PE 00000608 1T2°RI%8$ ™ nal 1y filed Photocatal ytically active Ti o2
nol ded bodi es Description 5The present ihvention relates to a method

of puri fyi"wﬁm@ﬁggﬁ?g%tméﬁnt acting the wastewater which is to be
i red- ed Ti

purified w't 2 photocatal yst with irradiation by

| i ght, and Phoswatdidicalbeaatifre didodeidbdipediesi O2 phot ocat al yst for

purifying wastewater with irradiation by |ight.

10Ti t ani um_di oxi de-conpri si ng photocatal ysts and the use of such

catal ysts CWtlewat er purification are already described in the

prior art. ON 134 8834 discloses titaniumdioxide-conprising catalyst
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reagent selb¥digl and @iscceBsa, of st reeEhaper TExr telyshfargpuripnpgl 8astgaaier

does not divseliosdatonybymeinthod of purifying wastewater in which a

rod- shaped Ti Q2 photocatal yst having a BET surface area of 25 to 200

n2/g is used. 20JP 2005/066433 di scl oses a photocatal ytically active

gr anul d9corfPRPEMEOFH-SANERTIEY oRTURCAIF YR e 2BMathgs &SRO AT f Pkt | Giplysts for

Accor di ng twestHw2800h 06848 3re bheadyrdesalites! insedpnustt. have a m ni num

size of 0.5 to 1.0 mllineters in order to remain active over a |long

ti i P i h.as BET face. .
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are not di sutfecearenmf 230 2P NPAOGHOBEABEe UIFT ROGOTIIBYSEBIBae! ing erganic

g_hot pgatsal ¥rapuritieE. Was e <R uskl eRichRINg WhION11 3088341 BeSroliLERNULIAY a pore-
I OXI de as . | |

pe-t r eat od S IrgbELiofectEl b CAEHEPiten IR MBRREICR N 102 deRa cRes

di scl ose ampt FBEHRSE BNE abe 6f RUNE/ING twantenaten dxiMeick a2 alogsthapgddliO:

EP 1 175 2%9ofdtaidiysthasesa BETdadabodicasf ab té p0@N*ANs déaki de, net hods
for production thereof, and use thereof. According to this docunent

t he nol ded bodi ri.se titani um di oxi.de havjing a ain size of .
0613050 Bt meRT AR e atss: 3" hihoa by e el e, Slaryym
titani um didmzidgeini the tenatagn anedication i Adcoeding tp din @0BH085433BEE ganfilas eised

area of 20 @t hale BRthima@mPHEeL ol 015U 0fnifmbidr® i ofler G5B 8aiaNstiide ROECa
di aneter of 100 taq 30(2 Fgl\,.ogé%cord 7 he fract,i on
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. lorg time Dpefl S I n%sté%TEP r} c%e 5r 228 rBlvo¥ e or méedian pore
of foreign'i ns"F P > Ce Sfygfg i's pa?‘fl%ul%??yp(f ow’ “The rrfﬂ 455 _
bodi es exhidnetely chctey titeypiungdigxide-coneysivangsaulgs edsass are not disclosed in
phot ocasal yetzosER6434.75 259 Bl does not discl ose any net hod of
purifying 40wast ewater using these titanium dioxide catalysts. PF

0000060812 2 US 2001/0006933 Al discl oses photocatal ytically active,
granul es and 2Y0RE0RBER giscloses a photocatalyst for wastewater treatment which comprises

titanium dioxide as catalytically active compound. The wastewatel which is to be
treated can comprise organic impurities. JP 2000/354863 does not disclose any
30  specifications of the titanium dioxide catalyst used.

EP 1 175 259 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 fitanium 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 175259 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 iitanium dioxide catalysts.



PF . . . .
producti on th%?oeogPo%sz phot ocatal ytically active conpound, titanium

di oxi,de is present in these nolded bodies, and at |east 10% by wei ght
of colloidal silicon dioxide is used 5 as binder. US 2001/ 0006933 Al
does not disclose any properties of the 4itanium dioxide catal yst

