SPECI FI CATION Title of the Invention Layered Porous Titani um Oxi de, Process
For ‘Producing The Sanme, And Catal yst Conprising The Sanme Field of

Technol ogy 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 conprising the same and, nore particularly, this invention
relates to layered porous titani umoxide which is prepared by using an
inorganic oxide as a core &nB H&pdE 1ihd TiltGANum oxi de on the surface of
the inorganic 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,
corrosigpld §511d PeéntiBRot ooxi dation ability, and the like and, for this
reason, It Is aftracting 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 a YRl T ' ] ' t ai \ jonal 1
Cynt hoti o Hereld il l’ﬁté@%m@éﬁgrﬁ?eé%ﬁfP%éﬁ?ﬁa&?@r SEHEMN 11 s
difficr(Jéé1 to provide suc Léani um oxide with a pore structure suitable for
gi ven falsnk Qomwmmt hen>a®e: hese probl ens, titaniumoxide is inferior
to alum na in mechanical strength. Now, the pore structure, specific surface
area, and nechanical strength of porous titaniumoxide is decided by an
aggregate of primary and

Field of Technolo

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



secondary particles of titaniumoxide and an article nolded from such an
aggregate is nornally used as a catalyst or a catalyst carrier. The pore
structure suitable for the reactants can be controlled by performng the pH
swW ng operation and the specific surface area can be increased by adding a
particle growth inhibitor, although not quite to a |l evel as high as that of
alumna or silica (JP 2003-40,689 A). However, the nmechanical strength of
titani wmdit de diffichliocouprovade spitertitatiupardaxideewitls meprmeaktyudtarer t han
that of alum na which occurs as needl e-shaped and/ or col um-shaped

parti clegsta Hie ol  2idBn Atk éa’{a?s!“al% Qﬁﬁi’tioﬁ%?tﬁé%er botehle Hh GRlidet rengt h

of tltanlumOX|de by parti |ncorporat|ng m ute particles in ordinary
particl.es JP 2&8 201,120 A %é is difficult to obtain
machanilééi1 eé't“?‘é ?h“@&?f‘éﬁl@eﬁh?n StRen %ttebner al commercial catal ysts even

by this technique and, besides, the specific surface area of titani um oxide
obt ai ned Now,hf panenetmmtnme; specificasurface iageac andymeshanieal strehgth
proposed in an attenpt to increase the specific surface area conprises

deposi tgfngordhdniitahithdexall shdekider] Q%}retzh? apigtagteObf ?n@hfiffdaﬁﬂt icle

of porous alum na by the chem cal vapor positiron ( CVD) echni'que [JP

N i 588 b itoad 2 e RRCAH, H0ldod B SRR

oxi de inside the fixed alum na pores and causes th foll ow ng_problem the
pr esenciEBPEARAIASROYBAT NS 1 catalypt ari pf %{Gﬁ y&h CREIeT ﬁ‘éleamm of
deposited titani um oxi de exceeds 13% and titaniumoxide is induced to

aggl omtateture suivabnfdrithepreactdnasenarbe dostrollad by performacy ¢hsplihe

nunber of effective pores nost suitable to the

‘ swing operation and the specific surface area can be increased by adding a
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 is 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



target reactants. Furthernore, deposited titani um oxide blocks the alumna
pores in sonme cases and this makes it difficult to deposit the desired
catalyst metal in the ensuing step. Still further, when production on a
commercial scale is contenpl ated, hydrogen chloride (HO) fornms inevitably
fromthe reaction of titaniumtetrachloride (Tid4) with water (H20) and
this nakes it necessary to devise sone neasures to prevent environnental
pol | ut idepdatitardam aidei tdesiddotlsolfisced duaiiorsepores oand paobéethe
relating to titanium oxide, the follow ng nmethods have been di scl osed:
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and the r and the use of a conposite conpound forne

(35 et e s Toagtl O 650 BB RATRASNE SHesheb Ol Bncking b6
10-118,495 A); the use of a conposite oxide obtained by m xi 2& gels as a

cat al ysititazsinm eoxideéPiginducedOto AggloingPate 1684bBidey) ;thengone sdiametermet hod
[ Materials Letters, 43, pp. 286-290 (2000) and J. Mater. Chem, (1994) 4

(4), PHistAPueRH antidlrehse thesRithBeh R @fRetivRohresha B saitille th tHe _
producing the follow ng undesirable effects: titanium oxide deteriorates in

purity ,and _,becones sgbstance nere show ng.an.inter | af er f.ar mance
R T g e B S A R e et
subst ances other than titaniumoxid ronot es side reactions_ thereb

| ower i RRIIAEE IWES| 1 (9pTRe Gasesr andt BHss st difhenltnto dlaposibrtae on of
the catalyst. Furthernore, a nethod for using a carrier obtained by

SSP??ET‘%&T? catglistusetal amithesehsmingnstep.adtifl futherhwheagerotlakctioned by

( on a commercial scale is contemplated, hydrogen chloride (HCl) forms
mevitably from the reaction of titanium tetrachloride (TiCls) with water
(H20) 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 coxmpound 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



di scl osed [JP 54-19,491 A JP 2002-85,975 A, Synposiumon Better Ceramcs
Through Chem stry (6 tr, ) 1994, pp. 445-4501. However, this technique
nmerely deposits an aqueous solution of a mneral acid salt of titaniumon
an alum na hydrogel and, as a result, deposited titanium oxide assunes the
anat ase structure when analyzed by X-ray diffraction and is not chemcally
and/or mcroscopically united to the alum na. An agglonerate or an

aggr egatubspances atihen thadetitenmempaxidel pyomntes tsiﬁs refdtions | therebgreposi t
titani um oxi de over the whole surface of the alum na hydrogel. Under the

Ci r cungpheese thBesdlevERitsr of theliiattaNve AndoAco¢eatieoteteriSMSion &fff ort to
devel op porous titanium oxide which has a regul ated pore structure, a |large

speci fi,g surf ce area, and excel |l ent nechani cal strength, found that
Iayeredﬁﬁ%ﬁ Y% t ani um oxi de which has a regul ated pore structure, a |arge
specific surface area, and_excellent nechanical strength can be obtained by
deposi ti nd"unthgnmereoxi method: for ssingde carrign obiaigedi by depematingvrng a
regul ated pore structure and serving as a core while wunevenly distributing
titani upgwedude tilanid eolutibacen ain talanminey dgdirogek feldowed bpriadeimiihg is0 a
prescribed titanium/localization index and maintaining the pore structure

of the 4;apfaq! qapx 53193084 CRMAPL 6B0biks 9W%V§§,t iwgﬁdid}g' Betﬁe{lj S

i nvention provi I"ayered ‘porous titani um oxi as a regulated

pore structure, | ar ge ecific r.fage a, an e | .ent mechanj cal

st r engt HEERRESS STy ttt*t)? 189, pporgéé'@%ﬁcﬁawgﬁnc S er.
Moreover, this invention provides a process for producing |ayered porous
tit ani urachuigiee hiecélyhdepasitegam aagdequs sotutiont of @ nrineandeacid salt of

‘f titanium on an alumina hydrogel and, as a result, deposited titanium 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



specific surface area, and excellent nechanical strength and is useful as a
‘catalyst by itself or as a catalyst carrier. Still further, this invention
provi des a catal yst conprising |ayered porous titanium oxide which has a
regul ated pore structure, a large specific surface area, and excell ent
mechani cal strength and useful as a catalyst for hydrorefining,
hydrogenation of CO, denitrification of waste gas, photocatalysis, and the
|i ke. Dvbttlbdhaseacregwlatedveeond strugusediandansge spheeifimsunfacenared,ansd to

| ayered porous titani umoxide conprising an inorganic oxide as a core and

titani wircelet Mephahicd sirenktle snd fiaasedhil kea icagalani oy dtdedf ovheg @i n the
titanium |l ocalization index / A represented by the ratio of the proportion.

of titan Ti the sumof the constituent netal (M of the inorganic
oxi de ?#&aﬁs(tté!rﬁrairﬁ(}(ﬂ) determ ned by X-ray photoel ectron spectroscopy

(XPS) [B z,Ti xrs /[(Ti .xrs £+ Mxrs )] to the bul k,m xing nolar_ratiq of
titani um Mpyeqver; Hhis,mventippe prevides: ferragessl fqnyproduckee | mwﬁi c
oxide and titanium (Ti) [A= Ti/(Ti + M] is 1.6 or nore and the titanium
oxi de ipordepositamiunn éxide svinichcdhad o hegulatghnpereoxstrectsreasat nrpe

chem cally and/or mcroscopically 5 united to the inorganic oxide. Further,

this i p o f i I i t.ani um
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oxi de rising an rnorganic oxide as a core and tTt posited
on the syrfaceg of, t i norgani ¢_oxide.and the process contains a depositing
st ep V\A‘ﬁattﬁi%%% ?@§F%Bﬁlay?q}&i¥55tr%rﬁ%ﬁ'eri al titanium solution and a pH
adj usting agent in the_ presence_ of an inorganic oxide and depositin

titani um Stildefwrthere thas f mverdion nprovidegani catplyat comprising layere

( porous titanium oxide which has a regulated pore structure, a large
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
xrs + M xps )] to the bulk mixing 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

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



pH range between the isoelectric point of titanium oxide and that of the

I norganic oxide. Still further, this invention relates to a catal yst such as
a photocatal yst conprising |ayered porous titani um oxide cal ci ned or

uncal cined after the aforenentioned depositing step and this invention also
relates to a catalyst conprising |ayered porous titani um oxide cal cined or
uncal cined after the depositing step as a carrier and a catal yst netal
deposi wadteshte fhednprganic 0751;119; cally for hydrorefining, hydrogenation of CQ,
and denitrification of waste gas. Although titani um oxide shows high

cat al yti cFagther, tthis theehtipanedatgeotooa procéssnformprodwsngflayersd iporeati on
does not show the crystal structure of titaniumoxide by X-ray diffraction.

That it%%t 'eiaé%%@g@ﬂf‘pﬁ%if%faﬁ%fo%ganmh é%f@cpg g%{ﬂﬁaﬂﬁ%%aa@ oxi de

SO0 as y "an m'croscopi cally uni e 1 norgani c oxide

and this makes, it possible t extract high.catalytic activity inherent in
1t ani depostied an (G SuRiage Gt ot gt DXidhamd bhe prakerbeontains &

m croscopically united" refers to the condition where titanium oxide

deposi depositinge step f adechf colmprises gamppelyongda imwomat@rmdr ditanimm
physicaly contact with the surface of the inorganic oxide as in the case of
aggl omephRitieA #hdMa pHIadfiktin@dFerd 51 tRBOprRMceabf RANFhoglahic tdiddsur f ace

of the inorganic oxi'de or forns a bond with the inorganic oxide as
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O(XI ae inorganic oxide.

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



core. It goes without saying that the |ayered porous titanium oxide of this
I nvention may partly contain titaniumoxide which is not chem cally and/or
m croscopically united to the inorganic oxide core. The |ayered porous
titaniumoxide of this invention is free fromthe follow ng undesirable
phenonmena; the performance degrades to the level of an internedi ate between
the inorganjc_oxide and titani umoxide and a conposite effect of the

i nor garmerelyi te phymieakys centhetr witdt thassurfacewf theolmonganichexidel astinvity of
the reactants and deteriorating the catalyst. In any of the conventional
conposithe eadedebagélonnet 10619 a0 iraixixedBudfformdi 4 Efoeitt ch&iniéalbhend ivwidhi um

oxi de (prepared by the use of an inorganic oxide of a different kind as a
bi nder r @Ghpl Lan: W ' \ ' ' r ki nd),
the i natsarCHagR: PEBRIbINS Pr BRI bW Bhe TnofbanElBlle

partially on the surf a%e of tqtlg conposi te oxi dehand isplggﬁ I.ts own
char actas E3tremnplyopdputesrystals while enveleping the sarfage.ebshe drerganict ani um

oxi de of this invention produces the aforenentioned effect probably for the
f ol | owi ;xjdeesmsanto bepositeddottieamiorganid deidex THhe 1 areredep s Ghahhen
surface of the inorganic oxide or, unlike the formation of a conposite by

vapor aggdsaiih ﬂﬁsidb?i'diﬁo}lieé??&v@ i8R cdthlytie 'é@ti%ﬂﬁ@f 'grz;aﬂgﬁﬁﬁbkﬁﬂe fRelfhe 7

surface of mnute particles, such as primary partic , t he 1 norganic

oxi de and-this rmakes 4t possibleg to incregase sharpl he .amount. of .
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surface of the inorganic oxide and exc|lusively manifests its own properties.
Mor eovedoret ik gorg svidhoud rayang dhiadttheslayaredaparous tikaniwer guidecobidigse are

reflected in the |ayered porous titaniumoxide of this invention. As
descri bietrenltinvremay partlynonthaiie tymineasoxite Whithés eon\humivadly aatlfvud

microscopically united to the inorganic oxide core.

