COATI NG COWPCSI TION The invention relates to a
conposition for coating walls, facades or the |ike.
Such conpositions are used, for exanple, for the

manuf acture of paints and plaster systens for |nter|or
and exterior applications. A special area of
application of such conpositions is the manufacture of
thermal insulation conposite systens. |In these
appl i cations, these conpositions can especially be
used for the manufacture of a top coating for thernal

i nsul ati on conposite systens.. ldgere, in some cases, an
al gae and fungus infestation of the top coating can
occur follow ng the conpletion of the respective
thermal insul ation conposite systens, especially on
the northern side of buildings. - 2 - In view of
these problens in the state of the art, the invention
i's based on the problemof providing a conposition of
the ki nd descri bed above, allow ng the effective

bl ocki ng of such al gae and fungus growth, and a nethod

',Vfor produci ng such conpositions.” In accordance with

the invention, this problemis solved by neans of a
further devel opnent of the known conpositions, which

is essentially characterized in that the conposition
exhibits a photocatalytically active substance with a
significant |ight absorption at at |east one

absor ption wavel ength in the range of 380 to 500 nm

This invention is based on the insight that

photocatal ytically active substances can be used not

only for the degradation of pollutants, as set forth

in DE 100 64 317 Al, but also for the bl ocking of the

cell growth of algae and fungi. In this process, the.
speci al properties of the photocatal ytically active
substance, which is used in accordance with the
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blnder is greater than 6.25 x 10-3, preferably greater
than 1 x 10-2 at at | east one absorption wavel ength in
the range of 380 and 500 nm In this conposition, the
bi nder can exhi bit an absorbance of |ess than 0.8,
specifically less than 0.5, at at |east one absorption
wavel ength in the range of 380 to 500 nm specifically
in the range of 400 to 450 nm if the

phot ocat al ytically active substance exhibits an

absor bance of nore than 0.005, specifically nore than
0.01, and especially preferably 0.02 or nore, under

t he same neasuring conditions at the absorption

wavel ength. - 3 - Binders used within the context of
the invention may exhibit organic and / or inorganic
constituent parts. The use of binders which exhibit,
as the case may be, exclusively inorganic constituent
parts has proven expedient with respect to the
prevention of a photocatal ytically induced
deconposition of the binder. In an especially
preferred enbodlnent of the |nvent|on the bi nder may



To obtain a conposition that suppresses the cell
grom h particularly effectively, it has proven to be
expedi ent to use an anorphous, partially crystalline
or crystalline titani umoxide or hydrous titanium
oxide or a titaniumhydrate or a titanium oxyhydrate
to produce the photocatal ytically active conpound,
with the titani um contai ning conpound possi bly being a
‘titanium hydrate froma sul phate process. The titanium
hydrate can be neutralized and washed beforehand, so
that the SG3 content of the solid substance after
drying is less than 1 percé@nt by weight. The carbon
conmpound enpl oyed for the production of the
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ces, the conposition accor to the inventi
can al so conprlse a di spersing agent, 'such as e. g.
sodi um pol yphosphat e and/ or a sol uti on of
pol yacryl ate, sodiumsalt, at |east one thickening
agent, such as e. g. nodified nethyl hydroxy ethyl
cel | ul ose, hydrophobi ¢ pol yuret hane, cellul ose ether,
and/ or a pol ysacchari de, an anti-foam ng agent, such
as e. g. a mxture of paraffin oil, hydrophobic
silicic acid and enul sifying agents, and/or
pol ysi | oxane copol ymer wi th hydrophobic silicic acid,
enul sified in water, at |east one pignment, such as e.
g. titanium di oxide, at least one filler, such as e.
g. asilicate, kaolin or the like, at |east one
hydr ophobi zati on agent, such as e. g. a potassium
methyl siliconate in agueous solution and/or at |east
one m crobi ocide or in-can preservative, such as a g.
i sot hi azol i none. The coating obtained with a
conposition in accordance with the invention can
exhlblt a structure mnth a graln S|ze of up to 6 m
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Silicone resin enulsion Titanium di oxi de

Phot ocatal ytic titaniumdioxide Silicates Kaolin 35.7
M cr obi oci de0. 4 Di spersing agent0.9 Anti-foam ng
agent 0. 4 Thi ckeni ng agent 0. 6 Hydrophobi zati onl.0

Bi nder4.0 Wiite pignent13.0 Pignent10.0 Filler10.0
Filler9.0 .- 7 - Styrene / acryl ateBi nder15. 0 Exanpl e
2 - Silicate paint for interior applications
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Binders used within the context of the invention may exhibit organic and / or
inorganic constituent parts. The use of binders which exhibit, as the case may
be, exclusively inorganic constituent parts has proven expedient with respect to
the prevention of a photocatalytically induced decomposition of the binder.

In an especially preferred embodiment of the invention, the binder may exhibit at
least one organic component and at least one inarganic component. By carefully
selecting the binder, it is possible to ensure that radicals produced by the
photocatalytic substances do not result in the decomposition of the binder and a
respective chalking of the wall or fagade coating. In accordance with an
especially preferred embodiment of the invention, the photocatalytically active
substance exhibits a semiconductor, specifically TiO,. With semiconductors, the
photocatalytic action is generated by the production of electron hole pairs at the
incidence of light, which produce highly reactive free radicals at the surface of the
material which can contribute to the blocking of the celi growth. Titanium dioxide
is such a semiconductor. By using titanium dioxide, it is possible to achieve a
photocatalytic action in the wavelength range of 400 to 450 nm when a mixing,
especially doping with a foreign substance, such as e. g. S, N and/or C takes
place.

In this context, it has proven to be especially advantageous in view of the desired
photocatalytic action in the wavelength range of 400 to 450 nm if the sulfur
and/or carbon content of the titanium dioxide used as photocatalytically active
substance is 0.05 to 4 percent by weight, preferably 0.05 to 2 percent by weight
and especially preferably 0.4 to 1.5 percent by weight. It has been shown that the
desired effect manifests especially noticeably if the titanium dioxide, as the case
may be mixed with sulfur and/or carbon, is present in the anatas phase. It has
furthermore proven to be advantageous if the sulfur and/or carbon is
incorporated only in a surface layer of the titanium dioxide particles of the
composition in accordance with the invention.

The photocatalytically actlve substance shows a particularly good action if it
exhibits a specific surface pursuant to BET of 100 to 250 m?/g, preferably 130 to
170 m?g, and/or does not show carbonate bands either in the X-ray photo
electron spectrum or in the infrared spectrum. In view of a particularly high
absorbance of the photocatalytically active substance in the range of 400 to 450
nm, it has proven to be advantageous if the photocatalytically active substance is
at'|least partially prepared by mixing a titanium-containing compound, preferably
dissolved in a solvent, with an organic carbon compound and by thermal
treatment of this mixture at a temperature of 500 °C or less, preferably 400 °C or
less, and especially preferably 350 °C or less, and over 150 °C, especially over
200 °C or more.



Water Cel | ul ose ether and pol ysacchari des Tetra al kyl

al kyl ene di am ne Pol yacrylate with sodi'um sal t

Pot assi um wat er gl ass Potassium nmethyl siliconate

Phot ocatal ytic titanium di oxi de Titani um di oxi de

Kaolin Silicates Polysiloxane copolynmer Styrene /

acrylate Exanple 3 - Silicate / Silicone paint for

interior applications Water Cellul ose ether and

pol ysaccharides Tetra al kyl al kyl ene di anm ne

Pol yacrylate with sodiumsalt Silicone resin enul sion

Pot assi um wat er gl ass Potassi um net hyl siliconate

Phot ocatal ytic titani um di o%ide Titani um di oxi de

Kaolin Silicates --8 - Polysiloxane
The pdlojerataitically awtive pugiance thus obtained may exhibit especially
strong absorption bands given a bond energy of 285.6 &V in the X-ray photo
electron spectrum (XPS) relative to the O1s band at 530 eV,

To obtain a composition that suppresses the cell growth particutarly effectively, it
has proven to be expedient to use an amorphous, partially crystalline or
crystalline titanium oxide or hydrous titanium oxide or a titanium hydrate or a
titanium oxyhydrate to produce the photocatalytically active compound, with the
titanium-containing compound possibly being a titanium hydrate from a sulphate
process. The titanium hydrate can be neutralized and washed beforehand, so
that the SOa content of the solid substance after drying is less than 1 percent by
weight. The carbon compound employed for the production of the
photocatalytically active substance used in the composition in accordance with
the invention expediently has a decomposition temperature of max. 400 °C,
especially preferably 350 °C or less, specifically 300 °C or less. In this context,
the carbon compound can comprise at least one functional group, such as e. g.
an OH-, CHO-, COOH- and NHy and/or SHy group. The use of ethylene glycol,
glycerin, carbohydrates, ammonium hydroxides or mixtures thereof has proven to
be especially expedient, In addition or as an alternative, carbon black or
activated charcoal can be used as carbon compound. In the production of the
photocatalytically active substances to be used in a composition in accordance
with the invention, the thermal treatment can take place in a calcination unit,
preferably a rotary furnace, to be operated continuously, whereby a titanium
dioxide commercially available in powder or sludge form is used for the
preparation of a suspension in a solvent and a smali amount of the carbon
disulphide compound is added to and mixed with this suspension, the solvent is
removed, the residue is dried at a drying temperature and then calcinated at a
calcination temperature. E. g. water can be used as solvent.