Wi th respect to BET surface area, pore volume or pore dianeter. In
addition, no nethod of wastewater purification is disclosed. EP 1 369
383 di scl 04£52@01@A06833 6f1 diedpsasnghatatdtalytidallp raciveriotanuies eodps insdthed of
10 hydr ogerbr&uchw%ea&q h@%@%@ataiﬂé&@%ﬂ@é‘%ﬁ?om em.urﬁcafoxtdy i8 paesent
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conpri ses Qﬁoﬁcﬁaééta@ﬂamﬂomsﬁbgcﬂoeﬂeﬂtsumalhrelaS p8&l esitied drrpame idhgneter. In
group CO”S'a%HinBH m’etrh88 o@gg@%& er hﬁfﬁ%% ion ﬁ%ﬁ’d&?cgseand vanadium EP 1

369 383 |iKew se oes not a ne purifying

contam nated wastewater. It is an Obj ect of the present invention to
provi de a raR h6a9 683 plisdldsgisng mattcdwalt esmanting heuifer diogt iangnixtstze dodoprising
particypar |h§§drtib'gl§11 s@lff B%%h@'ﬂ%b{zengofolﬁﬁ@%'d%r xliBRe. r@érhﬁig aaxfa@é? HidGsddOvhich

the invention ave a const ant in cti1o

rer B 50" eOma e § PRGB! SRR Gt o e B D P g %%ﬁefﬁwae
ef f ecti vel greapegrsistnofof atihengoniitanitmadipxige sodsArapges. whireh theesupport in
present in aﬁhiﬂoﬁ\az%hﬁﬂ\@éﬁratll@as‘fe% éo %@mérﬂ&km@h Peilsklecrd fAeh L ewedreip

i s obtaine as a content

obj ect s _ar gcﬁgﬁmg\, d°By* @%ﬁe’ﬁ ﬁ’be& C"Pg ffid %“ﬁ%‘”%?ﬂﬁ% #é%o@‘ew’se ‘m% ot
cont act'Png dissosem %@@@%@l&fylm%ﬁamg‘a{@ westpiatefied with a

rod- shaped Ti 2 photocatal yst which has a BET surface area of 25 to

200 nR/
Srarste! of EHERSSLIPLE Gt b 0 e R
the use of "‘é’t&!h'sadt%‘aﬂ%ﬂ’f&egy FhoPpicHEgY yugh fe(ﬁffcww f §’f r‘?&aWQ éb\%tré‘?

Wi t h irradiaatérdimghdy the gWEntn@OMDL!Id’nba\reea lrodstaattyonidh mgrityagt dndion mvembivema

for puppf Y'rélgtl\)%sfoﬁ&@ﬁ"@é erfod BE@Laitiof, Ocﬁe %}\’tﬁﬁ&ﬂj sﬁéﬁl@@\‘fé'éﬂvg!y%pg%te off the
phot ocat al yS

stin at 1 O
hecording 8 Sk R Db S e e e PestS OB RlEA MRBgprat o
pore di aneterifiechyastgedigesraptaned weich hass ira@distlaguict yettepaf phlitans.
Thi s conbi nation according to the invention gives a particularly high

activity, %’P,gs([@lo%@é % har Iéléh(fé{}eérlgy?:rﬁ&ﬁoéeorf? f% Ad[ gvgst%{'va{epgbiy contacting the

35phot ocat al'ys const
enbodi #ent GEISYREER %65 Kl PHITfiFG ‘b"ﬁ”‘ ?H@dﬁﬁ%ﬁfﬁ T@? Phe&ecaialystdiichdias a
titani um diBEq slefashiacdn Dfszwoemmzfgsaenma @dllinge ioh O11Beto AN mB@ and a median

modi ficati QRre dBAREH A b5 to bibshh ‘?n G %Ha%n ql Hf %%nélsé 'Bg%ﬁ‘é @8 of

that at, | t 50%
the titani SHYWRE: a%aaeé"ﬁhﬁ?%ﬁ%?va@ aé%%ﬁave%%?%ﬁ? Vﬁ‘ﬁ‘ igadaion Y 1o "eo
PF 0000060812 3 neasurenent nethod known to those skilled in the art.
The remnpgi nqir@fhe%ethb@ a&dzdraiﬂglﬂcmﬂél ievdriien mehfﬁ%&mm&t@plﬁ%ﬁé@bﬂbd -shaped

oxi de, bro 0 til t 0 ur e r eof

Oy hart 1 iy Hishidt kBBl 58 1U<a8 9fich i SRS e Brfbinagion
conpl etel y, acporémgdéti@@ iveBEPHYT RD saffaapema, ipAre walumaafagian pore diameter,
modi fi cati @nd deohietiyhe thetindgididasicaitslisagpdriciédeTHig1eembination according to the

rod- shaped ,gr;l:)leﬁ)gorpg'i%é)g %EPJCME\HY hg;thb%ﬁgty Eﬂaﬁlo%gtaagfys?dlﬁ 5)16 Qﬁ%géﬁkg)ﬁtﬁ gff the

t he pr esen era
has an38BvalPhBiocriglyshusssauth eﬂﬁ‘étaﬁi'éﬁ’éﬁéﬁ"ﬁtff this round base or of an
oval base in the greatest extension is generally 0.2 to 10 nm

