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SAVE o BACKGROUND OF THE | NVENTI ON  TheIRseseiton B ON to paged ...
rel atessfo a titanium oxide having an excell ent %Qtiggag}al A agadqr.?s?p% 188 77
and a nethod of producing the titanium oxide. s»@zkiwm (s §l ed -------- .
oxide is irradiated wth a light having an ener y el @F m{é”b?nﬁg ----------
thereof, electrons are produced in the co dUCtI n‘ban Gnd RoFEsalepeesd e
produced in the val ence band due to the ph et At R EGHE T ot r-ong e

reduci ng power of the ele itation and the
strong oxidizing power of ﬁmﬁaﬁﬂﬂ@g‘%ﬁ%w&hﬁ@ excitation are
utilized for photocatal ytigmeFETHOIS OFPEODECINECPARGAN{EON and
purification of noxious materials, deodorizing of nal odorous gases, for
exanpl e, ammoni a, al dehydes and am nes, deconposition of water, and
kKilling of bacteria, actinonycetes, fungi and al gae. For exanple, JP
2-9850B di scl o REREAGY PO SEHRNENVERTEON | Nj urious materials in wastes
usi ng photo- catalysts such as titanium oxides. Furthernore, JP 4-78326B
di scl oses to renove the, grted | préservagrventibai kellatasi tbot hetitahg uaet
snell, the tobacco snell, the cooking snell, the body snell and the |ike
wi t h phot o- oxide having an excellent photocatalytic properties and

a method of producing the titanium oxzde.

When titanium oxide is irradiated with a light
having an-energy higher than the band gap thereof,
electrens are produced in the conduction band and holes
are produced in the valence band due to the photo-
exeitation. The strong reducing power of fﬁe electrons
'produced by the photo-excitation and the strong
ox;d;z;ng power of the holes produced by the photo-
excitation are utlllzed for photocatalytxc reactxons
such as decomposition and purification of noxious
materials, eeoderizing-of malodorous gases,'fof example,
ammonia, aldehydes and amines, decomposition of water,
and killing of bacterie,_actinomycetes, fungi and algee.
For example, JP 2-9850B discloses to decompose and
purify injurious materia;s'in wastes using photo-
catalysts such as'titanium oxides. Furthermore, JP
4-78326B discloses to remove the smell of sewage in
toilet facilities, the pet smell, the tobacco'sﬁell; the
cooking smell, the body smell and the like with photo-
catalysts such as titanjum oxides. In addition, JP |
4- 29393B discloses to kill cells. by applylng to the

cells a given voltage generated in photocatalysts such




catal ysts such as titaniumoxides. ~In addition, JP 4-29393B discloses to

kil l cellg by applying to the cells a given voltage generated in
photocatalysts such ; -2- as titanium
oxide by irradiation with the Iight while allomnng the cells to contact
wi th the photocatal ysts. The titanium oxi de used for the

photocatal ytic reaction is desired to have the higher photocatalytic
property in order to shorten the tlne of tHe photo- catalytic reaction or

mniaturize th r t [ e n uch
titani um oxi degs Bﬁ: q{)ove ]{Bﬂ%escrl g@ ?’l&ggnﬁ}rén g)%lng W\Xﬁiﬁi
support netal Saili%bu@fg Rirad 'éwmsﬂr@b réiiE 40t Ok ERt the prbEBEatHllysds .Ni ckel -

oxi de and rut heni um oXi de. However, platinum rhodium rut heni um oxi de,

etc.. supported on the sm@%ﬁnim bk ide ous€e fof ehpephbtecazad yidic
productlon cost increases considerably. Mre- over, the netals supported

are apt to di szelavrimi isldesirehotodsdee ythe hegherophoﬂacét3832&ﬁ
proposes m xed oxides of titaniumoxide with iron titanate, iron oxide
and the |ike, propemty phowder A9tshoprepcthy Fsmes9flFhﬁophgﬁprsfactory

The inventors have conducted research jn_an ttengt to obtain i nexpensive
tltanl um OX| de% lc reactlon ox mlnlaturlze the apparatus use for

the photocatalytic reaction. As such titanium oxide,
the above JP 2-9850B describes titanium oxides which
support metals such as platinum and rhodium or metal
oxides such as nickel oxide and ruthenium oxide.
However, platinum, rhodium, ruthenium oxide, etc.
supported on the surface of titanium oxide.are expensive
and the-produétion cost increases considerably. ' More-
o&er, the metals supported are apt to dissolve 6ut
during photocatalytic reaction. JP 4-78326B proposes
mixed oxides of titanium oxide with iron titanate, iron
‘oxide and the like, but their photocatalytic property is
still not satisfactory. |

The invéntors havé conducted research in an
attempt to obtain inexpensive titanium oxide photo-
catalysts having an excellent photocatalytic property
and fouhd that (1) when an iron compound is contained in
titanium oxide particles and/or supported on the surface
of titanium oxide particles, the photocatalytic proper-
ties of the titanium oxide particles are improved as
compared with when titanium oxide is used alone or in
admixture with an iron compound, (2) when titanium oxide

is treated with a mineral acid, the photocatalytic



catal ysts having an excel |l ent photocatal ytic property and found that (1)
when an iron conpound is contained in titanium oxide particles and/or
suppdrt ed®on the surface of titanium oxide particles, the photocatal ytic
proper- ties of the titanium oxide particles are inproved as conpared
with when titaniumoxide is used alone or in adm xture with an iron
conpound, (2) when titaniumoxide is tregted with a mneral acid, the
phot ocatal ytic -3- property is

i mproved, an N; &N; hpPBvEATPAHAT (39 wheRt annaadn donipgsindn i de
particles trg%éégﬁﬁ$fhlg lﬂ?%érgﬁ'agﬁg égalor supported on Eﬁgisurface of
the titani urggyisdend@rihctesahiamt esidiet Pagticnesatreaitdd with a '
photocatal ytic property is further inproved. As a result, the present

i nventi on hasmipesrancsein! anl#dr supPoltieRY odF thieE sux\fEdE ©f the The
object of the present invention is to provide a titanium oxide

phot ocat al ysttieanhgmearitecpartpodesc ixrearede witdper migeral acid,

Anot her object of the present invention is to provide a nethod -of
produci ng t hethetphotocakrdwtighproperayyds further imprpwedy eAita

I nvention concerns with a titanium ) .
result, the present invention has been accomplished.

SUMMARY OF'THE INVENTION

The object of the present invention is £0'
provide a titanium oxide photocatalyst having excellent
photocatalytic properties. |

| Another object of the present invention is to
provide a method of producing ﬁhe titanium oxide
photocatalyst.

The present invention concerns with a titanium
oxide photocatalyst containing an iron compoupd. The
titanium oxiae'photocatalyst of the present invention
compriSes fitanium oxide particles which maintain the
state of an iron compound being incorporated therein .
and/or the state of an iron compound being supported on

the surface thereof.

DESCRIPTION OF THE IﬂVBNTION

The titaniuﬁ oxides herein used includg
various titanium oxides such as &natase tfpe.titanium
oxide, rutile typé titanium oxide, amorphous titanium
6xide, metatitanic acid and orthotifanic aéid, titanium

‘hydroxide,'hydrous titanium oxide and hydrated titanium



oxi de phot ocatal yst containing an iron conpound. The titanium oxide
photogatal¥st of the present invention conprises titaniumoxide particles
whi ch maintain the state of an iron conpound bei ng incorporated therein
and/or the state of an iron conpound being supported on the surface

t hereof .. DESCRI PTI ON OF THE | NVENTI ON The titani um oxi des
herein used include various titanium oxj ¢ges.such as anatase type titani um
oxide, rutile type titanium oxide, anorphous titanium oxide, netatitanic

acid and ort hgijgani ¢ acid, trtanium hydroxide, hydrous titani um oxide and
hydrated titani um -4-  oxide.-

The average particle sizZthedfadditadge tpanrticloxsiiee ofinthe tbhtanieam by

cal cul ation using the Scherrer's fornula or by observation with an

el ectron ni coaxddeme.cam beeoprained byvealcohationiuspngfthgbly 1-500 nm
nore preferably 5-250 nm nost preferably 5-50 nm. The iron
conmpounds i nclSgdernen oxfemrula vr byde i?ﬁﬁaﬁhﬁnlWbﬁhoﬂphﬁéPG%F&@ and in

addition, iron salts such as iron sulfate, iron,chloride, |rog nltrate
microscope. 1In the present invention, it is preferably

1-500 nm, more preferably 5—250 nm, most preferably 5-50
nm. - -

The iron compounds include iron oxide, iron
hydroxide and iroﬁ oxyhydroxide and in addition, iron
salts such as iron sulfate, iron chloride, iron nitrate,
iron carbonate, iron acetate and iron ions thereof. In
the present invention, compounds 6f trivalent and/or
divalent iron are generally used and are preferred for
improving the photocaﬁalytic propefty of the titanium.
oxides. Preferred examples are iron oxides (Fe;0;,
Fe;0,), iron hydroxides (Fe(OH),, Fe(OH);) and iron _
oxyhydroxide.(FeOOH). Amount of the iron cbmpound.can
be optionally varied depending on the desired photo-
catalytic reaction, but is usually 0.0005-10% by weight,
preferably 0.001-5% by weight, more preferably 0.001-3%
'by weight, most preferably 0.001-1% bj weight (in termé
of Fe) based on the weight of TiO, of the tianium oxide
particles. If thé amoﬁnt éf the iron compound is
smaller or larger than the above range, the photo-
catalytic property tends to deteriorate.

The iron compound contained in the titanium
oxide photocatalyst is preferably ln the state of being

supported on the surface of the tltanlum oxide



I ron carbonate, iron acetate and iron ions thereof. In the present
i nvention,; conpounds of trivalent and/or divalent iron are generally used
and are preferred for inproving the photocatal ytic property of the
titanium oxides. Preferred exanples are iron oxides (Fe[err](err],
Fe[err]O[err]), iron hydroxides (Fe(OH[err], Fe(OH[err]) and iron

oxyhydroxide (FeOOH). Anpunt of the iron_cgnpound can

dependi ng on the desired photo- catalytic reaction, but is usually

0. 0005- 10% by

peEabElesPr efar ghliy Ga8e)- affomtweifghthe MXch RESHhSG@Rd Y

be optionally varied

0. 001-3% by weight, nost preferably 0.001-1% by weight (in terns of Fe)
based on the weagbéreédTiél asuhldy 0he5L-580i0UmMgyXipte fermbliy|®s1-3600 he

anmount of the

iron conpound is smaller or |larger than the above range,

photo- catal yige poppeprefesntidyt 6 .deR@0i0omgt,e most preferablfheli3on

conpound contained in the titanium oxide photocatal yst

the state of bEP@QY mguppor tegmsnofh&elupPrac SR reh@matian oy thsisrface
this case, ampunt .of the jiron cqonpound _supported is usually

0. 05-5000 [er r3%eappéf Bhgpkytaninmogpidecpardichese pid &hayiamennt 260
[err]g, nost prefetab 0. 0 (in bfrns oaﬂiatéygi uare meter

particles. In

| 3- Q0
of the surfacéth%ré§°8¥°PﬂB°PP aﬁFu%ﬁé;h%E S&r
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range, the photocataljtic property tends to deteriorate.
"It is not clear why the photocatalytic
property can be markedly improved when the iron compoﬁnd
is contained inside the titanium oxide paiéicies and/or
supported on the surface of the titanium oxidé pérti-
cles, but it can be presumed that the electrons‘produced

by the photo-excitation of titanium oxide readily trans-

fer to the iron compound and, therefore, charge separa- -

tion from the holes becomes easy, and as a result,
amounts of the holes and electrons which participate in
the photocatélytic-reaction increase. For this reason,
it is considered that trivalent iron compounds to which
the electrons readily transfer are preferred as the iron
compounds and furthermore, it is preferred.that the iron
compounds are present on the surface of.the titanium
oxide particles. It can be supposed that the trivalént
iron compounds are éonverted.to divalent.state upon
receiving the electrons produced by the photo-excitation
of titanium oxide,_but return to the trivalent state by
the Fenton’s reaction of iron atoms and can again
receive the electrons. .

