COATI NG COWPCSI TION The invention relates to a
conposition for coating walls, facades or the like.
Such conpositions are used, for exanple, for the
manuf acture of paints and plaster systens for -
interior 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 conposithﬁS‘can especially be
used for the manufacture of a top coating for
thermal insulation conposite systens. Here, in sone
cases, an algae and fungus infestation of the top
coating can occur following the conpletion of the
respective thermal insulation conposite systens,
especially on the northern side of buildings. -2- In
view of these problens in the state of the art, the
invention is based on the problemof providing a
conposition of the kind described above, allow ng the
effective bl ocking of such al gae and fungus grow h,
and a nethod for producing such conpositions.' In
accordance with the invention, this problemis solved
by means 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 absorption wavelength in the range of
380 to 500 rim This invention is based on the
i nsi ght that photocatal ytically active substances
can be used not only for the degradation of
pol lutants, as set forth in DE 100 64 317 A, but
also for_the hlocking of the cell gromh of al gae and
fungi. In this —DPreeseing ERNPESIADN opert es of
ally actirve su

t he photocatal yti cal stance, which is
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positions s 't manutacture of thermal insulation composite
systems. In these applications, these compositions can especially be used for the
manufacture of a top coating for thermal insulation composite systems. Here, in
some cases, an algae and fungus infestation of the top coating can occur
following the completion of the respective thermal insulation composite systems,
especially on the northern side of buildings.



photocatal ytically active substance takes place due
to the use of the binders with the properties
descri bed. Overall, this nakes it possible to
effectively reduce the algae and fungus growth even
wi thout the use of the traditionally enpl oyed

bi ocides to inhibit algae and fungus growth. In an
especially preferred conposition within the franework
of the invention, the ratio of absorbance

( Kubel ka- Munk function F(Roo)) of the

phot ocatal ytically active substance to the

absor bance (Kubel ka-Munk funpction F(Roo)) of the
binder is greater than 6.25 Xx 10 3, preferably

oy @ﬁt@fr 88D rdbl¥msdn4nhéistAk
ln Vi th EWEr | n “ﬁ.ﬁ r’%@ %&Q”r%ﬁé ﬁ%rﬁﬁé? sed og g::
iiil1 ii
ast oné

spec | ca egf\ocg?or producmg

Sorptlon mavelength in the range of 380

t 50 f 400.t 50
o r anggﬁgst{yaﬂl@@ng of a further

im, ec
g &ﬁ@ ea %@ ﬂg
deélg Rt ogjtio r‘@ Ip 48 Q;;sgggally characterized in
th'gtpé 3 P%'HPP '%rwm 2 PotocaRlvticalie clivey substance with a
iiganyt dight, absaiptien ahaf '@asmmabwett%wv%agm inrte range of
fiQG¥As at the absorption wavel ength. -3- Binders
used within the context of the invention may exhibit
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material which can contribute to the bl ocking of the
cell growth. Titaniumdioxide is such a

sem conductor. By using titaniumdioxide, it is
possi bl e to achieve a photocatal ytic action in the
wavel engt h range of 400 to 450 nm when a m Xi ng,
especially doping wwth a foreign substance, such as
e. g. S, Nand/or Ctakes place. In this context, it
has proven to be especially advantageous in view of
‘the desired photocatalytic action in the wavel ength
range of 400 to 450 nmif the sulfur and/or carbon
content of the titanium di ogi.de used as

photocatal ytically active substance is 0.05 to 4
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The photocatalytically active 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.



el ectron spectrum (XPS) relative to the A s band at
530 eV. To obtain a conposition that suppresses the
cell growth particularly effectively, it has proven
to be expedient to use an anorphous, partially
crystalline or «crystalline titanium oxide or hydrous
titanium oxide or a titaniumhydrate or a titanium
oxyhydrate to produce the photocatal ytically active
conmpound, with the titanium containing conpound
possi bly being a titanium hydrate froma sul phate
process. The titanium hydrate can be neutralized and
washed beforehand, so that4t-he SO3 content of the
solid substance after drying is |ess than 1 percent
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to mintain it for another three hours at this



tenperature. The cal cination of the powdery residue

by heating expediently takes place until, follow ng

a col or change fromwhite to dark brown, another

col or change to beige takes place. In addition to

the at | east one binder and the photocatal ytically

active substances, the conposition according to the

i nvention can al so conprise a dispersing agent, such

as e. ¢g. sodium pol yphosphate and/or a sol ution of

pol yacryl ate, sodium salt, at |east one thickening

agent, such as e. g. nodified nethyl hydroxy ethyl

cel l ul ose, hydrophobi c pol ydret hane, cellul ose et her,

and/ or a pol ysaccharide, an anti-foam ng agent, such

as e. g. a mxture of paraffin oil, hydrophobic
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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.



-6- It has been shown that the photocatal ytically
active substances that are used in accordance with
the invention, especially on the basis of sulfur
and/ or carbon- containing titanium di oxide, exhibit
an el ectron spin resonance spectrumw th a
significantly increased |ight absorption, as conpared
to pure titaniumdioxide, in the wavel ength range of
over 400 nm (vl p-T1Q2), which, when neasured at a
tenperature of 5 K, exhibits a significant signa
only in the g value range of 1.97 to 2.05. In the
context of the production ofgthe conpositions in
accordance with the invention, it has proven to be
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reBpadptce the radchls cecapables of e ptodused i witke the@rphotocatalytically
activel substarmes withdhese eoagubdies belngotdpabiobi being bonded to each
otNer irothieosedmdOstdps Sial the ar§amiolbpadary Prefemed @nbodiments of the
inpértiphates listed én shedoliowing zatpes, asith the puMmerbalsdtatreferring to
wélghpgésentiges on théreSpeddve@boipopiehtsAitithe EOmpbsigomgent
O 4 Cel lulose thickening agent Thickening agent 0.6

Plial 1 m@ineohu%anmtzw iiveribr Appfichtiemse resin
sion Binder 4.0

Water -- 35.7
Isothiazolinones Microbiocide 04

Salts of polyacrylic acid or
phosphate esters and

tetra potassium pyrophosphate  Dispersing agent 0.9
Mineral oil Anti-foaming agent 04
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 9.0



Ti tani um di oxi de White pignment 13.0 Photocatal ytic
titaniumdioxide Pignent 10.0 Silicates Filler 10.0
Kaolin Filler 9.0 -7- Styrene / acrylate Binder 15.0
Exanple 2 - Silicate paint for interior applications
Water - 26.6 Cellul ose ether and pol ysacchari des
Thi ckeni ng agent 0.4 Tetra al kyl al kyl ene di am ne
Stabilizer for water glass 0.2 Polyacrylate with
sodium salt Dispersing agent 0.1 Potassium water

gl ass Binder 14.0 Potassiumnethyl siliconate.

Hydr ophobi zation 1.0 Photocatal ytic titani um di oxi de
Pigment 10.0 Titanium di oxide White pigment 22.0
Kaolin Filler 10.0 Silicates Filler 7.0

SP Nélé Re copol ymer AiHderf oam ng agent Qs53)
yrene acrylate Binder 8.5 Exanple 3 - Silicate /

EpRP2S. Sifcate baht tdHiftd i lcafighions  Wter -

| ose et er an sacc arldes Thi ckeni ng

t 0.4 Tetra alkyl al kyI ene di am ne Staedlzer
ss 0.2 PoI yacryl ate with sodium salt
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P y cc wat er Ba?sn um
dro
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ispersing agent

Potassmm water glass Binder 14.0
Potassium methyl 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 04
Tetra alkyl alkylene 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 Hydrophobization 1.0
Photocatalytic titanium dioxide = Pigment 10.0
Titanium dioxide White pigment 22.0
Kaolin Filler 10.0

Silicates Filler 7.0



Phot ocatal ytic titani um di oxi de Pignent 10.0

Ti tani um di oxi de White pignent 22.0 Kaolin Filler
10.0 Silicates Filler 7.0 -8- Polysiloxane copol ymer
Anti-foam ng agent 0.2 Styrene / Acrylate Binder 4.3
Exanple 4 - Silicone plaster for interior

applications Water - 13.8 Pol ysacchari de and

cellul ose Thickening agent 0.5 Salt of polyacrylic
.acid Dispersing agent 0.1 Silicone resin emnulsion

Bi nder 3.0 Titanium dioxide Wite pignent 0.8

Phot ocatal ytic titanium di oxide Pignent 10.0 Vinyl
acetate et hyl ene copol ymerizate Binder 3.0 Silicates
Filler 1.4 Calciumcarbonate Filler 25.9
Polystoranecspslyeeart h Fi | | &ntifodmingsagenitazonl ig@ne
StwrenebAoniate 0.2 Wax dBammersi on Hydr ophobigation 0.4
Cal ci um carbonate Structural sand 38.0 Exanple 5 -
Esainpiate- Pilieshe pléster fortintérivr flicatishsons Water -

24.5 Cellul ose ether Thickening agent 0.2 Potassium
Wayelr oxi de pH regulator 0.1 Silicic acid Big f oam ng
Pagsadch@ride aﬁ@%’e"tﬂb%ﬂ' t PhigRerking Bgedgent 0.4 5 Calcium

Sa ef porya&yiR 46T 8- 0 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 29
Isothiazonlinone Microbiocide 0.2
Wax dispersion Hydrophobization 0.4
Calcium carbonate Structural sand 38.0

Example 5 — Silicate plaster for interior applications

Water - 24,5
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



Phot ocatal ytic titani um di oxi de Pignent 10.0

Ti tani um di oxi de White pignent 3.0 Cellulose Filler

1.0 -9- Ethylene vinyl ester terpolyner Binder 2.9

Li nseed oil stand oil Binder 0.4 Silicon dioxide

Filler 9.4 Calciumcarbonate Structural sand 40.0

Exanple 6 - Silicone resin paint for exterior

applications Water - 31.0 Salts of polyacrylic acid

and sodi um pol yphosphate Di spersing agent 0.4

| sot hi azol i nones M crobiocide 1.2 Cellul ose

Thi ckeni ng agent 0.3 Siloxanes Anti-foam ng agent

0.3 Dicarboxylic acid este®9-Filmformation agent 1.0

Silicone resin enul sion Binder 9.3 Photocatal ytic
Ethiylebivinyl ditex tatpolpmgrenBindep Ti t ani um di ogigle Wite
Linsaptesif stadd @il Cal ci um cpihgenate Filler 17.G4
SiMeg@skide al umi num si l igipge Filler 12.0 Cguystic soda

Cdbluhf&tbahse 0.1 Styresguétuafsindt € Bindegp9. 5
Pol yur et hane Thi ckening agent 0.2 Exanple 7 -

E@rﬁ@aées@mme Fe¥in % Lrﬁrfbpﬁxﬁ?ﬂrég?l ?{iéné’\atef - 18.0

ul ose ether, saccharides and ates Thi ckeni ng
nt 0.7 Tetra al kyl al kyl ene di am ne St@Pb' i zer

e VBB 88 S

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 Filler 17.7
Magnesium aluminum silicate Filler 12.0
Caustic soda pH regulator 0.1
Styrene / acrylate Binder 9.5
Polyurethane Thickening agent 0.2

