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Photothermal decomposition of toluene gas on 11x17 cm platinised TiO2/50% SiO; 
cloth at 85°C 
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Figure 7A: ln?‘tired spectra of Brij'78 surfactant on 'I‘iO; ?lm, before irradiation (a) 
and after 30 minutes UV irradiation 0)) 
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Figure 7B: Infrarad spectra of Triton vX400 surfactant on T10; ?lm, before 
irradiation (a) and after 30 minutes UV irradiation (b) 
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Figure 8 

Powder X-ray diffraction pattern of TiOz-B phase and anatase phase 
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Figure 9: Surface pro?le of a TiOz patterned ?lm 
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FigurelO 

SEM of TiO2 patterned ?lm 
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Figure 11 

Photodecomposition 0f Rhodamine B dye on TiOZ/ZOOC’C ?lm 



Patent Application Publication Sep. 11, 2003 Sheet 12 0f 14 US 2003/0167878 A1 

Micromoles of ethylene % Decomposition 

0 . I 0.0 

0 10 20 30 

Time (minutes) 

Figure 12 

Photodecomposition of ethylene gas on 6x6 cm platinised TiO2/50% SiOg cloth 
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Figure 13 

Photothermal decomposition of ethylene gas on 11x17 cm platinised TiO2/50% S102 
cloth at 85°C 
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Photothermal decomposition of toluene gas on 11x17 cm platinised TiO2/5()% SiOz 
cloth at 85°C 
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TITANIUM-CONTAINING MATERIALS 

FIELD OF THE INVENTION 

[0001] This invention relates to processes for preparing 
titanium-containing materials. More particularly, it relates to 
processes of preparing solutions containing colloidal par 
ticles containing titanium ions, and to processes for prepar 
ing titanium dioxide containing materials from such solu 
tions. This invention also relates to application of these 
titanium-containing materials. 

BACKGROUND OF THE INVENTION 

[0002] Titanium-containing composite materials have a 
range of applications. These include applications that 
depend on the ability of these materials to function as 
photocatalysts, constituents of ?lm electrodes, hydrophilic 
surfaces, and to prevent the groWth of micro-organisms. 

[0003] Photocatalysts 
[0004] Photocatalysis using titania and titania-based mate 
rials have been Widely described in recent years for Water 
treatment and air puri?cation (Hoffmann, Martin, Choi and 
Bahnemann, Chem. Rev. 1995, 95, 69). Anatase Was 
reported to be the most active phase of TiO2 With a band gap 
of 3.2 eV (387 nm). Trace organic contaminants can be 
photodegraded on the surface of anatase particles under UV 
light to carbon dioxide, Water, and possibly mineral ions. 

[0005] Different factors have been reported to affect the 
photoactivity of anatase. High surface area and large pore 
diameter are extremely important to enhance the adsorption 
of contaminants and increase the light interaction With the 
material. 

[0006] The crystallite siZe can also determine the extent of 
photoactivity of TiO2. Smaller crystallite siZe is considered 
essential to repress charge recombination of the photoge 
nerated electrons and holes and render them more available 
for redox reactions at the surface of the photocatalyst 
particles. 
[0007] Another Way of increasing the photoactivity of 
anatase is by doping With metals or metal oxides. Of the 
metals, platinum doping has been found to be very effective 
in improving the photocatalytic process. The extent of 
doping and the dopant particle siZe are important factors. 
Doping a photocatalyst With more than 5% by Weight 
platinum should be avoided as this could produce large 
platinum particle siZe and prevent the light from reaching 
the photocatalyst surface. Deposition of platinum metal on 
titania has been reported using a number of different meth 
ods. One of the methods is by photodeposition of platinum 
by irradiating hexachloroplatinic acid that is adsorbed on 
anatase poWder under nitrogen ?rst described by Kraeutler 
and Bard (J. Am. Chem. Soc. 1978, 100, 4317). Photodepo 
sition of platinum Was also achieved by illuminating a 
deaerated suspension of hexachloroplatinic acid and TiO2 
using ethanol as a sacri?cial electron donor (Yamaguchi and 
Sato, J. Chem. Soc. Faraday Trans. 1, 1985, 81, 1237). High 
temperature reduction (480° C.) of hexachloroplatinic acid 
adsorbed on TiO2 in hydrogen gas Was also reported (Pichat 
et al Nouv. J. Chim 1981, 5, 627636). Anderson and XianZhi 
(Patent number WO9640430, 1996) described a method of 
reducing hexachloroplatinic acid adsorbed on TiO2 pellets 
using NaBH4 in dilute NaOH. 
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[0008] Doping of TiO2 With silver by photodeposition is 
knoWn (SchWarZ et al, Chem. Rev. 1995, 95, 477) Where 
TiO Was dispersed in a dilute solution of silver nitrate and 

