahd Astodhat béetsveen d andgati ng catalyst are shown in

Tabl e 13.. Exanple 34 The hydrous titani um oxi de obtained in Exanple 33 was

t hrown Mﬁcﬁaﬁicﬁllétbéﬂé%lg (&He@h@h'ﬁ?@t@ér%‘th@@i%)w at om of anmmoni um
par anol ybdat e [ ( NH~ 7024 4H20], 0.06 atom of phosphoric acid ~I3P0~) and

0. i GO S ot i
A At B R o R T, 5.

Th ,
© was compressed by a disk with a diameter of 10 mm and the mechanical strength

was obtained by dividing the load applied at the time of breakage by the length of the
cylindrical extruded form as follows;

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

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

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

tetrachloride (concentration of silicon, 0.29 g/l computed as SiO=) were added 165 g of
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properties of the catal yst obtained are shown in Table 13. Exanple 35
Hydrous titani um oxi de was synt hesized as in the aforenentioned Exanple 33
wi th the exception of synthesizing hydrous titanium oxide by sw nging the
pH al ternately between the hydrous titani um oxide dissolving pH range (pH =
0.5) and the precipitating pHrange (pH = 7.0) seven tines. The hydrous
titani amagxiedas sastién bf Beedunytetracords inath & cogtentradionai{ $00 /e Hikg
titaniumoxide with a water content (structural water + free water) of

appr ox of i &4t%s Ahiéidn Aatel o SPhildsiRa Sl I9ydrbsol teingy oY Biksust tithdlird noxidd. de
wer e added 0.16 atom of ammoni um paranol ybdate [(1 Vi 14J6MD7024 4H20],

0.11 akl?]g\hgtfém l&ﬁ?@ﬂ)&itgiso 'g?egilg?%@soa@d 0.06 atom of cobalt nitrate

[ Co~TCs 0] per anfumand the m xture was processed as in

Exampl e 3 give a hydrotreati,ng catalys f | e ., The properties
of this e‘i@ﬁﬁmnga%erélﬁewwaweﬂmdi@? tﬁ&%ﬁfﬁr@'gﬁgl%dia ove xi de
was synt hesi zed as in Exanple 33, washed, filtered and dehydrated in a
vacuumokidettans obteaned by raddomg $6% g(aftanuaquacal sabition of titapamadegaghlofide he
hydrous titani um oxi de thus obtai ned was approximately 400 wt % on the solid
basi s. with hhdoBicdhteitins of 5O@Y1Uretaiifle therpd addhd dksbiing eang ofthyaousm
paranol ybdate [(1V114) 6M)7Q24 4H20], 0.12 atom of phosphoric acid (HsPO-

and O. %a]%q]gm] Qi [ﬁmw Qﬂ]’t gggmi],
titanium an tﬁteleé%;}l S:agmv\%gsld%r%%ﬁ}%g as gé@a(?rg%e / to 8?{\?2&%%130
hydr ot r gat |;n t st. The ,propett.jes of this,catal are shown in Table
T ah AR Rl 6 bt SRS e 452 Slariy®, Y B the
af orenent i oned, Exanpl e 3% W t h . . .

e side, and another pH swing operation was performed to give hydrous

titanium oxide particles. The pH of the final hydrosol slurry of hydrous titanium oxide
was adjusted to 5.
(Steps for filtration and washing)

The synthesized hydrosol 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%
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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t he exception of adding to the hydrous titaniumoxide 0.12 atom of ammoni um
tungstate [ (NH~-2WD~] and 0.08 atom of cobalt nitrate [ Co(NGs)2 6H20] per 1
atomof titanium The properties of this catalyst are shown in Table 13.
Exanpl e 38 A hydrotreating catal yst was prepared as in the aforenentioned
Exanple 33 with the exception of adding to the hydrous titani um oxide 0.38
at om offoranmwad catciped antdry bleatrie gvelHats 500 GZafa 3 he@s]to givd dortusntitahivor i c
acid (~i3BB) and 0.06 atom of cobalt nitrate (Co(NGs)2 6H20] per 1 atom

of i t RRideMTheRElcRIcARSFh ivess dlowdd td Ballialydsi@bfrshown in Tabl e 13.
Furthernore, the hydrotreating catal yst obtained in Exanple 38 here was

submtte o_electro robe m.er | v&q P i i n

i nstr unemtﬁ R’&)@%‘E}s %ﬁ? PRHTYE tﬁ?‘ﬁ‘ﬁ?ﬁé@ efcp ((ilg O%érl&eé%l %@%\%A)@%%Fi g. 5

i ndi cat% that 0.38 atom of nol ybdenumis supported on 1 atom of titanium
and, i Alabledd of this hi gh rate, nolybdenumis supported uniformly in the
pores. Furtherpore, X-Tay diffraction patternswere neasured pn the
hydrotreati ng catalyst obtalned-inExanple-38 and npl ,mueﬁum bxi de (~VI 0Cs)
with the aid of BawXatedgysedéiésf r pct omer PWB710 avail ablle fT®m Phillip. The
hydrotreating catabdsdsiiororanpl € 38 gave the results| shgy in Fig. 6 while
nol ybdenum oxi pe—(Wos) gave the resutts—shownr i Frg—7,.Jm the forner, if
nol ybdenum wer p_hP 8XBeH armyjay mol yhdenum oxi de (Mbals) W% thé catal yst

carrier, a diffract Pepepat t er n| DfaniMpogdeoutleat be lbalind| t o9%Pppear. However,

no such diffragtion pattern is ONSRE VBT O, The (2/p 187
Pore volume (TPV) (ml/g) 0.36
Pore sharpness degree %) 78

Example 2

Porous titanium oxide was obtained as in Example 1 with the exception of using
an aqueous solution of phosphoric acid (concentration of phosphorus, 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.

Example 3

Porous titanium oxide was obtained as in Example 1 with the exception of using
an aqueous solution of magnesium chloride hexahydrate (concentration of
magnesium, 0.08 g/ 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 slurry of

hydrous titanium oxide to 8.
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catal yst of Exanple 38 shown in Fig. 6. This indicates that nolybdenumis
coordinated to titanium oxide crystals and not nerely present in |ayers on
the surface of the catalyst carrier. Conparative Exanple 16 Hydrous

titani um oxi de was synthesized as in Exanple 33 with the exception of
preparing hydrous titani um oxide by setting the synthesis tenperature at
95C and <ihepropertidscoffthe pbioesiitniyn bridedhns thimimydamshownt srilable 8xi de

di ssolving pH range (pH = 0.5) and the precipitating pH range (pH = 7.0)

ni ne ti megxanhBR 4ydrous titani um oxi de thus obtained was washed, filtered
and dried at 120 C for 10 hours. The water content (structural water + free

A byt O?I%%pgﬁgft%%ﬁ%%[d%ﬁ%é 81&%23%&%%% %ﬁ@%ﬁ*@%’f ?%géﬁ%f B bemBos
Tabl o 0, ACAE PRI, e NG gHomdb simirets, Lodemturiin foe é?x%m"’tﬁ@gﬁ??‘ér'”
was introduced 10 1 of water, 1.5 1 of the aqueous solution of titanium

t et r aclecbmpiutie] 75 €p6) ed a partidagrowt!s Mhibiteraddydrows titasiumrixnde, setting#se t he

pHto 0.5. To this solution was added 2.3 1 of 14 w % anmonia water to

rai se ighathebisttempedatiing atti20fE herfieiring ehe ?H) ERiigdeperhlion sift tiviezsundere

precipitate thereby fornmed was washed and filtered to give hydrous titani um
R R T IR
coul o gl ha oL 060, because, S AR o I Aol o coTl AR rative
Exanpl ?co %3 W th
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 slurry of
hydrous titanium oxide to 8.
The properties of the porous titanium oxide thus obtained are shown in Table 2.
Example 6
Porous titanium oxide was obtained as in Example 5 with the exception of using
an aqueous solution of zirconium oxychloride octahydrate (concentration of zirconium,
0.33 g/l computed as ZrO=) as a particle growth inhibiter of hydrous titanium oxide
and setting the synthesis temperature at 140 C.
The properties of the porous. titanium oxide thus obtained are shown in Table 2.