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



has the follow ng problens; it nornmally has a relatively small specific
‘surface area, it scarcely has a regul ated pore structure in respect to pore
vol une, pore distribution, and the like, and it has relatively | ow
mechani cal strength. However, by the use of alumina that has a | arge
specific surface area, a |arge pore volunme, a pore distribution suitable to
t he reactants, and high nechanical_ strength as a core, the_ | ayered porous
titani warbacedefoninnte pantedesosuekhasipemany @eaticles, efdhecirongaries of
titani um oxide existing on the surface, and yet it has a |l arge specific

surfacexideaand thiwlmbkespr epcdsibiet ube inawchsexehlalrply thee hanictalt ofrengt h
reflecting the physical characteristics of the aI um na core; thus, it

exhi bi t(feé)fog',?(}f]eﬁl h@ﬂhﬁﬁaﬁﬁ:ﬁ@tegﬁhﬁ%' ttafitufh 8%1%' Es%&%ﬁﬂe @ o‘s&‘& An

exanpl e em ca m Cr oscopi ca unrte cond is the
repeat di stancg between the cryst ttJC pl angs of .titanium OX|de on the
sur f acSW a(feh@fe themorganis ﬁ@gg%?ffﬂ?lésﬁé@i Eénamfseﬁ*és HeQWR nrepsrties.
preferably 40 A or less, nore preferably 20A or |less. Generally, when a
subst ance Métdovarstié Iphygieal cihsdctersstet wekerdrtein thet Morgantic cxigé anes
such as this is neasured by an X-ray diffractonmeter, the diffraction |ines
of th'a%'esi"@ﬁé@c@ﬂelﬁvt@fé Ry Qi hodbhs rtaedidi | bXide 6P(fh‘i§E’in|vi‘i‘tiorPfAs

measur enment is reached.” Therefore, there are i nstances vvhere the main
peak of t|t U anat ase 26. bi;s; not, det ecte att s to
P aeur s &r?“aeg%?ltaﬁlh %%&yb%bsal@e. bRofhe ChaPRELor A e BRI f Do

by an qrdinary X-ray di ffract onet er. ersel Y, ifre exi st ence of _| ayered
por ous has dheufeliowing pr&hlﬁmswfceaom e hass @ uptatevelye smal ﬁé%ﬂt 180=
26.50f titaniumoxide is not detected by an ordinary X-ray diffractoneter
i'n spi teurficd beeqy ttvecarcely has a regulated pore structure in respect to 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



exi stence of titanium oxide on the surface of the inorganic oxide.
‘Naturally, this does not necessarily nean that the main peak 20= 26. 5of
titanium oxide is not detected in all the specinens of the |ayered porous
titanium oxide of this invention by an ordinary X-ray diffractoneter.

Anot her exanple of the "chem cally and/or m croscopically united" condition
Is an inability to clearly distinguish the particles of the inorganic oxide
from t Hegeachedi t ani um oxi de i n a hi gh-magnification i rage (for exanple,
2,000, 000-fold rmagnification) of a transm ssion electron mcroscope (TEM

(herei naf oYX 2 dthndes d "R86mhi ?j‘lﬁk | I 9 HYigeOXi de
and ti tanrlgfn%r%%%g e%‘r%?a asf%éepzlilr a?tﬁtﬁﬁ% ngsg%eriﬁ1 a yotf;tﬁtcflﬂn% crgds%éogi cally,
t hey oyght to\bg te L.zed individyal ly, on the basis _of .the spacing of
cryst alCPatRTeles 15 Ae0r 4 1Pl CrEFPHage SERIRYEFO hRaguTe ShETHACH

recogni zed individually if they were chemcally united or titani um oxide
wer e ddfeslayadedsperause tdhniwimoxide of $hig snventiba by ran gerdivagkiXteay
Therefore, in the case where the particles of the inorganic oxide cannot be

di sti ngliffrhecbraksy. |GonvarselVodfe ekistéhediof Thourét protiBetifasiuin afxitdee
spacing of crystal lattice faces in the image of an ordinary TEMin spite of
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titani um oxi de of {)hi S inv ntionx Nat;irjﬁ’lglay’ this does not ,necessarily nean
that tHOpEetedtrdshbyranq@rdingryafitaso SomIerp frite ofutha odoverar |y

fromthose of titaniumoxide in the TEMinages of all the specinens of the
| ayer ecexistence of titaminmonxiide wf théisarfaveafttheninchganiapaidel Natwrally,i t ani um
o(xi de of ‘thi S invention, t_he process for . o
‘ this does not necessarily mean that the main peak 20= 26.5%f titanium
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
norganic 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



produci ng the sane, and a catal yst conprising the sane are described item
‘by itemin detail below [Ilnorganic oxides] According to this invention, an
i norgani c oxide to serve as a core is not restricted specifically as |ong
as it can support titaniumoxide on its surface; it may also be a conpound
in the condition where a | arge anount of hydroxyl groups, for exanple, a
hydr osol, a hydrogel, a xerogel and a conpound generally called a hydroxide
or hydrthkegroxéneexiComecetof| titanhem oritt dat ¢hensugiavec obxihde insrgumeicer abl y
at | east one selected fromthe group of alumna, silica, nagnesia,

silicalglga fe §i%ééi A | P Rfdstic Y& Mﬁhﬂﬁ&“t(j‘,l{é'd}iec%féfe“dﬂicﬁo nd
silica/magnesia and alumna, silica, and silica/alumna are particularly
desirahle. .Alunm na and,silica havi a regw ated pore structure, a

o at § uEping aide 2etrie i Setey. MhshralfihiE SaeF 68 RederiiniEimEapengt h
are readily available and they help to  produce | ayered porous titanium

oxi de Hhatnthepaaticdes ofr dpeinorganio oxide emanotite distisgumsherhadearyr gani ¢
oxi de can be used in any shape as there is no specific restriction on the

shape, figin thowedf citahap@doideciol the TEM shages ofalkethélspesirpens of the
because a material of this particular shape allows control of the pore

struct ?%ggif‘?ﬁi@0%3%@9193@8%&%@&3 qngphﬁ'r?gl_a product having a relatively

| ar ge suf area ana excellen ¢hanical strength. It is not
meani ngful __here to distingui.sh clearly a .needl e-shaped iporganic oxide from
a col urm- dipdaverrd aarous titeaium oxide 9ﬁat§esm‘aanti%r gﬁﬁmrcmﬁa ors
expressed in terns of aspect ratio (length/width), a needl e-shaped or

col um-mhahming theganhe, anddecstadwst comprising the same are described item

E’ by item in detail below.
[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

is no specific restriction on the shape, but a needle-shaped or column-
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preferably an aspect ratio of 5 or nore, nore preferably 10 or nore. It is
preferable to synthesize an inorganic oxide by the pH swng operation. This
operation enabl es the production of an inorganic oxide in porous and
honobgeneous particles of the desired shape (for exanple, alumna in the
shape of needle). Moreover, it is possible to produce easily an inorganic
oxi de having a regqul ated pore structure and the desired physical properties
by contsheigddnaatesilondipreforvedfbddamseHa smiatgriapesfathisnpaitieulpHshapeag
operation” in this invention neans an operation for synthesizing an

I nor gany [ [ ' ShRRY t hEaisOLUt i on

of an {Hr}gorvggrgﬁgt%@i %Qt}gg[ﬁvb\gg%ﬁ?ﬁe acigici{l]% gv:i'ggﬁjaﬁﬁxget %@3 1;'13. al ﬁgb‘s&?@gbt her eby
i ngi the i [ i t t he dj | ugi dt

or et pitteiGh PAYERE aha TFLAYGY (REoFHecElice SHFGRoLATEor BT LB ar get

di anmeter. According to this pH sw ng operation, an inorganic oxide can be

pr oducedechapweadi sirenghhyilbgst het cueanwoghdr hese rtoc distengnish wlearlyi a

surface area by properly controlling a variety of conditions such as nunber

of swi ngsedleagied ierdticsoitdeefiom PloRinihRshagedicnaRhd! Lahpasingsi des
and its retention tine, concentration of raw materials, and use of

11t he 5 EEbeT 38 Pal Yldrbadif B | daBrbBhed 0 SRS of e Ehbibaton
TN T R
synthesis of alumna is described in detail in JP 1-16,773 B, JP 2-56, 283
B, an agpteferablyran Gepaat catio Of b dapeores @) oreNpreférabBOB) oxndod® 2002- 97, 010
A. The synthesis of other inorganic oxides is described in JP 56-120,508 A
(ragnesi umy RORRBferab¥e {4 Bynthekz@N anl i1h8fgaic Pxid®HyMhe pH swing
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 its retention time, concentration of raw materials, and use of

additives such as a particle growth inhibitor. Therefore, the conditions for
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and silical/ mgnesia), JP 56-115,638 A (alumna, silica, titania, boria,
zirconia, silica/alumna, silical/mgnesia, and the |like), and el sewhere.

[ Ti tani um oxi de] According to this invention, no restriction except the one
on the surface condition to be described later is inposed on titanium oxide
to be deposited on the surface of the aforenentioned inorganic oxide.

Ti tani um oxi de generally assunes a roughly spherical shape and it nmay be in
t hi s shhpesynthesis of arparticudaranprgaeie dxiderbyw bhexiHewingbpetatadh yarand/ or

m croscopically wunited to the inorganic oxide, it may be in another shape

or in gRodtHcosd awdetlfey Hfe S6RREE 30 tPsr9RNHd gﬁ?poéé! the I ayered

porous titanium oxide of “this invention, the titani | ocal i zati on i ndex

(BI'A) is uired,to.be 1.6 or more,.preferabl 70 or._ nmore, wherein B is
Lhe. br opolHo S EERI AR MRSk [ Il Wi s8ioe; Chereting: aloi ) of
the inorganic oxide and titanium (Ti) determned _b _X—_raiPphot oel ectron
spect r exespple, Xibe) synthesis pf aduminaris describpthapsdetaibiin FPik 160EI DBk

m xing nolar ratio of titanium (Ti) to the sumof the <constituent netal (M

of the JPQ-56/983 Bxiae aztidld in dWewardits’) (ior JApanésé), Wo. 4, VP9SHame, JPhe
gquantity B determ ned by XPS shows the proportion o 12 titani um oxi de

ext st | ngndsobe (/61 PHEVCLHAG SYIAAGE (AbrbAYR! SRR’ A'3ecbiibagiiymype de

whi | e t'he "bul’ k™ m xi'ng mol*ar i ( ( € proportion o ani um oxi de
ot or el 119AEALE 1 LR ASBEEN | S or AR EARYCOR - SRS, PREBARERE of
| ocal i zation of titanium oxide near the surface when titaniumoxide is
deposi tand osilicaémagniest®), od Pt 156-11Ho,688ni4 @litwinegr silicBhetitgnemt doride
titanium |l ocalization index, the nore titanium oxide exists

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 xps /(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
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near the surface of the inorganic oxide. Wien the titaniumlocalization

I ndex (B/A) becones less than 1.6, the inorganic oxide is not covered

conpl etely, becones partly exposed, and displays its properties in the
exposed parts when the content of titaniumis low, then it becones difficult
for titaniumoxide to manifest its own surface activity and the chem cal
characteristics of titanium oxide deteriorate. Wen the content of titanium
i s hi ghtitanivami exidex exstingldngthee vismiitygobther yexfacei ehtlapered paresisf and,
as aresult, the specific surface area of | ayered titani um oxi de decreases

and, f uitdifium $xidesshil®ehsdnatianmiRinS i tratiolAshvves ehepropbetofiusint ity B
Is determ ned by XPS under the following conditions. X-ray source: MjKa

i paca B Rl d0RTi B ayERP PO AP R RS, B TR 7

The proportion of deposited titani um oxjde, (content of titaniumoxide) 13
in | aycOR$eHYLHES, t itﬁﬁniﬂfﬁ‘%mie&él%berga wHanaums iﬁﬁﬁiﬁﬂa@ﬁmdﬁdﬁ n&&’e}oto 60
mass% preferably from 15 nass%to 50 mass% nore preferably from 20 nmass%
to 45 nmskicatedtdre exentoftleohlindtivint afititamion dxide deagsthdianrfoie whead t he
I norgani c oxide is not covered conpletely, becones exposed in part, and

di spl aystd it BRAE! L SRegdiifd®oR s 8GrfRaRk (of Riddlea nTBKRSdE lcorél Thiecu! t
for titanium oxide alone to manifest Its surface activity. Conversely, when

h nt en f Lt tanium oxi . eX % . . . .
the co gtreea ex(') t}i[e tt1 iUk ogaGhZGat(igreldlsn eox,nﬁfes thore titanium oxide exists

near the surface of the inorganic oxide. When the titanium localization
- index (B/A) becomes less than 1.6, the inorganic oxide is not covered

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)

13



titanium oxide itself undergoes bonding and | ayered titani um oxi de
deteriorates in specific surface area and al so i n nechani cal strength.

