Met hod for producing photocatal ytically active clinker The invention
relates to a nethod for producing photo-catalytically active clinker.
Phot ocatal ysis in this context neans reactions in which a catalyst is
brought into an excited state by the exposure to light of a suitable
wavel ength, which state enables the catal ysis of various degradation
reactions of different organic nolecules. The catalyst in such reactions

returns to the initial state and can be reeﬁnited by light. A nunber of

const r uct .%%%Mﬂmmﬂ&mmm is utilized
are already known, with titaniumdioxide in the anatase form being used in
the first place. European Patent EP 1 535 886 discloses a hydraulic binder
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of phot ocatal MtjrG cRAL Y £hesve al1iheast 5% by weight of the titanium dioxide
particles having anatase structure. In the hydraulic binder according to EP

1 535 886, anatase portions of the titanium di oxi de phase of up to 70% are,
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phot ocatal ytically active cenent, in which titanium di oxide can be used

i rrespectisedte ehdi £8nobe gieearidednayastontent. To sol ve this object, the
met hod according to the invention essentially consists in that

Ti 02-containing materials are reacted to calciumtitanates, particularly
CaTi O3, A number of construction materials in which the photocatalytic

phenomenon is utilized are already known, with titanium dioxide
in the anatase form being used in the first place. BEuropean
Patent EP 1 535 886 discloses a hydraulic binder containing
titanium dioxide together with additives and water in the form
of photocatalytic particles, at least 5% Dby weilght of the
titanium dioxide particles having anatase structure. In the
hydraulic binder according to EP 1 535 886, anatase portions of
the titanium dioxide phase of up to 70% are, moreover, provided,
the balance of the titanium dioxide primarily comprising rutile.
In that hydraulic binder, the share of the anatase form in the
total amount of the present titanium dioxide is thus extremely
important for its photocatalytic action such that the selection

and sourcing of suitable titanium dioxide is problematic.

Tt is, therefore, the object of the present invention to provide
a méthod that enables the production of photocatalytically
active clinker, and hence photocatalytically active cement, in
which titanium dioxide can be used irrespectively of its origin
and anatase content. To solve this object, the method according
to the invention essentially consists in that TiO;-containing

materials are reacted to calcium titanates, particularly CaTiOs,




2 wth clinker raw neal or clinker raw m x. The nmethod according to the

i nvention enables T102-containing materials of any origin to be directly
introduced into the clinker during the clinker production process and
reacted to the photocatalytically active species referred to as cal cium
titanate or CaTi 3. These compounds, bes?des CaTi 03, al so conprise ot her
conpounds such as CaTi (4, Ca3Fe2T108, CaTi 409, Ca2Ti 5012 r Ca4Ti 301L0CaTi 204
(OH) 2, NakK2Ca2Ti Si 7019 (OH) , CaTi Si 05, BaCaTi 04, Ca3Fe2Ti G8Ca2Ti M4012 4H20,
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Fe,03, Ba0, 5r0, Mn:0s, $i0,, Nay0, K0 or the like.

The method according to the invention is advantageously further
developed to the effect that the TiO;~containing materials are
charged into, and burned in, a rotary kiln together with the
clinker raw mix, which will be of particular advantage 1if the
titanium dioxide is present in powder form, thus enabling easy
mixing with the raw meal for the production of clinker.
Alternatively, it may, however, preferably be provided that the
TiOs~containing materials and the clinker raw mix are separately
charged into the rotary kiln, and reacted and burned together in
the rotary kiln. Such a process control will be advantageous if
the titanium dioxide is present in the form of a suspension such
that mixing with the calcined raw meal appears to be infeasible.
The moist or wet TiOp-containing materials in this case can be
introduced into the rotary kiln by the aid of known injection
devices, thus causing thorough mixing of the TiO;-containing
materials with the raw meal only in the rotary kiln during the
conversion of Ti0, to CaTi0sz or any of the above-mentioned

compounds.




