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TITANIUM OXIDE PRECURSOR AND PRODUCTION METHOD THEREOF, AND

PRODUCTION METHOD OF TITANIUM OXIDE USING THE PRECURSOR

ABSTRACT OF THE DISCLOSURE
A titanium oxide precursor which is used for producing
a fine-particle titanium oxide showing a high photocatalytic
activity is provided. The titanium oxide precursor is an
oxygen-atom-containing titanium compound other than

anatase-form titanium oxide, and has a maximum exothermic peak

at a temperature in the range of from about 30 °C to about 500

°C in a differential thermal analysis curve and shows decrease

in weight in a thermogravimetry curve at about the same
temperature at which the maximum exothermic peak is shown in
the differential thermal analyslis curve when subjected to a

thermogravimetry and differential thermal analysis under the

condition of a temperature rising rate of 20 °C/min.
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TITANIUM OXIDE PRECURSOR AND PRODUCTION METHOD THEREOF,

AND PRODUCTION METHOD OF TITANIUM OXIDE USING THE PRECURSOR

FIELD OF THE INVENTION

The present inventionrelatestoatitaniumoxide precursor
and a production method thereof, and a production method of a

titanium oxide using the precursor.

BACKGROUND OF THE INVENTION

A photocatalyst which shows a catalytic activity by
irradiation of a visible light was found, and many production
methods of the photocatalyst have been proposed. For example,
publication WO 00/10706 discloses a method for obtaining a
photocatalyst by hydrogen plasma treatment or rare-gas-element
plasma treatment of titanium oxide. However, the method
disclosed in the publication has problems such that the method
requires a specific apparatus having a vacuum vessel, such as
a plasma treatment apparatus and the like, which makes the
operation complicated.

Recently, othermethods for producing aphotocatalyst from
a titanium oxide, which do not have to use a specific apparatus
having a vacuum vessel, are also proposed. Examples thereof
are a method comprising the steps of hydrolyzing a
tetraisopropoxy titanium, heat treating the resulting product

in ammonia gas and calcining the product in the air (Japanese
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Patent Application Laid-Open No. (JP-A-) 2001-278625); amethod
comprising the steps of hydrolyzing a tetraisopropoxy titanium,
soaking the resulting product in an aqueous ammonia solution
and calcining the product (JP-A-2001-278626); a method
comprising the step of calcining an oxyoxalic acid titanium
ammonium (JP-A-2001-278627); a method comprising the step of
calcining a titanium hydroxide in the presence of an ammonium
sulfate (JP-A-2001-302241); a method comprising the step of
calcining a titanium hydroxide under an ammonia gas atmosphere
(JP-A-2001-354422); a method comprising the steps of mixing a
titanium compound such as a titanium chloride, a titanium
oxychloride, a titanium sulfate and a titanium oxysulfate with
a specific amount of ammonia and calcining the resulting mixture
(JP-A-2002-47012); and the like.

Among the above-described method, there are some methods
including a method in JP-A-2002-47012, which provide a titanjium
oxide showing a relatively high photocatalytic activity by
irradiation of a visible light. However, it is difficult to
obtain a small particle size of titanium oxide in such methods,
while the small particle size of titanium oxide is desired. A
titanium oxide having a small particle size has been desired
especially when a £film containing a titanium oxide 1is formed
froma coating solution in which the titanium oxide is dispersed
in a solvent, since a small size of particle makes possible to

provide a thin f£film and improve the mechanical properties of
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the film.

SUMMARY OF THE INVENTION

Objects of the present invention include to provide a
method for producing a fine-particle titanium oxide which shows
a photocatalytic activity, and a titanium oxide precursor which
can be used as a raw material for the production method and a
method for producing the precursor.

The inventors of the present invention have studied on
a method for producing a titanium oxide with a small particle
size while maintaining a high photocatalytic activity. As a
result, it has been found that a method using a titanium oxide
precursor provides a fine-particle titanium oxide having a
sufficient photocatalytic activity. Based on such findings,
the present invention has been accomplished.