BLgI ggg?;ly l@e%rEfér%d%n%Bdlr;@rﬁ HQné %1%@9@&&@ @@RHHWn%s‘?c?Snd%se is made of

en
P o8 mm - p AT IS EF B B Esge RS I Haaneraes P licRohs HosRdily”
to di amet efin thie qantext otithehrapzeamt pivenibraimsdaps thaiet dragt HgYet parttipwarly preferably
40  at least 75%, of the titanium dioxide is in the anatase modification, based on the XRD



20 In a furPch%orgogP{e} 1ezrred enbodi nent, the titanium di oxi de

phot qcat al,yst conprises at |east one additive, particularly

preferably selected fromgroups 1, 4, 8, 9, 10, 11, 13, 14, 15 of the
Peri odic Tabl e of the Elements (new | UPAC nonenclature) or the

| ant hanoi ds, for exanple sel ected from oup consi sting of L
sodi um - potBEESHIRRE I TTRERN G~ 6 BBBaFKIEG dbs 4 Ghe reppas, oidne dianium
gol d, pal | alitixits cqrhprisenamorgiadUsi matg! oxite, dgeskitecarrbtia, madifidation or a mixture

ytterbi um yesBbum: 4 %h} BEMicHgA¢ mfaﬁb@ruﬂnwedmyﬁte%é ff'i?‘errﬁf?ﬁ dib¥de used is
el emental or p r nore

of “sai - addPrhS-dih dsieth b By KeEL A fobee, it {K%Lﬂ"aiﬁ WadlioalifRy®

conbi nabi ons are zirconiumand nitrogen, zirconium and cobalt,
| ant hanum anehe& inidiod umor@ﬁga@&wmv@ﬁ@bmd e&mnaa%amoypﬂm&mrﬁ is used.

zirconium 30, y%%eﬁ tl'?eafcgr]t% o %gglréée\ﬁ? Hv%ntﬁ)cgne%"?e%bﬁ ltﬁ]attﬂbeepﬁo?gca?gw €ed

titani um di oXi d acco
preferably pi"?ferétﬁiyalﬂﬁ%ﬂrﬂ oyg! @ ropnd PBSESC%’"@yd'W@P@IﬁtOf ”b%af‘qu@utl’%?ffl ‘%f of an oval
pref er abl y das@in the gBlateyt entsingioh is géneiraily M2 tondd ennafprefaiabliya@ 8itd B\eamarie

pr esent;gsi %@j E%U%M;uhﬁdbﬁﬂepw&ﬁ?élfét g%lnel-é'?lg%a%cg% tHg)f(gP)S t’rgeio m,

|nvent|on tities 3or te to t
titanium d|p6 F@Qﬂ’pﬁgt@c fam yRat U %8@6%‘133{ nggg f‘bgt%m Entalg atgngth to

general |y HhasneteBEThs crd- awearpbatooéta@ﬂ gagoRiy thjnvpnMres@bhqraEy)O@ﬁ to

180 n2/ g, pArbictdthiy hyo @ref erably 80 to 150 nR/g. The BET surface

area can be determ ned by 40methods known to those skilled in the

art, for exanple as specified in DIN 66 131. PF 0000060812 4 The

r od- shdped Tthet i@aishaPell Grp@eatplyst bestt apyBiisass 8 rIvtwetE igaoagtye material,