“



Styrene / Acryl ateBi nder4.3 Exanple 4 - Silicone

pl aster for interior applications Wter

Pol ysacchari de and cellul ose Salt of polyacrylic acid
Silicone resin enulsion Titanium di oxi de

Phot ocatal ytic titani um di oxi de Vinyl acetate ethylene
copol yneri zate Silicates Cal ci um carbonate

Di at omaceous earth |sothiazonli none Wax di spersion

Cal cium carbonate Exanple 5 - Silicate plaster for
interior applications Water24.5 Cel | ul ose

et her Thi ckeni ng agent 0. 2 Paqt assi um hydr oxi depH
regulator0.1 Silicic aci dAnti-foanm ng agent0.1 Sodi um
sal t Di spersing agent0.4 Cal ci um hydr oxi deBi nder 8. 0

In view of the achievement of an especially strong photocatalytic action, it has
proven to be expedient to heat the dried residue in a closed container to 360 °C
within one hour and then to maintain it for another three hours at this
temperature. The calcination of the powdery residue by heating expediently takes
place until, following a color change from white to dark brown, another color
change to beige takes place.

in addition to the at least one binder and the photocatalytically active substances,
the composition according to the invention can also comprise a dispersing agent,
such as e. g. sodium polyphosphate and/or a solution of polyacrylate, sodium
salt, at least one thickening agent, such as e. g. modified methyl hydroxy ethyl
cellulose, hydrophobic polyurethane, celiulose ether, andfor a polysaccharide, an
anti-foaming agent, such as e. g. a mixture of paraffin oil, hydrophobic silicic acid
and emulsifying agents, and/or polysiloxane copolymer with hydrophaobic silicic
acid, emulsified in water, at least one pigment, such as e. g. titanium dioxide, at
least one filler, such as e. g. a silicate, kaolin or the like, at [east one
hydrophobization agent,.such as e. g. a potassium methyl siliconate in aqueous
solution and/or at least one microbiocide or in-can preservative, such as-e. g.
isothiazolinone. The coating obtained with a composition in accordance with the
invention can exhibit a structure with a grain size of up to 6 mm. in addition or as
an alternative, the compositions according to the invention can also comprise
adsorbing agents, such as activated charcoal, silicic acid and micro silica. In this
case, the substances adsorbed on the adsorbing agent can be effectively
decomposed using the photocatatytically active substance of the composition.

It has proven to be especially advantageous if the composition in accordance
‘with the invention is a supercritical composition in which the solid fraction is
adjusted to the liquid fraction or the binder fraction such that no complete wetting
of the solids takes place. In this case, a porous coating is formed, allowing to
ensure a reliable contact between the pollutants to be eliminated and the
photocatalytically active substance.

The composition in accordance with the invention preferably comprises an
adsorbing agent, such as e. g. activated charcoal, silicic acid, micro silicas, silica
gels, zeolites, bentonites, diatomaceous earth, foamed glass or the like.



Phot ocatal ytic titani um di oxi dePi gnment 10.0 Titani um
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Pol yur et hane
It has been shown that the photocatalytically active substances that are used in
“accordance with the invention, especially on the basis of sulfur and/or carbon-
containing titanium dioxide, exhibit an electron spin resonance spectrum with a
significantly increased light absorption, as compared to pure titanium dioxide, in
the wavelength range of over 400 nm (vIp-TiOy), which, when measured at a
temperature of 5 K, exhibits a significant signal only in the g value range of 1.97
to 2.05.

In the context of the production of the compositions in accordance with the
invention, it has proven to be especially advantageous to produce, in a first step,
an intermediate product by dispersing the photocatalytically active substance in
an inorganic binder and to mix this intermediate product in a second step with an
organic binder. In this process, coagulates are produced in the first step from the
photocatalytically active substance and the inorganic binder generally inert with
respact to the radicals capable of being produced with the photocatalytically
active substance, with these coagulates being capable of being bonded to each
other in the second steps via the organic binder. Preferred embodiments of the
invention are listed in the following tables, with the numerical data referring to
weight percentages of the respective components of the compositions.

Example 1 — Silicone resin paint for interior applications

Water -- 35.7
Isothiazolinones Microbiocide 0.4
Salts of polyacrylic acid or

phosphate esters and

tetra potassium pyrophosphate Dispersing agent 0.9
Mineral oil Anti-foaming agent 0.4
Cellulose thickening agent Thickening agent 0.6
Polysiloxane Hydrophobization 1.0
Silicone resin emulsion Binder 4.0
Titanium dioxide White pigment 13.0
Photocatalytic titanium dioxide  Pigment 10.0
Silicates Filler 10.0

Kaolin . Filler Q.0



Exanple 7 - Silicate paint for exterior applications
Wat er Cel | ul ose ether, saccharides and acryl ates Tetra
al kyl al kyl ene di am ne Pol ycar boxylic acid and
amoni um deri vati ve Potassi um nethyl siliconate and
pol ysi | oxane 18.0 Thi ckening agent0.7 Stabilizer for
wat er glass 0.3 Di spersing agentO. 2
Hydr ophobi zationl1.0 - 10 - Potassi um water gl ass
Phot ocatal ytic titani um di oxi de Titani um di oxi de
Kaol i n Di at omaceous earth, silicates and silicon
di oxi de Barium sul phate Sol vent
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Styrene / acrylate Binder 15.0

Example 2 — Silicate paint for interior applications

Water - 26.6
Cellulose ether and

polysaccharides Thickening agent 0.4
Tetra alkyl alkylene diamine Stabilizer for water glass 0.2
Polyacrylate with sodium salt Dispersing agent 0.1
Potassium water glass Binder 14.0
Potassium methy! siliconate Hydrophobization 1.0
Photocatalytic titanium dioxide  Pigment 10.0
Titanium dioxide White pigment 22.0
Kaolin Filler 10.0
Silicates Filler 7.0
Polysiloxane copolymer - Anti-foaming agent 0.2
Styrene / acrylate Binder 8.5

Example 3 — Silicate / Silicone paint for interior applications

Water - 26.5
Cellulose ether and _

polysaccharides Thickening agent 0.4
Tetra alkyl atkylene diamine Stabilizer for water glass 0.2
Polyacrylate with sodium salt Dispersing agent 0.1
Silicone resin emulsion Binder 4.3
Potassium water glass Binder : 14.0
Potassium methyl siliconate Hydrophaobization 1.0
Photocatalytic titanium dioxide  Pigment 10.0
Titanium dioxide White pigment 22.0
Kaolin Filler 10.0

Silicates Filler 7.0



Styrene / acrylate Siloxanes Binder Pignent Wite
pignent Filler Filler Filler Filmformtion agent

Bi nder Anti-foanm ng agent Exanple 8- Silicate /
silicone paint for exterior applications Wter

Cel I ul ose ether, saccharides and acrylates Tetra al kyl
al kyl ene di am ne Pol ycarboxylic acid and amoni um
derivative Silicone resin enul sion Potassium nethyl

. siliconate and pol ysil oxane Pot assi um wat er gl ass

Phot ocatal ytic titani um dioxide Titanium di oxide
Kaol i n Di at omaceous earth,

gi l'icates and silicon

di oxi de
Polysiloxane copolymer Anti-foaming agent 0.2
Styrene / Acrylate Binder 4.3
Example 4 - Silicone plaster for interior applications
Water - 13.8
Polysaccharide and celiulose Thickening agent 0.5
Salt of polyacrylic acid Dispersing agent 0.1
Silicone resin emulsion Binder 3.0
Titanium dioxide White pigment 0.8
Photocatalytic titanium dioxide  Pigment 10.0
Vinyl acetate ethylene

copolymerizate Binder 3.0
Silicates Filler 1.4
Calcium carbonate Filler 259
Diatomaceous earth Filler 2.9
Isothiazonlinone Microbiocide 0.2
Wax dispersion Hydrophobization 04
Calcium carbonate Structural sand 38.0
Example 5 ~ Silicate plaster for interior applications
Water - 245
Cellulose ether Thickening agent 0.2
Potassium hydroxide pH regulator 0.1
Silicic acid Anti-foaming agent 0.1
Sodium salt Dispersing agent 0.4
Calcium hydroxide Binder 8.0
Photocatalytic titanium dioxide  Pigment 10.0
Titanium dioxide White pigment 3.0
Cellulose Filler 1.0



Bari um sul phate Sol vent Styrene / acrylate Sil oxane
18. 0 Thi ckening agent0.7 Stabilizer for water glass
0.3 Dispersing agent0.2 Bi nder5.0 Hydrdphobi zati onl.0
Bi nder20.0 Pignment5.0 Wite pignentl12.0 Fillerl.0
Fillerl2.0 Filler20.0 Filmformati on agentO. 6

Bi nder4.0

- g -
Ethylene vinyl ester terpolymer  Binder 2.9
Linseed oil stand oil Binder 0.4
Silicon dioxide , Filler 0.4
Calcium carbonate Structural sand 40.0

Example 6 — Silicone resin paint for exterior applications

Water - 31.0
Salts of polyacrylic acid and
sodium polyphosphate Dispersing agent 0.4
Isothiazolinones Microbiocide 1.2
Cellulose Thickening agent 0.3
Siloxanes Anti-foaming agent 0.3
Dicarboxylic acid ester Film formation agent 1.0
Silicone resin emulsion Binder 9.3
Photocatalytic titanium dioxide  Pigment 5.0
Titanium dioxide White pigment 12.0
Calcium carbonate Filter 17.7
-~ Magnesium aluminum silicate Filler 12.0
Caustic soda pH regulator 0.1
Styrene / acrylate Binder 9.5
Polyurethane Thickening agent 0.2

E'xample 7 - Silicate paint for exterior applications

Water _ - 18.0
Cellulose ether, saccharides and

acrylates Thickening agent 0.7
Tetra alkyl alkylene diamine Stabilizer for water glass 0.3
Polycarboxylic acid and

ammonium derivative Dispersing agent 0.2

Potassium methyl siliconate
and polysiloxane Hydrophobization 1.0



Anti-foam ng agent0.2 Exanple 9 - Silicone plaster
for exterior applications Water |sothiazoninones
Saccharide Sodiumsalt Silicone resin enul sion