The present invention provides a titanium oxide precursor
which is an oxygen-atom-containing titanium compound other than

anatase-form titanium oxide, and has a maximum exothermic peak

at a temperature in the range of from about 30 °C to about 500

°C in a differential thermal analysis curve and shows decrease

in weight in a thermogravimetry curve at about the same
temperature at which the maximum exothermic peak 1s shown 1in
the differential thermal analysis curve when subjected to a

thermogravimetry and differential thermal analysis (TG-DTA)

under the condition of a temperature rising rate of 20 °C/min.
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The present invention also provides amethod for producing
a titanium oxide precursor, the method comprising the steps of
mixing a titanium compound with a hydrogen peroxide and adding
a base to the resulting mixture at the temperature of about 80
°C or lower to hydrolyze the titanium compound.

Furthermore, the present invention provides a method for
producing a titanium oxide, the method comprising the step of

calcining the above-mentioned titanium oxide precursor.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is thermogravimetry and differential thermal
analysis curves (TG-DTA curve) of a titanium oxide precursor
of the present invention (see, Example 1); and

Fig. 2 is thermogravimetry and differential thermal
analysis curves (TG-DTA curve) of a titanium oxide precursor

(see, Comparative Example 1).

DETAILED DESCRIPTION OF THE INVENTION

A titanium oxide precursor in the present invention 1s
an oxygen-atom-containing titanium compound other than
anatase-form titanium oxide. The titanium oxide precursor can
be converted to a titanium oxide (which is represented by
composition formula TiO;) when being calcined in air at a

temperature of from about 300 °C to about 500 °C. The titanium

oxide precursor in the present invention may be an
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oxygen-atom-containing inorganic titanium compound such as a
titanium hydroxide and a titanium peroxide. Examples of the
titanium hydroxide include compounds represented by Ti(OH),,
Ti(OH);3;, TL(OH)4, TIO(OH),andthe 1like. Examplesof thetitanium
peroxide include a titanium compound mainly composed of a
titanium hydroxide in which some Ti-O-H bonds are replaced by
Ti-O-0 bond, a titanium compound mainly composed of a titanium
oxide in which some Ti-O bonds are replaced by Ti-O0-0 bond, a
mixture thereof, for example, a titanium compound represented
by formula (2) below:
Ti(02)x0Oy(0OH), (2)
[wherein X, vy and z are under the conditions of 0<{x<4, 0<y<2

and 0=<z<4] and the 1ike. A titanium oxide precursor in the

present invention may be one of the above-mentioned titanium
compounds or may be a mixture thereof.

In a thermogravimetry and differential thermal analysis,
a titaniumoxide precursor in the present invention has a maximum
exothermic peak at a temperature in the range of from about 30
°C to about 500 °C in the differential thermal analysis curve
and shows decrease in weight in the thermogravimetry curve at
about the same temperature at which the maximum exothermic peak
is shown in the differential thermal analysis curve. By
calcining the titanium oxide precursor showing the decrease in
weight at the above-described temperature, a fine particle

titanium oxide having a sufficient photocatalytic activity can
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be obtained. On the other hand, it is difficult to obtain a
fine particle titanium oxide by calcining a titanium oxide
precursor having an exothermic peak in a differential thermal
analysis curve and showing no decrease in weight at about the
same temperature at which the maximum exothermic peak is shown.
In the present specification, a term "a maximum exothermic peak”
means a exothermic peak showing the largest intensity among
exothermic peaks in a differential thermal analysis curve. The
maximum exothermic peak of a titanium oxide precursor in the

present invention is observed preferably at a temperature of

not less than about 200°C, and more preferably at a temperature
of not not less than about 300 °C, and is observed preferably

at a temperature of not more than about 450 °C. The

thermogravimetry and differential thermal analysis 1is an
analysis for measuring a calorific (exothermic) wvalue or
endothermic value of a sample when being heated while measuring
the change in weight of the sample at the same time. The analysis
in the present invention is carried out under the condition of
a temperature rising rate of 20 "C/min so that the temperature
at which the maximum exothermic peak is observed does not vary
depending on the temperature rising rate.