Example 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



Pol ycar boxyl i c acid and ammoni um derivati ve
Di spersing agent 0.2 Potassiumnethyl siliconate and
pol ysi | oxane Hydrophobi zation 1.0 -10- Potassi um
wat er gl ass Binder 20.0 Photocatalytic titanium

di oxi de Pignent 5.0 Titani um di oxi de White pignment
12.0 Kaolin Filler 1.0 D atomaceous earth,
silicates and silicon dioxide Filler 12.0 Barium
sul phate Filler 20.0 Solvent Filmformtion agent
0.6 Styrene / acrylate Binder 9.0 Sil oxanes
Anti-foam ng agent 0.2 Exanple 8 - Silicate /
silicone paint for exteriorigpplications Wter -
18 O Cellulose ether, saccharides and acryl ates

bﬁm&er gt 0.7 Tmhger al kyl al kyl enegglpani ne

t!a Elitahflm WkRfe 9! B ﬁ1e9t3 Pol ycar boxgi ¢ aci d
Qgmderivativ ggdn% M9 agent 0429
‘esin emul si on 5.0 Potassygm net hyl

fi conat e i1 oxane Hydr ophobi zation 1.0
R ieE

20.0 Phot
a"f’l?"éﬁﬂn ’Hfj%m de Pigme P%e(r) Ti t ani u?n 8::2%%3(;“\/@' te

IUREHPNES 0 Kaol ler

Si‘lsvent aolin FIH ¥orma9on agent 0.6
Styrene / acrylate Binder 9.0
Siloxanes Anti-foaming agent 0.2

Example 8 — Silicate / silicone paint for exterior applications

Water - 18.0

Cellulose ether, saccharides
and acrylates

Tetra alkyl alkylene diamine

Polycarboxylic acid and

Thickening agent 0.7
Stabilizer for water glass 0.3

ammonium derivative Dispersing agent 0.2
Silicone resin emulsion Binder 5.0
Potassium methyl 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 earth, silicates
and silicon dioxide Filler 12.0
Barium sulphate Filler 20.0
Solvent Film formation agent 0.6
Styrene / acrylate Binder 4.0
Siloxane Anti-foaming agent 0.2



I at omaceous earth, silicates and silicon dioxide
[ler 12.0 Bariumsulphate Filler 20.0 Sol vent
ilmformation agent 0.6 Styrene / acrylate Bi nder
O Siloxane Anti-foam ng agent 0.2 -11- Exanple 9 -
Silicone plaster for exterior applications Water -
11.8 I sothiazoninones M crobiocide 0.8 Saccharide
Thi ckeni ng agent 0.1 Sodium salt Dispersing agent
0.1 Silicone resin enulsion Binder 2.0
Phot ocatal ytic titaniumdi oxide Pignent 5.0 Titanium
di oxi de Wiite pignent 1.6 D atonmaceous earth,
silicates and silicon dioxt@é-Filler 3.8 Al um num
hydroxide Filler 8.8 Cellulose Filler 0.7 Calcium
Examplent-Sificbhe pldste 6forendtedat applicatiosisnat i on agent
0.8 Styrene / acrylate Binder 6.0 Ethylene vinyl
wesdrer terpolynmer Binder-5.5 Tetra potassiymg
IspiRRrPRBat € Di sper si ngicesiBtide- 3 M ner aj gi |
Sdthhrii@am ng agent 0. 1 Thgk&liNghgéntoonate giyucture

S - 0 Exanple 10 -p@bkidg aster fgry exterior
b §s%:é}i“tuarl de Tg1

SiRGId fedin GRSIsiBht e - 7. BingbpP! ysacce lckeni ng
PHYIEOaltid 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
Calcium 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



Tetra al kyl al kyl ene diam ne Stabilizer for water
glass 0.3 Potassiumwater glass Binder 4.1

Pot assi um net hyl siliconate Hydrophobization 0.3
Phot ocatal ytic titani umdioxide Pignent 5.0 Titanium
di oxi de White pigment 1.8 Diatomaceous earth and
silicates Filler 2.8 Calciumcarbonate Filler 32.0
Pol yacryl nitrile Filler 0.3 -12- Mneral fiber
Filler 0.5 Styrene / acrylate Binder 8.3 Sol vent
Filmformation agent 0.2 |sothiazolinones

M crobi ocide 0.3 Fatty al cohol suspension Drying
retarder 0.5 Silicic acid¢®elustering agent 1.3

Cal ci um carbonate Structural sand 35.0 Exanple 11 -

. Di rsion varnish forggxterior applicatigns Water -
g':)r"%{i&ﬁe%gﬂﬁf%m c salts Di Bhak i ng agent 0.2 8!\6 neral oil"
Solue g agent 0. S mQheliionfdett for mpld on agent
I ¥ phot ocatal ytic ti}ani %?ébom gg}Pi gng§ 5.0
sothy3z9lPeRSSi oxi de Wi te ﬁ%ﬁr .0 Siligates Filler

assi um1f§/dr oxi de

SHigaac oty o ”EP SBing agent
ulator 0.2 A ' :
Calbision PREOPIONES M or UBIHEEA 5878  eanp 8055+ -

Concrete glaze for exterior appl.ications
Example 11 — Dispersion varnish for exte?i%r app‘ica ions

Water - 14.0
Anionic salts Dispersing agent 0.2
Mineral oil Anti-foaming agent 0.3
Solvent Film formation agent 5.0
Photocatalytic titanium dioxide ~ Pigment ' 5.0
Titanium dioxide White pigment 20.0
Silicates Filler 3.0
Pure acrylate Binder 50.0
Potassium hydroxide pH regulator 0.2
Acrylic acid Thickening agent 2.0
Isothiazolinones Microbiocide 0.3

Example 12 — Concrete glaze for exterior applications

Water - 23.0
Anionic salts Dispersing agent 0.5
Cellulose ether Thickening agent 0.2
Mineral oil Anti-foaming agent 0.3
Photocatalytic titanium dioxide ~ Pigment 5.0
Titanium dioxide White pigment 1.5

Diatomaceous earth Filler 2.0



Water - 23.0 Anionic salts Dispersing agent 0.5
Cel l ul ose ether Thickening agent 0.2 Mneral oil
Anti-foam ng agent 0.3 Photocatal ytic titanium
di oxi de Pignent 5.0 Titanium di oxi de White pignent
1.5 D atomaceous earth Filler 2.0 -13- Cal cium
carbonate Filler 27.0 Solvent Filmformation agent
4.0 Styrene / acrylate Binder 35.0 Acrylic acid
Thi ckeni ng agent 1.0 |Isothiazolinones M crobiocide
0.5 Exanple 13 - Line plaster for exterior
applications Water - 23.50 Cellul ose ether
Thi ckeni ng agent 0.20 Caust3c potash pH regul at or
0.10 Mneral oil Anti-foam ng agent 0.10 Salt of
Caloiupacarpbiateaci d Di sperkileg agent 0.40 CeRVul ose
Solveetr Filler 1.00 Tit afilmfordiationchgerthi t e pgidgnment
Stgréie / dcaylaieum hydr oxi deBipderre) Bi nder 8. 0035¥i nyl
Adhlioadide et hyl ene vi nylTiiskerind3agetar 2. 90 1.0

IsthRizena@dridsyt i ¢ titani umirébioslge Pi gnent 5.6 Li nseed
oil stand oil Binder 0.40 Silicates Filler 2.00

Ex@rhpled $204mkiplhter for diteribPbpplicaticHgPonat e
Structural sand 40.00 Exanple 14 - Line plaster for

whid-erior applications _ 23.50
Cellulose ether - Thickening agent 0.20
Caustic potash pH regulator 0.10
Mineral oil Anti-foaming agent 0.10
Salt of polyacrylic acid Dispersing agent 0.40
Cellulose fiber Filler 1.00
Titanium dioxide White pigment 3.00
Calcium hydroxide (lime) Binder 8.00
Vinyl chloride ethylene vinyl ester Binder 2.90
Photocatalytic titanium dioxide  Pigment 5.00
Linseed oil stand oil Binder 0.40
Silicates Filler 2.00
Silica sand Filler 13.40
Calcium carbonate Structural sand 40.00

Example 14 - Lime plaster for interior applications

Water - 23.50
Cellulose ether Thickening agent 0.2
Caustic potash pH regulator 0.1

‘Mineral oil Anti-foaming agent 0.1



Water - 23.50 Cellul ose ether Thickening agent 0.2
Caustic potash pHregulator 0.1 Mneral oil
Anti-foam ng agent 0.1 -14- Salt of polyacrylic acid
Di spersing agent 0.4 Cellulose fiber Filler 1.0

Ti tani um di oxi de White pignment 3.0 Cal ci um hydroxi de
(lime) Binder 8.0 Vinyl chloride ethyl ene vinyl

ester Binder 2.9 Photocatalytic titanium dioxide
Pignent 10.0 Linseed oil stand oil Binder 0.4
Silicates Filler 2.0 Silica sand Filler 13.4

Cal ci um carbonate Structural sand 35.0 Exanple 15 -
Cement plaster for exterior 1dpplications Marble
powder Filler 24.0 Calcium carbonate Structural sand
Szt af polyaicnyligracisar bonat e Rspersing4igént Si | i ca Gand
Cellulose fibBr 0 Fiber Fill dilled. 5 Cel | ul ose ether
Tithnickediorigeagent 0.3  SiWhitsapigmeht | | er 0.5 3.§al ci um
Caldiyhdtydrdxide @ime). 2 Ph@imdet al ytic titani gpdi oxi de
VY oBiotidé ethylddecviyt dgieir Bipbebi zation 0.3  Whgte
Phefoeatalyicatiumdidxid&al Pigetydr oxi de Bi ndepp (f. O
Lirsas® bt sidhgoiCenment pl agfferf or interior a@oil cations

Silicates Filler 2.0
Silica sand Filler 13.4
Calcium carbonate Structural sand 35.0

Example 15 — Cement plaster for exterior applications

Marble powder Filler 240
Calcium carbonate Structural sand 33.0
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 5.0
Oleate Hydrophobization 0.3
White cement Binder 13.2
Calcium hydroxide Binder . 7.0