Phot ocatal ytic titani um dioxide Titani um di oxide

Di at omaceous earth, silicates and silicon dioxide

Al um num hydr oxi de Cel | ul ose Cal ci um car bonat e Sol vent
Styrene / acrylate Ethylene vinyl ester terpolyner
Tetra potassi um pyrophosphate M neral oil Calcium

carbonate Exanple 10- Silicate plaster for exterior
applications Water-7.2

-10 -

Potassium water glass Binder 20.0
Photocatalytic titanium dioxide ~ Pigment 5.0
Titanium dioxide White pigment 12.0
Kaolin Filler 1.0
Diatomaceous sarth, silicates

and silicon dioxide Filler 12.0
Barium sulphate Filler 20.0
Solvent Film formation agent 0.6
Styrene / acrylate Binder 9.0
Siloxanes Anti-foaming agent 0.2

E)iample 8 — Silicate / silicone paint for exterior applications

Water - 18.0
Cellulose ether, saccharides

and acrylates Thickening agent 0.7
Tetra alkyl alkylene diamine Stabilizer for water glass 0.3
Polycarboxylic acid and

ammonium derivative Dispersing agent 0.2
Silicone resin emulsion Binder 5.0
Potassium methyt siliconate

and polysiloxane Hydrophobization 1.0
Potassium water glass Binder 20.0
Photocatalytic titanium dioxide ~ Pigment 5.0
Titanium dioxide White pigment 12.0
Kaolin Filler 1.0
Diatomaceous eatth, silicates
and silicon dioxide Filier 12.0
Barium sulphate Filler 20.0
Solvent Film formation agent 0.6
Styrene / acrylate Binder 4.0
Siloxane Anti-foaming agent 0.2



Pol ysacchari deThi ckeni ng agent0.1 Tetra al kyl al kyl ene
di am neSt-abilizer for water glass 0.3 Potassi um water
gl assBi nder 4. 1 Pot assi um net hyl

si |l i conat eHydr ophobi zati on0. 3 Photocatal ytic titani um
di oxi dePi gnment 5. 0 Ti tani um di oxi deWhite pignmentl.8

D at omaceous earth and silicates Filler2.8 Cal cium
carbonateFiller32.0 Polyacryl nitrileFiller0.3 - 12 -
M neral fiber Styrene / acrylate Sol vent

| sot hi azol i nones Fatty al cohol suspension Silicic acid
Cal ci um car bonat e 11

Example 9 — Silicone plaster for exterior applications

‘Water _ - 11.8
Isothiazoninones Microbiocide 0.8
Saccharide : Thickening agent 0.1
Sodium salt Dispersing agent 0.1
Silicone resin emuision Binder 2.0
Photocatalytic titanium dioxide  Pigment 5.0
Titanium dioxide White pigment 1.6
Diatomaceous earth, silicates .

and silicon dioxide Filler 3.8
Aluminum hydroxide Filler 8.8
Cellulose Filler 0.7
Caicium carbonate Filler 10.6
Solvent Film formation agent 0.8
Styrene / acrylate Binder 6.0
Ethylene vinyl ester terpolymer  Binder 5.5
Tetra potassium pyrophosphate Dispersing agent 0.3
Mineral oil Anti-foaming agent 0.1
Calcium carbonate Structure sand 42.0

Example 10 - Silicate plaster for exterior applications

Water - 7.2
Polysaccharide Thickening agent 0.1
Tetra alkyl alkylene diamine Stabilizer for water glass 0.3
Potassium water glass Binder 4.1
Potassium methyl siliconate Hydrophobization 0.3
Photocatalytic titanium dioxide  Pigment 5.0
Titanium dioxide White pigment 1.8
Diatomaceous earth and silicates Filler 2.8
Calcium carbonate Filler 32.0

Polyacryl nitrile Filler 0.3



Filler Binder

retarder Delustering agent Structural

Filmformation agent M crobi ocide Drying

sand Exanple 11

Di spersion varnish for exterior applications

Water Anionic salts Mneral oil Solv [

: _ _ _ _ _ ent Photocatal ytic
titani um di oxi d_e Titanium di oxide Silicates Pure Y
acryl ate Potassi um hydroxi de Acrylic acid

Mineral fiber
Styrene / acrylate
Solvent
Isothiazolinones

Fatty alcoho! suspension

Silicic acid
Calcium carbonate

-42-

Filler

Binder

Film formation agent
Microbiocide

Drying retarder
Delustering agent
Structural sand

0.5
8.3
0.2
0.3
0.5
1.3
35.0

Example 11 - Dispersion varnish for exterior applications

Water
Anionic salts
Mineral oil
Solvent

Photocatalytic titanium dioxide

Titanium dioxide
Silicates

Pure acrylate
Potassium hydroxide
Acryiic acid
Isothiazolinones

Dispersing agent
Anti-foaming agent
Film formation agent
Pigment

White pigment

Filler

Binder

pH regulator
Thickening agent
Microbiocide

Example 12 — Concrete glaze for exterior applications

Water

Anionic salts
Cellulose ether
Mineral oil

Photocatalytic titanium dioxide

Titanium dioxide
Diatomaceous earth

Dispersing agent
Thickening agent
Anti-foaming agent
Pigment

White pigment
Filler

14.0
02
0.3
5.0
5.0
20.0
3.0
50.0
0.2
2.0
0.3

23.0
0.5
0.2
0.3
5.0
1.5
2.0



| sot hi azol i nones
Filmformation agent

Di spersi ng agent Anti-foam ng agent
Pignent White pignent Filler

Bi nder pH regul ator Thi ckeni ng agent M crobi oci de

Exanpl e 12- Concrete gl aze for exterior applications
Water Anionic salts Cellul ose ether
Phot ocatal ytic titanium dioxide Titani um di oxi de

D at omaceous earth

Calcium carbonate

Solvent

Styrene / acrylate
Acrylic acid
Isothiazolinones

Example 13 — Lime plaster for exterior applications

Water
Cellutose ether
Caustic potash
Mineral oil

Salt of polyacrylic acid

Cellulose fiber
Titanium dioxide

Calcium hydroxide (lime)
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Filer

Film formation agent

Binder
Thickening agent
Microbiocide

- Thickening agent

pH regulator
Anti-foaming agent
Dispersing agent
Filler

White pigment
Binder

Vinyl chloride ethylene vinyl ester Binder

Photocatalytic titanium dioxide
Linseed oil stand oil

Silicates
Silica sand
Calcium carbonate

EXample 14 - Lime plaster for interior applications

Water
Cellulose ether
Caustic potash
‘Mineral ol

Pigment
Binder

Filler

Filler
Structural sand

Thickening agent
pH regulator

Anti-foaming agent

M neral oil

27.0
4.0
35.0
1.0
0.5

23.50
0.20
0.10
0.10
0.40
1.00
3.00
8.00
2.90
5.00
0.40
2.00
13.40
40.00

23.50
0.2
0.1
0.1



Di spersi ng agent Thi ckeni ng agent Anti-foam ng agent
Pigment White pignment Filler
carbonate Sol vent Styrene / acrylate Acrylic acid

Filler Filmformation agent Bi nder

| sot hi azol.i nones

Thi ckeni ng agent M crobi oci de
Caustic potash M neral

13 -

Cal ci um

regul ator Anti-foam ng agent

Salt of polyacrylic acid
Cellulose fiber
Titanium dioxide

Calcium hydroxide (lime)
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Dispersing agent
Filler

White pigment
Binder

Vinyl chioride ethylene vinyt ester Binder

Photocatalytic titanium dioxide

Linseed oil stand oil
Silicates

Silica sand
Calcium carbonate

Pigment
Binder

Filler

Filler

Structural sand

Example 15 — Cement plaster for exterior applications

Marble powder
Calcium carbonate
Calcium carbonate
Silica sand

Fiber

Cellulose ether
Silicates

Calcium sulphate

Photocatalytic titanium dioxide

Oleate
White cement
Calcium hydroxide

Filler

Structural sand
Filler

Filler

Filler

Thickening agent
Filier

Filler

Pigment
Hydrophobization
Binder

Binder

Example 16 — Cement plaster for interior applications

Marble powder

Filter

Wat er Cel | ul ose et her
oi |  Thi ckeni ng agent pH

0.4
1.0
3.0
8.0
29
10.0
0.4
2.0
13.4
35.0

240
33.0
4.0
12.0
0.5
0.3
0.5
0.2
5.0
0.3
13.2
7.0

24.0



23.50 0.20 0.10 0.10 0.40 1.00 3.00 8.00 2.90 5.00
0.40 2.00 13.40 40.00 23.50 0.2 0.1 0.1 - 14 - Salt

of polyacrylic acidD spersing agent0.4 Cell ul ose
fiberFillerl, 0 Titani um di oxi deWhite pignent3.0

Cal ci um hydroxide (linme)Binder8.0 Vinyl chloride

et hyl ene vinyl ester Binder2.9 Photocatal ytic titanium
di oxi dePi gnent 10. 0 Li nseed oil stand oil Bi nder0. 4
SilicatesFiller2.0 Silica sandFiller13.4 Cal cium

car bonat eStructural sand35.0
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Calcium carbonate Structural sand ' 28.0
Calcium carbonate Filler 4.0
Silica sand Filler 12.0
Fiber _ Filler 0.5
Cellulose ether Thickening agent 0.3
Silicates Filler 0.5
Calcium sulphate Filler 0.2
Photocatalytic titanium dioxide  Pigment 10.0
Oleate Hydrophabization ' 0.3
White cement Binder 13.2
Calcium hydroxide Binder 7.0

Example 17 — Gypsum plaster for interior applications

Gypsum (calcium sulphate) Binder 24.0
Rock powder (e. g. marble

powder) Filler 29.6
Cellulose / starch - ether Thickening agent 0.3
Photocatalytic titanium dioxide  Pigment 10.0
Calcium carbonate Structural sand 35.0
Styrene [ acrylate Binder 1.0
Tartaric acid Retarder 0.1

Example 18 - Gypsum / lime plaster for interior applications

Gypsum (calcium suiphate) Binder 4.0
White lime hydrate ‘ Binder 10.0
Rock powder (e. g. marbie

powder) Filler . 28.7
Cellulose / starch - ether Thickening agent 0.7
Photocatalytic titanium dioxide  Pigment 10.0

Calcium carbonate Structural sand 45.0



Exanpl e 15- Cenent plaster for exterior applications
Mar bl e powder Fil | er24. 0 Cal ci um carbonat eStructura
sand33. 0 Cal cium carbonateFiller4.0 Silica
sandFillerl12.0 FiberFiller0.5 Cellul ose

et her Thi ckeni ng agent0.3 SilicatesFiller0.5 Cal ci um
sul phateFiller0.2 Photocatal ytic titani um

di oxi dePi gnent5. 0 A eat eHydr ophobi zati on0.3 Wite
cenent Bi nder 13. 2 Cal ci um hydr oxi deBi nder 7. 0 Exanpl e
16- Cenent plaster for interior applications Marble
powderFiller24.0 - 15 -

- 16 -
Styrene / acrylate " Binder \ 1.5
Tartaric acid Retarder ' 0.1

The composition in accordance with the invention may be used in all types of
coatings, such as e. g. paints, plasters, varnishes and glazes. It can be used on
new and old construction subsurfaces in interior and exterior applications, such
as e. ¢. masonry, plaster surfaces, paintwork, wallpaper; wood, metal, glass and
ceramic surfaces, thermal insulation composite systems, installed fagade
elements and the like.

