PF 00000608 iginally filed Photocatal ytically active Ti Q2
nol ded bodi ﬁ:@é@éq%gl on 5The present invention relates to a nethod
of purifying wastewater by contacting the wastewater which is to be

purified vvi'tmsaoﬂgiﬁﬁﬁ@eﬁ]ébpz photocatal yst with irradiation by
light, and al so tHe use”of a rod-shaged Ti 2 phot ocat al yst for

puri fyi ng waderatedtically eativer Hagmalded Rodgs | i ght .

10Ti t ani um di oxi de-conpri si ng photocatal ysts and the use of such
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prior art. CN 134 8834 discloses titaniumdioxide-conprising catalyst
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used accor diwagteinatdeMhidds B83Apurfied Wb waedshsieddi@, frataatadsiiviigirradiation
reagent sel ectigth Hh@Rls6ADAL: oS4 Paocéhaag%@ﬁyg%a&sgﬁ% a%%] ngéte@&éf‘

does not di sCl 0se.an t hod of purifying t ewat
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EP 1 175 25%h&bcalalys esing arRi Tediabe dicasof @6 td 2atant/aiimdeoxi de, net hods
for production thereof, and use thereof. According to this docunent

th | ded j [ titani di,oxj. de hayi i . of .
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of foreign iQns.in se.catalysts is particularly |low _The np

bodi 5 exni BTN Sbofs g RAG- R, SEuti dgedabre hR MRAESE in
phot ocatddl ysPLO0EP0E43P75 259 Bl does not di scl ose any method of
purifying 40wast ewater using these titanium dioxide catalysts. PF
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30 specifications of the titanium dioxide catalyst used.

EP 1175 258 B1 discloses molded bodies of titanium dioxide, methods for production
thereof, and use thereof. According to this document the molded bodies comprise
titanium dioxide having a grain size of 0.01 to 50 mm which comprise in each case
35 primary crystallites of titanium dioxide in the anatase modification and have a BET
surface area of 20 to 150 m?%g, a pore volume of 0.1 to 0.45 cm®/g and a pore diameter
of 100 to 300 A. According to EP 1 175 259 B1 the fraction of foreign ions in these
catalysts is particularly low. The molded bodies exhibit UV activity, and so they can be
used as photocatalysts. EP 1 175 259 B1 does not disclose any method of purifying
40  wastewater using these titanium dioxide catalysts.



5 as bi nder .pplp0dB8dd19006933 Al does not disclose any properties of
the titaniumdioxide catalyst with respect to BET surface area, pore
vol unme. or pore dianeter. In addition, no nethod of wastewater
purification is disclosed. EP 1 369 383 discloses a nethod of
removing sul fur froma mxture conprisirmg 10 hydrogen sul fide and
benzene, toluene and/or xylene. For this a catalyst is used which
conprises a support that co ses, at |l east one_ conpound whi ch
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The at | east itive is present in the rod-shaped titanium

di oxi de phot%‘ggkfﬂg gés%ﬁused accordi.ng to the invention preferably in
an anount aof 0.001 to 5% by weight, particularly preferably 0.01 to
3% by weight. If two or nore of said additives are present

simul taneously in the photocatal yst usedzaccording to the invention,

said quantities 35relate tq thi i xture.,.IT rod-shaped fitani um .
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exanpl e as speci fied in DIN 68131. PF 0000060812 4 The rod-shaped
titani um di oxi de photocatal yst used according to the invention
general | y hdB B¢ geihedyetcaraingofe e investian, oo raf-shgpeg Mépcphntigoptalysp ig wsed.
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phot ocat al y which i S accordi'ng to the invention can

pr oduced by%#ef’rﬁt%%%ig\%ﬁqﬁo those skilled in the art. In a preferred
enbodi nent, the photocatal yst used according to the invention is
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organic acid_sych as formc acid .This mxture i 1 Xe ccording,to
methods knovnaddehetel i dfinion. B Rall A i ool ERHEh It et
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met hod. 35n tréletedotitiemixiwe. t he present invention, the wastewater which
is to be treated can for exanple be fromindustrial plants, for

G0sect or or T8 [4iEHsRSs; RARSH BEGRY PRERT et e ' oh Shismire
sports faci |gief1qer@gy1 has a BET surface area of 25 to 200 m*/g, preferably 50 to 180 m9/g,
particularly preferably 80 to 150 m%g. The BET surface area can be determined by

40  methods known to those skilled in the art, for example as specified in DIN 66 131,



PF 00000608 rants, hospitals, or of natural origin.
General ly, tjpﬁ:e&]loﬁ?iﬁgé?gri ng substances which nust be renoved from t-he
wast ewat er .are selected fromorgani c or inorganic substances which,
if they were to renmain in the wastewater, develop an interfering
activity, for exanple by a toxic activitg, odor nuisance, coloring of
the wastewater, etc. 5 In a preferred enbodi nrent of the nmethod
according to the invention, the purification proceeds by chem cal
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aci ds, hal ogenetivhay gaoiec/obumsdiaht és | .0amd/gpprieteratly Al2itphat midg, pagianlady
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to 5 bar, particul’arl'y preferabl at a nospheri c _pressure. I'n the
met hod accorl %HFOCC’E%J%"HR’/@H?‘?VS‘%Q 19 fe FYTHAD GBS ES Bt Be%t e
has a parti @ofarddantioghdirortgrt erm stability. The activity of the
catalyst is proportional to the 40 deconposition rate which is
measured ing, t.. Of I F 0812
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stability ofhalihg eadirabWih davtyreo@lons findedriey conparing the activity
x -of the catalyst after a reaction tine x with the activity of the

cajtal yst at the ti m?m%oi nL%c? i.e. at the start of the reaction. ,
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preferably %EEc?éntrgt@om%tgﬁerinﬁtéubgtaﬂ&% is lower than before the method. In the context
of the present invention, the wastewater which is to be treated can for example be from
industrial plants, for example oil refineries, papermaking factories, mines, in the food