Example 16 — Cement plaster for interior applications

Marble powder Filler 24.0



Mar bl e powder Filler 24.0 -15- Cal ci um carbonate
Structural sand 28.0 Calciumcarbonate Filler 4.0
Silica sand Filler 12.0 Fiber Filler 0.5 Cellulose
et her Thickening agent 0.3 Silicates Filler 0.5
Cal ci um sul phate Filler 0.2 Photocatal ytic titanium
di oxi de Pignent 10.0 ( eate Hydrophobi zation 0.3
White cenent Binder 13.2 Cal ci um hydroxi de Bi nder
7.0 Exanple 17 - Gypsum plaster for interior
applications Gypsum (cal ci um sul phate) Binder 24.0
Rock powder (e. g. marble powder) Filler 29.6
Cel l ul ose / starch - ether” Thi ckeni ng agent 0.3
Phot ocatal ytic titanium di oxi de Pignent 10.0 Cal ci-um
carbonate Structural sand 35.0 Styrene / acrylate
CaltindeearbooateTar t ari ¢ achidudtatahsadrd 0.1 Exa8Ple 18 -
Calgipsuecarbohatee pl ast er fleiler nteri or appl i ca#ifons
SiBgpsamd (cal ci um sul phatf@)eBi nder 4.0 Wit ¢2)0i ne
Fiberdr at e Bi nder 10.0 Rogikepowder (e. g. nagll e
Ceflowsderethér | | er 28.7  CefHithediey ag&itar ch - e@mher
Silidatekeni ng agent 0.7 Rhpgrocatal ytic titanpgm di oxi de

CdrtigrBsiipHdle 0 Filler 0.2
Photocatalytic titanium dioxide = Pigment 10.0
Oleate Hydrophobization 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 sulphate) Binder 4.0
White lime hydrate _ Binder 10.0
Rock powder (e. g. marble

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

Calcium carbonate Structural sand 45.0



Cal ci um carbonate Structural sand 45.0 -16- Styrene /

acrylate Binder 1.5 Tartaric acid Retarder 0.1 The

conmposition in accordance with the invention may be

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

pl asters, varnishes and gl azes. It can be used on

new and ol d construction subsurfaces in interior and

exterior applications, such as e. g. nasonry,

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

gl ass and ceramc surfaces, thermal insulation

conposite systens, installed facade elenents and the

like. In the follow ng, thel@hotocatalytically active

substance suitable for use, especially
Stybnardtamgdates| y, in the ﬁhndelluctl on of conposistions in
Taatzrioradithce with the i rRetatdedn, is ‘explained in

detail based on a vip-TiQ2 : The vlp-TiQ2 that is

especi al | y advant ageously suitable for use within the
Thier ésrapesitordin bbeordANEN WithnthE NAVENtRNMEP e used in all types of
coBthi) GakR lagtd. GRlpafiits, %éét\é%“%ﬁréﬂ@ﬁaﬁd“@az&é/ A€8an be used on
nedessd bRegongindc Sn %hﬁétﬁ’f losl nt@FrBr aﬂ_&‘% %Q i¢dton8! such

as’s. I PRRE MM st&Y s\ Faced bé]ﬁ &5d! nvtal'g¥4R and
cereeffﬁes%ﬁa &Y, ﬂ%gm@ e ggl% installed fagade

SR, nm serves as
el pho@o?ggal yn‘(: ef fecti veness (ref erred to as

n SETEDLG SRACTORT e JBSRE e o e

% S{ iogs in accordance wrth

thep'ﬁ&?%ﬁ)& ﬁ/‘f"fpya'g?d {rﬁé [ggﬁ? iarY Ricb&rdance with the
nve on .at | east, 20 % r ef er ab) | east 40
The vlg X iS¢ t%p@ye@g‘@ usky. a§yrt%l@eo/gorm§e within the
ffa'%‘&MP gﬁi"&/'BYe'E'él RWEshitigher photogataliiical gifgetivenegs tmn the
types desprbeE it they siate. ghihe At Tlee sepedation of dachlorophenol by a
defjesk émﬂn 0@ VbsTth given rxpeswie oy 128 giautaado light having a
wawelgagihap| MeEeras| gs ghe measLre qfephntocatalytiowsfightiveness
(refgpiedmio aé‘esg etoaglivityoinathee doligvimg )c afhso rmeasumingninetindd  is
desgribed in deRilgiawnyndsr theiapbve-nTéndioned araasuridg aondiions, the
phgiaactivity ef the vipaTiO ciar dasordamice with thesimvémtoon isagteleasin?d %,
prefarablytat ézast 40 &o,r arfccespretially pasfetrably dtdaastddi i ed" in
the followwing - in contrast to the vol une-doted
Thet stlfuri amiVati caxbate comteptisednl trsrapge dfakaiov4 befedit B9 weight in
releti@A08) . TiDhe preferably 0.05 to 2.0 percent by weight and especially
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.



carbon or the carbon conpounds of the vip-TiQ2 in
accordance with the invention presumably are bonded
primarily covalently via oxygen on the TiQ2 surface
and are capable of being | eached with al kalines.
-17- The photocatal yzer can additionally or
alternatively contain nitrogen and / or sulfur. In
contrast to unnodified Ti 2, the vlp-Ti02 suitable
for use in the production of conpositions in
accordance with the invention absorbs visible [ight
having a wavel ength A > 400 nm .The Kubel ka- Munk
function F (Roo) proportionf-to the absorbance is
approxi mately 50 % of the value at 500 nm and appr ox.
THD pHotdfcatdlywer vadnu edditiodfy of miterhadvell eintn HPbden and / or
sulfegonance spectrum (ESR) of the vlp-Ti 02 suitable for
use in accordance with the invention, neasured at a
in tcomBasebWirmedifiéd 0] he MRTASL & ﬂaﬁ%dfo?l(xs@ nﬂﬁé’ ductlon of
co?rﬁ;ﬂi%ﬁlon‘é" inhagcdid Ardel KitAf th 9193nﬁc91 bOGH %Ch t Having a
{,e th \> 408 rin Y Phé' KubBIR3AVA géﬂ%oﬁ‘%‘ nal to the
ab'st FHJ&%E |§' g‘BFHxﬁthEegl ?e%g Sat's'@b x o % of
th?\/QIﬁ t QA = appr ox. I NCreases by ex 0
%aw ng a wavel ength of A > 380 nm (Uv-free 100

ggw el T e e A e

e 1avi d: ’
N 5& il e L
mt%r\),sq,y & ? \; a ﬂe

an@:o bspsved. The
ga% %ﬂnos%%ﬁeé\bv xpasyre to light having
a wayeleRgthdr & ZHEY A9 Vé&%e& QCh¥¢ haloge dap.aeald ight fiter KG5)
as gRepsRAicameaenrementn the dadakt hi vel & Kisch (2003),
the vl p-Ti 02 does not show carbonate bands either in
ThepReray PWOSW@F oRIseettrn (XP&e of dhe ¥irPBP2dn ackherdance with the
invenfioriseehaspeterizeshby theleecussence of @ steongi atisprpioni kdrtd, given a
bondheneigy-of283.G¢\dvelativarattbe Qisrhanct atdidgled.of ca. 8 0;
unnodi fied TiO2 , on the other hand, shows a contact
It iafgitieerofore achapecteristiaethphdn amatra*stymem&spﬁhdtamtalyterr bas&d on
Sakthivaet &oiKidain (2004); thet Vip-TiQy does oot shablcasbdniaée bands either in
thedégaypadtoelectrdbn gpédtauna (XBS hott thenhfyareyl spettrdrci al
visible light, but also by diffuse daylight in
Undiét exposurs pacisible lighte tie Wp-Ti0edhbws Sewatsp @shtact angle of ca.
8 °@ithedifie@miG; | dh fhe®tAérrhand, 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. It 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.



whi ch cone into contact with the conposition in
accordance with the invention. The photocatalyzer

can be used in coatings in interior and exterior
applications, such as e. g. paints, plasters,

varni shes and gl azes for the application on masonry,

pl aster surfaces, paintwork, wall paper and wood,

netal, glass and ceranmic surfaces, or on building
_conponents such as e. g. thermal insulation i
conposite systems and installed facade el enents, as

well as in street pavings and in plastics, plastic
foils, fibers and paper. -188-The photocatal yzer can,

in addition, be used in the production of
The gitmitscatalysst camprie reeltlitiopabé used dnahetprodurtion dof prefabricated
coierBRs parteOlcohtrets pavitigasiobes! rbdfstilesplcerniel tiles, wallpaper,

fdbries| SanelPane Ifacing &ldrents JoredeRimRRt snd WAIISRI intdHbp aABkxterior
aﬁﬂidaﬁoh@ interior and exterior applications. Further

applications in the construction industry result from

FlfiRer bBPicatiBhd ‘?ﬁC{he' &srisastor] Thdikety ARBUK I thb hl?ght-lnduced
in } aeﬁH@g@%\%hmn re,#gly@jztéu% cb S explai ned 1 n nor

erence to the Figures 1 to

fé Weﬁtn&n ‘T’Qg tafn;%@ |}1(L”?&Jekc?etyp pglto(n}‘i'ﬂcrtelfé?gn?é tﬁ) %e Flgures 1to

rtrary dni proportiona
absor bance f or unm)dl fied T| 02 and for T| 02 m)dl f| ed

F|\§”HBQ hg&{% Fjag vvave. qg} nal to
!ﬁtr” |2 &?“CP OE&HF}O rﬂPSL il é E‘ﬁ%‘? Miith C (vip-
T| 2535 gdun gﬁ hqa g/ag pg an r@v%lgtth dae ¥ absorbs in the
visibler gpectra %aa QENmRdified titaniym digyidef(Re)saeprox.
502 /‘sﬁo’?/%) RIR&Ng)| m%r?oﬁésaéﬁgﬂa@ ehibervalie #30 BN t he
p-Ti 02 (spectrum A) suitable for use in accordance
F'G,Pffh 2ishowsripe e drPnJisgonaceTsnestr adESE) of thagylp-TiO2 (spectrum
A)pstabie fpragsepir acsgrdanopenitie.the swantiampoditeel Ti@: (spectrum B)
praducedaasi par Sakthivep &rKiseh, ecaptured inktheSark tandrat/a teampesature of
5 dhl $pectmingni\ f shoave oniyg@abignificanta signab vty ef g2valge. of 2.000.
Sseiret Bnsivwsh dnsadditionatdda tpriorary signabyr fhnee Jurthegrsignals in the
rahge ebthiely vélees $i93alx05 at ¢ bpproxa2§63of the g val ues
1.97 to 2.05 at g approx. 2.003 . Figure 3 contains
Figuee )3 rantaihotthel Xetayophstpelettran (3fiEtrao{XP8E of heli 2 TiO.
(sesqest rA)nnAxciordasco witanihe invémtidrnand rtre ndlfezidlyaksbwrie Tio,
prétipietey fromWeantuetrachloride with tetrabutyl ammonium hydroxide as
per Sakthivel & Kisch (spectrum B). The spectrum of the vip-TiO, exhibits a
pronounced C1s signal at a bond energy of 285.6 eV relative to the O1s
absorption band at §30 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 respectlve IR spectra also exhibit
typical carbonate bands at 1738, 1096 and 798 cm’”



precipitated fromtitaniumtetrachloride wth

tetrabutyl anmmoni um hydroxi de as per Sakthivel &

Ki sch (spectrum B). The spectrum of the vl p-Ti 02

exhibits a pronounced Cs signal at a bond energy of
285.6 eV relative to the As absorption band at 530

eV, which is an indication of elenentary carbon.