Example 7
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t ke exception of adding 0.05 atom of ammoni um tungstate [(NH-2W-~] and
0.019 atom of cobalt nitrate [Co(N03)2 6H20] per 1 atomof titanium The
properties of the catal yst obtained are shown in Table 14. Conparative
Exanple 19 A hydrotreating catal yst was prepared as in the aforenentioned
Exanple 33 with the exception of adding 0.62 atom of ammoni um par anol ybdat e
[ ( NH~6Mb-Rbrovs-Eiedniand ofida vas obbanfedcashnl Exampled ewitbdhn@xyeptiopH0gsingr 1
atomof titanium The properties of the catal yst obtained are shown in

Tabl e 3f.aql@sts Solatbh 6f Miangialed &ﬂ@ﬁd@ﬁt&&gﬂrﬁfe (bdrgbhtrefisn of matpantest s
wer e conducted on hydrotreating of Mddle East straight-run |light gas oil
by the e V. | I ; t'%ﬂﬁgn%?@dgol es 33
througR@Bg/géod}l ﬁﬁaa%mgﬁ%g%@éﬁl%a@%éﬁg%?% an t’? e perforrance
of the catalyst s exani ned. Th I ght s oil has.the.follow.ng, .

pr oper S¢8E48 %ﬁéﬁlﬁ}e@ QHGF"S’/“@L@SAEQ) & E&g@@“%lt?‘ﬁrp SHLRRY! ,rgf}(_)rgw%
nitrogen contents, 101 ppm- distillation properties, initial bailing point
232 ~, usdes et ¢omglitimisas taFcluGotezame agopnt of hizhews timun ghde gadn oj |

was hydrotreated in a flow type reactor under the follow ng conditions:
react i Gixapiyple Wikl acﬁuﬁ:ix?ﬁaﬂte pHast the finaldigpiosd dhary sbhgdroug titghibatiotigde space
velocity, 2.0 hr-1 ~ hydrogen/oil ratio, 250 NN/1. In these hydrotreating
tests, (sge catalysts were subnitted to presulfiding by the use of |ight gas
oi | whose content of sulfur conponents had been adjusted to 2.5 wt % by
addi ng diget hyl disul.fide. Regarding t. sul t f_t LOCESSI Ng
Festo. tHo BperR o e Bomme tann- R ckidg thig i@l RolnBIr 5" e
desul furi atiog reaction as |.2th order reaction and the denitrogenation
reaction lg’éalilﬁ 8st order reaction and the results were expressed in a

relative value with the results of Conparative Exanple 1 taken as "|." The
resul t s dfarous ditanium tmidecsad Bbtamedias n Example 1 with the exception of using

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

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

[Table 2]
Example 2 | Example 3 | Example 4 | Example 5
Raw material species TiCl, TiCl, TiCl, TiCl,
x in composition formula 0.75 0.80 0.30 0.55
y in composition formula 12,5 12.5 13.0 12.7
Properties Titanium oxide content (wt%) 97.5 98.8 97.1 97.7
Specific surface area (m¥/g) 158 93 97 134
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 formula 0.50 0.65 1.0
y in composition formula 12.8 12.6 12.3
Properties Titanium oxide content (wt%) 97.1 97.6 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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[ Tabl e.13] Exanpl e 33Exanpl e 34Exanpl e 35Raw nateri al

speci esTi A 4Ti A 4Ti A 4x in conposition fornula0.670.670.50y in conposition
formul a5. 755. 750. 39Properti esSpeci fic surface area(nk/g)102156154Por e

vol unme (TPV)(m /g)0.350.470. 46Pore sharpness degree(% 547055Resul ts of
reacti onRel ative desul furization activity( - )2.52.32.1Rel ative

deni tri f ilnadachof des éxsrtiples in Tablke8 13hdExitanlven dideanhoe Fépaationas Ip&raw
mat eri al speciesTi O 4Ti A 4Ti A 4x in conposition fornul a0. 980.670. 67y in

CONMpos 4y S8 7 I IdAio f
ar ea( > ugRtlof Big Hhithtion g é?r’euzj?f'r) 099?#1“/3)% SEGE & %ébﬁg{é%ggfag%g%«%angfsgo

degree 46059Resu| ts i ve desul fiuri zation acti,vit -
200, G5 BAIROy A PO B30 RO Rl P ioRE Hng g shafin itlpl ot
Conpar at i ve Exanpl e 16Conparative Exanple 17Raw material speciesTi O 4Ti O 4x
i n conpB8¥ AWAYE: or nul a0. 141. 11y in conposition

formul a0. 0227. 1Properti esSpecific surface area(nk/g)65-Pore vol une

(TPV) ( nl /Egetmple-Por e shar pness degree(% 42-Results of reactionRel ative
desul furizetion activity( - )1.2-Rel ati ve denitrification activity( -

) 2. 1- ConMRyrahis Yiearkua Bkife IR{PamaiRill meinFEasRipk 1958M tRBeRbdton of using
speciesTi A 4Ti A 4x in conposition forrrul a0. 670. 67y in conposition

f or mul /
vol une S L-POCRPT sdfiEon 56%@% Srghitrde GuRigbiREEn3ir st Oy el tgpies
reaction tive des Ifur| ac 081 Rel ative
deni t r Pf gb@\% B@’% %g@é}éﬁépéép Hmpo’ﬂé? ween degree of
nitrogen renoval and consunpt ion of hydrogen) The rel at i onshi bet ween t he
degr ee ofThs propgeiesiof tlesporous titamivmcoxide by drtabtedrard shgen blen¥est i gat ed
by the use of the hydrotreating catalysts (titania catalysts) of the
af or ementlicampleBXanpl es 52 and 53 and the commercial catal ysts (alum na
catal ysts) of Conparative Exanples 22 and 23 while varying the |liquid
hourly sE6us titanium oxide was obtained as in Example 1 with the exception of using
an aqueous solution of silicon tetrachloride (concentration of silicon, 0.02 g/l computed
as SiO=2) and phosphoric acid (concentration of phosphorus, 0.09 gl computed as
P=0s) as particle growth inhibiters of hydrous titanium oxide, setting the synthesis
temperature at 80 ‘C and performing the pH swing operation six times under such
conditions as to produce the same amount of hydrous titanium oxide as in Example 1.
The properties of the porous titanium oxide thus obtained are shown in Table 3.
Example 11
Porous titanium oxide was obtained as in Example 1 with the exception of using
an aqueous solution of silicon tetrachloride (concentration of silicon, 0.15 g/l computed
as SiO2), 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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velocity in the range from1l to 3 hr -1. The results are showm in Fig. 8
and it is seen that the consunption of hydrogen can be reduced sharply in
the case of the titania catal ysts of Exanples 33 and 34. (Expl anation of
Exanpl es and Conparative Exanples) As is apparent fromthe results shown in
Tables 13 and 14 relating to the aforenentioned Test Exanple 2, the
hydrotr@a@mﬁ@nnagahqpfhﬁmngpauﬁkmsnﬁatnhe&ug&n@ﬁmhhnmdmhes@e@upﬁuhkzat|on
activity approximtely twice or nore and, in addition, the denitrogenation

activi e @E{B’é%&ﬁiﬁdﬂhﬁ%&%ﬁ&hﬁ@% SRS i FRApS 1t ;«;cgﬁmagrpt}@ pHadfal yst
of Conparative Exanple”11. Furthernore, they show approxinmately 1.8-fold

desul f acti tely 1.5-fold denitrogenation
acti vi ;{b ﬁ]najrﬁy r’% %8%&%&?%@%%@%8‘ cat al yst of Conparative