3 The nethod according to the present invention is advantageously further
devel oped such that the conbustion occurs at tenperatures above 1250C,
preferably at 1350C, and in a particularly preferred manner at 1450C It
was experinmentally found that the formatgon of CaTi@3 from Ca0 and Ti Q2
started at tenperatures above 1250C, the’conplete reaction of the used
titaniumdi oxide with the excess CaO to CaTi 8 havi ng been observed at
conbustion tenperatures of 1450C In order to provide a sufficient

phot ocatal ytic action of the cenent made with the clinker produced by the
met hod according to the invention, a suitable,amunt of, CaTi O3 nust be.
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met hod according to the present invention that waste substances such as dye
sl udge, waste dye, kiln ashes, synthetic materials and/or consuned Ti Q2

catal yst are used as Ti02-containing materials. Such starting materials are
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nmanner . V%Eheﬁwtdﬁé'sﬁuaﬂét}a tagount of CaTiO; must be present in the

clinker, wherein an overdose of CaTiO3 would jeopardize the
physical integrity of the cement. The method according to the
present invention is, therefore, preferably further developed to
the effect that the TiOs;-containing materials are added to the
clinker raw mix in amounts producing a TiOz content of 2% by
weight to 5% by weight and, in particular, 3% by weight, from
which CaTi0:; portions of approximately 4% by weilght to 10% by
weight will result in the clinker. If required, the portion of

used titanium dioxide may, however, also be chosen to be higher.

As already mentioned in the beginning, the method according to
the invention enables the use of TiO;-containing materials of the
most different origins, and it is preferably provided in the
context of the method according to the present invention that
waste substances such as dye sludge, waste dye, kiln ashes,‘
synthetic materials and/or consumed Ti0O; catalyst are used as
TiO,-containing materials. Such starting materials are available
on the market at extremely low cost and even involve disposal
problems in some industrial branches, so that the present
invention allows for the production of photocatalytic clinker in

an extremely cost-effective manner. When using dye sludge, waste




4 dye and synthetic materials, the solvent residues, or residues of other
organi ¢ conpounds, possibly still contained in these materials may even
provi de additional benefits to the effect that the conpounds present
besides Ti Q2 may serve as secondary fuel? in the clinker process. The

met hod according to the invention is suitable for the production of

phot ocatal ytically active clinker based on already known clinker

conposi tions, said nethod advantageously being further devel oped to the
effect thaflya PAW AYREROFLCaPRIEMEH f dACUMNACE cIieikErSPs (15ed ®4s98FT nker

raw mx. The GahibEBfeuned b¥rbbend®t hgdsacsoy ding t Ocbhesimuenih OBhuké |
not adverseI% affect the setting and strength characteristics of the
finished cPPRREFILS hBY eREBRI MY YHESCIAHKER PR odiEed hY St HE nEbhogttect

accordi ng £Qat hendNueRbh@Ld OpPesOGeSSed sl i@, KRAWN sBRBBELs secondary
Alternatively, it may advantageously proceeded such that a raw m x for
Portl and céheht 1 ithkReF i e8I A SEl-i nker raw mi x. According to a further
obj ect of the present invention, photo-catalytically active clinker is
provi ded, which is characterized in that the photocatal ytically active
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finished c¢linker, thus enabling the clinker produced by the
method according to the invention to be processed in a known
manner. Alternatively, it may advantageously proceeded such that
a raw mix for Portland cement clinker 1is used as clinker raw

mix,

According to a further object of the present invention, photo-
catalytically active clinker is provided, which is characterized
in that the photocatalytically active phase comprises calcium
titanates, particularly CaTiOiz. The group of calcium titanates
comprises the above-mentioned compounds. As described in the
beginning, titanium dioxide and, in particular, titanium dioxide
in the anatase form has so far been used for photocatalytically
active clinker or photocatalytically active cement. It has now
turned out in a surprising manner that also CaTilz possesses
outstanding photocatalytic properties, wherein CaTiO3 can be
directly produced during the clinker process in an extremely
cost-effective manner by the above~identified method. For the
production of CaTiO; it may alternatively also be proceeded in a
manner that CaTiOs-containing materials and, 1in particular,

materials indicated above as being preferred for carrying out




t he met hod according to the invention are reacted with CaO at tenperatures
above 1250C and, in particular, at 1450C. In order to ensure both a
sufficient photocatal ytic activity and the required strength
characteristics in the clinker according.to the invention, the clinker
according to the invention is advantageously further devel oped such that
CaTi B is contained in anmounts of 2@6by meight to 10@6by wei ght and, in
particular, in appunts of 6% by Eﬁ ai ns: A met hod for

produci ng phodt BEREX y??%%ﬁciﬁf‘ga&‘? veIEI fﬁ?%?tloéhe?rr&ct%?%‘%@dj i'h hdtaC at