The titanium oxide photocatalyst of the

is preferably in

t he



the iron conmpoundis smaller or |arger than the above range, the

phot ocatal ytic property tends to deteriorate. It is not clear
why the pRotocatal ytic property can be markedly inproved when the iron
conpound is contained inside the titanium oxide particles and/or

supported on the surface of the titanium oxide parti- cles, but it can be.
presuned that the electrons produced by the photo-excitation of titanium
oxide readily trans- fer to the iron conpolind and, therefore, charge

separa- tion h ‘he upts of the
hol es and el eg%%gglé‘rtmﬁf‘?%hgg‘? t?ll g‘?‘pa e%‘%ﬁ}dpﬂ% ?c%ﬁ%‘%‘?%oﬁxggcgﬁon
| ncrease. For i n | g | Jen t i b dh&ON $QAPOUNS -
to which t-heté e%?!r&g%ggr gg(’i‘i fbf' t%r ans1SE e!"}épaﬁlye1 ‘{)Jr.%‘oedrgr eadfélﬁégt%éégf roﬁggp

conpounds andekainp8r, "Reat iioh nayP RS efrarc@_dﬂw@ he préves<opRoERds are
present on the surface of the titanium oxide rticles. It.can be supposed

that the trivebmpkisesohydalerity are maitaliedrigp «itvitamiugt at e upon
receiving the el ectrons produced by the photo-excitation of titanium
oxi de, but retompouundt lsacthy iasaltdttangtlatsnlfiate het if@amniom ssukbateépn of iron
atons and can again receive the electrons. The titani um oxi de
phot ocat al yst téfapjam chloride or an organotitanium compoumd in the
presenée of an iron.compoﬁnd and, if necessary, iﬁ the
presence of a seed, (:) a process which comprises
immersing titanium oxide particles or a support on which
the titanium oxide_particles are supportéd'ih a solution
of the iron compound, and (:) a process which comprises
adding the iron éompound to a suspension of titanium
oxide particles or a ligquid containing a support on
which the titanium oxidé particles are supported and
hydrolyging or neutralizing the iron compound. These
processes give the titanium oxide photocatalysts having
excellent characteristics and ﬁhese ére preferred.
| The above process (:) can also be carried out
in the following manner: That is, titanyl sulfate,
titanium sulfate or titanium chloride previously cﬁn-
ﬁaiﬁing the iron compound is hydrolyzed or neutralized
and a monobasic acid such as nitric acid or hydrochloric
acid is added to the resulting titanium.oxide to carry
out peptization or the titanium oxide is further
subjected to hydrothermal treatment under application of
pressure, thereby to obtain a titanium oxide containing'

the iron compound. As the titanyl sulfate, titanium

sulfate or titanium chloride previously containing the



present invention which supports the iron conpound on the surface can be
obtained hy various processes. For exanple, nention may be nade of [err]
a process which conprises hydrolyzing or neutralizing a titanium conpound
such as titanyl sulfate, titaniumsulfate, titaniumchloride or an
organoti tani um conpound in the presence of an iron conpound and,. if
necessary, in the presence of a seed, -~[@&rk] a process which conpri ses
i mersing titani um oxide particles or a support on which the titanium

oxi de parti cl £soar eompppadt, etthereamayl b orsedfthdse iwhick oapeund, and
[err] a process which conprises adding the iron conpound to a suspension
of titanium oktaéngdrbyclidgestiag itdkamicwhianes PRtaipbgtthe ivpnch the
titani um oxide particles are_suppqrted and _hydrolyzjng or neutralizing the
i ron conpoundcomreyad -pr SREs RFErFLYSis, O% ittha%i‘b’rﬁ%&’r‘ﬂg TARIRBE at- st s

havi | | ent h t i sti d.t f d... . Th
Roove ) e \DFBERFabIY SPrsisd oxd o Teifed (hath SIS 51 ing mRiRE: That
is, tit | f at tit i | fat i i i i -
Laining the | PEnaRoASBERYS SRRy S She AT SohbOEnE T IAG EbE ©O"
acid such as Ek%;h' S ofPolnds MU b a@&hﬂ e;sfo@é@@gst be@fgha' ng
titani um oxi dé O carry out pept lzatl1 on or t titant um de urt her

ooy A, (Bl pREcr o S SA IR ol ofoulEpER, e ob
sulfate, titagyifatedl,§ dActiddd HdMidYDesloprExGRUS| ¥s CEReai i ng the
alkalis used for the neutraliiation, mention may be made
of various alkalis suéh as sodium hydroxide, potaséium
hydroxide, ammonium carbonate, ammonia and amines.

The titanium oxide particles used in the above
processes (:) and (:) can.be prepared by various known
processes. Examples-df these p:ocesses'are'(i) a
process which comprises hydrolyzing a titanium compound
such as titanyl sulfate, titanium sulfate, titanium
chloride or an orggnotitanium compound, if necessary, in
the presence of a seed, (ii) a process which comprises
adding an alkali to a titanium compound such as titanyl
sulfate, titanium sulfate, titanium chloride or an
organotitanium compound, if necessary, in the presence
of a seed, thereby to neutralize the titanium compound,
(iii) a process of vapor phase oxidation of titanium
chloride, an organotitanium compound or the like;'ana
(iv) a process of firing the titanium oxide obtained in
the above processes (i), (ii) and (iii) or subjecting a
suspension of the titanium oxide to hydrothermal

treatmént, if necessary, with addition of an acid or an



-7- iron conpound, there nmay be used those which are obtained by
dlgestlng titaniumores containing the iron conpound. The hydrol ysis of

t he tltanfun1conpound is preferably carried out at |ower than the boiling
poi nt of an aqueous solution of the titanium conmpound. As the iron
conpounds used in the above processes [err], [err] and [err], preferred
are water-sol uble iron conpounds such as. guLfates, chlorides and nitrates
of iron. As the alkalis used for the neutralization, nention nmay be nade

of various al katlkslgsuchrase %Q%mmlﬁydfx@déjeabﬂﬂmIbyntllnydpmcdsseammnl um
carbonat e, anmoni a and am nes. The titanium oxide particles used
in the above pipcandegifigr ahd xhe tlidanium cdddelpraireddoypythearious
known processes. Exanples of these processes are (i) a process which
conpri ses hydrbY?zongeamaﬂt&ﬁﬁ@#ﬂ@@#péuh¢hQuRﬁPQEﬁﬁ|&Eﬁyla§%IP§?§erred
titaniumsulfate, titanium chloride or, an organotifani um ound, if
necessary, in Fﬁé“ﬁ?eﬁ‘éﬁc@fof"-h&“hé'&f“ )“hq"p‘r vﬂ’fH: ec ’ﬁ‘ﬁFPSes
addi ng an al kal i ani um conpou ch.as tita sul fate, titanium

sul fate, tltanFEﬁPiKFGrhéngH an q eQHQﬁﬁ?ﬁ) ?&F PFORBEE¥sary, in

t he presence neutralize th Qun

(iii) a procesgLsfhV§§8}y%H§£§&¥ﬁ%¥ﬂﬂﬁﬁ? goqqqgﬂﬁi Itéﬁ%Lﬁ%gggDPtOCéss

(i) is preferably carried out at lower than the boiling
point of an agueous solution of the titanium compound.
The product oﬁtained by the above processes
can be used as the titanium oxide photocatalyst con-
taining iron compound of the present invention, but, if
necessary, the product may.be subjected to fractiona-.
tion, washinQ and drying or firing; The fractionation
can be carried out by customary methods such as
filtration and decantation. The drying can be carried
out at an pptional temperature, but ‘a temperature of
100-200°C is suitable. The firing temperature is
suitably 200;500°C. By effecting the firing, the iron
compound is diffused in the titanium oxide particles énd
is readily incorporated into the particles. In the
process of the present invention, there are no special
limitations in the conditions.such as concentraﬁions and
addition rates of the irqn compound; titanium compound,
alkali, etc., hydrolyzing and neutralizing temperatures,
and concentration of the titanium oxide in the disper-
sion, and they can be set optionaily._ Furthermore, a
dispersant such as orthophosphoric acid, pyrophosphoric

acid or hexametaphosphoric acid or an alkali salt



chl oride, an organotitani um conpound or the like, and (iv) a process of
firings=the &itanium oxi de obtained in the above processes (i), (ii) and
(ii1) or subjecting a suspension of the titanium oxide to hydrothernal
treatnment, if necessary, with addition of an acid or an

-8- alkali. The titani um oxi de obtained by the processes (i) and (ii) and
the titani um oxi de obtained by the hydrothegmal treatnent in the process
(iv) are preferred because use of themresults in titani um oxide photo-

cat al yst havi ngtaeree®s! |siudh @000 Vidcatoropesddium Thetaydnobuties cahn
titani um conpound in the above process (i) is preferably carried out at

| ower than the bel addgd o theofaboverqueoticosed udispenéioheofi tinanium
conpound. The product obtai ned by the above processes can be
used as the tit exide dn duaghaoareinstagsopivingi ndngdvesaeceffectdonf t he
present invention, but, if necessary, the product nay be subjected to
fractiona- tiofhewpheiteratalXhis REPREFEYt ngIn THeMer g@EPSBnathen can be
carried out by customary nmethods such as filtration and decantation. The
drying can be cRIPTOFATRKYHHC RFWRTOhF2R APetBPEPEed Y ShecApdisdigne of
100-200[err]Cis itag*e. The firing tenperature is suitably

200-500[ err] C. Efs LSRPIIA Y1 ring, the iron

The present invention fﬁrther relates to a
titanium oxide photocatalyst obtained by treating
titanium oxides with a mineral acid. In-thé present
invention, the titanium oxides includes various titéninm
oxides such as anataseltype titanium oxide, rutile type
titanium oxide, amorphous titanium oxide, metatitanic
acid and orthotitanic acid, titanium hydroxide, hydrous
titanium oxide and hydrated titanium oxide. In the
present invention, the anatasé type titanium oxide is
preferred‘becaﬁse of its excellent photocatalytic
property. The average particle size of aggregates éf
.the titanium oxide is preferably 1-1000 nm, more
preferably 5-500 nm and most preferably 5-300 nm. The
titanium oxide can be preparéd by various processes.
These processes include, for example, the above-
mentioned processes (i), (ii)} (iii) and (iv). When the
titanium oxide obtained by the processes (i) and (ii)
and the titanium'okide'obtained‘by the hydrothérmal
treatment in the process (iv) are used, titanium oxide
photocatalysts having.excellent phbtotatalyﬁic
properties are obtained and these processes are

preferred. The hydrolysis of titanium compound in the



compound is diffused in the titaniumoxide particles and is readily

i ncorporated into the particles. In the process of the present invention,
there are no special Ilimtations in the conditions such as concentrations
and addition rates of the iron conpound, titanium conpound, alkali, etc.,
hydrol yzi ng and neutralizing tenperatures, and concentration of the
titaniumoxide in the disper- sion, and ttbey can be set optionally.
Furthernore, a- dispersant such as orthophosphoric acid, pyrophosphoric
aci d or hexamatapreogreress afci Y ©5 prefiekablysgarried out at not

-9- thereof, sodiumorthosilicate or sodiumnetasilicate can he added to
t he above- nentiigher digertherbeiling apeint 6% 88 PAUERNR SRINHIGR of '

giving no adverse effect on the photocatal yti roperty. .ln so cases,
the photocat &hg it 4RTHIHER tSOBRAVPR- | nﬁ?ﬁvEﬁsﬁgtgﬁg ga%f‘r‘Bﬂ‘ OF e &Y
di sper sant. . The esent jnvention.further,ral ates. t. Ad tani um
oxi de phot ocatlg fs"’ﬁa‘b‘b‘t%ﬁ?ﬁ%& bir?‘f'et\ﬁ?na"i??f‘gﬁi'umggglegeggfwatr%%zﬁmlnfer al
acid. In the present _invention, the titanium oxides includes various _
titanium oxi AR HS anatase type titaniumoxide, rutile type titanium

ox| de. ﬁ”ﬁ;ﬁ?gif ! ﬁ%% O¥bgecndPtabhtflht ofCkdtaRdufl bhdlde dith ol
mineral acid, first the titanium oxide is allowed to
contact with the mineral acid, for example, by adding
the mineral acid to a dispersion of the titaniﬁm oxide.