2 - - - - - - 

a sacri?cial agent. The suspension Was then 1rrad1ated With 
a mercury lamp. HoWever copper 2+ Was reported to be 
reduced to Cu2O under irradiation of TiO2 (Sakata et al, 
Chem. Letters, 1998, 1253). 
[0009] The formation of photocatalyst thin ?lms has been 
reported to be useful in maintaining clean surfaces. Building 
surfaces like WindoWs and tiles, automobile screens and 
mirrors, etc. may attract all sorts of contaminants such as oil 
deposits, smoke and dust. When a surface is coated With a 
photocatalyst ?lm, this coating can degrade the deposited 
contaminants by the aid of natural or arti?cial UV light. This 
process of phenomenon is usually referred to as a “self 
cleaning surface”. 

[0010] Hydrophilic Surfaces 

[0011] WindoWs, mirrors and other surfaces are fogged 
When cold due to the condensation of moisture droplets. One 
of the Ways to avoid this phenomenon is to make the surface 
hydrophilic by applying a transparent hydrophilic coating, 
such as TiO2. Hydrophilicity can be expressed by measuring 
the contact angle of a Water drop on the surface. In order to 
maintain the hydrophilicity of such a surface, it needs to be 
periodically exposed to a UV light. Exposure to even a loW 
intensity of UV radiation from sunlight or ?uorescent light 
can maintain the hydrophilicity. In this Way the contact angle 
can be reduced to 2-5°, Which is enough to prevent fogging 
of the surface. A recent Patent by TOTO Ltd (EP 0816466 
A1, 1998) described a method of applying TiO2-containing 
thin ?lm that is capable of maintaining a contact angle of 3° 
When subjected to irradiation using a White ?uorescent lamp 
having a UV intensity of 0.004 mW/cm2. 

[0012] Scrubbing Technology 
[0013] One of the desired applications of photocatalysts is 
their use to degrade volatile organic compounds (VOCs) 
under UV irradiation. Many VOCs such as formaldehyde, 
toluene trichloroethylene (TCE), ethylene, etc. are consid 
ered toxic, carcinogenic, irritant or harmful to a different 
extent. Some of these are considered easy to photodegrade 
such as formaldehyde, While others, such as toluene and 
ethylene, are considered dif?cult to decompose. Photocata 
lysts can also be used in puri?cation of Water to degrade any 
traces of pollutants such as organic compounds, dyes, etc., 
and even microorganisms by alloWing Water to be in contact 
With the UV irradiated photocatalyst. 

[0014] Of particular interest is the effect of ethylene gas on 
stored fruit, vegetables and cut ?oWers. These produce need 
to be consumed, exported or delivered to supermarkets and 
food stores While still being fresh. Ageing of produce can be 
caused by exposure to ethylene gas. This is knoWn to be 
released by produce, such as apples and bananas and Will 
affect other things that are stored in the same place. Ethylene 
is a plant hormone that causes ripening and ageing of fruit, 
vegetable and ?oWers even in loW concentrations. The 
ripening speed may vary from one type of produce to 
another depending on the concentration of ethylene. For 
example, tomatoes ripen Within hours if exposed to ethylene 
in a concentration of more than 100 ppm. KiWi fruit may 
ripen even at loWer concentration of feW parts per million of 
ethylene. This can create problems in storing or transporting 
different produce in the same cold store or container. 
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[0015] Nelson et al (US. Pat. No. 6,240,767, 2001) have 
described a system for accurately monitoring part per mil 
lion level of ethylene gas in atmosphere and fruit containers. 
Having an ef?cient Way to control and degrade high level of 
ethylene is as important as monitoring the ethylene concen 
tration during storage or transport. 