A titanium oxide precursor 1n the present 1invention
preferably has weight-decreasing ratio X of from about 0.1 %
by weight to about 5 % by weight (and more preferably, of from

about 0.5 % byweight to about 2 ¥ by weight), which is calculated



10

15

20

25

CA 02419632 2003-02-21

by equation (3) below:

X ( Wo - Wy ) = Wog x 100 (3)

wherein Wo is a weight of the titanium oxide precursor before
being heated in the thermogravimetry and differential thermal
analysis, W; is a weight of the precursor at a temperature showing
the maximumexothermic peak in the differential thermal analysis
curve and W, is a weight of the precursor at a temperature lower
by 20 °C than the temperature showing the maximum exothermic
peak. When an amorphous titanium hydroxide prepared by a
conventionallyknownmethodis subjected to the thermogravimetry
and differential thermal analysis, an exothermic peak is shown
during a phase conversion to an anatase-form titanium oxide in
a differential thermal analysis curve, but the weight of the
amorphous titanium hydroxide does not substantially change at
about the same temperature at which the exothermic peak is shown
in the differential thermal analysis curve. S5Such an amorphous
titanium hydroxide may have a weight-decreasing ratio X of less
than about 0.1 % by weilght.

Preferably, a titanium oxide precursor in the present
inventioncontainsnitrogenelement andemitsnitrogenmolecules
(N,) at the temperature at which a maximum exothermic peak is
observed in the differential thermal analysis curve thereof when
subjected to a thermogravimetry and differential thermal

analysis. Thereasonwhythefineparticletitaniumoxidehaving

a high photocatalytic activity is obtained from the titanium
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oxide precursor which emits nitrogen molecules, is not clear.
It is presumed that the precursor contains nitrogen in a specific
state, which contributes to the high photocatalytic activity.
The presence or absence of the emission of nitrogen molecules
can be evaluated, for example, by a differential-thermal-mass
spectrum.

Furthermore, a titanium oxide precursor in the present
invention preferably has a BET specific surface area of about
100m?’/gor smaller. Byusingthetitaniumoxide precursor having
a BET specific surface area of about 100 m?/g or smaller, a
particulate titanium oxide photocatalyst which has fine
particles and is excellent in dispersibility, can be obtained.
On the other hand, when the BET specific surface area of the
titanium oxide precursor 1is too small, there may be some
possibility of deteriorating the photocatalytic activity of the
resulting titanium oxide. Therefore, the BET specific surface
area of the titanium oxide precursor is preferably about 10 m*/g
or larger.

The main component of a titanium oxide precursor in the
present invention may be an amorphous, and the precursor is
preferably used as a rawmaterial for producing a titanium oxide
photocatalyst. The crystallinity of the titanium oxide
precursor can be evaluated by an X-ray diffraction method.

A titaniumoxide precursor in the present invention, which

shows decrease in weight in a thermogravimetry curve at the
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temperature around which the maximum exothermic peak is shown
in the differential thermal analysls curve, may be produced,
for example, byamethod comprising the stepsof mixingatitanium

compound with a hydrogen peroxide and adding a base to the

resulting mixture at the temperature of about 80°C or lower to

hydrolyze the titanium compound.

Examples of the titanium compound to be used in the
above-mentioned method include a titanium chloride, a titanijium
oxychloride, a titanium sulfate, a titanium oxysulfate and the
like. The amount of hydrogen peroxide to be mixed with the
titanium compound may be about 0.1 molar time or more, based
on titanium contained in the titanium compound. The larger the
amount of the hydrogen peroxide to be mixed becomes, the smaller
the particle size of thefinallyobtained titaniumoxide becomes,
whichispreferred. Forexample, the amount of hydrogen peroxide
is preferably about 1 molar times or more, based on titanium
contained in the titanium compound. On the other hand, when
the amount of the hydrogen peroxide 1is too large, the
photocatalytic activity of the obtained titanium oxide may be
deteriorated. Therefore, the amount of the hydrogen peroxide
is preferably about 5 molar times or less, based on titanium
contained in the titanium compound. The mixing of the titanium

compound with the hydrogen peroxide may be carried out at a

temperature of about 65 °C or lower, preferably at a temperature

of about 60 °C or lower, and more preferably at a temperature
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of about 55 °C or lower.