40  sector or in the chemical industry, the private sphere, for example sports facilities,



10 an acti Viﬁﬂ@oooﬁﬁk}fﬁlﬂ is at least 80% preferably at |east 90%
particular preterably at |east 95% of the activity. Therefore, the
catal yst according to the invention scarcely |loses activity over a

|l ong tine period, which qualifies it particularly for continuous and
| ow- mai nt enance purification nmethods. 1% The nethod according to the

i nvention c i t] e i S.tO if.led
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irradiation ght..pr.oc s ge y 1 ta cne,
preferably Bmiét%&z)ée_’é’oghﬁeghfﬁs%ﬁ%ﬁ_cprogséoﬂ"%%raﬁ}vénﬁ{el”%lﬁ‘ eﬁlébgmrs EIeéqeéSS_ ?Soters’
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and the prefEFFding datibRiinyapias, ar@rfe?ée%ﬂtdéir@a AUFITIE FRPRPHITE sefagied from the
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east one a V. r
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t he | ant han@nd§1ixtureg thasb060812 7 Preferably the at |east one
additive is present in an anount of 0.01 to 5% by wei ght, based on
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non- bi odggr adabl e substances, surfactants, 10anmonia, salts, heavy
metal s and m xtures thereof. E 5 M Ti 2 tabl ets

MPLES Example 1:1. <
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f or 3 hour s suitab0r® velocity is, for example, 0.001 to 100 cm/s, preferably 0.01 fo 1 cm/s.

The method according to the invention is carried out at a temperature of generally 0 to
80°C, preferably 10 to 60°C, particularly preferably 15 to 35°C, The method according

35 to the invention is generally carried out at a pressure of 0.5 to 50 bar, preferably 0.8 to
5 bar, particularly preferably at atmospheric pressure,

In the method according to the invention, the iitanium dioxide photocatalyst has a
particutarly high long-term stability. The activity of the catalyst is proportional to the
40 decomposition rate which is measured in "amount of pollutant decomposed per unit



25 Exanpl e tablets (conparative exanple) 4.04 kg of TiQ2
(6150, Fi nn%Fﬂaﬂﬂg%ﬂglgrzn ra) are mxed with ascorbyl palmtate (3%

and pressed into a tablet shape (5 x 5 mm. The tablets are cal ci ned
over 3 hours at 500C. 30 Exanple 4: 2 mm Ti 02- coated Al 203 beads
(corrparatlve exanpl e) 60g of Al 203 beads; (from Sasoll, 2.0 nm

di anet er, nlted at 13 [ nated in n of ita
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“ruin and predniepdaidnsfedr, 2 h at 120C. The beads are subsequently

heated to 500C in 75 mn and calcined for 1 h at 500C. PP 0000060812
ce ar mZ/9 Pore vol une

por o df arfet SR HRITRH AT S R 450 £5 CCRETIYY by CpRHAR GH gf Tp catabst
after a reaction time x with the activity, of the catalyst at the time point 0, i.e. at the start
of the reaction. Suitable reaction times x are, for example, 12, 24, or 36 months. The
photocatalyst according to the invention, for example after a reaction time of
12 months, preferably after 24 months, particularly preferably after 36 months, still has
10 an activityy which is at least 80%, preferably at least 90%, particular preferably at least
95%, of the activityy. Therefore, the catalyst according to the invention scarcely loses
activity over a long time period, which qualifies it particularly for continuous and low-
maintenance purification methods.

15  The method according to the invention comprises contacting the wastewater which is to
be purified with a rod-shaped titanium dioxide photocatalyst with irradiation by light.

According to the invention, any type of light which is known to those skilled in the art
can be used, for example light having a wavelength A of 200 to 800 nm, preferably 300

20 to 500 nm, very particularly preferably 360 to 420 nm. It is, for example, possible
according to the invention that the method according to the invention is carried out
using UV light (A = 200 to 400 nm}, daylight (A = 380 to 800 nm), and/or the light of a
commercially available incandescent lamp (A = 400 to 800 nm).

25  The light intensity with which the irradiation with light proceeds is generally 0.01 to
100 mW/cm?, preferably 0.1 to 20 mW/cm?>.

The present invention also relates to the use of a rod-shaped TiO, photocatalyst which
has a BET surface area of 25 to 200 m%g, a pore volume of 0.10 to 1.00 mi/g, and a

30 median pore diameter of 0.005 to 0.050 pm, for purifying wastewater with irradiation by
light.

With respect fo the use of the specific rod-shaped titanium dioxide photocatalyst for
purifying wastewater and the preferred embodiments, that stated with regard to the
35 method according to the invention applies.

In particular, in the use according to the invention, the TiO, photocatalyst comprises at
least one additive selected from groups 1, 4, 8, 9, 10, 11, 13, 14, 15 of the Periodic
Table of the Elements {(new IUPAC nomenclature) or the lanthanoids.
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Preferably the at least one additive is present in an amount cf 0.01 to 5% by weight,
based on the TiO; photocatalyst.

In addition, a use according to the invention is preferred wherein the wastewater which
is to be purified comprises organic or inorganic compounds, preferably from the group
consisting of organic acids, halogenated organic substances, aromatic or aliphatic
organic substances, amines, oligomeric or polymeric materials, alcohols, ethers,
eslers, sugars, biodegradable or non-biodegradable substances, surfactants,
ammonia, salts, heavy metals and mixtures thereof.

EXAMPLES
Example 1: 1.5 mm TiO; {ablets (comparative example)

11.2 kg of TiOz (§150, FinnTi, from Kemira) are mixed with ascorbyl palmitate {3%) and
pressed into a tablet shape (1.5 x 1.5 mm). The tablets are calcined for 3 hours at
500°C.