[ Condition of surface] In the |ayered porous titanium oxide of this

i nvention, the porous structure is conceivably constituted of the pore
structure possessed by the inorganic oxide serving as a core and of the
gaps betwfen the crystals of tLéaniunlo | de, deposi ted _on the sur%ace of the
i nor ganiclayered poxsusHataniumomide grs 2iwhnlein Bermallr o kb mass%itaut e,
the pore structure of |ayered porous titaniumoxide is decided mainly by

t he por@0 shassdbypeefdrablpdromod amiass¥xtald0 hieassds, niorehpréfeenhbnifromxi de
core had a relatively large specific surface area and a regul ated pore
S %@mé%ﬂ% t§%5 #EEss% OWAh A Qe CORtENDBS %ﬁ%h?&iﬁff‘éﬁidb I Q) ah 1P 8YS
titaniumoxide. That 1s, In ‘case titanium oxide | ch occurs ‘as uniform
spheri cal igt'cles I s used.  al.one, the saecifif surf.ace area i s deci ded by
the parbiagrs, dhicinangamie oxide is iitscqwereflamplathly, ifcomies exRasEdaR of ¢ he
inorganic oxide is reflected alnost as it is. In the |ayered porous

titani wadxiatel slisphiys itsvprepenties e ther expesed peats mértehesimaite% Br nore,
preferably 60% or nore, nore preferably 14 70% or nore, the pore volune is

0.3 nl/gifficulorfor pigifiuak! bx@dd mlodeOto MRAAIfeddd ithesapeel i fetbHtf.ace
area is 100 n2/g or nore, preferably 130 nR/g or nore, nore preferably 150

"2/ 0 OrCRRLE PN LAE RREC cof AP SORALSS Lide! aYealne denpiapor i on
of pores effectfve for thé Teaction defreases and the catalytic activity
dr ops. en, the pore yol Ils less,than 0.3 nl/g, a ¢atal yst netal
occupi é&lv%]%ﬂ’é% awireottapie undenspes bﬁpﬁwgcaﬁ%é%ﬁ% " thahiner o . when
tpe"specific surface area is | ess

deteriorates in specific surface area and also in mechanical strength.

[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 18 50% or more, preferably 60% or more, more preferably
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than 100 nR2/g, the activity per unit surface area may be high, but the
‘actual activity |level 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 optiml pore dianeter. This factor is
obt ai ned by neasuring the pore dianeter (nedian dianeter) at 50% of the
total pore volune, then determni ngothe pore vol une %\%I n the range of
pore di diet@r menes dbpdrenenyokuaBeyisfO.Bna /g ayamargnpge - 4tmé/g@ri an

di aneter, and cal cul ating the pore sharpness degree fromthe pore vol une

(PVM andré,hanﬂotlaé gpeceiy eutflce @PYA)isas00 anhgsor peose, Sheafengbly d80ree (%
_ (PYM PVT) x100. This neans that the di arreter of pores becones increasingly

nor e |2f rm,.a

shar pness gegkezn%%ﬁ Etg&e%als@aelrfgg %3 for exa ?ﬁéﬁétﬁﬁaé%]c}%% Q{Helg por e

di stribytion curye deter ur |ntru5|o por osi petr sing the

5 or encHATMSRScHeE RS DEIGW: BUYb Ut WreROrHOnel PARES QbR vRedoby TG voai ng

the sum of the volune (S& of each pore in layered porous titanium oxide or
afd |

ES by treactmss detBeasep theecatalyptic aetivity alvopm $Khee the poré yohghe The
pore volunme can be determned by mercury intrusion porosimetry or the

ni trogeg Jads ghahi 03 Hil‘ﬂgh Bl ¢taly MPhRAMEbeclpiRs el 4:8d 10 e @itadysan be
determned, for exanple, by nercury intrusion porosinetry or the nitrogen

adsor Dy Bl SGAThEUEenod LPCReBe R RIE YRE)pHAER R6Ta5e Behellddb et or

for pro
than 100 m2/g, the activity per unit surface area may be high, but the

(_ actual activity level 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
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

4‘ (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 (8) of each pore in layered porous titanium oxide or IS by the mass
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oxi de (hereinafter sinply referred to as "the process of this invention") is
used to produce the aforenentioned | ayered porous titanium oxide 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 theC(SL)rfface of _the inor_gan_i c oxide in, t_hez%rag\ge bet ween t he

i soel edm) ef lgieredgporausaniamiuni gddamr wHst t h&e porey¥alumegage beThe
process of this invention may include a pH swing step for preparing a

di sper sigterednedi by naetrterpfintemson i prnedimeorw ari thevitioden tdsopptisni ng
operation before the depositing step or it may include a calcining step at a

tenper%%ﬂhﬁi'l?ethe range of 90-900 C after the depositing step. The process
of this Invehiion can produce |ayered porous titaniumoxide in which

titanium q@xide of hjgh catalytig activity i.s deposited,op the suyrface of

t he inorgi\ﬁw@%rdﬁlgcﬁ%lﬁ%saéfqpﬁemaapﬁp R pPEAMR/e, B¥ited to
the inorganic oxide in a sinple nmanner at |ow cost. [pH swing step] The pH
sw ng snepcuuey mtrusioon peposimetyyctudiengitengenadsarptiondreichngque. t he

af orenenti oned i norgani c oxide by the pH swing operation and has 16 already

been deg¥sokbasof prédgcties) i on entitled [inorganic oxides]. A dispersion
containing the inorganic oxide is prepared in the pH swing step and,

s to rhie R P BAOR IR kS lE JeRBRT REReS  EABECL S o

this invention, the depositing _ste constitutes an essential step.,wherein a
raw nmat@f m(?qe;rggmﬁjﬁxmyg@f% to as e process of this invention") 1s

(_ used to produce the aforementioned layered 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 stepl
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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a pH adjusting agent is supplied in the presence of an inorganic oxide and
‘titaniumoxide is deposited and | ayered 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 isoelectric point of an inorganic oxide or
titaniumoxide is a specific property of the substance in question and the

el ectric charge on the syrface f the particles of . a given substanc
driftinddreads Eﬁeam Qﬁ@ﬁﬁ@é’s iy the grection nepidtled; \Iénwga:mgathvée& & ce
versa as the pH crosses the boundary which is the isoelectric point. To be
nmor e codizpersiont tentainieg thefinbreanizastidel I8 prdipairetdna the aH isgring stepchar ged
negatively on the alkaline side and positively on the acidic side with the

| s0el echhiCaRhfling $3heliidcags b ehi ioh, H HpeRLRRPIERLLENED R SW ng

operation,’ the cryStals repeat "grow'h and pdrtia utiom every tine
the pH cha across, .the , b isoelectric point and grow honbgeneous in the
end. Ac dﬁ&%&&%@ﬂ%tlm& of this invention for producing |ayered porous
titaniumoxide, a raw material titaniumsolution and a pH adjusting agent
are supHDeszBlbmgﬁ ni um oxi de i s deposited on the surface of the inorganic
oxide in the pH range between the isoelectric point of titanium oxide and

17 that ofA¢dieding®r g8nithe0Xyrédeesdy ofdiliat | dE&ehBRMH thand@epabititigs @:gﬁer,
e

the electric charge on the surface of the inorganic oxi de becones

oxt de- 1 eottitftEs AR BAT SR ibrblE Atk e ctial HEBRLYR £%fon " e
two are esumably chemcally na{jiglr m croscopically. united together. The
' soel ectmi %guﬁt@goagenﬁaﬁﬁunp eda the PEssencR ALAD Rrganie oxdeiaad ar e

I iited in Table 1. The isoelectric point of a mxture such as silica/titania
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 isoelectric 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 1s 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
1soelectric point and grow homogeneous in the end.

According to the process of this invention for producing layered porous
fitanium 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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and alum na/zirconia |ies sonmewhere between the isoelectric points of the
conponents and assunes a val ue corresponding to the mx ratio. [Table 1]
Subst ance |soelectric point Titanium Oxide 6.0 Alumna 9.0 Silica 2.0
Zirconia 4.0 Magnesia 12.0 The case of alum na 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, erial titapniumsolution and a
pH adj ddhatnef e imorganic axide B @iumfc ghe e geclie thsnmanues, e s
adjusted to a point between 6. 0 and 9.0. Then, the pH on the surface of

al um naeleetriovhnrgban thesurfeel efcthe tngganiic okidé betomeanthd bevensef ofce of
alumna is charged positively. Cbnversely the pH of the surface of

titani YROENH&r{S cRia® sront éQﬁ" am&mp%km }g;hh&eﬂi WRigyi ge and

the surtace of titani els arge negative result, titanium

oxi de is,,depo atls ctori he .surface o | um,n The case of
O lea Serated shpmels ?E@ futede b B ROTeARE Q5idh BRdAERe e Are

i soel ectric p0|nt of silicais 2.0in this case, a raw material titanium
sol ut i opresvanabhtchenieal mgnd@anmlar@cwmalheumtﬂﬂ togethlari s adj usted to a
poi nt between 2.0 and 6.0. Then, the surface of titaniumoxide is charged

posi tivel V' iddededtitid Polrteeyf fiftai iR i 40 RE S in® MHeH inRrghht@Bkidesoxi de
while the surface of silica is charged negatively as the pH i s higher than

are listed in Table 1. The isoelectric point of a mixture such as silica/titania

and alumina/zirconia lies somewhere between the isoelectric points of the

components and assumes a value corresponding to the mix ratio.

[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
1soelectric 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
1soelectric 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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the isoelectric point of silica and titanium oxide is deposited
satisfactorily on the surface of silica. The procedure to be followed in
the depositing step is described concretely here. First, a dispersion is
prepared by dispersing an inorganic oxide in water. In the case where a

di spersion has been prepared in the aforenentioned pH swing step, the

di spersion.my be ysed as prepared. . The concentration Qf the inqQrganic

oxi de at t'HISCaARERSL %aé‘él%%tléﬁran%PﬂFl? 1F3rQ§FﬁC£I@§ FRAGEIORX © kL,
preferably fromthe range of 10-100 g/L. Araw material titaniumsolution
and a pHeatjoedédtry: poemt ofirstlisaippl 2.6din tthis leasej apeawi oratenthlt titanium oxi de