The hydrolysis of titanium compound may be carried out
by adding a base to the mixture of a titanium compound and a
hydrogenperoxide. Thebasetobeusedinthehydrolysisincludes
an ammonia, an amine, an amino acid, a hydroxylamine dexrivative,
a hydrazine derivative and the like. Among them, an ammonia
is preferred. The amount of the base to be used may be about
1.2 times or more, preferably about 2 times or more, and may
be about 20 times or less, preferably about 10 times or less,
basedon the stoichiometric amount of the base required toconvert

the titaniumcompound intoatitaniumhydroxide. The hydrolysis

may be carried out at a temperature of about 65 °C or lower,
preferably at a temperature of about 60 °C or lower, and more

preferably at a temperature of about 55 °C or lower.

By calcining the thus-obtained titanium oxide precursor,
a titaniumoxide which shows sufficient photocatalytic activity
by irradiation of visible 1light and 1is excellent 1n
dispersibility, can be produced.

The calcination may be carried out at a temperature of

about 300 °C or higher, preferably at a temperature of about
320 °C or higher, and may be carried out at a temperature of
about 600 °C or lower, preferably at a temperature of about 500

°C or lower. When a titanium oxide is produced by calcining

a titanium oxide precursor in the present invention as described

above, the titanium oxide precursor is preferably washed with
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water, ahydrogenperoxide solution, anammoniumnitrate solution,
an ammonium carbonate solution or the 1ljike prior to the
calcination. Furthermore, the washed titanium oxide precursor

is preferably dried prior to the calcination. The drying may

be carriedout at a temperature of about 10 °Corhigher, preferably
at a temperature of about 70 °C or higher, and may be carried
out at a temperature of about 200 °C or lower, preferably at

a temperature of about 150 °C or lower. The period of time for

drying is not limited and varies depending on the drying
temperature. The period of time for drying may be about 1 hour
or longer, preferably about 5 hours or longer, and may be within
about 24 hours.

The titanium oxide thus obtained in the present invention

may be represented bychemical formulaTiO,;, andmay has an average

particle size of about 0.5 um or shorter, preferably about 0.2

um or shorter, when subjected to dispersion treatment. The main

crystalline phase of the titanium oxide may be anatase.

The surface of the obtained titanium oxide is optionally
coated with an acidic metal oxide and/or a basic metal oxide.
The acidicmetal oxide to be used for the coatingmay be an acidic
metal oxide which has a Br¢nsted acid site, a Lewis acid site
orbothsites thereof. Examplesof theacidicmetaloxide include
a single-element oxide of a metal such as a zirconium, a hafnium,
a vanadium, a niobium, a tantalum, a molybdenum, a tungsten,

a manganese, an iron, a cobalt, a nickel, a copper, an aluminum,



10

15

20

25

CA 02419632 2003-02-21

a gallium, an indium and a tin; a composite oxide of two metals
suchasasilicon-zincoxide (whichmeans amixed oxide of silicon

and zinc), asilicon-zirconiumoxide, asilicon-magnesiumoxide,

a silicon-calcium oxide, a silicon-gallium oxide, a
silicon-aluminum oxide, a silicon-lanthanum oxide, a
silicon-titanium oxide, a titanium-zinc oxide, a
titanium-copper oxide, a titanium-zinc oxXide, a