Then, the titanium oxide allowed to contact with the
mineral acid is fractionated and, if necessary; may be
 washed and dried or fired. The fractionation can be
effected by customary methods such as filtration and
decantation. The d:ying-is carried out at an optional
temperature, but a temperéture~of 100-200°C is suitable.
The fifing-temperature is suitably 200-500°C. As |
examples of the mineral acid; mention méy be made of
sulfuric acid, hydrochloric acid, nitric acid and hydro-
flubric acid. These mineral acids can be used each
alone or in combination'of two or more. Hydrofluoric
acid is preferred in the present invention. Concentra-
‘tion of the mineral acid used for treatment is prefer-
ably 0.0005-20 N, more preferably 0.001-10 N and most
preferably 0.1-2 N. If the concentration is lower thénﬁ
0.0005 N, the desired effect can hardly be obtained and.‘
if it is higher than 20 N, dissolution of titanium oxide
proceeds too much. The temperathre for the treatment |

with a mineral acid can be optionally set, but is



titani um oxi de and hydrated titaniumoxide. In the present invention, the
anatase type titaniumoxide is preferred because of its excellent
photocatal ytic property. The average particle size of aggregates of the
titaniumoxide is preferably 1-1000 nm nore preferably 5-500 nm and nost
preferably 5-300 nm The titanium oxide can be prepared by various
processes. These processes include, for ldxanple, the above- nmentioned.

PLgcesses (i), (iiﬁﬁdéiiig;gnq g:_iv).r Wien t he tit%pi%p&pxideﬁﬁgﬂgjned by
pr ocesseg¥3 1199°CanBreferePlinF Rt PIPSP A ﬁ’eé‘_c’o _
SRR T LN A2 MO G D R
o™ ahoverindcten b ) SpECRnaldf. BET CREY 15" bsial0, SIS L T
D01 L1 19 PO ke 0L 0 B0YeRYS 59l 09 Okorlproretaty eomabutle
Wt R nera L AT E R O o " cant 2ot wi th
the mneral agidseh®rif¥véiBion kyead@dngrith mineral acids can be
“obtained. |
The present invention further relates to a
titanium oxide photocatalyst comprising titanium oxide
particles which are treated with a mineral acid and
which have an iron compound containedltherein and/or an
iron compound supported on the surface. As the iron
coméound, there may be used the iron éompounds, referred
to hereabove, namely, iron oxide, iron hydrqxide andl
iron oxyhydroxide and in addition, irqn salts such as
iron sulfate, iron chloride, iron nitrate, iron
carbonate and iron acetate and iron'ions thereof. In
the preseﬁt invention, compounds of trivalent and/ox
divalent iron, i.e., ferric compound and/or ferrous
compound are generally used and these are prgferred for
improving the photoéatalytic property of the titanium
oxide. Preferred examples are iron oxideé (Fe,0;,
Feﬁx), iron hydroxides (Fe(oﬁ)z,'Fe(OH),j and iron
_oxyhydroxide (FeOOH). Content of the iron compound caﬁ
be optionally varied depending on the desired photo-
catalytic reaqtion,_but is usually 0.0005-10% by weight,
préferably 0.001-5% by weight,:more preferably 0.001-3%

by weight, most preferably 0.001-1% by wéight (in terms



the mneral acid to a dispersion of the titaniumoxide. Then, the titanium
oxidesallowed to contact with the mneral acid is fractionated and, if
necessary, may be washed and dried or fired. The fractionation can be
effected by customary nmethods such as filtration and decantation. The
drying is carried out at an optional tenperature, but a tenperature of
100-200[err]Cis suitable. The firing tenpgrature is suitably
200-500[err]C. As exanples of the mneral acid, nention nay be nade of

sul furic aci d, oRYBEGCHaQEE i ithe RidilgHt a5t dremg SF¥dERe tihHOUIMCoagkd .
These m neral acids’can be used each Talone or in conbination of two or

more. Hydrof | Upki eheaEichtiehtd e alHeed ddh tdEmpoesenisi smableenorCoaggalr a- -
tion of the mneral acid used for treatnent is prefer- ably 0.0005-20 N,

mor e preferabl yh@n0@hel @dvendramyd, tHefphotdgaCaly@idl ptbpebey tends
concentration is lower than 0.0005 N, the desired effect can hardly be
obt ai ned and tb detiexilvmiter. t e 20cdy chupoind i conbainedabhuthexi de
proceeds too nmuch. The tenperature for the treatment with a mneral acid
can- be opti onatigasdum inxrides photocatalysf s | prefepabiyr iu, theestasel v
roomtenperature to 8 err]C, nore preferably roomtenperature to |
60[err] C. The PEcREiRg SURRORESS RN Jhte HaFfdce Pt Bhe Fitavium gxdde 4s

nour's, pref er 8By 0312 QU LG &1 GG ABhdufe %R BRY Sron

compound supportéd is usually 0.05~-5000 pg, preferably
0.1-3000 ug, more preferably 0.1-2000 pg, most prefér-
ably 0.3-1000 pg (in terms of Fe) per 1 m’ of the
surface area of the titanium oxide particles. If the
amount of the.iron compound is smaller or larger than
the above range, the phqtocatalytic property tends to
deteriorate. |

For obtaiping the titanium oxide photocatalyst
which supports the iron compound on the surface, thé;e
may be employed, for exémple, the following proéesses:
(a) a process which comprises adding the iron compound
to a liquid containing titanium ox}de'subjected to the
mineral acid treatméﬁt or a liquid in which the titanium
oxide subjected to the mineral acid treatment or a
support having the titanium oxide subjected to the
mineral acid treatment is suspended, (b) a process which
comprises subjecting to neut;alization, hydiolysis or
oxidation the iroﬁ compound after added to the liquid in
the above process (a), (c) a process which comprises
immersing the titanium oxide subjected to the mineral

acid treatment Or a support having the titanium oxide



In this way, the titani um oxi de photocatal yst of the present invention
treated with mneral acids can be obtained. The present
invention further relates to a titanium oxide photocatal yst conpri sing
titaniumoxide particles which are treated with a mneral acid and which
have an iron conpound contained therein and/or an iron conpound supported
on the surface. As the iron conpound, ther$ may be used the iron
conpounds, referred to hereabove, nanely, 1ron oxide, iron hydroxi de and

i ron oxyhydr oxg@_s?aed_e'an t3dehe Mineraln adld Txdiinditt il O $1h888n bEON

chloride, iron nitrate, iron carbonate and iron acetate and iron ions

thereof. In t{RepiesRNtomPLRNG,0BNdCQEROE Grdfedd iwtl ciitcamplt Dsesdi val ent .
iron, i.e., ferric conmpound and/or ferrous conpound are generally used and

these are prefsubgdctihg itopnhewvtng like tike,0datdiolysi prapastidatisdhe
titanium oxide. Preferred exanples are iron oxides (Fe[err](err],

Fe[err] O] err])ther dnohy dompogasl @Ese@Hcaamyling-afuH) ke rinmemsion oin
oxyhydr oxi de (Fe . Content of the iron conpound can be_optionally

vari ed dependi Baeoabone process [IFot-o- Asc i@ yian reempownds msedsinsual |y
0. 0005-10% by wei ght, preferably 0.001-gg6by wei ght, npore prggerably
0.001-3% by wehghebPoyssPrecessesni(R)o. dP)-1%DYy ARG gift) ( iRFekerEed are

water-soluble iron compounds such as sulfates, chlorides
and nitrates of iron. As the alkalis used for the
neutralization, mention may be made of various.alkalis.
such as sodium hydroxide, potassium hydroxide, ammonium
carbonate, ammonia and amines. The thus qbtained
product can be used as the titanium oxide-photocétalyst
of the present invention containing'iron compound, but
if necessary, the product may be subjected to fractiona-
tion, washing, drying or fifing. The fractionation can
be carried out by the conventional methods such as
filtration and decantation. The drying can be carried
out at optional temperétﬁres, but a temperature of
100-200°C is suitable. The firing temperature is .
suitably 200-500°C. By this firing, the iron compound .
is diffused and is readily incorporated into the .
titanium oxide particles. In this way, the titanium
oxide photocatalyst of the present invention comprising
titanium oxide particles which are subjected to the
mineral acid treatment and_which have the iron compound
contained therein and/qr the iron compound supported on
the surface can be obtained.

In order to use the titanium oxide photo-



- 12 - of Fe) based on the weight of TiJerr] of the tianiumoxide. If
the content of the iron conpound is smaller or larger than the above
range, the photocatal ytic property tends to deteriorate. The iron conpound
contained in the titanium oxide photocatalyst is preferably in the state
of being supported on the surface of the titaniumoxide particles. In this
case, the anmount of the iron conpound supported is usually 0.05-5000
[err]g, preferably 0.1-3000 [err]g, nore preferably 0.1-2000 [err]g, nost

prefer- abIycgtglngOd@aﬁﬂéyﬁﬁégéﬁgrmhfgn{fanpesrlvaiﬁoﬁ$ phottbe surface
area of the titani dmoxide particles. |If the anount of the iron conpound

is smaller or ch&adehilcharradtiombaich angesyntieephot neactoni ofproperty
tends to deteriorate. -~ For obtaining the titani um oxide

phot ocat al yst organdle suprancaheanid clecomposition TARCELPRaPE, NOMKAONS may
Compr | Sob. atldimdeatia ia o/ RARARLUR (ALE GEROLBOAEATHFRQLF! EEPH N do
subjected to the mneral acid treatment or a liquid in ich.the. titani um
oxide_subjepté@ﬂﬁ;ﬁﬂﬁ?rﬁrk*%ﬂtehﬂﬁque%Edﬁﬁ?rgy lggﬁﬁp_ Pnhé&ﬁn&apﬁe
1 um oxi de Sy eched Lo hce TLPSLRL AELd 1T BETLel 3 3usaN ot D) 2
oy UL 1 SR SRR, SASLoHER L Sberhiedskic tHoetlalts pocess
to the ninera%an also be used in the state of being suspended in a

solvent or supported'or.coated on a support or in the

state of a powder, é ground powder or a molded powder

depending on the use. The materials which are removed

by decomposition or oxidation thereof by the photo-

Eatalytic reaction of titanium oxide are those which

exert or may exert a harmful influence on human.bodies

or living environment. Examples are biological oxygen

demanding materials, environmental pollutants such as

air pollutaﬁts, various agricultural chemicals such as

herbicides, fungicides, insecticides and nematicides,

and microbes such as bacteria,'actihomycetes, fungi,

algae and molds. The environmental pollutants inélude

organic compounds such as organic halogen compounds,

organic phosphorus compounds and other organic compounds

and inorganic cémpounds such as nitrogen compounds, ‘

sulfur compounds, cyanqgen,Compounds and chromium

compounds. Examples 6f the organic halogen compounds

are polychlorobiphenyl, Freon, trihalomethane, tri-

chloroethylene, and tetrachloroethylene. Examples of

organic materials other than the organic halogen



acid treatnent or a support having the titani um oxide

- 13, subjected to the mneral acid treatnent in a solution of the iron
conmpound, and (d) a process which conprises subjecting to neutralization,
hydrol ysis of oxidation the iron conpound after carrying out the inmmersion
in the above process (c). As the iron conmpounds used in the above
processes (a), (b), (c) and (d), preferry are water-soluble iron
conmpounds such as sulfates, chlorides and nitrates of iron. As the alkalis

used for the cggpbhakbZzahtobrgadilt PhoBbhdud Bsmpdunds iaws al kalis such
as sodi um hydr oxT de, potassi um hydroxi de, anmmoni um carbonate, ammoni a and

am nes. The thyarebheboae spichdast stafave-used vs dadents tamd uod b de

phot ocat al yst ~ of the present inventiagn containing iron conpound, but if
necessary, thalgehgdes,nmgricaptamsocaddahplis acaniores, anope awsds ngnd
drying or firing. The fractionation can be carried out by the conventional
met hods such psotgihsrat Exampi@sd@farkh® THrErogRn dFYrpRY ®ECcarried out
at optional tenperatures, but a tenperature of 100-200%err Cis suitable.
The firing tefpEpaiar ands nidFogen PRGRS00[ 19 | L ohBNIRIRY (2R | BRETEKe

oxi de. parci ol B3GheR tHPE P Dand MAm T preterably 4 1fgRe | doneatn®™ U1
ing pitraﬁiolet ray. Examples of the ligﬁi are sunlight
and those of fluorescent lamp, black light, halogen
lamp, xenon flash lamp and mercury lamp. Especially
preferréd is a light containing near ultraviolet fay of
300-400 nm. Irradiation intesity and time can be
optionally set depending on the amount of the materials

to be treated.