I s deposited on the inorganic oxide in the target pH range or the pH of the

di sper sigMjtioh %H%E?gmﬁiﬂgid‘gterﬂtrhxfeh&pﬁl?é&%(‘nd ﬁ@@%xs 3 dpbsad Hshi ng

agent in advance. T ting agents or adj ust the"pH to a point

on the acidi,c side i,necl ud chloric acid Ltri.c_acid, sul furic ,acid,
car boni it Rt 20 atih 6 U RERe the ufifate,of Mol e 38 cidresd
nitric acid are preferred. The pH adjusting agents for adjusting the pHto
a poi ntpemitively aiskthe mdsisdlowercthan thrliisenlastaiopoiet ofpatarkinnexider oxi de,
amoni a water, sodium carbonate, potassium 19 carbonate, sodi um hydrogen

car bonayhileatite poirfisl ofmsilich ¢gehagpedaiddstivalydas Qﬁbgg@w hoxhée thaa

anmoni a water are preferred. It is advantageous to ad o the af orenenti oned

di sper sufn; bt EpBintIoP ild ARACHELANGANANE RoElodifaR safaBoRIEN!
sel ecte romithe group O st1rcon, phosphorus, nmagnesi um cal crum ~“barium
manganese,, al um.nu %ﬁi%% zirconium Addition of such a particle growh

i nhi bi t R thﬁ%%@n%%
5 The procedure to be followed in the depositing step is described
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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heat stability of titanium oxide so that titani um oxide remains mnute,

does 'not aggl onerate even at high tenperatures during cal cining, and

mai ntains its chem cal and/or mcroscopical union with the inorganic oxide.
Exanpl es of the particle growh inhibitors useful for the process of this

i nvention are the follow ng conpounds: silicon tetrachloride, silicon

di oxide, colloidal _ silica, silicic acid, silicates, phosphoric acid,

armoni wtarbepategeedisme dprlnogenarhesiatien andmatessywngiusdtngesurazhanate
magnesi um car bonate, magnesium borate, calciumnitrate, calciumsulfate,

cal ci unand aplomat ky deetide wnd ydivonie waRrcinepedfepredie, bariumnitrate,
barium sulfate, zirconyl nitrate, zirconiumoxychloride, zirconiumsulfate,

manganese ypi:t.r I U i el gd;ég yar.0xi unt of
a pH adj ugp iltﬁggggae%?déo Ee a%&fgj@({)?h eglfbc}% pr@g@??y&ﬁyéﬁg’n ggﬁ%}’?lﬁgﬂs such
as the kind.of pH.adjusting.agent, the purpose, the Ki of . i norgani

oxi de. GV ithan RO GRRIAIRIRE A0 Lhash gné element t68 l50m Shedgolp Phsed on
titaniumoxide in use. Next, a raw material titaniumsolution and a pH

adj ust i mficanephoasphoraddethgnedihm, nedenane baragnt ahadgdnese s abmniAuso) ut i on
of titaniumchloride is generally used as a raw material titanium solution,

but a sgh@tzieeowium 2Additidnl Bfstiehf /ighrdiclé  grdwth swhibitsr MRProgeySee | ust

as well. The concentration of the raw material titaniium solution is not

ot ner et SRl pt 315 Akitp S Fnb Bt LA o Riaer remATRE tinte, "°

af orenenti oned pH fdjusting agents for adjusting the pHto a.point on the
al kal i n@oes ot pgglameyatesVeRe apr feBIRATESUTeS (Uripg: CAKIRERG %
sel ect

\ maintains its chemical and/or microscopical 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 i1s 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 1s 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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the sane pH adjusting agent as used in the aforenentioned adjustnent of the
pH of the dispersion; however, when the pH adjusting agent used is the one
for adjusting the pHto a point on the al kaline side, the sanme one is
preferably selected. The tenperature of the reaction solution in the
depositing step is selected normally fromthe range of roomtenperature to
100 C, preferably, fromthe range of 40-90C nore preferably fromthe range
of 50- ttapiumhesulfatet pontitenyli Aulfase dapagi bengaedegushr iass wellh The
concentration, tenperature, kind of inorganic oxide and raw materi al

titani wengehtitdtésh of $he rakemateeidndtdiiinm Belutbdn Ys sok eebbdciodoBithe range
of one mnute to one hour, preferably fromthe range of 3-30 m nutes. The

oper at i; POSI 1. bS5 bed as described above to give
| ayer edgggﬁ%ﬁé&?}'&gngépnhgg%&yﬁoﬁiﬁﬂqstgéﬁi um oxi de is deposited on the
surface of_ the inorganic oxi his.product js separated fr t he
sol uti on, O $hethier %\Hﬁleﬁ,gﬁ)ﬁé tipg jagendr ispswuital e %}ﬁa%om]éhe

i ntended use. [Cal cining step] The product |ayered porous titaniumoxide is
pr ef er afoyemebitmrtcedp H adjisting @gentalfor midigstingathrepH tdhi polrrtest thst can
be perfornmed in an 21 ordinary oven or in a rotary kiln. The cal cining

treat 135S, P& 0T ﬂﬁgrg bl . f aqg.(:t C
prefergdt}F?h?lr? '?Jhdfee’ rlﬁgéﬁ??g)% 12 %ét%gyggodl%s' talﬁd&?%?@geggﬁo |(§1%'? e range
from 3Q,m nut es . hours, ref erab i,n the range.from ope hour tq three
our s. hiesRiaeaR Hh A LAt age Rt Feohia dn thees fosr B phet i Be bR eatst

oxi datively deconposes inpurities therebﬁ pronoting the deposition of the
cat al ysthenpHeof theidispersion; however, when the pH adjusting agent used is the

‘I{ 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 in 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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rai sing the nechanical strength to a |evel suitable for comrercial use.

[ Uses] The | ayered porous titaniumoxide of this invention prepared as
descri bed above has a regul ated pore structure, a large specific surface
area, and excellent mechanical strength and it can be used as a catal yst
carrier; catalysts conprising suitable catalyst netals deposited on | ayered

porous tij.ani um oxi de, can he use vant ageously in a | arge punber of
appl i ca@#fiiﬁéryfoafﬁne%ﬁbﬁelfo ﬁyﬁﬁ%ﬁbf M@?mam tFeatmagnt bﬁpsquna%@ af s

hydrogenation of CO_and the like. The catalyst nmetals which can be
deposi ttnperatvere iy the dapge dosmt 90 %hitoD0OXGlepredérabiiysin therange fasma
catal yst carrier include tungsten, nolybdenum cobalt, nickel, ruthenium

pal | adi 9 tr : | izl

ot narTow of hese BAASE BeridePhihe AARLAA 80 Autes thi T Hoprs,
depositin t cat st nmetal. is not yestrjcted and an | i cly.known
net hod E%%eﬁ%ﬂls‘ddﬁt Zi}g TaggEee | @Ne; hBPEgi;%tfi ¥ ?lghlr XC %g%@%h'%‘-g
kneading. It is also possible to prepare a catalyst by depositing a

cat al ystreatmento wemomesewater ook arystallization ded lmxidatively ededuanpesest hod
before the calcining step and then subjecting to the calcining step. 22

Mor eov efmpliritied wmﬂe@ébﬁe?réxﬁetﬂ‘n(gwheadebaéﬁfcﬁ{ afythé @éiﬂ'aﬂ%éty mgtsl shi@yed in
phot ooxi dati ve deconposition and phot oi nduced superhydrophilicity and the

| ayer ed i | [ forthi syl nwent. ich _has a. requl ated pore
struct ulf%l?’{rgél?}a{% 5%855}%%@‘:% ggrgedfgt&ctgo %J%%\%/l %‘f#igﬁ])?\é\%rl OMTRICHINE strength
can be [bjse by itself as a photocatal yst of high catalytic activity in
vari ous[ $@¥ds such as deodorization, water treatnent, antibacterial

treatnment, and prevention of fouling. Brief Description of the Draw ngs
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 inciude 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 ion exchange method before the calcining step and then subjecting to the

caicining step.
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Fig. 1 is a chart showing the results of X-ray diffraction performed on the
| ayered porous titanium oxide prepared in Exanple 1. Fig. 2 is a chart
showing the resuls of X-ray diffraction performed on the |ayered porous
titani um oxide prepared in Exanple 2. Fig. 3 is a chart showing the results
of X-ray diffraction perforned on the |ayered porous titani um oxide
prepared in Exanple 3. Fig. 4 is a chart showing the results of X-ray
diffraction performed on the |ayered porous titani um oxide prepared in
Exanple 4. Fig. 5is a chart showing the results of X-ray diffraction
performed on the rml ded article of alumna/titani um oxide prepared in
Conparative Fig. 6. 1is a chart showng the results of X-r

di ffract |Mﬁfweﬂ' ortﬂi%@luﬂh Oxlﬂ@ Heglfihesara |Rf]@06$tag‘m§>marb§ﬁ¥| @&nﬂlﬁm%cgén
prepared in Conparative nple 2. Fig.. 7 is a chart show ng the results of
X-ray dphptmdaiwepedemaes'aﬂn 250k iRAtieindlged, SUBREnYSIORNURIaAND: dRBUM
oxi de prepared I n Conpar.,ative le 3. Fi 8 is chart show t he
resul t slayergd, Boroys fitapi Uﬂbrp’%@?fggpﬁ@& Weﬁt‘%B Wh‘% AP R i ’Eﬁglﬁﬂﬂqgrf&fe

esul't s SEHORIP G tafas pabh gtﬁ'urféc%éar?éhgaﬁ oxceldt mashanieal siresal .Vc“iaﬁﬁbtﬁr%e

i d d 5.
O art D uSPATEY SOl AR pri Tl BF high sataits adyitiin \aribust fiakrauih 88
D ¢ feoRorRalom wates LBstBN. Alithackrial freaaimagt. 451q preventon of ToufiRg: ayiic

( Brief Description of the Drawings

Fig. 1 is a chart showing the results of X-ray diffraction performed on the layered

porous titanium oxide prepared in Example 1.

Fig. 2 i1s 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 1s 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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Fig. 12 is a chart showi ng a conparison of the results of Raman
spectroscopi c anal ysis perforned on the specinens of |ayered porous
titani um oxi de respectively prepared in Conparative Exanple 13 and Exanple
5. Fig! 13 is a chart showing a conparison of the results of X-ray
diffraction perforned on the specinens of |ayered porous titanium oxide

respectj.vel d I n aratlve Exanpl e. 16 and Exanpl e 5. Fi 14 is a
gr aph sm%ﬁﬁi F‘%l?l Qﬁo Ba{ YEMUIR 0 SHePare |t1’énc8% thee
mechani cal strengt h (SCS) for the nol ded articles of alumna/titani um oxide

pr epar eBxaesplecd.i vel y i n Exanpl es 5-10 and Conparative Exanples 7-11. Fig.
15is a graph showi ng the catalytic activity in the hydrodesul furization

test of S ' c

acti vi ty ?d(rﬂg%iés UV@H gth %oxr‘lésﬁlelﬁ ngx}EC QEMEB{?M;@ y%?ﬂﬁ?ﬁ/@&)eﬂ gr aph
show ng, .t content t| tani a and the titanja-localiza | nde f the
ol ded Hhe ﬁtﬁegu@f Selo/a Mg TR O Rrona ﬁ@tanpagﬁtwr%@pﬂn f Exanpl es
5-10 and Conparative Exangl es 7-11. Preferred Enbodi ments of the Invention
Thi s i nvenfigr® u lal chartdebowibgdheoresdteiof Xrehywlifftdeticf performed arhe
acconpanyi ng exanpl es, conparative exanples, and test exanples. In the

fol I ow fige %ﬁﬂ@édpéﬂtme of thRiun® bxidé pr@pmdﬁﬁom%%p@ﬁtré Ebtﬁmgte @ herw se
noted and "L" stands for liter. [Exanples 1-4 and nparative anpl es 1-6]

Exanpl e 1 #f&* 04'Y SR s]l‘i!bwmg the results of X-ray diffraction performed on

molded article of alumina prepared in Comparative Example 6.

Fig. 11 is 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 ftitanium 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 aluminaftitanium oxide
prepared respectively in Examples 5-10 and Comparative Examples 7-11.

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

Fig. 16 is a graph showing the catalytic activity in the hydrodesulfurization test of

gas oil.



An al um na 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
alumnumnitrate and the solution B was prepared by addi ng 2440 g of water
to 560 g of sodiumalum nate. To a 15-L enanel container was added 2.5 L of
water and the water was heated at 60 Cwith stirring. To this enanel

contai ner was added 180 g of the solution A and maintained for 5 m nutes.
The pH of the synthetic solution at this time was 2.5. Next, 200 g of the
solution B was added to the aforenmenti oned enanel container to change the
pH of the synthetic solution to pH 9.0 and naintained for 5 mnutes. 25
Ther eaf t dig. 1Thés apgraphi showingthe tdontentfofditaniagarid the titdniahecalizationandéx t o
change the pHto 2.5, maintaining the mxture for 5 m nutes, again addi ng
180 g obf tHeemmided adticl®s 0b altimingditahienp bxide Prepanrdd respectivelyin Examples ur e
for 5 mnutes was repeated three tinmes. A dispersion of alum na hydrogel
cont ai nbrtp aid @ampéarativeExamplesprddared in this manner. The alumina in this
al um na hydrogel was needle-shaped in its TEMimge and showed an aspect
ratio (length/width) of approximately 10 and a I ength of 40 nm [Depositing
step] The dispersion of alum na hydrogel in an anmpbunt of 2000 parts was

kept at PeefegedlEmbealiments otibiel laventiosi | i ca contai ning 8% of Si2 as a
particle growth inhibitor was added and t hen hydrochloric acid as a pH

adj usting agent was added to bring the pHto a point between the

This invention will be described concretely below with reference to the
accompanying examples, comparative examples, and test examples. In 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
ipH 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.