[0016] Patterned Films 

[0017] The development of neW methods for depositing 
patterned ceramic ?lms onto surfaces is especially important 
in microcircuit fabrication such as ?eld-effect transistors that 
need to be doWn-siZed to a submicrometer thickness. Tita 
nium dioxide has a favourable dielectric and refractory 
properties to be utilised as part of a micropatterned ?lm. 
Koumoto, Sugiyama and Seo (Chem. Mater. 1999, 11, 2305) 
have described a loW temperature patterning process for 
TiO2 deposition that utilises phenyltrichlorosilane as a pat 
terning template Which Was irradiated With a Hg lamp 
through a photomask before deposition of TiO2 from acidic 
(NH4)2TiF6 solution. These patterns exhibit signi?cant line 
edge roughness of ~7.3 micrometer that corresponds to 28% 
variation according to the authors, Which exceeds the usual 
5% variation alloWed by current electronics design rules. 
Kikuta, Tkagi and Hirano (J. Am. Ceram. Soc. 1999, 82, 
1569) have shoWn that ?ner patterns of TiO2 can be pro 
duced from solutions of titanium alkoxide modi?ed With 
alkanolamines by photolithography. The precursors Were 
coated on a substrate and decomposed by ultra-high-pres 
sure mercury lamp. The ?lms Were then heat-treated to 
convert it to anatase phase. 

[0018] It is an object of the present invention to provide an 
alternative process for preparing titanium-containing mate 
rials, and/or to provide an alternative means of employing 
titanium containing compounds, and/or to at least provide 
the public With a useful alternative. 

STATEMENTS OF THE INVENTION 

[0019] In a ?rst aspect of the invention there is provided 
a method of preparing a solution containing colloidal par 
ticles Which contain titanium ions comprising or including 
the step of: 

[0020] A. reacting or otherWise stablilising one or 
more hydrolysable titanium-containing compound(s) 
With oxalic acid in a reaction medium under condi 
tions such that a colloidal solution is obtained. 

[0021] Preferably A occurs under conditions such that 
peptiZation of the colloidal solution is substantially obtained 
and substantially maintained. 

[0022] Preferably the conditions include stirring or agita 
tion of the one or more hydrolysable titanium-containing 
compound(s) With oxalic acid in the reaction medium, more 
preferably at a temperature betWeen ambient temperature to 
near the boiling point of the reaction mixture, even more 
preferably at a temperature betWeen about 40° C. and about 
80° C. Preferably the stirring or agitation occurs over a 
reaction time ranging from substantially 15 minutes up to 
substantially 3 hours. 

[0023] Preferably the reaction medium comprises Water or 
a Water/alcohol mixture and Wherein the titanium-containing 
compound is hydrolysable in Water and/or in base. 
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[0024] Preferably the titanium containing compound is 
Water-hydrolysable and the titanium-containing compound 
is of the formula Ti(OR)4, Where R is a C2-C6 linear or 
branched chain alkyl group; more preferably the titanium 
containing compound is titanium tetraisopropoxide and/or 
titanium tetrabutoxide. 

[0025] Preferably the Water-hydrolysable titanium con 
taining compound is: 

[0026] ?rst combined With a solution of oxalic acid in 
alcohol, folloWed by addition of Water, or 

[0027] added directly to Water, or to a mixture of 
Water and an alcohol, to form a slurry, folloWed by 
addition of oxalic acid, or 

[0028] added to a solution of oxalic acid in Water or 
in a mixture of Water and alcohol. 

[0029] Preferably the Water-hydrolysable titanium-con 
taining compound is hydrolysed using Water prior to reac 
tion With or stabilisation by oxalic acid, to give a hydrolysis 
product. 
[0030] Alternatively or additionally the titanium-contain 
ing compound is base-hydrolysable and the titanium-con 
taining compound is selected from, but not restricted to, 
TiCl4 and/or TiOSO4. 
[0031] Preferably the base-hydrolysable titanium-contain 
ing compound is hydrolysed to a hydrolysis product, using 
a base prior to reaction With or stabilisation by oxalic acid, 
the hydrolysis product being ?ltered and/or Washed, to form 
a slurry before reaction With or stabilisation by, the oxalic 
acid. 

[0032] Preferably the oxalic acid is either anhydrous 
oxalic acid, or hydrated oxalic acid, and preferably the 
amount of oxalic acid is such as to provide a mole ratio of 
oxalic acid:titanium in the range of about 0.2:1 to about 1:1. 

[0033] Preferably the Water content of the reaction 
medium is such as to provide a mole ratio of Water:titanium 
in the range of from about 200:1 to about 800:1; more 
preferably in the range of from about 400:1 to about 600:1. 