Example 1 .

One liter of an aqueoué titanyl sulfate
solution of-80 g/l in concentration was heated to 85°C
and kept at that temperature for 3 hours to hydrolyze
iitanyl sulfate. The resultant hydrolyzate was filtered
énd washed and then suspended in water to obtain a
suspension of 50 g/l in terms of TiO,. Then, an aqueous
nitric acid solution waé added to the suspension to
adjust the pH of the_squénsion to 1.0. Thereafter, the
suspension was charged in.an autoclave and subjected to
hydrothermal treatment at 180°C for 13 hours under |
saturated vapor pressure. Then, the resulting product
was filtered, washed and dried to obtain titanium oxide

(Sample 1). Sample 1 had a specific surface area of



oxi de photocatal yst of the present invention conprising titanium oxide
particles which are subjected to the mneral acid treatnment and which have
the iron conpound contained therein and/or the iron conpound supported on
t he surface can be obtai ned. In order to use the titani um oxide
phot o- - 14 - catalyst of the present
invention for various photo- catalytic reagions such as synthesis
reacti on of organic substances and deconposition reaction of noxious

materials, the §412nntyg 0Xdril a6 8¢ Pbe¥ SEri St Edirm aaheénwia%%ég ght

havi ng an energy higher than its band “gap in the presence of the erials

to be treated. phetitléeasige ofi 48 .phamcalduidted Wifth MRSETEhep¥ERIEON .
can also be used in the state of being suspended in a solvent or supported

or coated on a foppola.or in the state of a powder, a ground powder-or a
nol ded powder depending on the use. The materials which are renoved by
deconposition or oxidati ok0t gepfothey titanihm exidatef \Garpleaktwas of
titani um oxide are those which exert or may exert a harnful influence on
hunman bodi es ot™MEFERE &RVRPOARRALC 2gREAVIS SUFELiAm | entaininggbnd5
dermandi ng material s, enviropgental poll%tants such as_ air pollutants,
various agricul PgrQE IRen chleriden (§eCl;+6H,0) dissolved therein,

followed by evaporation to dryness. The reéulting dried |
product was ground and suspended in water to obtain a
suspension of 100 g/l in terms of TiO,. Then, agueous
ammonia was added to the suspension to adjust the pH.to
7.0, followed by filtraiion, washing and dryin§ to ‘
obtain a titanium oxide photocatalyst of the present
invention which contained an iron compound (Sample A).
This Sample A cpntained iron hydroxide in an amount of
0.0029% by weight (in terms of Fe) based on the weight
of TiO, of the titanium oxide. Amount of iron hydroxide .
supported pér square meter of the titanium oxide

particles was 0.36 pg in terms of Fe.

Example 2

The procedure of Example 1 was repeated,
except that an acidic agqueous solution containing 4.83
'mg of iron chloride (FeCl;*6H,0) dissolved thefein was
used, thereby obtaining a titanium oxide photocatalyst
of the present invention which contained an iron
compound (Sample B). This Sample B contained iron
hydroxide in an amount of 0.010% by weight (in terms of

Fe) based on the weight of TiO, of the titanium oxide.



her bi ci des, fungicides, insecticides and nenaticides, and mcrobes such as
bacteyia, actinonycetes, fungi, algae and nolds. The environnent al

pol lutants include organic conpounds such as organi c hal ogen conpounds, .
organi ¢ phosphorus compounds and ot her organi c conpounds and inorganic
conpounds such as nitrogen conmpounds , sulfur conpounds, cyanogen
conpounds and chrom um conpounds. Exanpl ag &f the organic hal ogen
conpounds are pol ychl orobi phenyl, Freon, trihal omrethane, tri-

chl or oet hyl eneamauntit t @f riand:hohpdrb;ch.daesuﬁp@txpleésp@fr squgas meterrofl s
ot her than the organi c hal ogen - 15 -

conpounds and thegavi taphespbside panpdcies aes lhydHgc b GHermaucE dke.
surface-active agents and oils, aldehydes, mercaptans, alcohols, am nes,
am no acids and proteins. Exanples of the nitrogen conpounds are anmonia
and nitrogen oxides. The light having an energy . higher than the band gap
is preferably %F?W@h? dontain- ing ultraviolet ray. Exanples of the |ight

xenon 11 ach | a?rgdatngofrgr'gff;l FRREANER o BhambIR &, Wk reditEy, 1 4P
oS bbbt Rk chnl Bt AR 1 it e e {90 and

time can be y sel depen e anount of |a]s
mg of iron chloride (FeCl;*6H;0) dlssolved thereln was

used, to thereby obtain a titanium oxide photocatalyst
of the present invention which contained an iron
compound (Sample C). ' This Sample C contained iron
hydroxide in an amount of 0.018% by weight (in terms of
Fe) based on the weight of TiO, of the titanium oxide.
Amount of iron hydroxide supported per square meter of

the titanium oxide particles was 2.2 ug in terms of Fe.

Example 4 -

The procedure of Example 1 was repeated,
except that an acidic aqueous solution containing_145-mg
of iron chloride (FeCl;*6H,0) dissolved therein was used,
thereby to obtain a titanium oxide photocatalyst of the
piesent invention which'contaiﬁed an iron.cémpound
(Sample D). This Sample D contained iron hydroxide in
an amount of 0.30% by weight (in terms of Fe) based on
the weight of TiO, of the titanium oxide. Amount of
iron hydroxide supported per square meter of the

titanium oxide particles was 37 pg in terms of Fe.



to be treated. Example 1 One liter of an aqueous titanyl
sulfate solution of 80 g/l in concentration was heated to 85[err]C and
kept ‘at that tenperature for 3 hours to hydrolyze titanyl sulfate. The
resultant hydrolyzate was filtered and washed and then suspended in water
to obtain a .suspension of 50 g/l in ternms of Ti Q2. Then, an agqueous

nitric acid solution was added to the susperi8 on to adjust the pH of the
suspension to 1.0. Thereafter, the suspension was charged in an autocl ave
and subj ect ed t cCompairatheenikampdat dent at 180[err]C for 13 hours under
saturated vapor pressure. Then, the resulting product. was filtered, washed

and dried to obtain titani Gheokisanipmypxide) of Sample 1 RREALRSACER| ¢

an anatace type B LoPRFanaednas, COIRBTARITS FUMEIS For 1Y SpnbLe

oxi do of “Sanpl o b SEREAERRAr Se8OPR ARYA NI G fidb T T Akt affPng

by ovapar ati on (ool yFeBBobFcbrBe R LA Mo dHe Gt Vhrod Tk Gthle  Tol | oed
titanium oxide.

Example 5
The procedure of Example 1 was repeated,

except that titanium oxide obtained by firing the . '
titanium oxide of Sample 1 at 500°C for 2 hours (Sample
2) was used in placg_of Sample 1 and an agidic'aqueous
solution containing 14.5 mg of iron chloride (FeCl,-SHﬁ))
dissolved therein was ﬁsed, thereby to obtain a titanium
oxide photocatalyst of the present'invention which
contained an iron compound (Sampie F). This Sample F
contained iron hydroxide in an amount of 0.029% by.
weight (in terms of Fej based on the weight of TiO, of
the titanium oxide. Amount of iron hydroxide supported
per séuare meter of the titanium oxide particles was 5.9
ug in texrms of Fe. |

. The titanium oxide of Sample 2 had a specific
surface area of 49.4 nﬂ/g, an énatase type crystal form
and an average particle size of 18.2.nm calculated with

the Scherrer's formula.

Example 6

10 g of the titanium oxide of Sample 2 used in



product was ground and suspended in water to obtain a suspension of 100
g/l interps of TigJerr]. Then, agqueous ammonia was added to the
suspension to adjust the pHto 7.0, followed by filtration, washing and
drying to obtain a titani um oxide photocatal yst of the present invention
whi ch contained an iron conpound (Sanple_A). This Sanple A contained iron
hydr oxi de in an anmount of 0.0029% by MBFahF (in terns of Fe) based on the

i gh f Ti_O2 of ' ' i de, Al foi hyd id s d
ber Joquare mECEPRE thavdd (EbeRReged Gin g”%??h?a&&&%xa%%‘%‘apﬁﬁlgcf o of
Fe. Ex I . ,
eicept th:'[rp gﬁf z?alcqodi%/laqlu%o%és-ﬁg%r)‘lsj?icgga{:'gn?farl‘ér?%g@ élers%e V%?gs%?ﬂ??éﬁ chl ori de

(Fed[err]*6 G‘s”a]c@e&jivgfd;és%’eg%%f'ﬁ]ﬁ' Na@5c;45E0a BESBE%&*&E@ | ng a

titani um oxi de photocat e“present 1nvention I ch contained an

ron  compoundeSality Bla .5 T Sobaltpbs Bnggeiabnedetioinfoylr oxide in an

anount of 0.010% by weight (in"ternms of Fe) based on the weight of
Tiderr] of tfisddividd WR&EXé €, and thereafter, aqueous ammonia was - 17 -

Amount of iron hydroxide supported per square netér of the titanium oxide
particl es waadded [tHeddro Ntd cddFust the pH to 7.0, followed by
 filtration, washing and drying to obtain a titanium
oxide photocatalyst of the present invention ﬁhich
contained an iron compound (Sample G). This Sample G
contaiﬁed iron hydroxide in an amount of 0.029% by
weight (in terms of Fe) based on the weight of TiO, of
the titanium oxide. Amount of the iron hydroxide |

supported per square meter of the titanium oxide

particles was 5.9 ug in terms of Fe.

Example 7
' ~ sample G obtained in Exampié.G was fired at |
300°C for 1 hour to obtain a titanium oxide photo-
catalyst of the present invention which contained an
iron compdund (Sample H). This Sample H contaiﬁed ifén
hydroxide in an amount of 0.029% by weight (in terms of

Fe) based on the weight of TiO, of the titanium oxide.

Example 8

| 10 g of the titanium oxide of Sample 2 used in
Example 5 was immefsed in an acidic aqueous Qolution
containing 14.5 mg of iron chloride'(FeCIJ-SHg)) dis-.

solved therein, followed by filtration, washing and



Exanpl e 3 The procedure of Exanple 1 was repeated, except that
an aci dic aqueous solution containing 8 70 ng of iron chloride
(FeCllerr]*H err]0) dissolved therein was used, to thereby obtain a
titani um oxi de photocatal yst of the present invention which contained an
iron conpound (Sanple C). This Sanple C contained iron hydroxide in an
anount of 0.018% by weight (in terns of F based on the weight of Ti Q2 of
the titani umoxide. Anpunt of iron hydroxi Supported per square neter of

the titani um oxjde:nartj.c 2 .n terng of Fe. apple 4

The p?ocelzlﬂre é?gggﬁp%é %Sﬁa\sﬁfgpggfggflmefgé‘pe RS a%%fg?gpggu%ﬁs
sol ution contai gk@geﬁ€4§g(}r€nt§5g' WAE Rl cOn'ed8 et @ & F §6$grg%ov?h330| ved
therein was used, thereby to obtain a titanium oxl de photocatalyst of the

present inventi pgamplehz§ont ehiedsamplieon cHRtUREd (P £o) comBbinganp! €
D contained iron hydroxide in an anbunt of 0.30% by weight (in terns of

- Fe) based on the aai ghbuat oFfOR.0R298NByt WeddhtM (@ derm¥et FE) bhsed

hydr oxi de supported per square neter of the titanium oxide particles was

37 pg in terms oh Ehe weight of TiO, of the titanium oxidel8 Amount of
the iron compound supported per square meter of the

titanium oxide particles was 5.9 pg in terms of Fe.