I soel ectric point of titaniumoxide and that of alumna, or to 7.5 in this
case, in order to unite titaniumoxide chem cally and/or m croscopically to
al um na which constitutes the conposing el enent of this invention.

Follow ng this, 97.7 parts of a 37.9%titaniumtetrachloride solution and
14% ammoni a water as a pH adjusting agent were added sinultaneously and the
reaction was allowed to proceed for 5 mnutes while maintaining the pH at
7.5 and t Thereaferatie eparatiot conagstingofladitingel 80fg bAyke soluponodto

titani um oxi de. The hydrogel of |ayered porous titanium oxide thus obtained

was - WashftbaMid piRLE |r2.5,f 1l digt 8hinBHECHix ARG i B Huthe) Gehoh a%ld]ﬁgr .

[ Cal ci ning step] "The | ayered porous titanium oxide obtainedIn the

deposi tj st wa 26 placed in Q d calcined.at 5000C fgor 3 hours
tor ot veldtigaitahe Syticn B fEiRahe taditodanid afafithiatng ER8 ordiug, "th <
| ayered porous titaniumoxide_are shown in Table 2 below Exanple 2 Layered
por ous for thaminitex whs yepeatadpihree timesprepared as in Exanple 1 with the
exception of adding 3.6 parts of the colloidal silica and 146.6 parts of

the 37.9%4 idi@pé%ﬁbhebfaﬁlﬁxﬁiﬂlﬂeh?df&%éloﬁonﬁ‘iﬁiﬂg 088 gifesoPTAlLME swiagyer ed
porous titani um oxide are-shown in Table 2 bel ow. Exanple 3 Layered porous

titani i Bx: ad .as,.i m.: 1w e ception
of add;ﬁr?g%rgapgét ?ﬁ %F% %%ﬁgﬁﬁﬁjgﬁg |acznan ISE@%%;%MS&%#%? he "37. 9%
titaniumtetragchloyid i.on. The properties of this |layer I

t : t an: u@qqgﬁp ap lghgwﬁ'?‘lﬁﬁlpgtﬂge an, " p. e Iansaspect ratio (ﬁa){l W?(?th us

of approximately 10 and a length of 40 nm.

{Depositing stepl

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.
[Caleining step]

The layered porous titanium oxide obtained in the depositing step was
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Exanpl e 4 Layered porous titani um oxide of Exanple 4 was prepared as in
Exanple 1 with the foll owing change in the procedure: the silica hydrogel
obtained in the "pH swing step 2" described bel ow was used in place of the
al um na hydrogel as an inorganic oxide, 2500 parts of the silica hydrogel
di spersion was added, the particle growth inhibitor and the pH adjusting

agent re nat added, an 9% titaniumtetrachl oride
sol ut i dNagad 1RnFBAVEAR rcﬂi@ﬂ'@dg ;5@ ag(: fIBH%AﬁBBFﬁéQrgWﬁelaD@B% RAPYE  poi nt
of silica and that of titanium oxide. The properties of this |layered porous
titani witanivge exales hefvwExampdbl é. 2Thel propépittswwihgd s epayretio pordsL
enanel container was added 5 L of a solution of sodium 27 silicate (JI'S No.

3) withy @a&%% ?&.@@h%fwr}gggg{tﬂe IAh&owe! ution was heated at 50 Cwith

stirring, uric acl tion was added to bring the pHto 4, and
t he mxturﬁ waslrr%l ntained for 5 mnutes to give a slurry of silica

hydr ogel e operation consisting of adding 400 nL of a sodium
silicate solution with a concentration of 250 g/L to change the pHto 11,
mai nt ai ni degagteredniporane tisanhomnioxide sof tElganm:;Sdl Rg vea2 09sepdriedr ias inci d
solution to change the pHto 4, and naintaining the mxture for 10 mnutes

was repEghffplé I Witk thé éite%@%fo&i eNading 13.6 patys P ERk &ﬁlﬁi&apbﬂﬂsazﬁna g/ L of
silica was prepared in this manner. The silica in this hydrogel was

sonet Pl 8 EaActEm ARG PR P O B ThY el o,
FolTow r1118tlayered porous titanium oxide are shown in Table 2 below.
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 2]

To a 20-L. enamel container was added 5 L of a solution of sodium
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procedure of the "pH swing step"” as in Exanple 1. This di spersion of

al um na hydrogel in an anount of 2000 parts was maintained at 60 C and 3.6
parts of the same colloidal silica (particle gromh inhibitor) as in
Exanple 1 was added and the pH was adjusted to 7.5 by hydrochloric acid.

Usi ng the dispersion of alum na hydrogel thus prepared, titanium oxide was

deposited o L ha at pH which is. off ran specified by thi

mvent ot GIY MO o vuitea chaconigtion otad @ thesBlGhon wagdented:
alumina and that of titaniumoxide as follows; 48.9 parts of a 37.9%
titani uh 5@t Cavhitlostideing| at2086 sdfirdadeid solukiongvahadided bo bringtthen 14%
anmmoni a water (pH adjusting agent) was added to change the pHto 7.5 (one

PH swi nepT @4, hAdStHRHE{ife PRI AdidRalis] FOPSANSHUESY t& ivh 3 strrgtﬂﬁr ee
times (three pH swngs) to give a precipitate while keeping the 2

t enper at.yre at ,60 tching the pH to .the preschihed el tby fFinely
controrfiliig PRETdaeT. NexE the pReidlion: rideishod RaattnE ATY mlr ot Al e vas
washed with water, filtered, nolded, and dried at 120C for 3 hours. The
nol ded soding eilicadefsplution withca sencentyatiax af268 g/L twchange shemdde
article of alum na/titani um oxi de of Conparative Exanple 1. The properties

of thi slyohdddtairing! thereiaheanforn] Jaalisutes) efhom aﬁ@lﬁfﬁ?@tﬂ()% Sxldapice 2 The
sanme di spersion of alum na hydrogel containing colloidal silica (particle

growt h i nRi bi ]]!M%Fo irC i k- rati le 1
showed %agl-?(gm@%iiﬁ%on dlﬂéul3 %\Ho%@%gér?%é salcl)ﬁmg) ggag%é kﬁlﬁ'team%a
tetrachl ori de sol ution a&% t.he pH changed to 7.5 upon addition of 14%
anmoni SOARHESS WES reeaded {gh t). This pH sw ng operation was perforned
at .60 Cto give a precipitate.

' A glispersion of silica hydrogel containing 28.9 g/L of silica was 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 isoelectric 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

28



The precipitate was washed with water, filtered, nolded, and dried at 120C
for 3 hours. The nolded article was further calcined as in Exanple 1 to
give a nolded article of alum na/titanium oxi de of Conparative Exanple 2.
The properties of this nolded alumna/titani umoxide article are shown in
Tabl e 2 bel ow. Conparative Exanple 3 The sanme di spersion of alum na hydrogel

contai ning colloidal siJlica, (particle gr h i nhibitqr) .and drochl oric
acid astemaperatnresi @ Sbi aad matching t esn%ﬂae memngeéaiaﬁ@ﬂgacﬁm on of
14% ammoni a water and the pH changed to 7.5 upon addition of 65.1 parts of
a 37. 9%dntralingnthé emaaht of tHe pdbladjustingogemithdaédg) . This pH swing
operation was repeated for a total of three tines (three pH swings) at 60 C

to give a s . r £cipi S | ter 1fid tered,
mol ged, arrlrc}?egpilil égﬁjé?é%g%%sf gﬁﬁgeﬁoﬁ?ﬂsl‘f_’ eirm gg’ﬂéﬁﬁ glglg eCI ’\I;\hia%@f(ﬁ??%e#

cal ci ne LN ampl e to.qgiye a. | ded.article.af alumnaltitani ym oxi de
oF Comta Gt b Elise The iilded Baficlt Mits Birthef SHGPEBARIT BRI 1ohon
in Table 2 below. Conparative Exanple 4 The al um na hydrogel of Exanple 1

was wastoegive a moldedr articletafraduminadtitaniumrixadeaf Geoparative Rxanspleand
then cal cined at 500C to give an agglonerate of alum na. An aggl onerate of

titani umPKegaopestiak ¥ this eislted A%idle age shamah iMeTdblambelow.t 0 be

described later. Using an agate nortar, 71.5 parts of the aggl onerate of

alum na a wReRar aggl onerate of titani um oxi de were ground
t oget her t omé?xggtl&%tﬁﬁgﬁflp&%}%m de/al um na m xture of Conparative Exanple 4

contain ) . . . . . .
J 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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28.5% of titanium oxide and 71.5% of alum na. The properties of this

m xture are shown in Table 2 below. The alumna in this mxture is needl e-
shaped in its TEMimge and shows an aspect ratio (length/w dth) of
approximately 10 and a length of 40 nmwhile the titaniumoxide is

spherical and shows a particle dianeter of approximately 7 nm Conparative
Exanpl e addition of 12.5 parts of the sane colloidal silica particle
growth P Il'eﬁﬂﬁg #t%r as used in Exanple 1 to 1100 parts of water kept at 60C,
the pH was 7.5. The pH changed to 1.5 upon addition of 330 parts of a 37.9%
titani um Hhet paesipstateeweasl waisbadawtth meater Eiltargdd moldeds a(zmh aliped ati ng)
upon further addition of 14% anmmonia water (pH adjusting agent). This pH

30 sw nREeefat 3 ivures Thepealded eticke Waifurehet Rabdnkedn®s it ExA0phdiIsw ngs)
whil e rratchl ng the pHto the prescribed |level by finely controlling the

anmount u t |

obt ai ne glﬁ%sapﬁlﬂ?llﬂgg gﬁ&g&g Oﬁgm%[%ﬂﬁgaﬁla% @@emli‘%’ratf&fﬁ’% ggﬁg&?@at ely 7
nmin its TEM i nage. Tespherlc tlcle of ti i.um oxj de were washed
wi th wed-eFhe prppestieg of fhisimeld &dlrami%ara hgw%lg below. Further, the
spherical particles of titanium oxide coll ected by filtration were cal cined
as in Exdimhpatativegixamadeaggl onerate of titani um oxide of Conparative
Exanpl e 5. The properties of this agglonerate of titanium oxide are shown

in Table |94 e T y
addi ng 20%1‘5}% agﬂ’mmxlaﬁtag}é}?tﬂgé ¢ oﬁm{ﬁhﬁlé 1T5fasS Y dbHed wAtHow abE £ PRIt 8o d

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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alumnumnitrate and then the solution B was prepared by adding 2440 g of
water to 560 g of sodiumaluninate. In a 15-L enamel container was pl aced
2.5 L of water and the water was heated at 60C with stirring. To this
enanel container was added 180 g of the solution A and naintained for 5
m nutes. The pH of the synthetic solution was 2.5 at this poi nt Upon

addition of 200 g .of the soluti e fore ntioned ont ai ner,
the pH WW&QP@?-’% 1HEtWéSsr&IP&@iE°%‘ir}8 8@@3 @U@e He%h eiHii‘%@tl!r SW\J\)&%‘S

mai ntained for 5 mnutes. Thereafter, the operation consisting of adding 180
g of thehslel matwhidgt the glinge thlaeppeH;drtbeZi Sevelnibyt finelygedriteolting whe for 5
m nutes, then adding 180 g of the solution B to change the pHto 9, and

mai nt ai gy h h e
al um na‘illth‘l%glsl,rlt to t al né}H \%E%J%\%lgf'sr%egé\?\nﬁ? hr!EHiv\c/get%1 e\r/\H§ thﬁ??%ﬁﬂe%fﬁ&gf,dﬁgﬁ)gdg‘l ed at

o gi vavasmtevnad ol osphenfal RatsriRe St AL o hetiir o amagE OF © T
properties of this nolded al um na article are shown in Table 2 bel ow