Exanpl e . For aII that, Fig..8 shows that t nsu | es ogen t han
t he cat al y3¢ Brope ﬁﬁpp @@ﬁﬂ%‘% gxige thys ghiguny 9210 Oy ‘?lél
Conparative Exanples 16 through 19 indicate that, in the case where the
cont ent oExamnplectdiral water and free water of hydrous titaniumoxide is
smal | (Conparative Exanple 16), an ion exchange with the catalyst

conponent Bodasstitihiumn ekider Wagashtainbai 44 &t Examplh Hottith Hhedesubfion i ofat i on
activity and the denitrogenation activity are not sufficient and on the

case iy coﬁf@éﬁ?w??ﬂ@??ﬁé& {&ﬁﬁ@mﬁéﬁl AL il SRl Eind g@g’%’%?lgteri
or cpar DU SR, B gpid %#@SHHP”&“"” SRS ot otoaﬁere

t he amount s _of trze pri nci paI cat aI yst _co onen ézg d t he, pronot er
conpondetrachleride (enmsptration of sthivenc808; aﬁf 16)=8n ve
Exanpl e 18), no inprovenent in desulfuri zat| on activity was obser ved. Still
furt her(conomﬁrh‘eomaafecﬂhmm 0l08 gfiocomputedt he PaOhcinphimaghesiyst chlomdenent
nol ybdenum i s excessi ve (Conparative Exanple 19), such excess was found to

be not (gfcBktrhion bPMaBEAM], 0D 1t FEcoRBsILH BEMA0) a8 washing Witte il thdstep

denltrogenatlon act|V|ty Industrlal Applicabrlity According to this
i nventi %h@ﬁ e easily a porous 4 group netal oxide
whi ch no has a h§’ ec I°c surface area but also exhl bits

por ous. 4 hG eat Ko ol me i n e 3BE PP % BTt aR A O

sel ecti vi ty a I arge specific surface area, high catalytic activity and
excel | ent Eramplestdip | | ty and useful for a catalyst or a catalyst carrier
based on a 4 group netal by the use of a hydrosol of a hydrous 4 group

met al  oxi The iveashed lydrogelrafl hyehtous titatianp opidleewds obtdibed iasnin Example 1

with the exception of not using a particle growth inhibiter of hydrous titanium oxide.

To 50 g as TiOz 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 P2Os 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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Furt her.nore,

hi gh-purity porous titanium oxide of this invention has
properties such as a large specific surface area,

precisely controll ed pore dianeter and sharp pore distribution and is
for applications specifically requiring titaniumoxide as a catal yst
or a catalyst carrier.

usef ul

possi blgd computepas P=

78 Furt her,

accordin
M) and theteaftertheopiodedwioi

the regpiaittadiuddxldi trary pore dianeter,
area than porous titaniumoxide in uniform spherl cal

to this invention,

It

excel l ent heat stability,

S

Exiample dtwad foldwed thgive por e
distribution in a shape conform ng to the nol ecul ar wei ght distribution of

has a | arger specific surface
particles and exhibits

excel | entrizchanl Gal oSHE SRR AAFh ok FIERRSS LBl-Fnd Patl GRAERPRAAYS, 11 Lani um
oxi de whi € S ore (o} e purpose and use as a Catalys carrier
cat al yit%l?lpﬁ ording to this invention, it is possible to provide a
hydr ot f g catalyst with excellent performance in desul furization and
deni t fogenation w th m ni mal consunptipon of NYELANEYH [PRGmbib%o G &kaply |i S
sui t ak | eRar L'ﬁqti%fgll %eqle(gf Y(Jf opr O(,GSSI ng o1 A[ly(]f (j(,GH 49” QI | -PICILpd. |8 Aﬁrwhdf 1 Yy of
gas oid ;1' e T Ke v Heh—tregutre—stuperdeep pccu'gl t—Zal 1o —atfd 0\.1§c'p
deni t regenat] pesfion BIe ol s advant-ageous) y—apphi-cabletHo-hydt oprocesting
i nvol wi 'T"°"r_fl‘15’m]appc of desulfurization_and déditr] _om_oft38t har
hydr odar bonPreperies 79 | TNamiem pxidecconipnied i @t%) (1) A8dor qus ¥F-4rolp ®3fal |oxi de
whi ch |i s charact eri zed| $mcifidwatfadetardas pr dmaeded by108ddi|ng #2particl ¥ graowt h
I nhi bijter to a hydroso| poravdugdrTRye! or| dmdg)i ed pradducgt obswa hydr ess 4 |group
met al |oxi de represent eppdyshafResgeippseal | f apynulla M ~- ~ (OHs2X (whesei n |M
denot €S a & gr OUp met a d.ll(]. X. s a nunoer gr tct[xaeréple[fé HE mpe‘% )Exa?n’p 1g)
follo as—& o'“'CL'iT"(iC ot.ul_?.ge atre& & 56
nel g, La s rgataral spécies iCl, iCl, TiCl,
X in composmon formula 0.78 0.78 0.78
y in composition formula 12.5 12.5 -
Properties Titanium oxide content (wt%) 97.6 97.4 97.4
Specific surface area (m*/g) 146 162 167
Pore volume (TPV) (ml/g) 0.32 0.34 0.36
Pore sharpness degree %) 82 60 56

Examples 10 and 11 relate to the cases where a plurality of particle growth

inhibiters of hydrous titanium oxide are added to the synthesis solvent, Example 12 to

the case where a particle growth inhibiter of hydrous titanium oxide is added during

washing of the gel and Examples 13 and 14 to the cases where a particle growth

inhibiter is added to porous titanium oxide by kneading with the hydrous titanium

oxide gel or impregnating the dried material. In each case, titanium oxide whose

preparation is the target of this invention has a purity of 97 wt% or more, a specific

surface area of 80 m2/g or more, a pore volume (PVT) of 0.3 ml/g or more and a pore

sharpness degree of 50% or more.

Comparative Example 1

To a vessel containing 2 1 of boiled water was added 0.3 1 of an aqueous solution of
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volune .of 0.2 m/g or nore and a pore sharpness degree of 50% or nore. (2)
A porous 4 group netal oxide as described in claim1 wherein the 4 group
nmetal Mis titanium (~. (3) A porous 4 group netal oxide as described in
claiml wherein the 4 group metal Mis zirconium (Zr). (~ A porous 4 group
nmetal oxide as described in claim1 wherein the hydrous 4 group netal oxide
i s hydtibasiuh ttatviacdiboride deithepreaeaniteatidry of H0c ghpmsl them 0.4rlnof 34" di%c2- ~
(OH)2X yH20 (wherein 0.1 Sx < 2.0 and 0.3 s y < 40). (5) A porous 4 group
metal  aphEBnBSwaESCHhS 8dded vhiRi RéehiMh $hé tmbBetivd boHse Ag@idoatrosratap oxi de
is hydrous titani um oxide represented by the conposition fornula | ~Cc2-~
(OH) 2X . yH2 wherein 0, 2, ~ xHé 1. 0. and 3 40) 1 1:4:6 orous 4 group
et Al G PRl S Ppear by @R Onle ettt Rdshfisn ohURCARERE
hydrous 4 groyp. netal oxi i, prepared by using a 4 group tal coppound
as a r &%uﬁaapé&it&fanm tatraaﬁa@%% e AJBAIONIH ok ap ﬁﬁe%atage mmc@w:#&‘%
operation alternately plural tinmes between the precipitating pH range and

t he di shelbeilimg pdhditiondo five hydiowr ttemidmgoxidp pextiales.oYhd el rofaheyimalesi s
solvent. (7) A porous 4 group netal oxide as described in any one of clains
1 t hr ogghrésolVaRrey Bf HyArduOtiRurE bride Mvhs abliistdtl ¥b M. (Theredftd: tHe shimdr ous

titani um oxide is 80 synt hesi zed by using a raw material titanium

compou j i i : ing operation in a
ynt nodretBlrEabl PRk TR0 B4 bRk RIS, CR0T T 00 L
oxi de al ternatel y.pl | tines.between. rapge on the | ow ide (1 < pH
Sy ana Theppmerib e apramaitagh arideiBun oPrm e} axa Rhaw i bil i ani um
oxide (5.1 s pH ~ 7.1) or between the pH range near the isoelectric point
of the hyldempsrativedixamplexi de (5.1 s pH ~ 7.1) and the range on the high pH
side (8 c pH S 12). (8) A porous 4 group netal oxide as described in any
one of clRoroes ltitamivmg bxide wras edbtained ds gnoBgamplall Mitls thiet exdeption Tof~ and
the hydrous titaniumoxide is synthesized by using a raw material titanium

conpouRghnihedizthPhy@diud Hehhtin? 8gide oRMfirPehd ALFbA iR aRHrBvhRgcRRHBAMRE | N a
synthesis solvent”in the non-dissolving pH range of the hydrous titanium