-In the following, the photocatalytically active substance suitable for use,
especially advantageously, in the production of compositions in accordance with
~ the invention, is explained in detail based on a vip-TiO, :

The vip-TiO; that is especially advantageously suitable for use within the
framewaork of the invention shows a higher photocatalytical effectiveness than the
types described in the state,of the art. The degradation of 4-chlorophenol by a
defined amount of vip-TiO2 given exposure for 120 minutes to light having a
wavelength > 455 nm serves as the measure of photocatalytic effectiveness
(referred to as “photoactivity’ in the following). The measuring method is
described in detail below. Under the above-mentioned measuring conditions, the
photoactivity of the vip-TiO2 in accordance with the invention is at least 20 %,
preferably at least 40 %, and especially preferably at least 50 %.

The sulfur and/or carbon content is in the range of 0.05 to 4 percent by weight in
relation to TiOz preferably 0.05 to 2.0 percent by weight and especiaily
preferably 0.3 to 1.5 percent by weight. Optimal results are obtained with carbon
contents of 0.4 to 0.8 percent by weight.

The titanium dioxide particles contain carbon only in a surface layer and are
therefore referred to as “carbon-modified” in the following — in contrast to the
volume-doted titanium dioxide prepared as per Sakthivel & Kisch (2003). The
carbon or the carbon compounds of the vip-TiO; in accordance with the invention
presumably are bonded primarily covalently via oxygen on the TiO, surface and
are capable of being leached with alkalines.



Cal ci um carbonate Cal cium carbonate Silica sand Fi ber
Cellul ose ether Silicates Cal ci um sul phate

Phot ocatal ytic titani um di oxi de O eate Wite cenent
Cal ci um hydroxide Structural sand Filler Filler
Filler Thickening agent Filler Filler Pignment

Hydr ophobi zati on Bi nder Bi nder Exanple 17- Gypsum
plaster for interior applications Gypsum (calcium
sul phat e) Rock powder (e. g. narble powder)
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The photocatalyzer can additionally or alternatively contain nitrogen and / or
sulfur. - S

In contrast to unmodified TiO,, the vip-TiO, suitable for use in the production of
compositions in accordance with the invention absorbs visible light having a
wavelength A > 400 nm. The Kubelka-Munk function F (Rg) proportional to the
absorbance is approximately 50 % of the value at 500 nm and approx. 20 % of
the value at 400 nm.

The electron spin resonance spectrum (ESR) of the vip-TiO; suitable for use in
accordance with the invention, measured at a temperature of 5 K, is
characterized by a strong signal with a g value of 2.002 to 2.004, especially
2.003. In the g value range of 1.97 to 2.05, no further signals are observed. The
intensity of the signal at g = approx. 2.003 increases by exposure to light having
a wavelength of A > 380 nm (UV-free 100 W halogen lamp, cold light filter KG5)
as opposed to measurement in the dark.

The X-ray photoelectron spectrum (XPS) of the vip-TiO; in accordance with the
invention is characterized by the occurrence of a strong absorption band given a
bond energy of 285.6 eV relative to the O1s band at 530 eV.

It is furthermore characteristic that, in contrast to the photocatalyzer based on
Sakthivel & Kisch (2003), the vip-TiO; does not show carbonate bands either in
the X-ray photoelectron spectrum (XPS) or the infrared spectrum.

Under exposure to visible light, the vip-TiO2 shows a water contact angle of ca.
8 °; unmodified TiO2 , on the other hand, shows a contact angle of ca. 21 °.

The photocatalyzer suitable for use in accordance with the invention enables the
degradation of pollutants not only by artificial visible light, but also by diffuse
daylight in interior spaces. lt can be used to decompose contaminants in the air
which come into contact with the composition in accordance with the invention.

The photocatalyzer can be used in coatings in interior and exterior applications,
such as e. g. paints, plasters, varnishes and glazes for the application on
masonry, plaster surfaces, paintwork, wallpaper and wood, metal, glass and
ceramic surfaces, or on building components such as e. g. thermal insulation
composite systems and installed fagade elements, as well as in street pavings
and in plastics, plastic foils, fibers and paper.



Cellul ose / starch - ether Photocatal ytic titanium

di oxi de Cal ci um carbonate Styrene / acrylate Tartaric

acid Binder Filler Thickening agent Pignent

Structural sand Binder Retarder Exanple 18- Gypsum

/lime plaster for interior applications Gypsum

(cal ci um sul phate) Wite |inme hydrate Rock powder (e.

g. marble powder) Cellulose! starch - ether
__Photocatal ytic titani um di oxi de Cal ci um car bonat e

Bi nder Bi nder
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The photocatalyzer can, in addition, be used in the production of prefabricated
concrete parts, concrete paving stones, roof files, ceramic, tiles, wallpaper,
fabrics, panels and facing elements for ceilings and walls in interior and exterior
applications.

Further applications in the construction indusiry result from the light-induced
increase in hydrophilia of the TiO; surface.

The invention is explained in more detail below in reference to the Figures 1 to
12.

Figure 1 shows the Kubelka-Munk function F(Rgo) (arbitrary units) proportional to
the relative absorbance for unmodified TiO2 and for TiO, modified with C (vip-
‘TiO») as a function of the wavelength and reveals that the vip-TiOz absorbs in the
visible spectral area, in contrast to unmodified titanium dioxide. F(Rqo) is approx.
50 % at 500 nm and approx. 20 % at 600 nm of the value at 400 nm.

Figure 2 shows the electron resonance spectra (ESR) of the vip-TiO, (spectrum
A) suitable for use in accordance with the invention and the TiO; (spectrum B)
produced as per Sakthivel & Kisch, captured in the dark and at a temperature of
5 K. Spectrum A shows only a significant signal with a g value of 2.000.
Spectrum B shows, in addition to a primary signal, three further signals in the
range of the g values 1.97 to 2.05 at g approx. 2.003 .

Figure 3 contains the X-ray photoelectron spectra (XPS) of the vip-TiO;
(spectrum A) in accordance with the invention and the already known TiO;
precipitated from titanium tetrachloride with tetrabutyl ammonium hydroxide as
per Sakthivel & Kisch (spectrum B). The spectrum of the vlp-TiOz exhibits a
pronounced C1s signal at a bond energy of 285.6 eV relative to the O1s
absorption band at 530 eV, which is an indication of elementary carbon.
Spectrum B, on the other hand, shows C1s signals for elementary carbon at a
bond energy of 284.5 eV as well as, additionally, bands at 289.4 eV and 294.8
eV, which are an indication of carbonate. The respectwe IR spectra also exhibit
typical carbonate bands at 1738, 1096 and 798 cm



Filler Thickening agent Pignment Structural sand - 16

- Styrene / acrylateBinderl.5 Tartaric aci dRetarder0.1
The conposition in accordance with the invention may

be used in all types of coatings, such as e. g.

pai nts, plasters, varnishes and glazes. It can be used
on new and ol d construction subsurfaces in interior

and exterior applications, such as e. g. masonry,

pl aster surfaces, paintwork, wallpaper; wood, netal,

gl ass and ceram c surfaces, thermal insulation
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.5 percent by weight. Optinmal results are obtai ned
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vl p-Ti Q2 suitable for use in accordance with the
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of 1.97 to 2.05, no further signals are observed. The
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accordance with the invention is characterized by the
occurrence of a strong absorption band gi ven a bond
energy of 285.6 eV relative to the Os band at 530 eV.
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Catal vzer vlip-Ti 02 P25 UV Titan Honbi kat Mr- 100SA

BET Surface 170 nR/g 50 nR2/g 20 n2/9°240 nR/g 50 n2/9
Degradati on Rate 16% 4% 5% 9% 5% b) Light intensity:
< WnR; duration: 24 h Catalyzer vip-Ti Q2 Honbi kat
BET Surface 170 n2/g 240 n2/g Degradation Rate 18% 3%
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The starting titanium compound may be available as a finely grained solid or in
suspension with a respective solid fraction of at least 15 welght by percent, with
the specific surface of the solid measuring at least 50 m%g as per, BET,
preferably ca. 150 to 350 m %jq as per BET, and specifically 150 to 250 m ’lg as
per BET.

For the industrial implementation of the process, titanium hydrate from the
sulphate process is preferred as the starting titanium compound for economic
reasons. Any adhering sulfuric acid is advantageously first removed from this
titanium hydrate, using neutralization and washing, so that the sulphate fraction
of the solid is < 1 percent by weight, calculated as SQO;, after drying.