[ Tabl e 2pryrovimately Tremeirptscl Bpbamrage. Mechani cal  deposited surface
strength titanium sharpness volune area (SCS) oxide (% degree (%9 (mJg)
(n2/) kol e Bxsigheall phaticldd df. 6RAndIM bxidei wede2%a@héd Gvidh2wistdrl. 1
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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3 28.5 71 0.571 317 1.3 4 23.0 89 0.863 412 0.8 Comparative 23.0 79 0.546
289 0.9 exanple 1 n 2 28.5 78 0.537 263 0.8 n 3 28.2 45 0.503 279 0.8 n 4
(28.5) 39 0.490 259 - n 5 (98.5) 78 0.324 140 0.6 6 (98.5) 78 0.576 314 1.0
(Not e: anmpount deposited titaniumoxide in nparative Exanple 4 or 5 is

act uaI |y the existing amount of titanium oxide and that in Conparative

Exanp 6_is.actually the existing, ,anount of alum na.) [Evaluation tests]
The sp ?ée‘ﬁénﬂg‘%saW%&'qpﬁaiﬁ‘g%iﬁ%gé}@ﬁ% oned Exanples 1-4 and Conparative
Exanpl es 1-6 were eval uated by the follow test net hods. X-ra

di ffracti die Themspacihmes oldaimaliwasl Wmshmgorv\ﬂthr watenyfilieredacn

(XPERT SYSTEM APD 1700, available fromPhilips) and its diffraction pattern
was okl Aefkd 2b€ 205S Uk S3 MoRirS NI hdldedrtikld vad herthdda lciddds 32

di ffract ometer was oper at ed under the followi ng conditions. 1. Setting Mde

of SaMCRRhAde 1 2 %ive MR Lrti QY Ahmhdlof CUAPELSLvBRIHEE St

angl e:

6. The properties of this molded alumina article are shown in Table 2

below.
[Table 2]

Amount of Pore Pore Specific | Mechanical
deposited surface strength
titanium sharpness volume area (SCS)

: degree (%) (mL/g)
oxide (%) (m?g) kg/mm
Example 1 16.6 78 0.600 335 1.1
o2 23.0 75 0.562 342 1.1
no 3 28.5 71 0.571 317 1.3
o4 23.0 89 0.863 412 0.8
S}famnf&‘;a“i"e 23.0 79 0.546 289 0.9
noo2 28.5 78 0.537 263 0.8
73 28.2 45 0.503 279 0.8
W4 (28.5) 39 0.490 259 —
"5 (98.5) 78 0.324 140 0.6
"6 (98.5) 78 0.576 314 1.0

(Note: The amount of depostted titamum oxide in Com garauve Example 40or 5
1s actually the existing amount of titanium oxide and that in Comparative
Example 6 is 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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.End angl e: 80 Step size: 0.02 Step tinme: 0.4 second Scan speed: 0.05/sec
Nunmber of steps: 3750 Total tinme: 25 m nutes The main peak 20= 26. 5of
titani um oxide (anatase) is detected not only in Fig. 9 which shows the
results of Conparative Exanple 5 relating to titanium oxide alone but al so
in Figs. 5-8 relating to conparative exanples. However, this peak is

det ect ed. not , cl ear| in Figs. ,1-4.rel,ati to Examples 1-4. This indicates
t hat ti&léﬁia&ﬁ?’@??% as t@émd%ﬁ;%fo%wmg% ey united to the
aforenentioned inorgani c oxide in Exanples 1-4. [Cbservation by TEM Wth

the ai d ofl.®ettgsm ssion el ectron mcroscope (TEM EM 002B, VOYAGER M3055,
avai l abl e from Topcon/ Norl an Instrunent Co., Ltd.), an 1inage at

2,000, 000- f oMo d@ 8P shirsllel R g8aBote@Yf i rmed for each specinen. In each of
conparati ve exanples, spherical prifmary particles presunmably of titanium

oxi de crystahs whth | at.i ce,spacing of 0.38 nm 33 were confirned.
Particul arl yﬁ%ﬁﬁgﬁgg?ﬁ}gn&aml e 4, a condition indicating m xed
exi stence of _distinctly spherical primary particles of titanium oxide and
needl| e- shabdipraneters measuuedbl y crystals of alumina, was confirned.
However, spherical primary particles of titaniumoxide were scarcely
confirnmed insaimh%ise:ﬁ"and 2 and they were not confirmed at all in Exanple
3. This indicates that titaniumoxide is chem cally and/or

End angle: 80 °

Step size: 0.02 °

Step time: 0.4 second

Scan speed: 0.05%sec

Number of steps: 3750

Total time: 25 minutes

The main peak 26= 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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m croscopically united to the aforenentioned inorganic oxide in these

‘exanpl es. [Mechani cal strength] The specinen was tested for the nechanical
strength according to the follow ng nmethod. The nechani cal strength was
measured in conformty to the test mnmethod for the side crushing strength
(SCS) relating to cylindrical desulfurization catalysts by the use of a
Kiya type strength tester. One hundred sanples, roughly equal in dianeter
and 3. 5weve 4canimmied. | Bagtionlaslgr én d Comipiratave alxanaple t4steecomdation one; a
| oad was applied to the sanple at constant velocity and the | oad at the

time ofjfieatiage Mbed ExisterkePyf t @fstlRRG} NsHeribf] THIRIAyv Daardlges asf SCS.

The test results are shown in Table 2 below. [Characteristics of catalysts]

Hydr odesul furi zat.i;on catal wst s, for pgt.rol eum fract;i;jons r ared by
dopos: 1 PR S8 el ShoBraRBicesy ko LBHPIS A S B RRER LS.

obt ai ned in Exanple 3 and Conparative Exanples 2, 5, and 6 as follows. The
hydr ogewagr epaficmeds Heargies, 3phericedspeumary npartieles of Ititaniam exide
dehydrated until the solid content becanme 20-30% The hydrogel was 34 then

t hr own Wér@%caﬁ@@g@rﬁﬂméd 9A Eeatiiles Ndaad®andniney arsreyhiseenfireridn! t
nitrate, and phoshoric acid (that is, an aqueous solution containing M,

Co, and : ' r har . Lt ere r ogel
i mpr eg n%f))g(ljl l\t/rmpw}écg‘t gﬁ?fssfﬁdﬁlgé g%sﬁ%tsﬂlﬁ%ﬁgie%, (g%lrdl% gig ‘219@%‘&5’1%9’ hour s,
and cal ci.ned at .5 C for ;3 houyrs t ive a MoCoP catal yst ., .conpri.si ng M,
Co, and@%@ﬁ@?iqﬂgg’ dhnﬁséeﬁ‘édﬁpﬁ)r%ﬁggmﬂmﬁﬁ Jnogganic oxide 1 these

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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(catalyst A). Likew se, the calcined |ayered porous titani um oxi de prepared
‘in Exanple 3 was inpregnated with the aforenenti oned aqueous sol ution
containing Mo, Co, and P to give a MoCoP catal yst conprising M, Co, and P
deposited on | ayered porous titanium oxide (catalyst B). Furthernore, the
hydrogel s prepared in Conparative Exanples 2, 5, and 6 were processed as in
the case of the aforenentioned MoCoP catalyst A to give MCoP catalysts of
t hese CGlmpatitawe iBamplgesotsmnl itiongetitainGig ammioRldappsaranblghdateri er s
derived fromrespective hydrogels. The catal ysts conprising the speci nens of

Exanpl €ohad i AB25AU YRoskdtRlEd (Bhab ,is,aiﬁ'ﬂ fy P bethitidn eBhthBlihgher €

tested for their catalytic activity as follows. [Hydrodesulfurization tests

of gas gi|l]~The h dgsul furization of.ga il s cargq.ed out |

i ohe prilos G0 S PRV B alkedR ok RtiaBl S St ciliErednand det  on
pressure, 5 MPa; reaction tenperature, 350 C liquid hourly space velocity,
2.0 h -hydrogel impregnatedypwitbgére catalyeti metats veasomlded, dnedcat A305Es used
in the test were all subjected to a sulfidation treatnment in advance with

gas oi | forh®@dmowrsyldnd catuihedtah8000¥€eford bisied ﬂooﬁa:eS% MoGel ddtaiy stf
di met hyl disulfide. 35 The results are shown graphically in Fig. 11. It is

ot al yoabBEAP R [P AT P ep e MyeEf BOAR sttt 286 oxi g
al one m}gg;{yegén Conpar ative Exanple 5 and the properties inherent in

titani Fe fully mani fested. [Exanples 5-11 and Conparative Exanpl es
7-16]

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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[ pH swing step 1] An al um na hydrogel (inorganic oxide) to be used as a core
was ' prepared as follows. The solution A was prepared by adding 1660 g of

wat er

addi ng
cont ai
stirri

1 B — N

to 740 g of alumnumnitrate and the solution B was prepared by
1952 g of water to 448 g of sodiumalumnate. In a 12-L enanel

ner was placed 2.0 L of water and the water was heated at 60C with

ng. To this container was added 144 g of the solution A and

mai nt alhedrasudtsbans showmn gigehishllyfint Kig.shint hetic solution at this tinme was
2.5. Followng this, 160 g of the solution B was added to the enanel

cont ai
for 5

sol uti
again

the m
hydr og
al um n

Conpar
alum n
col | oi

nerytia tt fHonp thebe tBSuRYthAG!tHe §oWFhAZatROabtioRy RLIY ai ned

m nutes. Thereafter, the operation consisting of adding 144 g of the

on

Aitngts mEP G bt Fai et i FORRAARES o g el bl oRidh (i o g

xture for 5 mnutes was repeated three tinmes. A dispersion of alumna

slonsprapared) in7Cgmparrativio Gxample prapdrtde propentiesiimheren

a in this hydrogel was needl e-shaped 36 in its TEMinmge and showed

an aspeghniwi oxideemss fullw dhsmifestedappr oxi mately 10 and a length of 40 nm
ative Exanple 7 [Depositing step] To 1000 parts of the dispersion of

FERUERAE S ) U PRLA PO BAU B SREIAY 74¢]C Was added 0.9 part of

[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 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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a particle growh inhibitor, the pH was adjusted to a point between the

I soel ectric point of titaniumoxide and that of alumna, or to 7.5 in this
case, by addition of hydrochloric acid as a pH adjusting agent, then 52.0
parts of a 37.9% titaniumtetrachloride solution and 14% ammoni a water as a
pH adj usting agent were added sinmultaneously, and the reaction was allowed

to proceedfo nutes whike I.ntai ning the 5.and;th
tenperépur @an MAgE | réga (ﬂdgug 0 Sﬁﬂﬁ ﬁ}ode( ﬂj‘ﬁ’tcﬁi}ﬂed)
washed with vvat er, filtered, nol ded and dried at 120C for 3 hours.

[ Cal ci rﬁpm'om@mtelvné0|aaybadqng&n@ﬁ§0tmmanu um oxi de obtained in the

depositing step was calcined in an oven at 500 C for 3 hours to give

| ayer ed pqrdme_ atatiasiRxamplel§ of Conparative Exanple 7 and its properties
are shown in Table 3. Exanple 5 Layered porous titanium oxi de of Exanple 5

was pr rrparatlve Exanple 7 with the exception of adding 1.8
parts Wélﬁﬁ s[Ee silica and 65.0 parts of the 37. 9%titani um

tetrachlo qutlona Is prope s are shown in e 3. Exa | es
6-10 37 TH® %@Q.wﬁg obtt Txeaé@p@aswar@ﬁg wininA R Eseel dhor Eizﬁweésaa 10 were
prepared as in Exarrple 5 wth the exception of adding 2 7 parts of the

col | oi dadpt st 60CG wad attnh0:Sgpaticoficulésidabwsilita cbntdinifg. Sodfi S am

tetrachl oride solution fromexanple to exanple, that is, 77.0 parts in

Exapl g, ?yarélf&% %JB%%;S bﬁlﬁlﬁﬁiﬁ”&h@ gl}mvf@eé -a%@f]efgfé Itéra '%E?Egﬁl?'l?et%vee]rﬁhg parts

I n Exanple parts’in ertres are shown in

Table ?isoelectric point of titanium oxide and that of alumina, or to 7.5 in this

case, 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 step]

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 Comparative
Example 7 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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Conpar ati ve Exanpl es 8-10 The speci mens 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 changi ng the added anount
of the 37.9% titaniumtetrachloride solution fromexanple to exanple, that
I's, 235.0 parts in Conparative Exanple 8, 310.0 parts in Conparative

Exanpl e | hat 1% Ri1 fE5 QB 0 | Niré are
Chomn ("5 OGRS [T Uy paRRUS URIORE of Ea3TEIES POE RS, S

is 0.5 d)ras”iﬁrExéﬁfgle@Withpm@i ERGSptin GPBBAINY RV paranel e caldal
Exanpl es 5-10, but it is 0.5 kg/mm or less for the specinens of Conparative