0 ﬁiedEHQ‘??ﬁ%@%r‘?‘é%?‘eﬁ ﬂée"ge?‘sg{ei\e%&qﬂ %@%ﬁ%‘?ﬁéﬁ[‘ h@’?ﬁﬂ% g i"?%t‘%l.gﬁtm&‘%{xﬁ%ﬁ‘é‘zf%:is
H 7.1 ) ) i H si 8 S S 12
C anue. BerEde Hrwth iRRlies G IRowS Heknil e il WEhGR: PRECHpEE ASH.

titani um, oxi denagéig' 1 s pHs 7.1) while allowing.a sufficient _aging time for
gr owt h S#ing aperasios andradineting thentd of Heahyduesol shaay of hydrousditaniung oxide pH s
7.1).

to 7.

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

Comparative Example 2

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

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

Comparative Example 3

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

an aqueous solution of silicon tetrachloride with a concentration of 0.60 g/l computed
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(9) A porous 4 group netal oxide as described in claim7 or 8 wherein the
pore asymretric coefficient N of the hydrous titani umoxide defined by N =
~- Q/~- A (wherein Ais the logarithm c value of the median dianeter, B
is the logarithm c value of the pore dianeter of the 2% pore volune and C
is the logarithm c value of the pore dianeter of the 98% pore volune) falls
in thez&d%ﬁbﬂnﬁb&sﬁﬂfﬁm%heqWﬁb¢ﬂ$oﬂhphnnﬂﬁﬂnﬁgnnuﬁdﬁetaI oxi de as descri bed
in any one of clains 1 through 9 wherein the particle gromh inhibiter is a

compound The petatibOthe Yot titagidd okide thek @beithed Stsidveh Il PamIsi4l | con
(Si), phosphorus ~."), magnesium (IVIg), calcium (Ca), nmanganese (M>),

a'“”in“”‘@é&&aﬁﬁﬂngkﬁﬁgiQf‘(Zr)' (11) A porous 4 group netal oxide as
e

descri bed Irntany on clainms 1 through 9 wherein the particle growth
inhibitor_is a conmpound yi el ding  ions containing.,an el enment selected fom
sul fur (SPOrovs| JHEIBWENOKIdS) Wﬂﬁﬁ@@%@a ay-n iﬁ—&ﬁ-ﬁ‘tﬂl‘ﬁn}l (Wi @waewpave)of (12)
A porous_4 group netal oxide as described in any one of clainms 1 through 9
wher ei radjhetingathei pH of theofunad hiyrdrodul sbury of lydroup titarduyi etide by Sinrke step
containing an elenent selected fromiron (Fe), nickel (~Ti), cobalt (Co),
pl ati nufoe the dynthadid efhydroiSEaninmoskiden (~ and ruthenium (~tu). (13) A
porous 4 group netal oxide described in any one of clains 1 through 12

wher ein_t e PASIAfESofdhE Molodd Wbl oxdde BASBAARAALLASIGE th Thie 4 o ouP

metal conpoundas a raw nmateria e reaction so ring

synt hesi s~0f the.hydrous, 4. group netal oxide, after the synthesis and
before th °H%ﬁ§§?§¥ﬁ6ﬂmBF*§he hydrous 4 group netal oxide, or after the
dehydratign and, before the calcinatjon _ of_the hydrous 4 group netal oxide.
(1~ A porborpus tiapiym exide wasobtuned asde dwaaplen s ecexoeponm ohiising

t hrough 12 wherein the particle growh inhibitor is added in the steps for
fi | t r atanoaqueots wakitiongf ahagiwesium dihiorsde4withau porehiation iofl 6.08( g/bormdputedous 4
group netal oxide as described in any one of clains 1 through 14 wherein
the pardsiie® i $hat dtep 1 thietPhthesiefdaflirats fitatiuhLasds BAR ddiestiriPleasHr i ¢

poi nt of the hydrous 4 group netal oxide in case it is anions, added at a
H ' j i 4.0 ik 1 dded at H

Cor oo gouds Ra iR ALY bEhblE SR W 2 O™ &' sl taneous! y
[ ti : 16),..A . I i de. i,bed i

any one. of bk PryxrEBas cithe pofpuRiiGRERD Rie b Ua AL s aarice ToPE e

particlf row h inhibiter has catalytic activity for hydrotreating and the

hydrox} AgeGips of the hydrous 4 group netal oxide are exchanged by the

ions [0f Said element. (17) A porous[ 4 groygp L OXT & —gescr i bed

clains 10 through 1% wherein the pofous 4 gﬁg§§%h§%alaﬁygggghagoggﬁﬁgéty of
. ple ple’ 2 Example

97 o4 4+ 1d NP | va 2) Xxam
wt YROr oL = o - tie—oxiae—{1vb2)
aw material species

TiCl, TiCl, TiCl,
X in composition formula 1.30 0.75 0.75
y in composition formula 12.0 12.5 125
Properties Titanium oxide content (wt%) 99.2 99.2 95.4
Specific surface area (m%/g) 60 67 199
Pore volume (TPV) (ml/g) 0.16 0.15 0.28
Pore sharpness degree %) A 75 48
Comparative Comparative
Example 4 Example 5
Raw material species TiCl, TiCl,
X in composition formula 0.75 0.75
y in composition formula 12.5 12.5
Properties Titanium oxide content (wt%) 88.9 99.2
Specific surface area (m¥/g) 224 78
Pore volume (TPV) (ml/g) 0.36 0.17
Pore sharpness degree (%) 45 74
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basis. .(18) A porous 4 group netal oxide as described in claim17 wherein
the elenent originating in the particle growmh inhibiter is contained in
the range fromO0.1 w%to not nore than 3 W% on the oxide basis. (19) A
met hod for preparing a porous 4 group netal oxide which conprises adding a
particle growth inhibiter to a hydrosol, a hydrogel or a dried product of a
hydr ous 4Cgmpeapativet Bkaimpled® inbiladdrebates be porast titamiwh exide prepgredenal
conpound as a raw material with a pH adjusting agent in an aqueous sol vent

and r e%%&iﬁgﬁ@%vgglﬁxﬁjﬁngl%r@r schiBédH the\dpeEibicatidrohf T %6(190808 A ofYladFgot es a

4 group net I'S nunber greater than 0.1 or x ) 0.1) followed by

peci P FERE VR R hing he B By e pofh fu e WhdTR P B bR R3S

and a pore sharpness degree of 50% or re, (20). A nethod for. preparjng a
por ous 14 geepsraiiesExaninle hovarke prenase wﬁh@ufaiaéqd&@mwgraeimﬂ@ HoMBus 4
group netal oxide is hydrous titanium oxide or the 4 group netal Mis
titani unhibiter of hydrausriitdmuns oxidpr Tharspegfia spaiace sirda gn dwph rgamparativde as
described in claim19 wherein the hydrous 4 group netal oxide is hydrous
Zi r conigymmledCaid Cofpatativd® BRafilall iddss thah @O, (Conparddive Eﬁ@ﬁ)leA

nmet hod for preparing a porous 4 group netal oxide as described in claim19
wher ei s QX IS fe=ta) j

Fopr os o aenyd et BhaHETI R bEE patgly FhoW R Bk SR fn 01 |
x <2.0and Q.3 y <.40). .(23) A nethod far epar. a porous, 4 group netal
ox de. dEYheRtthe eeGile Surkich Aen %ﬁ%ﬂ@@%@%@%@?@%@%@ﬁw eis
hydrous titanium oxi de represented by the conposition fornula ~i0 c2-~