Spectrum B, on the other hand, shows Cls signals for

el ementary carbon at a bond energy of 284.5 eV as

wel | as, additionally, bands at 289.4 eV and 294.8

eV, which are an indication of carbonate. The

respective IR spectra al so-#%hibit typical carbonate
bands at 1738, 1096 and 798 cm ~. -19- Figure 4
Figuire st illasteates the pihotaxatalgliod ieffettivedniees taf WiRTES, f contrast to
- unthedified2riOn is ahé rdgradationusimdhforesherio™as 2.4 ke10cm™ molar
adlR@uIlitioh) Oy drtiiebPuisienght (}as 455nm). 1PRenfigursRbws the
de‘tﬂé@éélm t6@ énteAD ofdrgarit ichHonATOG, Finlh& sbiuibh irl lation to the
st4fip E chy. wvie tﬁ@omﬁ%emeds&hs@%dé@aheﬁ&r# takes place
affe?h r%@tho‘i?: organi ¢ carbon in the solution In

relation to the starting vaI ue (TOCo) Wth the

Figlihs EI astrétEE @'Hﬂb%ﬁtﬁk% pof étR/é KB VLARS indfast 1
ac@l& gfsm bt bg 0%9225 x 100m* molar

\
%éat é 4fi, T figyre shows
r{l co t %gr Lﬂ{? n in relation to
th n -V, -tnfensi t(7 to 10 W/m?
8 1 %fﬁé% ]ep \ﬁ)f (bgi.%g% géi% p(gSO %wnthzm
6 '8 Pe t’e’bi“"g? ‘é?WéO‘M? Bﬂ y( e d mgdﬂr%w £ W)
APl iQonstlloshqiz sign 'PFF 8?9@" 0 tfaéx%th%%ﬁmemla”y
aVPW'? nf &s W?‘%PWX@&S %'?9 %% ’t !Se'maV\H\vfz Titap {titanium],
Sachiigfe Homipkato TayeoMing 003 e The gneasperappicef thegdegradation
ratgegf ddaki th™ #10la80 4%hmf9ﬁ|i"$f‘0| @%WSWGEMOWGQ rasy degcribed
abpwev- i ntensity diffuse daylight Ii ghting (1.6 to < 1
V\lnﬂ) t he vIp T|(12 st|II shows significant
heng . attpst 120 t he commercial ly
avail abl e Ti 2 phot ocat al yzers (Degussa P25, Kemra
Catalydert anBETiSuafaicen] , SxcinadativerRatenbi kat, Tayca
vIpMIiO:00SA) 70 measur erférfe of the degr adation rate
P26f 2.5 x506*4 ol ar 4- dffor ophenol sol ution was
UWBitdror ne2Dd ad/gdescri bed5 ®bove. a) Light intensity:
HobfkatV nP24@mf/at i on: 129y, Catal yzes BET Surface

MTDeguSWat 5@m2fgat e 5%
b) Light intensity: < W/m?; duration: 24 h

Catalyzer BET Surface Degradation Rate
vip-TiO- 170 m?/g 18 %
Hombikat 240 m?%g 3%




vlip-Ti0o2 170 g 16 % P25 50 n2/g 4% WV Titan 20 n2/g

5% Honbi kat 240 n2/g 9% MI-100SA 50 n2/g 5% b)

Light intensity: < WnR: duration: 24 h Catal yzes BET

Surface Degradation Rate vlp-Ti02 170 /g 18 %

Honbi kat 240 n2/g 3% -20- Figure 6 illustrates the

phot ocat al yti cal effectiveness of vlp-Ti Q2 as opposed

to unnodified TiQ2 in the degradati on of benzene (5

percent by volune), acetal dehyde (2 percent by

vol une) and carbon nonoxi de (5 percent by volune) by

the diffuse daylight of an interior space. The

reaction container is a | 42Gder round bottoned

flask, equipped wth a paper round filter coated with
Figadreg illustiades tha dhdtab@telyﬁcbl%fﬁb’&tlvm’)ess'ﬂie/l;ﬂe'@;e% @pposed to
unhfidifiedc oNDNIn the OHeGRIdatiGR BObenzdk&1)5 |gereérst volume),
acétam%@r(sz fe?cérﬂlb@woqnné)%mrsb@wrm dealsYsert éﬁ@é@ Ivoiume)

byl theS&ifiuse d leghtcd%réi?%tém"édé& d‘%ﬁﬂ%@@ﬁérp@oﬁfamer is a 1 liter

roW%@ﬁSme@cﬁ’é d°€v tﬁaé BeF PR Afe l‘,oatb |th 12 mg
tlt dacq@r ?Cﬁ1éf\"d 8 ih %t%f‘tcbﬁ g m@%arbon

ﬂé %%% ré'l%ﬁ r‘? is shown The
cu

xide by
the ﬁ/ - %?2rl Pllu%% g%%pyegﬁsqs g/%ﬂ a%s ﬁﬁ%t radation of

aC%C‘ éﬁjﬁ ytugn?qgéf 'OWthod i's 10 nm Figure 8
Bnd o B rwﬁﬁ‘iﬁ gt 5;& WP TiOgpuhich only
1’ 13 anpiasJe ‘erlsh r@l%%ésttﬁr'”iel %’%%Cg{%-\ngt 5ing ¢ thg Sgherrer

m ispl) BBt i mated to the order of 10 nm Figure 9

shows a carbon depth profile of the vip-Ti O2,
F'%Br%ss@ﬁWéda'&é"‘éﬂ?l prPQtJ?Qﬁj vig igheresalptien ﬁfarﬁ"éﬂ"fé%‘?rh@'edm”
migreacapyniblEeMwith thae gyid dings pSthe enyatallides Thenerystallite size can
be iegtimatedde the epdardidAtnmi ne of 5 x 103 seconds is

equi valent to a depth of
Figure 9 shows a carbon depth profile of the vip-TiO,, represented as C/Ti ratio.

It was determined using ion bombardment (Ar+) and ESCA analysis. The
indicated bombardment time of 5 x 10° seconds is equivalent to a depth of

approx. 5 nm.

Figure 12 shows the Kubelka-Munk functions of compositions in accordance with
the invention with different binders in comparison to the Kubelka-Munk function
of the photocatalytically active substance.

A method for the manufacture of photocatalytically active substances suitable for
use in accordance with the invention is based on a titanium compound which is
available in the form of an amorphous, partially crystalline or crystalline titanium
oxide or aqueous titanium oxide and/or a titanium hydrate and/or titanium
oxyhydrate and which is referred to in the following as starting titanium

compound.

In the titanium dioxide production, the starting titanium compound can, for
example, be produced using either the sulphate method or the chloride method.
Titanium hydrate or titanium oxyhydrate or metatitanic acid is precipitated e. g. in
the hydrolysis of titanyl sulphate or titanyl chloride.



approx. 5 nm Figure 12 shows the Kubel ka- Munk

functions of conpositions in accordance with the

invention with different binders in conparison to the

Kubel ka- Munk function of the photocatal ytically

active substance. A nethod for the manufacture of

phot ocatal ytically active substances suitable for

use in accordance with the invention is based on a

titani um conmpound which is available in the form of

an anor phous, partially crystalline or crystalline

titanium oxide or aqueous titanium oxide and/or a

titani um hydrate and/or tit2hium oxyhydrate and

which is referred to in the following as starting
THe SRIMingNitaBRmP etMPouhd rMdlebé idvaitasienadi ®Rhél¢ grained solid or in
sU¥pRALIBhIVAth a rEshettiné bbMP fraticindfan 168sIPHWEighe By ;fe%ent with
theX ifc sBffabe QFUERA sHfd NeeSddriMRr af Neast Ub@r}ﬁzlﬁ BET
pr@fer g &hhgp 'tg%Sﬁ%ngdas per E@T’“ &ha Qiééiélf?éaﬂ t‘ot%U ng as

pd rate or nmetatitanic acid 1s precipi ate e.
the hydrol ysis of tltanyl sul phate or tltanyl

Q' o impfdie b | 19%n edl SRR m the
d iftfstigt tipof 5
l{%f}aﬁe ef)r?%es lgt r@#&%cgy fa% tﬁé %g tl rE :%JEE{%%J pfi‘ or economlc
e
t c1d lﬁ adv g gPPES' retre h m this
tlt%p pﬁw u I p ractlon
Of;SP?%F 51y esrc P Bwv&' 3, sﬁ%r

speci fi cal ly 150 to 250 nQ/ as per BET. For th
A Pﬁ@@é‘t‘?qnéﬁ'“'f‘ﬁﬁuéﬁ@ﬁ%ﬁseﬁc'ﬁ ?‘i’?@ qrossly Slt'tﬁpﬁhfpﬂ wse in the
pr W@p@ffn’r@mqaﬁgytm@m ﬁﬁﬁ‘t’%%@%@% that ?ﬁ“éP@ used agsording to
the hiaventign ihag @i dearadatiednismpriatuse @fc aidmi 400 r €as oreferably
< 20§ °“&dHearbag-containing SuBsiRaCeS SHEl 8t ag®oueed; ¢arben black or
actieatedechiiroonl t &nd  especiallyureragaicatc@rbansi egmpounds  such as
hydengartziriszbaving at teash@oki fugctienal greup haee prvehatoebe suitable.
Thierfaotticonal gofupt hay et OH;iGHQ; COsidcihk; By, \BDQR; wherein R is
ancalkgubrasryt ressid O or aixaeplelrsucenic Acidaglyoerit ontetiyiems glycol
are Yhsssie.e Sagae@ndl btheadvarbolagrirates| gs swelt &3 erdaoansronium
hydroxides espedditictetraralkyfl gpimnbiaat, ahagst alsalbeyusedt Mlsd suitable are
miﬁtubéd aptethet habioveamehtionegie dcarmpourtisng Preferddhg  water-soluble
iyAkSAbIsOa iR a dafrg-edgienaatié effpar aruo & Rfpreferablg@Q. 1, are
Speiftaf Ipentaer@ffiteC. THeag41Bon @eRipauRH NBay BRSHSHI S solid,
soﬁj’ﬂéhoa%uﬁ)erglon\/\DOd carbon bl ack or

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.



activated charcoal and especially organic carbon

conpounds such as hydrocarbons having at |east one

functional group have proven to be suitable. The

functional group may be: OH CHO COCH;, NH,; SHE,

COOR, wherein Ris an alkyl or aryl residue. For

exanpl e, succinic acid, glycerin or ethylene glycol

are possi ble. Sugar and ot her carbohydrates as well

as organoammoni um hydroxi de, especially tetra al kyl

amoni um may. al so be used. Al so suitable are

m xtures of the above-nenti oned conpounds.

