SPECI FI CATION Title of the Invention Layered Porous Titanium Oxi de, Process
For 'Produci ng The Sanme, And Catal yst Conprising The Sane Field of Technol ogy
This invention relates to porous titani um oxide which is useful as a

catal yst or a catalyst carrier, a process for producing the same, and a
catal yst conprising the sanme and, nore particularly, this invention relates
to layered porous titanium oxide which is prepared by using an inorganic
oxi de as a core and depositSH@IEKXhﬁ}Lﬁ%®ﬂfHéPB% the surface of the

i norgani ¢ oxide, a process for producing the sane, and a catal yst
conprising the sanme. Background Technol ogy Titani um oxide (titania) has
better properties than alumna in respect to hydrogenation ability,

cor r osilitlerefgdhet Bnaemtigihot ooxi dation ability, and the like and, for this
reason, it is attracting attention as a high- performance catal yst materi al
not only in the areas of hydrorefining of petroleumfractions and
denitrification of waste gase but also recently in the area of

phot ocat af ¥t 8ye 1PYRYEE TitAhRih m@,%&@&@%@%ﬁaﬁg TRE®heOAdd
synthetic nethods has a relatively small specific surface area 1 and it is

di ffi C,ldtéio p@ovi de .suc,f ti#tani um oxide with a pore structure suitable for
gi ven e%F %ﬁjft OMRFIHGE; b% 4B®t hese probl ens, titaniumoxide 1is inferior
to alum na in mechanical strength. Now, the pore structure, specific surface
area, and nechanical strength of porous titaniumoxide is decided by an
aggregat.e, of _primary and secondary particles of titani um oxide and an

i cl 18K HodCeRBHOZYch an aggregate is nornmally used as a catalyst or a
catal yst carrier. The pore

This invention relates to porous titanium oxide which is useful as a
catalyst or a catalyst carrier, a process for producing the same, and a
catalyst comprising the same and, more particularly, this invention relates
to layered porous titanium oxide which is prepared by using an inorganic
oxide as a core and depositing titanium oxide on the surface of the
inorganic oxide, a process for producing the same, and a catalyst

comprising the same.

Background Technology

Titanium oxide (titania) has better properties than alumina in respect
to hydrogenation ability, corrosion resistance, photooxidation ability, and
the like and, for this reason, it is attracting attention as a high-
performance catalyst material not only in the areas of hydrorefining of
petroleum fractions and denitrification of waste gase but also recently in
the area of photocatalyts. However, titanium oxide obtained by the

conventional synthetic methods has a relatively small specific surface area



structure suitable for the reactants can be controlled by performng the pH
swi ng operation and the specific surface area can be increased by adding a
particle growth inhibitor, although not quite to a | evel as high as that of
alumna or silica (JP 2003-40,689 A). However, the mechanical strength of
titani um oxi de which occurs as spherical particles is generally |ower than
that of al um. na ,vxé;li ch occurs_ as need] e-shaped_and/ or col um-shaped

parti cPag HasdEilignltate mrevidasushe ftapaam oxide| with 1fe Dose neAvelrast r engt h
of titanium oxide by partially incorporating mnute particles in ordinary
par ti ckastabl® f@O@IvED redethm)y; Inhaddtim to thise girbblemist titandbirabride

mechani cal strength suitable for use in general commercial catalysts even

by thigg hﬁ%?{ﬂr%eaﬁﬁﬂinéjﬁ?iﬂ@&labﬁeﬂaﬁl S jthi ¢ surface area of titani um oxide

obtained in this manner cannot sal atisfactory. Another nethod

roposed |n an,attenpt, to,increase.the ecific surfac are onpr ji.ses
deposi ti nyOF (hR RAROSITHEL ARG SHRCTHF RUTHIPS, MECS A0 AROCRARICAN STERRELY ¢ | ¢l o

of porous alum na by the chem cal vapor _ deposition (CVD) technique [JP
3- 275, ofizpgrourp teargenoedaxide anddeqar” bgepneraggregat®2of prumaryheddy The
Ni kkan Kogyo Shinbun Ltd.]. However, this technique 2 deposits titanium

oxi de kssdrtttartyhpatrtixks 6ff tithndupooerleanddcansasidleenolddd dvémoswelokirem the
presence of anatase is confirned by X-ray diffraction when the anmount of
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aggl onerdt et o broaden t'he pore dianete I stribution and decreaSe€ the
Furt hesRorEuraassanEdot Fhareant Uk Pt wed S0he AT By Pgstlione Bore
cases and this makes it difficult to deposit the desired catalyst netal in
t he enswilng apeaptiost angl ther spraific\shafags atka chorbe dncreasedny eiddlingasal e i s
contenpl at ed, hydrogen chloride (HCD forns
particle growth inhibitor, although not quite to a level as high as that of
alumina or silica (JP 2003-40,689 A).

However, the mechanical strength of titanium oxide which occurs as
spherical particles i1s generally lower than that of alumina which occurs as
needle-shaped and/or column-shaped particles. Hence, an attmept has been
made to raise the mechanical strength of titanium oxide by partially
incorporating minute particles in ordinary particles (JP 2003-201,120 A);
however, it is difficult to obtain mechanical strength suitable for use in
general commercial catalysts even by this technique and, besides, the
specific surface area of titanium oxide obtained in this manner cannot be
said satisfactory.

Another method proposed in an attempt to increase the specific surface
area comprises depositing titanium oxide and the like on the surface of a
molded article of porous alumina by the chemical vapor deposition (CVD)

technique [JP 3-275,143 A, JP 6-106,061 A, and "PPM," September, 1992,

published by The Nikkan Kogyo Shinbun Ltd.]. However, this technique



inevitably fromthe reaction of titaniumtetrachloride (TiCl4) with water
(H20) and this nmakes it necessary to devi se sone neasures to prevent

envi ronnmental pollution by hydrogen chloride. To solve the aforenentioned
problens relating to titaniumoxide, the follow ng nethods have been

di scl osed: nolding of titaniumoxide by the use of alumna, silica,
silica/alumna,. and the |like as.a binder and the use of a conposite
comouﬁ@%%%@tﬂ?l%’@- orede gnside dher fxxed alwminat Reres gindfianpesoBeunds as
a catalyst carrier (JP 5-96,161 A, JP 5-192,575 A, JP 2000-135,440 A JP
2001- 9 faltewing apadobRrO- 1h8, $¥6séce t bE anatade ais ceomplirmied dxy d&X-ohy ai ned
by m xing gels as a catalyst carrier (JP 3-131,340 A and JP 5-184,921 A;

and a shffr98tioAByRed tHEL S ot BebBEited 4ThaiPm #88e23ReedQ0M0,an8q J-
94) 4 (4), pp. 585-589

Mater. Chem, (19 ., Ppp- - 1. However, these techniques I ncur

t he possi bi.l ity of produei ng, the follow,ng, undesi;rable effects: titanium
oxi do dLAIEF Spdde s BheSH dRorelatrAteasa tHoRdsEe the kry SAWStE an
intermedi ate perforpmance of _titanium oxide and ot her substances and a
corrposidlétrébﬁg@ﬂ ane degrensa the ansekepohelieetiys poreamesh sxitabletoibees si de
reactions thereby Ilowering the selectivity of the reactants and

accel ertargetg tetctanos.atfonthefrmortee cepakitetl. thtuniven moxddea bietkodther using
a carrier obtained by depositing an aqueous titania solution on an al unm na

hydr OQQJlufrﬂHaOﬁl%?eQBﬁnC abiidicAed SaTxthit?ﬁ%]%%%eE’F’lt%if%gc@? ﬁ%“dfégii%oglgé 85, 975

A, Synposium on Better Ceramcs rough Chemstry

445- 450,1. . VEer his - technique nerely d its,an agueous solytion of a
i mer adesitoq caralyst Mesalus e ARk stben ST AR heR R afidioRT
deposited titani um oxi de_ assunes the anatase structure when analyzed by
X-ray @IF fr gemwereiad sealentt contemplated, shudsegen eldeeids dHCY {immed to

the alum na. An
inevitably from the reaction of titanium tetrachloride (TiCls) with water

(H=0) and this makes it necessary to devise some measures to prevent
environmental pollution by hydrogen chloride.

To solve the aforementioned problems relating to titanium oxide, the
following methods have been disclosed: molding of titanium oxide by the
use of alumina, silica, silica/alumina, and the like as a binder and the use
of a composite compound formed by co-precipitating titanium and the
foregoing compounds as a catalyst carrier (JP 5-96,161 A, JP 5-192,575 A,
JP 2000-135,440 A, JP 2001-9,279 A, and JP 10-118,495 A); the use of a
composite oxide obtained by mixing gels as a catalyst carrier (JP 3-131,340
A and JP 5-184,921 A); and a sol-gel method [Materials Letters, 43, pp.
286-290 (2000) and J. Mater. Chem., (1994) 4 (4), pp. 585-589].

However, these techniques incur the possibility of producing the
following undesirable effects: titanium oxide deteriorates in purity and
becomes a substance merely showing an intermediate performance of

titanium oxide and other substances and a composite effect due to



aggl onerate or an aggregate of titaniumoxide fornms partially and it is
difficult to deposit titanium oxide over the whole surface of the alum na
hydrogel . Under the circunmstances, the inventors of this invention have
devoted every effort to devel op porous titani umoxide which has a regul ated
pore structure, a large specific surface area, and excellent nechani cal

strength found that | ayered porous tjtani um oxide which has a, reqgul ated
pore SUPSEARGES Oaﬁﬁarz}@%p@mwnsm PrRaetess SHfle eact RS ﬁb@ﬁgwcm
strength can be obtained by depositing titani umoxide on the surface of an
i nor gatowerimg the reléctgvidyrefgthatredcirutes shd uantoel erstmlg skeberingadmra of or e
while wunevenly distributing titanium oxide on the surface of the inorganic
oxi de thp caealyatmty to a prescribed titaniumlocalization index and

mai ntaining the pore structure of the inorganic oxide, and conpleted this

i nvention ordingly, this.ifavention_provi.-des,layer rous..titanium

oxi de 4 P@ﬁﬁ%égoﬁ‘grég%egbgﬂ %Srlésg}gr &C?Wé?r é)bltﬁﬁbee&gﬁg eppélté%g fHte area,
and excellent mechanical strength_and is useful a catalyst by itself or
as a @ausopsttikang eplution cgven alwmdnpnhyragel fgil@wef§§>YaC@L%@% 1$ or
produci ng |l ayered porous titanium oxide which has a regul ated pore

st ruct disclosed al2 540;19il c A5 urliPac2002-65,98hd Aex Sginh podiumecbaniBetitest r engt h
and is useful as a catalyst by itself or as a catalyst carrier. Still

f urt heigeabh 25l THEHLLERNCRERY] €nt al CRRP 4455 APRFES e P ALGYS
titani ucrﬁ oE’?dg '\%\'h?chgﬁa(sj aﬁ}llgglﬁ}lsa(teed er}ﬂ%’r}gﬂ)éﬂg @gq arge seggc;h?iyc
ea, and excel |l ent., mechani cal nd usef ul

For by FOVERIY RSOl o Fon Jorean " HIRE A cactanou fad safiGal ™"
phot Oc%ﬁtgln){ls&nsbnaanrg aﬁgr?lill.ialk}%}dr[gng Ia(Ijlsdl,Jra?s E(l) ];'eél?l%, ldggggittiegr%itanium oxide
assumes the anatase structure when analyzed by X-ray diffraction and is
not chemically and/or microscopically united to the alumina. An
agglomerate or an aggregate of titanium oxide forms partially and it is
difficult to deposit titanium oxide over the whole surface of the alumina
hydrogel. |
Under the circumstances, the inventors of this invention have devoted
every effort to develop porous titanium oxide which has a regulated pore
structure, a large specific surface area, and excellent mechanical strength,
found that layered porous titanium oxide which has a regulated pore
structure, a large specific surface area, and excellent mechanical strength
can be obtained by depositing titanium oxide on the surface of an inorganic
oxide having a regulated pore structure and serving as a core while
unevenly distributing titanium oxide on the surface of the inorganic oxide
in conformity to a prescribed titanium localization index and maintaining

the pore structure of the inorganic oxide, and completed this invention.

Accordingly, this invention provides layered porous titanium oxide



Accordingly, this invention relates to | ayered porous titani um oxide
conprising an inorganic oxide as a core and titanium oxi de deposited on the
surface of the inorganic oxide wherein the titaniumlocalization index B/A
represented by the ratio of the proportion of titanium(Ti) to the sum of

t he constituent nmetal (M of the inorganic oxide and titanium (TO

determ b raypotolectrons ectroscopy (XPS =TI xi-s /(i xi-s
+ M Xi V% htgatsh% It?@l“ﬁaFﬁ i%en%qrélrc ‘ﬂléﬁn%S]@F”g?ﬁtI%ﬁﬁléﬁts(ulféa% eat of the
constituent netal (M of the inorganic oxide and titanium (Ti) [A = Ti/(Ti
+ M] iexcdllénbmechanizall sthengtht anidurs usefid as adepizdysebyoriseleor asrdace of
the inorganic oxide so as to be chemcally and/or mcroscopically 5 united -

to thechpflygaRherig¥i de. Further, this invention relates to a process for
producing lNayered porous titanium oxide conprising an inorganic oxide as a

he. proce MORRYPE: RIS inyEREN | REoaeh i MREES P LSO T eee o ™

material titanium solution pH adj ustj ng .agent in the presence of an
i nor gaMOEOBR HEANHHY &é‘b@%lw?ﬂghthﬁﬁnﬁuﬁ%%i gdoRorpesdiictuse & lakge
inorganic oxide in the pH range between the isoelectric point of titanium
oxi de apdciflasuriace hereal, mordjarcellext dechSnithl siremyth, andiis usefahtisom
relates to a catal yst such as a photocatal yst conprising |ayered porous

titani yaroKisHeCREEIPh Lh clélﬂggls(ﬁlc@§ﬁe§f ter the aforenentioned depositing
step and this invention also rélates to a catalyst conprising |ayered

Car i or itk APPHSEER hPERGR. GRS o Mt Riste mERRL o] P °° °

hydr or ef i ni ng,. hydr ogenati on  of and denjtrification of wast
Al t houdPTORE abit AR R @X1de ovhieh Cﬁaéa@ar%tl tadt ppre ystredurey é darse

specific surface area, and excellent mechanical strength and useful as a
catalyst for hydrorefining, hydrogenation of CO, denitrification of waste

gas, photocatalysis, and the like.

Disclosure of the Invention

Accordingly, this invention relates to layered porous titanium oxide
comprising an inorganic oxide as a core and titanium oxide deposited on
the surface of the inorganic oxide wherein the titanium localization index
B/A represented by the ratio of the proportion of titanium (Ti) to the sum of
the constituent metal (M) of the inorganic oxide and titanium (Ti)
determined by X-ray photoelectron spectroscopy (XPS) [B = Ti xes /(Ti
xps + M xps )] to the bulk mixing molar ratio of titanium (T to the sum
of the constituent metal (M) of the inorganic oxide and titanium (Ti) [A =
Ti/(Ti + M)] is 1.6 or more and the titanium oxide is deposited on the

surface of the inorganic oxide so as to be chemically and/or microscopically



porous titanium oxide of this invention does not show the crystal structure
of titaniumoxide by X-ray diffraction. That is, titaniumoxide is deposited
on the surface of the inorganic oxide so as to be chem cally and/or

m croscopically united to the inorganic oxide and this nakes it possible to
extract high catalytic activity inherent in titanium oxide wthout spoiling
it. Fbrer%%faﬁﬁ%call and/ or ,m croscopically united" refers to the condition
where Ut ST ERIHE G on the surface of the inorganic oxide is not
6 nmerely in physicaly contact with the surface of the inorganic oxide as in
the case burtayl this axveation ralatieado dprodessrfer rodusing dpetechpobwisl wi t h
the surface of the inorganic oxide or forns a bond with the inorganic oxide
as ext tganlymnbLidieecanyeisths aiheremiel ende Gst Heose it eitahithe okidy gani ¢
oxide so as to be united to the inorganic oxide. The | ayered porous titanium
oxi de | i Lt ' YEL-C1 .65 Vi it anl | de
itselfHggkgﬁgﬂﬁﬂgg?%ﬁﬁgﬁ§$ﬁ§§gggqgggg%gh%h%§¥%%#3d#%%ggé?%g(%ﬁh#ﬁggﬁ%organic
oxide ,core.,.|lt goes wthout saying that .the |layered porous,titanium oxide
of thi dePPHGEM | gtr?prra‘\&%b“g? L EQMPEIREH SUPRLEMEINR oXRte WATEHALs HARIERem cal | y
and/or mcroscopically united to the inorganic oxide core. The |ayered

por oussolutzm wnaa pél afdjukting agent ilonthe preeende ofh athanofgahmwnontle

undesi rabl e phenonena; the performance degrades to the level of an

i nt er madidad epHsitMpetithReumnexaRnbs thel serfagd dfi thaninbPe@xid ®xadel ia tlonmposite
effect of the inorganic oxide pronotes side reactions thereby |owering the

sel ect byl 10 b8, LEAGHAMD MM IS AN LHE AN thbp ofdfite of the

conventi onal ®conposi oXi N~ I'nor gani ¢ oxi de 8fent ki nd and
titani um oxi de S(E)(iﬁepared by the use of an inorganic oxide of a different
ki nd asPAEHHAOXEr- by coprecipitation with an inorganic oxide of a

different kind), the inorganic oxide of a different kind in question becones
Still further, this invention relates to a catalyst such as a photocatalyst

comprising layered porous titanium oxide calcined or uncalcined after the
aforementioned depositing step and this invention also relates to a catalyst
comprising layered porous titanium oxide calcined or uncalcined after the
depositing step as a carrier and a catalyst metal deposited on the carrier,
typically for hydrorefining, hydrogenation of CO, and denitrification of
waste gas.