.Comparative Example 2
The titanium oxide of Sample 2 obtained in
Example 5 was used as Cdmparative Sample J. This Sample
2 contained 0.0001% by weight (in terms of Fe) of the
- iron compound based on the weight of TiO, of the

titanium oxide.

Example 9

The,précedure of Example 1 was repeated,
except that the titanium oxide of the following Sample 3
was used in place of Sample 1 and an acidic équeous
solution.containing 14.5 mg of iron chloride (FeCl;e6H,0)
dissoived therein was used, thereby to obtain a titanium
oxide photocatalyst of thé present invention which
contained an iron ébmpound {Sample K). This Sample K
contained iron hydroxidé in an amount of 0.029% by
weight (in terms of Fé) based on the weight of TiO, of
the titanium oxide. Amount of the iron hydroxide
suppo;ted per square meter of the titanium oxide

particles was 1.6 pg in terms of Fe.



Conmparative Exanple 1° The titani um oxide of Sanple 1 obtained in
Exanple 1 was used as Conparative Sanple E. This Sanple | contained

0. 0001% by weight (in terns of Fe) of the iron conpound based on the

wei ght of TiQ2 of the titanium oxide. Exampl e 5 The
procedure of Exanple 1 was repeated, except that titanium oxi de obtained
by firing the titaniumoxide of Sanple 1 at 500[err]C for 2 hours (Sanple
2) was used in place of Sanple 1 and ar & dtc aqueous sol ution containing

hereby Lo obtain a it SAPUSFREIRG m%f&éﬁﬁmé B e ?pq'ﬂci%ﬁ Fnvent | on

hych oxi o6 | n REARRunt T0POY Bob%, BFSSRE AY w?%iﬁsé%eﬁfi)t B BRE e

vei ght of T Cberdh Qhueble tilaRiuh VeuiGoiBiile YoldibddE %4095/
.supported. per squaré neter e titan um-oxide. par c es was [err]g
in terms of Fgn concentratidhewhichagiciPrdfdadladSae t@ﬂ foSpegi fic
surface area of 49.4 nierr]/g, an anatase type crystal for and an aver age

particle sizeagd ASufraligal eHeatedawih tdtravHlifife atf FdBtha.
Exampl e 6 10 g of the titanium oxide of Sanple 2 used in

temperature. The resultaﬁt neutralization product was
filtered ahd washed and then suspended in water to
obtain a suspension of 50 g/l in terms of TiO,. Then,

- an agqueous nitric acid solution was added to the
suspension to adjust the pH of the suspenéion to 1.0,
and thereto was added titanium trichloride in an amount
of 0.1 in molér ratio to TiO,. Thereafter, the suspen-
sion was heated at 100°C for 4 hours under reflux and
under bubbling with nitrogen gas. Then, the.resulting
product was filtered, washed and dried tp obtain a
titanium oxide (Sample 3). The Sample 3 had a specific
surface area of 176.6 m?/g, an anatase type crystal form
and an average particle size of 7.4 nm calculated with

the Scherrer’s formula.

Comparative Example 3

The titanium oxide of Sample 3 obtaiﬁed in
Example 9 was used as'Comparative Sampie L. This Sample
3 contained 0.0001% by weight (in terms of Fe) of the
iron compound based on the weight of Tioz;of-ﬁhe

titanium oxide.



- 19 - Exanple 5 was suspended in water to obtain a suspension of 100 g/l
in terns of Ti2. Then, to the suspension was added under stirring an

aci di c aqueous solution containing 14.5 ng of iron chloride

(Fed [err]*6H err]0) dissolved therein, and thereafter, aqueous ammoni a
was added thereto to adjust the pHto 7.0, followed by filtration,
washi ng and drying to-obtain a titani um 2Xide photocatal yst of the present
i nvention which contained an iron conpound (Sanple G . This Sanple G

cont ai.ned iroBxayglexil@e i n an anount of 0.029% by weight (in terns of Fe)
based on the weight of TiQ2 of the titanium oxide. Amount of the iron

hydr oxi de supported peRosdudd&erciodr agf adheaus dnitanykiskelfateticles was -
5.9 [err]g in terns of Fe. Exanple 7 Sanmpl e G obtai-ned in
Exanpl e 6 wassPilr&dont o£380] 8/4] érf sonceansiratioroias rdded tani amidicde
photo- catalyst of the_present invention which contajined an_ iron conpound
(Sanpl e H). TRAYeSUFHFEINtioR SOMERINiAE Ik B RE iFrem swblateof 0.029%

gii \é\gl ght (El(gﬁ%géggo '?IIIZO )Feaist?s%sl%jeé) r!tﬁeh:?ei’f 'Qrm tfer-lr l C@hgf sg Sttiiatnar‘]viausm
heated to 85°C and kept at that temperature for 3 hours
to hydrolyze the titanyl sulfate. The resultant
hydrolyzate was filtered, washed and dried to obtain a
titanium oxide photocatalyst of the present invention
which cohtained an iron compound (Sample M). This
Sample M contained iron hydroxide in an amount of
0.0060% by weight (in terms of Fe) based on the weight
'of Ti0, of the titanium oxide, had'a specific surface
area of 297.0 m?’/g, had an anatase type crystal form,
and had an average partiéle sizé of 7.0 nm.calculated

with the Scherrer’s formula._

The photocataIYtic_property of the samples
(A-M) obtained in ﬁhe above Examples and Comparative
Examples was evaluated in the following manner. 0.1 g
of each sample was dispersed in ion-exéhange water to
obtain a suspension.of 4 g/l in terms of TiO;. To 25 ml
of the suspension was added 25 ul of 2-propanol,
followed by irradiation with a black light for 2 hours
to effect the photocatalytic reaction of 2-pro§anol.
The intensity of light was 2 mW/cm?. The irradiated
surface area was 28 cm?. Change of the cbncentration of

2-propanol during the reaction was measured. From the



10 g of the titaniumoxide of Sanple 2 used in Exanple 5 was imersed in
an acidi c aqueous solution containing 14.5 ng of iron chloride
(FeCl[err]*6H err] O dis- solved therein, followed by filtration, washing
and . -20- drying to obtain a titanium
oxi de photocatal yst of the present invention which contained an iron
conpound (Sanple |I). This Sanple | contained the iron conpound in an
anount of 0.029% by wei ght (in ternB of F)-based on the weight of
TiJerr] of the titanium oxi de. unt of he iron conpound supported per

squar e netermSPsPﬁémeFFFaM§§n93& akad ia| BrshsoEder [ E2FPoCPRSEANYs of

F Co Examl.e t de, of _Sagpl e 2
obi ai ned 1 OB IREPBESRL s K brs BRIV B Bha Thi<TORIRI & 2

cont ai ned 0. QQO%% b% V\%I hi f(x.Jont Llfaﬂiseof RS o{lé%uﬁlr?,rglggrrpound based on
e

the weight o err ani-um oxi The

d f L,de of th
PorT oni mg Sasel ey %%Wfﬂ‘ R R R e i gt elcons

- superior in photocatalytic activity.

Table. 1
First-order rate
Sample constant of
: decomposition k
(hour-t)
Example 1 A 0.31 "
“ Example 2 B 0.42

Example 3 Cc 0.42

Example 4 D 0.24
Comparative E 0.10
Example 1

Example 5 F 0.38 _
Example 6 G 0.38 "
Example 7 H 0.21

Example 8 - I 0.34
Comparative J 0.14

Example 2

Example 9 K 0.38
Comparative L 0.10

Example 3

Example 10 M 0.43




solution containing 14.5 ng of iron chloride (FeC[err]*6H err]0)

di ssokved therein was used, thereby to obtain a titanium oxide

phot ocat al yst of the present invention which contained an iron conpound
(Sanmple K). This Sanple K contained iron hydroxide in an anount of 0.029%
by weight (in terns of Fe) based on the weight of TidJerr] of the
titani um oxide. Anpunt of the iron hydrQxixe . supported per square neter

of the titaniumoxide: particles was 1.6 [err]g in terns of Fe.

- 21 - Exambte SRipl € 8 was prepared in the following manner. 4
nmol /1 of aqueous anhonia was added to 1 liter of an aqueous titanium

tetrachl oride solution of TRE gpkbcediareonse Exadiplen hiwas Mepedtredf 0 adj ust -
the pHto 7.0 . and neutralize the-titaniumtetrachloride at room
tenperature. Thex¢€ptl that aettitahinmt oxider ofudhendollawireg csamplie whshed
and then suspended In water to obtain a suspension of 50 g/I in terns of
Ti ®@. Then, arwasuesed ant plececed Semplieo? wansd and@ridiq Rgueeddensi on
to adjust the pH of the suspension to 1.0, and thereto was added titani um

trichloride in s@lukdant costadning, 145 ag of iFano chigweids . (Fefel w00
the suspen- sion was heated at 100[err]C for 4 hours under reflux and
under bubbl i ng 9iERCAVEACEBRTSAR WhSehEedne thans x,é}talnxng a titanium

oxide photocatalyst of the present invention which
contained an iron compound (Sample N). This Sample N
contained iron hydroxide in an amount of:0.29% by weight
(in terms of Fe) based én the weight of TiO, of the -
titanium oxide. Amount of the iron hydroxide supported
per square meter of the titanium oxide particles was 48
pg in terms of Fe. .

The Sample 4 was prepared'in the following
manner. One liter of an aquebus titanyl sulfate
solution of 80 g/l in concentration was heated to-8$°C
and kept af that témperature for 3 hours to hydrolyze
ﬁhe titanyl sulfate._ The resultant hydrolyzate Qas
filtered and washed and then suspehded in water to
obtain a suspension 6f 50 g/1 in terms of TiO,. Then,
aﬁ aqueous nitric acid solution was added to the
suspension to adjuSt the pH of the suspensibn to 1.0 and
thereafter, sodium'hydrOXide'was added'thereio to adjust
the pH to 7.0, followed by filtration and washing. To
the resulting titanium oxide wet cake was added water to
prepare a slurry of 100 g/l in terms of Ti0O,. Sodium
hydroxide was added to thé siurry to adjust the pH to

10.0. Then, the slurry was subjected to hydrothermal



product was filtered, washed and dried to obtain a titanium oxide (Sanple
3). The Sasple 3 had a specific surface area of 176.6 nierr]/g, an anatase
type crystal form and an average particle size of 7.4 nmcalculated with
the Scherrer's forml a. Conpar ati ve Exanple 3 The titani um
oxi de of Sanple 3 obtained in Exanple 9 was used as Conparative Sanple L.
This Sanple . 3 contained 0.0001% by weighis(in terns of Fe) of the iron
conmpound based on the weight of Tiderr] of the titanium oxide.

- 22 - Exampkgehfment at 150°0 for i3 dowxs ain aameautociaveyl Hikfdce
solution of 80 g/l in concentration was added an acidic . agueous sol ution

cont ai ni Ng 12a&ibgwals iaddedud atlee (haSc aftedHsebjpcredi tookthed therein -

and then, the solution was heated to 85[err]C and kept at that tenperature

for 3 hours hgduetheinmel ttredtinenty|tenéetraline theusluREY KPdroPfzat e

was filtered, washed and dried to obtain a titaniun1oxige hot ocat al yst of

the present i mferft-iCon fakiawed o of herakioR onWw2 shpBanan SQEﬁFEQNFP'This

Sanpl e M cont ai ned iron hydroxide in an u of

o obtain_titaggum oxide (Samgfg ES. Sample 4 had a

specific surface area of 60.0 m?/g, had an anatase type
crystal form and had an average particle size of 20.0 nm-

calculated with the Scherrer’'s formula.