Exanpl egjlica 4Ad Thangiid 8w bddeatarbbunnef tN3PP% fiRaniupt tetfactofige oltion
catal ysts. Exanpl e 11 Layered porous titanium oxide of Exanple 11 was

pr epar efiomSexdmpieatnd arhpla)jithdt ishE7 Oxpans irp Exafndalé g1 0@ pairts| iﬁEkaﬁﬁﬁagel
obtained in the pH swing step 2 to be described below in place of the

al um naz h26. 0gqrirtsAn mmpm 82155.00¥artein Bgample 928AdPIEY.O pattstineExErmpRY Si on
of silica hydrogel, omtting the addition of the particle growth inhibitor

and the1(p_H'm1'rpﬁj,jgﬁeggﬁ@ghownammgg;_?& 3 parts of the 37.9% 38 titanium
tetrachl oride solution and amoni a water at pH 4 between the isoelectric

poi nt of Gurhpgratiee Exdmplesf8-110t ani um oxi de. The properties of this |ayered
porous titanium oxide are shown in Table 3. [pH swing step 2] In a 16-L

enanel c{inesdpevimens oflawerddfpdrons titariainibxides of Gordparativel E l6s7830 No.
3) with a concentration of 100 g/L, the solution was heated at 50C with

stirri ngere prépatesiiabun Exaenplesd| with thevasgceptited of addding 2.7 hgastsl ¢fothe and
the m xture was naintained for 5 mnutes to give a slurry of silica
hydr ogetolldiadil sifidangnd lchangirtethe 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. 14, 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 agent, and adding 73.3 parts of the 37.9%



operation consisting of adding 320 ml of a sodiumsilicate soluition with a
concentration of 250 g/L to the slurry to change the pHto 11, nmaintaining
the mxture for 10 mnutes, then adding a 20% sul furic acid solution to
change the pHto 4, and maintaining the mxture for 10 m nutes 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 dianmeter of approximately 10 nm

i1 ca Tl iR odde %ﬁﬁﬁ?b@i#“@?“&%éf@i?ﬁ%éﬁpﬁib%sﬁ&“%A%@%’eﬁ}"f?%' 1000
o 15 oibf ot Shd o3 GeRim b8 ST BrierSE HEthis Paydied porsisna®
sol uti C{ﬂaﬁfﬂl‘iin bgg}eog}ecmﬁqln t-r%Pfe g upon further addition of 14% amonia

wat er as a pH adjusting agent (one pH swing). This pH sw ng operation was
repeated for a total of three times (three pH swings) while matching the pH
to the prescribed level by finely controlling the anount of the pH

adj usti . In this manner, titanium oxide was obtained in
spheri c%%gﬁﬁécsrgggghowi ng a particle diameter of approximately 7 nmin

t hei r TEM 'Prqag_?_. eﬂﬁgeg rggﬁ{%ﬁg} B ;%15%%&?4281‘& cé F«g:!litgﬂ]eﬁ bS&iup‘? %ﬂﬁé@éﬂ@ggs with

wat er tered, ours. Fkurther t he

spheric i j } ind fd-Mhiticdr i ° " a5 in
e by TP Pangind A RO G Al ettt e Sos,

Conpar aj i208, iRt acld sol iR rPiaBddedPtdbrihg ithie F1HI S BE TMePtHe nixtufd Weg
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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oxi de are shown in Table 3. Conparative Exanple 12 A dispersion of alum na
hydr ogel was obtai ned by the pH swng operation as in Conparative Exanpl e
7. This dispersion in an anmount of 1000 parts was kept at 60 C, 1.8 parts
of the same colloidal silica (particle growth inhibitor) as used in Exanple
5 was added, and the pH was adjusted to 7.5 by hydrochloric acid. Using the

resultin gi spersiQn, ,{itani.um oxig was deposited on alumna at a pH
out Si dé”g% ep ﬁ’&eé% e@i’?i@ Wapﬁ? ﬁ.?'nvention, that is, outside the range
bet ween the isoelectric point of alum na and that of titanium oxide as

foll ows. The pH changed towlb dpopoaddidiin o308 pastoof 403FH%titdnimm7. 9%
titaniumtetrachl oride solution and the pH changed to 7.5 upon further

addi ti qRiPichlfMdRnEdlitrahd t1R6 ng RHa3dedStd % ARl faPftfer REHRMSAQY This

pH swi ng operation was repeated a total of three times (three pH

SW ngs) lve a.precjpitate I | q. keeping the tenmerature at 60Cand

ot o i BreoBid vRetd a8t B efuiaiE, Redle AL AT BMiRED ThE Bount o
t he pH adjusting agent added. The precipitate was washed w th_water,

filter eingpaerationdvasirepeated fone tatal ofithuee times (three pHrawingshwas

further calcined as in Conparative Exanple 7 to give a nolded article of

al um naghileamatehing dthe pH Gomphe apregeribednideel1By fihelyprcopgrslliess ehet hi s
nol ded article are shown in Table 3. Conparative Exanple 13 Upon addition

S TG 4 i BEARUER HERO T B AR i e
was obtained in spherical particles showing a particle diameter of
approximately 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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(particle growth inhibitor) and hydrochloric acid as used in Conparative
Exanple 7, the pH becane 0.5. Upon further addition of 14% anmonia water as
a pH adjusting agent, the pH changed to 7.5. This operation was perforned
at 60 Cto give a precipitate. The precipitate was washed with water,
filtered, nolded, and dried at  120C for 3 hours. The nol ded article was

further caIC| ne anple .7 to | ded e of
al uni ngaxt @Qﬁl%%m&ga Pr%(~ ﬁqﬂgé whoe "1133 t¥‘|¢ep £¢ §0 this
nol ded article are shovvn in Table 3. The results of Ranan spectroscop| C
anal ysiupomphdtthierchdditicanphid 404 wen mBxaaw tek3a s acp Hxadpistirig agens ome i n

Fig. 12 for corrparison The 41 typical crystal peaks of anatase were

Observﬁﬁg ra¥fon WA a%éd%?raetéﬂa‘l%'f't!&%% ggWas
out det

deposi range b tween the t |soe ectric points. wever,

the cry ks .of atase were na at_al | t he case of
Eanpl dbremBEL SYifgs A GXFdb MGl i Keeping s Foarant &

i soel ectric points even when_the sane anount of titanium oxide was used in
the twbElaaptevatekingtizxahpite Bie prescribedlevelporitinay contralinguthe not
observed in Exanples 6-11. Conparative Exanple 14 The sanme di spersion of

al um nampdheeflthe R aldjustinghgge® hddedl silica (particle growh

i nhibitor) and hydrochloric acid as used in Conparative Exanple 7 showed a

P oo STREBSR RS TR AR, s PRSI AR 2, U0
mspagqugg%q T 500 SWopg gpsaayon, yas perferied for s total of three
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

41



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/titanium oxi de of Conparative
Exanple 14. The properties of this nolded article are shown in Table 3.
Conpar ati ve Exanple 15 The al um na hydrogel of Conparative Exanple 7 was
washed with, water,, fiJltered, nolded, dtied .120t for 3 urs, and then
ol o; néibial 5oEak Reaks Of GHiatgEe oRErOBSEVEl rkiths cambonl CORBATAITE of 't he
af orenenti oned aggl omerate of alumna and 20.0 parts of the aggl onerate of
titani Brample 18fwhenpirtanivm exsdepwasidepositedeoetsjdedhe mnpabetseén an
agate nortar to give a titanium oxide/alumna mxture of Conparative

Exanpl ehdltvw@Ricd1Btige $RiRls. HoweveaNtdncpyitdd Ptk S6f @¥arhsalwdieraot The
properties of this mxture are shown in Table 1. The alumna in this

I Xt ' dl e- inijits T ' d_showed t ti
T BReE A SR B, B R PRa he,
hand, the titaniumoxide in the m xture was . spherical and showed a particle
di amet &epopitedpabri pEk beyweenrthechwpasaelegtripoipte evenrhesvthe isema was

prepared by adding 2075 g of water to 925 g of alumnumnitrate and the

sol uti eimBundsfpitepined oxydedtinased48 theofwowaimnples. %6019 Bxtamede Bn
alum nate. In a 15-L enanel container was placed 2.5 L of water and the

\ A Is | . dded 180 f
the saPRTaRCR trde & Rphd, Mok gt ki ReRkIpE R 1PS OLET 0 0 °

sol ution 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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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, nmintaining the m xture
for for 5 mnutes, again adding 180 g of the solution B to change the pHto

9, and | Nt al ni t Lt e for ' e r gpe ty: ...The

al um na‘gﬁ&us%@ggne v\/arngi&V\r}g/al!"ghe%l w.a{rihr%‘*%r, | rergéé, gin‘g%jdéd,ﬁg%gm(ﬁrgi ed at
120C for 3 }uiur s. The nolded, article was further %gl cined as i nparative
Exanpl @xide@lgminag misityse of Gamearatize JBxampe &bgantaining PebI16. The
43 properties of this nolded article of alumna are shown in Table 3. The
mai n peatamin i dddeummd 8@ 0% af atlassinardEhe qirepesticato28hms2mikbure tare peaks
of alum na at 46.0and 67.0 when the specinen of Conparative Exanple 16 was

rreasuresqt win"PybId! 1 'TRE H18MhinAUn tH8SAIPRAES sH Ced1Ris YT 1 Ht<° ly in

Exanpl e Thi's I ndicates that the crystals of titanium oxide on the surface
are toa_ snall tqg be detected by X-ra th ar.e _anor phous, i n.Exaymple 5. A
conpar HEXAES 8pd thowed n aspsetatig UFhethiradth) of nauora st sl AZHLe: ve
Exanpl e 16 and Exanple 5 is shown in Fig. 13. As in Exanple 5, the peaks of
titani Uengthdf 4kna. Qo thehotherchand, thepateative oBiderph ¢he maxtubeawmalses

6-11. [Evaluation tests] The specinens obtained in the aforenentioned

Exanpl efpheridaload Gompaidh ipstich diRn@ser oﬂ_ﬁpp@éﬁrﬂﬁﬁé_l a ggpaccording to the

test nmethods to be described below. (Definition of titaniumlocalization
| ndex) 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, fillered, 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 Comparative Example 16. The



The amounts of alumnum (M and titanium (Ti) are respectively neasured by
the use of an X-ray photoel ectron spectroneter (XPS: JPS-9010 avail able from
JEOL Ltd.) under the followi ng conditions and the proportion of titanium
(Ti) to the sumof alumnum (M and titanium (Ti) or B =TiXPS /(Ti XPS + M
XPS ) was calculated. Measuring conditions for XPS X-ray source: MyKa
(excitation energy, 1253.6 eV) Voltage applied: 10 kV Emi ssion current: 20
m 44 Raropetiies gf thismalded antitle of aliiminag ar@l@mwnah'g’able 80 Sputtering: none
Then, the bulk m xing nolar ratio of titanium (Ti) to the sumof alum num
(M and t'nhsaamaumu:(ealg oﬁﬂltamlufmoxm (anatgselawasatielectad at A0r 26e5°and e um

| ocal i zation index (B/A) was obtained fromthe bulk mxing nolar_ ratio (A
and t hepeakspof taiumlrta‘ at Aﬁe(h ranﬁh QTBp°wmaa thet speaimenceb Corparative geampls A)

t hus obtained is shown in Tab (X-ray diffraction) The test for the
X-ray difwagmeasuiad bpocra&tctﬁmyonnbuh&leS@r peakare et detsclad i dearly in and
Conpar ati ve Exanples 1-6 and the results are_shown in Table 3. (Ranman

spect r oE¥apple Pnd hiivglicatas thalbesysials eblitepivmaide pardthe wyfaeeare too

spectrosco y by the use of a | aser Raman spectroneter (NModel NRS-1000,
avai | absallite ey deteotesh by ot-5ay or fheaes amarpheus dEr@neRIed 1A siemparison

of the results of X-ray diffraction conducted in Comparative Example 16 and
Example 5 is 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 Exampies 5-11 and Comparative
Examples 7-16 were evaluated according to the test methods to be described
below.