( OH) 2X andHb pelatentortbiercage wherethe additiom ef @ partigle grasythainkabiteyds maereghapar i ng
a porous 4 group netal oxide as described in any one of clains 19 through
23 wherewtst drel thedpatity of tipaniym roxidal is dedsdthanQTowt%i Qethpayaties Hyample §r oup
nmetal compound as a raw naterial and a pH adjusting agent and perform ng a

PH swWi nglaRefPtliethsd MIRrd al SirficReirReR ihiBiteF 6€hdroak ititenivih oaidee~hicH t he
di ssol ving pH range of the hydrous 4 group netal oxide plural tinmes in a

?s/nzjgggé j: 5e§58|ﬁ|{§nmg®lggen%t éofgffsclﬁ a‘riﬁgrr%tt %ﬁ%ﬁ%ﬁg}w%ﬁ\}/\lﬁﬁr el ﬁreﬁ%%{'jﬂ z oup met(:) )6(1: deM
. . : T . . : : : :

mt et | SR RPRR CETHS G Aaed ang s gH & iths ﬂiéiﬁkyﬁm%es' 6T e phbwgras
SWi ng operation in a synthesis sqlvent_in the non-dissolving pH range of

t he hyditansmjoxide was ediustedata 4 rhiel s losver thantthedsoaledtiie paint 19£ apatase on

the low pH side (1 < pHs ~ and the pH range near the isoelectric point of
t he hy drysislstardahisseenthdevéry. little npagnesiiin wasr taken wetertitahaup lexidengrelerear
the isoelectric point of the hydrous titaniumoxide (5.1 s pH~ 7.1) and

t he rangg @aditia. hi gh pH side (8 ~ pH s 12).

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

To a vessel containing 5500 g of water was added 150 g of an aqueous solution of
sodium silicate with a concentration of 100 g/, 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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(26) A.method for preparing a porous 4 group netal oxide as described in
any one 84 of clains 19 through 23 wherein the 4 group netal Mis
titanium (~ and hydrous titanium oxide is synthesized by using a raw
material titani umconpound and a pH adjusting agent and performng a pH
swing operation in a synthesis solvent in the non-dissolving pH range of

t he hytydrmst silieom oxidexAfter blesweenptrdeedwangfe Ezamiphes 31 omap Folkomabd 1(01g1§7epH S
4) and the range across the pH range near the isoelectric point (5.1 c pHs

7. 1) OpoRfISEIRBNI XS, AMeSHdbud Sficdt BXide Mith ﬂﬁp A zﬁw%%) tHRGbtAGed ange

a::lross t he pr][ange near ‘the 1soelectric point .1 SpHS 7.1) while

the | sg8AEL TGS | egd 9%@3%%%&% gﬂd%ﬁ%ﬁé@%mﬁ%%% 73" Bl bR B4 h
4 9 26

her o1 RiEIHERPG BYSHE oA TdnARS hB PP B IoGERR Pt AU D SoLp

net al corrpound as a raw material to the reaction soI vent during the
synt hesit$ pfepabed iy Gonysrativr Baampls 2lcansbedxpressed bytthe naixratiieif silead
before the dehydration of the hydrous 4 group netal oxide or after the

dehydr aiddemndnstabaiioidehe cal ci nation of the hydrous 4 group netal oxide.
(28) A nethod for prepari ng a porous 4 group netal oxide as described in

added at 4 Polhfl essﬂ’?%&’aa RE lzgf‘fé ol L%@n?%@f%ﬁ%%%‘@fs}hg%ﬁgﬁm al
(n casd FESiEs par bt Sde BRI o PE PP A pSaocheR ¢

poi nt O.in_case it is sinultaneously anions and rations. (29 A_ et hod
for pr gp@w}ngﬂab@rrqfdydmw Btanivex ende dugagdbe gypthesise d hieref; ey

clainms 19 through 27 wherein the particle growh inhibitor is added in the
st eps bbrintrehsingt thenspeificnastacegarda pheluepdrigus parfice growthalinbibitde . of 85

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
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 m silicon oxide and corresponding to the content of silicon oxide in
porous titanium oxide in Examples 1 and 9 and Comparative Examples 2 through 4.

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

As is apparent from Fig. 3, the increment of specific surface area is large until the
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(30) A-nethod for preparing a porous 4 group netal oxide as described in
claim 29 wherein washing water to be used in the steps for filtration and
washi ng of the hydrous 4 group netal oxide contains a particle growth
inhibiter in an amobunt in the range of 1-100 ppmon the oxide basis of the
metal contai ned in the particle growh inhibiter. (31) A nmethod for

pr epar icagteant o6 i Q)Gdﬁo“a@Chest%wt%mmbt}’@slnd@mtllb@arhmﬂaﬂy pooreowiced ugi ns 19
t hrough 30 wherein the netal contained in a particle growh inhibiter has

cat al yttb@ a&%; thiw iff & sdediiel reepartivde arsvthhihibitdroofyhy droas RRadiunt b&idey dr ous

4 group netal oxide are exchanged by the ions of thls metal. (32) A

metal Gare e EEpd %e"%ﬁr}%yg’%gﬁ%? e P @A LR A AR el 0P
wher oi oE RRAnG Bttt inlées BARELT Hiafh adinthe S556 W G pprEnE yokaP st

for hydrocarbgn oils as descrlbed I n clalns 31 through 33 wherein the

el enent, Bapeaifc sarfage/ates of SPimPigormperenyhichtis she tanget of thiginyention jsanot
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(Step for synthesis of hydrous titanium oxide particles)

To 11 kg of water was added 330 g of an aqueous solution of titanium tetrachloride
with a concentration of 500 g/l to adjust the pH of the synthesis solution to 1.5, and
340 ml of 14 wt% ammonia water was added to shift the pH to 6.5 and give a
hydrosol slurry of hydrous titanium oxide. The temperature during this synthesis was
60 C. |

To the hydrosol slurry of hydrous titanium oxide was added 300 g of an aqueous
solution of titanium tetrachloride with a concentration of 500 g/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 slurry 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 titanium oxide thus synthesized was subjected to the steps for
filtration and washing, the step for extrusion molding and the steps for drying and

calcining described in the aforementioned Example 1 to give porous titanium oxide.
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shown in Table 6.
Example 18

To 11 kg of water was added NaOH to adjust the pH to 11.5, then an aqueous

solution of titanium tetrachloride with a concentration of 500 g/l was added to shift the

pH to 5.8 and this pH swing operation was repeated three times in total while

following the rest of the procedure in Example 15 to give porous titanium oxide. The

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

[Table 6]
Example Example Example

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

x in composition formula - - -

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

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

Pore sharpness degree %) 65 61 62

Pore asymmetric coefficient (N) =) 3.46 3 3.3

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

Median diameter (nm) 7.2 9.0 7.1

Comparative Example 6

Porous titanium oxide was prepared as in Example 15 with the exception of
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Comparative Example 7
Porous titanium oxide was prepared as in Example 15 with the exception of
performing the pH swing operation between pH 4.5 in the low pH range and pH 6.5
in the high pH range four times in total by the use of 330 g of an aqueous solution of
titanium tetrachloride with a concentration of 500 g/l and 355 ml of 14 wt% ammonia
water. The properties of the porous titanium oxide thus obtained are shown in Table 7.
Comparative Example 8
Porous titanium oxide was prepared as in Example 15 with the exception of
preparing a hydrosol slurry of hydrous titanium oxide by adding 355 ml of 14 wt%
ammonia water and then adding 330 g of an aqueous solution of titanium
tetrachloride with a concentration of 500 g/l and performing the pH swing operation
between pH 9.5 in the alkali range and pH 7.5 in the low pH range four times in total
by the use of 355 ml of 14 wt% ammonia water and 330 g of an aqueous solution of

titanium tetrachloride with a concentration of 500 g/l. The properties of the porous

titanium oxide thus obtained are shown in Table 7.