"Example 12
One liter of an aqueous titanyl sulfaté

solution of 210 g/l in concentration which contained 54
g/l of iron sulfate in terms of Fe was heated to 85°C
"and kept at that temperature foxr 3 hours to hydrolyzé
titanyl sulfate. Then, nitric acid was added to adjust
the pH to 1.5 to peptize the solution. Then, to this
peptized-soiution Qaé added sodium hydroxide to adjust
the pH to 7.0, followed by filtration, washing and
drying to obtain a titanium oxide photocatalyst of the
present invention which contained an iron compound
(Sample O). This Sample O contained iron hydroxide in
an amount of 0.025% by weight (in terms of Fe) based on
the weight of TiQ;of the titanium oxide and amount of
iron hydroxide supported per square meier of the
titanium oxide particles was 0.8 pg in terms of Fe. The
Sample O had a specific surface area of 3001&/9,'had'an
anatase type crystal form and had an average particie

size 6f 6.0 nm calculated with the Scherrer’'s formula,-



0. 0060% by weight (in terns of Fe) based on the weight of TiJerr] of the
-titanium oxi de, had a specific surface area of 297.0 n2/g, had an anatase
type crystal form and had an average particle size of 7.0 nm cal cul at ed
with the Scherrer's formula. The photocatal ytic property of
the sanples (A-M obtained in the above Exanples and Conparative Exanples
was- eval uated in the follow ng manner. 0.J.g - of each sanple was dispersed
in ion-exchange water to obtain a susperision of 4 g/l in terms of

TiJerr]. To ggmgg aggvgh%xﬁﬂiﬁg?glon was added 25 [err]l of 2-propanol,

followed by irradiation wt ack light for 2 hours to effect the
photocatal ytic reacti onqgb %ﬂ%ﬂ%%ﬂ%ﬂoxldg“bf'§éﬂﬁié3@(ﬁbéé£ﬁﬁd“@ﬁ 2

mVcnierr]. The irradiated surface area was 28 cnjerr] Change of the
concentrati ongRhmpZePlaPaae wded A ditngaaaadiv sraa@meelsur efhigromthe
- 23 - neasurenents was calculated a first-order rate constant of

deconposi t i onsémpleThe contalinedarthes Hawn icompiird lin A% &mduBe 6€en from
Table 1, the titanium oxides containing iron conpound of the present
i nvention are0.80pak% by weighdt ddat Hermisc ol tFe/) thased -on the weight

of TiO, of the titanium oxide.

- The photocatalytic property of thé samples (N,
O, P) obtained in the above Examples and Comparative
Examples was evaluaﬁed in the following manner. 0.02 g
of the sample was charged in a container of 800 ml and
then, acetaldehyde was charged the:ein, and the
container was closed. The concentration of acetaldehyde
in the confainer was about 100 ppm. Then, irradiation
with black light was carried out for 1 hour to decompose
aﬁetaldehyde. The inﬁensity of light was 1 mW/cm?. The
irradiated éurface area was 15 cm’. Change of the
concentration of acetoaldehyde during the reaction was
measured. From the meésurements was calculated a
first-order rate constant of decomposition (k). The
results are shown in Tabie 2}_ As can be seen from this
table, the titanium oxides cbntaining irén compound of
the present invention are superior in photocatalytic

activity.



Table 1 . First-order rate
Sanmpl ¢ " const ant of

deconposition kc : ' (hourf[err])
Example 1. A 0.31 Exampl e 2 B
0.42 Exampl e 3 C 0.42 Exanpl e 4

0.24 °~ Conparative E - 27 - 0.10 Exanpl e 1
Exanpl e 5 F ' 0. 38 Exanpl e 6 G
0.38 Exanpl e 7 H Table 3 57 Exanpl e 8

0.34 Conpar ati ve J 0.14 Exampl e 2
Exanple 9 K : £ Loy '

0.10 Exang e 3 ~Exangl e 10 ' First-order fafd

- 24- Exanpl g 11 Thgﬂ{rﬂc@dure of ExanpbgsbamBSofepeat ed,
except that ajfitanium oxidg of the foll gm ng SadRicomposirsiasisad in p

of Sanple 2 a
chl oride (Fed
obtaining a ti
cont ai ned an i

an aci di c aqueous sol utijon contai ni rot45 Ny of iron
ErTI oM err]dy disso0l Ved ffnerern was useqﬁ‘ Tt her eny
2mplenylilde Inhot ocBt al vstl of the 214 eserk-4%hvention whi cth

ynd (fSanplegN). This Sanple N 190 ai ped i.ron

hydr oxi de i n 7 . rgit— T termsof |—e7) ased—orrt+
wei ght of Ti compagative ' 1.0 : _
Example 4. :
Example 13

One liter of an aqueous titanyl sulfate
solution of 80 g/1 in concentration was heated to 85°C
and kept at that temperature for 3 hours to hydrolyze
titanyl sulfate. The thus obtained hydroleate was
filtered and washed and then, suspended in water to
obtain a suspension of 200 g/l in terms of TiO,. Then,
to the suspension was added under stirring an aqueous

_hydrofluoric acid solution so that the concentration of
hydrofluoric acid was 0.15 N. After kept at room
temperature for 1 hour, the suspension was filtered,
washed until the conductivity of the filtrate reached
200 uS/cm, ahd then dried to obtainra titanium oxide
photocatalyst of the present invention (Sample Q). The
Sample Q had a specific surface area of 310 m?/g, had an

'ianatase type crystal form and had an average particle
size 6f 30 nm obtained by observation with an electron

microscope.



titani um oxi de. Anount of the iron hydroxide supported per square neter of
the tiktani um oxi de particles was 48 [err]g in terns of Fe. . The
Sanpl e 4 was prepared in the following nanner. One liter of an aqueous
titanyl sulfate solution of 80 g/l in concentration was heated to 85[err]C
and kept at that tenperature for 3 hours to hydrolyze the titanyl sulfate.
The resul tant hydrol yzate was filtered @M Washed and then suspended in

water to obtain a suigension of 50 g/l in terns of Ti Q2. Then, -an aqueous
nitric acid sBX@PPLE %ds added to the suspension to adjust the pH of the

suspension to 1.0 and ereaft odi ereto to
adjust the pHto 7.0, FI 8\7'58&%5\}‘:% %t rar?tw andijgvafy%é ?gtég . :
resul ting titapi 0 POEPAr &8 stbﬁgry of
180 g/l in tef nsggk ?hg?eﬁi%'éaﬁﬁf a%%Q§QOX| %égF%dded tocthe slurry to
adj ust the pHytg Qg?n Y tiSarbilah 66k Bde t phoydeathakizal
treatrrent Nit t?.?g ]Cfor f Llhi\ e Sy

- 25 - ours in an autoclave. Ntric acid
was added to Bhetﬁleuwés@ﬂteurw&m@xecwamm Rjiydrohéesampler Rahawita t o

neutralize the slurry to a pH of 7.0, followed by filtration, washing and
drying to obgpegilfiilcd¥usifape (ka:e(aSam)IHm)mZ/gSalqﬁ @nateske dype
crystal form and an average particle size of 30 nm

obtained by observation with an electron microscope.

Exgmple 15

| The procedure of Example 13 was repeated,
except that the concentration of hydrofluoric acid was
1.5 N, thereby obtaining a titanium oxide photocatalyst
of the present invention (Samplg S). The Sample S had a
specific surface area of 310 m?/g, an anatase type
crystal form and an average particle size of 30 nm

obtained by observation with an electron microscope.

_Example-ls
10 g of titanium oxide which was the Sample R
obtained in Example 14 and subjected to the mineral acid
.treatment was suspeﬁded in water to obtain a suspension
of 100 g/l in terms of TiO,.. Then, to the suspension
was added with stirring an écidic agueous solution
contaiﬁing 14.5 mg of iron chloride (FeCl;*6H,0),
followed by adding aqueous amménia to adjust the pH to
7.0. Then, the suspension was filtered, washed until

the cénductivity of the filtrate reached 20 uS/cm, then



specific surface area of 60.0 nferr]/g, had an anatase type crystal form
and had ansaverage particle size of 20.0 nm calculated with the Scherrer's
formul a. Exanpl e 12 ‘One liter of an aqueous titanyl sulfate
solution of 210 g/l in concentration which contained 54 g/l of iron
sulfate in terns of Fe was heated to 85[err]C and kept at that tenperature
for 3 hours to hydrolyze titanyl sulfate29Then, nitric acid was added to

djust the pHto 1.5 t tjze t |ution Then, to.thj tized

ol ut 1 on v Maabeds 3L ARRAR 5 OYRORGE LB eapREN 2k P 7oBoeBSP] (1G b,
filtration, washi d | ng talpoa§itap | talyst  of
R A S A e g B

Sapl e 0 cont gingd ééﬁq@gmxﬁl% fip) A0 th%?ﬁ%lg 2288nby 1 Wekollrdd N

terms of Fe)- based on Jerr he titani um oxi de and

amount of i r R dpudQid 46, SHPRERGECk NSE 6d03%ebyRheigRt (RA teiingnicsm oxi de
particles was 0.8 [err]Jg in terns of Fe. The Sanple 0 had a specific -

surface area @le3¥hgdErdrl /the hodligit 6paTies of heryistanidmroxsad had an

average particle size of 6.0 nmcalculated with the Scherrer's fornul a.

- 26 - and amount of the iron hydroxide supported per square
 meter of the surface area of the titanium oxide

particles was 1.0 ug in terms of Fe.

Comparative Example 5

One liter of an aqueous titanyl sulfate
solution of 80 g/l in concentration was heated to 85°C
and kept at that tempsrature for 3 hours to hydrolyze
titanyl sulfate. The thus obtained hydrolyzate was
filtered and washed to obtain a titanium oxide photo-
catalyst (Sample'U). The Sample U had a specific
surface area of 310.nF/g, an anatase type crystal form
and an a#erage particle size of 30 nm obtained by
observation with an electron microscope.'

‘The photocatalytic property of the samgles
.(Q4U) obtained in the above Examéles and COmparatiQe
Examples was evaluated in the following manner. 0.1 g
of eacﬁ sample was dispersed in ion-exchange water to
obtain a susﬁension of 4 g/i in terms of Ti0O,. To 25 ml
of the suspension was added 25 pl of 2-propanol, |
followed by irradiation with a black light (peak wave-
length-365 nm)} for 2 hours to carry out the photo-

catalytic reaction of 2-propanol. The intensity of



Conpar ati ve Exanple 4 The titanium oxi de of Sanple 4 obtained in
Exanplse 1lc<was used as Conparative Sanple P. This Sanple 4 contained the
i ron conpound in an anmount of 0.0001% by weight (in ternms of Fe) based on
the weight of TiQ2 of the titanium oxide. The photocatal ytic
property of the sanples (N, O P) obtained in the above Exanpl es and _
Conparative Exanples was evaluatedi|11fﬁ9fbllomﬁng manner. 0.02 g of the

I k h ' i Al 800 d- then, t.al dehyd
har ged ther of WRENNSEn3. ANIAIE el RRIScPls EHe FRECEMEAIIAN (B of
t al dehyd in_th tai bout, .100 Th ' Lati i th
bl ack |1ght vRSPEGPAPEY GUEIRS, Then RRAGT Ol B ARAS SR ] dEFOcheho
i nt it folj - d | at 15
cnrr]. crargsBheBREnt W Icloal VR 4 SOREIGNGY HACE BORECER. Vo

was measur ed, s FEQRbWAS s Nts s LG UL dshdind S{n bS8 e 3L €
Gﬁ?ﬁ?{%%ﬁ %Ie . Xs

constant of deconposition ) e results are shown in Ta can be
seen fromthigs &ahl Be ishlnl ifrk WaEYd 4SS ANt P ADuh ' GR1 48 "PRYAG-Of  the

present invention are superior in photocatalytic activity.

catalysts of the present invention are superior in the
phétocatalytic property. It is not clear why the
photécatalYtic property is markedly improved when the
titanium oxide is subjected to the mineral acid
treatment, but it can be supposed that the mineral acid

' treatment causes increase in the amount of the material
(to be dedomposed) which is adsorbed to the titanium
oxide and the adsorbed material to be decomposed rapidly

reacts with the holes and electrons produced by

photo—excitdtibn of the titanium oxide.