Although titanium oxide shows high catalytic activity, the layered
porous titanium oxide of this invention does not show the crystal structure
of titanium oxide by X-ray diffraction. That is, titanium oxide is deposited
on the surface of the inorganic oxide so as to be chemically and/or
microscopically united to the inorganic oxide and this makes it possible to
extract high catalytic activity inherent in titanium oxide without spoiling
it.

Here, "chemically and/or microscopically united" refers to the condition

where titanium oxide deposited on the surface of the inorganic oxide is not



exposed partially on the surface of the conposite oxide and displays its own
characteristic properties as well. In contrast, the |ayered porous titanium
oxi de of this invention produces the aforenentioned effect probably for the
foll owi ng reason: deposited titani um oxide exists as one body on the

surface of the inorganic oxide or, unlike the formation of a conposite by

vapor d |t|on e fi Q titapi um de is de 05|t d on. the
et { ac BT i PbYSizely donbact FOHE othe, b Barhe aneZeaBlc pkuls A ghni o
oxi de and this makes it Eosa ble to increase sharply the armunt of

deposi the cape ghiaggloxiegationrarsmikingihuiniosx e sitenpichemical hoodewitlposed

surface of the inorganic oxide and exclusively manifests its own properties.

Mor eovehe sultfaqehybtiee@hineigirictoxidstorcfornmmarnsiid with hbel rganic omdede are
reflected in the |ayered porous titaniumoxide of this invention.

descri Pﬁ%ﬁp%%ly gﬁlfrﬁf'ﬂeué’?[)%ﬁor n'a Eﬁ@él%ﬁ%?%h‘eﬁﬂﬁ@é/ % tth%nﬁtorgﬁhip has

the follow nhg pro at’i y srra Speci surface
ar ea, carcely ,has ul.at ed ore str e inr ect t ore vol une,
por e dPSide Suasah B matiabt Hie Safre SidS  Ehe ddergt Batous itk R

strength, However N%\ltt he use of al um na that has a |arge specific surface

area, @xide fe this eonditiore shawsohighdtatalyhistaasivisyiof daaiue oxhde itaedf ant s,
and hi gh mechanical strength as a core, the |l ayered porous titani um oxi de

of thi svithwenbenig exflubntsd thietledebeasicat heopeittees ofithe @lorghni@bkids oxi de
exi sting on the surface, and yet it has a large specific surface area, a

regul ag e%t Wﬁidﬁtes%%ﬁ%%]@@f{}ﬁ@%y&%ﬁ‘ﬁﬂfﬁ% t&?@?@%%u{@hf ¢hid ng the

physi ca char cteristics um na” core Its excellent
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between the crystal lattjce planes of titaniumoxide on the surface of the
af or enBrcresrenically yated txthe inprganiczpade corass,

The layered porous titanium oxide of this invention is free from the
following undesirable phenomena; the performance degrades to the level of
an intermediate between the inorganic oxide and titanium oxide and a
composite effect of the inorganic oxide promotes side reactions thereby
lowering the selectivity of the reactants and deteriorating the catalyst. In
any of the conventional composite oxides of an inorganic oxide of a different
kind and titanium oxide (prepared by the use of an inorganic oxide of a
different kind as a binder or by coprecipitation with an inorganic oxide of a
different kind), the inorganic oxide of a different kind in question becomes
exposed partially on the surface of the composite oxide and displays its own
characteristic properties as well. In contrast, the layered porous titanium
oxide of this invention produces the aforementioned effect probably for the
following reason: deposited titanium oxide exists as one body on the
surface of the inorganic oxide or, unlike the formation of a composite by

vapor deposition inside fixed pores, titanium oxide is deposited on the



O O preferably 40 A or less, nore preferably 20A or |ess. Generally, when a
substance with a small repeat distance between the crystal lattice planes
such as this is neasured by an X-ray diffractometer, the diffraction |ines
of this substance overlap other diffraction |ines and the limt of
measurenent 8 is reached. Therefore, there are instances where the main peak
of titanifl?gox#de. 1Sanataﬁg 2 O=.26.5"is not detected i ttenpts to

measur SUFHses OF ARINIS Parfacles, siely asPstmary RATRiesxi et MAT8aNent i on
by an ordinary X-ray diffractoneter. Conversely, the existence of |ayered
por ous oxidearaign txisdenakes i Hdippssddei ko t nerease” sharplyt Haemmmopahkob0=

26. 500f titaniumoxide is not detected by an ordinary X-ray diffractoneter

i n spi depokiteleifiroven oxédéstleng etitiniirh aiide cvsufte O ohé hehsly Eagesedd t he
i norgani c oxide. Naturally, this does not necessarily nean that the main

k 20z "of tiLani xide i ~ | ' feh
ey od par e e AR oA BBl e A o3l sl p RGBT, of (e

di ffract ter. Angther exanpl.e of the “chemically anpd/ar mcroscopjcally
ni ted - VEREPEPbIIS DR SF A At PSSP AL PG SROTRERISPRIS o5

the inorganic oxide fromthose of titaniumoxide in a high-magnification
i mge @rerreflechedlia theolyeded- potahsnbganiiwavixoty off thist naventieni dys
el ectron mcroscope (TEM (hereinafter referred to sinply as "TEM i mage").

When  deecitibed galiive, obit 4ieiiandokideasy nithaxizéte 1BXithe @ waRdeRak rhdiHab
chemcally and mcroscopically, they ought to be recogni zed individually on

however 25 kg TIRuRR pROLRmEL I8 RrmAhl s SRR EnRHLlBRAR ol 1y
united or, titani um oxid re deposjted as extrenely.mnute crystals on the
i nor gaﬁ}lﬁfa&ﬁi eea, 1t scarceely\,\ﬁas ar guiateg pore structureé in respec% % pore
volume, pore distribution, and the like, and it has relatively low
mechanical strength. However, by the use of alumina that has a large
specific surface area, a large pore volume, a pore distribution suitable to
the reactants, and high mechanical strength as a core, the layered porous
titanium oxide of this invention exhibits the chemical characteristics of
titanium oxide existing on the surface, and yet it has a large specific
surface area, a regulated pore structure, and excellent mechanical strength
reflecting the physical characteristics of the alumina core; thus, it exhibits
excellent characteristics as a catalyst or catalyst carrier.
An example of the "chemically and/or microscopically united" condition
is the repeat distance between the crystal lattice planes of titanium oxide
on the surface of the aforementioned inorganic oxide; it is 50A or less,
preferably 40 A or less, more preferably 20A or less. Generally, when a
substance with a small repeat distance between the crystal lattice planes

such as this is measured by an X-ray diffractometer, the diffraction lines of

this substance overlap other diffraction lines and the limit of measurement



Therefore, in the case where the particles of the inorganic oxide cannot be
di stingui shed clearly fromthose of titanium oxide on the basis of the
spacing of crystal lattice faces in the image of an ordinary TEMin spite of
9 the proven existence of titanium oxide on the surface of the inorganic

oxi de, the specinen in question is concluded to be the | ayered porous
titani um oxi,de,of this invention. Naturally, this does not necessarily nmean
t hat tﬁ%r%ﬁﬂyﬁkles of the inorganic oxide cannot be distinguished clearly
fromthose of titaniumoxide in the TEMinmages of all the specinens of the

| ayer ed pGheuvefore: thexemaogiinstahceshivheravidre noain peakl of értedipor owsde i t ani um
oxide of this invention, the process for producing the sane, and a catal yst

conpri shngtddee ZPe2erPisentrddrdtdd e athynipgtemMd mdlghaiel thelsewfadd Bor gani c
oxi des] According to this invention, an inorganic oxide to serve as a core

i's not rj ci:flcally I -as.: | r i tan ¥4m.oxi de on
ts s tPF daverd HRpRg b iR oB e it i A Y brin Y X
amount . of hydroxyl groups,, for exanple, ydrosol , a hydrogel, a.xerogel
and a dé’%ﬁ%@ﬁbet@én RVeysely) the %lﬁwlfc@ngdgwe yBPER G Ui Rndam oBi8 et ol y,
the candidate inortg]ani c oxide is preferably at | east one selected fromthe
group 1iwindicatedan thid case wingeddieamasn! pesd 20emR6 D of ititanani bardels

alum nal/ zirconia, silicalzirconia, and silical/mgnesia and alumna, silica,

and si hic¢ad@edt@didbya PeRinay A-riy dEifradtdBetdy YA BitaNGF $hei sroayi ng a
regul ated pore structure, a relatively large specific surface area, and

oxcel | S3IoMERRRT i Bh! SREI o B SO R B AAR BN o
e T e ot h9testar Yy By Bkt R A hine poat 262 S8 %ol G ndim Mo
oxide is not detected in all the specimens of the layered porous titanium

oxide of this invention by an ordinary X-ray diffractometer.

Another example of the "chemically and/or microscopically united”
condition is an inability to clearly distinguish the particles of the inorganic
oxide from those of titanium oxide in a high-magnification image (for
example, 2,000,000-fold magnification) of a transmission electron
microscope (TEM) (hereinafter referred to simply as "TEM image"). When
the inorganic oxide and titanium oxide exist as separate things chemically
and microscopically, they ought to be recognized individually on the basis
of the spacing of crystal lattice planes in the TEM image; however, they
could not be recognized individually if they were chemically united or
titanium oxide were deposited as extremely minute crystals on the
inorganic oxide.

Therefore, in the case where the particles of the inorganic oxide cannot

be distinguished clearly from those of titanium oxide on the basis of the

spacing of crystal lattice faces in the image of an ordinary TEM in spite of



is no specific restriction on the shape, but a needl e-shaped or colum 10
shaped material is preferred because a material of this particul ar shape
allows control of the pore structure in a wide range and hel ps to obtain a
product having a relatively large specific surface area and excell ent
mechani cal strength. It is not neaningful here to distinguish clearly a

needl e-shaped i norgani c oxjde froma cql um-shaped .one . supposing the
shape Bﬁe QUeEY FEAPIENSRi e THiGTEUP: é%"’slg PR @é@@éﬂé@%éﬂ@e rigarganic
(length/w dth), a needl e-shaped or col um-shaped i norgani c oxi de shows

pr ef er agide, athesyperimeat iin gfieStion imwrenchutes oeber the ylay@red poreus |t is
preferable to synthesize an inorganic oxide by the pH swng operation. This

oper at tRAneRRPOLRI HEtRIsCHENtH . ONadirA 1M M3ABI doe@*h SE nleBe s B it
honobgeneous particles of the desired shape (for exanple, alumna in the

EQ?S@ ﬁ%@fﬁ&g'aﬁ%agﬁ?%éfgﬁ%Bsriﬁog‘f?&?f??%@%ﬁc&%fw&r §§§a§%&§?§%ﬁ§sﬁi‘§k‘a§ﬁégii‘i
: el . on. The "pH swi

ober at M 1AL AR (B IFrER O APE bR Ul theyiRarmienirey Hhe

i norgani ¢ oxi de which conprises changing the pH of the synthetic solution

of an layergdrnparoms deametmesnde o€ thid tiverdioe. and the al kal i ne si de thereby
SW ngi ng the inorgani c oxide between the dissolution range and the

preci pi t aThendyarag ?beﬁ_@ttiﬂa?ﬂuhb%)@éété@tﬁﬁs Gho¥h HBh! AhE Yrobdsd gy t ar get
di aneter. According to this pH swi ng operation, an inorganic oxide can be

P urt acBtal Behi e sERd M BRRI o oG BBk aFe RerERATET |y ber
of swings, tenperature for synthesis, pH on the acidic and al kaline sides
and itgyrlé‘ﬁ@nltq gﬁtaclﬁ?é,lo%oncentrati on of raw materials, and use of

additives such as a particle growth inhibitor. Therefore, the conditions for
11 [Inorganic oxides

According to this invention, an inorganic oxide to serve as a core is not
restricted specifically as long as it can support titanium oxide on its
surface; it may also be a compound in the condition where a large amount
of hydroxyl groups, for example, a hydrosol, a hydrogel, a xerogel and a
compound generally called a hydroxide or hydrated oxide. Concretely, the
candidate inorganic oxide is preferably at least one selected from the group
of alumina, silica, magnesia, silica/alumina, silica/titania,
alumina/zirconia, silica/zirconia, and silica/magnesia and alumina, silica,
and silica/alumina are particularly desirable. Alumina and silica having a
regulated pore structure, a relatively large specific surface area, and
excellent mechanical strength are readily available and they help to
produce layered porous titanium oxide having excellent properties in the
end.

The aforementioned inorganic oxide can be used in any shape as there

1s no specific restriction on the shape, but a needle-shaped or column-

10



the synthesis of a particular inorganic oxide by the pH swi ng operation are
not restricted and they are selected so as to serve the purpose. The

synt hesi s of inorganic oxides by the pH swing operation, for exanple, the
synthesis of alumna is described in detail in JP 1-16,773 B, JP 2-56, 283
B, an article in "Ceram cs" (in Japanese), No. 4, 1998, and JP 2002-97,010
A. The synt Hesi s of .ot he;ﬁjj noegquagi c oxides is . described in JP 56-120,508 A
( magnesharedp@aseriad | isnpraiprred beganse ta manatamel of thasinanticag shape
silical/magnesia), JP 56-115,638 A (alumna, silica, titania, boria,

zi r conndows totabalofrtheapors ktratmegriasa avidendahpe drik delpand citagnher e.

[ Ti tani um oxi de] According to this invention, no restriction except the one

on the . igi ; ri - at LSa i 5] Nt ium oxi de
to be ng%{sl?ttcglda ﬁg{%dt%eﬁslﬁﬁlg §£5§ 0 thesbgggir(gnsg%f Thgene |no€%§niegb%§%tej.

Ti tani um gxi de ner all yr.assunes_a roughl y .spherical  shape, a it may be in
Chi o 'sHbsacal ARESHERRL NS o5 1O opmntte el b et BRbnricarly Bh/ or

m croscopically wunited to the_ inorganic _oxide, it may be in another shape
or in acediriFhipad Wesganihexyie promanmsiunn chapednede ands FEppagiRd
porous titanium oxide of this invention, the titanium | ocalization index
(B/A) therslgupe esf o haodgdnier orittee is peghrsssblyi. ferois dfoaspevharagic B is
the proportion of titanium (Ti) to the sumof the constituent netal (M of

the ingr i hae .a i L LA . = ron
speclt r glg %%g};}ﬁ?,%@’ Sr H%eazléngﬂagga; ‘;(Qri}:"gg’g?ﬂ Hﬁ% 19§5r§%%?c3£\o?£@% %’ZJO&PJ% k

m Xxing nmolar,ratio of titaniu Ti) to the sum.of .th consti tuent metal

ot O pTRIRRLE anaetinctahE o bt ahotS ofe DRLS by FO SOMgre tere, Tthe
gquantity B determ ned by XPS shows the proportion of 12 tjtanium oxide

exi sting Itn 18 nerefpeabler yoosynthesize far elngrepayerexidgobyushet phrewimoxi de

while the bulk mxing nolar ratio A shows the proportion of
operation. This operation enables the production of an inorganic oxide in

porous and homogeneous particles of the desired shape (for example,
alumina in the shape of needle). Moreover, it is possible to produce easily
an inorganic oxide having a regulated pore structure and the desired
physical properties by controlling the conditions of the pH swing operation.

The "pH swing operation" in this invention means an operation for
synthesizing an inorganic oxide which comprises changing the pH of the
synthetic solution of an inorganic oxide between the acidic side and the
alkaline side thereby swinging the inorganic oxide between the dissolution
range and the precipitation range and letting the particles grow uniformly
to the target diameter. According to this pH swing operation, an inorganic
oxide can be produced in particles having the desired pore structure and
specific surface area by properly controlling a variety of conditions such as
number of swings, temperature for synthesis, pH on the acidic and alkaline
sides and i1ts retention time, concentration of raw materials, and use of

additives such as a particle growth inhibitor. Therefore, the conditions for

11



titaniumoxide existing in |ayered porous titaniumoxide as a whole. In
consequence, the aforenentioned titaniumlocalization index (B/A) indicates
the extent of localization of titanium oxide near the surface when titanium
oxide is deposited on the surface of the inorganic oxide core. The greater
the titaniumlocalization index, the nore titanium oxide exists near the
surface of the inorganic ,ox'hde, When .t he ti ?Oani um | ocal i zation ,index (B/A
beconedhe syathagsis of % parhey %rw@a@léwaie ¥y the pEbeswing opesapios are,
beconmes partly exposed, and displays its properties in the exposed parts
when t het cestrectedodnd ithepiam sedetted; sd heo iserbethagrurgioski cult  for titani um
oxide to manifest its own surface activity and the chem cal characteristics

of titaniTﬁb%iyﬂehéﬁgebm&ﬁ;rganwemeg B9“£H@tPH S spRratfordli 96y

titani um oxi de” under goes bonding or crystallization by itself and, as a
result, the spegific surfac rea of. | ayeragd {itanium oxi C Sgs and,
furt hePxaBiPIAbEGe Sy ehesisanl alitdpR dsgfiertind in ST SREA TR B o7
det er m_ned b% XPS under the follow ng conditions. X-ray source: I\/%Ko.
(exci t b} 3PR8B SN, anomdidedy) "Coyngnicsd W dampnesed, No. dri K9S mrdrdnt 1 20
mA Pass energy: 50 eV Photoel ectron takeout angle: 90' Sputtering: none
The pr @poLt9 D0 10f Adéllasisyadhésisasti otheaxinter gagiatoxide®fis tddsembed oxiJie) 13 in
| ayered porous titanium oxide as a whole is normally from 13 nass%to 60
mass% s5prEh@ R A (heBhisiumRSBeeR, Al Rsad eBnPtRES AR Y2ikEORIuR0 Mass%
to 45 mass%’ Wien {I{%e&éont ent o% ti tani um o%isgg .82" I essltﬁié_nml rlrlas’s% t he
I norganh g Qidem £e18%ia5 0P 56 19PESE ChY (aRESRIES SHR2SG%dMla, boria,

zirconia, silica/alumina, silica/magnesia, and the like), and elsewhere.