titanium-aluminum oxide, a titanium-zirconium oxide, a
titanium-lead oxide, a titanium-bismuth oxide, a titanium-iron
oxide, a 2zinc-magnesium oxide, a zinc-aluminum oxide, a
zinc-zirconiumoxide, azinc-leadoxideandazinc-antimonyoxide.
Furthermore, as far as the metal oxide has an acid site, the
surface of the titanium oxide can be coated with a composite
oxide of three ormore kinds ofmetals. Among thesemetal oxides,
a single-element oxide of ametal suchasazirconium, a vanadium,
a niobium, a tantalum, a molybdenum, a tungsten, a manganese,
an iron, a cobalt, a nickel, a copper, an aluminum and a tin
is preferred. The basic metal oxide to be used for the coating
may be a base metal oxide which has a Brensted base site, a Lewis
base site or both sites thereof. Examples of the basic metal
oxide include a sodium oxide, a potassium oxide, a magnesium
oxide, a calcium oxide, a barium oxide, a lanthanum oxide, a
cerium oxide, a zinc oxide, a sodium hydroxide, a potassium
hydroxide, a magnesium hydroxide, a calcium hydroxide, a barium

hyvdroxide, a lanthanum hydroxide, a cerium hydroxide, a zinc
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hydroxide, asodiumcarbonate, apotassiumcarbonate, amagnesium
carbonate, a calcium carbonate, a barium carbonate, a lanthanum
carbonate, a cerium carbonate, a zinc carbonate and the like.
The surface of the titanium oxide may be coated with both of
the above-mentioned acidic metal oxide and basic metal oxide.
Alternatively, the titanium oxide of which surface is coated
with the acidicmetal oxide may be mixed with and be used together
with the titanium oxide of which surface is coated with the basic
metal oxide. The amount of the acidic metal oxide and/or the
basic metal oxide to be used for the coating is about 50 % by
mol or smaller, preferably about 30 % by mol or or smaller and
more preferably about 10 ¥ by mol or smaller, based on titanium
contained in the titanium oxide to be used as a substrate of
which surface 1s coated.

A titanium oxide in the present invention may be mixed
with a polymer resin, a binder, a molding agent, an antistatic
agent, an absorbent or the like, and may be molded to a pellet,
afiber, asheetorthelike. It isrecommendedtouse the titanium
oxide as a coating agent by mixing with a solvent, since the
titanium oxide is excellent in dispersibility in a liquid.

A fine particle titanjium oxXide in the present invention
and a film obtained from a coating agent which is prepared from
the titanium oxide both show a high photocatalytic activity by
irradiationof avisible 1ight (i.e., a light having a wavelength

of form about 430 nm to about 600 nm). The irradiationof visible
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light can be carried out, for example, by a fluorescent lamp,
a halogen lamp, a black light, a xenon lamp, a neon sign, an
LED, a marcury-vapor lamp, a sodium vapor lamp or the like. A

sun light may also be used.

According to the present invention, a titanium oxide
precursor which is suitable for producing a fine particulate
titanium oxide is provided. 1In the present invention, such a
titanium oxide precursor is easily produced. By calcining such
a titanium oxide precursor, a fine particulate titanium oxide
which shows sufficient photocatalytic activity is obtained.

The invention being thus described, it will be apparent
that the same may be varied in many ways. Such variations are
to be regarded as within the spirit and scope of the invention,
and all such modifications as would be apparent to one skilled
in the art are intended to be within the scope of the following
claims.

The entire disclosure of the Japanese Patent Application
No. 2002-047713 filed on February 25, 2002, indicating
specification, claims, drawings and summary, are incorporated

herein by reference in thelir entirety.

EXAMPLES
The present invention is described in more detail by
reference to the following Examples, which should not be

construedasalimitationupon the scope of the present invention.
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The physical properties of a titanium oxlde precursor and

a titanium oxide were evaluated as follows.

Crystallinity: ©Using an X-ray diffraction apparatus
(trade name: RAD-IIA, manufactured by Rigaku Corporation), an
X-ray diffraction spectrum was measured under the condition of:

X-ray tube: Cu,

Tube voltage: 40 kV,

Tube current: 35 mA,

Diffusion slit: 1 degree,

Scattering slit: 1 degree,

Light income slit: 0.30 mm,

Sampling width: 0.020 degree, and

Scanning rate: 2.00 degree/min.,
and crystallinity was examined from the obtained spectrum.

Thermogravimetry and differential thermal analysis
curves: Using a thermogravimetry and differential thermal
analysis measurement apparatus (trade name: Thermoplus II,
manufactured by Rigaku Corporation), thermogravimetry and
differential thermal analysis curves were obtained under the
condition df:

Atmosphere: ailr,

Temperature: from a room temperature (about 20 °C) to 1000 °C, and

Temperature-rising rate: 20 °C/min.