Table 3

e ]

First-order rate
constant of
decomposition k

(hour!)
Example 13 Q 0.47
Example 14 R 0.71 i
Example 15 s 0.58 u
Example 16 T 0.77 “
U

Comparative ' ' 0.27
Example 5 T




- 27 - Table 2

First-order rate Sanmpl e const ant of
deconposition k ' (hour[err]) Exanple 11 N

4.25 Exanple 12 0 ' 15.6 Conparative p

1.07 -Exanple 4 Exampl e 13 One liter of an aqueous titanyl

sul fate solution of 80 g/l in concentratBdn-was heated to 85[err]C and
kept at that tenperature for 3 hours to hydrolyze titanyl sulfate. The
t hus obt ai ned BXAMRAS 7t e was® filtered and washed .and then, suspended in

water to obtain a suspegsion of 200 g/l ,in terns qQf §i rr,]. Then, to
t he suspension was adde (ﬁ#t§?+?wiﬂﬁlgﬁ ﬁguéﬂﬂgaeh d%ﬁ%ﬁhﬂ%Q:%ﬁﬂd f :
solution so t e ent ' .hydrof |l uori Is S.0.15 N After
kept at room %an'%eafﬁrq%a%]oé@%bgﬁﬁgé the¥e ?ﬁeggi %H%% g‘ | ST S 1 ¥R-ished
until the conQuectigy t fs LLtrata: neac 200, [ ] g _t hen
dried to obt a?gr?ajdtq t(‘%li/nfl)ulhgrl 2’%)&2& %ﬁp'tffdéé't alys nbfg? hgﬁ%rgégﬁtgn?ﬁggnt I on
(Sample Q. Thias SHEMS (hdee St22eEhs! GnSHELBEESANGARIIREEIE Gddd 0. had
an anatase type crystal formand had”an av€rage pafticle size o 0 nm
obtai ned by oA NedV £Xa8NtRECE6h8ENtFRELORCREC hydrofluoric acid

was 0.15 N. After kept at room.temperature for i hour,

the suspension was filte:ed, washed until the conduc-

tivity of the filtrate reached 200 uS/cm, and then dried

to obtain a titanium oxide photocatalyst of the present

invention (Sample V).

Example 18

10 g of the titanium oxidé which was.the
Sample V obtained in Example 17 and subjected to the
mineral acid tfeatment was suspended in water to obtain
a suspension of 100 g/l in terms of TiO,. Then, to the
suspension was added with stirring an acidic aqueous
solution containing 8.70 mg of iron chloride (FeCl,;+6H,0)
diséolved'therein, followed by adding aqueous ammonia to
adjust the pH to 7.0.. Then, the suspension was
filtered, washed and dried to obtain a titanium oxide
photocatalyst of the present invention which contained
an iron compound (Sample W). This Sample W contained
iron hydroxide in an amount of 0.018% by weight (in
terms of Pe) based on the weight of TiO, of the titanium
oxide and amount of the iron hydroxide supported per

square meter of the surface area of the titanium oxide



- 28 - Exanmple 14 The procedure of Exanple 13 was repeat ed,
except that the concentration of hydrofluoric acid was 0.5 N, thereby
obtaining a titani um oxide photocatalyst of the present invention (Sanple
R). The Sanple R had a specific surface area of 310 nferr]/g, an anatase
type crystal formand an average particle size of 30.nm obtained by
observation with an el ectron m croscope. Exanpl e 15 The
procedure of Exanple 13 was repeated, except that the concentration of
hydrofluoric acid was 1.5 N,"thereby obtagping a titanium oxide
phot ocat al yst of the present invention (Sanple S). The Sanple S had a

specific SUff&P‘iﬁ&%@éﬁ‘ wad :!Tiffn’g!/ﬂ; SR b aspet ype crystal formand an
average particle size of 30 nm obtained by observation with an el ectron

m croscope. Exanpl e 16 10 g of titanium oxide which was the
Sanmpl e R obtained in Exanple 14 and subjected to the mneral acid
treat ment was suspended iThevgtlestdar tdlptic apsopeetigi of thé $8Mpdes (T,
terns of Ti Q2. Then, to the suspension was added with stirring an acidic
aqueous sol uti & Vooﬁ{)aiQhﬂrﬂgi!let.PSinrgthﬁ aboye chxanplies (#ndl Compprafioe | O,
Examples was evaluated in the following manner. 0.1 g
of each sample was dispersed in ion—exéhange water to
obtéin a suspeﬁsion of 4 g/1 in terms of TiO,. To 25 ml
of the suspension was added 25 pl of 2-propancl,
followed by irradiation with a black light for 2 hours
to carry out the photocatalytic reaction of 2-p£opanol.
The intensity of light was 2 mW/cm?. The irradiated
surface area was 28 cm?’. Change of the concentration of
2-propanol during the reaction was measured. From the -
measurements was-calculated a first-order rate cénstant
. of composition (k). The results are shown in Table 4.
As can be séen from Table 4, the titanium oxide
photocatalysts'of the present invention are supe?ior in
the photocatalytic activ;ty. Especially, the titanium
oxide phﬁtocatalysts whi;h comprise titanium oxide
pa;ticles which are subjected to the mineral acid
treatment and on which the iion compound is Supported
have excellent photocatalytic activity which results

from synergistic effect of the mineral acid treatment

and the supporting of the iron compound.



fol | omed by addi ng aqueous anmmonia to adjust the pHto 7.0. Then, the
suspensionz=was filtered, washed until the conductivity of the filtrate
reached 20 [err]S/cm then - 29 - washed
and dried to obtain a titanium oxide photo- catalyst of the present
-invention which supported an iron conpougg (Sanple T). This Sanple T
contained iron hydroxide in an anount of 03% by weight (in ternms of Fe)

based on t'he wei ght of Ti Q2 of the titi? qxi de and anount of the iron
hydr oxi de supported per square neter the surface area of the titanium
oxide particles was 1.0 [err]g in terns of Fe. Conparati ve Exanple 5

One liter of oo =80 -1 T 1T
concentrationjwas heated to 8p[err]C and kept atFihst- mnngraaDee for {3
hours to hydrplyze titanyl splfaiSampllee thys obtaln@@SWydﬂobﬁtate was
filtered and shed to obtain]a titani um ox{de hd@@ompgﬂygyﬁn K Sampl ¢ U).
The Sanple U fpad a specific surface area ol 310 2/ g (h@8Tanat ase type
crystal form aqg an fveﬁage particl&n5|ze pf 30 nn1obt@|€§d by “

observation G656 Fhe—photeeatalytic
property of the medmpes 17(Q V) obtavned I n{t he above Euanples and
Conparative

P “ Example 18 - W 0.55 -

Comparative E 0.11 :
Example 1 _ : .

The titanium oxide photocatalyst of the
present invention comprises titanium oxide particles
which have an iron compound contained therein and/or an
iron compound supported on the surféce thereocf. Thus,
photocatalytic property of the titanium oxide can be

improved. -Furﬁhermore,.the titanium oxide photocatalyst
of the present invgntidn cﬁmprises titanium oxide which
is treated with a minéral acid. Thus, photocatalytic
property of the titanium oxide can be improved. More--
over, the titanium oxidé'photocatalyst of the preéent
invention comprises titanium oxide particles which are
treated with a mineral acid and which have an iron
.compound contained theréin and/or an iron compound
Supported on the surface therecf. The photocatalytic
property of the_titihium oiide'can be further improved.
Utilizing the'photocétalytic.propérty, materials which
exert or may exert a harmful influence upon human bodies

- and living environment can be rapidly and effectively



Exanpl es was evaluated in the followi ng manner. 0.1 g of each sanple was
di sper.sed tn ion-exchange water to- obtain a suspension of 4 g/l. in terns
of TiJerr]. To 25 n of 't he suspension was added 25 [err]| of

2- pr opanol , followed by irradiation with a black Iight (peak wave-

| ength 365 nm) for 2 hours to carry out the photo- catal ytic reaction of
2-propanol . The intensity of : : - 30 - light
was 2 mWcnierr]. Change of the concentat3idor of 2-propanol during the
reacti on was neasured. Fromthe . nmeasurenents was cal culated a first-order
rate constant nEmatesbdrpotherefofk). thigephosorasadystsioduiha Pegsent. As
~can be seen from Table 3, the titanium oxide photo- catalysts of the :
present inventiigwentienphsiverynusagulpetolalyl Forc ‘ﬁ‘ﬂbﬁéﬁ-‘;ﬁl 1¥S® 5 not

clear why the _photocatal ytic property i rkedly i nprov when, t he
titani um oxi de But s‘%ﬂa‘f%c#%dg?ﬁgfﬂ _ %ﬁgﬁ§9ﬁ0§&°$F5§"&%n??#mC+ €¥an be
supposed that the mneral acid__treatnent_causes._i.ncrease in.t upt of
the material (8% ve ,%%E%’a'&%ﬁ?'mﬁﬁ& i"%agéé“g'r 583 %% p?'l?gcotcl%[ta#%%m%gi de
and the adsorb mat er | t ed _rapi gl M st | es
and el ectrons ;e)'i’qb%lu%’é%s yt %ﬁgg‘o‘ggégr?gf‘ i g’r‘]3 %P‘btqh 'etdlr ?%%t 3'%% 033<<|;11 eh\?g@é’
Tabl e 3 because it is high in safety and moreover, does not

pollﬁte the environment even when it is throw_n éway.



First-order rate . | Sanpl e const ant of
deconpésititon k ihouf[err] ) ~ Exanple 18 1 eem Cie s . <
S e WO S% Emal S
0.27 Exanple 5 S - 31 - Exanple 17

The titani um oxi de of Sanplé 1 obt ai ned-i 85 Exanple 1 was suspended in
water to obtain a suspension of 200 g/l in ternms of Ti 2. Then, to the
suspensi on WHHAZJAEd GAAIMER ST i ng an aqueous hydrofluoric acid solution

so that the concentration of hydroflupric acid mai'0.15 N. After kept at
room t enper at re for 1 Hodita *ﬂ@sﬂﬁ#éﬁs?%ﬂtﬂﬁ§t?'YFErEBWPﬁé§ﬁ€@_untiI t he.

duc- I Vi f .the fil hed 200 S/ d dr,i ed
Gbiain a i1 ahLSAPSPUE AR RATH LTS oYRERE BPEEREL: RcHDEoNHERST% V).
Ex le 18 : : fot | | ' | le V
obiarned i n ERRAFE™ FRRPE, SRt FhOERER MIhCRnICSehsE, i

sus genggdt ihg RECLHA LY A the 3 50k PESRHOINAT sdPPodtbdl Rhk@edh of Ti O2.

2. : " A titanium oxide photocatalyst according to
claim 1, wherein said titanium oxide particles are of a
mineral acid-treated titanium oxide.

3. ' A titaniﬁm oxide-photocafalyst according to
claim 2, wherein said mineral acid is hydroflﬁoric acid.
4. A titanium oxide photocatalyst according to
claim 1, wherein said-iron compound is at least one
compound selected froﬁ the groué'consisting of a feirous
compound and a ferric compound. .

5. A titanium oxide.photocatalyst according to
claim 1, wherein the average particle size of said
titanium oxide particles_is in the rangé pf 1 to 500 nm..
6. A titanium oxide photocatalyst accoxding to
claim 1, wherein said titanium oxide.particles have saidl
iron compound in an amount of 0.0005 to 10% by weight in
terms of Fe ﬁased on the weight of TiO, of the titanium
oxide particles.

7. -A titaniuﬁ oxide photocatalyst according to
claim 1, wherein said titanium oxide particles have said
irdn compound in an amount of 0.001 to 5% by weight in
terms_of Fe based on thé weight of TiO, of the titanium

‘oxide particles.