(Definition of titanium localization index)

The amounts of aluminum (M) and titanium (Ti) 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 (Ti) or B = TiXPS /(TiXPS + 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



Measuring conditions for |aser Raman spectroscopy Excitation wavel ength:
532.22 nmgreen laser (light source, JUNO 100S avail able from Showa

Opt oni cs) Laser output: 14 nW Spectroscope: single Gating: 18001/ mm
Exposure tinme: 20.0 seconds Accunul ated nunber of tinmes: 3 Specimen shape:
extrusion-nol ded cylindrical article 45 The results of Raman spectroscopic
rreasurementg ar§ s%ﬁn Table 3. (Mechanical strength) The test for the
mechani cal s#¥e 8? &3nducted as in the aforenentioned Exanpl es 1-4 and
Conpar ative_Exanples 1-6_and the results are shown in Table 3.

( Char acteriEhPBgié‘ftréatt@IkF@%)a@ﬁn Ot he specinens of Exanples 5, 6, and 9
and Conparative Exanples 7, 11, and 12 as catal yst carriers, M), Co, and P
(catal yst ngpatteringenieneleposited on these speci nens before calcining as in
the aforenentioned Exanple 3 and Conparative Exanples 2, 5, and 6 and then

£ tan um Suete (TRt R iR I PatiD 08 dPanin 10 Ro BROSAC of 0,
v s T ok St R A PO AT
P deposited on titani um

titanium localization index (B/A) was obtained from the bulk mixing molar

ratio (A) and the proportion of titanium (B).

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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oxide or alum na (catalyst BY The catal ysts prepared fromthe speci nens of
Exanples 5, 6, and 9 and Conparative Exanples 11 and 12 and those prepared
fromthe specimens of Conparative Exanples 15 and 16 were tested for their
catalytic activity according to the follow ng test nethods. (Test for

hydr odesul furi zati on of VGO The hydrodesul furi zati on of VGO was perforned
in a highmpressur p actor .under the follow ng con :

eact | on DRectAls f FEtm=t GaE R R e ar bEn Bt ale ThEFA HbUARIE space
vel oci t 2.0 hr-1; ratio of 46 hydrogen to feedstock, 400 NI/1. The
activi % of each catal yst obtained in the test for hydrodesul furization of
V& is graphically showmn in Fig. 15 with the activity of the catalyst

pr epar éMéd}mmicﬁllesﬁ-gggth)an of Conparative Exanple 16 taken as 100. It is
seen fromthe results that the catalysts of this invention (prepared from

t he SpecipgRn S ti b t ium
oxi de al ongi'lne Stteg%:o%pﬁt‘(?v%an@%h?ﬁ ﬁﬂr gﬂ?he pro%)@}'{h?%gga?n erg%t ml
titani um oxide are f ni f e arative npl.e.7, however,
there iadoxeTapBoRgd #xe{rppﬁﬁ i’gdéqlﬁpfiﬁ W%WPE‘@ 'ﬁnﬁﬂg ?ﬁ?e and
the desul furization activity here does not differ very nuch fromthat of

al um naeathsare(SheswnfiorTalylér ddesul furi zation of gas oil) The
hydr odesul furi zati on of gas oil was perforned in a high-pressure flow type

react or(mﬁqg{:téﬁgtlégbf@y)tﬂgsg@ndl tions: reaction pressure, 5 MPa; reaction
terrperature 360 C liquid hourly space velocity, 2.0 hr'; ratio of hydrogen

N Oy T BTG ST RGN
beqn a%;{fxtn% est 9 %1521nd 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
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by addition of dinmethyl disulfide. The activity of each catal yst obtained in
the test for hydrodesul furization of VG is graphically shown in Fig. 16
with the activity of the catalyst prepared fromthe speci nen of Conparative
Exanpl e 16 taken as 100. It is seen fromthe results that the catal ysts of
this invention (prepared fromthe specinmens of Exanples) show activity

Che’ pr BYdFobdy t%ﬁf%e&?%ﬁéﬁ%ﬁff@?{@%f-hﬁﬁ i‘%@cﬁy?f; %?@%N&Eﬁ@%%e b a:"

o . 7 1 : | . .
rulTy dbedestha Bydiofksulinetion of SSak . Sraphealb Shiouacina g, 4R vathlis ot °
differ ver ch fromthat of a m'nz% al one., Theftitanium_loc lization i ndex
def i necﬂthYWrﬁ then ysbiprepated fiomthe sregipen. of Gompaiativengxam ns,

as illustrated jn Fig.17, that the surface cannot be covered fully with
titani dakAB@StHD.Ti content is Iess than 10%while the proportion of

al um na decreases with a concom tant drop i chanical strength to bel ow
0.5 kg/ nthigrsess) o e EQSr‘&ﬁngrﬁq #@aaf@n&s&r} tgfsawreaﬁon (pEcR#Ed fram the
content is . nore than 60% as shown .,in Fig. 14. Mreover, when the Ti content
is nore¥PadiEens @ xama@ﬁ shiv 854w eaiprsablle tanthal of disanim oXide alandind
becone crystalljine_and there is éhe possibility of alum na not bei Sg
cover eddisaPmpasative Fxamplenduanditae pepertiasinhergntiinditpaiyen axige abe dully
titaniumoxide of this invention has _a regulated pore structure, a |large
speci f i Magiiestede A lemparaivexExample hdiwavelathers iseagihortage pétitaninm
excellently as a catalyst by .itself or as a catalyst «carrier and it is
conmer cPXife o fully cpversihesaligiing cpreansking Jesylwizalianactvity harerdegssnot or
exanpl e, in hydrorefini ng,qﬁ&ydr ogenation of CO denitrification of waste
gas, phdiffetueds jych fromdnehel alugina sipne.

(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'; ratio of hydrogen to
feedstock, 250 NI/I. The catalysts submitited 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 16 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

47



cli r1rr1 o1 11811 og I 111 g 41 roo tc-ot.- Nti -nt L'o 00
yY O3NNANNNNN"~SO Xb.ti Nm~pN""rnN 6i LOmco C5
4 C5 roF uVC NNMN-- --I1 NNNN S?5 +E~j """yam .) 0) Gu O
'bcVppc,~ms-co00OI -4-CvCcvcAa O pp

oxide to fully cover the alumina core and the desulfurization activity here does not
differ very much from that of alumina aione.

The titanium localization index defined in this invention is stipulated to be 1.6 or
more and this means, as illustrated in Fig.17, that the surface
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. 14. 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.



y +~ Nti YCOCOO .OrC ~~VII VII AIl a OR2 a<<(C Ccz 4 CECE
CEC C 40w LOOO M 49 What is clainmed is: 1. Layered porous titanium
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specific surface area is 100 n2/g or nore. 6. Layered porous titanium oxide
as described in any one of clains 1 to 5 wherein the inorganic oxide is a
hydrosol, a hydrogel, a xerogel, a hydroxide, or a hydrated oxide and the
titaniumoxide is deposited on this organic oxide. 7. Layered porous
titani um oxide as described in any one of clains 1 to 6 wherein the

I nor ganizthaPici8mes isynt hesi zed by the pH swi ng operation. 8. Layered porous
titani um oxide as described in any one of clains 1 to 7 wherein the
inorganic oxide is at |east one selected fromthe group of alum na, silica,

magnesia, 5P siljca/alumna, silica/titania, alumnalzirconia, .. .
silicalzi rcoﬁ?%ireda o8t ﬁ@&%ﬁﬁ&%{%{ﬂg@wg?fgamﬁo% o F PARIAI YR as
descri bgddé defiite @8R t1af su@fadd BBthé ih@rgdivhRideiwhekdif thd ARhBAN 0calR2ekiBR index

needl e- shaped or col umm-shaped. 10. Layered porous titani um oxide as

descri b A) merapsgnisd dyche catmy ofgtha prapogiontditsamum| (A)dp dae pom ofi thetdonstithenh oxi de

e . g N oh . i Lo
e ant aeen O 86 P RaE B3RS ER Hoafin RS e R B eGPt iR an o
oxi de  ghdirdRBEPIXPIP[B It TNXPY AXi KESCAM by rihase vafk mbang MIgaRAke o7xi de

in the pH range between the isoelectric point of titanium oxide and that of
t he i notigaiime (lGxtadide sum, of|the eonstitusot wetal (V) ahihe marginle oaile dad ditanderd (Th ¢l ai m

10 whergjn |l ayer ed rous tjtanium.oxide is obt.ai ne t he .cal ci.ni ng
Creat et ool r s i 1 RRE° Pir dbe iRt Hiae oo UG el e s O
deposi t {igdiutt Ride b3 thPsERE BF the AbrgahRAGdNG SOAYAI186, BRI tHeStithAihANdxdde Rxi de
conprising an inorganic oxide as a core and titanium oxide deposited on the
sur f acederfosit¢teon thersyefa¢ecofohe drerganicoxideapas e chemdenbly sint{on gnistosgopicatly

suppl yi ni% %ttsgll1 ution of titaniumchloride, titaniumsulfate, or titanyl

sul f at e "PHFYREGPRBIAESL S an i norgani ¢ oxi de and a pH adj usting 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

poi nt of. tit bhayeued grerae Gladivohaxidst as [esdribed ganéleinoxli ddierein the amount of

deposited titanium oxide is 13-60 mass%.

3. Layered porous titanium oxide as described in any one of claims 1 to 2 wherein the

pore sharpness degree is 50% or more.

4, Layered porous titanium oxide as described in any one of claims 1 to 3 wherein the

pore volume is 0.3 mL/g or more.

5. Layered porous titanium oxide as described in any one of claims 1 to 4 wherein the

specific surface area is 100 m2/g or more.

6. Layered porous titanium oxide as described in any one of claims 1 to 5 wherein the
inorganic oxide is a hydrosol, a hydroge!, a xerogel, a hydroxide, or a hydrated oxide and the

titanium oxide is deposited on this organic oxide.

7. Layered porous titanium oxide as described in any one of claims 1 to 6 wherein the

inorganic oxide is synthesized by the pH swing operation.

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

inorganic oxide is at least one selected from the group of alumina, silica, magnesia,
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13. A process for producing | ayered porous titanium oxide as described in
claim 12 which conprises preparing a dispersion containing the inorganic
oxi de 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. 14. A

pr ocesssifigd/alamehy SiliogHtitaniE AREhiRAT R, sl RAZHDOMEX 68 sARadesaEdiped in claim 12
or 13 which conprises a cal ci ni ng step for perform ng a cal cining treatnent

in the tenperature range of 90-900C foIIovvr ng the depositing step. 15. A

Process for r)%géjﬂi l&ﬂ? ?%a%fl:ue P(Od’e Esqeé?l{ gng 0|;’l§i ofafan% Cr Iéjgl?lﬁrebn ny one

of clains 1 FI'se |clegowth|n

exi st i ﬁmo&éﬁﬁrd@@&éﬂs@@edlé!ﬁé;ﬁ%mdrﬂomhﬁl-ﬁlhp&i f or depositing titani um oxi de on
the surface of the inorganic oxide, said 51 particle growth inhibitor

cont ai ni ng at Ieast one el ement selected fromthe group of silicon,

R olllai y REEE oM ot S e s PR IR0 Sonend laME 1858 FRsiiR oy
one of 1a9beu(rjpgrohstt@anlén okide 1/5\oaehet1>rﬁ&hec@?sg§1nﬁg@@ pilitc enepes BS¥sg a

titani um oxi de described in any one of to 10 as a carrier and a
cat al ystavwrmateriabidtenisin sadution ane aspld admsemg agegt ingthe arwwof@mmﬂggmn gxidae

| ayer ed RRSUS: iy LA0L U X105, HESEELRCE 04l Bl S8 the ST HAE beRlln?

the isoelectric point of titanium oxide and that of the inorganic oxide.

11.  Layered porous titanium oxide as described in claim 10 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.

12. 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 solution of titanium chloride, titanium sulfate, or titanyl
sulfate in the presence of an inorganic oxide 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 oxide and that of the inorganic oxide.

13. A process for producing layered porous titanium oxide as described in claim 12 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.

14. A process for producing layered porous titanium oxide as described in claim 12 or 13
which comprises a calcining step for performing a calcining treatment in the temperature

range of 90-900°C following the depositing step.

15. A process for producing layered porous titanium oxide as described in any one of
claims 12 to 14 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

51



particle growth inhibitor containing at least one element selected from the group of silicon,

phosphorus, magnesium, calcium, barium, manganese, aluminum, and zirconium.

16. A catalyst comprising the layered porous titanium oxide described in any one of

claims 1 to 11.

17. A catalyst comprising the layered porous titanium oxide described in any one of

claims 1 to 10 as a carrier and a catalyst metal deposited on this carrier.

18. A catalyst comprising the layered porous titanium oxide described in claim 11 as a

carrier and a catalyst metal deposited on this carrier.
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