[Titanium oxide]

According to this invention, no restriction except the one on the surface

condition to be described later is imposed on titanium oxide to be deposited

on the surface of the aforementioned inorganic oxide. Titanium oxide

generally assumes a roughly spherical shape and it may be in this shape in

this invention or, when titanium oxide is chemically and/or microscopically

united to the inorganic oxide, it may be in another shape or in a condition

where the shape cannot be confirmed.

In the layered porous titanium oxide of this invention, the titanium

localization index (B/A) is required to be 1.6 or more, preferably 2.0 or

more, wherein B is the proportion of titanium (Ti) to the sum of the

constituent metal (M) of the inorganic oxide and titanium (Ti) determined

by X-ray photoelectron spectroscopy (XPS) or B = Ti xes /(Ti xps + M xps

) and A is the bulk mixing molar ratio of titanium (Ti) to the sum of the

constituent metal (M) of the inorganic oxide and titanium (Ti) or A = Ti/(Ti

+ M). Here, the quantity B determined by XPS shows the proportion of

12



~part, and displays its properties in the exposed parts and this makes it
difficult for titanium oxide alone to manifest its surface activity.
Conversely, when the content of titanium oxide exceeds 60 mass% titani um
oxi de itself undergoes bonding and | ayered titanium oxide deteriorates in
specific surface area and al so in nechanical strength. [Condition of

surfac i In the Ligered.gprous titaniumo ingof hi s inventign, t he porous
st r uct GHEAMWT O \ERBFYINEOHR tihe, vaealy Hethforairface, @f ulayes8dsROERR by t he
i norgani c oxide serving as a core and of the gaps between the crystals of
titani titpoxuaeoxicieoshikedthembube nsixingasolsir rateo Mnshgasitheopremortian ohe
crystals of titaniumoxide are extrenely mnute, the pore structure of

| ayer editpai@ms okidaixisbinyi G laperel péeduseiitiniuby dxidepas e sthold Ulhe of

the inorganic oxide. Hence, if the inorganic oxide core had a relatively

| ar ge i i ur f.ace . gul: or LUt ur e; IS ace
condi t?gﬁg%%%‘?cnd&be f’?%f I gf:qq% in 16%3%% (Lagéﬁéplglglggs 1@ F%%%#ﬁ%ﬂox}na%& TI@JA. s, iIn
case titani um oxi de which occurs.as ynjform spherical particles i§ used

al one, indicaless Ehe iexten ng&ai#@ilqrwﬂé@aaéwnwx 6% the| BTG Whishever
in this invention, the surface condition of the inorganic oxide is

r ef | ectédniwmosideass deposited mnt tlee Isayfacdopthe usorgdm oxndexcare. dthe hi s

i nvention, the pore sharpness degree is 50% or nore, preferably 60% or

nore, pReLtd Cheratyivid IR¥ioatiel endeke ther fiore! tifBnienD okidd/ &xisfs nor e,
preferably 0.4 M./g or nore, and the specific surface area is 100 M2/ g or

more, Reetenabl k30 MG HolBiae dBNe RYELS PRLYGIA0 R/ Bl MRl Vhen

t he pore ar pness degre 9 the proportion pores eftrective

vol urm & | QAT hEFPIes (REpgthanc il ot HROFERDYL U8 D NS CAREStD mor e
cat al yst
completely, becomes partly exposed, and displays its properties in the
exposed parts when the content of titanium is low; then it becomes difficult
for titanium oxide to manifest its own surface activity and the chemical
characteristics of titanium oxide deteriorate. When the content of titanium
is high, titanium oxide undergoes bonding or crystallization by itself and,
as a result, the specific surface area of layered titanium oxide decreases
and, further, so does the mechanical strength.
The aforementioned quantity B is determined by XPS under the
following conditions.
X-ray source: MgKa (excitation energy, 1253.6 eV)
Applied voltage: 10 KV
Emission current: 20 mA
Pass energy: 50 eV
Photoelectron takeout angle: 90°

Sputtering: none

The proportion of deposited titanium oxide (content of titanium oxide)
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nmetal can be deposited. Mreover, when the specific surface area is |ess
than 100 M2/ g, the activity per unit surface area nay be high, but the
actual activity |evel drops because the catalytic performance is decided by
the total surface area available to the reaction site. The "pore sharpness
degree" here prescribes the range of optimal pore dianeter. This factor is
obt ai ned, b suring,the.pore dj aneter dian di ter),at 50%.0f the
Cotal | PoreYemL At REARLRS: fiengs ere bl &5 Apsriily Bisvmy 18 maneit hge  of
pore di anmeter corresponding to5% of the |logarithm c value of the median

di anet 8P, masa areferahlygrone Ifomassdhipprasagelyr erore prefdrably feoxol une
(PVM and the total pore volunme (PVT) as follows; pore sharpness degree

(0/ 0 =20RWiEE%To 4510Qss%hVEnsRdhe édittent e titiaiieheoxdde pOless Do eSS
increasingly nmore uniformas the pore sharpness degree gets nearer 100%

Th d ) f
e POt R Fis ??g(ﬁil?grisbﬁot:%& B Ebkpf Hel O XBERh s (MBS
e aforenent.i o

I'On curve determn FCUry i ntrusion
porosinmetry by .using t ed equati.on. The "pare volune! is the
Val ue BBEhI#Rd BFBIFYA a{]%@rf)ﬂ%r%?nlef thoeXDosedrmints) anfl dHsrmseS it
| ayered porous titanium oxide or ES by the mass 15 (in) of |ayered porous
titani diffiexldefar titansBurS/ oxidehealpoee tool mamitesh hés dorfaasi nectivitymer cury
intrusion porosinetry or the nitrogen adsorption technique. Mreover, the

speci f Consiiéelge whea e herdeher of nfganfigh ©%id®! excddds NBO Cuiysdopt r usi on
porosinmetry or the nitrogen adsorption technique. [Process of production]

(her & FERBHEL GG MEHIE el FRLSRRE AL T URE R Chl 2

(herei na sinply reterre as ocess 0 S

deteriorates in specific surface area and also in mechanical strength.

— D

[Condition of surface]

In the layered porous titanium oxide of this invention, the porous
structure is conceivably constituted of the pore structure possessed by the
inorganic oxide serving as a core and of the gaps between the crystals of
titanium oxide deposited on the surface of the inorganic oxide. As the
crystals of titanium oxide are extremely minute, the pore structure of
layered porous titanium oxide is decided mainly by the pore structure of
the inorganic oxide. Hence, if the inorganic oxide core had a relatively
large specific surface area and a regulated pore structure, this surface
condition could be reflected in layered porous titanium oxide. That is, in
case titanium oxide which occurs as uniform spherical particles is used
alone, the specific surface area is decided by the particle size. However, in
this invention, the surface condition of the inorganic oxide is reflected
almost as it is.

In the layered porous titanium oxide of this invention, the pore

sharpness degree is 50% or more, preferably 60% or more, more preferably
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used to produce the aforenentioned | ayered porous titaniumoxide of this
invention and it contains the aforenentioned depositing step which
conprises supplying a raw material titanium solution and a pH adjusting
agent in the presence of an inorganic oxide and depositing titani um oxide
on the surface of the inorganic oxide in the pH range between the

i soel eghpic point gf titani um oxid n hat of the i.norganic oxide. The
br 0cesd05t S RRGTe. bbb VATt (e THL P PRS- USRI o1 o RO
di spersion containing the aforenenti oned inorganic oxide by the pH sw ng

oper at marepefrgt dhensperifigssurfage sangg ty 100 muy/d aclmeeeapeaferahing 3 ep at a
tenperature in the range of 90-900 9C after the depositing step. The process

of thi gm®hyestt i @Breanmprodyeefdrahy elsPonvdss tort amiors) oWl the Whbreh
titani um oxide of high catalytic activity is deposited on the surface of

the in i of hef 1.CI.0 i.cal ited to
the | nap aengs HeREed hs Belot HoR EHE TBhiprERR BF WOESPPAORIEE fof tHE °0n
swing step.herg is a step for ducing.one of ra terials or .the

af or enEFRT AR ALGRER SR RE oS R ERIYERGAGHY ¥ FpPSp oY BEPOHNERET R AOTBI r eady
been described in the section entitled [inorganic oxides]. A dispersion
cont ai i kepstthean Qo3 gahig; ratidyst npetapacedpias poresprndvt g eneceatadyst
according to the process of this invention, the dispersion is supplied as

it is wfethhedepestdeposited eMotdorres mhdry theeppedfieos@ifage tareahes peocess of
this invention, the depositing step constitutes an essential step wherein a

o TR AL IRROLIRIRD BOE ALY SEAOEE T LR TR B L1
on e, shiripeeof the | norgani e, oxi de 11 S1e Rt fange hetveen;ihe
the total surface area available to the reaction site.

The "pore sharpness degree" here prescribes the range of optimal pore
diameter. This factor is obtained by measuring the pore diameter (median
diameter) at 50% of the total pore volume, then determining the pore
volume (PVM) in the range of pore diameter corresponding to+5% of the
logarithmic value of the median diameter, and calculating the pore
sharpness degree from the pore volume (PVM) and the total pore volume
(PVT) as follows;

pore sharpness degree (%) = (PVM/PVT) x100.

This means that the diameter of pores becomes increasingly more
uniform as the pore sharpness degree gets nearer 100%. The pore
sharpness degree can be calculated, for example, from the accumulated
pore distribution curve determined by mercury intrusion porosimetry by
using the aforementioned equation.

The "pore volume" is the value obtained by dividing the sum of the

volume (S) of each pore in layered porous titanium oxide or IS by the mass

15



that of the inorganic oxide. The isoelectric point of an inorganic oxide or
titaniumoxide is a specific property of the substance in question and the
el ectric charge on the surface of the particles of a given substance
drifting in a liquid changes its sign frompositive to negative or vice
versa as the pH crosses the boundary which is the isoelectric point. To be

nore congret.e, the surface of the .parti.cle rifting in a.liquid is charged
negat | J)\PLdRYEHT BORANS FekeSinEn GRAE Bbaf i SV ohid Reracruber e B n 1 he
isoelectric point constituting the boundary. In the aforenentioned pH sw ng
oper at determired hys nagreurgpedruspmopohosintetysr of 4hedn¥zogen i adsapéion ti ne
the pH changes across the isoelectric point and grow honbgeneous in the

end. Aggcliligu@.t o the process of this invention for producing |ayered porous
titaniumoxide, a raw material titanium solution and a pH adjusting agent

are suppli tihap) i | 0s) rf e jl.norgani c
oxide in me%’aﬂ%e%gé%ﬁ}ﬂ? %géiaggglc(idé{ }%Igcc?%toe% E[ﬁn%g ’ tflgfgr}ﬁ%nrﬂs %Xigdﬁ and 17
that of the inorgani c oxide. adj usti. the pH range,in this manner, the
el ect r FRELGHEY JBLHRSIORP LHSHRE yofn“%ﬁ% qlﬂlg)&jé‘nfi‘@s%ﬂtWB € he reverse of
the electric charge on the surface of titaniumoxide, titaniumoxide is

at t r ac{ Brocessefgirpductiomd surface of the inorganic oxide and the two are
presunmably chem cally and/or mcroscopically united together. The

i soel ect f'Thepréﬁe%sof)f tthi@rihv@rh@@shdfo@woaﬁmfﬁl@_tla?érédl%msc tivgngem are
listed in Table 1. The isoelectric point of a mxture such as silica/titania

componir (' 8RR S ERpRPIRERECE s0TAlorlk oo OB FOM Sy BB 13°

Subst ancel,soel ectri c, poi Ti t ani um Oxi de6.,0 o . .
HbSt alsed o pro uce the'a orerlnent{olfledq(allyered porous titanium oxide of this

invention and it contains the aforementioned depositing step which
comprises supplying a raw material titanium solution and a pH adjusting
agent in the presence of an inorganic oxide and depositing titanium oxide
on the surface of the inorganic oxide in the pH range between the
isoelectric point of titanium oxide and that of the inorganic oxide. The
process of this invention may include a pH swing step for preparing a
dispersion containing the aforementioned inorganic oxide by the pH swing
operation before the depositing step or it may include a calcining step at a
temperature in the range of 90-900 C after the depositing step.

The process of this invention can produce layered porous titanium oxide
in which titanium oxide of high catalytic activity is deposited on the
surface of the inorganic oxide so as to be chemically and/or microscopically
united to the inorganic oxide in a simple manner at low cost.

[pH swing step]
The pH swing step here is a step for producing one of raw materials or

the aforementioned inorganic oxide by the pH swing operation and has
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Alunm na9.0 Silica2.0 Zirconi a4.0 Magnesi al2. 0 The case of alumna as an
inorganic oxide is cited as an exanple. As the isoelectric point of
titaniumoxide is 6.0 and that of alumna is 9.0 in this case, a raw
material titaniumsolution and a pH adjusting agent are supplied and the pH
of the reaction solution is adjusted to a point between 6.0 and 9.0. Then,

the pH on the surfage of, alumna is |lgwer th t her. isoelectri. int of
b1t nATERARD: ok RERa 1BEd attiniha pectifa, s linorerytc HoeRler, °t he
pH of the surface of titaniumoxide is higher than the isoelectric: point
of titSasRensin ¢enbaidingdheuifargenyd oxidears prepasdddin the gldryethgeten i vel y.
As a result, titaniumoxide is deposited satisfactorily on the surface of

al um nand] &ctbelitgst e prddesd cfthag ihverigen] thedigiseristorgiié edpadiednos her
exanple. As the isoelectric point of silicais 2.0 in this case, a raw

materia ;g4 i L and a pH adjusting agent are supplied and the pH
is adj E%S%Sfat ?géggb(ﬁ%lﬂ]%gg%ween 2.0 and 6.0. Then, the surface of titanium

oxi de irs, _char ged sitively as the pHis |lower than the isoelectric point
of ti téﬁ@ﬁﬁ?]&g?%ét&ahi le the surface of silica is charged negatively as the
pHis higher than the isoelectric point of silica and titani umoxide is
deposi t edAseetdingcttor ithe procese ofir thee vivesitiona. ththedpposising estep be
followed in the depositing step is described concretely here. First, a

di sper gbABtitGtdy £RVeen ] GtEP &Flséredn 3N ra WOMGAstH&] @ifadeud soWaieh .ard t he
case where a dispersion has been prepared in the aforenentioned pH sw ng

step, tahﬁHdéaﬂfé'tﬁﬁé) 3 SERY iQesd}'ﬁﬁf%cFﬁl QBS%"eggnce of an inorganic oxide and

titanium oxide is deposited and layered on the surface of the inorganic
oxide in the pH range between the isoelectric point of titanium oxide and
that of the inorganic oxide.

The 1soelectric point of an inorganic oxide or titanium oxide is a specific
property of the substance in question and the electric charge on the surface
of the particles of a given substance drifting in a liquid changes its sign
from positive to negative or vice versa as the pH crosses the boundary
which is the isoelectric point. To be more concrete, the surface of the
particles drifting in a liquid is charged negatively on the alkaline side and
positively on the acidic side with the isoelectric point constituting the
boundary. In the aforementioned pH swing operation, the crystals repeat
growth and partial dissolution every time the pH changes across the
isoelectric point and grow homogeneous in the end.

According to the process of this invention for producing layered porous
titanium oxide, a raw material titanium solution and a pH adjusting agent
are supplied and titanium oxide is deposited on the surface of the inorganic

oxide in the pH range between the isoelectric point of titanium oxide and
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The concentration of the inorganic oxide at this nonment is selected
normally fromthe range of 5-200 g/L, preferably fromthe range of 10-100
g/L. Araw material titaniumsolution and a pH adjusting agent are supplied
to the dispersion and titaniumoxide is deposited on the inorganic oxide in
the target pH range or the pH of the dispersion is adjusted to a poi nt in

t he a. pH .adj ent,,in vance. The pH adjus

agent s bt P SertaRididd 1Y a0 RiRE he nE HERES in SPie T abrEgatE
hydrochloric acid, nitric acid, sulfurlc aci d, _carbonic acid, fornlc aci d,
and acelectrigcshangedon wharsautaes pE the inorganisi a¥itde basomes thereversedf The pH
adj usting agents for adjusting the pHto a point on the al kaline side

i ncl udehsogliegtribyeiapgeden thet assfade by ditexiiden exidepitdtarvdties , osiddi wm
carbonate, potassium 19 carbonate, sodi um hydrogen carbonate, and potassi um
hydr Oga@tﬁ%"t@&%wn%%n@o Wl va-hed or ke e ARTP B eerRpehrired. It
i s advantageous to dto the af orenent i one Ispersion a particle growth
|nh|b|tor con bg%l | east, one. el ement eIecE &éfro he group of

sili coRr® XF ]ﬁﬁgﬁég? HfrﬁéFP?ﬂﬂFcﬁ G al um num and
2|rcon|un1 Addi tion of such a particle omﬁh i nhi bi tor |nproves t he heat
st abi | i t yTbe ispelestimpoxntieostitanmmt oxigei amd sghvre othkemimergaimatoxidesioes not
aggl onerate even at high tenperatures during calcining, and maintains its
chemi calkre dixdédrinriallesk oPhe #oealoitric }m')iﬂt éthe mixeugariueh fxsiliva/fxani es of
the particle growth inhibitors useful for the process of this invention are

the folly | oi dal
e 1o W%P%Pgﬂgﬂci dta 17dd é&&%v&lﬁ%xgeaﬁg%v%éﬁ‘%h Sj!sbbFé?:‘Emcﬁ?&ii]{tgeof gl | oi da

silica, id, Silicates orl e actd, “armoni u rogen
phosphat e, esiumnitrate, nesi um sul,f at nesi u car bonat e,
mgnes PORSEIELES Arichh ey s e YA COuPePanuty FatBe TR &
[Table 1]
Substance Isoelectric point

Titanium Oxide 6.0

Alumina 9.0

Silica 2.0

Zirconia 4.0

Magnesia 12.0

The case of alumina as an inorganic oxide is cited as an example. As the
isoelectric point of titanium oxide is 6.0 and that of alumina is 9.0 in this
case, a raw material titanium solution and a pH adjusting agent are
supplied and the pH of the reaction solution is adjusted to a point between
6.0 and 9.0. Then, the pH on the surface of alumina is lower than the
isoelectric point of alumina and the surface of alumina is charged
positively. Conversely, the pH of the surface of titanium oxide is higher
than the isoelectric point of titanium oxide and the surface of titanium
oxide is charged negatively. As a result, titanium oxide is deposited

satisfactorily on the surface of alumina.
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carbonate, cal cium hydroxide, calciumchloride, bariumnitrate, barium

sul fate, zirconyl nitrate, zirconium oxychloride, zirconiumsulfate,
manganese nitrate, alum numnitrate, and al um num hydroxi de. The anount of
a pH adjusting agent to be added is decided properly by the conditions such
as the kind of pH adjusting agent, the purpose, the kind of inorganic

oxi de, anﬂ t he Ii%e. nd it is. nornallg %f thetrgn e of 0.1-3 gﬁﬂé@b based on
titani um DRF &SP PIRIHCANGS AN INOTERPHaPEIdeIS Fite APSLP ¢t £3A - &H

adj usting agent are added to the noderately agitated dipersion. A solution
of titte uavelRrii¢ wint oigritisnals $-Qisndhis casepaw nawemateriak siipoimwol uti on,
but a solution of 20 titaniumsulfate or titanyl sulfate may be used just as

wel | . Stkaticroaaeni pdd iasjustinghegarmaretappliedtandmnhe whlsiel adjuebed $o ot
restricted, but it 1is selected froma rough range of 1-50 mass% On the

ot her ng@ﬁﬁv bétxﬁgﬁ?@ 0SdA %, 69FNen %P%“'éﬁ k¥ a?eéi@atcxﬁligﬂg‘;j)ﬂ%t #charged

af or enenti oned adjusting agent$ tor adjusting t0 a point°on the

al kaline side, inclusiye.of the preferred agnes.. It .i .. hecessary, to

el oct PoFRball A BhE Rl ris doenban Za6 dSafleifric moit} SCHEART SROBRLS st ment
of the PH of the dispersjon; however, when the PH_adjusting agent used is
the omdhilethadurfacegf thlicpristahargedi negatiivelyeaalthel phk isihigher tbagane one
is preferably selected. The tenperature of the reaction solution in the

deposi thedssdleptris poset ef isddcanamndbtitinivi@nvkide fsadgposited aaitidfaohaibt ure to
100 'C, preferably fromthe range of 40-909C, nore preferably fromthe

range gf, @ Abfale of Bficd €action tine in the depositing step varies with the
concentration, tenperature, kind of inorganic oxide and raw materi al

st o0 oSl IS Ul 4 Moraliy g st oo {oomute range
concretely here.