A carbon-containing substance especially advantageously suitable for use in the
production of photocatalytically active substances that can be used according fo
the invention has a degradation temperature of max. 400 °C, preferably
< 300 °C. Carbon-containing substances such as e. g. wood, carbon black or
activated charcoal and especially organic carbon compounds such as
hydrocarbons having at least one functional group have proven to be suitable.
The functional group may be: OH; CHO; COOH; NH,; SHy, COOR, wherein R is
an alkyl or aryl residue. For example, succinic acid, glycerin or ethylene glycol
are possible. Sugar and other carbohydrates as well as organcammonium
hydroxide, especially tetra alkyl ammonium, may also be used. Also suitable are
mixtures of the above-mentioned compounds. Preferably, water-soluble
polyalcohols having a carbon-oxygen ratio of ca. 0.7 to 1.5, preferably ca. 1, are
used, specifically pentaerythrite. The carbon compound may be used as solid,
solution or suspension.

The organic carbon compound should have a maximally high affinity towards the
surface of the starting titanium compound in order to be capable of forming a
close bond with it.

The starting titanium compound is intimately mixed with the organic carbon
compound in such a way that a surface coating of the starting titanium compound
with the carbon compound takes place. The organic carbon compound can be
present in physisorbed or chemisorbed form on the surface of the starting
titanium compound. The coating of the surface of the starting titanium compound
may be effected by dissolution of the carbon compound in the suspension of the
starting titanium compound or by mixing the suspension of the carbon compound
with the suspension of the starting titanium compound.
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ef fecti veness of vip-Ti02 as opposed to unnodified

Ti2 in the degradati on of benzene (5 percent by

vol une), acetal dehyde (2 percent by volune) and carbon

nonoxi de (5 percent by volune) by the diffuse daylight
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liter round bottomed flask, equi pped with a paper

round filter coated with 12 ng titani um dioxide (d =
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carbon (TOO in the atnobsphere in relation to the
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degradati on of benzene, acetal dehyde or carbon
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150 to 350 nR/g as per BET, and specifically 150 to
250 n2/ g as per BET. For the industrial inplenentation
of the process, titaniumhydrate fromthe sul phate
process is preferred as the starting titani um conpound
for econom c reasons. Any adhering sulfuric acid is
advant ageously first renoved fromthis titanium
hydrate, using neutralization and washing, so that the
sul phate fraction of the solid is < 1 percent by

wei ght, calculated as 303, after drying. A

car bon-cont ai ni ng substance especi ally advant ageously
suitable for use in the production of

photocatal ytically active substances that can be used
according to the invention has a degradation
tenperature of max. 400 C, preferably < 300 C

Car bon- cont'ai ni ng substances such as e. g. wood,

carbon black or actlvated charcoal and espeC|aIIy



If the finished mxture is avail able as a suspensi on,

it can be dried to forma powdery solid prior to the
further processing. For this purpose, known processes

such as spray drying or fluid bed drying are suitable.

The finished and, as the case may be, predried m xture

is thermally treated at tenperatures of max. 400 C

The thermal treatnent is performed in an oxidizing

at nosphere, preferably air or an oxygen-air m xture.

In this process, the organic carbon conpound is

degraded on the surface of the starting titanium

compound and the H20, CO2 “@mr CO is rel eased. Al t hough
the thermal treatnent may al so take place in the -
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conpound. The grain fineness or specific surface of

the product is only slightly lower, but is in the sane
order of magnitude as that of the educt. The desired
grain fineness of the photocatal yzer is dependent on

the field of use of the photocatalyzer. It is usually

in asimlar range as that of the Ti Q2 pignents, but

can al so be above or below it. The specific surface as
per BET is 100 to 250 nR/g , preferably 130 to 200

n2/ g, and specifically 130 to 170 n2/g.

Phot ocatal ytically active substances suitable for use
within the context of the invention will be described

in nore detail using the follow ng exanples. It is not
intended for these to restrict the scope of the

i nvention. Exanple 1 An aqueous titani um oxyhydrate
paste (35 percent by weight solid), prepared using the
sul phate nmethod, is diluted with distilled water at
roomtenperature to such a degree that a stirrable
suspension is obtained. The solid fraction is 20 to 25

% A sufficient anount of NaOH sol ution (36 percent by
meight) |s added unt|I a pH vaIue |n the range of 6 0

I - o o
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Anal ogous procedure as in exanple 2, with the

difference that 5 percent by wei ght pentaerythrite is

added to the titanium oxyhydrate suspension as a

solid. Exanple 4 A titanium oxyhydrate /

pentaerythrite suspension is prepared, using 5 percent

by wei ght pentaerythrite, as described in exanple 1.

In variation fromexanple 1, the thernal treatnent of

t he thus obtai ned suspension is perforned in a
continuously operated rotary oven as follows. - 25 -

The rotary oven is operated in the reverse fl ow node

and heated directly via a-gds burner. The open flane

of the gas burner is protected by a flue, which
TIPS @uspdrisiol peglared it &us wayt v dfel pnosiug tsutfate -evapaator (IR
rafifo) eakied bemg rstireag tihtill the GuBpaidion fignsiara gastyeiass. The

pasty %a%s"@ theRQIrRMSRangh aRingcdtimglal 160reyedl thatselid hection is .
> bgeger of the oven. The feed quantity of the

suspensi on |s 40 kg/'h. Chain fixtures in the feeder of

3@“§g?wdﬁ & cﬁfﬂ.%émem ﬁiycﬁ !'jlég&a%@%%ﬁwél@?hqmd

3'quartz

o IFBEE it
(906\/% E%@e 5 € OE rE'UP *L&!rsqit%jg rtz dish is

d % th

qn%v epo é\; egls rog{/ tla!y é/ﬁ: -b\;enk tc?
Qw r rlggl f" np]eé‘ﬂ \hﬁa ttlhe ;3 T| 2 IS completed

wpg#-svl P s e i wt@ 555§ poroent by weigh

tocrRgeN- St Oz(eéolﬂ‘?r%nlt B W’ﬁ' r (Braun, MX 2050) and
anal zed for carbon content opti cal p ertles
S@mercw@ethan@e poteeiplygeh rg erizpd apd: anglged for tarbon
cqiterte aplics! ﬁ@ﬂeﬁ“@xﬁﬁﬁl girface gnd phptaactiyityy er ence t hat
the oven tenperature in the discharge area is
Exampled | ed via the anmpunt of gas on the burner to 280
AGalofsasprasedure sadpeneimple g Witht tei diffeippgatbiatal ¢ neneent by
wpight pemtpehytiirte is sdgadetpdhe titaniven ayyteydrate sesiersiorwes glelid.
pentaerythrite, as described in Exanple 1. In
Exanpkt3 on from Exanple 1, the suspension is predried
Ahslogoue pesdadiucaldsyinhexdrple o,ewith dhé alifferansoithat § percent by
wi RV pentherthrite thaddadetsi the itanium skyinelrate suepénsidn @2a Holid.
The thermal treatnent of the predried fed material in
ERavwgERrRr4 formis performed in a continuously operated

'tﬁgﬂxlﬁlﬂ%ﬁyﬁy&]ﬁ% ﬁﬁerﬁ@érg!mn@y@sbeﬁ&oﬁ% bwaredl Ring® Bérdent by
'eﬁt hieC@si dbskhBed f¢ dkample 1! BWwdRten a exampie 1,

th%I efl"?é\r éfm'éﬁ?tcﬁdtHen thiby %taﬁr@é@%usﬁ@r%i&ﬂtlerﬁeﬁlﬁﬁ{eﬁ in a
C@Ntﬁ'f‘u? gg%, regé SUBnaolidigs.cl ear diameter is 390

I n povvder formis conveyed over a dosing
screw feeder into the feeder of the oven. - 26 -

Chain fixtures over the entire length of the rotating
cylinder ensure a honbgeneous distribution in the oven
and prevent caking to the oven wall. The amount fed is
25 kg solid per hour. The processing tinme through the
continuously operated rotary oven is 0.5 hours. The
oven tenperature is electrically controlled in three
heati ng zones. The tenperature of each of the three
heating zones is individually controllable. At the
oven di scharge, the vlp-Ti 02 presents as bei ge-col ored
fine powder. Then the vip-Ti02 is deagglonerized in a
| ab m xer (Braun, MX 2050) and anal yzed for carbon
content, optical properties, BET surface and

phot oactivity. Exanple for conparison In analogy to
Exanple 2, a Ti 2 pignment (anatas) with a BET surface
of approx. 10 n2/g (commercial product Kronos 1000) is
mxed with 12 ')/0 pentaerythrite and is then
thermal ly treated. Exanple O ganics



Thermal Treatnent Analytlcs of the yip TiQ2
Phot oactivlty CTinme (h) Ccontent PLV - Test BET
Degradation of 4-CP in

-95-

The rotary oven is operated in the reverse flow mode and heated directly via a
gas burner. The open flame of the gas burner is protected by a flue, which
prevents direct contact with the product (vIp-TiO3). The heated oven length is 7 m
and the clear diameter is 0.3 m. The suspension is finely sprayed into the feeder
of the oven. The feed quantity of the suspension is 40 kg/h. Chain fixtures in the
feeder of the oven serve to ensure good swirling and hence rapid drying and
subsequent crushing of the dried material. The processing time in the
continuously operated rotary oven is 1 hour. The oven temperature in the
discharge area is controlled via the amount of gas on the burner to 260 °C. At the
oven discharge, the vip-TiO; presents as a fine powder with a yellowish-brown
color. Then the vip-TiOz is deagglomerized in a lab mixer (Braun, MX 2050) and
analyzed for carbon content, optical properties, BET surface and photoactivity.

Example 5

Analogous procedure as in Example 4, with the difference that the oven
temperature in the discharge area is controlled via the amount of gas on the
burner to 280 °C.