Example 2: 3 mm TiO, tablets (comparative example)

11.2 kg of TiO; {3150, FinnTi, from Kemira) are mixed with ascorbyl paimitate {3%) and
pressed into a tablet shape {3 x 3 mm). The tablets are calcined for 3 hours at 500°C.

Example 3: 5 mm TiO; tablets (comparative example)

4.04 kg of TiO; (S150, FinnTi, from Kemira) are mixed with ascorbyl palmitate (3%) and
pressed into a tablet shape (5 x 5 mm). The tablets are calcined over 3 hours at 500°C.

Example 4: 2 mm TiO,- coated Al,O; beads {comparative example)

80 g of Al,O3 beads (from Sasoll, 2.0 mm diameter, ignited at 1300°C) are impregnated
in 20 ml of titanium isopropoxide and dried over 4 h in air at room temperature. The
almost dried beads are then heated to 120°C in a muffle furnace in 30 min and predried
for 2 h at 120°C. The beads are subsequently heated to 500°C in 75 min and calcined
for 1 h at 500°C.
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The photoaciivities are determined according to example 35.

Example &: 1.5 mm rods (according to the invention)

A TiO, photocatalyst according to the invention is produced as follows:

200 kg of TiO,, 40 kg of grinding material (REUGEM), 1.04 kg of tylose and 2 kg of
stearic acid are dried and premixed for 5 minutes. 82| of dilute nitric acid are run in
slowly (over 15 min). In the last 10 minutes, the moisture is adjusted using a max. 7 | of
deionized water. Subsequently the material is mixed in an edge runner for 60 minutes.

For the exfrusion, 1.5 mm dies are used, and a one-armed wiper is used, such that the
wiper arm is opposite the end of the screw flight. A torque of 50 - 150 Nm is set. The
extruder is cooled, The resultant extrudates are dried in a three zone drier at
B5/70M00°C in zone 1/2/3. The dried extrudates are calcined in a multizone furnace at
300°C {zone 1)/300°C {zone 2)/435°C (zone 3)/435°C (zone 4)/435°C {zone 4).

The resultant rod-shaped catalyst has the following properties.

Table 2
, Photo- Photo- Photo-
BET Median . catalytic ]
Pore catalytic . catalytic
surface pore . activity after -
Example volume | activity stability [%]
area diameter 8 months
[m?g] [ml/g] [umi [ppmih*kg of tppm/hkg of after
g H cat.] PP g 8 months
cat.]
5 116 0.33 0.017 182 182 100
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.ca f Oto- catalytic activity after 8 nonths [ ppnf h*kg

of cat.] Photo- catalytic stability [9%9 after 8 nonths 5 116 0. 33
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The photoactivities are determined according to example 35.

In addition, the photoactivity of the product was determined accerding to example 33
(4074 ppm!h*kgcmALYST) and example 34 (943 ppm/h*kgc,qTA,_YST).

Example 6: Improvement of hardness and increase of BET surface area

There is a correlation between the rod hardness and the specific surface area of the
support. A harder rod has a lower surface area. These properties are set by the
temperature in the calcining zone of the calcination. At a higher temperature the
hardness increases, but the surface area becomes smaller. The window for operating
the furnace is, in the hot zone, between 420 and 435°C.

The above mentioned data are an optimized operating point.
Example 7: Modification of the TiO; rods with yttrium (according to the inventicn)

2 mmol of ytirium nitrate are dissolved in 20 ml of water, and 20 g of 1.5 mm TiO; rods
from example 5 are impregnated therewith (excess solution is decanted off). The rods
are predried in a circulating air furnace to 120°C over 30 min and at 120°C for 2 h and
then calcined to 500°C over 76 min and at 500°C for 1h. The Y content is
0.41 g/M00 g.

The photocatalytic activity is determined as described in example 33. The product has
a DCA decomposition rate of 4141 ppm/h*kg of catalyst.

Example 8: Mcdification of the TiO, raods with erbium (according to the invention)

2 mmol of erbium nitrate are dissolved in 20 ml of water, and 20 g of 1.5 mm TiO; rods
from example 5 are impregnated therewith {excess solution is decanted off). The rods
are predried in a circulating air furnace to 120°C over 30 min and at 120°C for 2 h and

then calcined to 500°C over 76 min and at 500°C for 1 h. The Er content is 1.0 ¢/100 g.

The photocatalytic activity is determined as described in example 33. The product has
a DCA decompositicn rate of 4208 ppm/h*kg of catalyst.

Example 9: Modification of the TiO; rods with thulium {according to the invention)

2 mmol of thulium nitrate are dissolved in 20 ml of water, and 20 g of 1.5 mm TiO rods
from example 5 are impregnated therewith (excess solution is decanted off). The rods
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of 4208 ppmBxakgieot: diddiflcyisdn of ExaNipl, eodd:wilkb@béiynaiai (accoading foehd in@ntion)
rods wi @y thulium (according to the invention)
2 mmol of neodymium nitrate are dissolved in 20 ml of water, and 20 g of 1.5 mm TiO;
rods from example 5 are impregnated therewith (excess solution is decanted off), The
rods are predried in a circulating air furnace to 120°C over 30 min and at 120°C for 2 h
and then calcined to 500°C over 76 min and af 500°C for 1 h. The Nd content is
25 0.78g/100g.

The photocatalytic activity is determined as described in example 33. The product has
a DCA decomposition rate of 4427 ppm/h*kg of catalyst.

30 Example 12: Modification of the TiO, rods with zirconium and nitrogen (according to
the invention)

20 g of the TiO; rods from example 15 are charged into a rotary kiln and heated to
450°C in 1h with 7.0 /h of NH;. Then the rods are kept at 450°C over 3 h and

35 thereafter cooled under N, The product is light yellow. The Zr content is 0.16%, the N
content is 0.017%.