Preferably, water-sol uble-32liyal cohols having a

car bon-oxygen ratio of ca. 0.7 to 1.5, preferably ca.
Inténsige enixing e the padiohi coatgoyng evithee pydvivustyedridhstatimghtiianium
coffpBRAUNA powddreforadd aso posdible. ARefndtivelp, B the event titanium
hy 88 $NGSE) thd RErbdhIM SO UPATdAANI SO BR GidRtixsdh@uihé doirtRnao be
hyHRif;';M' hY dHrghadfin ithé tprod @iBh dstep R theUsthAiae @ rta't'lée In the
finfgh@a ! hiddure to?nétﬂﬂ?nﬁoﬂﬁ‘ﬁﬂﬁﬁ ddmpyuiRlr ah8 BSrbeAPEdhBodd, the
amdUnTlof $hé cafloRSEom d"’réléhxlgtto tﬁgestﬁﬁlﬁgttitm%w' Ecﬁﬂ% d (as
soﬁc@'TB‘%‘{Bqlo'p?erg%Ht'h &ight, M X€ rgani ¢ car

und y that a surface coating of the

,iégs &tﬁ ‘:‘é“a%’l&&?eé%g aﬁ’h ns'ib% 9?‘%5’;9% %P@o"‘t‘@%rm a
58%?1 %ﬁ&} i g@%g cice Sy é WP BPRE dipopeprocesses
S“ uPFiB@ ‘tnﬂé) §hEYINg 3§ Fu ﬂl?'&)npound The
ing of the surface of the ti t t
Thg f%mt 5221 g-§ éq‘eﬁmaé( %Wraéré%phﬂa l ngy treated at
tergperglres 8 9 nCt hige espaheeaiment 'st Ly °r§1€’5’ ipjgRyexidizing
atmwm%rﬁrs i @ rafb9x¥ﬁe>@r¢1©"l“ﬁéms R JUin Oresesst therrrganic
CarbPHHM délﬂ:?gr%'%o’ﬂ e §lﬂf§ﬁ5’@r%f| thR s@qrtmg,@tmlgptqon@)ound
and ithey b QnC&LrgisLin® is-relpaseciAliougs the thesgabireatment may also
takeaplaem irc Gigpotheraitinuous pragichomeds, tariexampiein prgmmercially
availabigiahmovenng otantinueus preressf sllowing far €ospexific eraperature
profile to hatrunelsypreferrachtoreacenomid reasousn Alhpircesees sllowing the
implementatioe afaa bespectivep temperatune pirefie Eadatbiei neegssaryt retention
timeadratpassible abeonktigarus proedsses. datitegtpand ditelely heated rotary
ovgrniodree ieispeciallye suidéd tunits.t Butiti isnalby hossible ltan uskeecontinuously
opératadsihgidizet bledrreaotorss taid bex dtiersaaridue atednpougtishavé mixers.
Thé #irbemastongriioned unlte can@sdrbe cferbted i6 dldeonti MTBAHOdE.
relative to the starting titani um conpound (as
Thé& tdrfhhl tréathndr i€ PraisrabRBerdYmBBisaibh that a product (vip-TiO,) with
a carbon content of 0.05 to 4.0 percent by weight, preferably 0.05 to 2.0 percent
by weight, especially preferably 0.3 to 1.5 percent by weight and specifically 0.4
to 0.8 percent by weight is obtained. In the course of the thermal treatment, a
color change from white to brown and finally beige takes place. The end product
is characterized by a beige to slightly yellowish-brownish coloration. It is
characterized in that the carbon is detectable in amorphous and polycrystalline
areas of the surface of the surface layer as well as on the surface itself. The
product is photoactive in visible light.



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 mxture is thernmally treated at
tenperatures of max. 400 C. The thermal treatnment is
performed in an oxidizing atnosphere, preferably air
or an oxygen-air mxture. In this process, the
organi c carbon conpound is degraded on the surface
of the starting titani um cd2fphound and the H2O, CO2
and CO is released. Al though the thermal treatnent
FoWBwirl) Bk tlietiaal pleat@ent) thbeproddétsieodédgatsmisrizeddasial known
pro®sites] r eaniple o ianpia SN Millcdd ¥ourd¥@jet aflleln e case of
prédrfdl miktGreBlih PaQBr RIrAT; @56 thetinbPieAtthen® fordhs RRSHt plaft results
in LRJGRSHhertatd- ﬁeepﬁr‘éﬁhb@ WRicheds bt r‘e'é;uﬁ’é Q‘Dﬁﬁére%llflﬁé The grain
fmSﬁQ ) Beré?ﬁ?é?/éa is épeHHQﬁteéﬁﬁ'?e di?'Y28% hE starting titanium
ﬁge L lonad G REEAIY SUHEER'! ol f ysllghtly
fs I 91 mt {8 geswed
gr | lé ofptr %C gé%ta se(a ¥n f{il?ec ? %sg of the
pha |'seU? R kﬁ‘ ams ﬁ%‘? tﬁj§ m' a but
ific 250
/

Ol PeIPY ) Pg
m” )Pé?gra '»rﬂ 0 {a) E& gaa@ Ef ﬁ & so be .
erat ed in d| sco i nuous npde. The ther mal treat nent

Php 3t alyticall WG ﬁ?@&e%@yﬁa?lﬁa\‘pr é,lSﬁrw thigtthe context of the

mV@ml?p Wilbbe qﬁspﬁbechlrbg\o[,%ﬁe rifsing thes following: examples. It is not

intergadler thapefairgsitict the scepepf thednyentios. 2. 0 percent by
wei ght, especially preferably 0.3 to 1.5 percent by

Examibtehi and specifically 0.4 to 0.8 percent by weight
is obtained. In the course of the thermal treatnent,

Anaaqugsiusr titahiany exyhydnatehpase (85 tpesernt andweighalsolid b girgpared
usingkbe spiphate nmethode gl diuted wdth distilledheatac et roane derbpemature to
sudieagiegree tHat ghstirsabjee Blispensionkis mbtaisdd . Cldleosdlitdi foarctiohtis 20 to
25 %. A shfiicient emonietiof NaOkbsolttiun (36rpevcentbydedight) #dhddéduntil
a p0alpb tn shearghgeafys:0 Yo 7 isi altained eRtserothet sigpensiba € filtered
andiwdshedswith aistilled@yweatensintielhe 89; @antdme wuwas@ed on the dried
residugeld undere partestusiweighphot oactive in visible Iight.
-23- Following the thermal treatnent, the product is
Thé aapilm®R Jhﬁﬁﬁte‘%d@&ldﬁ@@‘éﬁd WHsAEE R fhits whilis BeABiluted Again
wntlfi‘ dR‘JtlﬂeW er th&brmal tirRible QPRI qR5 W Isbiid)! dhd 2 peAtAt by
9 t sREESIE a8, PRSHIW BSthesoR@WESIddEa! The SO&INiBaLIBS added to
theldRPEAEBA ds% sbREar® e E@éﬁen"s%?luils stirred until the succinic acid is

completely dissolved. The suspension is heated to approx. 60 °C to improve the
solubility of the succinic acid .



i n aggl onerate-free products which do not require
further mlling. The grain fineness to be achieved
i s dependent on the grain size of the starting
titanium conpound. The grain fineness or specific
surface of the product is only slightly |ower, but
is in the sane order of nmagnitude as that of the
educt. The desired grain fineness of the
phot ocat al yzer i s dependent on the field of use of
" the photocatalyzer. It is usually in a simlar range
as that of the Ti Q2 pignents, but can also be above
or belowit. The specific sp4face as per BET is 100
to 250 nR/g, preferably 130 to 200 nR/g, and
TP easpérsdn Yrdpied on XHi8 Wy & driB8Arlerizakiifadekblaporator (IR
raaﬁattd) WAt BERBCERre! iuh8bine §é§peH§1§n%H§' iftd B9as Sze 8NHR%E. The
%s |é {P\‘éﬁrbtrie%rln‘ﬁﬂ 1hb dps‘f’méj%!ﬁﬁé Oy 50 TR t Eé\l factlon is _

>gg | owm ng exanples. I's not intend e
ese to restrl ct the scope of the i nvention. Exanpl e

X ﬁ (waébs %tﬁ:%g 2}’5 §r¥1 r%ep q%:rff’?cu@ed’r ?Hély:g}ézgag
( V\§ %%%g ea%gﬂgsfaq:n%%% hf g fé Fb%% ab oven, the
e% %gﬁo‘”@ é&ﬂ E‘P T’ﬁlﬁq fr I"'ht'f' ﬂ" 3/@" \gqs 9y—black to

er dish is
dgche ?' reatmeny; resy U'ég i e 1R Jl@e'SoFomp'eted
whg afben centept ﬁé’&cr epfed) rtoﬁb"‘étl?é'iée“n‘é’i ®R Regcent by weight
to gppraX; @5 thQﬁQVH@'P‘F@B Q weidht.sti 1l ed water until the
S8 content, neasured on the dried residue, is under
Subsgayentivi tb‘? phetefiatalyzeieist deaggiamerizeghgaad analyzed for carbon
contant, raticalaeronedietaBh & gurface and phalpackvityhen di | ut ed
again wth distilled water to forma stirrable
ExsawbeBsi on (25 % solid) and 12 percent by weight
Ansiogousi moeeduwre asiraexkampleo} ivith sheidiffereacadhatd12 Teecent by
weight pentaergtbritt is adddd éal tHedtitanihm eoyhydrate sus@pesisonsad a dolid.
and the suspension is stirred until the succinic acid
Examplednpl etel y di ssol ved. The suspension is heated to
Anafugoas . proBedurtoas prexdmpld12, vt tHy biffeyertde tH@ 5 percent by

wefght peRtaer@hiit is addéd tdthe t&mamyﬁpdr@t@wépﬁﬂmsioﬂ dd4 Solid.
way is dried under a surface evaporator (IR

Exa@@ledor), while being stirred, until the suspension
A tit&hilm é%?d@t@?ﬁéﬂta@ﬁﬁﬁitegngpem )% pressreliSudiRg B percent by
wefdht $ntdbratnlittd 43 yeRGibealh thnfle 4° aHBdd frb Fexample 1,

the® Phdrthdl T @8Athht | & the thus obtained suspension is performed in a
continuously operated rotary oven as foliows:



>98% 300 g of the dried m xture of titanium
oxyhydrate / succinic acid are finely ground (e. g.
by nortaring or sifting) and the powder thus obtained
is placed, in a quartz dish with cover, in a lab
oven at 290 C. Every 1 to 2 hours, the quartz dish is
renoved and the powder is again mxed. After 13 to 15
hours in the | ab oven, the color of the powder has
changed frominitially yellow sh to grey-black to
yel | owi sh-brown. The thermal treatment resulting in
the vip-TiO2 is conpleted when the carbon content
has decreased frominitiald365 to 5.5 percent by
wei ght to approx. 0.65 to 0.80 percent by weight.
THa hteguerdn i, opdistefilpttae abwdrye Bowi riode aae! Humed ardctly via a
gadnNgumen! YEE bpedr flané hentheCgad %Olfnerqmpr@ﬁalcté& @Qeé RS which

prBlnt8 dirb @ nedtd WHRQhe pedduet iip-T @h@at@ﬂ% @S is7m
arﬂrl@aﬁ%ﬁr%léﬁeﬂe? i85 3Rl thd su¥pdrididie ﬂ‘Flu'ef %e feeder

ofjtﬁe BGER. eﬂ’ie d Bheh ofﬂﬁ@tsﬁgﬁéﬂé"ﬁd fse4 n the

%gérag&fgu@% ¥ etrt% SHRe ol 3 and

r ey in the

?5 aﬁgrg éﬁaléjyl ra ggL‘}r in the

eé)!% nt oI dv; en%rﬁﬁwy % }Jrner 02 At the

’_i f 8 ts s |t Ilownsh brown

Eé ﬁ%‘?fﬁ le' r'Pt ,a BeM)ﬂ #050) and
anglyzee ff b‘?'hC “ta PHgH PF acet"’l‘ﬂé’ RhokQaRtivity.

treat ment of the thus obtai ned suspen5| on is
med in a continuously operated rotary oven

Anamgoyﬁspronzéureﬂ@é otbapRie eh  Witholer siftaenée tthat the oven
temperature in| b disenarasm @rer s caniiellegcyipythgi ameuntgefsgas on the
bumert@”80 ke open fl ame of the gas burner is protected

by a flue, which prevents direct contact with the
Expmptgi6t (vl p-Ti 02). The heated oven length is 7 m

and the clear dianmeter is 0.3 m The suspension is
‘A suspEingiospofyitohiumt axyhlidrate enhdr perdhetytteite\is preparedf esthg 5
pempeat by tweighit phreasytipiesaonessribdl ingEkamglieat ninf varatiodsfrom
Examplehe, thieesuthpiensibntiserewisd iean @ldotricallg eatg@Doden to form a
solRMI Ipotvdenifisinh evithe ar @sidliatl mdistgreardntent 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.



subsequent crushing of the dried material. The

processing tine in the continuously operated rotary

oven is 1 hour. The oven tenperature in the

di scharge area is controlled via the anount of gas on

the burner to 260 C. At the oven discharge, the
vip-Ti2 presents as a fine powler with a

yel | owi sh-brown color. Then the vip-Ti0O2 is

deaggl onerized in a |l ab m xer (Braun, MX 2050) and

anal yzed for carbon content, optical properties, BET
surface and photoactivity.-2&xanpl e 5 Anal ogous

procedure as in Exanple 4, with the difference that

Chhm dixtutest evg@rertaé ueatiren Iériygh dos aher gstatigeacylinder ensure a
héPBgéemdduRAdidiriduti® irRfRRUNerOind prevent thliing o/ tMLbvé® wall. The
a.%%gnﬁedﬁéeamdgeso@d/bes U BE Mhie Pro&dssinigt tiné tHb Aty theddatitifuously
ﬁé}@td?zeméar?ro\(/b li$ b% hSurB! A6 Gh teniidiftuPe lsoéé@tﬁﬁéllybébntrolled
m‘"ﬁ?é@heﬁ‘lﬁﬁ{ 36hd. Hé Fbm;?e?a@?é%f lchen df'?h@fﬁ@@ r?ea]cmg Zdnes is

URAd By ¥3ntrbf4b) dis&a é’s %“\ﬁ a% RE 4€Beige-
'c" G s&ﬁaéﬁﬁghxpi@efpeﬁoo'ﬁeae @f mgﬁ_f fféﬁi
Wg rea rﬁe pr e eTr al €e and

&r formls perforrred in a contlnuously

0 erat ed_indirectly heated rotary oven as foll ows:
m&@w s operated in the cocurrent flow

and Iectr| cally heated in ee z s. .The
InGiiod) RSPt MBI (faigs i A SEF Suncl of aporox
1Qjma/ﬂéﬁemn?%'c'a§9@dh'ﬁﬁ "Pﬁ'@s 48PPLsimixedwiB 1 2 ‘Griapntaerythrite and
is ghan/bpenalbiEeateddosi ng screw feeder into the feeder

of the oven. _- 26l TCha| n Ll&(}ur es v;r

Exampled 1Opga grmyl 1 +Treptment. | Anaiyties | ofo o o the
_ _ oot HEme Céo ST eI

di st|ri bution I'n the oven prevert cal

ovend wall . The- - _agount fgd s P25 kg cnll per__hot r120m'"(%

The : e jg;g) p L LX Ax 1m?/g
1 TS TIdhceihéaeia ' ['90 L T 113 g LTI :85:4‘“ lg!as'UU o3 Y| 164 48
2_oper ateeviiret|2py oyen 1S [ holse®. [h@e oven | 158 50
3 tem rige 11280 o AQ ricald% confX’ol I1% 28 _tlHf%ke | 63
4 |~ N Pentaerythrite | 260*_, | 0.92 85,1 4.2 1527 7 | 58
5 _eat]ipEhperIeE 80~ 1 ¢ 1tellpe G0 UT €| Bs Hau M Uh t1{aed NT[EE"
6 heat] Pengerptimitee309*8 oAt vi paral | y]esontinod | abbe. | 188 fllse
outiern PeeRdlr|d® t hé& vi p- 1% pf Bdenfd? ag?eids® | <3

colored fine powder. Then the vip-1i02 1S

* M@a@@fmﬁ@tlﬂ@eﬂlqaﬁu'@dl Qikih@‘rﬁ'ﬁéharggroéuhﬁ 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



MX 2050) and anal yzed for carbon content, optical
properties, BET surface and photoactivity. Exanple

for conparison In analogy to Exanple 2, a Ti02

pi gment (anatas) with a BET surface of approx. 10

n2/ g (commercial product Kronos 1000) is mxed with

12 % pentaerythrite and is then thermally treated.

Exanpl e Organics Thermal Treatnment Anal tics of the

vip Ti 02 Photoactivity C Tinme (h) C content PLV -

Test BET Degradation of 4-CP in 120 min. % L* B* A*

m/ 1 Succinic acid 290 13 0.79 85.4 9.85 1.63 164 48

2 Pentaerythrite 290 28 0.78786.9 10.08 1.53 158 50

3 Pentaerythrite 290 10 0.76 83.7 10.03 1.59 140 63
THe Rabie peoydds atsun@baly df the dhaffic8andtl phbtdactivity b’ﬁiﬁeESIp—TlOz
that isssuitableyfohusd RitRiBGhe framewdrkOf he.iBvéhtidn2. 2 160 68

6 Pentaerythrite 300 0.5 0.78 83.0 11.0 2.6 167 86
vIS-qUO} eprepdesd aehyitahiun hy@@itd EExaniled 4- 16 &) éh%w?s é.Q excellent
phbto&atalyfc eﬁéémehésé\/ﬁ%thet\ﬁm%rs@eﬁfrﬁl ral§& ! tical values
P‘Ij_'vsfél% [ §ReQlise BP ah&iad pgM¥R{instIAACESHaARN h ra?i sin a

erﬁE&rvaﬂout ﬁgprte'&fa@!@ hétagctfvﬂg%%g?@ M Hj(;f the

ree heating zones e area
gﬁ%p’g el ements -27- The table prow des a summary
anal yti cs and phot oact i vi ty of the vlp-TiO02

S S I.t use W|t rk of
A B
Y sl of the "E r@!? Y HH” d?&UéP gt room

CIOpe fe\)B ¢ glveplieg m\%rpw gesstyct of
St‘,1‘§@e'8ﬁ‘°rhﬁ89 é@e ﬁ%‘?ﬁ'on is

tre@%&hsfu'frﬁﬁ%m Hyd ae%rere SUPers Ry 106 of he ¢ company of
Bandelin Electronic, Berlin; 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.

Example 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 yields 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.



product w thout appreciable photoactivity (exanple
for conparison). Exanple 7 5 g titani um di oxi de
(comrerci al product TRONOX Titanhydrat-0 [titanium
hydrate] of the conpany of Kerr-MGCee Pignents GrbH)
is suspended at room tenperature in 20 m distilled
water; 5 m ethylene glycol (comrercial product of
the conpany 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
El ectronic, Berlin; 35 kHz, 120 Weff. H power).
Fol | owi ng magnetic stirriq@ggover night, the sol vent
is renoved, preferably in the vacuumy the' residue
E>d'a$ng|§jéiged at 100 to 200 C, preferably ca. 200 C, for
at lTeast 12 hours; subsequently, it is heated to 300

To cddt aapl‘é!st%c'féﬂ 1 éﬁleler I&Péli 9§‘§h5\9H'§n EQ R8s suspended in

oIt oe‘fhe resulti ng
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gg 16 g %3 K8 sPalid Sl Bt zpbd Bl Mie B44{ER layer
! lﬁge 2 8 alysis of the product yi el ds 2. 58

5@}?%'3\,\@9 |If460 %bog}]gar g)eécent by WEI cf experiment
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“ST arbon] and 0.0 percent by N and 0.0 percent by
ht H Exanple 8 To strip the superficial carbon

W’Iﬁﬂb-ﬂ 02 is stirred over [night] into

100 M of 2 M sodium hydroxide (pH 12). Centrifuging
a) Petarainatioprad e grlidabvaluetrlaétesthd a barely col ored

white residue; the latter is dried at 100 C. The
Theowieed saives ¢ tetenmihestheweptingl atuasfot prightnessL ¢ heoloring a *
andiegiosdatbi ‘oof the vip-Tie-0 Aapivedes| compact rseprepaiedl feorh itlgg vilp-TiO,
to Bketestdrk undedelefined reomditivad wéind & hydeadlic asrhalapiess of the
corspamghof MATRAq Feahkfpnt €T esrathleyremisstan val(€s &ke determined on the
powderecamgzict sisinhehe HUNEERILAB MTyistduluseCalbiimert.ed :

(unl eached) vlip-Ti2 in the degradati on reaction.
The ¥B-TiDsasptcurd privreo @ie prapadationCofitRé lconmpaBOWdedo this, 100 g
" of RhEPIETIGES sthaned | s BXased einb 4 S coMpRPaERA hyhilabRe mixer
(matFaAsRINBram hddelaMX 9050 avfls Axd®EiPamYs fr 5 seconds.
Bet®eBARAChHhdlNAestEs SHE MhiRér 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 vip-TiO, is
fed into the metal ring under slight shaking and tapping. Using a pressure of 2 - 3
kN, the powder is compressed.



suspension is applied to the sheet as thinly as

possi bl e using a spray bottle. Follow ng 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. experinent as per Figure 6) or alum num