Example 6

“A suspension of titanium oxyhydrate and pentaerythrite is prepared, using 5
percent by weight pentaerythrite, as described in Example 1. In variation from
Example 1, the suspension is predried in an electrically heated oven to form a
solid in powder form with a residual moisture content of 22 %. The thermal
treatment of the predried fed material in powder form is performed in a
continuously operated, indirectly heated rotary oven as follows:

The rotary oven is operated in the cocurrent flow mode and electrically heated in
three zones: The entire heated oven length is 2700 mm and the clear diameter is
390 mm. The solid in powder form is conveyed over a dosing screw feeder into
the feeder of the oven.



120 mm ( A) (oh) L* 0* AA ma/g 1 Succinic acid
290 13 0.79 85.4 9.85 ‘
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Chain fixtures over the entire length of the rotating cylinder ensure a
homogeneous distribution in the oven and prevent caking to the oven wall. The
amount fed is 25 kg solid per hour. The processing time through the continuously
operated rotary oven is 0.5 hours. The oven temperature is electrically controlled
in three heating zones. The temperature of each of the three heating zones is
individually controllabie. At the oven discharge, the vip-TiOz presents as beige-
colored fine powder. Then the vip-TiO, is deagglomerized in a fab mixer (Braun,
MX 2050} and analyzed for carbon content, optical properties, BET surface and
photoactivity.

Example for comparison

In analogy to Example 2, a TiO, pigment (anatas) with a BET surface of approx.
10 m*/g (commercial product Kronos 1000) is mixed with 12 % pentaerythrite and
is then thermally treated.

Example | Organics Thermal | Treatment | Analytics | of the vip TiO, Photoactivity
°C Time {h} Ccontent | PLV- | Test BET Degradation
: of 4-CP in .
120 min. (%)
(%) [ B ¥ A* m?/g
1 Succinic acid | 290 13 0.79 854 | 9.85 1.63 164 48
2 Pentaerythrite | 290 28 0.75 B5.9 10.08 1.53 158 50
3 Pentaerythrite | 290 10 0.76 83.7 10.03 1.59 140 63
4 Pentaerythrite | 260 * i* 0.92 85.1 1.7 1.2 152 58
5 Pentaerythrite | 280" 1 0.50 85.8 9.4 2.2 160 68
6 Pentaerythrite | 300 *** 0.5* 0.78 83.0 11.0 2.6 167 86
Counter- | Pentaerythrite | 290 42 0.82 74.7 9.12 2.50 11.6 <5
example

* Max. temperature, measured at the discharge of the rotary oven

** Processing time of the material fed through the rotary oven

** Temperature of the three heating zones, measured in the area of the heating
elements




1.63 164 48 2 Pentaerythrite 290 28 0.75 86.9 10.08
1.53 158 50 3 Pentaerythrite 290 10 0.76
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The table provides a summary of the analytics and photoactivity of the vip-TiO,
that is suitable for use within the framework of the invention.

vip-TiO, , prepared from titanium hydrate {Examples 1 to 6) shows an excellent
photocatalytic effectiveness in the visible spectral range with good optical values
(PLV test). The use of anatas pigment instead of titanium hydrate results in a
product without appreciable photoactivity (example for comparison).

Example 7

5 g ftitanium dioxide (commercial product TRONOX Titanhydrat-0 {titanium
hydrate] of the company of Kerr-McGee Pigments GmbH) is suspended at room
temperature in 20 ml distilled water; 5 ml ethylene glycol (commercial product of
the company of FLUKA AG) is added to the suspension and the suspension is
treated in the ultrasound bath (Sonorex Super RK 106 of the company of
Bandelin Electronic, Beriin; 35 kHz, 120 W eff. Hf power). Following magnetic
stirring over night, the solvent is removed, preferably in the vacuum; the residue
is dried at 100 to 200 °C, preferably ca. 200 °C, for at least 12 hours;
subsequently, it is heated to 300 °C in a closed vessel within one hour and then
maintained at this temperature for another three hours. In this process, a color
change of the powder from white to dark brown to beige is observed. Longer
heating results in colorless, inactive powders. The elementary analysis of the
product yields 2.58 percent by weight carbon, 0.02 percent by weight nitrogen
and 0.40 percent by weight hydrogen. Unmodified TiO, contains 0.07 percent by
weight [carbon] and 0.0 percent by N and 0.0 percent by weight H.

Exampie 8

To strip the superficial carbon compound, 5 g vIp-TiO is stirred over [night] into
100 ml of 2 M sodium hydroxide (pH 12). Centrifuging vields a brown-yellow
extract and a barely colored white residue; the latter is dried at 100 °C. The
powder thus obtained shows no activity during the degradation of 4-chlorophenol
in the visible light. When the powder is reunited with the extract and slightly
heated, preferably to ca. 200 °C, it-exhibits the same activity as the untreated
(unleached) vip-TiO; in the degradation reaction.



83.7 10.03 1.59 140 63 4 Pentaerythrite 260 1 *" 0.92
85.1 11.-7 1.2 152 58 5 Pentaerythnte 280
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Example 9

To coat a plastic foil, a powder prepared as shown in Example 6 is suspended in
the ultrasound bath in a liquid such as methanol or ethanol and the resulting
suspension is applied to the sheet as thinly as possible using a spray botile.
Following drying at 343 K, the coating can be repeated up until the desired layer
thickness is obtained.

Instead of the plastic foil, a different carrier, such as e. g. paper (cf. experiment
as per Figure 8) or aluminum {cf. under test methods h), “dip coating”) may be
used.

Meithods of measurement

a) Determination of the optical values (PLV test)

The method serves to determine the optical values for brightness L *, coloring a *
and coloring b * of the vip-TiO,. A powder compact is prepared from the vip-TiO.
to be tested under defined conditions using a hydraulic small press of the
- company of MATRA, Frankfurt. Then the remission values are determined on the
powder compact using the HUNTERLAB Tristimulus Colorimeter.

The vip-TiOy is ground prior to the preparation of the compact. To do this, 100 g
“of the vip-TiO; obtained is placed in a commercially available mixer
(manufacturer: Braun, model: MX 2050) and is mixed 12 times for 5 seconds,
Between each grinding step, the mixer is opened and the powder is mixed again.
A white sheet of paper, matte on both sides, is placed on the base plate having a
circular depression, and then a metal ring (height 4 cm, diameter 2.4 cm) is
pressed into the depression using the press. Ca. 25 g of the ground vlp-TiO; is
fed into the metal ring under slight shaking and tapping. Using a pressure of 2 - 3
kN, the powder is compressed.



1 0.50 85.8 9.4 2.2 160 68 6 Pentaerythrite 300 "' 0.5
- 0.78 83.0 11.0 2.6 167 86 Counter-
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The pressing process is repeated a second time until the target operating
pressure of 15 kN is reached. By carefully turning and pulling it, the metal ring is
separated from the base plate. The paper between the base plate and the ring is
removed. The compact is now in the ring and is used for the measuring
procedure using the HUNTERLAB colorimeter. The measured values L.*, a*, b *
are read off directly on the colorimeter.

b) Determination of Photoactivity (degradation of pollutants)
In artificial visible light:

15 mg of the vip-TiO; is dispersed in 15 mi of a 2.5 x 10 motar solution of 4-
chiorophenol for 10 minutes in the ultrasound bath and then exposed to light on
an optical bench in a water-cooled round cuvette. The exposures to light for the
determination of the photoactivity are performed using an Osram XBO 150 W
Xenon short arc lamp installed in a focusing lamp case (AMKO Mod. A1020,
focal length: 30 cm). The spectrum of this lamp is shown in Figure 10. The
reactions are performed in a water-cooled round cuvette with 15 ml capacity and
an inner diameter of 30 mm and a layer thickness of 20 mm. The reaction
suspension may be stirred using a stirring motor and stirring magnet attached on
the side. The round cuvette is depicted in Figure 11. The cuvette is retained in
the focal point of the lamp. The light is focused in such a way that only the
reaction space of the cuvette is exposed. All components are firmly mounted on
an optical bench. To eliminate UV light, a Kantfilter (Fa. Schott) with a
transmittance of A > 455 is introduced into the path of the rays. In order to
prevent possible heating of the reaction space from the light exposure, an IR filter
is additionally mounted in the path of the rays. This is a cylinder filled with water
(diameter 6 cm, length 10 cm).

The decrease in concentration of 4-chiorophenol is monitored using UV
spectroscopy ( A = 224) or, in the case of degradation (oxygen), via
measurement of the total content of organic carbon (TOC value).

In the diffuse daylight of an interior space:



exanpl e Pentaerythrite 290 42 0.82 74.7 9.12 2.50 11.6
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he rotary oven ** Processing tinme of the naterial fed
through the rotary oven *** Tenperature of the three
heati ng zones, neasured in the afea of the heating

el ements - 27- The table provides a summary of the
anal ytics and photoactivity of the vip-TiQ2 that is
suitable for use within the framework of the

i nventi on.
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50 mg of the vip-TiO; is dispersed in 50 m! of a 2.5 x 10™* molar solution of 4-
chlorophenol for 10 minutes in the ultrasound bath and then exposed to the
daylight of an interior space in an Erlenmeyer flask (100 ml) while stirring,

Degradation of acetaldehyde gas, benzene vapor and carbon monoxide:

In a round flask (1 I) filled with air-saturated acetaldehyde gas (2 percent by
volume) or benzene vapor (5 percent by volume) or carbon monoxide, two round
filters (paper, d = 15 cm, 2 mg catalyzer per filter), coated on both sides with vip-
TiO, , are introduced. Then the flask is exposed to the daylight in the iab and the
decrease in pollutants and the formation of carbon monoxide is monitored using
IR spectroscopy. ’

¢) Determination of the carbon content

The determination is performed in terms of total organic carbon content (TOC)
using the LECO C-200 carbon analyzer. The measuring method is based on the
combustion of the organic substance contained in the vip-TiO; in the induction
oven under oxygen gas and the subsequent determination of the carbon dioxide
formed using IR detection. The weighed-in quantity is ca. 0.4 g.

d) Determination of the speciﬁc surface according to BET (Brunauer-Emmett-
Teller)

The BET surface is measured using a Tristar 3000 of the company of
Mictromeritics based on the static volumetric principle.

e) XPS measurements

The Phi 5600 ESCA spectrometer instrument (pass energy of 23.50 eV; Al
standard; 300.0 W, 45.0 °C) was used to measure the bond energies.
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inaventtars 1 ddraparisiongyith e ldybdlied-Muk filnsdtioa W e ShitoBStafitically
adi\e bstdreeansidi fog theamapefacaneaf et dedcdpdditididein the figure,
apisisowsthel Kyteikd-Ruak Reftioh of et Hottaljtteligadiwd subtince. b)
stib@stthe Kabblkaaghi feh@idh @ard | @mpcsiich @ﬁthe-séﬂ?n@am{/late

ct.