The photocatalytic activity is determined as described in example 33. The product has
a DCA decomposition rate of 5018 ppm/h*kg of catalyst.
40
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product has a DCA deconposition rate of 44259 pprrl h*kg of catal yst.
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almost dried rods are heated to 300°C in 2 h and calcined at 300°C for 3h. The Zr

content is 0.16%.

The photocatalytic activity is determined as described in example 33. The product has

30 a DCA decomposition rate of 5723 ppm/h*kg of catalyst. In addition, the photocatalylic
activity is determined as described in example 34. The product has a DCA
decomposition rate of 1044 ppm/h*kg of catalyst.

Example 16: Modification of the TiO, rods with nitrogen (according to the invention)

35
20 g of the uncalcined TiO, rods from example 5 are charged into a rotary kiln and
heated to 500°C in 1 h with 7.5 /h of NH;. Then the rods are held at 500°C over 3hin
NH; and calcined at 500°C over 3 h in air and cooled. The product is light yellow. The
N content is 0.002%.

40
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The photocatalytic activity is determined as described in example 33. The product has
a DCA decomposition rate of 6363 ppm/h*kg of catalyst.

35
Example 20: Modification of the TiO, rods with zirconium and cobalt (according to the
invention)

8.3 g of zirconium nitrate (40 mmol) are dissolved in 400 ml of water, and 400 g of
40 1.5mm TiO, rods from example 5 are impregnated therewith (excess solution is



20 then cal ¢j ned ;50%3 OC over 76 min and at 500C for 1 h. The Ag
content is .FQOQOOB o g. The photocatalytic activity is determ ned as
described in exanple 33. The product has a DCA deconposition rate of
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rods are he i n: i .

t hese rods g‘?hg%h%’%ﬁ%glgﬁa%ée}ﬁ& @1 a%ﬂagrgﬁ%b %(% E’%g?f%‘? é‘gg%ng@é 8%‘b§iet&%?'%} g%se
and 19.4 g SDYRERTOMPPRECT B OTRE° RPMEYKAPT WRtYSbver 16 h by

circul ationg air. The alnost dried rods are 5 heated to 300Cin 2 h

and cal ci ne@x@mpROG Mdificatidh of tRe TiEY, réligNknthanth 38 &irdtRivhh@céding to
content is Qlﬂe%ﬁ\:@ntig e photocatal ytic activity is determ ned as

descri bed in exanp 33. The product has a DCA deconposition rate of
6565 ppm h*kg of catalyst. 10 Exanple 21: Modification of the TiQ2
rods wth | &otghehthe dld rzis dom exaniiie 6oardi imgragoatedeini asetutioronj 04T gy of
of the TisC2 i gridtsuby AfaRXanP1e.1%y af atdiPTRENBELArd Aried $0190td QveOfic . By
g of 15 'a“tcﬁagé{mgw i ?ln%@?drﬂe%-r&q%ar‘%fqe%h% aoJJ&Bnrz%jénoaéa?ciPefd {i%g@*c
80C over 16 irculating alr., e alnpst dried rods are heated to
300Cin 2 hf%[rﬁiXJéPE‘? FRieneq ogp ate iMpregsatd iR aQlationyefd 4ig o zygeniyp gitrate
i npr egnat ed and 18.5gpdfiwaternTiod rods 46 dyiegfat BDHEovsir dMbridvt giratletiaaradr. TBe Bingpst
of water. Thified WS afd Bedléd BB0BLC BT avetaldfedatiBpont feglnating air. The
al nost ied rods are heated to 300C in 2 h and cal cined at 300C for
3 h. 20 The _photocatal ytic activity.is determ ned as described in
oxaiml o 33, TRENBGHAC UL SISl oD s CERETRsh T SFanGr SESE TR Ry
of cat al yst a DCA ded@ummvpitien e oNE@Rfopoédt k@af aetalyshe Ti O2 rods with
pot assi um and zirconium (according to 25the invention) 20 g of the
Ti Q2 rods fy I . Al e | | @B Q-
pot assi um ni ?gﬁe .ar'Bé‘ﬁ Oldgfcg{'fgq E(a)f][m é@%?&@ﬁ%m?%%%%a#tghg%rggmg% é‘gﬁ%d@éé?
16 h by <Ci r & '9¥§WEMai r. The alnopst dried rods are heated to 300C in
2 h and calcined at 300C 30 for 3 h. These cal cined rods are
i ][mr egnat e$ 201y of gl Tlllezgﬂ_defroﬂ*r 4fargplot drkrigpRigaatedl inr atseludod d@.@g of
of water. - t e - b e
gstarsggﬁn ﬁ[rgﬁ Lidedly ggéeépe\t. i Golls Qe Ghbs 4 Fora0, dfb g}s nTBp

al nost dried rods are_heate I a?oa I at 3
S e The. or CiBeE Thoaae) dikd TPIRER EIRAROP T B ghd Caliried &t 308°C

30 for 3 h. These calcined rods are impregnated in a solution of .46 g of zirconium niirate
and 19.5 g of water. The rods are dried at 80°C over 16 h by circulating air. The almost
dried rods are heated to 300°C in 2 h and calcined at 300°C for 3 h. The Zr content is
0.34% and the K content is 0.28%.

35 The photocatalytic activity is determined as described in example 33. The product has
a DCA deeompaosition rate of 6868 ppm/h*kg of catalyst.