First, a dispersion is prepared by dispersing an inorganic oxide in
water. In the case where a dispersion has been prepared in the
aforementioned pH swing step, the dispersion may be used as prepared.
The concentration of the inorganic oxide at this moment is selected
normally from the range of 5-200 g/L,, preferably from the range of 10-100
g/L.

A raw material titanium solution and a pH adjusting agent are supplied
to the dispersion and titanium oxide is deposited on the inorganic oxide in
the target pH range or the pH of the dispersion is adjusted to a point in the
target range by a pH adjusting agent in advance. The pH adjusting agents
for adjusting the pH to a point on the acidic side include hydrochloric acid,
nitric acid, sulfuric acid, carbonic acid, formic acid, and acetic acid and
hydrochloric acid and nitric acid are preferred. The pH adjusting agents for
adjusting the pH to a point on the alkaline side include sodium hydroxide,

potassium hydroxide, ammonia water, sodium carbonate, potassium
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The operation of the depositing step is conpleted as descri bed above to
give | ayered porous titanium oxide in which titanium oxide is deposited on
the surface of the inorganic oxide. This product is separated fromthe
solution, washed with water, nolded, dried properly, and put to the

i ntended use. [Calcining step] The product |ayered porous titaniumoxide is
preferably subjected urnt'her to a cal cini freatnmept.. This treatnent can
be per FOFNERATE SRATWR BYBFeReYy cavRmTe. eRdDetAsSym iy ArogeR cazPenatng
treatnment_is performed at a_tenperature in the range from 909C to 900 'C,
pr ef er abldysadiunhbydaayide anchampoogat wat@0areprefedrédr a period in the range
from30 mnutes to 5 hours, preferably in the range fromone hour to three

hours. The ¢aladivanfggedii€abnedd toetiy eForshehtidhedr HidpRirsiciatd paraiete
oxi datively deconposes inpurities thereby pronoting the deposition of the

comer &g nantBitor BnthRling 16, PRGEARE enfid Sk pob 318 gt RPr o1

prepared.as escr.i bed above has a rgegul ated .pore structure, .a | arge

speci t Selicn D hgTaw, TAABNERAEN] GAICTHEG AR, BAERRGPea AR, be used
as a catalyst carrier; catalysts conprising suitable catalyst netals

deposi tad sirchaneme Adgidran of tsudnaupaticléegramtbenhsleidondvemtagectdst y in a
| arge nunber of applications, for exanple, hydrorefining, denitrification

of wastRaastabiiMerFoababian 6%ideOso aMthtt ieahik®: okt GRLAAMS! niRhaks Whi ch

can be deposited on the |ayered porous titaniumoxide of this invention as

o LIRS 6L RIS SR S (EhABERE: FOR, ol e o
conb n%;&qa%st{gg Sghecr?ltigahyszfn o;[' arlnslcroscopical union with the inorganic
oxide.

Examples of the particle growth inhibitors useful for the process of this
invention are the following compounds: silicon tetrachloride, silicon
dioxide, colloidal silica, silicic acid, silicates, phosphoric acid, ammonium
hydrogen phosphate, magnesium nitrate, magnesium sulfate, magnesium
carbonate, magnesium borate, calcium nitrate, calcium sulfate, calcium
carbonate, calcium hydroxide, calcium chloride, barium nitrate, barium
sulfate, zirconyl nitrate, zirconium oxychloride, zirconium sulfate,
manganese nitrate, aluminum nitrate, and aluminum hydroxide. The
amount of a pH adjusting agent to be added is decided properly by the
conditions such as the kind of pH adjusting agent, the purpose, the kind of
inorganic oxide, and the like and it is normally in the range of 0.1-3 mass%
based on titanium oxide in use.

Next, a raw material titanium solution and a pH adjusting agent are

added to the moderately agitated dipersion. A solution of titanium chloride

is generally used as a raw material titanium solution, but a solution of
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can al so be used. The nmethod for depositing the catalyst nmetal is not
restricted and any publicly known nethod can be adopted; for exanple,

i npregnation, ion exchange, and kneading. It is also possible to prepare a
catal yst by depositing a catalyst netal on | ayered porous titani um oxi de by
an ion exchange nethod before the calcining step and then subjecting to the

cal ci ni di stance., 22 Mor.eover, ti.tanium oxi de itself has a photagatal ytic
abi || { LA RAVALE 0T, BROREH; BRI i oBPes oitish R h Bt nafted

super hydrophilicity and the |ayered porous titani umoxide of this invention
whi ch hemscentragignaokthe pawemateried ditanimmafojetiopeis notcreairicied, hntat and
excel |l ent nmechanical strength can be used by itself as a photocatal yst of

hi gh cad séletied &&inh \d fough ravgeiofuss50imhesssuch as deodori zation, water
treatnment, antibacterial treatnent, and prevention of fouling. Brief

Descrpti O Al LRRPIANAIOR Firthaibelih P aB0AE o 0NNG LhRCERPY DS Bl X oy

diffraction perforne ere ous titaniurh oXide prepared in

Example_, 1. Fig,. 2 is chart. show n he resuyls X- di ff.ractiagn
bor f or Addresetingel 3 A UpbrRS B e o GRS She bl S PURBAR B Fi g
3 is a chart showing the results of X-ray diffraction performed on the

| ayer edlpmlinesides amilusivexpfiéhprprefened anesalpie ®t Weepssary $oaselrat t
showing the results of X-ray diffraction perforned on the |ayered porous

titani yhe @ange pH eRBUSHNkNaFx@ b Q1std i the afbrferdetbided hHfudtRASIRHoAItiCl e
Exanmple 1. Fig. 6 is a chart the nolded article
the pH of the dispersion; however, when the pH adjusting agent used is the
one for adjusting the pH to a point on the alkaline side, the same one is
preferably selected.

The temperature of the reaction solution in the depositing step is
selected normally from the range of room temperature to 100 °C, preferably
from the range of 40-90°C, more preferably from the range of 50-70 “C. The
reaction time 1in the depositing step varies with the concentration,
temperature, kind of inorganic oxide and raw material titanium solution,
and the like and it is normally selected from the range of one minute to one
hour, preferably from the range of 3-30 minutes.

The operation of the depositing step is completed as described above to
give layered porous titanium oxide in which titanium oxide is deposited on
the surface of the inorganic oxide. This product is separated from the
solution, washed with water, molded, dried properly, and put to the
intended use.

[Calcining step]
The product layered porous titanium oxide is preferably subjected

further to a calcining treatment. This treatment can be performed in an
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Exanple 2. Fig. 7 is a chart showing the results of X-ray diffraction
performed on of alumina/titanium oxide prepared in Conparative show ng the
results of X-ray diffraction perforned on of alum na/titani um oxi de prepared
in Conparative showing the results of X-ray diffraction perforned on 23
the nolded article of alumna/titani um oxide prepared in Conparative

Exanple 3. Fig. 8 is.a chart show the results of X-ray di.ffragtion

bor f or RERIRAY PYER OF Bt ARFEY, Khall B FCIHIRE B e S PR OCBRIAA | ve
Exanple 4. Fig. 9 is a chart showng the results of X-ray diffraction
per f or fempRTat ire i ithed aargd fom §0 itk orreferabbpin élieinangsnfranat i ve
Exanple 5. Fig. 10 is a chart showng the results of X-ray diffraction

per f or @M Onto ™00 dEd aard fed & Pried unithe RitEafRini 30 Goimaeattio/s Howwp! e 6.
Fig. 11 is a graph showing the catalytic activity in the

hydr od%@k&{é@fa{ﬂ A d %tng%; f%zxr?ria (rg)inle' }@\%r t§2thied KA Tﬂ%""icggciﬁi%gon t he

conparison he resul'ts spectroscopl ¢ anal ysi S pertof e

speci nens of | ayered porou ti.tani poxi de respect.ivel repared in
Conpar ATFAENERE RETRONES araterzofavstallizatign 1and coxidatualyABeemgoses
conparison of the results of X-ray diffraction performed on the specinens
of | ayemgimptiesutheriebanipronmting thee slepositienyobrtbeacethlyst coreal aande
Exanpl e 16 and Exanple 5. Fig. 14 is a graph showing the relationship

bet weeraidiggadit @Rchahicdll ét@@h?t}aﬁéi atlegelBGitable br edmenakdial 868) for the
nol ded articles of alumna/titani um oxide prepared respectively in Exanpl es

5-10 ar[fljses]

The layered porous titanium oxide of this invention prepared as
described above has a regulated pore structure, a large specific surface
area, and excellent mechanical strength and it can be used as a catalyst
carrier; catalysts comprising suitable catalyst metals deposited on layered
porous titanium oxide can be used advantageously in a large number of
applications, for example, hydrorefining, denitrification of waste gas,
hydrogenation of CO, and the like.

The catalyst metals which can be deposited on the layered porous
titanium oxide of this invention as a catalyst carrier include tungsten,
molybdenum, cobalt, nickel, ruthenium, palladium, platinum, phosphorus,
boron, and vanadium and a suitable combination of these catalyst metals
can also be used. The method for depositing the catalyst metal is not
restricted and any publicly known method can be adopted; for example,
impregnation, ion exchange, and kneading. It is also possible to prepare a
catalyst by depositing a catalyst metal on layered porous titanium oxide by
an lon exchange method before the calcining step and then subjecting to

the calcining distance.
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Conparative Exanples 7-11. Fig. 15 is a graph showing the catalytic activity
in the hydrodesul furization test of vacuumgas oil (V&) . Fig. 16 is a
graph showing the catalytic activity in the hydrodesul furization test of
gas oil. 24 Fig. 17 is a graph showing the content of titania and the

titani a- covering index of the nolded articl es of al um' na/titani um oxi de

pr epar ed espect i in Ex e -10ad ratl np 1

b ef or r eMeEBRF Hbifa o™ RAAT R PR arPOUORIBN b A EY Aeteley e
concretely below with reference to the accorrpanyl ng exanpl es corrpar ative
exanpl &8 p%mtaoxwtlwdﬁp@@@osmomw pbptcmdn@ede@mmﬁmdmphl ipdytandr "o
is on the nmass basis unless otherwise noted and "L" stands for liter.

[ Exanplke 1dydredocoupaiiainivien bxadplofshls 6ave Eaapwdith [Hid awkdpmlated 11 An
al um na hydrogel (inorganic oxide) to be used as a core was prepared as

fol | owgy,pdh rﬁ%w}é o ﬁa‘\'@zﬁﬁegﬁ% %r?a/cea%%age%% (fgfeﬁ‘ﬂa;xz <8£:Pn1%f§? g of

alumn mn| rate and 't t1on B was prepat |ng wat er

ot o sheenatdn B Gkl DRufielfifad ghotacalali téﬁﬁﬁéﬁ glVi%af%F - of

cont ai ner was added 180 g of the solution A and nai nt a| ned for 5 m nutes.
The pHveriause Bgldshesuch 8sl deodarization,s water vasabmsntNeantitz@derjadf t he
solution B was added to the aforenmenti oned enanel container to change the

pH of thentawehhaind peeveniien dffoatng. 0 and

Brief Description of the Drawings

Fig. 1 1s a chart showing the results of X-ray diffraction performed on
the layered porous titanium oxide prepared in Example 1.

Fig. 2 1s a chart showing the resuls of X-ray diffraction performed on
the layered porous titanium oxide prepared in Example 2.

Fig. 3 1s a chart showing the results of X-ray diffraction performed on
the layered porous titanium oxide prepared in Example 3.

Fig. 4 is a chart showing the results of X-ray diffraction performed on
the layered porous titanium oxide prepared in Example 4.

Fig. 5 is a chart showing the results of X-ray diffraction performed on
the molded article of alumina/titanium oxide prepared in Comparative
Example 1.

Fig. 6 is a chart showing the results of X-ray diffraction performed on
the molded article of alumina/titanium oxide prepared in Comparative
Example 2.

Fig. 7 is a chart showing the results of X-ray diffraction performed on
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mai ntai ned for 5 mnutes. 25 Thereafter, the operation consisting of adding
180 g of the solution Ato change the pHto 2.5, maintaining the m xture
for 5 mnutes, again adding 180 g of the solution B to change the pHto 9,
and maintaining the mxture for 5 mnutes was repeated three tines. A

di spersion of alum na hydrogel containing 37 g/L of A12CG3 was prepared in

this ner. he al um na._,i this alum na hydrogel was , needl e-shaped in its
T maBe TintdeR aratien St i e BB, B S reptg: B8 B RAETS 10 and
a length of 40 nm [Depositing step] The dispersion of alum na hydrogel in

an anpdnarmopled00 parts was kept at 60 C, 1.8 parts of colloidal silica
containing 8 of SIiO2 as a particle growh inhibitor was added and t hen

hydrochl oFig 8dkth @hagt BHowddguid Reswlge vf Xﬁf&yadﬁ’fﬁhdtﬁ)xbgiemﬁoﬁlﬁ@dm to a
poi nt between the isoelectric point of titanium oxide and that of al um na,

or to %hé.t'it’aélnltiglx? 8x§d;q°f§1uﬁﬁ'n£”19 tutérg ngt@k)%\g?% iiﬁtﬁzéeﬁ{ LR Eﬂﬁﬁl'e@g'df y and/ or

m cr oscopi c um na whi ¢ S onposi ng e nt” of this

i nvention,. Fol.l ow his, .97. arts  of 37.9%titaniumtetrachl oride
sol uti on B 9 308 sk Faonipg; thed Tesiied af X savnditbiadionestormacd o

si mul t aneous] and the reaction was allowed to proceed for 5 m nutes while
mai nt athe ngol&laabamblgt of titarsiman toxed e prrpparediie Gompatativedivampleydr ogel of
| ayered porous titanium oxide. The hydrogel of |ayered porous titanium

oxi de thupi@bi@igedchast shewhes thetdeswiisest XFidyt Aifffactioh ¢reforandddm ed at
120C for 3 hours. [Calcining step] The | ayered porous titani um oxide

obt ai ned i34t 18 ASRISI LihSh D MR i2PComparative Example 6.

Fig. 11 i1s a graph showing the -catalytic activity in the
hydrodesulfurization test of gas oil.

Fig. 12 is a chart showing a comparison of the results of Raman
spectroscopic analysis performed on the specimens of layered porous
titanium oxide respectively prepared in Comparative Example 13 and
Example 5.

Figl 13 is a chart showing a comparison of the results of X-ray
diffraction performed on the specimens of layered porous titanium oxide
respectively prepared in Comparative Example 16 and Example 5.

Fig. 14 is a graph showing the relationship between the content of
titania and the mechanical strength (SCS) for the molded articles of
alumina/titanium oxide prepared respectively in Examples 5-10 and
Comparative Examples 7-11.

Fig. 15 1is a graph showing the catalytic activity in the
hydrodesulfurization test of vacuum gas oil (VGO).