(AIBErdirkIRS BOBMLasiS bipger, Fi gure 6) or al uni num
under test nethods h), "dip coating") may be used.

Met hods of neasurenent a) Determ nation of the optical
val ues (PLV test) The nethod serves to determ ne the
optical values for brightness L *, coloring a * and
coloring b * of the ylp-Ti02. A powder conpact is
prepared fromthe ylp-Ti02 to be tested under defined
conditions using a hydraulic small press of the
conpany of MATRA, Frankfurt. Then the rem ssion val ues
are determ ned on the powder conpact using the
HUNTERLAB Tristinmulus Colorineter. The vlip-Ti0O2 is
ground prior to the preparation of the conpact. To do
this, 100 g of the vlp-T102 obtained is placed in a
cormercially avail able m xer (manufacturer: Braun,
rhodel : MX 2050) and is mxed 12 tinmes for 5 seconds.
Bet ween each grinding step, the mxer is opened and
the powder is mxed again. A white sheet of paper,
matte on both sides, is placed on the base plate

o .



15 ng of the vlip-TiO2 is dispersed in 15 mM of a 2.5 x
10-4 nol ar sol ution of 4- chlorophenol for 10 m nutes

in the ultrasound bath and then exposed to light on an
optical bench in a water-cool ed round cuvette. The
exposures to light for the determ nation of the

phot oactivity are perforned using an Gsram XBO 150 W
Xenon short arc lanmp installed in a focusing | anp case
(AMKO Mbd. A1020, focal length: 30 cm. The spectrum

of this lanp is shown in Figure 10. The reactions are
performed in a water-cool ed round Guyette with 15 m
capacity and an inner dianeB2r of 30 nmand a | ayer

thi ckness of 20 mm The reacti on suspension may be
cgindicates the KgbelkaMunkifogctiont afra soeipssition imgcos@ie with the
insertionaithansilidoeesesie as Bhgind@u b Pstoweehb &b kKEaRist Rflclidh of
aFicgmpesifidn iThacoorieeicbewits thet mvasithr Withhﬁmidoﬁé'étaféo'emylene
(dbwilitie LDMDIS7Thes! & dhihddrs &) OsHea&0theNK SBERa-RUARYfy of a
compysitibe wigas tdo Pﬁlyﬁ\%ft’ﬁ aoﬁttyFé?%/ efdrRaleS( zﬁ?l)égenc 156

bfgponents are tirmy nounfed on an optic
elimnate W light, a Kantfilter (Fa. Schott) with a

ThE B a6 o Phheofbafiohn bk e 3k
pchefnh%;f@éé ht, } efifr fp% &l)‘o na rr?t%%\g ehmé&ﬁ ﬁi?tt; gg
pf nk S?%é%&l é“fr%cn r?@’ Hée u]Pﬁ hce in the
r'n ﬁfl égy Weefght, a%( pergent
aig
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% e{gﬁ bﬁgﬂlstha arlgg ot effedt can
all® a’”ﬁ‘dfﬂ e é@eeﬁl vdé woﬁxt awggﬁ)fraqua of the
at?a?edan e?ﬁm%ﬂt BY g0kt earmeng. It has

|S OWHe A igh theofpfﬁﬁrﬁpqafﬂhéttqaﬁv active

S é'éce on thggemagpn %%f%’)ﬁﬁtew@ @pﬁwwgm geenirdipg ite B invention

r |H1V|r8+aiig ngg@ e jiothe frastian of theuphodecatalytically active substance

iscH} BerepMdOVeigBtoriessyi nutes in the ultrasound bath and

t hen exposed to the daylight of an interior space in

Thp ipvendionegenot ligied ( trodher examipidse of témbddigents explained in

refeignselia thendrgming: dnieath iyel esgat compositores waipdificeard types of

bipdetsonisorteei deontemptatedunth f laddition,l hpt f idntyed cattol-doped

phatocatatyiicallye dctivee sab stahyase mggys bé 2ugeer esthin e \cohtexE)of the

ingentiem ik r@svppoen (16 per esprtially adrvbumg)aoaé t6 aideOBulfur-doped

phminoxtalyticalty wotive sulsktdrnddsersswéipaper, d = '15 cm 2 ny

catal yzer per filter), coated on both sides with

vl p1102 , are introduced. Then the flask is exposed to

the daylight in the iab and the decrease in pollutants

and the formation of carbon nonoxide is nonitored

using IR spectroscopy. c¢) Determ nation of the carbon

~.content The determnation is performed in terns of

total organic carbon content (TOO using the LECO

C- 200 carbon anal yzer. The neasuring method is based

on the conbustion of the organic substance contai ned

in the vip-TiO2 in the induction oven under oxygen gas

and the subsequent determ nation of the carbon dioxide

formed using IR detection. The wei ghed-in quantity is

ca. 0.4 g. d) Determnation of the specific surface

according to BET (Brunauer-EmettTeller) The BET

surface is neasured using a Tristar 3000 of the

conmpany of Mctroneritics based on the static

volunetric principle. e) XPS neasurenents The Phi

5600 ESCA spectronmeter instrunent (pass energy of

23.50 eV; Al standard; 300.0 W 45.0 © was used to

neasure the bond energies. -31 - f) ESR neasurenents

To neasure the el ectron resonance spectra, a Bruker

El exys 580 spectroneter X-band (9.5 GHz) was used. The

sanpl e was evacuated up to 10-5 T,orr, filled wth

heliumup to a pressure of 10-2 Torr and then nelted.

The nmeasurenments were performed under the foll ow ng

condi ti ons:



Magnetic field nodul ated wth 100 Hz. RF power: 0.0002
- 1 MmN Field: 3340 - 3500 G Sweep width: 100 -500 G
Conversion tinme: 81.92 ns. Tinme constant: 40.96 ns.
Modi fied anplitude: 0.2 - 13 Gtenperature: 5 K The g
value is determ ned using a Hall probe. g) Measurenent
of the diffuse reflection spectra (Kubel ka- Munk
function) The diffuse reflection spectra of the
powders were neasured wth" a3 shi madzu UV 2401PC UV/ Vi s
spectroneter, which was equi pped with an U bricht
sphere. Barium sul phate was used as white standard and
was used to grind the powders in a nortar prior to the
nmeasur enent. The Kubel ka- Munk function is proportional
to the absorbance. h) SupgtAWdgophilic properties For
t he nmeasurenent of the contact angle of water,

vl p-Ti 02 and unnodi fied Ti Q2 were respectively
suspended in distilled water, applied to a 5 x 5 cm
fal um num Nc%‘i’rﬁ)déﬂidigfor Qbéhrrgqaéﬂsn%ca@%@ §|aﬂh6'llﬁétt§iﬂmﬁlfil=ﬁng
i hour at 400 C. Follow ng storage in daylight, a

cont atleaghgnebisrepBndras measured for unnodifi ed

tit {

oot BASE0R pfi6rocaiiRafiRt! s bR e hitPasionfficafityn
absgmﬂba@lt/gha rufr mmmr::e_mbabmftmasmeﬁlblgrigﬂgm a rd@esgfmkmu:t BS? r:?m to
Kl - n uncti pn CO 0 | QNS accordln Q e
AORIERTT B Mhekeh Sai Baftociaimeally'aedig shBSenfe Puhless
t@ém@rhe:u&h@é m@gﬁwrchqghbye@@ttuefaﬁstwbéﬁ AR ols 8fl micPs of

he manufacture of these conpositions. In the figure,
Sé\'jfu@,@)\%’dt%b%%] ka- Munk function of the

Ezgfel %"r%h Yhe ?ﬁbfo\éaga‘ytfc%ﬁﬁy SHRRL ARG nc@ha%hig‘ﬁ?élﬂ?surface of

uncti a conp03|

éb@gyh@@g)ﬁﬁélhmm@g AS 6002) as a binder. - 32 - C)

i ndi cates the Kubel ka- Munk function of a conposition

in accordance with the invention with a silicone resin

S a I
Z onpdelraposioni it LoHBR SR GbLIEEN dBstbafice
(Kubglka-atwilkafuactdrn | (Rpe) ) (fivbihe! pHotodaDhly fidally)actise aubstance to
bi nder. e) shows the Kubel ka- Munk function of a
tb@ﬁpa@’ban@@ (l&wbeikarmxkduwmn fo{Re0)3 ©f thenkingert @tlone or more
acrgq ate (Dl exo % a binder. The bin
ghsg tPBﬁ”%@'Q’}Qéh%W%P Q%ﬁf ?Wﬁ@@@r’ﬁﬁﬁ%ébwttfrpqw 1S

i S ercent by weight, preferably 3
glr8a'§f) r}?i.‘r%beqlr{tz%?g\ﬁefbgg specifically 9 to 35 percent
by weight. The fraction of the photocatal ytically
actlve substance in the conposition is expediently 2

an ofesiaint 2. \ﬁg%elﬂ the ritio Is g e.@t?%"é% g%@utbg,x

ﬁi ght espeC|aIIy preferably 4 to 15 percent by
I'ght, specifically 5 to 10 percent by weight. It has
been shown that the targeted photocatal ytic effect can

al ready be obtained to an especially satisfactory

4xt erlthe gorpprsitionaet ¢laim 6fWhW@'rbﬂbQ'tﬁ:@'E ROT& algggrpg;on
ANt BethBaRe B Aoff dh0im 1 alBLETHo A, Y Bingé hes an
qﬂwrhmwea(KyabeHxa#Nﬂynla&mcﬁen FUPgpandfdesmthiaheaboath@ignand the
properties of conpositions accordlngato the invention