35The phot o | ctivity is determ ned as described in exanple
33. The pr oﬁ%&‘%‘%%&ﬁw deconposition rate of 6868 ppnm h*kg of

cat al yst. PF 0000060812 14 Exanple 23: Modification of the Ti Q2 rods
wi th zirconi um and potassium (according to the invention) 9.3 g of
zirconiumnitrate (40 nmol) are dissolveg in 400 M of water, and 400
gof 51.5 mTi rods rom nat ed .t her ey

(excess sol J8W ?233%‘&‘5 ?ﬁs‘?‘ﬁl‘ f”P%SrW@"H% ﬂ’t?ﬂé’ RSt cfﬁrfj'%to
at 80C for 1i& invéntiocn] r cul atl ng air. The alnost dried rods are heated
to 300Cin 2 h and cal ci ned at BOOCfor 3 h. 20 g of these rods are

| mpr egnat ed d 3g %t %i?ééhﬁdrﬁ”?ut%féa getozrg@% re E’j%%@%%d Eﬂh(gq H:?rf GafRdartdadh ot

of water ds are a

trn ]
al most dii ed 5?6‘615 Ty Bds i SEAMPE %@&‘mﬁreg”ﬁeéﬁheré‘éﬂﬂh gl%uso ejcis
for 3 h. Theezantednienttei 8 houre #3% wd archeridd atdiif @rier 16sh Oy 2BG@atinheir. The

phot ocat al ytdifodGhib¥ iréds &8 Héaicartsidneec a2 feser ddnmckd & vaopbres B320 Jbe

product has . Xbuie ﬂ@?e;dpg AT EEh of B3 PRI a.ggtgltaﬁégyﬁsu%%ﬁ
(according ti¢héh¢ FRijérﬁr?G'H 8h8Y Copveriied PodcurtianiEx Hifpflmost gied rods
i npr egnatled aréheatsdtau3q06@ tmﬂ hmnmtaglneﬁ ab 8en°Grfo2®hniher Ztaontedt B6).2p%nd
zi rconi um nithd Rtcenteds 89%68. g of water, The rods are dried at 80C over
16 h by circulating air. The aI m)st dried rods are heated to 300C in
2 h and cal cined at 300C fo hot ocat al tlc activi tc¥ is
det er ni ned d&eRBSIOFRIBIEC ?ﬂ'vﬁ&ﬁrﬁﬂt%mﬁd a‘?lﬂ?S P58 R £X4HR Q%'aﬂﬁ@'\c’d” h
deconposi t i eDEAdecanipcpBios rgpni T345kymdike af cdtglest.. Exanpl e 25:

Modi ficasi on of the Ti Q2 rods: sodium and zirconium (according to the
i nvention) i

sol uti on of e 2 MeSERarS & 60, SRR Fropi Sod RORIRALER L B tre
are dried at'”‘@ﬁ@ ver 16 h by circul atl ng air. The al nost dried rods
are heated to 300C in 2 h and calcined at 300C for 3 h. These

calt ci tned r gct@ g?lbﬁlegpéchﬂ@ﬁ%ﬁiaﬂnﬁle% selinibiegRaell 9 add\GiodTof 21766 sb@ium
nitrate an v

Ao atzl%ng mt ré %}6"& %Sﬁlurg LW; 89&1@%@ o‘#Wa%hq ﬁwte Qscar%gcg?&%?a&bzcb
and cal ci ned ﬁbw@@ap@ralgmea t%rtledcra % 8t e??ddo A)Cdﬂ Cﬁ&'”e
content is ®003%orFie photocatal ytic activity is deternined as
described in exanple 33. The product has a DCA decorrposi tion rate of

8484 ppnt h* kﬂxe hoﬁ)@&%b}"é Bctivity T PR &9&&%@%&%e%§rl ﬁH&Q 33Mpdl ;{;fo&?ét hag

of the Ti 2|rﬁonu ccording to t
i nventi o) ?OD SFCGW@'“PBE@eP @ o5C impregnated in a

solution of 0.87 g of |anthanum5 nltrate 0.46 g of zirconium

nitrate and Ek@mpig28f Maditi€ttion Dhéhe Tids rade sdbivedamd ziBROIWaY edccd@ing tb)the
circulating @j ét-m}'he al nost dried rods are heated to 300C in 2 h and
cal cined at '300C Yor 3 h. The Zr content is 0.37%and the La content

is 0.83% The photocatal ytic activity is determ ned as descri bed
in exanpile 9.9 FhEOprodthutem exsmMpie SaaBAMmphacsied ds iat sabiiion f €. 'gfg 8bgslium

ppm h*kg of makakyste.sbxdmates. Phe roH’ﬁ anétwteu@ﬂacffc &rer dopad clrclating ali. CRe
rods (accor %gﬂ% toq}l]gd h‘Gdé g?éeif;galtw M lecmg %60‘1@9 fd?fS h. These

Zr 2 ren
QANE) 2, calcingd rods are lmpregnaqad na solutgo g oflzwcomurﬂ nitrate and 19.5 g of

water. The rods are dried at 80°C over 16 h by circulating air. The almost dried rods
35 are heated to 300°C in 2 h and calcined at 300°C for 3 h. The Zr content is 0.32% and
the Na content is 0.13%.