[0034] Preferably, When alcohol is present in the reaction 
medium, the alcohol is a mono hydroxyl aliphatic alcohol 
having the formula ROH, Where R is a C1 to C4 linear or 
branched alkyl group, such as ethanol or t-butanol, and the 
preferred amount of alcohol present is such as to provide a 
mole ratio of alcohol:titanium of from Zero to 100:1, more 
preferably 10:1 to 50:1. 

[0035] Preferably the solution may be stored at any con 
centration level prior to further use, preferably at up to about 
32% by Weight TiO2, between 00 C. and 20° C. 

[0036] Preferably the oxalate concentration of the solution 
is at any stage reduced by irradiating the solution With UV 
light. 
[0037] According to a second aspect of the invention there 
is provided a solution containing colloidal particles Which 
contain titanium ions prepared substantially according to the 
preceding method. 

[0038] In a third aspect of the invention there is provided 
a method of preparing a solution containing colloidal par 
ticles Which contain crystalline titanium dioxide comprising 
or including the step of: 
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[0039] A. reacting or otherwise stabilising one or 
more hydrolysable titanium-containing compound(s) 
With oxalic acid in a reaction medium under condi 
tions such that a colloidal solution is obtained. 

[0040] Preferably A occurs under conditions such that 
peptiZation of the colloidal solution is substantially obtained 
and substantially maintained. 

[0041] Preferably the conditions include stirring or agita 
tion of the one or more hydrolysable titanium-containing 
compound(s) With oxalic acid in the reaction medium, more 
preferably at a temperature betWeen ambient temperature to 
near the boiling point of the reaction mixture, even more 
preferably at a temperature betWeen about 40° C. and about 
80° C. Preferably the stirring or agitation occurs over a 
reaction time ranging from substantially 15 minutes up to 
substantially 3 hours. 

[0042] Preferably the reaction medium comprises Water or 
a Water/alcohol mixture and Wherein the titanium-containing 
compound is hydrolysable in Water and/or in base. 

[0043] Preferably the titanium containing compound is 
Water-hydrolysable and the titanium-containing compound 
is of the formula Ti(OR)4, Where R is a C2-C6 linear or 
branched chain alkyl group; more preferably the titanium 
containing compound is titanium tetraisopropoxide and/or 
titanium tetrabutoxide. 

[0044] Preferably the Water-hydrolysable titanium con 
taining compound is: 

[0045] ?rst combined With a solution of oxalic acid in 
alcohol, folloWed by addition of Water, or 

[0046] added directly to Water, or to a mixture of 
Water and an alcohol, to form a slurry, folloWed by 
addition of oxalic acid, or 

[0047] added to a solution of oxalic acid in Water or 
in a mixture of Water and alcohol. 

[0048] Preferably the Water-hydrolysable titanium-con 
taining compound is hydrolysed using Water prior to reac 
tion With or stabilisation by oxalic acid, to give a hydrolysis 
product. 

[0049] Alternatively or additionally the titanium-contain 
ing compound is base-hydrolysable and the titanium-con 
taining compound is selected from, but not restricted to, 
TiCl4 and/or TiOSO4. 
[0050] Preferably the base-hydrolysable titanium-contain 
ing compound is hydrolysed to a hydrolysis product, using 
a base prior to reaction With or stabilisation by oxalic acid, 
the hydrolysis product being ?ltered and/or Washed, to form 
a slurry before reaction With or stabilisation by, the oxalic 
acid. 

[0051] Preferably the oxalic acid is either anhydrous 
oxalic acid, or hydrated oxalic acid, and preferably the 
amount of oxalic acid is such as to provide a mole ratio of 
oxalic acid:titanium in the range of about 0.2:1 to about 1:1. 

[0052] Preferably the Water content of the reaction 
medium is such as to provide a mole ratio of Water:titanium 
in the range of from about 200:1 to about 800:1; more 
preferably in the range of from about 400:1 to about 600:1. 
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[0053] Preferably, When alcohol is present in the reaction 
medium, the alcohol is a mono hydroxyl aliphatic alcohol 
having the formula ROH, Where R is a C1 to C4 linear or 
branched alkyl group, such as ethanol or t-butanol, and the 
preferred amount of alcohol present is such as to provide a 
mole ratio of alcohol:titanium of from Zero to 100:1, more 
preferably 10:1 to 50:1. 