Fig. 16 1is a graph showing the -catalytic activity in the

hydrodesulfurization test of gas oil.



pl aced in an oven and cal cined at 500C for 3 hours to give |ayered porous
titani um oxi de of Exanple 1. The properties of this |layered porous titanium
oxi de are shown in Table 2 bel ow. Exanple 2 Layered porous titani um oxi de of
Exanple 2 was prepared as in Exanple 1 with the exception of adding 3.6
parts of the colloidal silica and 146.6 parts of the 37.9%titani um

tetrachl opi de sol ution. _The,properties of, this l.ayered reus  titani um

oxi de ar eﬁ‘%gio th Aragic -{’2 S@@Iw 8 Ebgnﬁ?%t%lt&?/ettl@%mﬁo & ﬁ}‘ﬁaﬂ?rlr?oxi de of
Exanpl e 3 was prepared as in (Exarrpl e 1 with the exception of adding, 5.4
parts 6fPvenrascBldes ahrthei moddedagticles of ajnminagfitanaim7owle prepaiad
tetrachl oride solution. The properties of this |ayered porous titanium

oxi de aespaitomalyiin Hrbingplas bel 0wndECany rativeyxmedplesr BUd. tit ani um oxi de of
Exanple 4 was prepared as in Exanple 1 with the foll ow ng change in the
procedure: the silica hydrogel obtained in the "pH swing step 2" descri bed
bel ow was used in place of the alum na hydrogel as an inorganic oxide, 2500
parts @hrefdigedi Kb dit@R8 W thdi BRRMEIGH Was added, the particle growth

i nhi bi for and the pH adjusting agent were not added, and 146.6 parts of the
37.9% titaniumtetrachl oride solution and ammonia water were added at pH 4
between the isoelectric point of silica and that of titanium oxide. The

0 Pt S ! ! 5
el bur | [ g ot RbA ST e B0GR1Ged chABHEN et Nofui? RaRelde 1Bife 2
solution of sodium 27 siiicate AOS No. 3) wi.th a aoncgntrati n (if -]l\gso o/ L,
the soPGEYIRARYINGexagaples, camparative,ezamilesgand tego.examplese 1gc

solution was added to bring the ) ) )
following description, " part" or "%" is on the mass basis unless otherwise

noted and "L" stands for liter.
[Examples 1-4 and Comparative Examples 1-6]

Example 1
[pH swing step 1]

An alumina hydrogel (inorganic oxide) to be used as a core was
prepared as follows.

The solution A was prepared by adding 2075 g of water to 925 g of
aluminum nitrate and the solution B was prepared by adding 2440 g of
water to 560 g of sodium aluminate.

To a 15-L enamel container was added 2.5 L of water and the water was
heated at 60 ‘C with stirring. To this enamel container was added 180 g of
the solution A and maintained for 5 minutes. The pH of the synthetic
solution at this time was 2.5.

Next, 200 g of the solution B was added to the aforementioned enamel
container to change the pH of the synthetic solution to pH 9.0 and

maintained for 5 minutes.
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pHto 4, and the m xture was nmaintained for 5 mnutes to give a slurry of
silica hydrogel. Next, the operation consisting of adding 400 nL of a
sodiumsilicate solution with a concentration of 250 g/L to change the pHto
11, maintaining the mxture for 10 m nutes, then adding a 20% sul furic acid
solution to change t he pH to 4, and maintaining the m'xture for 10 mnutes

Sili 22"3@ %@?ﬂ‘ﬁ% P ORRETH R ot fRRE TRPE T Byl K O~

spheric and S d a_particle, di ter of agpproxi, rrately 10 nm

Conpar &7 vgeéob&rmﬁiq 2R, dngﬁbtraénmg almwﬁaafﬁy@r@géut%sagﬁ@p@ddmay
followng the procedure of the "pH swing step” as in Exanple 1. This

di sper 4i80ng of thalsolitiany doadeingentlanpihba St anfd 2eGatparing tkesnmatutai ned at
60 9C and 3.6 parts of the sane colloidal silica (particle growth

i nhi bi ¥g¢ } Afnihifes ﬁég%bga{ed\@ﬁr@g%sand the pH was adjusted to 7.5 by

hydrochl oric acid. Using the dispersion of alum na hydrogel thus prepared,
titanium @xi,de was deposited o a IS herange
spect 1 ectpiinartsh iobAThRRay hRlrpEel Gobtnfiubh et Elke Serlebi ofe?

i soelectric point of alumna and that of titanium oxide as follows; 48.9
parts ®repasy gg this amiamneretF e habrmiea su dhisnalwminadbydregdr was t he pH
to 1.0, then 14% anmonia water (pH adjusting agent) was added to change the

pH to thebdld-shappd isvita @ ExhiintigesarpHshoived aperspecbpatios(lergtaiddthbr a
total of three tinmes (three pH swings) to give a precipitate while keeping

the ZsoTﬁm?Bﬁfddéﬁelﬁtl@Qn% WLARSCHO Hant he pH to the prescribed |evel by
finely controlling the amount of the pH adjusting agent added. The

preC|p %te yas vvg f]ed with water, filtered, nolded, and dried at 120" C for
3 hour PRE\HIF §5Plarticle was further calcined as in Example 1

The dispersion of alumina hydrogel in an amount of 2000 parts was
kept at 60 C, 1.8 parts of colloidal silica containing 8% of SiO= as a
particle growth inhibitor was added and then hydrochloric acid as a pH
adjusting agent was added to bring the pH to a point between the
isoelectric point of titanium oxide and that of alumina, or to 7.5 in this
case, in order to unite titanium oxide chemically and/or microscopically to
alumina which constitutes the composing element of this invention.
Following this, 97.7 parts of a 37.9% titanium tetrachloride solution and
14% ammonia water as a pH adjusting agent were added simultaneously
and the reaction was allowed to proceed for 5 minutes while maintaining
the pH at 7.5 and the temperature at 60°C to give a hydrogel of layered
porous titanium oxide.

The hydrogel of layered porous titanium oxide thus obtained was
washed with water, filtered, molded, and dried at 120°C for 3 hours.
[Calcining step]

The layered porous titanium oxide obtained in the depositing step was
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to give a nolded article of alum na/titani um oxide of Conparative Exanple

1. The properties of this nolded article are shown in Table 2 bel ow

Conpar ati ve Exanpl e 2 The sane di spersion of alum na hydrogel containing
colloidal silica (particle growh inhibitor) and hydrochloric acid as used
in Conparative Exanple 1 showed a pH of 0.5 upon addition of 195.3 parts of

a 37.9 C I S I anged t

addi ti (é %‘%& ﬁ?f#} £r’rﬁon%& Clggfl 32({ d??ﬁ@ng %%qg%s?;& %Wﬁ ga%ﬂe(?lv\p ﬂgo%%er ation
was perforned at, 60 'C to give a precipitate, Th ecipitate was washed

Wi th wEH@nium | edded of rEPdaapleant ?Iﬁheeopwperm@ eft his layared PAEOWDI dod
article was further cal cined as in Exanple 1 to give a nol ded article of

al unmi naitanfianm oxdexaceshdéwBompiahtd 2bekoxanpl e 2. The properties of this

nol ded alum na/titaniumoxide article are showmn in Table 2 bel ow.

Conpar at i gg4 rg,pie 3 The sane dispersion of alum na hydrogel containing
colloidal sili ca (particle growth inhibi tor) and hydr ochl ori c aC| d as used

in Corrpar tive | e .1 showed a. addl tion of anmoni a
wat or  andiRiEec P ERBisG e TSR Sofighh R ikaranfiore 8ty paredred 4% S oo
titani um te rachl oride sol ution (on pH svm n Th| pH sw_ng operation was
r epeat @%&TBP &l t‘(ﬂti]! thy experidonaferd ingr & fn@&) collowialadied agide a 29

precipitate. The precipitate was washed vvlth water, filtered, nolded, and
dried du6l@@atts of tReBUO% tithaionl tetdtaahldride sohstibur ﬂﬁ&rpc@beﬂtm&ioﬁs in
Example 1 to give a nolded article of alum na/titani um oxide of Conparative

E)éfm\?vl. %hg%gg?%@@%gﬁéﬁﬂn bRide AP dREWA il ThBl@bepSbawn in Table 2

Example 3

Layered porous titanium oxide of Example 3 was prepared as in
Example 1 with the exception of adding 5.4 parts of the colloidal silica and
195.4 parts of the 37.9% titanium tetrachloride solution. The properties of
this layered porous titanium oxide are shown in Table 2 below.

Example 4

Layered porous titanium oxide of Example 4 was prepared as in
Example 1 with the following change in the procedure: the silica hydrogel
obtained in the "pH swing step 2" described below was used in place of the
alumina hydrogel as an inorganic oxide, 2500 parts of the silica hydrogel
dispersion was added, the particle growth inhibitor and the pH adjusting
agent were not added, and 146.6 parts of the 37.9% titanium tetrachloride
solution and ammonia water were added at pH 4 between the isoelectric
point of silica and that of titanium oxide. The properties of this layered
porous titanium oxide are shown in Table 2 below.
[pH swing step 21

To a 20-L enamel container was added 5 L of a solution of sodium
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The al um na hydrogel of Exanple 1 was washed with water, filtered, nolded,
dried at 1209C for 3 hours, and then calcined at 5000C to give an

aggl onerate of alum na. An agglonerate of titanium oxide was al so prepared
as in Conparative Exanple 5 to be described later. Using an agate nortar,
71.5 parts of the agglonerate of alumna and 28.5 parts of the agglonerate

of tit am: i n rt i i 4k | de/ 1 na
i xt ur SR SN S B APl R RfLp F 1R BB R DO s RaBbeT T 5o
of al um JJhe. properties t hi m xture are shown i abl e 2 bel ow. The
al um na?tinfﬁ)t i B RPres & 2@%P3ffu§’ffaﬁ selution 1A ?ﬁgﬁg téhgr% €an
aspect ratio (length/width) of approximately 10 and a I ength of 40 nin
whi | e tpid tbi4,camdirthexindet ure washeriotdinaddfoshpwsiruteartol give didnetreof of
approximately 7 nm Conparative Exanple 5 Upon addition of 12.5 parts of the

sane cqilied dgydiidel CNSRY, t tieé Cortich do&@ié%’ﬁﬁgr oP S diEag UOOEXARTPLE 4 tO
1100 parts of” water kept at 609C, the pH was 7.5. The pH changed to 1.5

upon addizt.ion_.ef 330 rts of 37.9%.t.it.ani e chhoride ;sol wtion and
the pr Phliditleats SaRBRE veh & At OR A LG €SS B Ko
wat er (pH adjusting agent). This pH 30 swi ng operation was repeated for a
total o tRABRAINHRS thenpbtywee 3%" d&s}mr\mﬁﬁetﬁaﬂ&ﬁ&@a ﬁe29F4?tses1tlfuréc
prescribed | evel by finely controlling the anmount of the pH adjusting agent
added. acid tdolstioantrechahgeatticuptbitbds andsmabintainmgdgi thes phestucal fopat®i cl es
with a particle dianeter of approximately 7 ninin its TEMinmage. The
spheri gainpRsiwss eepOhitdd Vanem oxi de were washed with water, filtered,

nol ded, and dried at 120 9C for 3 hours. Further, the spherical particles
of titani YnyaxL A8 GO0 SHtEhrogel thAtAi AT ¥ G Yl AWAL prepared
in this manner. The silica in this hydrogel was spherical and showed a
particle diameter of approximately 10 nm.
Comparative Example 1
A dispersion of alumina hydrogel was prepared by following the
procedure of the "pH swing step" as in Example 1. This dispersion of
alumina hydrogel in an amount of 2000 parts was maintained at 60 °C and
3.6 parts of the same colloidal silica (particle growth inhibitor) as in
Example 1 was added and the pH was adjusted to 7.5 by hydrochloric acid.
Using the dispersion of alumina hydrogel thus prepared, titanium oxide
was deposited on alumina at a pH which is off the range specified by this
invention, that is, outside the range between the iscelectric point of
alumina and that of titanium oxide as follows; 48.9 parts of a 37.9%
titanium tetrachloride solution was added to bring the pH to 1.0, then 14%
ammonia water (pH adjusting agent) was added to change the pH to 7.5

(one pH swing) and this pH swing operation was repeated for a total of

three times (three pH swings) to give a precipitate while keeping the
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Exanple | to give an agglonerate of titanium oxide of Conparative Exanple
5. The properties of this agglonerate of titanium oxide are shown in Table
2 bel ow. Conparative Exanple 6 The solution A was prepared by adding 2075 g
of water to 925 g of aluminumnitrate and then the solution B was prepared
by adding 2440 g of water to 560 g of sodiumalumnate. In a 15-L enanel

ctirri RemeR R EAERGC pghatFhile, B¢ aitda WGP Brin et EER T, ABRIR S

mai ntai ned for 5 mnutes. The pH.of the synthetic _ solution was 2.5 at this
poi nt . cepbellagithectmeuntad thedHradiusbing agenBaddedhe af or enenti oned enanel
container, the pH of the synthetic solution changed to 9.0 and the m xture
was mai nt'8hoegrdedpitaterivag esashidte maslh twater Hd tegerl, aniobde d,0nadsdried of addi ng
180 g of the solution Ato change the pHto 2.5, nmaintaining the m xture

for S5 mopet sy 3R ﬁ\rsadﬂwgﬁolaéaf&mewgs $QHH OBl 9§Efﬂgﬁx5ﬁfpleﬂto 9,

and maintaining the mxture 31 for 5 mnutes was repeated three tinmes. The

| um th bt ai ned d.w t filt d |, ded, d,dried at
T20C 1 8 eV ame i ariie Rk Bha i aA R prids SELPEIRER B8 BARERMpl o 1
to give a nolded article of alum na of Conparative Exanple 6. The
pr oper tli dhecpransrsiesiddds aeldedaarticleare shawvsrHovwhable Idelew2  bel ow.

[ Tabl e 21 Anopunt of Pore Pore
Comparative Example 2

The same dispersion of alumina hydrogel containing colloidal silica
(particle growth inhibitor) and hydrochloric acid as used in Comparative
Example 1 showed a pH of 0.5 upon addition of 195.3 parts of a 37.9%
titanium tetrachloride solution and the pH changed to 7.5 upon addition of
14% ammonia water (pH adjusting agent). This pH swing operation was
performed at 60 °C to give a precipitate.

The precipitate was washed with water, filtered, molded, and dried at
120°C for 3 hours. The molded article was further calcined as in Example 1
to give a molded article of alumina/titanium oxide of Comparative Example
2. The properties of this molded alumina/titanium oxide article are shown
in Table 2 below.

Comparative Example 3

The same dispersion of alumina hydrogel containing colloidal silica
(particle growth inhibitor) and hydrochloric acid as used in Comparative
Example 1 showed a pH of 9.5 upon addition of 14% ammonia water and
the pH changed to 7.5 upon addition of 65.1 parts of a 37.9% titanium
tetrachloride solution (one pH swing). This pH swing operation was

repeated for a total of three times (three pH swings) at 60 C to give a
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Speci.fi c Mechani cal deposited sharpness volume surface strength titani um
degree (W (nlL/g)area (SCS) oxide (% (nR/)k /mn Exanple 116. 6780. 6003351.1 if
223. 0750. 5623421.1 n 328.5710.5713171.3 if 423.0890.8634120. 8 Conparative
23.0790. 5462890. 9 exanple 1 if 228.5780.5372630.8 n 328. 2450. 5032790.8 n
4(28.5)390.490259- if 5(98.5)780.3241400.6 if 6(98.5)780.5763141. 0 ( Note:
The arrE) Q%' ?tlf t%posi titani um oxide in Conparative Exanple 4 or 5 is

act ual Fy &% st ng anount of titanium oxide and that in Conparative

Exanple 6_js actually the existing. unt of _alum na)_ [ Eyaluation tests] The
speci ronsTHBtRTGGRItAR PFRS At mlggﬁ‘éat@xaﬁl}s? 4@@?& and dried at

120°C for 3 hours. The molded article was further calcined as in Example 1
to give a molded article of alumina/titanium oxide of Comparative Example
3. The properties of this molded article are shown in Table 2 below.

Comparative Example 4

The alumina hydrogel of Example 1 was washed with water, filtered,
molded, dried at 120°C for 3 hours, and then calcined at 500°C to give an
agglomerate of alumina. An agglomerate of titanium oxide was also
prepared as in Comparative Example 5 to be described later.

Using an agate mortar, 71.5 parts of the agglomerate of alumina and
28.5 parts of the agglomerate of titanium oxide were ground together to
give a titanium oxide/alumina mixture of Comparative Example 4 containg
28.5% of titanium oxide and 71.5% of alumina. The properties of this
mixture are shown in Table 2 below. The alumina in this mixture is needle-
shaped in its TEM image and shows an aspect ratio (length/width) of
approximately 10 and a length of 40 nm while the titanium oxide is
spherical and shows a particle diameter of approximately 7 nm.

Comparative Example 5

Upon addition of 12.5 parts of the same colloidal silica particle growth
inhibitor as used in Example 1 to 1100 parts of water kept at 60°C, the pH
was 7.5.

The pH changed to 1.5 upon addition of 330 parts of a 37.9% titanium
tetrachloride solution and the pH changed to 7.5 (one pH swing) upon

further addition of 14% ammonia water (pH adjusting agent). This pH
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.Conparative Exanples 1-6 were evaluated by the follow ng test nethods.
(X-ray diffraction) The speci nen was nounted in a powder X-ray
diffractometer (XPERT SYSTEM APD- 1700, available fromPhilips) and its
diffraction pattern was obtained. The results are shown in Figs. 1-10. The
powder X-ray 32 diffractoneter was operated under the foll ow ng conditions.

1. Setting Mde of sanple st el otar Nenper Qf rotaiion: 2.. Paraneters
reasur 818 O adiort VR Bl AR phOh bl O TRRGe Jimel @hHEGRE iing¥ o s
second _Scan speed: 0,05/sec Nunber of_steps: 3750 Total tine: 25 mnutes
The mai'th %a}l@aﬁ@lﬂ%ﬁbefpflettanmﬁnn;‘rﬁﬁ@@b(sanﬁwiebyifsn@ﬂéft sentrplline they in
Fig. 9 which shows the results of Conparative Exanple 5 relating to

titani amowntiefdhenptbadjastsngi agdntyaddbds Inetlasi magnimere dipaviam wxide

exanpl es. However, this peak is detected not clearly in Figs. 1-4 relating
to Exappl epblathedThis ipdierdlas phalclest apithm axi ggrficleChamatdy apd/ or

m croscopically united to the aforenentioned inorganic oxide in Exanples
L Yt A At O 2L S <51 on f ectron m ot oscope
Ltd-), anThe spherical particles of titanium oxide were washed with water,
filtered, molded, and dried at 120 C for 3 hours. Further, the spherical
particles of titanium oxide collected by filtration were calcined as in
Example 1 to give an agglomerate of titanium oxide of Comparative
Example 5. The properties of this agglomerate of titanium oxide are shown
in Table 2 below.