The photocatalytic activity is determined as described in example 33. The product has
a DCA decomposition raie of 8484 ppm/h*kg of catalyst.
40



15 of tylos of stearic acid are dried and prem xed for 5
m nut es. % 9089?%3% nitric acid are run in slowy (over 15 mn).
In the Ias'g 10 mnutes, the noisture is adjusted using a nmax. 7 | of
dei oni'zed water. Subsequently the m'xture is mxed in an edge runner

for 60 m nut es 20For the extrusion, mﬂdl es are used, a
one-arned w i S us such tha theW| rmis osltethe end
of the scre XPN%%?G “&C’fft? Ode % ‘@d"’ g2l iy ?”%E 0Bk (FgeRrding to

cool ed. The theeigvdrttiamt extrudat es are dried |n a three-zone dri er,
55/ 70/ 100C in zone 1/2/3. The dried extrudates are calcined in a

rotary kiln folcér H3ES 1%{1 ﬁg’%%xE;FB% %ére(?rgﬁr%%gateé i eps&ﬁd?n o%% S-FH;E%I anthanum

phot ocat al yt| actl

method i R eX#4REH & 4@59012%0‘1“@ niAterpte 1§ e of wak% Toersegs %racda a&fﬂ Payer
rate of 233 1ppmicikgatnfy amilae giwtost FRdErdwk de2@d tPBEHGa Ed)randfcalcmed at
Zr - doped L. 5opvg i 6B, TiRsizr 2PRnks 04797 bPine L2 @3nkg 08hoZr O(NGB) 2, 40
kg of grinding material (REUGEM, 1.04 kg of tylose and 2 kg of
stearic acid are dried and prem xed for 5 mnputes. 821 of dilute
nitric acid QFé’hPi‘j’ﬁafP‘W"‘s?%w%'S(Cl?\tﬁé?"”fé afidgFCrived i FeamRle 83 TheRrprHok kas
t he noi d0ur & DGA 8&adjnesitie rais PRHSE penh kg ofl catdlystiei oni zed wat er.
Subsequently the mxture is mxed in an edge runner for 60 m nutes.
For the extr :
such that A7 £podlRoh 8% oBed' T Rt 3o aEB S R e R
torque of 50- 150 Nmis set. The 40extruder is cool ed. The resultant
extrudat es &08 kdwof €., O & Ky efer@¥R:)dAD By of grPAINQGOTEI0GH RRUEEM), 1.04 kg.

55170/ 108C ioh tyds¥eennt/ ZkPof Jtbsridladic dreCarictilchal gemaed 1604 irld. 8R! 8f dilute
rotary kiln furna eargtruﬁ:)??%i?gpi \@ 1%(}[?1}1&\}1 thé lgstj‘rb dPn nutegh’fhe mlgnstl.xtr:?1 is

phot ocat al yt| C ac

met hod in 5 28kgieH USG5 mfPﬁJ Iof slejepized &te:"o%‘ébsﬁ%‘ﬁ‘é‘ A '"L?Cﬂ'xﬁ’é%&'%é 41 #h
rate of 250eppmur|mklg‘oo$0 mauidsyst . Exanpl e 31: Production of Zr-doped
1.5 mm Ti O2 rods 10200 kg of 1102, 0.088 kg of Zr Q(NOB)2, 40 kg of

grindi ngomatRr al o d(tBEUﬂaEMs ,}’1, cﬁé&sgr% szedt ¥|091§%rﬁ'|@81 v@pdéﬂs %Eeéts%é‘ﬁ that the

acid arée dried an

e o i n SRR (SaeRoSis 7 ) O e BHEm I A vk b, TR N bR G
i s adj ust ed etidey & neied.7The o:fesdtanbmwedataatw d&mgeqaeﬂﬂmwzqnhedrler
m xture is mExeMODIT AkoRdde/s. Uhaaliel @ktrRtds il taiSined In & atary Rn furnace at

extrusion, laRed diLPs.RLR | %é;gg% a one-arned w per is used, such that

t he W|per armis opposite the end of the screw flight. A torque of
50- 150“Rmis set. The extruder is cooled. The resultant extrudates
are dried i Mha nhetogetalybim @ciivity enf,thes 5/5m0m100C rods isovetermirgtizby theemeithpedn
extrudates @&anptalasi e b rd TItradsyhdde larD Al sB@Epodttior Catd 36X33 pbeh &y of
content is ég, The photocatal ytic activity of the 1.5 nmm Ti Q2 rods
is determ nea y the nethod in exanple 35. The 1.5 nm Ti Q2 rods have
a DCA deconposition rate of 238 ppml h*kg of catal yst. 25 Exanple 32:
Pr oduct i36n d&Exagypim?8riFgeductiersoi20gioked 66 MmN 002 1ads kg of gri ndi ng
material (REUGEM, 1.04 kg of tylose and 2 kg of stearic acid are

d“ ed and prggixeATiRro. 8348 RGeS ons3)) 48kg U Sttidmgthitehs (RELEERHS1.bARy
of tylose and 2 kg of stearic acid are dried and premixed for 5 minutes. 82 | of dilute
nitric acid are run in slowly {over 15 min). In the last 10 minutes, the moisture is

35 adjusted using a max. 7 | of deionized water. Subsequently the mixture is mixed in an
edge runner for 60 minutes.

For the extrusion, 1.5 mm dies are used, a one-armed wiper is used, such that the
wiper arm is opposite the end of the screw fiight. A torque of 50 - 150 Nm is set. The
40  extruder is cooled. The resultant extrudaies are dried in a three-zone drier,



30slowy (over mn In the last 10 m nutes, the noisture is

adj ust ed usﬁ‘fgooé? fepet 71 of deionized water. Subsequently the mxture
is mxed in an edge runner for 60 minutes. For the extrusion, 3.0 mm
di es dre used, a one-arned w per is used, such that the wiper armis
opposite the end of the screw flight. Ajtorque of 50 - 150 Nmis set.
The 35extruder. is cooled. The resultant extrudat es are drie

in a
three-zone @PI7EHIO0HEINARNE AGE-The ARe Stifusetes arp galgped %Wﬁ%g'ﬁtféﬁ’aﬁ? &t
cal ci ned at 4383%CThe PFcQOOAG6D3A2R. 17 Tabl e 3 Exanpl e BET surface area
[n2/9] Pore volume [nl/g] Median pore dianmeter [1-1111]

Eﬂg: gagﬁt 3: %‘@'le h%gat t\éMné{ aL@ﬂWo?éﬁéeggr%f r%a’f'O%M ?%s @%e@er%m%@sl% Rl8néhdd in
5 example 35. The 1.5 mm TiO; rods have a DCA decomposmon rate of 250 ppm/h*kg of

catalyst.
Example 31: Production of Zr-doped 1.5 mm TiO, rods

10 200 kg of TiO,, 0.088 kg of ZrO(NO;),, 40 kg of grinding material (REUGEM), 1.04 kg
of tylose and 2 kg of stearic acid are dried and premixed for 5 minutes. 821 of dilute
nitric acid are run in slowly (over 15 min). In the last 10 minutes, the moisture is
adjusted using a max. 7 | of deionized water. Subsequently the mixture is mixed in an
edge runner for 60 minufes.