[0054] Preferably the solution may be stored at any con 
centration level prior to further use, preferably at up to about 
32% by Weight TiO2, betWeen 0° C. and 20° C. 

[0055] Preferably the oxalate concentration of the solution 
is at any stage reduced by irradiating the solution With UV 
light. 
[0056] According to a fourth aspect of the invention there 
is provided a solution containing colloidal particles Which 
contain crystalline titanium dioxide prepared substantially 
as herein described With reference to any one of more of the 
accompanying examples. 

[0057] According to a ?fth aspect of the invention there is 
provided a method of preparing a TiOz-Containing Product 
comprising or including the steps of: 

[0058] I. preparation of a solution containing colloi 
dal particles Which contain crystalline titanium diox 
ide Wherein the particles are stabilised by oxalic 
acid, or stabilised by reaction With oxalic acid, and 

[0059] II. further processing of the solution to obtain 
the product. 

[0060] Preferably I occurs under conditions such that 
peptiZation of the colloidal solution is substantially obtained 
and substantially maintained. 

[0061] Preferably the conditions include stirring or agita 
tion of one or more hydrolysable titanium-containing com 
pound(s) With oxalic acid in a Water or Water/alcohol reac 
tion medium, more preferably at a temperature betWeen 
ambient temperature to near the boiling point of the reaction 
mixture, even more preferably at a temperature betWeen 
about 40° C. and about 80° C. Preferably the stirring or 
agitation occurs over a reaction time ranging from substan 
tially 15 minutes up to substantially 3 hours. 

[0062] Preferably the TiO2 phase in the product, at least 
initially, includes, is predominantly or is substantially ana 
tase. 

[0063] Preferably the method comprises or includes the 
steps of: 

[0064] 1) preparation of a solution containing colloi 
dal particles Which contain titanium ions Wherein the 
particles are stabilised by oxalic acid or stabilised by 
having been reacted With oxalic acid, and 

[0065] 2) preparation of a colloidal mixture by addi 
tion of, or mixing With, one or more additives to the 
solution, and 

[0066] 3) further processing of the solution to obtain 
the product. 

[0067] Preferably step 1) comprises or includes the 
method as previously described in one or more of the 
?rst-fourth aspects of the invention. 
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[0068] Preferably the additives of step 2) include one or 
more of: 

[0069] a) silica or a silica precursor, (preferably When 
added it is as colloidal silica, and preferably added in 
an amount to yield a ratio substantially from 1 to 99 
Wt % relative to titanium in the product, more 
preferably from 30-60 Wt %, and preferably the 
concentration of the colloidal silica is such as to 
provide betWeen about 1 and 50% by Weight in the 
product), 

[0070] b) Water, or alcohol, soluble ketone(s) 

[0071] 
[0072] d) Water soluble aliphatic or aromatic alco 

hol(s), diol(s) or polyol(s), 

[0073] 
[0074] f) metal precursor(s), 

[0075] g) surfactant(s) (and preferably When added 
the surfactant(s) is or includes one or more of the Brij 
series, Triton series, Tergitol series, Pluronic series, 
potassium dodecyl sulphate, or any other surfactant 
that does not cause gelling), 

[0076] h) silane(s) (and preferably When added, it is 
is added neat or as solution in an aqueous or organic 
solvent that is miscible With Water, preferably it is a 
hydrolysable or partially hydrolysable silane com 
pound of a formula RSiX3, R2SiX2 and SiX4 (Where 
R is a simple or functionalised organic group and X 
could be a halide or an alkoxide group)). 

c) organic acid(s), 

e) elhanolamine(s), 

[0077] Preferably if added, the metal precursor is a metal 
salt or metal complex, more preferably a soluble metal salt 
or complex, preferably of Pd, Pt, Ag and Cu. 

[0078] When the metal is Pd or Pt preferably the precursor 
is (but not restricted to) one of the hexachloro-complexes of 
Pd or Pt, and preferably the Pd or Pt hexachloro-complex is 
mixed With a loW carbon organic compound (such as form 
aldehyde, formic acid, methanol or ethanol) as a sacri?cial 
compound, Which is preferably added in excess relative to 
the precursor metal, more preferably at a etalzsacri?cial 
compound mole ratio of approximately.1:5. 