:) n\zlentl 8“7@@976’&@“3} Yitdmasn alidxaiee IEOEHHYBh?BceQaIQLstt gsed. @Eheﬁén’ygconmr&fe@raabéaet

to 0 §e

gt/ %gtxﬂé&w @H’éf%FébﬁeB{]?eféE{ 3By 1) g ﬁt ggrtéﬁlﬁﬂjr %fe}%‘ﬁ, B9%E by

vol une can be Known"t o

art. The r SEEHalfaguEy @'%?’%rﬁ he @maéﬂé?‘ef)%tné?ﬁ@é’t“éﬂ YsErIAME @Hd'u“’ée%%@l @*Xture
accordi ng tieerebfe i nventi on generally has a nedi an pore di aneter of
0.001 tg O. 050 pm preferably 0.005 to 0.030 pm particul arIy

prefer abI y The 0 ter
et er m ned b5 A SEC RO AR YL U LaT kPO BHEo ISt prgnces atfeas
r od- shaped onfat@mtrum rAMBSUIATY phistdtaseleyisd fwhi gieups 1udadl® 1@ctdbr th.ng. 15

to the i nventicOPebdiic Faplerddus ektnsntdreidie dsPAD MWmehalat h@Ser taKildnteshdids,
the art. Ip,a e%rﬁélgr%eb%éigcﬂgrg)%% gXoJrPh%i@Q%gCS‘F %&Jﬁﬁnbﬁg?a%s%%c%% R¥m,

to the inventron corres

of tit&Ri usPERlba@nte ”"é?ﬁdc%ipeFe%é?r S9l. d}aﬁ%’ﬂ”@ BlaHaer, Q?JP@T‘eF’%{EQ?” carbon
sel ect ed f raffars ygabivderariviaini sredyumf Moc@nammlaldtryb(’mﬁ& thetesf Cih elemental or in
sol utions, ofx fc ﬁffﬁ”@rffe%‘hplc%gﬁ@arﬂ&h@%f ’t\ﬁ@ldr% eéf %&@dgﬁw?g @5n also be

exanpl e, cel | ul ose | east one 438/
exanpl e st é’éﬁ%/eé‘ L ReriEUapy IsTRY Y SYBRNgUoNS P Zé‘ﬁ%%?eg/ PO 945 HWOQH@” and
oxi de) and cabalt, émgiharomeantrittonfuor, peteariprean  zisoailimacr godigmehdagconium.
dilutezg0 nitric acid or hydrochloric acid or organic acid such as

f d
hose sk 1o ThiBeist ddtie S el B e el fe d BNR AT d@%%“ﬁgi@??%%st
edge runnensedpecerdingl oathe iRyontion erefarpbivnenam @meknt at@ 0t oof Tk vt teight

cor r espondipagicuRéy phaeed ot R, al Walight. T exhérdakeidtdidiives adusesknt
|s prefer a%l&cgul%legﬁstﬁnn%et EARGEALYLCLSy BLedBRE 144RCInRRoE NSid quantities

resultant rods aré th
relate to this mixture.

The rod-shaped titanium dioxide photocatalyst used according to the invention

generally has a BET surface area of 25 to 200 m%g, preferably 50 to 180 m%/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 exampie as specified in DIN 66 131.



25 cal ci nedPFp?ge g?% 1I2y at a tenperature of 300 to 500C in an air

at nosphere in order to obtain the conbination according to the

i nvention of BET surface area, pore volune and nedi an pore dianeter.
Especially the use of tylose and stearig acid in the production of

the titanium di oxi de 30 which is used according to the invention has
the effect that the resultant titani um di oxi de has the conbination
accor di ng tltet hesl-$hapedt titaniuof dixide abbioghtalysandeli gbcwtiapi foi the haweintign
enfllﬁr Id ng higgheay ané Ea)bo@é_/%luﬁ?!d?@gl Ed 180 RE/G! B%iferggflyr@ﬁ@fbsg.@fmlfdﬂ artcularly
met hod accqrdin e. Loy n it i 0SSl 0 _pur, sfewat er,
T Ba whr crreREnpCet g SRETRL riDeb el st 2 Setbin B bl et Bk ko
of the fRet Horbeaidled i thg ato the invention the wastewater is purified,
i.e., after the nethod the concentration of interfering substances is
| ower than f . - th - th -

nvent i on, e A FEE AR, dlRok"EnGRBkAYS Bhich?% BLAIE Hocording o, the
f rom i ndustMeERHOhPeally fasra BRdiRpIRerpiirMedtiah8ri0d 4o Ofiaddeceirepbly 0.005
factories, toOS8,um, martiveldrig queféxhécd.0n 0 or 01085 juhe Tokentdiad poredlisheler can
the prijgat @G hfhed B mEMBERkSWRPRIthSsd SQlekiit HfeSat, PF 0000060812 5
restaurants, hospitals, or of natural origin. Generally, the
interfering substances which nust be renoved fromthe wastewater are
sel ect ed friom trdgiaiped oitaninor gwmide shdistadalgsis Wilehcls, usdible gontinge ta dghe
remai n in GRS ESYBE BFodudey BY Aiktidls| Kib@h fte khdRe kAl Vi the, arf OF a preferred

exanple b t OXIi r . | oring. of. the. .