15
For the extrusion, 1.5 mm dies are used, a cne-armed wiper is used, such that the
wiper arm is opposite the end of the screw flight. A torque of 50 - 150 Nm is set. The
extruder is cooled. The resultant extrudates are dried in a three-zone drier,
55f70/100°C in zone 1/2/3. The dried exirudates are calcined in a rotary kiln furnace at

20  435°C. The Zr content is 0.49%.

The photocatalytic activity of the 1.5 mm TiO, rods is determined by the method in
example 35. The 1.5 mm TiO; rods have a DCA decomposition rate of 238 ppm/h*kg of
catalyst.

25
Example 32: Production of 3 mm TiO; rods

200 kg of TiO,, 40 kg of grinding material (REUGEM), 1.04 kg of tylose and 2 kg of

stearic acid are dried and premixed for 5 minutes. 82 | of dilute nitric acid are run in
30 slowly (over 15 min). In the last 10 minutes, the moisture is adjusted using a max. 7 | of

deionized water. Subsequently the mixture is mixed in an edge runner for 60 minutes.

For the extrusion, 3.0 mm dies are used, a one-armed wiper is used, such that the
wiper arm is opposite the end of the screw flight. A torgque of 50 - 150 Nm is set. The

35 exiruder is cooled. The resultant extrudates are dried in a three-zone drier,
55/70/100°C in zone 1/2/3. The dried exirudates are calcined at 435°C.



Exanpl e 33: ] ion of photocatalytic activity with U/
irradiation Fg_eﬁf(ﬁ)@ﬁ%%%oacti vities of the catal ysts produced are

deternmined. by the rate of photocatal ytic deconposition of the

chl ori nat ed hydrocarbon dichl oroacetic acid (DCA) in suspension.
10The total running time of the experimgpts for investigating the
rate of photr%%%tfl ytic deconposition of DCAwith UV irradiation in
aqueous solution is 24 hour The W light intensity is 1 mMNcnP The

pH of the dol ution BET a¢fasst|e s| niyledisaiParm hlydrpxi ¢ i Q0.

The 15 tenpdérxatpled 1 n ardze reac(i’r%?ml%srﬁé 20 t diad@r The C@é@g%g%{c%%%ﬁgf

DCA is 20 rqmol/ 1, and[nliztqu canceltfdt i op of (L5¢ phot oc alPRIJKS plcasl vy |
I [a¥a¥aa Al A W2 t 1 1 H

N
The deconpgsitien—rate pr)—Ay—be—d

pH after 2 hors.| Bl #3® exgeriretits ate

deconposi t i dtnoRciDAisdeidimined ddaesordsncaviiineginelddt i on of a standard
phot ocat al yst (Degussa P25, approxi mately 80% anat ase/ 20% rutile

nodi ficatio 1 j | vor)). In
addition,  bIE li%@rqé?néeiﬁ‘wsa‘ﬁ%ni 5'&?@3&%@@%@@ Wk W@g\%ﬂt h WV

i rradiation without addition of phot ocatal ysts and with rutile

modi fi cati ofdhei pbetpantvitles af dthe( Deiglysisa pRRBcecc drei deddmiingd 18 Rheatrate of
900C, 100% mublict&al/licgddofipositie! 67tAE BRIBrindted PR daehidnf didtdresRti€ kci® (BCA)
25Endeavor) ). o %QJ‘%O 4 Catal yst Deconposition rate [ppm TOO h] Bl ank
experi nment none B ank experinment 2 rutile O Blank experinment 3 P

25 4.34 TOC means "Total Organic Carbon" PF 0000060812 18
10  The total running time of the experiments for investigating the rate of photocatalytic

decomposition of DCA with UV irradiation in aqueous solution is 24 hours. The UV light
intensity is 1 mW/em?.

The pH of the solution is adjusted to 3 using sodium hydroxide soiution. The

15  temperature in the reactor is 20 to 30°C. The concentration of DCA is 20 mmol/l, and
the concentration of the photocatalyst is 3 g/l. The decomposition rate (ppm/h) may be
determined by determining the pH after 24 hours.

Biank experiments are carried out on the decomposition of DCA with irradiation with
20 addition of a standard photocatalyst (Degussa P25, approximately 80% anatase/20%

rutile modification, determined via XRD (diffractometer D 4 Endeavor)). In addition,

blank experiments on the decomposition of DCA with UV irradiation without addition of

photocatalysts and with rutile modification titanium dioxide (Degussa P25, calcined for

18 h at 900°C, 100% rutile fraction, determined via XRD (diffractometer D 4
25 Endeavor)).