[0079] Alternatively or additionally, the metal is Ag and 
the precursor is one or more of (but not restricted to) silver 
acetate or silver nitrate. 

[0080] Alternatively or additionally the metal is Cu and 
the precursor is one or more of (but not restricted to) copper 
acetate, copper sulphate and copper nitrate. 

[0081] Preferably step 3) includes removal of the solvent, 
more preferably by one or both of the steps of: 

[0082] 
[0083] ii) curing of the gel (a curing step) to remove 

or reduce the quantity of the oxalic acid and/or any 
one or more additives. 

i) causing the solution to gel (a gelling step), 

[0084] Preferably the gelling step is effected by one or 
more of: 

[0085] evaporating the solvent; at room temperature 
or above; and/or 
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[0086] evaporating the solvent under a vacuum, With 
or Without heating; and/or 

[0087] addition of a gelling agent including (but not 
restricted to) a dilute mineral acid solution such as of 
HCl, HNO3 or H2504, or an alkaline solution such as 
KOH, ammonia, sodium carbonate or tetraalkylam 
monium hydroxide. 

[0088] Preferably a xerogel may be produced from the 
gelling step. 

[0089] Preferably the curing of the gel is effected by 
exposure to UV radiation and/or by heat. 

[0090] Preferably the Wavelength of the UV radiation 
substantially or partially coincides With the band gap of the 
TiO2 in the anatase phase. 

[0091] Preferably the curing time is determined by the 
amount of oxalic acid to be decomposed and/or the Wave 
length of the radiation and/or the intensity of the radiation. 

[0092] Preferably there is an additional step 4), Which 
includes one or both the steps of: 

[0093] i) impregnation of the titanium containing 
product With a metal precursor, (an impregnation 
step) and/or 

[0094] ii) transformation to a metal or metal oxide of 
any metal precursor added Within step 2) and/or step 
4) (a transformation step). 

[0095] Preferably the metal of the precursor of i) may be 
one or more of Pd, Pt, Cu or Ag. 

[0096] Preferably When the metal precursor includes Pd or 
Pt the metal precursor may be mixed With a sacri?cial 
compound of formaldehyde, formic acid, methanol or etha 
nol, in excess relative to the metal recursor. 

[0097] Preferably the transformation step occurs by one or 
more of: 

[0098] i) heating at a suitable temperature to trans 
form the metal precursor to the metal or metal oxide, 
and/or 

[0099] ii) exposing the metal precursor or the TiO2 
Containing Product containing the metal precursor, 
to a dilute hydraZine hydrate solution for a sufficient 
time to alloW the complete reduction of the metal to 
Zero valency, and/or 

[0100] iii) UV irradiation to form metal particles 
and/or metal oxides Within the titanium dioxide. 

[0101] Preferably When: 

[0102] the metal of the metal precursor is Ag, UV 
irradiation is employed and UV irradiation is stopped 
substantially When the colour of the TiOz-product 
changes to light grey-black, and/or 

[0103] the metal of the metal precursor is Cu, UV 
irradiation is employed and UV irradiation is stopped 
substantially When the colour of the TiO2-Containing 
Product changes from light green to bronZe, and/or 

[0104] the metal of the metal precursor is Pd, UV 
irradiation is employed and UV irradiation is stopped 
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substantially When the colour of the TiO2-Containing 
Product changes from grey to black and/or 

[0105] the metal of the metal precursor is Pt, UV 
irradiation is employed and UV irradiation is stopped 
substantially When the colour of the TiO2-Containing 
Product changes from grey to black. 

[0106] Preferably When hydraZine hydrate solution expo 
sure is employed in the transformation step the TiOz-product 
is then Washed With Water to remove the excess hydraZine. 

[0107] Preferably the ?nal metal content in the TiO2 of the 
TiOz-product is less than 2% by Weight, more preferably it 
is betWeen 0.2 to 0.5% by Weight. 

[0108] Preferably sometime prior to step 3) the oxalate 
concentration of the solution is reduced by irradiating the 
solution With UV light. 

[0109] Preferably the product is particulate in nature; more 
preferably the product is a poWder; alternatively it is granu 
lar. 

[0110] According to a sixth aspect of the invention there is 
provided a method of preparing a TiO2 coating solution 
comprising or including the steps of: 

[0111] I. preparation of a solution containing colloi 
dal particles Which contain crystalline titanium diox 
ide Wherein the particles are stabilised by oxalic 
acid, or are stabilised by having been reacted With 
oxalic acid, and 

[0112] II. further processing of the solution to obtain 
the coating solution. 