FPWQ%GI\VWF&"M@CIWG fEBstagee has jan abgorbanes (Kehelia-Myak function
substance is 10 percent by
ﬁ@%&ﬁ?@fﬁkﬁé Lﬂ%ﬂ%%ﬁtlon is not limted to the
exanpl es of enbodlnents explained in reference to the
drawi ng. Instead, the use of conpositions wth
di fferent types of binders is also contenplated. In
addi tion, not only carbon-doped photocatal ytically
active substances may be used within the context of
the invention. It has proven to be especially
advant ageous to use sul fur-doped photocatal ytically
active substances as well. - 33 - CLAIMS 1. A
conp03|t|on for coatlng malls facades, or the I|ke

o oy

o, oy



about 100 to about 250 n2/g. 2. The conposition of
claim1, wherein the ratio of the |ight absorbance
( Kubel ka- Munk function F (Roo)) for the
phot ocat al ytically-active substance to the absorbance
(Kubel ka- Munk function F (Roo)) of the binder at one
or nore absorption wavel engths in the range of about
380 nmto about 500 nmis greater than about 6.25 Xx
10-3. 3. The conposition of4claim2, wherein the
ratio is greater than about 1 x 10-2. 4. The
conposition of claim1, wherein at one or nore
absor ption wavel engths in the range of about 380 nmto
5abouf|' hé @ompositiohef leiaitief, whaselarthahbsordbance of the binder is less
b%&hz)%Mnk function F (Roo)) of |ess than about
ab ‘he photocatal ytically-active substance has
an absor bance ( Kubel ka- Munk functlon F (Roo)) of nore
t han about 0.005. - 34 - . The conposition of claim

64, mﬂée@omnqséloabﬁﬁaj@rﬂo@mﬁremﬁbeBhﬁu@atalﬂlcal%gcwean
sﬂﬁ hed ng apﬁabsﬁlga gl Bgéﬁ(b%ﬂ i fu% 3R0§§%{f%&ettﬁ§n

oca SObstahce sor bance
a&gup@bka Munk function F (Roo)) of nDre t han about
7. The conposition of claim®6, wherein the

photocatalytlcally active substance has an absorbance

7 Kubeh oMl o@%ﬁ)&é@ th & el ngh th%hélWé&ll agtle.

sobstaoce hab $orgiisodranvevEubalyaiduntofuniction Er(ﬁzgogc)fofmuhan
400 nmto about 450 nm the binder has an absorbance
abikubBlORa- Munk function F (Roo)) of |ess than about

0.8, and the photocatal ytically-active substance has

an absor bance (Kubel ka-Munk function F (Roo)) of nore

%\Ean T?hba:tm}r}nrﬁbk?ilﬂgm of c9a|m|T41 autw&‘p\()@ti drieocbr brecalzgonption
ereil t he | nder nc e or
va%\f?ﬂﬁsw@?ﬁ inthe rahoeet %@ﬁ%ﬁm .fqaa n&@ﬂwef has an

addorbeh@e (ROBORA M@K RinclbRFTR #’8}) df"ll‘-%sethﬁn HRBut’0.82ahd the

present essentially in an anat'dse phase.
photocatalytically-active substance has an absorbance (Kubelka-Munk function

F (Roo)) of more than about 0.005.

9. The composition of claim 1, wherein the binder includes at least one

organic component and/or at least one inorganic component.

10. The composition of claim 1, wherein the TiO; is present essentially in an
anatase phase.

11.  The composition of claim 1, wherein the TiO; is doped, at least in part,
with the one or more of S and Cessentially on a surface layer of the TiOz.

12.  The composition of claim 1, wherein the TiO2 is doped, at least in part,
with nitrogen.



11. The conposition of claim1, wherein the TiQ2 is
doped, at least in part, with the one or nore of S and
Cessentially on a surface layer of the Ti02. 12. The
conposition of claiml1l, wherein the TiQ2 is doped, at
| east in part, with nitrogen. - 35 - 13. The
conposition of claim1, wherein the

phot ocat al ytically-active substance includes about
0.05 to about 4 percent by '\ﬁeﬁ'ght of the one or nore
of Sand C. 14. The conposition of claim 13, wherein
t he photocatal ytically-active substance includes about
0.05 to about 2 percent by weight of the one or nore
3. S Hwdcdinpodifion dhelamopabetaimtheophatbeatalyfidallyvdutivei n

st ngates Shovidh bEIS by seanbey veldht pb g orsmore
&fsanatdl C 16. The conposition of claim 15, wherein

t he photocatal ytically-active substance includes about
0.4 to about 0.8 percent by weight of the one or nore

s g oni t] : ) :
Pe o edmaparfon SLFRGR IR PhEIETIE nituBedafoatyHcihe
patamde iaclodes apoer @ P5ad anboid p@kenbby Welight ohtheaone or more
igéen ity greater than an intensity of the oxygen is
Pea@gt--about 530 eV, as measured by X-ray

phot oel ect ron spectroscopy. 18. The conposition of
claim1, further congrising one or nore additives
£

$5] ecTheicompasitine of clairp 1dowperedn the phetpeplavdcally-agivat |

! ckeni . . _ : ¢
Qulsth oS 3B8 L 0 Ao B0 ST e B ian FofthEBRE or more
of 8rapdi®ci de. 19. The conposition of claim1, wherein
the conposition is a supercritical conposition in
which a solid fraction including solids is adjusted to
36! | aphé chmpebition of eiimiBaivhbRan dw Eﬁﬁoéﬁﬁlytical_ly-active
inconpletely wetted. - 36 - 20. The conposition of
gubstance inclideR @boubvrto sibeyt @Sepaseentdreweaigbbeithe @ne or more
gﬂg%ﬁ el ected fromthe group conprising activated
c¢harcoal’, silicic acid, mcrosilica, silica gel,
~zeolite, bentonite, diatomaceous earth, and foaned

ass 21. The co sitjion of clai , rejpn the
Jror oEae &ineORton Pl G Aetai ShE BRetplicaly actie
8ESAhESLANbIRNS pelal i HoMl eheligy 8f a0 R 12888V hbvidg dro
about 2.05, as nmeasured by elecCtron spin resonance at

intersilycaraater thast ansdensity akthe opygenhis peskababeutdmeV, as

Birelictlay R0R BhPOSEERRER S 0 or s

anc essent signal for a g
val ue of about 2.002 to about 2.004, as neasured by

3488 el B i ok SRR So b ARRY il
KeReldprdnke Grog é&ﬂpﬁsi@g%w@gg lratg'keﬁﬂ@! thicRehig agent, an

absorbance for the photocatal yti _active substance
antidearaihgiagestoa pigmentandblar, 8 mphpg@avgm gecal apd a
%&Lgbi 4&%% nm and at or about 600 nmis about 20% of
thé vacf ue at or about 400 nm

19. The composition of claim 1, wherein the composition is a supercritical
composition in which a solid fraction including solids is adjusted to a liquid

fraction such that the solids are incompletely wetted.



24. The conposition of claim11, wherein the |ight
absor bance (Kubel ka- Munk function F (Roo)) for the
phot ocat al ytically-active substance at or about 500 nm
i s about 50% of the value at or about 400 nm and at
or about 600 nmis about 20% of the value at or about
400 nm 25. The conposition of claim1l, wherein the
conposition has a photoactivity of at |east about 20%
26. The conposition of cl ai'm®25, wherein the
conposition has a photoactivity of at |east about 40%
- 37 - 27. The conposition of claim26, wherein the
conmposition has a photoactivity of at |east about 50%
28. The conposition of claim1, wherein the

b
B s Lk antbsifon EERBER L TR MBSl A dringrp agsorption

St bedcRagrdth tlﬁ@bﬁn@f cofmprind Aetvaed e 6h4resal, s|l|0|c acid,
spectroscopy and infrared spectroscopy.

9.
DEplca stina ael @eglite bentanite «Jiatomaceous earth, and foamed glass.
phot ocat al yti call y-acti ve substance has a specific
surface of about 130.to about 200 n2/g. 30. The
2tnpokhie campositioh af alalR® 1, wheradn the pleotocatalytically-active

BRSSPk iR SRR S ofaBBEISH o about

2.05, as measured by electron spin resonance at a temperature of about 5 K.

22. The composition of ciaim 21, wherein the photocatalytically-active
substance exhibits essentially one signal for a g value of about 2.002 to about

2.004, as measured by electron spin resonance at a temperature of about 5 K.

23. The composition of claim 1, wherein the Kubelka-Munk function F (Rgg)

proportional to the absorbance for the photocatalytically active substance at or
about 500 nm is about 50% of the value at or about 400 nm, and at or about
600 nm is about 20% of the value at or about 400 nm.

24.  The composition of claim 1, wherein the light absorbance (Kubelka-Munk
function F (Rpp)) for the photocatalytically-active substance at or about 500 nm

is about 50% of the value at or about 400 nm, and at or about 600 nm is about
20% of the value at or about 400 nm.

25.  The composition of claim 1, wherein the composition has a photoactivity
of at least about 20%.

26. The composition of claim 25, wherein the composition has a
photoactivity of at least about 40%.
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27. The composition of claim 26, wherein the composition has a

photoactivity of at least about 50%.

28.  The composition of claim 1, wherein the photocatalytically-active
substance exhibits substantially no carbonate bands as measured by a
selected one or more of X-ray photoelectron spectroscopy and infrared

spectroscopy.

29. The composition of claim 1, wherein the photocatalytically-active

substance has a specific surface of about 130 to about 200 mzlg.

30. The composition of claim 29, wherein the photocatalytically-active

substance has a specific surface of about 130 to about 170 m2/g.