Comparative Example 6

The solution A was prepared by adding 2075 g of water to 925 g of
aluminum nitrate and then the solution B was prepared by adding 2440 g
of water to 560 g of sodium aluminate.

In a 15-L enamel container was placed 2.5 L of water and the water was
heated at 60°C with stirring. To this enamel container was added 180 g of
the solution A and maintained for 5 minutes. The pH of the synthetic
solution was 2.5 at this point.

Upon addition of 200 g of the solution B to the aforementioned enamel
container, the pH of the synthetic solution changed to 9.0 and the mixture
was maintained for 5 minutes.

Thereafter, the operation consisting of adding 180 g of the solution A to

change the pH to 2.5, maintaining the mixture for 5 minutes, then adding

180 g of the solution B to change the pH to 9, and maintaining the mixture
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i mge at 2,000, 000-fold magnification was confirmed for each specinen. In
each of conparative exanples, spherical primary particles presunably of
titanium oxide crystals with a lattice spacing of 0.38 nm 33 were confirned.
Particularly in Conparative Exanple 4, a condition indicating m xed

exi stence of distinctly spherical primary particles of titanium oxide and

needl e d j.ec | rystals of alumna, was confirned.
Homeve;f,(,?pggﬁler}&?gﬁﬁlésFﬁgégéem{%q @gy%sf. titanium oxide were scarcely
confirmed_jin anples.1 and 2 and they re not, confirmgd at all .in Exanple
3. This i"ﬁhﬁcgﬁggl%émﬁ Samlaﬁaowwewagﬁsﬁeﬁv@mWt%rmgffléerecgﬁ eméeapi cally
united to the aforementioned ino(rﬂcaani c oxide in these exanples. [Mechanical
st rengaind dtiedsatedR6¥n fom8 hesredl hemokledrectiele wals Sirtheygtchlanedrati ng t o
the follow ng nethod. The mechanical strength was neasured in conformty to

the tesh ExBhped 1f € ofhteaShdbd&d debtichdof bl@Rghl SCompHAExdalnple

cylindrical desulfurization catalysts by the use of a Kiya type strength

tester hundred sapples, r | v equal _i i anet ey and.3. 5 mMmin
| engtn & e TS e, BERHES O RHAT lufla, Akl 8. ShoRBEat deblod ed to
t he sg | e at constant velocity and the load at the tinme of breakage was

di vi de®@€H3W.t he | ength of the sanple to calculate SCS. The test results are
shown in Table 2 below. [Characteristics of catalysts] Hydrodesul furization
cat al y$Tableo2] petrol eum fracti ons were prepared by depositing M, Co, and P
(catal yst netals) on each of the specinens obtained in Exanple 3 and
Conparative Exanples 2, 5, and 6 as follows. The hydrogel prepared in

Exanpl e 3 _was washed with water, filtered,

Amount of P Specific | Mechanical
X ore Pore
deposited surface strength
S sharpness volume
titanium degree (%) (mLJ/e) area (SCS)
oxide (%) g g (m%g) kg/mm
Example 1 16.6 78 0.600 335 1.1
o2 23.0 75 0.562 342 1.1
n 3 28.5 71 0.571 317 1.3
o4 23.0 89 0.863 412 0.8
Comparative
example 1 23.0 79 0.546 289 0.9
noo2 28.5 78 0.537 263 0.8
n 3 28.2 45 0.503 279 0.8
N4 (28.5) 39 0.490 259 —
y 5 (98.5) 78 0.324 140 0.6
V6 (98.5) 78 0.576 314 1.0

(Note: The amount of deposited titamum oxide in Comparative Example 4 or 5
is actually the existing amount of titanium oxide and that in Comparative
Example 6 1s actually the existing amount of alumina.)

[Evaluation tests]

The specimens obtained in the aforementioned Examples 1-4 and
Comparative Examples 1-6 were evaluated by the following test methods.
(X-ray diffraction)

The specimen was mounted in a powder X-ray diffractometer (XPERT
SYSTEM/APD-1700, available from Philips) and its diffraction pattern was

obtained. The results are shown in Figs. 1-10. The powder X-ray
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and dehydrated until the solid content becane 20-30% The hydrogel was 34
then thrown in an aqueous sol ution contai ning anmoni um par anol ybdat e,

cobalt nitrate, and phoshoric acid (that is, an aqueous sol ution containing
Mo, Co, and P), the m xture was stirred for 1 hour, filtered, and the

hydr ogel i npr egnat ed with the catalyst netals was nol ded, dried at 1209C

L R B R e e s

(catalyst A). Likewi se, the calcined |ayered porous titanium oxide prepared
in Exanpke stting i npregnated with the aforenmenti oned aqueous sol ution
containing Mo, Co, and P to give a MbCoP catal yst conprising Mo, Co, and P
deposi t ed ori\/ﬂodyejfeshmple)ﬂmgeiitratﬁnyn oxi de (catalyst B). Furthernore, the
hydr ogel s prepared in Conparative Exanples 2, 5, and 6 were processed as in
the case of Nﬁ%@&ogpmtﬂcﬁ{\ep MbCoP cat al yst A to give MCoP catalysts of
these Conparative Exanples conprising Mb, Co, and P deposited on carriers

derived f re ctive dr gel s. The catal ysts conprising the speci nens of
Exanpl e 3 aﬁ]a %ﬂ%‘%ﬁ?%m%% amples 2, 5, and 6 as catal yst carriers were

tested for their catal tic activity as follows. [Hydrodesulfurization tests
of gas oil] Staat t%}’tﬁ@d Sul furization of gas oil was carried out in a

hi gh-pressure flow type reactor under the follow ng conditions: reaction
pressure, 5 BRd;anglea80ion tenperature, 350 'C, liquid hourly space
velocity, 2.0 h - 1; and ratio of hydrogen to feedstock, 250 N111. The
catal ysts usegdy ﬁzghg gest were all subjected to a sulfidation treatnent in
advance with gas ol |l whose sulfur content had been adjusted to 2.5% by

addi ti on of §I erre% n}/e- &4ss%lc16|nge
Scan speed: 0.05°/sec
Number of steps: 3750
Total time: 25 minutes

The main peak 20= 26.5%f titanium oxide (anatase) is detected not only
in Fig. 9 which shows the results of Comparative Example 5 relating to
titanium oxide alone but also in Figs. 5-8 relating to comparative
examples. However, this peak is detected not clearly in Figs. 1-4 relating to
Examples 1-4. This indicates that titanium oxide is chemically and/or
microscopically united to the aforementioned inorganic oxide in Examples
1-4.

[Observation by TEM]

With the aid of a transmission electron microscope (TEM; EM-002B,
VOYAGER M3055, available from Topcon/Norlan Instrument Co., Ltd.), an
image at 2,000,000-fold magnification was confirmed for each specimen.

In each of comparative examples, spherical primary particles

presumably of titanium oxide crystals with a lattice spacing of 0.38 nm
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The results are shown graphically in Fig. 11. It is apparent fromthese
results that the desul furization activity of the catalysts prepared in this
invention is conparable to that of titaniumoxide alone prepared in
Conparative Exanple 5 and the properties inherent in titaniumoxide are
fully mani fested. [Exanples 5-11 and Conparative Exanples 7-161 [pH sw ng

or cpar St 1% AT ARt Ay RO AR G S Re R 45 2 e e o1

to 740 .g.of .alum.numnitrate and the sqlutipn B was prepared by adding 1952
g of vatating 4mexagnoem§6@mﬁn | chisanedy sRharical [PERRREY BeREGEReP vas
placed 2.0 L of water and the water was heated at 60'C with stirring. To
thi s cdrtaaiinar owade addededdlé-shaged hbjecssl pitdsam Abhndrystiahd af mddnfing, 5

m nutes. The pH of the synthetic solution at this tine was 2.5. Foll ow ng

this, 168 opifirthed SH&kEOSr, B_sﬁ‘ﬁériégg%gifr&r&h%_a%ﬁ%_[@ of CORARLDG" ok@d&hange

the pH of the synthetic solution to 9.0 and maintained for 5 mnutes.
change THE i st eRhEERE T Rl PR TRl ko he? Pt 88¢ BptintEhai ng
For 5 trith €8 JERmPLUpadus tRAUGTER BT Ko 3L 3 of N GTOFTRE HHPDGCl
containing 37 g/L of Al120s was prepared in this manner. The alumna in this
hydr ogehicrascopaedlle- shafeed t36 tha afarefitditiongé anelgamvedxiale dapéheseatio
(length/wi dth) of approximately 10 and a | ength of 40 nm

examples.

[Mechanical strength]

The specimen was tested for the mechanical strength according to the
following method.

The mechanical strength was measured in conformity to the test
method for the side crushing strength (SCS) relating to cylindrical
desulfurization catalysts by the use of a Kiya type strength tester. One
hundred samples, roughly equal in diameter and 3.5 to 4.5 mm in length,
were dried in advance and tested one by one; a load was applied to the
sample at constant velocity and the load at the time of breakage was
divided by the length of the sample to calculate SCS. The test results are
shown in Table 2 below.

[Characteristics of catalysts]

Hydrodesulfurization catalysts for petroleum fractions were prepared
by depositing Mo, Co, and P (catalyst metals) on each of the specimens
obtained in Example 3 and Comparative Examples 2, 5, and 6 as follows.

The hydrogel prepared in Example 3 was washed with water, filtered,

and dehydrated until the solid content became 20-30%. The hydrogel was
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Conparative Exanple 7 [Depositing step] To 1000 parts of the dispersion of
al um na hydrogel thus obtained and kept at 60 9C was added 0.9 part of
colloidal silica containing 8% Si0O2as a particle growmh inhibitor, the pH
was adjusted to a point between the isoelectric point of titanium oxide and
that of alumna, or to 7.5 in this case, by addition of hydrochloric acid
as a pHiadjusting.agent, then 52.0 parts.of a 37.9%titaniumigtyachloride
2ol it | SRER b 4 N raubARE sofudon Bhtdnfine mi dibie FEiARhRAAE

si mul t aneously, and the reaction was_ allowed to proceed for 5 m nutes while
mai nt aicebal nH&apes and phpsharic peid Z@?ﬁie)’sat&n aqxeops sobutipRecoRipdnERE por ous
titani um oxi de thus obtained was washed with water, filtered, nolded, and
dri ed dMolZ0YCahdr PI, Hdier snixtGaé civasngtistab]fofhe hewuer édtqredousndi tlhaai um

oxi de obtained in the depositing step was calcined in an oven at 500 'C for

3 hour %agir%tc)gbl’ﬁn:p?égﬁﬁ?ecp%%%g}eiaéa%ﬁlyﬁf‘ m%%%evgaﬁaxggrmgd,aaﬁ&& xpaphe 7 and

its pro es a own in Ta Exanp porous titanium

oxi de of le 5 S prepared o}~N le 5 wi.th t tjon of

cad no tor 5 BAPES, ApdFalLERT atendiO o ok S o hibh 4 JaPEEh Bkellety
titaniumtetrachl oride solution and its properties are shown in Table 3.
Exanpl eongperigingy Mpe Gpeandedd depastbesr onr payenes morausutitaniva oxidkanpl es
6-10 were prepared as in Exanple 5 with the exception of adding 2.7 parts
of the (cgtlliyoi Axl silica and changing the added anpunt of the 37.9%titani um
tetrachloride solution fromexanple to exanple, that is, 77.0 parts in

Likewise, the calcined layered porous titanium oxide prepared in
Example 3 was impregnated with the aforementioned aqueous solution
containing Mo, Co, and P to give a MoCoP catalyst comprising Mo, Co, and
P deposited on layered porous titanium oxide (catalyst B).

Furthermore, the hydrogels prepared in Comparative Examples 2, 5,
and 6 were processed as in the case of the aforementioned MoCoP catalyst
A to give MoCoP catalysts of these Comparative Examples comprising Mo,
Co, and P deposited on carriers derived from respective hydrogels.

The catalysts comprising the specimens of Example 3 and Comparative
Examples 2, 5, and 6 as catalyst carriers were tested for their catalytic
activity as follows.

[Hydrodesulfurization tests of gas oil]

The hydrodesulfurization of gas oil was carried out in a high-pressure
flow type reactor under the following conditions: reaction pressure, 5 MPa;
reaction temperature, 350 ‘C; liquid hourly space velocity, 2.0 h ~1; and
ratio of hydrogen to feedstock, 250 NI/l. The catalysts used in the test were
all subjected to a sulfidation treatment in advance with gas oil whose

sulfur content had been adjusted to 2.5% by addition of dimethyl disulfide.
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Example 6, 101.0 parts in Exanple 7, 126.0 parts in Exanple 8, 155.0 parts
in Exanple 9, and 189.0 parts in Exanple 10. Their properties are shown in
Tabl e 3. Conparative Exanples 8-10 The speci nens of |ayered porous titani um
oxi des of Conparative Exanples 8-10 were prepared as in Exanple 5 with the
exception of adding 2.7 parts of the colloidal silica and changing the

added u h %.1.1 i .rachl oride solution fromexanple to
exanpl :ﬂ?‘? ﬁ%%“%%fargf@%&ﬁ%?é%ﬂ&{nﬁi#a@ve Exanple 8, 310.0 parts in
Conparatiye. Exanple 9, and 465.0 parts i npar.atijve, Exanpl e 10, Their
properti olt l%aﬁpgmh%qqm S8 IgSULS f§ tsme$ frrigation aghylty gbthe ushi ng
strength (SCS) is 0.5 kg/mmor nore for the specinens of Conparative

Exanpl eafabmsts Brapptred in-this itedntion is cothfadapletto dhat edsifariunhexigeci mens
of Conparative Exanples 8-10 or a strength not strong enough for use in

COMTET Gilghe ?ﬁ%h_&‘éaﬁn %ﬁf@élgat%@e [R46h Bl BOARHStHe ??(E‘%é&‘ﬁ@é( ifRefdntE@rpl e 11

was prepare S in Exanple wth the exception o Ing the silica

hydr ogel, obt ai ned, in_they. pH swn tep 2 to be described below in place of
the al 3%&%“%8?‘@&&%?““3@%??@@%& oxi de, using 1250 parts of the
disperii on of silica hydrogel, .omtting the addition of the particle growth
i nhi bi ttExazmplests 13 and Gempatatze dg@mplemd Iddi ng 73.3 parts of the 37.9%
titaniumtetrachl oride solution and amonia water at pH 4 between the

i soel edpH swpog stewfl]silica and that of titanium oxide. The properties of
this |l ayered porous titaniumoxide are shown in Table 3. Wien Raman

Shec o0 M RS AR il 8
prepared as follows.

The solution A was prepared by adding 1660 g of water to 740 g of
aluminum nitrate and the solution B was prepared by adding 1952 g of
water to 448 g of sodium aluminate.

In a 12-L enamel container was placed 2.0 L of water and the water was
heated at 60°C with stirring. To this container was added 144 g of the
solution A and maintained for 5 minutes. The pH of the synthetic solution
at this time was 2.5.

Following this, 160 g of the solution B was added to the enamel
container to change the pH of the synthetic solution to 9.0 and maintained
for 5 minutes.

Thereafter, the operation consisting of adding 144 g of the solution A to
change the pH to 2.5, maintaining the mixture for 5 minutes, again adding
144 g of the solution B to change the pH to 9, and maintaining the mixture
for 5 minutes was repeated three times.

A dispersion of alumina hydrogel containing 37 g/L of Al=Os was

prepared in this manner. The alumina in this hydrogel was needle-shaped
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Exampl e 5 and, unlike Conparative Exanple 7, the peak of alumna was not
observed here. Even in Exanple 10, it is seen that alumna is covered
conpletely. [pH swing step 21 In a 16-L enanel container was placed 4 L of a
solution of sodium silicate OS No. 3) with a concentration of 100 g/L, the
solution was heated at 50°'C with stirring, a 20% sul furic acid solution was

added t | n . o] a 1 Xt uyr S i ntqi I m putes to
gi ve ahgl Eﬁéryq‘(ﬁmeslqu?%% ﬁgféir o%@?&gaoﬁ%wﬁﬁge%i EQPI{) he@%%gﬁ‘a/wggﬁ)coﬁgi sting
of addi ng 320 of . a sodiumgsilicate soluition with a concentration of 250
g/ L t o aPREOXIHA ‘aylyt]ﬁp a@%ﬁi@%@@ﬁﬁ%ﬂu, mai ntai ning the mxture for 10

m nutes, then adding a 20% sulfuric acid solution to change the pHto 4,
and nmui nt @oniparatine Exjaxpplee’f or 10 nminutes was repeated 7 tines. A

di spersion containing 28.9 g/L of the silica hydrogel was prepared in this
manner {DEB@SRM% g@e(}:;]n the silica hydrogel thus obtained was spherical and
showed a particle dianeter of approxinmately 10 nm Conparative Exanple 11

Upon addi i 11.0 s1:0f the s collohdal si{iga. (particke owt h
Pn bt or Jo JO@Leti oBEhe JHbritord haRiAL 0Bt s BRIREL AR ch a0
was kept at 60'C. the pH hecanme 7.5. The changed to 1.5 u .addi tion of
300 pa&@§t@ft 60 37 voas ?H@ﬁaimépﬁrétqfé@hoﬁgﬁ@(f%l GhrrteningSvhel gll-&@h%ﬁ]ged to
7.5 upon further addition of 14% ammonia water as a pH adj usting agent (one

pH swi agparfibles gpbivtbwindgbitper dhe pHwassr agpmted foom poimt detwkehhtlee ti nes
(three pH swings) while matching the pHto the prescribed | evel by finely

com, ehldaie o ottuplntie ikl gor antuidecy 18 1005 T
di amet %E\Sé),f by addition of hydrochloric acid as a pH adjusting agent, then 52.0
parts of a 37.9% titanium tetrachloride solution and 14% ammonia water
as a pH adjusting agent were added simultaneously, and the reaction was
allowed to proceed for 5 minutes while maintaining the pH at 7.5 and the
temperature at 60 C.
The layered porous titanium oxide thus obtained was washed with
water, filtered, molded, and dried at 120°C for 3 hours.
[Calcining stepl
The layered porous titanium oxide obtained in the depositing step was
calcined in an oven at 500 °C for 3 hours to give layered porous titanium
oxide of Comparative Example 7 and its properties are shown in Table 3.
Example 5
Layered porous titanium oxide of Example 5 was prepared as in
Example 5 with the exception of adding 1.8 parts of the colloidal silica and
65.0 parts of the 37.9% titanium tetrachloride solution and its properties

are shown in Table 3.