[0113] Preferably I. occurs under conditions such that 
peptiZation of the colloidal solution is substantially obtained 
and substantially maintained. 

[0114] Preferably the conditions include stirring or agita 
tion of one or more hydrolysable titanium-containing com 
pound(s) With oxalic acid in a Water or Water/alcohol reac 
tion medium, more preferably at a temperature betWeen 
ambient temperature to near the boiling point of the reaction 
mixture, even more preferably at a temperature betWeen 
about 40° C. and about 80° C. Preferably the stirring or 
agitation occurs over a reaction time ranging from substan 
tially 15 minutes up to substantially 3 hours. 

[0115] Preferably the method comprises or includes the 
steps of: 

[0116] 1) preparation of a solution containing colloi 
dal particles Which contain crystalline titanium diox 
ide Wherein the particles are stabilised by oxalic 
acid, or are stabilised by having been reacted With 
oxalic acid, 

[0117] 2) preparation of a colloidal mixture by addi 
tion of one or more additives to the solution. 

[0118] Preferably step 1) includes or comprises the 
method as claimed in any one of the ?rst to fourth aspects 
of the invention. 

[0119] Preferably step 2) includes any one or more of the 
folloWing: 

[0120] i) Addition of or mixing With silica, or a silica 
precursor (preferably, When added or mixed, it is 
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colloidal silica, and it is added in an amount to give 
a ratio substantially betWeen 1 and 99 Weight percent 
relative to titanium, more preferably from 30 to 60 
Wt % relative to titanium; and preferably the con 
centration of the colloidal silica is betWeen about 1 
and 50% by Weight), 

[0121] ii) Addition of or mixing With any proportion 
of Water-soluble or alcohol-soluble ketone(s) (pref 
erably When added or mixed, it is acetone and/or 
acetylacetone), 

[0122] iii) Addition of or mixing With any proportion 
of organic acid(s) (preferably When added or mixed, 
and it is mono-, di- or multi-functional, With or 
Without hydroxyl groups, more preferably it/they 
may be one or more of acetic, lactic, tartaric, citric, 
maleic, malic, malonic, diglycolic, benZoic, 1,2,4,5 
C6H2 (COOH)4, EDTA, and/or mixtures thereof), 

[0123] iv) Addition of or mixing With any proportion 
of Water-soluble aliphatic or aromatic alcohol(s), 
diol(s) or polyol(s) (preferably When added it/they 
may be one or more of ethanol, propanol, ethylene 
glycol, glycerol, polyethylene glycol, polyvinylalco 
hol, phenol, catechol, polysaccharides), 

[0124] v) Addition of or mixing With any proportion 
of ethanolamine(s), (such as monoethanolamine, 
diethanolamine and triethanolamine, or a mixture 

thereof), 
[0125] vi) Addition of or mixing With any proportion 

of surfactant(s) (preferably When added or mixed, 
it/they may be selected from one or more of the Brij 
series, Triton series, Tergitol series, Pluronic series, 
potassium dodecyl sulphate, or any other surfactant 
that does not cause gelling, and preferably at a 
concentration is betWeen 0.01 to 5% by Weight 
relative to TiOZ), 

[0126] vii) Addition of or mixing With one or more 
metal precursor(s), 

[0127] viii) Addition of or mixing With one or more 
silane(s) (preferably When added or mixed, and it is 
a hydrolysable or partially hydrolysable silane com 
pound(s) of a formula RSiX3, RZSiX2 and SiX4 
(Where R is a simple or functionalised organic group 
and X could be a halide or an alkoxide group) and 
preferably added neat or as a Water-miscible solu 
tion, preferably such that n the silane concentration 
is betWeen 1-50%, more preferably 10-35% by total 
Weight.). 

[0128] Preferably When one or more metal precursor(s) is 
added or mixed it is a soluble metal salt or complex one or 
more of Pd, Pt, Ag and Cu. 

[0129] Preferably the metal is one or more of: 

[0130] Ag and the precursor is one or more of (but 
not restricted to) silver acetate or silver nitrate, 
and/or 

[0131] Cu and the precursor is one or more of (but not 
restricted to) copper acetate, copper sulphate and 
copper nitrate, and/or 
