Differential thermalmass spectrum: Usingadifferential
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thermal-mass spectrometry measurement apparatus (trade name:
Thermomass, manufactured by RigakuCorporation), adifferential
thermal mass spectrum was obtained under the condition of:

Atmosphere: helium 300 ml/min,

Temperature: a room temperature (about 20 °C) to 600 °C,

Retention time: 5 min,

Temperature-rising rate: 20 °C/min,

Emission current: 1 mA,

CEM voltage: 2000 V,

Sensitivity: AUTO (7.69x107°).

BET specific surface area (m°/g): Using an automated
specific surface area measurement apparatus (trade name:
Monosorb, manufactured by Yuasa Ionics Inc.), a BET specific
surface area was obtained by a nitrogen-adsorptionmethod. The

desorption was carried out under vacuum and the condition of

retention at 200 °C for 30 min, and the adsorption was carried

out at a temperature of 77 K.

Examplie 1

Preparation of an Aqueous Titanium Oxysulfate Solution:
Atitaniumoxysulfate (tradename: TMCrystal, appearance:

white so0lid, manufactured by Tayca Corporation) (3388 g) was

dissolved in an ion exchanged water (2258 g) to prepare an agueous

titanium oxysulfate solution.
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Preparation of Titanium Oxide Precursor:

Under ice-cooling, a 35% aqueous hydrogen peroxide (1340
g) was added to the above-prepared agqueous titanium oxysulfate
solution to obtain a reddish purple mixed solution. The amount
of hydrogen peroxide added was 1.1 molar times based on titanium
in the agqueous titanium oxysulfate solution. An ion exchanged
water (4700 g) was fed to a reaction vessel equipped with pH
electrodes andapHcontrollerwhichconnects tothepHelectrodes
and supplies a 25 3 by weight of aqueous ammonia (special grade,
manufactured by Wako Pure Chemical Industries, Ltd.) so as to
adjust the pH of a liquid i1n the vessel to be constant. The
predetermined pH value of the pH controller was set to be 4.
The supplying rate of the agueous ammonia was set to 50.2 ml/min.
When a pH value of a liquid in the vessel becomes lower than
the predetermined value, the aqueous ammonia is begun to be
supplied, and the supplyingwas continued at the above-mentioned
supplying rate until the pH of the 1liquid attains to the
predetermined value. The above-obtained mixed solution was
added to the reaction vessel at a rate of 50.4 mi/min, while
stirring the resulting liquid in the vessel at 145 rpm, to react
with the aqueous ammonium which was supplied to the reaction
vessel by the pH controller. The reaction temperature at that
time was in a range of from 24 °C to 54 °C. The obtained reaction
mixture was maintained for 1 hour with stirring, and then a 25 %

by weight of agqueous ammonia (special grade, manufactured by
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Wako Pure Chemical Industries, Ltd.) was supplied to obtain a
slurry. The total amount of the agueous ammonia supplied to
the reaction vessel was 3746 g, which was twice as much as the
amount required to convert the titanium oxysulfate into a
titanium hydroxide. The slurry was filtered to obtain a solid
therein. The obtained solid was washedwith ion exchanged water
and was dried in the air at 150 °C for 10 hours to obtain a powder
of titanium oxide precursor. The titanium oxide precursor
substantially consisted of titanium hydroxide. The
thermogravimetry and differential thermal analysis curves
thereof are shown in Fig.l. Weight-changing ratio Y plotted
as ordinate is a value which is represented by the following
formula (4) below:
Y= (W - Wy ) = Wgx 100 (4)
wherein W, 1s the weight of the sample subjected to the
thermogravimetry and differential thermal analysis, and W is
the weight of the sample at each temperature. Therefore,
weight-decreasing ratio X represented by the above-mentioned
formula (3) is calculated by the following formula (5):
X =Y - Y, (5)

wherein Y; represents the weight-changing ratio at the
temperature at which a maximum exothermic peak is shown in the
differential thermal analysis curve, and Y, represents the

weight-changing ratio at the temperature lower by 20 °C than

such a temperature showing the maximumexothermic peak. InFig.
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1, arrow A points out the location where a maximum exothermic
peak is observed. Crystallinity of the above-obtained powder
of titanium oxide precursor, the temperature at which a maximum
exothermic peak is shown in the differential thermal analysis
curve, a weight-decrease ratio* at which a maximum exothermic
peak is shown and a BET specific surface area are shown in Table
1.