[Table 7]
Comparative | Comparative | Comparative
Example 6 Example 7 Example 8
Raw material species TiCl, TiCl, TiCl,
x in composition formula - - -
y in composition formula - - —
Properties Specific surface area (m¥/g) 105 146 115
Pore volume (TPV) (mi/g) 0.15 0.32 0.15
Pore sharpness degree (%) 43 40 48
Pore asymmetric coefficient (N) ) 5 6 5.2
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tetrachloride with a concentration of 210 g/l to adjust the pH of the synthesis solution
to 0.5, and then 2300 g of 14 wt% ammonia water was added to shift the pH to 7.0
and give a hydrosol slurry of hydrous titanium oxide. The temperature during this
synthesis was 60C.

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

(Steps for filtration and washing)

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

(Step for preparation of dried form)

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

C for 3 hours to give a dried molded form of titania.
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10< The dried molded form of titania obtained above was immersed in an aqueous

solution of ammonium paramolybdate with a concentration corresponding to 16.3

wt% of titanium oxide on the oxide basis, left standing at room temperature for 2

hours and filtered through a filter paper 5C to give molybdenum supported on titania.

(Steps 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.

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

titanium oxide on the oxide basis, left standing at room temperature for 2

hours,

filtered by suction, and dehydrated until the water content (structural water + free

water) reached 400 wt%. Molding by the use of a 1.5 mm-diameter die followed and

the molded form was dried at 120°C for 3 hours and then calcined at 500 C for 3

hours to give a molybdenum catalyst supported on titania.
The properties of the catalyst thus obtained are shown in Table 8.

Example 21

A cobalt-molybdenum catalyst supported on titania was prepared as in Example

20 with the exception of using simultaneously cobalt nitrate and ammonium

paramolybdate as particle growth inhibiters, respectively in an amount corresponding

to 3.0 wt% and 10.0 wt% of titanium oxide on the oxide basis.
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Example 22

The hydrosol after filtration in Example 19 was immersed in an aqueous solution

of phosphoric acid, ammonium paramolybdate and cobalt nitrate as particle growth

mbhibiters, respectively in an amount corresponding to 2.0 wt%, 8.0 wt% and 2.9 wt%

of titanium 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% on the solid basis. Molding by the use of a 1.8 mm-diameter

die followed and the molded form was dried at 120 “C for 3 hours and then calcined

at 500 °C for 3 hours to give a phosphorus-molybdenum-cobalt catalyst supported on

titania.

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

[Table 8]
Example 19 | Example 20
Raw material species TiCl, TiCl,
X in composition formula 0.21 0.53
y in composition formula 03 17.2
Properties Specific surface area (m%/g) 129 142
Pore volume (TPV) (ml/g) 0.42 0.35
Pore sharpness degree %) 54 65
Example 21 | Example 22
Raw material species TiCl, TiCl,
x in composition formula 0.53 0.53
y in composition formula 17.2 17.2
Properties Specific surface area (m%/g) 115 149
Pore volume (TPV) (ml/g) 0.33 0.41
Pore sharpness degree (%) - —
Example 23

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

Example 22 with the exception of using simultaneously phosphoric acid, ammonium
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basis.

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

Example 24

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

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

Example 25

A phosphorus-tungsten-nickel catalyst supported on titania was prepared as 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
basis.

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

Example 26

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

hours, filtered by suction and dehydrated until the water content (structural water +
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F @ 10% () i@ &ed At BOH 9 for 3 hours to give a molybdenum catalyst supported on
Zirconia.

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

[Table 9]
Example 23 Example 24
Raw material species TiCl, TiCl,
x in composition formula 0.53 0.53
y in composition formula 17.2 17.2
Properties Specific surface area (m%/g) 167 105
Pore volume (TPV) (ml/g) 0.31 0.46
Pore sharpness degree % - -
Example 25 Example 26
Raw material species TiCl, Zirconium oxychloride
x in composition formula 0.53 0.30
y in composition formula 17.2 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 titania obtained in Example 19 before addition of a
particle growth inhibiter was calcined at 500C to give a titania carrier.

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

Comparative Example 10

A molybdenum catalyst supported on titania was prepared as in Example 19 with
the exception of drying the molded form of titania obtained in Example 2 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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[Table 10]
Comparative Comparative
Example 9 Example 10
Raw material species TiCl, TiCl,
X in composition formula 0.53 0.01
y in composition formula - 0
Properties Specific surface area (m%/g) 1 54
Pore volume (TRPV) (ml/g) 0.36 0.41
Pore sharpness degree %) 51 45
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/ to adjust the pH of the synthesis solution
to 0.5 and then 2300 g of 14 wt% ammonia water was added to shift the pH to 7.0 and
give a hydrosol slurry of hydrous titanium oxide. The temperature during this
synthesis was 80 C.

To the hydrosol slurry of hydrous titanium oxide thus obtained was added 1500 g
of an aqueous solution of titanium tetrachloride with a concentration of 500 g/ to
return the pH of the slurry to 0.5 in the acid range of hydrous titanium oxide
(hydrosol dissolving pH range), then 2800 ml of 14 wt% ammonia water was added to
return the pH of the slurry 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 (C1 -)
was confirmed by titration with silver nitrate, and the cake was filtered and

dehydrated at room temperature until the water content (structural water + free
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(Ton exchange with ions containing catalyst components)

To the hydrogel of hydrous titanium oxide thus obtained was added an aqueous
solution containing 30 wt% of ammonium paramolybdate [NH4)eMo7Oz4 * 6H=0], 4
wt% of phosphoric acid (HsPO4) and 4 wt% of cobalt nitrate [CoNOs)z * 6H=0] and
the mixture was kneaded in a kneader at room temperature for 2 hours to give an
ion-exchanged intimate mixture.

(Molding, drying and calcining of catalyst)

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

The properties of the hydrotreating catalyst obtained in Example 46 are shown in
Table 11.

Example 28

A hydrotreating catalyst composed of the catalyst components supported on
titanium oxide was prepared as in the aforementioned Example 27 with the exception
of preparing a hydrogel of hydrous 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 in
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Example 29
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 20 wt% of
molybdenum (MoOs), 4 wt% of cobalt (CoO) and 7 wt% of phosphorus (P20s) on the
oxide basis.
The properties of the hydrotreating catalyst obtained in Example 29 are shown in
Table 11.
Example 30
A hydrotreating catalyst composed of the catalyst components supported on
titanium oxide was prepared as in the aforementioned Example 27 with the exception
of preparing a hydrogel of hydrous titanium oxide by repeating the procedure of
adding an aqueous solution of titanium tetrachloride and an aqueous solution of
ammonia (pH swing operation) 12 times in total and then adding to this hydrogel of
hydrous titanium oxide the ions of the catalyst components yielding 23 wt% of
molybdenum (MoOs), 4 wt% of cobalt (CoO) and 5 wt% of phosphorus (P=Os) 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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hydrous titanium oxide the ions of the catalyst components yielding 25 wt% of
tungsten (WOs) and 5 wt% of cobalt (CoO) on the oxide basis.

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

Example 32

A hydrotreating catalyst composed of the catalyst components supported on
titanium oxide was prepared as in the aforementioned Example 27 with the exception
of preparing a hydrogel of hydrous titanium oxide by repeating the procedure of
adding an aqueous solution of titanium tetrachloride and an aqueous solution of
ammonia (pH swing operation) seven times in total and then adding to this hydrogel
of hydrous titanium oxide the ions of the catalyst components yielding 30 wt% of
molybdenum (MoOs), 4 wt% of cobalt (CoO) and 3 wt% of boron (B=0s) 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 11.56 13.1

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

Pore volume (TPV) {ml/g) 0.35 0.23 0.47
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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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molybdenum (MoOs), 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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Test Example 1: Hydrotreating test of light gas oil

A

The tests were conducted on hydrotreating of Middle East straight-run light gas

oll by the use of the hydrotreating catalysts of Example 27 and Comparative Example

11 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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hydrogen was investigated on the catalysts composed of the catalyst components
supported on titanium oxide (titania catalysts) of the aforementioned Examples 27
through 30 and the alumina catalysts of Comparative Examples 11 and 12. The
results are shown in Tables 11 and 12.