(cf. under test nethods h), "dip coating”) may be

used. Methods of neasurenent a) Determnation of the
optical values (PLV test) The nethod serves to

determ ne the optical values for brightness L

coloring a and coloring b-29ef the vlp-Ti02. A

powder conpact is prepared fromthe vip-TiO2 to be
Thespredsingdprocess iinedpeatedi hi ssrondsiime antily theatryét operating
pESBlite OF FERNGE rédthed CBYRARNUIBS tuMiRAnd Fufivfitithe mEMYing is
sépiftafcrérA N bYSS PRfe AR ST bBWARSh (1R B pIBRVMIRY the ring is
rerORAC L THES I ddthpae SN EFERR AR e THhg tamB issuddd f3r RS easuring
prod8d¥leRislhP the Uﬂﬂ?%%é’&élgﬁmbfér.t ﬁ? ﬁ{e%gﬁfe%ﬁ'/eglgeso *a* b*
arteE%a‘c? Eetly SR 50 cbiBkimetel 00 9 O € vip- 1P

obtalned is )6 aced in a comrercially avail able m xer

( . : . . 2050Q) Land is mxed 12
o BSOS SE Englativi B Gatrt GG st ep. the

m xer i s. ned and the powder is m xed again. A
Invﬁfﬁfcéalsvﬁsétggﬁgsgpaper, matte on both sides, is placed

n the base ate having .a  circular _depression, and

120 P OB 07 ff%ggﬁ@wsgﬁtmﬂ%w{ Shipcarave] 0 Mplaigolution of 4-
chipreplenp!ifar §0 fmiRUtgs in &g HiyiRsadnd gathnandthegisexpesed 4 light on
aLPpYqe bgpell Huawgierrrented soundeguvielieo Tha@xpasurs to fight for the
defergipation ghthes ﬁakwﬁgg(\jatydaﬂeawm@edwm@ an Pseam WBO G50 W
Xenan ghor rc dayep dostaked irs acloepsiag Jamp caxe (AMKO Mod. A1020,
fogrldlengthy 36 emes Ehe speeiamt efithis daoprid shomm imFiduré . The
regetiofstareperiarmed in pmeteneeled rabhdkiuviette vathctechl cByacity and
anc inef (diametenrofi 3¢ ramdapdild ilayegr i thickbéss oet28 mm.NThé Teaction
susperdien swyfhestirtdtbusing @ stiriiigemotdreandagiierind atagaenattduhed on
theyaile. Jhat reund cuvbite is depicted indfigured 1. THe: covaRCE refined in
thendocal rpdifteofr theglampd Tise ligkdisf focusde imsashird M@y that only the
regitionespace of sherguiétte ISUNPEBEABAIC edapomaitsiare fiRfly mounted on
anmepticaledene. ugs klithinage *UVblight, & &Kdr@@tbroffa. ABERSH) With a
trapBmittce0bfOR i FRB8ris 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:



b) Determ nation of Photoactivity (degradation of

pol lutants) In "artificial visible Iight: 15 ng of

the vip-TiQ2 is dispersed in 15 nl of a 2.5 x 10-4

nol ar sol ution of 4- chlorophenol for 10 mnutes 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
photoactivity are perforned usi ng an Osram XBO 150 W
Xenon short arc lanmp installed in a focusing | anp

case (AMKO Mbd. A1020, focal length: 30 cm. The
spectrumof this lanp is sh@®W in Figure 10. The
reactions are perforned in a water-cool ed round

56 umgtdfeheivigh T, isl disgreed 1y 5808l ofed 2i Rer0-“dindRtRIutRh of 4-
- cBlorophemot for Hayminutddl P IRS SitedsodAd Bth HAE theaChigdeed to the
dayRHe0s be intelor dpaic tin Bh @'IeH?ﬂe?Qr ﬁ’as‘-’kt B Infl PwhTE JnﬂB

stirring magnet attached on he si e The roun
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retained in the focal
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fll ér§ Ef Y rF{ gy‘? d on EF%SI es with vip-
* f%ék '§ef< écg%l PHIGOt imthe gpiand the
, ??? ” AR g e ot ey cprooimensige e Miarigrest using
RO?P Cltrgcsxﬁ? on space fromthe |ight exposure,’ an IR
i tionall rmuntedlnthe pat h of the

C)lj:éﬁ}g':m'?ﬁ N Pgt AR RRER | 1 ed with water (di ameter

6 ém ngth 10 cn). The decrease in concentration of
The detegnEiiends piegoﬁﬁ?ﬁ’ i termsuef {edal ovgarip exarbass coptent (TOC)
Usm&fhle@ BrC-208 qankoncagalyesr. dbgmensurion nietheg inbasad an the
coprbystier afihe organie substance santainedoin biegdpiTiOs i treninduction
ovememdgsx¥gen gas ané thi salsaguent detghminafiormof thet earbon dioxide
forgpnstesing #3 detwting. Bie whighetipn quatity & ch.pegsed in 50

m of a 2.5 x 10" nolar solution of 4- chlorophenol
d) fetemoinatiomitof shé repebific Ldurfaas cantdrdiag Ho 2BEIT t(BAIhauer-Emmett-
Telemnosed to the daylight of an interior space in an

Erl enneyer flask (100 m) while stirring.

Thee GEddatuirfane ofs acefsatatt hysiley ORSTHANZD00 WARAE 88fpany of
Micteorhenitiostrased der the staticrvollibetfit asikciple. | ) filled wit th
ai r-saturated acetal dehyde gas (2 percent by

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.



vol une) or benzene vapor (5 percent by volune) or

carbon nonoxide, two round filters (paper, d = 15

cm 2 ng catalyzer per filter), coated on both sides

with vip- TiO2 , are introduced. Then the flask is
exposed to the daylight in the lab and the decrease

in pollutants and the formati on of carbon nonoxide is
nonitored using |R spectroscopy. c) Determ nation of

t he carbon content The determination is performed in
terns of total organic carbon content (TOC) using

the LECO C-200 carbon anal yzer. The neasuring net hod

is based on the conbustion 3-the organic substance
contained in the vip-Ti02 in the induction oven
URABMessHiemegiss and t he subsequent deternination of

the carbon dioxide fornmed using IR detection. The
Taghgagutei the calesitdnt resbpance sfiectrag a BrukBle ERiYS 580i hecbmeter
Xeltrands (261G He) was fused. @ihe aadiphg wag &kEuated up to 10° Tor, filled
w(tBrhetiame up Eomeeptessiied b1 )2 Toer BT tiseH frRR8d] ThEBASINLFSments
wesé perfermied sidor tROAMloding bshdmwmeany of

Mctromeritics based on the static volunetric
MaghBtd REIE- mEdulXR3 WRRS00 ¢ RS pdbs:- 8!6005699#§§P#ie| - 3340 —
3500 G, 'SWRIERidtMSTIDBAD & PESSvERBh YL 815> .ﬁ{p]%%]onstant:
45b8nHar Modiiy AmPlitudre: © ) MASgUs aP@gEgé%gmﬁ g value is

dAtBRAINBA HsHES Hal Plobd. ) ESR measurenen
the el ectrgﬁérgs nance spectra, a Bruker Elexys 580

g . .. Th I

o) AEELIBRENPOE S RIS b Redtioht Seok 8 TSI MTR ey wp
THL g8k FAL R OSpetliafor AL AL Nelle MRLLED. o 10 - o

e S 4eTe Heqsyyred wiithga Shimadzu
OYgTb s ool WGyt g i drcnrehore
B pulofa et o e glandars o wassimsddo asipedpe powdrs
In & THPYar ki to the geasuegspenty $he Kubetke-Mank fnctign istpigportional
to habsprbance,n 96 ns. Modified anplitude: 0.2 - 13 G

t { > 5 K Th I [ det i ned [

h) SPeTyERRITicHroRRAIgSr ement of the diffuse reflection

spectra (Kubel ka- Munk function
For the measurement of the contact angle of water, vip-TiO2 and unmodified TiO,

were respectively suspended in distilled water, applied to a 5 x 5 cm aluminum
plate using “dip coating” and calcinated for 1 hour at 400 °C. Following storage in
daylight, a contact angle of 21 ° was measured for unmodified titanium dioxide,
and a contact angle of only 8 ° was measured for vip-TiO, . The contact angle for
the uncoated aluminum plate was 91 °.

Figure 12 shows the Kubelka-Munk function of compositions according to the
invention in comparison with the Kubelka-Munk function of the photocatalytically
active substance used for the manufacture of these compositions. In the figure
a) shows the Kubelka-Munk function of the photocatalytically active substance. bi
shows the Kubelka-Munk function of a composition with styrene acrylate
(Alberdingk AS 6002) as a binder.



The diffuse reflection spectra of the powders were
measured with a Shinmadzu UV 2401 PC UVN s

spectroneter, which was equi pped with an U bri cht

sphere. Barium sul phate was used as white standard

and was used to grind the powders in a nortar prior

to the nmeasurenent. The Kubel ka- Munk function is
proportional to the absorbance. h) Superhydrophilic
properties For the measurenment of the contact angle

of water, vlp-Ti02 and unnodified Ti02 were

respectively suspended in distilled wat er, applied to

a5 x 5 cmalumnum plate-@&ing "dip coating” and
calcinated for 1 hour at 400 C. Follow ng storage in
chindicajes thexKobelkaddurdnfyinetiaf oR3 conisiBASH REofd@hce with the
invemtien witbcx silicomei resindisox bitder. dBHows GNKasdIk Nk f9 ction of
aondpp8sitiovasin neccoud kel withvine TveRtion With afdetAABYefylene
(lghowmti: %Mﬁmﬁa gﬁk mgﬂ?ure)pém RS KeibelkalME@K Fundion of a
camnpositiom avi 3 f S
biadearding to the lyl nventatjgﬁ&?r%}%lgk‘pgaw M% Aﬁ 151) as a
Kubel ka- Munk function of the phot ocat al yti cal y

TRé binder %Eﬁdrﬁ@ﬂﬁe%ﬁ%o&ﬁfon iH%c he invente on'i
p&@éﬁpﬁyt»l/élﬁﬁt pr8fek 58 pe n o &l ngp callysgztt: gg

fﬁ’é‘% 8t ut Sl?clﬂ 8 stancein the
co‘”i‘r%dsYtﬁ)orrc' @er‘ﬁtl é epree,gp ¥2gtondd percent
}éﬁl g &by weighh specifically 5 to 10
’iiSB?W %%

gdpigelny photasaialvtia effect can
?i Ysfaciory exent,ifthefraction of the

O
é'V"C 'Y E’ugei'% > WASRREMY UBY: tWeightopr more. It has
ﬁh%l’lf’bo ghnthe \GifeRts: 196 they arhotanatalitidally active