* The weight-decrease ratio can be calculated as a
difference between a weight-changing ratio [% by weight] at the
temperature at which the maximum exothermic peak is shown and
a weight-changing ratio [% by weight] at the temperature lower
by 20 °C than the above temperature showing the maximumexothermic

peak.

The differential thermal mass spectrum of the powder was
measured, to identify the substance which have been emitted at
the temperature at which the maximumexothermic peak was observed.
The measurement shows that m (mass number) / e (electric charge)
of the emitted substance 1s 28, which indicates that nitrogen

molecuies have been emitted from the titanium oxide precursor

powder.

Preparation of titanium oxide:

The above-obtained titanium oxide precursor was calcined

in air at a temperature of 370 °C for 1 hour and then was followed

by coolingtoaroomtemperature, toobtainaparticulate titanium
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oxide. The main crystal phase of the titanliumoxide was anatase

form, and the water content of the titanium oxide was 15 % by

welght.

Evaluation of titanium oxide:

An oxalic acid dihydrate (special grade, manufactured by
Wako Pure Chemical Industries, Ltd.) (110.5 g) was dissolved
inanionexchangedwater (2690g). Theobtainedaqueoussolution
of oxalic acid was mixed with the above-obtained particulate
titanium oxide (670 g). The resulting mixture was fed into a
medium stirrer-type dispersion machine (trade name: Dyno-mill
KDL-PILOT A type, manufactured by Shinmaru Enterprises
Corporation) and was subjected to disperse treatment under the
condition of medium: 4.2 kg of zirconia beads having diameter
of 0.3 mm, stirring rate: peripheral rate of 8 m/sec, treatment
time: 51min, toobtainadispersionmixture. Thedispersibility
was evaluated by measuring a particle size of the titanium oxide
in the dispersion mixteure. When the particle size is small,
the particle has good dispersion properties. The average
particle size of the titanium oxidewas 0.15 um, and the titanium
oxide was well dispersed in the mixture. Furthermore, the
particulate titaniumoxide showed ahighphotocatalyticactivity

by irradiation of a visible light.

Comparative Example 1
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An ion exchange water (4700 g) was fed into a reaction
vesselwhichwas the same type of vessel as thatusedinpreparation
of titanium oxide precursor in Example 1.5 An agueous titanium
oxysulfate solution was prepared in the same manner as in Example
1 and was added to the reaction vessel at a rate of 50.6 ml/min,
while stirring at 145 rpm, to react with the aqueous ammonium
which was supplied to the reaction vessel by the pH controller
of which pH value was set to be 4. The reaction temperature
at that time was in a range of from 25 °C to 47 °C. The obtained
reaction mixture was maintained for 1 hour with stirring, and
then was suppliedwitha 25 $byweight of agueous ammonia (special
grade, manufactured by Wako Pure Chemical Industries, Ltd.) to
obtainaslurry. The totalamountof the agqueous ammoniasupplied
to the reaction vessel was 3746 g, which was twice as much as
the amount required to convert the titanium oxysulfate into a
titanium hydroxide. The slurry was filtered to obtain a solid
therein. The obtained solid was washed with ion exchanged water
and was dried in the air at 150 °C for 10 hours to obtain a powder
of titanium oxide precursor. The titanium oxide precursor
substantially consisted of titanium hydroxide. The
thermogravimetry and differential thermal analysis curves
thereof are shown in Fig. 2. In Fig. 2, arrow B points out the
location where a maximum exothermic peak is observed. The
phisical properties of the obtained titanium oxide precursor

are shown in Table 1.
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The above-obtained titanium oxide precursor was calcined
in air at a temperature of 425 °C for 1 hour and then was followed
by cooling to a room temperature, to obtain a particle titanium
oxide. The main crystal phase of the titanium oxide was anatase
form, and the water content of the titanium oxide was 15 % by
weight.