As is apparent from Tables 11 and 12, the catalysts of this invention in Examples
27 through 30 show the denitrogenation activity approximately three times as high as
that of the Co/Mo catalyst supported on alumina of Comparative Example 11 and yet
consume a comparable amount of hydrogen; further, they show the denitrogenation
activity approximately 1.5 times as high as that of the Ni/Mo catalyst supported on

alumina of Comparative Example 12 which is considered to show a relatively high
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Ni/Mo/alumina catalyst of Comparative Example 12.

As the results shown in Fig. 4 indicate, the titania catalysts of the Examples are
highly selective toward denitrogenation and they are suitable for use as a
hydrotreating catalyst in hydroprocessing aimed at both desulfurization and
denitrogenation.

Example 33

(Step for synthesis of hydrous titanium oxide particles)

To 10 kg of pure water was added 1500 g of an aqueous solution of titanium
tetrachloride with a concentration of 210 g/l to adjust the pH of the synthesis solution
to 0.5 and then 2300 g of 14 wt% ammonia water was added to shift the pH to 7.0 and
give a hydrosol slurry of hydrous titanmium oxide. The temperature during this
synthesis was 60 C.

To the hydrosol slurry of hydrous titanium oxide thus obtained was added 1500 g
of an aqueous solution of titanium tetrachloride with a concentration of 500 g/l to

return the pH of the slurry to 0.5 in the acd range of hydrous titanium oxide
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St { dD(BdusSel GligsbBAtRDH) ranee); #hav@800 Inl of A4#Hts@Mnpma( Watet Godssadded to
return the pH of the slurry to 7.0 (hydrosol precipitating pH range), this pH swing
operation was repeated three times in total, the hydrogel was filtered and the
resulting cake was washed with pure water repeatedly until the absence of chlorine
ion (Cl - ) was confirmed by titration with silver nitrate, and the cake was filtered and
dehydrated at room temperature until the water content (structural water + free
water) became approximately 300 wt% on the solid basis to give a dehydrated
hydrogel of hydrous titanium oxide.

(Ion exchange with ions containing catalyst components)

To the hydrous titanium oxide obtained above were added 0.26 atom of ammonium
paramolybdate [NH4)eMo7024 * 4H=20], 0.05 atom of phosphoric acid (HsPO.4) and
0.06 atom of cobalt nitrate [CoNOs)= *6H=0] per 1 atom of titanium and the
mixture was kneaded in a kneader at room temperature for 2 hours. The pH at this
time was 6.5.

(Molding, drying and calcining)

The hydrous titanium oxide ion-exchanged with the catalyst components was
molded into a cylindrical form by the use of a 2.4 mm-diameter die, the molded form
was dried at 120 C for 3 hours and then calcined at 500 “C for 3 hours to give a
hydrotreating catalyst of Example 33. The properties of this hydrotreating catalyst are
shown in Table 13..

Example 34

The hydrous titanium oxide obtained in Example 33 was thrown into a solution of
pH 9 containing 0.47 atom of ammonium paramolybdate [(NH4)eMo7Oz4 * 4H=0)],

0.06 atom of phosphoric acid (HsPO4) and 0.10 atom of cobalt nitrate [CoNOs)= *
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exchange.

Thereatter, the ion-exchanged hydrous titanium oxide was filtered, dehydrated and
processed as in Example 55 to give a hydrotreating catalyst of Example 34. The
properties of the catalyst obtained are shown in Table 13.

Example 35

Hydrous titanium oxide was synthesized as in the aforementioned Example 33
with the exception of synthesizing hydrous titanium oxide by swinging the pH
alternately between the hydrous titanium oxide dissolving pH range (H = 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)eMo7Oz4 * 4H=20], 0.11 atom of phosphoric acid (HsPO4) and
0.06 atom of cobalt nitrate [Co(NOs)= * 6H=0] per 1 atom of titanium and the
mixture was processed as in Example 33 to give a hydrotreating catalyst of Example
35.

The properties of this catalyst are shown in Table 13.

Example 36

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

[(NH4)eMo7024 * 4H20], 0.12 atom of phosphoric acid (HsPO4) and 0.05 atom of
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Example 37

A hydrotreating catalyst was prepared as in the aforementioned Example 33 with
the exception of adding to the hydrous titanium oxide 0.12 atom of ammonium
tungstate [(NH4)2WO.4] and 0.08 atom of cobalt nitrate [Co(NOs)= + 6H=0] per 1
atom of titanium. The properties of this catalyst are shown in Table 13.

Example 38

A hydrotreating catalyst was prepared as in the aforementioned Example 33 with
the exception of adding to the hydrous titanium oxide 0.38 atom of ammonium
paramolybdate [NH«)esMo7024 * 4H=0], 0.16 atom of boric acid (HsBOs) and 0.06
atom of cobalt nitrate [CoNOs)= * 6H=0] per 1 atom of titanium. The properties of
this catalyst are shown in Table 13.

Furthermore, the hydrotreating catalyst obtained in Example 38 here was
submitted to electron probe microanalysis (EPMA) with the aid of an instrument JXA-
8900 available from JOEL Ltd. The results shown in Fig. 5 indicate that 0.38 atom of
molybdenum is supported 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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A hydrotreating catalyst was prepared as in the aforementioned Example 33 with
the exception of adding 0.62 atom of ammonium paramolybdate [NH4)eMo7024 *
4H=0] and 0.27 atom of cobalt nitrate [Co(NOs)= * 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
oil by the use of the hydrotreating catalysts of the aforementioned Examples 33
through 38 and Comparative Examples 11, 12, 16 and 18 and the performance of the
catalyst was examined. The light gas cil 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
348C.

The light gas oil 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/l. In these hydrotreating tests, the
catalysts were submitted to presulfiding by the use of light gas oil whose content of
sulfur components had been adjusted to 2.5 wt% by adding dimethyl disulfide.

Regarding the results of the hydroprocessing tests, the reaction rate constant was
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The relationship between the degree of nitrogen removal and the consumption of

hydrogen was investigated by the use of the hydrotreating catalysts (titania catalysts)
of the aforementioned Examples 52 and 53 and the commercial catalysts (alumina
catalysts) of Comparative Examples 22 and 23 while varying the liquid hourly space
velocity in the range from 1 to 3 hr 1. The results are shown in Fig. 8 and it is seen
that the consumption of hydrogen can be reduced sharply in the case of the titania
catalysts of Examples 33 and 34.

(Explanation of Examples and Comparative Examples)

As is apparent from the results shown in Tables 13 and 14 relating to the
aforementioned Test Example 2, the hydrotreating catalysts of Examples 33 through
38 show the desulfurization activity approximately twice or more and, in addition, the
denitrogenation activity approximately three times or more that of the commercial
catalyst of Comparative Example 11. Furthermore, they show approximately 1.8-fold
desulfurization activity or more and approximately 1.5-fold denitrogenation activity or
more compared with the commercial catalyst of Comparative Example 12. For all
that, Fig. 8 shows that they consume less hydrogen than the catalysts of Comparative
Examples of 11 and 12.

The results in Comparative Examples 16 through 19 indicate that, in the case
where the content of structural water and free water of hydrous titanium oxide is

small (Comparative Example 16), an ion exchange with the catalyst components does
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&ngsgvely large (gomggratwe Example 1’?)2 the Irrgoldmg operation requ%re(d) for the

preparation of catalysts cannot be performed. Moreover, in the case where the
amounts of the principal catalyst component tungsten and the promoter component
nickel supported on the carrier are insufficient (Comparative Example 18), no
improvement in desulfurization activity was observed. Still further, in the case where
the amount of the principal catalyst component molybdenum is excessive
(Comparative Example 19), such excess was found to be not effective for improving

the desulfurization activity and the denitrogenation activity.

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
is characterized by excellent reaction selectivity, a large specific surface area, high
catalytic activity and excellent heat stability and useful for a catalyst or a catalyst
carrier based on a 4 group metal by the use of a hydrosol of a hydrous 4 group metal
oxide having a controlled and sharp pore distribution.