Examples 6-10
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approximately 7 nmin their TEMinmage. The spherical particles of titanium
oxi de were washed with water, filtered, nolded, and dried at 120 'C for 3
hours. Furthernore, the spherical particles of titanium oxide after
filtration were calcined as in Conparative Exanple 7 to give an aggl onerate
of titanium oxide of Conparative Exanple 11. The properties of this

209! Orer el def LALUP 1.9X08 B IHIY, TaOkE o Eggg;gﬁa&te -y§ fxprpl e 12

A di spersion ai ne oper ion as
arts was

in Co aratl ersion in ana

kept a 1’893 ol Bnngéé?‘%%lpé‘?kgt H@%ba%e &Xception °§| ag(g af tpiaé” % ofgthst h

i nhi bitor) as used in Exanple 5 was added, and the pH was adjusted to 7.5
by hydcobbidali silaei eandishagging tleswdded ainspem:sof)rthet iB7a9Youmtaxiidm was
deposited on alumna at a pH outside the range specified by this invention,

that i setragHiside édlaticNTeoRelwapltol ER&MPAL ithaR0id)t 7910 3)a4dk Ny and
that of titaniumoxide as follows. The pH changed to 1.0 upon addition of

fo 7.5 hBhR & R OB éﬁ%ﬁ%%;mr%% O d? ﬁi‘@xapr%%ia}% 1B agent -
{ mes %Egs“éﬁglém“'légﬂé’)a@&‘&% e Prce BraRBlenAn: d e mparhies Shper at ur o
at 609C and matching the pHto the prescrl bed | evel by finely controlling

the ashown of Thbdée BH adj usti ng agent added. The precipitate was washed with
water, filtered, nolded, and dried at 120'C for 3 hours. The nolded article

was furth@bnpﬁéﬁtp@mnﬁﬁles@mar ative Exanple 7 to give a nolded article
of alum na/titanium oxide of Conparative Exanple 12. The properties of this

ol ded ar gl Sp8tfmens of layered porous titanium oxides of Comparative

Examples 8-10 were prepared as in Example 5 with the exception of adding
2.7 parts of the colloidal silica and changing the added amount of the
37.9% titanium tetrachloride solution from example to example, that is,
235.0 parts in Comparative Example 8, 310.0 parts in Comparative
Example 9, and 465.0 parts in Comparative Example 10. Their properties
are shown in Table 3.

As is shown in Fig. 13, the side crushing strength (SCS) is 0.5 kg/mm or
more for the specimens of Comparative Example 7 and Examples 5-10, but
it is 0.5 kg/mm or less for the specimens of Comparative Examples 8-10 or
a strength not strong enough for use in commercial catalysts.

Example 11

Layered porous titanium oxide of Example 11 was prepared as in
Example 5 with the exception of using the silica hydrogel obtained in the
pH swing step 2 to be described below in place of the alumina hydrogel as
an inorganic oxide, using 1250 parts of the dispersion of silica hydrogel,

omitting the addition of the particle growth inhibitor and the pH adjusting
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shown in Table 3. Conparative Exanple 13 Upon addition of 77.0 parts of a
37.9% titaniumtetrachl oride solution to the sane dispersion of alum na
hydrogel containing the colloidal silica (particle growh inhibitor) and
hydrochl oric acid as used in Conparative Exanple 7, the pH becane 0.5. Upon
further addition of 14% ammonia water as a pH adjusting agent, the pH

change 7 i ratl 0, e .
pr eci plgggﬁté’. aﬁlﬁegc?)#@c%o g?’t‘r’gi"é‘%ﬁa\é@%g E%Zfbvﬁg t vr\llgtnelff%e%c:hg?gg : Sr'r(glualeoél and
dried at , 120' C for hour The nol d article was .furthey. calcjned as in
Conpar 200 ETEEHA Barer SlgH el RORBPRBA N ePElestHE 1 DRI TeR ARk, de | of
Conpar ati ve Exanple 13. The properties of this nolded article are shown in
Tabl e 8f tithmives okide. SFhRkprapesipes of dbtopyeradap yivs tidbaducmeadxide are
Conmparative Exanple 13 and Exanple 5 are shown in Fig. 12 for conparison.

The 41shypircal TabVsBal peaks of anatase were observed in the case of
Conparative Exanple 13 where titanium oxi de was deposited outside the range

et heen W) Moy B M Y U e 0 b, PR oL

were not obServe anp oxi de was
deposited at.a_pH Qetween ;th wWo isqelectric pojnts even when ihe sane
Sbunt ERIEPlaT A oERaB o uEha HEAK KE HiEaca eegvaSAgbﬁW\@efaﬁﬁU@ 5, the
crystal peaks of anatase were not observed in Exanples 6-11. Conparative
Exanpl éxtniple Ssand, dindiker Soorp afatave;Bxemplalfodbe ek aifralvgniree vead | oi dal
silica (particle growh inhibitor) and hydrochloric acid as used in

Conpar gt \hseE¥edMede 7 EiRoWaE Bxdthip®s 19, 3t ipoBe@dtiati Amm@inal 49cavemiy a wat er

and the pH changed to 7.5 upon further addition of 26.0 parts of a 37.9%
completely.
[pH swing step 2]

In a 16-L enamel container was placed 4 L of a solution of sodium
silicate (JIS No. 3) with a concentration of 100 g/L, the solution was heated
at 50°C with stirring, a 20% sulfuric acid solution was added to bring the
pH to 4, and the mixture was maintained for 5 minutes to give a slurry of
silica hydrogel. Following this, the operation consisting of adding 320 ml of
a sodium silicate soluition with a concentration of 250 g/L to the slurry to
change the pH to 11, maintaining the mixture for 10 minutes, then adding
a 20% sulfuric acid solution to change the pH to 4, and maintaining the
mixture for 10 minutes was repeated 7 times.

A dispersion containing 28.9 g/L of the silica hydrogel was prepared in
this manner. The silica in the silica hydrogel thus obtained was spherical
and showed a particle diameter of approximately 10 nm.

Comparative Example 11

Upon addition of 11.0 parts of the same colloidal silica (particle growth

inhibitor) as used in Comparative Example 7 to 1000 parts of water which
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titanpiumtetrachl oride solution (one pH swing). This pH swi ng operation was
performed for a total of three tinmes (three pH swings) at 60 Cto give a
precipitate. The precipitate was washed with water, filtered, nolded, and
dried at 120C for 3 hours. The nolded article was further calcined as in
Exanple 5 to give a nolded article of alum na/titani um oxide of Conparative

Exanpl T BOP. is =m0l ded article are shown in Table 3.
Conpar gx{a}s\l/lge%ﬁ§6p(9 @Eél'h {:Ja}rlﬁl%a§€ydrogel of Conparative Exanple 7 was

washed wi ter ed nol ded,. drie 120C for 3 hou and t hen
cal ci ned JE?I é@o@l&%ﬁ%}i ve lan w&%@p@ @t? 3§bmﬁﬁ§.om&7-9§@tx§aa&mb of the
af orenenti oned aggl onerate of alumna and 20.0 parts of the aggl onerate of

titani tetraxhthridé schupanaand ehexphptkanged zowtbeugonuiathar additidni of an
agate nortar to give a titanium oxide/alumna m xture of Conparative

Exanpl 434 GRA A AhtdP- éé/Oa%HtadJ@@utﬂg @gbﬁe (%@1@ ﬁ@{ %ﬁfg)ammsnﬁH The

properties of this mxture are shown in Tab The alummna int

(1 engt ARPEF oI AR o) 6 4 hEE0S; @arg%%%“%éamﬁ“%ﬁf bHAREER e

hand, the_titanium ox nth m xture heri cal. and sh wed particle
di anet &hide mppelyneg fp@wy 7terh %@ﬁﬁ%@rab%'@iemﬁrbm &inedy Teentyg €A was
prepared by addi ng 2075 g of water to 925 g of al um num nltrate and the

sol ut i am@masf pheppHeddhystingli agpriz44ddegd ofn thas an anmebH0itgnoims osidem

alum nate. In a 15-L enanel container was placed 2.5 L of water and the

vat er \@gs mtiﬁéldalin6@pﬁeﬂcfaﬂ‘ %)Ta&ﬁ'blé%g shi@vidl SaCoRirgicle’ diknedsdedr 180 g

of the. solution and mai nt al ned m nutes. The pH of the synthetic

sol uti %rﬁprommately 7 nm in their TEM image.

The spherical particles of titanium oxide were washed with water,
filtered, molded, and dried at 120 C for 3 hours. Furthermore, the
spherical particles of titanium oxide after filtration were calcined as in
Comparative Example 7 to give an agglomerate of titanium oxide of
Comparative Example 11. The properties of this agglomerate of titanium
oxide are shown in Table 3.

Comparative Example 12

A dispersion of alumina hydrogel was obtained by the pH swing
operation as in Comparative Example 7. This dispersion in an amount of
1000 parts was kept at 60 °C, 1.8 parts of the same colloidal silica (particle
growth inhibitor) as used in Example 5 was added, and the pH was
adjusted to 7.5 by hydrochloric acid.

Using the resulting dispersion, titanium oxide was deposited on
alumina at a pH outside the range specified by this invention, that is,
outside the range between the isoelectric point of alumina and that of

titanium oxide as follows. The pH changed to 1.0 upon addition of 26.0
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at this nonent was 2.5. Next, 200 g of the solution B was added to the
enanel container to change the pH of the synthetic solution to 9.0 and

mai ntained for 5 mnutes. Thereafter, the operation consisting of adding
180 g of the solution Ato change the pHto 2.5, naintaining the m xture
for for 5 mnutes, again adding 180 g of the solution B to change the pH to

9, and_mmj Nt AL Nifgo 7 5.1 3t Th

2 umi nBoT FLEE Bt B aRE L EatBlor i Captie o ARRLPEESH EPange BN A ST ea
1209C for 3 hours, The nol ded article, furth | ci ned i

Corar #PPVCURBAPRAILIER ofi YA oReRiA HALPE Pe &P EhPdinAaneTagRNCiRmsar at i ve

Exanpl e 16. The properties of this nolded article of alumna are shown in
Tabl e pH ShenghiThizepl sfing vaerationxide répeatas &r adstaledfthed Gm0=
26. 5" and the peaks of alum na at 46.0*and 67.0" when the speci nen of

Conpar étHpsee ﬁqagwkﬁg§>6t&@v@%a§yélagn%xe§ﬁhﬂ>é_ Hééﬁﬁﬁgc%hehrbe rdth@eeat peaks

are not detected clearly 1 n Exanple 5. I's indicates that the crystals of

L B ARG 6 15 LARIRLD RGP OBHEE Babitg e o7 1Y

diffraction copducted in Conparative Exanple 16 and Exanple 5 is shown in
Fi g. 13mount af theppl adpsting ageatadsted: i t ani um oxi de were not observed in
Conparative Exanple 7 and Exanples 6-11. [Evaluation tests] The speci nens
obt ai ned Thetpwecapitatorevid oneshddk arth esater] filtavkd, Gaohdedit ané dviadphtes 7- 16
were eval uated according to the test nethods to be described bel ow
(Defininboen by t Bt M) CPUET IMEldedeMticle was further calcined as in
Comparative Example 7 to give a molded article of alumina/titanium oxide
of Comparative Example 12. The properties of this molded article are
shown in Table 3.
Comparative Example 13
Upon addition of 77.0 parts of a 37.9% titanium tetrachloride solution
to the same dispersion of alumina hydrogel containing the colloidal silica
(particle growth inhibitor) and hydrochloric acid as used in Comparative
Example 7, the pH became 0.5. Upon further addition of 14% ammonia
water as a pH adjusting agent, the pH changed to 7.5. This operation was
performed at 60 C to give a precipitate.
The precipitate was washed with water, filtered, molded, and dried at
120°C for 3 hours. The molded article was further calcined as in
Comparative Example 7 to give a molded article of alumina/titanium oxide
of Comparative Example 13. The properties of this molded article are
shown in Table 3.

The results of Raman spectroscopic analysis conducted in Comparative

Example 13 and Example 5 are shown in Fig. 12 for comparison. The
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The amounts of alumnum (M and titanium (TO are respectively neasured by
the use of an X-ray photoel ectron spectroneter (XPS:. JPS- 9010 avail able
fromJECL Ltd.) under the follow ng conditions and the proportion of
titanium (TO to the sum of alum num (M and titanium (TO or B = Tixi-s
[(Tixips + Mxi-s ) was cal cul ated. Measuring conditions for XPS X-ray

sour ce; [ hQn . I | ed.; m ssi on
cur enfYP0! SR pReiLeE ABh e b chE¥bed 7, RO RARRS, Pomptitatitsy
Sputterjng: ho Then, .the. bul k .mi xi ng ,nol ar ratio. of titaniu TOto the
oo of EARTGRT L Ry R AP (Y5 GPPRCTEed u7ide kg THABE MABRCR ed and
the titaniumlocalization index (B/A was obtained fromthe bul k m xing

mol ar thattixe woetertriveppridpotiowever, thiet enyistal yeakseoft anatisenwereandtzat i on
i ndex (B/A) thus obtained is shown in Table 3. (X-ray diffraction) The test

for thegbderad Gitf alRGhi @ReVease OUCELAPES 5 Nwihee aftaneiBntdgaed waenpl es
1-4 and Conparative Exanples 1-6 and the results are shown in Table 3.

Spoctr ASBERyER S RPN POGT HE S EIE IS PhERA &R TR HER iSa e ™"

avai | abl e from. JASCO Cor por ati on) under_ the follow.ng condifjons. asuring
condi t ABHRIRIGP! FaprumaaRidesast H et Bpyhestdia ﬁ%‘?mplﬁ/&vélse‘ﬁgﬁﬁﬁ%@?%’z nm

green laser (light source, JUNO
the crystal peaks of anatase were not observed in Examples 6-11.

Comparative Example 14

The same dispersion of alumina hydrogel containing the colloidal silica
(particle growth inhibitor) and hydrochloric acid as used in Comparative
Example 7 showed a pH of 9.5 upon addition of 14% ammonia water and
the pH changed to 7.5 upon further addition of 26.0 parts of a 37.9%
titanium tetrachloride solution (one pH swing). This pH swing operation
was performed for a total of three times (three pH swings) at 60 C to give
a precipitate.

The precipitate was washed with water, filtered, molded, and dried at
120°C for 3 hours. The molded article was further calcined as in Example 5
to give a molded article of alumina/titanium oxide of Comparative Example
14. The properties of this molded article are shown in Table 3.

Comparative Example 15

The alumina hydrogel of Comparative Example 7 was washed with
water, filtered, molded, dried at 120°C for 3 hours, and then calcined at
500°C to give an agglomerate of alumina.

Then, 80.0 parts of the aforementioned agglomerate of alumina and

20.0 parts of the agglomerate of titanium oxide of Comparative Example 12
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100S.avai |l abl e from Showa Optoni cs) Laser output: 14 mW Spectroscope:
single Gating: 1800 I/mm Exposure tinme: 20.0 seconds Accunul at ed nunber
of times: 3 Specinmen shape: extrusion-nolded cylindrical article 45 The
results of Raman spectroscopi ¢ neasurenents are shown in Table 3.

(Mechani cal strength) The test for the mechanical strength was conducted as

in the orérqlgqﬂ{'o es. 1-4 a Qper-ter:-YARY I - t he
resul tgégjree ovvndi Ial aEl;ﬁ?g%i ? e#lac?g?%t [ csﬂ%’#r ggfﬁ%t (sic? %}st?ﬁlg&?he

speci nens, of . Exanpl es 6, d 9 and. Copgparatjv Exappl es 7 , apd 12 as
catal yStelphiEIEE. Raxtis of TOBRATALHG SOABPIA & CRATSTIBEo20 A Bh t hese
speci nens before calcining as in the aforenentioned Exanple 3 and

Conpar éttaneuex arpleant 88,0%mf slumanat Kdve paopemess 0b thivenibose aw al yst s
conprising Mb, Co, and O deposited on titanium oxide (catalyst A).

Mor eovghowirhih Tabté nedHead Rlniida ¢athi€hsixehrORaedld-yRapydialies TIGM and 16
were inpregnated with the aforenentioned aqueous solution of Mo, Co, and P

SRS o LR AR S LSRR e
ebeci mfietlopt G HRr LR Jec Sthip e bkt 4B e S8 dPokhe BHIURES At al vt | o
activi ts%herical and showed a particle diameter of approximately 7 nm.

Comparative Example 16

The solution A was prepared by adding 2075 g of water to 925 g of
aluminum nitrate and the solution B was prepared by adding 2440 g of
water to 560 g of sodium aluminate.

In a 15-L enamel container was placed 2.5 L of water and the water was
heated at 60°C with stirring. To this container was added 180 g of the
solution A and maintained for 5 minutes. The pH of the synthetic solution
at this moment was 2.5. |

Next, 200 g of the solution B was added to the enamel container to
change the pH of the synthetic solution to 9.0 and maintained for 5
minutes.

Thereafter, the operation consisting of adding 180 g of the solution A to
change the pH to 2.5, maintaining the mixture for for 5 minutes, again
adding 180 g of the solution B to change the pH to 9, and maintaining the
mixture for 5 minutes was repeated 3 times.