Ti 02- cont at g 4Riresi absSvare geacted, t on Galadikimbi-t apatessoparticul arly
CaTi 01, with clinker raw neal or clinker raw m x.

In corder to ensure both a sufficient photocatalytic activity and
the required strength characteristics in the clinker according
to the invention, the c¢linker according tc the invention is
advantageously further developed such that CaTiOs; is contained in
amounts of 2% by weight to 10% by weight and, in particular, in

amounts of ¢% by weight.




2. A method according to claim1, characterized in that the T102-
containing materials are charged into, and burned in, a rotary kiln
together with the clinker raw mix. 3. A nethod according to claiml1,
characterized in that the Ti02- containigg materials and the clinker raw
m x are separately charged into the rotary kiln, and reacted and burned
together in the rotary kiln. 4. A nethod according to claim2 or 3,
characterized in that the conmbustion occurs at tenperatures above 1250C,
pref erabl y“atiM850C, and in a particularly preferred nanner at 1450C. 5.
met hod according to any one of clains 1 to 4, characterized in that the
Ti 02-containing materials are added to the clinker raw m x in anounts

produci ng a, Tix2neoentoef A%dbyi igﬂ\totbea’ég/gpwwaaﬁg,hta@meialir;ker,
particul ar, 3% by wei ght. . A nmethod according to any one of claipms 1 to

5, char act 8P#%H 91 ZERati wdstad sTideraAeeai hith Batalyie LS| ife, TSt dye,
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clinker raw mix.

2. A method according to claim 1, characterized in that the TiO;-
containing materials are charged into, and burned in, a rotary

kiln together with the clinker raw mix.

3. A method according to claim 1, characterized in that the Ti0:-
containing materials and the clinker raw mix are separately
charged intoc the rotary kiln, and reacted and burned together in

the rotary kiln.

4, A method according to c¢laim 2 or 3, characterized in that the
combustion occurs at temperatures above 1250°C, preferably at

1350°C, and in a particularly preferred manner at 1450°C.

5. A method according to any one of claims 1 to 4, characterized
in that the TiO,-containing materials are added to the clinker
raw mix in amounts producing a TiO, content of 2% by weight to 5%

by weight and, in particular, 3% by weight.

6. A method according to any one of claims 1 to 5, characterized
in that waste substances such as dye sludge, waste dye, kiln
ashes, synthetic materials and/or consumed TiO; catalyst are used

as TiOz-containing materials.




7 7. A nmethod according to any one of clains 1 to 6, characterized in that
a'raw m x for calciumsul foalum nate clinker is used as clinker raw m x.

8. A nethod according to any one of clainms 1 to 6, characterized in that a
raw m x for Portland cement clinker is uged as clinker raw mx. 9. A
photocatal ytically active clinker, characterized in that the

phot ocat al yti cally active phase conprises calciumtitanates, particularly

CaTi G3. hat ocat al yti cal | cter] [
CATI08 i s dork ol AAI i AIRRUEE. B Do 1 Bl gt SL B 100k by sl G “SREL 11
parti cul ar ini hhapoantsw ofil 6% day w&&q;hm sulfoalumlnate cllnker is used as

clinker raw mix.

8. A method according to any one of claims 1 to 6, characterized
in that a raw mix for Portland cement clinker is used as clinker

raw mix.

9. A photocatalytically active clinker, characterized in that
the photocatalytically active phase comprises calcium titanates,

particularly CaTiOs;.

10. A photocatalytically active clinker, characterized in that
CaTi0s is contained in amounts of 2% by weight to 10% by weight

and, in particular, in amounts of 6% by weight.
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