Furthermore, high-purity porous titanium oxide of this invention has properties
such as a large specific surface area, excellent heat stability, precisely controlled pore
diameter and sharp pore distribution and is useful for applications specifically
requiring titanium oxide as a catalyst or a catalyst carrier.
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)- consumption of hydrogen and the catalyst is suitable not only for hydroprocessing of

hydrocarbon oils, particularly of gas oil and the like which require superdeep
desulfurization and deep denitrogenation, but also advantageously applicable to
hydroprocessing involving lower degrees of desulfurization and denitrogenation of
other hydrocarbon oils.
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group metal oxide is hydrous titanium oxide represented by the composition formula

TiO-»0 (OH)2x * yH=0 (wherein 0.2 < x < 1.0and03 =y = 40).

(6) A porous 4 group metal oxide as described in any one of claims 1 through 5
wherein the hydrous 4 group metal oxide is prepared by using a 4 group metal
compound as a raw material and a pH adjusting agent and performing a pH swing
operation alternately plural times between the precipitating pH range and the
dissolving pH range of the hydrous 4 group metal oxide in a synthesis solvent.

(7) A porous 4 group metal oxide as described in any one of claims 1 through 5

wherein the 4 group metal M is titaniuim (T and the hydrous titanium oxide is
80
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synthesized by using a raw material titanium compound and a pH adjusting agent
and performing a pH swing operation in a synthesis solvent in the non-dissolving pH
range of the hydrous titanium oxide alternately plural times between the range on the
low pH side (1 < pH = 4) and the pH range near the isoelectric point of the hydrous
titanium oxide (5.1 = pH = 7.1) or between the pH range near the isoelectric point
of the hydrous titanium oxide (5.1 = pH = 7.1) and the range on the high pH side
8 =pH = 12.

(8 A porous 4 group metal oxide as described in any one of claims 1 through 5
wherein the 4 group metal M is titanium (T and the hydrous titanium oxide is
synthesized by using a raw material titanium compound and a pH adjusting agent
and performing a pH swing operation in a synthesis solvent in the non-dissolving pH
range of the hydrous titanium oxide between the range on the low pH side 1 < pH
= 4) and the range across the pH range near the isoelectric point of the hydrous
titanium oxide (5.1 = pH = 7.1) or between the range on the high pH side 8 =
pH = 12) and the range across the pH range near the isoelectric point of the hydrous
titanium oxide (5.1 = pH = 7.1) while allowing a sufficient aging time for growth of
particles in the pH range near the isoelectric point 6.1 = pH = 7.1).

(9 A porous 4 group metal oxide as described in claim 7 or 8 wherein the pore
asymmetric coefficient N of the hydrous titanium oxide defined by N = (A - 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) falls in the range of 1.6 = N = 4.

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

wherein the particle growth inhibiter is a compound yielding ions containing an
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(11) A porous 4 group metal oxide as described in any one of claims 1 through 9

wherein the particle growth inhibiter is a compound yielding ions containing an
element selected from sulfur (S), molybdenum (Mo), tungsten (W), vanadium (V) and
boron (B).

(12) A porous 4 group metal oxide as described in any one of claims 1 through 9
wherein the particle growth inhibiter is a compound yielding ions containing an
element selected from iron (Fe), nickel (i), cobalt (Co), platinum (Pt), palladium (Pd),
rhodium (Rh) and ruthenium (Ru).

(13) A porous 4 group metal oxide described in any one of claims 1 through 12
wherein the particle growth inhibiter is added together with the 4 group metal
compound as a raw material to the reaction solvent during the synthesis of the
hydrous 4 group metal oxide, after the synthesis and before the dehydration of the
hydrous 4 group metal oxide, or after the dehydration and before the calcination of the
hydrous 4 group metal oxide.

(14) A porous 4 group metal oxide as described in any one of claims 1 through 12
wherein the particle growth inhibiter is added in the steps for filtration and washing
of the hydrous 4 group metal oxide.

(15) A porous 4 group metal oxide as described in any one of claims 1 through 14
wherein the particle growth inhibiter is added at a pH less than the isoelectric point of
the hydrous 4 group metal oxide in case it is anions, added at a pH more than the
isoelectric point in case it is cations or added at a pH corresponding to the isoelectric

point * 1.0in case it is simultaneously anions and cations.
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(18) A porous 4 group metal oxide as described in claim 17 wherein the element
originating in the particle growth inhibiter is contained in the range from 0.1 wt% to
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 2o (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 thereby
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 (TY).

(21) A method for preparing a porous 4 group metal oxide as described in claim 19
wherein the hydrous 4 group metal oxide is hydrous zirconium oxide or the 4 group

metal M is zirconium (Zr).
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a 4 group metal compound as a raw material and a pH adjusting agent and
performing a pH swing operation alternately between the precipitating pH range and
the dissolving pH range of the hydrous 4 group metal oxide plural times in a synthesis
solvent.

(25) A method for preparing a porous 4 group metal oxide as described in any one
of claims 19 through 23 wherein the 4 group metal M is titanium (T%) and hydrous
titanium oxide is synthesized by using a raw material titanium compound and a pH
adjusting agent and performing a pH swing operation in a synthesis solvent in the
non-dissolving pH range of the hydrous titanium oxide alternately plural times
between the range on the low pH side 1 < pH = 4) and the pH range near the
isoelectric point of the hydrous titanium oxide (5.1 = pH = 7.1) or between the pH
range near the isoelectric point of the hydrous titanium oxide (5.1 = pH =< 7.1) and
the range on the high pH side 8 = pH = 12).

(26) A method for preparing a porous 4 group metal oxide as described in any one
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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
(5.1 = pH = 7.1) or between the range on the high pH side 8 = pH = 12) and
the range across the pH range near the isoelectric point (5.1 = pH = 7.1) while
allowing a sufficient aging time for growth of particles in the range near the isoelectric
point 5.1 = pH = 7.1).

(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
of claims 19 through 27 wherein the particle growth inhibiter is added at a pH less
than the isoelectric point of the hydrous 4 group metal oxide in case it is anions, added
at a pH more than the isoelectric point in case it is cations or added at a pH
corresponding to the isoelectric point * 1.0 in case it is simultaneously anions and
cations.

(29) A method for preparing a porous 4 group metal oxide as described in any one
of claims 19 through 27 wherein the particle growth inhibiter is added in the steps for

filtration and washing of the hydrous 4 group metal oxide.
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(30) A method for preparing a porous 4 group metal oxide as described in claim 29
wherein washing water to be used in the steps for filtration and washing of the
hydrous 4 group metal oxide contains a particle growth inhibiter in an amount in the
range of 1-100 ppm on the oxide basis of the metal contained in the particle growth
inhibiter.

(31) A method for preparing a porous 4 group metal oxide as described in any one
of claims 19 through 30 wherein the metal contained in a particle growth inhibiter has
catalytic activity for hydrotreating and the hydroxyl groups of the hydrous 4 group
metal oxide are exchanged by the ions of this metal.

(32) A hydrotreating catalyst for hydrocarbon oils comprising the porous 4 group
metal oxide described in any one of claims 16 through 18.

(33) A hydrotreating catalyst for hydrocarbon oils as described in claim 32 wherein
the 4 group metal M is titanium (T).

(34) A hydrotreating catalyst for hydrocarbon oils as described in claims 31 through
33 wherein the element having catalytic activity for hydrotreating is the principal
catalyst element molybdenum (Mo) and/or tungsten (W) and one kind or more of
promoter elements selected from 9, 10, 11, 13 and 15 groups.

(35) A hydrotreating catalyst for hydrocarbon oils as described in claim 34 wherein
the promoter element is one kind or more of elements selected from cobalt (Co), nickel
(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 is 0.06-0.46
atom per 1 atom of titanium, that of the promoter element is 0.02-0.26 atom per 1

atom of titanium and the sum total of the amounts of ion exchange of the principal
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catalyst element and the promoter element is 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
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
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 1 and a hydrogen/oil ratio of 50-500 NI/

to remove sulfur components and nitrogen components from the hydrocarbon oils.
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