RIpRertieriohroMpasitions agpiging o the invention
r e léFt“a'E?5 ﬁ'ﬂ %@}g fifee frastiancal thambotapatalytisallpaictive substance
Hﬁﬁ?lnf welght gr lessopol yner of a styrene/ butyl

acrylate (Dilexo AS 151) as a binder. The bi nder

The, ‘é‘é’?l‘@ﬁf‘ dﬁ N elirgigethdei theoaxamplescof eanbodiménts &Yfained in
referaneaite e Heawing dnet@ad ptheosse: ofbgompisithing wattedigerdit Yypes of
b'”ﬂér%oliaerai%(ht doptemepiagted, dpecadditied,| yn& t onig5 carbon-doped

phofecatahfically wetightsubStaeces anay dre afsed hwithin the context of the
inveniiamclithdsy praven to bet espedallys havartagebush® use sulf r—doped
phajoagiabticalyradtive supstdnesd dywalit o 40 percent by wei ght

preferably 2 to 20 percent



by wei ght, especially preferably 4 to 15 percent by
wei ght, specifically 5 to 10 percent by weight. It
has been shown that the targeted photocatal ytic
effect can already be obtained to an especially
satisfactory extent if the fraction of the
phot ocatal ytically active substance is 5 percent by
wei ght or nore. It has furthernore been shown that
the effects of the photocatalytically active
substance on the remai ning properties of conpositions
according to the invention remain virtually
negligible if the fraction-88-the photocatal ytically
active substance is 10 percent by weight or |ess.
The invention is not |imCEAIMS the exanpl es of
enbodi nents explained in reference to the draw ng.
1.1 Gstpadition her usating wWaIRP®sjdde8ns: et ke 6.fn &AL 4¢Y
bindler, lshaditerided B 80 Ic2RNoATHMRIRStal Lb \A% CIIE : étﬁ'?eg %:ntzn:

sigrifiyartt AghD BbSK1BEGh
3ggm|l|@sgamg S rrgrstf/rp be 32%%%?%%&% e cont ex o?tl}'ﬁ'the range of

invention. It has proven to be especially

@B&ﬁﬁﬁsﬁﬁtﬁ‘rp”ﬁaé&r&'é% Swithh . rﬂolp%ﬂ aDhot ocat
B Akt
Ternoe Lot
I B0+ Hs greater
thsr?g%% Caﬁ%? ptlon at at | east one

tion wave n th n the range of 380 to 500 nm
%105’851{9'8%'{‘@%05 %8‘6%%{?!8131 i 2h Cargickarized by a binder which
exlan hpncg { "étfe”ﬁTMul“Et fupctien tIhe(Roaksaff kesscthan 0.8,
Speqy! Qﬁs én@f Pbleast p %I@ﬂon tveavelength in the range of
38R mISFFP‘E‘ﬁ? Iwindbe TWQ & 99 tarSO rmdf tHeephotocatalytically
act Ltce edkihits) %amkarfqm&ubehamqmmmm Ft(Rgo)) of over
0.00pn, gepcifically; overa8t01pranda aspesialyppiederably 6102ngt more. at the
absqiliorhyygeelengtamdenthenerrae Measutpmestiteonditibas 6. 25 X
10-3, preferably 1 x 10.2. 3. Conposition in
4. Gewopaiing dowvcoaling wlts, 1fagade andahadike; egmsbidny decording to
claim hdermprisiog at éoast bhe sirater ainsicatheast onekpHgb sl ly active
substancei otharagtRizgd iof tHaesthet bialeP. SxhibitP e foasldnég organic
compxent had/oD ableasat ored inbagEmic eorpatEi@r pt i on wavel ength
in the range of 380 to 500 nm specifically in the
5. Campesitidn #0&cdord#Hu with ahy of e Heebaingidins! Erh¥terized in

!lt]?)t the photocatalytically active substance exhibits a semiconductor, specifically
103.

6. Composition in accordance with claim 5, characterized in that the
semiconductor is mixed, specifically doped, at least in parts, with a foreign
substance, such as e. g. S, N and/or C.



active substance exhibits an absorbance (Kubel ka-Munk
function F (Roo)) of over 0.005, specifically over

0.01, and especially preferably 0.02 or nore, at the

absor pti on wavel ength under the sane neasurenent
conditions. 4. Conposition for coating walls, facades

and the |like, especially according to claiml1,

conprising at | east one binder and at | east one

photocatal ytically active substance, characterized

in that the binder exhibits at | east one organic

conponent and/or at |east one inorganic conponent. 5.
Conposi tion in accordance widh any of the preceding
clainms, characterized in that the photocatal ytically
7aEompositiobsn ancedante bith slamseoi 6,atttigdtonized in that the titanium
d@pﬁﬁiﬂ lSlesaemt;allybr@ntmarCanmasnpha@@ I n accordance with
claimb, characterized in that the sem conductor is
8 nCremppsitipadi iccerdabicsl aitAcanyadt thé%ﬁécédfh @bints, Hafdbi&iz
thiabthes guifursndgdrasaeion SeMBnEST the p@lot df%“gr akij \ga s é%anicej :2
0.05 @nPeRrddrpby m&mor&éféﬁe?mwa 5 a. g;)( by weight, and

esEtiaNy Relerstly DI tohes pb

essential l'y present |n an anata phase.
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.thS i) t
izt ﬁdp ggeg '%%yaé b %95?;?55;‘;?
of this mlx?ure at
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5 g, or gess and especially
prg) | oﬁ qr esa @89(% %?Wﬂﬁ aﬁye%ﬁeqa% 20Pe€ermi meare.

character,jzed | t hat the photocatal ytically
th %E‘E’ {é‘ ﬁ' diaQC%t"" @é‘é’tOf presedingmlaimar elarpgterized in
b f Rgowega gﬁ AetvsubStaANGg %Bl*?ﬁé@rﬁ!ronpraélfsemmh)band at a
°H %af Q61N Bier X-ray ehoteselectren spegitusn (XRE) telative to
theo 3@d<,a$|5§9r? conmpound and thermal treatnment of this

mxture at a tenperature of 500 C or |ess,

11 p@mgo& qoy InCAECErasnce anith aay of duppracating clalmﬁ ehakddferized
by @G)('ﬁé@t §ne|dispersing agent; et kiastons thiGenixpagéri] hyle280ore anti-
foagpingpagent] pat ctga@ios)nlel @igmentacatoridasicenai filleranyt aéast one

hydreehebigatiaf agent laai(es at taat ane eidrabidcide. t hat t he
phot ocatal ytically active substance exhibits a strong

12.aBemppsition ihacdortanee wWitbnah\e o treyprebediRg- (it chalddferized
by X-supgrgiticalocarhpastition) irs paMH e SOXPBactich ﬁéédﬁ@stta@ to the liquid
fraction such that no complete wetting of the solids takes place.

13. Composition in accordance with any of the preceding claims, characterized
by at least one adsorption agent, such as e. g. activated charcoal, silicic acid,
microsilica, silica gels, zeolites, bentonites, diatomaceous earth, foamed glass or

the like.



the 01 s band at 530 eV. 11. Conposition in
accordance with any of the precedi ng clains,
characterized by at |east one dispersing agent, at
| east one thickening agent, at |east one anti -
foam ng agent, at |east one pignent, at |east one
filler, at |east one hydrophobization agent and/or
at | east one mcrobiocide. 12. Conposition in
accordance with any of the preceding cl ai s,
characterized by a supercritical conposition, in
which the solid fraction is adjusted to the |iquid
fraction such that no conplgge wetting of the solids
takes place. 13. Conposition in accordance with any

19fCoMBoRNti®s phacDrddrRieRith 5!?@6%5%%5&)%? E’Mln?g ch&PRkerized in
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CQ'ES’la ée Wthff’yﬁftﬁae pr %d'nwlalm@npb@ame@ned in

thfi‘tnt '66'?%! FofRaherqpogiandl e teg abserbance for the
phetegatal Yt&ai'! é’&t*m Supﬁtaﬂcq% 17 59R0MB dtapyeX. &0 Py andtatv@00 nm
app(s 2 1ve Of henyave gt 400 nBast one signal in the ESR

spectrumat a g value of 2.002 to 2.004. '16.
1 7C&0€'€Pﬂsﬂlo@nlnl arcardanceawitie any of tha prexfedirtyecipines; etiaragterized
by @ ahetoactvityr efcateleaste0 i%. prefexably et l6asieltk 8 Mhalspecifically at
legstif@t%.on F (Roo) proportional to the absorbance for

the photocatalytically active substance at 500 nmis
18 aPpmpRrsiti6n ivaecmdanced@ith any ofither grecedfg Wairhs L dHard@biiged in
tha thet6GIfurrandlat. cabom oshtehbof the mwﬁgmuydawv@gubéﬁnce is
in theeapgeofolrtg 0cd percent By aergt.er i zed a

photoactivity of at |east 20 % prefer abI y at | east

19 A0oHpesitlos ieatdoréai deywitd any 8ek p'?@ce%)md'glairﬁ? BpAPAdthMed in

that fher6aDbE oV éUIfar @R h hétB@athyﬁEQ Qéllv nce is for the
moghﬁérﬁﬁt@@ﬁat’é%ﬂoﬁl?lnéﬁéﬁfaée& %/ér%fftrié titdMr i Shicles.
content of the photocatal ytically actlve substance is

20. Composition in accordance with any of the preceding claims, characterized in
that the photocatalytically active substance shows no carbonate bands either in
the X-ray photo electron spectrum (XPS) or in the infrared spectrum.

21. Composition in accordance with any of the preceding claims, characterized in
that the specific surface of the photocatalytically active substance pursuant to
BET is 100 to 250 m%qg, preferably 130 to 200 m?/g and especially preferably 130

to 170 m%g.



in the range of 0.4 to 0.8 percent by weight. 19.

Conposition in accordance with any of the preceding

clainms, characterized in that the carbon and/or

sul fur of the photocatalytically active substance is

for the nost part integrated only in a surface | ayer

of the titanium dioxide particles. 20. Conposition in

accordance with any of the precedi ng cl ai s,

characterized in that the photocatal ytically active

subst ance shows no carbonate bands either in the

X-ray photo el ectron spectr (XPS) or in the

infrared spectrum 21. Conpdsition in accordance with

any of the preceding clains, characterized in that
22. Héethpd drr the pradustien of a rempasition i Acgerdanse withcany ef the
preceding staémpuehanagterizes inghat, jig arfyst step.2@vintgrmgdiate product is
prodedast ibHispedion of thephetyaptalylically getiveabuilystanast ivratbingrganic
bind® and thatpim@/ ggcondestep2 thigtinthodediate ploduph sdoitedowith an
orgénia baalgposi ti on i n accordance wth any of the

precedi ng clains, characterized in that, in a first
23s Lz, ofa compesitidsl irphecard anltecwith ainy pf dskiclaindy to 21 in paints,
plakteRe vaimmshesf andier plekedert applidatish|lon mekong, plHxérag@taces,
pairitwafk, Vilipapel; Gvodd, Astal, addss BAl  ceramirs Siefdved Fid?er thermal
indutaton E8MpEBIEG SisterRs ARHRT installBdRdadé lelendéhts O i}ﬂéiicﬁr and/or

ex@rfé‘?'%?plic?a%ongse of a conposition in accordance w
any of the clainms 1 to 21 in paints, plasters,

varni shes and/or gl azes for application on masonry,

pl aster surfaces, paintwork, wall paper; wood, netal,
gl ass and ceranic surfaces and/or thermal insulation
conposite systens and/or installed facade el enents in
interior and/or exterior applications.