The alumina thus obtained was washed with water, filtered, molded,

and dried at 120°C for 3 hours. The molded article was further calcined as

in Comparative Example 7 to give a molded article of alumina of
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.according to the followng test nethods. (Test for hydrodesul furization of
VGO The hydrodesul furization of VG was perforned in a high-pressure flow
type reactor under the followi ng conditions: reaction pressure, 8 Ma,
reaction tenperature, 370'C; liquid hourly space velocity, 2.0 hr- 1; ratio
of 46 hydrogen to feedstock, 400 N1/1. The activity of each catal yst

obt ain i d i ¢ on: i i v shown in
Fro 15ompRtere el JETHTRIA oo Bsnold) W RICRE Afmiha
Corrparativg Exar}glre \t% taken as 100. It is seen fromthe results that the
cat al y&ts SgPWhi ARI&At i on (prepared fromthe speci nens of Exanpl es) show
activity conparable to that of  titani um oxide al one of Conparative Exanple
11 and t HEher opunt ineak i efhditamium oxideni @madasele wae detegtedunnits @ed. | n
Conparative Exanple 7, however, there is a shortage of titaniumoxide to

fully gevPandnehal peaka ofcahemand aheiglosahd ug7 Dakwileh adlel ¥pbyinheneofloes not
differ very nuch from that of alum na alone. (Test for hydrodesul furization

of gas Qi | feird,zat v) . i n

i g peerRariy Ik REERY 1628 Rk e d by kiraf QRGN Bt Miese  on
pressure,.5 MPa; r tion t raturg, 36Q C_ Ijgquid hourl ace.vel ocity,
D 0" hr peaks o2t et e Se s EH Y obbobsaimploss. GHE TrdirasedaFhat Phom t 1 Lo
to the test were all treated for sulfidation in advance with gas oil whose
sul f ur cxystabnof bidaniweecoxidd osttbe swriacsmreytoadanallde o deit by K-sul fi de.
The activity of each catalyst obtained in the test for hydrodesul furization
of VGOra$ ordhphafehmorph@s innExiagnp kb5 WAt dbrh parigehi of the ésilie ofdal yst

prepared from the specinmen of Conparative Exanple 11 taken as 100. It is
seen oM diffabB3H tondidkd! 1F CahPa¥ateOExbbhSle TERhHOR bR SRAGCL
shown in Fig. 13. As in Example 5, the peaks of titanium oxide were not
observed in Comparative Example 7 and Examples 6-11.
[Evaluation tests]

The specimens obtained in the aforementioned Examples 5-11 and
Comparative Examples 7-16 were evaluated according to the test methods
to be described below.

(Definition of titanium covering index)

The amounts of aluminum (M) and titanium (Ti1) are respectively
measured by the use of an X-ray photoelectron spectrometer (XPS: JPS-
9010 available from JEOL Ltd.) under the following conditions and the
proportion of titanium (Ti) to the sum of aluminum (M) and titanium (TY)
or B = Tixes /(Tixes + M xps ) was calculated.

Measuring conditions for XPS

X-ray source: MgKa (excitation energy, 1253.6 eV)

Voltage applied: 10 kV

Emission current: 20 mA



from.the speci nens of Exanples) show activity conparable to that of

titani um oxi de al one of Conparative Exanple 11 and the properties inherent
in titaniumoxide are fully manifested. In Conparative Exanple 47 7,

however, there is a shortage of titaniumoxide to fully cover the alum na
core and the desul furization activity here does not differ very nuch from
that of al pyQadeRe 50T titaniumlocalization index defined in this
invention is stipul ated to be 1.6 or nore and this neans, as illustrated in

Fig. 17, theig the irfag cannot bga overed fully with titania when the Ti
content is qE5rod S9KCONT RBElS: (%r oportion of alunina decreases with a
concom t ant drop in mnmechanical strength to below 0.5 kg/ nm or bel ow t he
strength r&ﬂﬁﬁt@ﬂnfgomon}@r actical use when the Ti content is nore than 60% as
shown in Fig. 15. Moreover, when the Ti content is nore than 60% titania

i ncr easesThen, etheufohlhnﬁlikm@sm@aﬂmm asfe tetadihec dfi) cioythel kune ahd there
is the possibility of alum na not being covered satisfactorily. | ndustri al

Appl i cap EﬁMmTtl?I)'ﬁi’cF"t&QnE’Qﬁf('P1)tdﬁAm (‘I‘?fiﬁﬁfpoivatshéaﬁch[ﬁ’t% t 408

regul ated pore structure arge specific surface area, and exce ent
rrechan stren th .and excel | ent as |ts | f or as
o cat apyaniudorh Beatig i AN EAE Cheried cRin WE AN Hixdly hfira: ol yers
or catalyst _carriers, for exarrpl e, drorefl ni ng, hydrogenatl on of CO,
deni t r rafie 4A) emdothevateroniien 0§h1ta@mma§ and the 1ike. 48 o008 4

The titanium localization index (B/A) thus obtained is shown in Table 3.
(X-ray diffraction)

The test for the X-ray diffraction was conducted as in the
aforementioned Examples 1-4 and Comparative Examples 1-6 and the
results are shown in Table 3.

(Raman spectroscopy)

The specimens were submitted to measurements by Raman
spectroscopy by the use of a laser Raman spectrometer (Model NRS-1000,
available from JASCO Corporation) under the following conditions.

Measuring conditions for laser Raman spectroscopy

Excitation wavelength: 532.22 nm green laser (light source, JUNO
1008 available from Showa Optonics)

Laser output: 14 mW

Spectroscope: single

Grating: 1800 I/mm

Exposure time: 20.0 seconds

Accumulated number of times: 3

Specimen shape: extrusion-molded cylindrical article
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The results of Raman spectroscopic measurements are shown in Table
3.

(Mechanical strength)

The test for the mechanical strength was conducted as in the
aforementioned Examples 1-4 and Comparative Examples 1-6 and the
results are shown in Table 3.

(Characteristics of catalysts)

Using the specimens of Examples 5, 6, and 9 and Comparative
Examples 7, 11, and 12 as catalyst carriers, Mo, Co, and P (catalyst metals)
were deposited on these specimens before calcining as in the
aforementioned Example 3 and Comparative Examples 2, 5, and 6 and
then calcined to give MoCoP catalysts comprising Mo, Co, and O deposited
on titanium oxide (catalyst A).

Moreover, the calcined catalyst carriers of Comparative Examples 15
and 16 were impregnated with the aforementioned aqueous solution of Mo,
Co, and P to give catalysts comprising Mo, Co, and P deposited on titanium
oxide or alumina (catalyst B).

The catalysts prepared from the specimens of Examples 5, 6, and 9 and
Comparative Examples 11 and 12 and those prepared from the specimens
of Comparative Examples 15 and 16 were tested for their catalytic activity
according to the following test methods.

(Test for hydrodesulfurization of VGO)

The hydrodesulfurization of VGO was performed in a high-pressure

flow type reactor under the following conditions: reaction pressure, 8 MPa;

reaction temperature, 370°C; liquid hourly space velocity, 2.0 hr™1; ratio of

46



CDg~, oLoMC-j] WINNN U ro roN MNME¢ J O E~C#r' ~~ Lopp~~mmpp~~ ~~pp
N~- ~pm ~Gop~ O00LCJc'10 7 CG-iCVCV [dam-i U U ..a,y | 9A a0

hydrogen to feedstock, 400 NI/l. The activity of each catalyst obtained in
the test for hydrodesulfurization of VGO is graphically shown in Fig. 15
with the activity of the catalyst prepared from the specimen of
Comparative Example 11 taken as 100.

It is seen from the results that the catalysts of this invention (prepared
from the specimens of Examples) show activity comparable to that of
titanium oxide alone of Comparative Example 11 and the properties
inherent in titanium oxide are fully manifested. In Comparative Example
7, however, there is a shortage of titanium oxide to fully cover the alumina
core and the desulfurization activity here does not differ very much from
that of alumina alone.

(Test for hydrodesulfurization of gas oil)

The hydrodesulfurization of gas oil was performed in a high-pressure
flow type reactor under the following conditions: reaction pressure, 5 MPa;
reaction temperature, 360 °C; liquid hourly space velocity, 2.0 hr~1; ratio of
hydrogen to feedstock, 250 NI/. The catalysts submitted to the test were
all treated for sulfidation in advance with gas oil whose sulfur content had
been adjusted to 2.5% by addition of dimethyl disulfide. The activity of
each catalyst obtained in the test for hydrodesulfurization of VGO is
graphically shown in Fig. 16 with the activity of the catalyst prepared from
the specimen of Comparative Example 11 taken as 100.

It is seen from the results that the catalysts of this invention (prepared
from the specimens of Examples) show activity comparable to that of
titanium oxide alone of Comparative Example 11 and the properties

inherent in titanium oxide are fully manifested. In Comparative Example
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41ddQd2Vv7dddddddd~, vi OO FFFFFF3lI F31 F3l FFFFFFF LLCJJCCOONOONNN  ti
--~tia.--i pp,, CO 49 Wat is clained is: 1. Layered porous titanium oxide
conprising an inorganic oxide as a core and titani um oxi de deposited on the
surface of the inorganic oxide, wherein the titanium/localization index
(B/'A) represented by the ratio of the proportion titanium (Ti) to the sum

of themc . . . . . . ! (Ti)
det er m7’n§§§’t§|§/by(- r aeyx%?ﬁgz% g&%&%eonpﬁéc%gg%g%@g%yﬂ%&ﬂg %P%ef:'tff?%m@ 1}1 FTi Xl -S
+ Mxt-s At he bul k. m xin | ar ratio,of titapi.um (TO to thhe. sum of the
const ] EorshEn At ARk Ak Her s Dk DHER R Pl ArSHT [ Ti s
MAis 1.6 or nore and the titaniumoxide is deposited on the suface of the
i nor gathat ekaliunima adone be chenically and/or microscopically united to the
i norgani c oxide. 2. Layered porous titanium oxide as described in claim!]l

wher ei n tike t#AREGM WcalBRein eadéx Hefined ioxilde invehBroRlis@ipldatdd tayer ed
porous titanium oxide as described in claim1l or 2 wherein the repeat

di stange PR YPGRoE! YSIPLIAILGR PLAEsGatbl  AFIENI 5t ofhd RGris face of
the inorgani c oxirdeis A or Téss.
cannot be covered fully with titania when the Ti content is less than 10%
while the proportion of alumina decreases with a concomitant drop in
mechanical strength to below 0.5 kg/mm or below the strength required for
practical use when the Ti content is more than 60% as shown in Fig. 15.
Moreover, when the Ti content is more than 60%, titania increases in

amount and tends to associate and become crystalline and there is the

possibility of alumina not being covered satisfactorily.

Industrial Applicability

The layered porous titanium oxide of this invention has a regulated
pore structure, a large specific surface area, and excellent mechanical
strength and performs excellently as a catalyst by itself or as a catalyst
carrier and it is commercially useful for a variety of catalysts or catalyst
carriers, for example, in hydrorefining, hydrogenation of CO,

denitrification of waste gas, photocatalysis, and the like.



4. Layered porous titanium oxide as described in any one of clains |

wherein the pore sharpness degree is 50% or
oxi de as described in any one of clains |
0.3 nL/g or nore. 6. Layered porous titanium oxide as described in any one

nor e.

to

to 3

5. Layered porous titanium

4 wherein the pore volune is

of claims | t S wherei M theyspegific surfaceg afem s 100f M2/ g or nore. 7.
Layered porous tjhtaniumgxildelas described ijn Nopne af c gs 1 to 6
wherein the ino éﬁi:gcﬁide ii%a'kﬁdrﬁSa',‘alhigr hell ! aaxégjﬁel, a 50
hydr oxi de, or |a @yr at ed [ox| de and tihe tifani Um ox|de i|s deppSited on this
i norgani ¢ oxi de—8 —tayered pprouy tjitap ymroxi de—asdescribed i n any one of
clains 1 to 71 ereinithe in%égaric ox| de iis %yq£1esizeg b fhe pH swi ng
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13. A process for producing | ayered porous titanium oxide conprising an

i norgani c oxide as a core and titanium oxi de deposited on the surface of the
i norgani ¢ oxi de which conprises a depositing step for supplying a raw
material titaniumsolution and a pH adjusting agent in the presence of an

i norgani c oxide and depositing titaniumoxide on the surface of the

i nor gay | Jn the pH range bewteen the isoelectric point of titanium51
oxi de ggg&gﬁ%gg%$ﬂ¥¥§tfnorganic oxi de. 14. A process for producing |ayered
porous titani um oxide as described in claim13 which conprises preparing a
di spersion containing the inorganic oxide by the pH sw ng operation in the
pH sw ng st r : Wt - ~depasidd -kt an) j de on
R S L R S S i S T
t he ensuin ositing_ste 15, rogess fpr pr ci ng | ayered .gorous

1 ant ot HRaRuE A Renhiseld RROGRS SutficahpEiEorghmedbst FXBRE i ng
step for mﬂﬂwmn%a.c&cﬂﬂn_“eﬂnmvinthetammaUMermmeof

90- 9009therein dhientitanmmdlosedization sndex (B6A) mepresanteds by threogabionef | ayer ed
porous titanium oxide as described in any one of clainms 13 to 15 which
conpri ske prepbitignaipatiune | (Fgtovhé suindif thieotorgstitsteritnmichal (FAadfi e syst em
in the step for depositing titanium oxide on the surface of the inorganic

oxi de, ;5 fHar bifde ea{&ggihaf;lpli}ggirgrgr tephthad nsxgtx-!r& 3§]h%g§x?1%l:€r'6?f“

sel ected fromthe group S phosphor us, ghes clum barium

| um - [ .17, A | yst I $i t he. | d
por ous PP IS ek & BGaEn Thry B i wetai b 1the, byl tting™” " ©

cat al yst conpri si n%_ the | ayered porous titanium oxi de descri ?eg in
molar ratio of titanium (Ti) to the sum of the constituent metal (M) of the

inorganic oxide and titanium (Ti) [A = Ti/(Ti + M)] is 1.6 or more and the
titanium oxide is deposited on the suface of the inorganic oxide so as to be
chemically and/or microscopically united to the inorganic oxide.

2. Layered porous titanium oxide as described in claim 1 wherein the
amount of deposited titanium oxide is 13-60 mass%.

3. Layered porous titanium oxide as described in claim 1 or 2 wherein
the repeat distance between crystal lattice planes of titanium oxide on the
surface of the inorganic oxide is 50 A or less.

4. Layered porous titanium oxide as described in any one of claims 1 to
3 wherein the pore sharpness degree is 50% or more.

5. Layered porous titanium oxide as described in any one of claims 1 to
4 wherein the pore volume is 0.3 mL/g or more.

6. Layered porous titanium oxide as described in any one of claims 1 to
5 wherein the specific surface area is 100 m2/g or more.

7. Layered porous titanium oxide as described in any one of claims 1 to

6 wherein the inorganic oxide is a hydrosol, a hydrogel, a xerogel, a
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.any pne of clainms | to 11 as a carrier and a catal yst nmetal deposited on
this carrier. 19. A catalyst conprising the |ayered porous titani um oxide
described in claim1l2 as a carrier and a catal yst netal deposited on this
carrier. 52

hydroxide, or a hydrated oxide and the titanium oxide is deposited on this
inorganic oxide.

8. Layered porous titanium oxide as described in any one of claims 1 to
7 wherein the inorganic oxide is synthesized by the pH swing operation.

9. Layered porous titanium oxide as described in any one of claims 1 to
8 wherein the inorganic oxide is at least one selected from the group of
alumina, silica, magnesia, silica/alumina, silica/titania, alumina/zirconia,
silica/zirconia, and silica/magnesia.

10. Layered porous titanium oxide as described in any one of claims 1 to
9 wherein the inorganic oxide is needle-shaped or column-shaped.

11. Layered porous titanium oxide as described in any one of claims 1 to
10 wherein the layered porous titanium oxide is obtained in the depositing
step which comprises supplying a raw material titanium solution and a pH
adjusting agent in the presence of an inorganic oxide in the pH range
between the isoelectric point of titanium oxide and that of the inorganic
oxide and depositing titanium oxide on the surface of the inorganic oxide.

12. Layered porous titanium oxide as described in claim 11 wherein the
layered porous titanium oxide is obtained by the calcining treatment
performed in the temperature range of 90-900 “C after the depositing step.

13. A process for producing layered porous titanium oxide comprising an
inorganic oxide as a core and titanium oxide deposited on the surface of the
inorganic oxide which comprises a depositing step for supplying a raw
material titanium solution and a pH adjusting agent in the presence of an
inorganic oxide and depositing titanium oxide on the surface of the

inorganic oxide in the pH range bewteen the isoelectric point of titanium
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oxide and that of the inorganic oxide.

14. A process for producing layered porous titanium oxide as described
in claim 13 which comprises preparing a dispersion containing the
inorganic oxide by the pH swing operation in the pH swing step before the
depositing step for depositing titanium oxide on the surface of the
inorganic oxide and supplying the dispersion as it is to the ensuing
depositing step.

15. A process for producing layered porous titanium oxide as described
in claim 13 or 14 which comprises a calcining step for performing a
calcining treatment in the temperature range of 90-900°C following the
depositing step.

16. A process for producing layered porous titanium oxide as described
in any one of claims 13 to 15 which comprises letting a particle growth
inhibitor exist in the reaction system in the step for depositing titanium
oxide on the surface of the inorganic oxide, said particle growth inhibitor
containing at least one element selected from the group of silicon,
phosphorus, magnesium, calcium, barium, manganese, aluminum, and
zirconium.

17. A catalyst comprising the layered porous titanium oxide described in
any one of claims 1 to 12.

18. A catalyst comprising the layered porous titanium oxide described in
any one of claims 1 to 11 as a carrier and a catalyst metal deposited on this
carrier.

19. A catalyst comprising the layered porous titanium oxide described in

claim 12 as a carrier and a catalyst metal deposited on this carrier.
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