Table 4
Decomposition rate
Catalyst
Y5 Ippm TOCH]
Blank experiment 1 | none 0
Blank experiment 2 | rutile 0
Blank experiment 3 | P 25 4.34

TOC means "Total Organic Carbonr”



Exanpl e 34: ion of photocatalytic activity with interior
irradiation Fl%eélﬂﬁg%%g%oacti vities of the catal ysts produced are
determ ned, by the rate of photocatal ytic deconposition of the

chl ori'nat ed hydrocarbon di chl oroacetic acid (DCA) 5in suspension. The
total running time of the experirrents feg investigating the rate of

phot ocat al y ition o ] UV. Lrradiation in. aqueous
sol ution i stElf g%gwe?ﬂ@"ﬁ“?%f %ﬁ&#abpﬁﬁgg&w@%Inﬂeé'ohwagfp% Bi ol ux
(L18/We65) lanmp; the W light intensity is 10 <0.1 nWcnR. The pH of
t he sol uti omhes phdtpatsitiges tad theushiaysisodrddordty droXtedensduttyothe The of

tenperature ghgtotzﬂglyﬁc?%o MookiBortd th cﬁﬁr%at%chﬁyo?%g[ﬁﬂtcﬂcﬂdrg% % 9%‘@[)&31&)

20 mmol/ e concen ratl on o ot'ocat

deconposit | dhYREB¥hpnt h) may be 15determ ned by determ ning the pH
after 24 hours. Exanple 35: Determ nation of photocatalytic activity
of nol ded bauy te@t AlnyBkSime ofl ﬂh@ q&b@ﬁrﬁ&ﬁé ifot ihvedEigating tthe retatorlstosatalytic

produced ar% ede,ﬂLHe& BY: ‘?r&’éuat%ﬂpf?\%&’&&hé' i qgcé’a{‘ﬂ?&ﬁéth%“

of the chl or car

suspensi on. THAERPETce? H?*?ﬁ;a?. o éﬁ%@?ﬁh@wﬁv gV gt intensity s
i nvesti gét i ngPi my¥Viemf.e of photocatal ytic deconposition of DCA with W
irradiation in aqueous sol ut| on is 6 hours. The 25irradi ation

proceeds US'T*P[% gﬁr{%{h%msﬁ F 5{%&&3}8\&@53 v sodillf H}ér&u@" 8Iut10n Tt&r:a
%{ 62

R A Tt T, PR B S G o A0 B oY

adj ust ed t ot easicajrationiofithetppaiooxtpliet lgélgﬂtﬂamde@a@ogtl@f ratgg(ppmih) may be

phot ocatial y sietefinde dy Bediraising e gH efaethouBy titration of sodium
hydr oxi de solution the pHis rrai ntained at 3. The deconposition rate

(ppmM h) |s from SOdlU tlon
bifed | 15 BEEEIE B Dot AR P B B PN Lo DR by
contactlng t he. wastewater which is to be purlfled with a rod- shaped
Ti Q2 phot ocatal sh&badthitieh diathea cBEsSUpfriGEedira Odtedinda Hyo tht0Qate of

ne/2, a g@?r %BMQE%{HEtl@Bec%n'ppgs:ﬁ& detle Bhib atﬁ‘ﬁyo%c!%n%%&@ce% aeBYBEA)

of 0.00 sD irradi ation
N suspensior.

The total running time of the experiments for investigating the rate of photocatalytic
decompesition of DCA with UV iradiation in agueocus solution is 6 hours. The

25 irradiation proceeds using an Osram Biclux (L18/WEB5) lamp; the UV light intensity is
1.2 mW/em?,

The temperature in the reactar is 20 to 30°C. The concentration of DCA is 162 ppm.
The pH of the DCA solution is adjusted to 3 using sodium hydroxide solution, 200 g of

30 photocatalyst molded bodies are prepared. By titration of sodium hydroxide solution the
pH is maintained at 3. The decomposition rate (ppm/h) is determined from the amount
of sodium hydroxide solution added.



2: The nethod according to claim1l, whereio the 1102 photocat al yst
conprises at |east one additive selected fromgroups 1, 4, P, g, 10,
11, 13,14, 15 of the 10Periodic Table of the Elenents (new 1UPAO
nonencl ature) or the |ahthanoids. 3. The nethot haccording to claim1
or 2, whelein it is carried out at a tenperature of 0 to W. 15 4.
The nethod according to any of clains,1 to 2, wherein the
purification proceeds by chenical deconpOS|t|on of organic on

i norgani ¢ conpounds -sel ected from organi c acids; hal ogenated organic
subst ances, aromatic or aliiibhatic Or ganjg substances am nes, °
ollgotherlc or pol tic materials, .alcohols, ethers, esters,
sugars, blodegraﬁﬁé]ggﬁﬁ non- blodegradable substances surfactants
ammoni a, 20salts, heaeépnetals and i xtures, thereof. 5:

according to any1ofAc‘T frst purtying wastoyrter BY pPriEAfing él’te Waéggf‘ter “"atsd%m@ ve

is .1 present iri apurifisorihe reskshaped BD: plisiosaialystwhigh ihgst BBicsudtse gisa of 2
5 {0 200 m¥g, a pore volume of 0.10 fo 1,00 mifg, and & mednan pore diameter of

0. 005 1o 0.050 P, with iiradiation by fight.

. 2. ‘The method aceording to claim 1, wherei@ the TiQ, photocatalyst comprises at
" least one additive selested from groups tl. 4, 8, 9, 10, 11, 13, 14, 15 of the
10 °  Periodic Table of the Elements (new IUPAG nomenclature) or the Jahthanoids.

3. The method-according to ¢laim 1 of 2, wherein it is camied out at 2 temperature of
Oio 80°C§.

15 4. The method according to any of clzims 1 to 2, wherein the purification procesds
by‘ chemical decomposition of organic or! inorganic compounds -selected from
organic acids, halogendted organic 'subst_ances, aromatic or aliphatic arganic
substances, amines, oligomeric or polymefic materials, alcohols, ethers, esters,
sligars, biodegradable or non—biodegradablte substances, surfagtants, ammonia,

20 salts, heavy metals and mixtures thereof,

5. The method according to any of claims 2 to}4, whereln the at least one additive Is -
present iri an amount of 0,001 to 5% by wejght.

25
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