8. " A titanium oxide photocatalyst according to
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suspensi on was added with stiTring an acidi ¢ aqueous sol ution containing

8.70 ng of Lir i i err]*6H err]0) dissolved therein, followed
by addi ng aqui"ﬂﬂ#ﬂ“"ﬁﬂﬂ'!ﬁﬁﬂ!g‘dj ust the pHto 7.0. Then, the suspension
was filtered, *washed amn ris=ed to.obtain a titani um oxide photocatal yst
of the present- invention which contained an iron conpound (Sanple W. This
Sanpl e Wcontained iron hydroxide i n=ad6arount of 0.018% by weight (in
terms of Fe) based on the weight of TiO2 of the titanium oxide and anount
of the irondhpdmoxXi devisemppint saigetitaniume opider poirtiifdesyhake sadd of
the titani um oxide ] - %f - articles
was 2.2 [erdmpn reqrpomndfsypported thereontia sa,edoany OBty of
the samples (C__E, V, obtaigeg i n_the above Eﬁ%ﬂ?' éygj Compar ative
Exanpl es wa® (AR g cbn i herRE P56 FBWPRT RENAES ™F PXg O horcadhi it e was
di spersed in ion-exchange. water tq._.qgbtai pension of 4 g/l in terns
of TiC{err].arﬁ?'f§¥ﬁahqo?l ﬁﬁlgﬂsﬁﬁﬁggoﬁa%égcég%éd 25 [err]l of 2-propanol,
followed by grradiatio | | I Ve Out the
g. 2 Y EBnRuR B8Lab! Blbrbatall e Yed

phot ocat al yt'i'c reacti on propano e Intensity o was 2

MW cn2. The dydsagli B edhesuifia681a" €3£ 4RT uid oxille PMMIRIYs ifve said

concentration of _
iron compound supported thereon in an amount of 0.1 to

3,000 ng in terms of Fe per square meter of the surface
area of the titanium oxide particles.

10. A titanium oxide photocatalyst accofding to
claim 1, wherein the titanium 6xiﬁe of said titaﬁium
oxide particles is an anatasejtfpe titanium oxide.

11. A titanium oxide photocatalyst comérising
titanium oxide particles.treated with a mineral acid.
12. . A titanium oxide photocatalyst according to
claim 11, wherein said mineral acid is hydro-fluoric
acid. |

13. A titanium oxide photocatalyst according to
claim 11,_ﬁherein said titanium o#ide particles comprise
an anatase type titanium oxide. |

14. ‘A titanium oxide photocatalyst according to
claim 11, wherein said titaniuﬁ'oxide particles have an
average particle size of 1 to 1,000 nm. |

15.. A method of producing the titanium phéto—
catalyst according'to claim 1, which comprises the steps
of hydrolyzing or neutralizing a titanium compouﬁd in
the presence of an iron compound. | |

16. " A method of producing the titanium photo-
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2-propganol during the reaction was neasured. Fromthe neasurenents. was

cal cul;aredi.a first-order rate constant of conposition (k). The results are
shown in Fabte—+4—-As—can he seen from Table 4, the titani um oxide
photocataly m of - the present i nvention are superior in the photocatal ytic

activity. E ﬂtﬂﬂ"taniun1 oxi de photocatal ysts which conpri se
titani um ox ich are subjected to the mneral acid
treatment and on i ch tthe*iron conpound is supported have excell ent
photocatal ytic activity which-results fromsynergistic effect of the

mneral acid treatnment and the supporting of the iron conpound.

- 33 - Tabl e 4

First-order rate Sanpl e const ant of
deconposition k - 37 - (hour[err])
Exampl e 3 C - . 0.43 Exampl e 17 Vv

0.24 Exanpl eat@lyst accdifding to claim 1, Owhbch CEompzisesvéhe stepd
0.11 Exanmple 1 - The tltanlun1OX|de phot ocat al yst of the

pr esent |nvenbfohydrqiyzmngtonamaunmamazmn@aattmteslum compound to
obtain a titanium oxide, and immersing the tltanxum
oxide in a solution of an.iron compound. | |
17. - A method of producing the titanium photo-
catalyst according to claim 1, which cqmpriées'the steps
of hydrolyzing or neutralizing a titanium compeuhd to
obtain a titanium oxide and then treating the titanium
oxide with a mineral acid.
i8. A method according to any one 6f claims 15 to
17, wherein said titanium eompound is hydrelyzed at a
temperature not higher than the boiling point of an
agueous solution of the titanium compound .
19. A method of producing the titanium oxide
photocatalyst accordin§ to claim 1, which comprises the
step of immefsing a mineral acid-treated titanium oxide

in a solution of an iron compound.

—'\
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whi c#*have an iron conpound contalned thereln and/or an iron
conpound=supported on the surface- ther éof . *“Fhus, phot ocat al yti c property
of the titanium oxide can.be inproved. FurthernDre, the titani um oxi de
photocatal yst of the present invention conprises titaniumoxide which is
treated with a mneral acid. Thus, sdefsetral ytic property of the titanium
oxi de can be inproved. Mdire- over, the titani um oxide photocatal yst of the
present - ‘i nvention conpri ses. titaniun1ox?de particles which are treated

with a mneral acid and ntai ned therein
and/or an iron conpoun m@@ﬁb@ﬂ?ﬁﬁﬂﬁﬁthgﬁ?B&ggggﬂgﬂg$g . The

phot ocatal ytic propert MEPROD DR PRODOCING THE m,murt her | mproved.
Utilizing the photocatalytic property, materials which exert or may exert
a harnful influence upon human bodies and l|iving environment .can be

rapi dly and effectively - 34 -

renoved. Therefore, the photocatal yst of the present invention is very
useful .not only for industrial use, but also as general household
deodorants, fungicides, etc. Furthermore, the titanium oxide photocatal yst
of the present invention can be enpl oyed for vari ous uses because it is

high in safety and noreo¥Be, ig3€8tion promides eh&iganiwmmerideven when it

is thrown away. -
photocatalyst having an excellent photocatalytic

property and comprising titanium oxide pérticles which
have parﬁ or the whole of an iron compound contained
therein and supported thereon. The invention further
provides a titanium oxide photocatalyst comprising
;itanium.oxide particles which are treated with a
mineral acid and whiéh have part or the whole of an iron
compound contained therein and supported thereon. The
invention still further provides a process for producing
the titanium oxide photodatalyst. Utilizing the excel-.
lent photocétalytic property, matefials which exert or |
m&y exert a harmful'influence.upon human bodies or
living environment, such as organic halogen compounds,
malodorous gases, oils, b&cteria, fungi and algae can be

rapidly and effectively removed..



$MHKT'PS:CEAINED s 1. A tltaniuﬁmoxyde phot ocat al yst conpri si rlgor®t=RPum
oxi de ,pérticl F I ron compound contai ned therein and/or
support ed theiEﬂ’ I"ﬂ ﬂﬂiﬂﬂg average particle size of said titanium

-oxi de particl e of 1 SO%U%}itlﬁe sheé‘ttbﬁaifﬁ'%ﬁhggﬁd@'l

" phot ocat al yst according to claim1,” rei ' Tcles
are of a ym.ner 14~ . Jreated titaniumoxide. 3. A ti‘tanium oxide
”photocataﬁbgi g%c%ﬁé&ﬁﬁm%ggglain12, wherein said mneral acid is
hydrofluoric acid, 4. A titanium oxide photocatal yst,according to claima1l,
wher ei n shtd i@oﬁlE%‘b‘ﬂn‘a’QQe‘a?h?‘é%@%t%]%s%o?&lmﬂ%ﬁsé%ﬂleﬁﬁﬂn%w&nﬂ‘h@egroup
consi sti . r u a I CaC 5 |t ani '
oxi de phgg%%%fg}égtaggé%r I'ng %% g?aln$ ﬁﬁé%§?e$%8€§| e?r%%eé%%%o%ﬁ%yﬁﬁ

present i%?ﬁoﬁﬁ@&“th@fe@n?%ei@iﬂ@h@k%fﬂ@é parteele giz&eopasgiqon the
wei ght of TiQ2 of the titanium oxide particles. 6. A titanium oxide

phot ocat at ysanitemooxidg parcicles 1iswheriehe xangeiobHnl coapddddnhns present

in an anmount of 0,001, to 5b_by weight ip terns of _Fe based. op the wei ght
of TiC2 of -t hePt FLERRLR cXkae ot ratalyst aCeoTalng Eoxrha Bhbt ocat al yst

accordin [ ' i &l t | ' rii Vv Ld iron

conpoundgwéggggétg%%?h%¥€%%f+ﬁ §ﬁi§? %?@% f%gé%ggoag,%0@£?§¥€?g§$§&ternB

of Fe petregtiadetieantumnfokb®esurface. areaof the titani um oxide particles.
., A titanium oxi de photocatal yst according to claim1, wherein said

tTtani um 3xi dePphitapius exide sBhoteeaalyaborPersdbpgr tedclatfedn in an
amunt Ofwge%eig §a980m£§££i9 égiéeigsh§ﬁrofluoric acid.

4. A titanium oxide photocatalyst according to claim 1,
wherein said iron compound is at least one compound selected
from the group consisting of a ferrous compound and a ferric
compound.

5. A titanium oxide photocatalyst according to claim 1,
wherein said iron compound is éresent in an amount of 0.0005
to 10% by weight in terms of Fe based on the weight of TiO, of
the titanium oxide particles.

U 6. A titanium oxide photocatalyst according to claim 1,
wherein said iron compound is present in an amount of 0.001 to
5% by weight in terms of Fe based on the weight of TiO, of the
titanium oxide particles.

7. A titanium oxide photocatalyst according to claim 1,
wherein said titanium oxide particles have said iron compound
supported thereon in an amount of 0.05 to 5,000 ug in terms of
Fe per square metre of the surface area of the titanium oxide
pafticles. _

8. A titanium oxide'phoﬁocatalyst according to claim 1,

wherein said titanium oxide particles have said iron compound
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V. 36 -~ Fe per square nmetre of the surface area of the titanium OX|de
particl es. jlﬂ'l"ﬁ hot ocat al yst according to claim1,
wher ei n the tit ml,mn " Md titani um oxide particles is an anatase
net

-type titanium oxi'de.® 10. A

of _produddifbeitlfe éﬂggmome%gg@b@lwst -
according to claim1, which conprises th

neutralizing a ti tanl um conpound in the presence of an iron conpound. 11.
A nmet hod of producing the titani um photocatal yst according to.claiml1,
whi ch conprises the steps of hydroty3bng or neutralizing a titanium
conmpound to obtai n a titaniumoxide, and imersing the titaniumoxide in a

sol uti on-of L i opRaynd., fl?thf’*sﬁé%&c%éa%%lﬁ% Ef&ﬂidzﬁ%ﬂ‘&e

phot ocat aley ing to claim onprises t st eps of

hydr ol ymp@g-tqrclwt ralizing a titani umconpound to obtain a titanium oxide
~and then treating the titani umoxide wi.th a mneral acid. 13. A nethod
accordi ng o anfidmnism cxiides plptasatalygterageprding the aphadm cbnpound i's

hydrol yzeqd at a t erature not N gh e boilin oint_of an a ueous
sol ution "8?31’{3&@ ttl P}r %rﬁt THYUm, RS RAT TS f‘??a

oxi de phqjy a)g%t eonrding 4 salgg 1, which conprises the step of
|m"rerS|ng a mnera t-g’glldtg'reate ﬁtéﬁumomde in a solution of an iron

conpound.10. A method of producing the titanium pliotocatalyst
~ ~according to claim 1, which comprises the step of hydrolyzing
or neutralizing a titanium compound in the preeence of an iron
. compound. | _
11. A method of produc1ng the tltanlum photocatalyst
according to claim 1, which comprises the steps of hydrolyéing
or neutralizing a titanium compound to obtain a titanium
oxide, and immefsing the titanium oxide in a solution-of an
iron compound ' |
12. A method of producing the titanium photocatalyst
according to cla1m_1, which comprlses the steps of hydrolyzing
W or neutralizing a titanium compound to obtain a titanium oxide
and then treating the titaniuﬁ ox?de with a mineral acid.
13. A_method according to any one of claims 10 to 12, wherein
said titanium compound is hydrolyzed aﬁ a.temperature not
higher than the boiling point of an aqueocus solution of the
titanium compound.
14. A method of producing the titanium oxide photoeatalyst
according to claim 1,'which'compriées the step of immersing a
mineral acid-treated titanium oxide in a solution of an iron

compound.