The particulate titanium oxide was evaluated under the
same conditions as those for evaluation of titanium oxide in

Example 1. The average particle size of the titanium oxide in

the dispersion mixture was 0.92 um.

Table 1

) ‘ ) Example 1 * Comparatmive-
| _ I | Example 1
Crystallinity Amorphous Amorphous

PP y—. Mo —n - - el A PP

b

SE——.

Temperature (°C) at which a maximum
exothermic peak of a differential 439.8 414.4

. s Lo W Y. s

thermal analysis curve is observed

| Decrease (% by weight) in weight at the 1.2 < 0.1

maximum exothermic peak ) i I R

BET specific surface area (m‘/g) 13 326

e  —— e
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WHAT IS CLAIMED 1IS:
1. A titanium oxide precursor which 1s an
oxXygen-atom-containing titanium compound other than

anatase-form titanium oxide, and has a maximum exothermic peak

at a temperature in the range of from about 30 °C to about 500

°C in a differential thermal analysis curve and shows decrease

in weight 1in a thermogravimetry curve at about the same
temperature at which the maximum exothermic peak is shown in
the differential thermal analysis curve when subjected to a
thermogravimetry and differential thermal analysis under the
condition of a temperature rising rate of 20 °C/min.

2. A titanium oxide precursor according to claim 1,
wherein the oxygen-containing titanium compound is a compound
selected from the group consisting of a titanium hydroxide and
a titanium peroxide.

3. A titanium oxlide precursor according to claim 1,
wherein the titaniumoxide precursorhasweight-decreasingratio
X of from about 0.5 ¥ by weight to about 5 % by weight, which
is caluculated by an egquation below:

X = ( W - Wy ) + Wox 100
wherein Wo 1s a weight of the titanium oxide precursor before
being heated in the thermogravimetry and differential thermal
analysis, Wy 1is aweight of the precursor at a temperature showing
the maximum exothermic peak in thedifferential thermal analysis

curve and W, 1s a weight of the precursor at a temperature lower
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by 20°C than the temperature showing the maximum exothermic peak.

4. A titanium oxide precursor according to any of claims
1 to 3, wherein the precursor contains nitrogen element and when
the precursor 1is subjected to the thermogravimetry and
differential thermal analysis, nitrogen molecules are emitted
at the temperature at which a maximum exothermic peak is observed
in the differential thermal analysis curve thereof.

5. A titanium oxide precursor according to any of claims
1l to 3, wherein the precursor has a BET specific surface area
of about 100 m?’/g or smaller.

6. A titanium oxide precursor according to any of claims
1 to 3, wherein the precursor i1s mainly composed of an amorphous
oxygen-containing titanijium compound.

7. A method for producing a titanium oxide precursor, the
method comprising the steps of mixing a titanium compound with

a hydrogen peroxide and adding a base to the resulting mixture

at the temperature of about 80 °Cor l1ower tohydrolyze the titanium

compound.

8. A method according to claim 7, wherein the titanium
compound is selected from the group consisting of a titanium
chloride, a titanium oxychloride, a titanium sulfate and a
titanium oxysulfate.

9. A method according to claim 7 or 8, wherein the amount
of hydrogen peroxide is from about 0.1 molar time to 5 molar

times based on titanium contained in the titanium compound.
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10. A method for producing a titanium oxide, the method
comprising the step of calcining the titanium oxide precursor
according to any of claims 1 to 3.

11. A method according to claim 10, wherein the titanium
oxide precursor is washed prior to the calcining.

12. A method according to claim 11, wherein the washed

titanium oxide precursor is dried at a temperature of from about

10 °C to about 200 °C prior to the calcining.

Fetherstonhaugh & Co.
Ottawa, Canada
Patent Agents
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