et gt o Sl b Ptk piaMiPTs Qe ANTES 16 D BN R s Py
t o t he 1Bnvéhft icoFesRAEINSUAMPHBlGt Ph Htgpitie clerddyanghatrileast ceceigpobisi binesr.
of organi c posferabyr geladted G@PaUGESdérivati@san®m exapngarniiesacstaeh solutions, for

hal ogenat e%xgﬁrﬁg%ﬂécﬁblé Lé?a?&ﬁé%?.%éﬁul@srego i’]cas,oforaelxia@:ﬁ?eté:ngetﬁﬁ ?:%Omi[g]lgﬁes, and/or at

subst ances, nes, oll g,omén c or meri c, nmat , ,

ethers, est@St O"FodAlyarsd: BP0 EEPRGaBICE o radibnPHYBEEySHEhGSe for example,
subst ances pognathdetankide) amirahicast sad tasid, fraaxampbt aliserahaciai sutcor s dilute
thereobg Pr@fier-aill ¥y h%&@cﬁ&%&é&%%r%i@ hicRRBLPEas SoNEDclir TMst ABiure is
wast ewat er b%?ﬁ]he net o? acctﬁr(%l r}% to %h mveghl(#)n a,[he sel ect ed f{'.omI
organi ¢ coRPthd& e ted FaM (R 5 a5 Sold P 1g &F Br fahisaUons
aci ds, hal egeaatusdfsreyample s @saderdesneraf preasubagrmixivrg ken then juged
subst ances o adhn®e, cofbb gy wdBhaped YRABbL&akBtseTh@lestruddt€ enel groduced is

ethers, es u i i Q I
subst ancesfp%sf%rratb gcg'gé;]ofgt’ Qéﬁﬂﬁ%‘%@%%?{ %Og?gg??' Zegﬁﬁ{g%qn‘%? ﬁ%&t 51%d(;8 ot di tﬂan
to the?ZPnvEALINGA pﬁ‘%f,eraﬁyr i 3 fnePsialsteMat @ 10 0E iR i Ribgmasyhere in order 1o
cont act i ng obtein thedeghiipatibnt adcaningmiadihexindentiphodf RET aliffsde misthpbdeevolume
wast ewat er JWRintdlidSpdi® digndistr i fied. This contacting can be carried
out continuously or discontinuously. Suitable apparatus are known to
those skilled in the art, for exanple fixed-bed reactors such as flow
tubes or plEspecialyaitearss. of2Bose and ptesfie racedinethve guednstion of He titediugheipede
]'El tani gm Flm@%dl-dlf% p&et a@@&@hg&% the iRberEied HaR t%e?éf{lécjeﬁﬂﬁ)fétlntﬂb ﬂﬁsM%ﬁ?%kanium
or exanple,a.fl.o n e . ch. . . i o
ows over A b BSmRPefel SeelaRy B Sheo gt Ul 8 1 B NeTbiy
wast ewat er NAHNE ENEYrina @R agyy PYER I8 timededgfusted in this case such
that a sufficiently |long contact 30tinme between the wastewater which
is to be pw,ifi X1 : i : -
v 551 o T PER A0, AP AOGLIERL Y eI PP Bl
cm's. Fhe MEYHRodMSLHBAPTYOL SPHhSUPHGRTRS GFF iPseSSaF r PEdTBRS &f the method
t enper at ur ecedrdiggn®er dd ynvention 80C wpttafaterln yutiled, oi. &0 @ftepaing ircethad | the
prefer ?Ibl y c%ﬁcér@rgﬁé@of iMferePBY Q%t%@pglo%r moéfg% th@\ﬁ?éﬁ?éd? ril%lﬂ% %ontext
? gner aly %?{hrel pereseon Envggtio%, reevﬁgé{é\?fat%r WRTCE isJE t% bSe treaa}gad cgrﬁ %r%&gmppé be f?om
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,



5 bar, partFti?J Oé)ro ?/81p2r ef erably at atnospheric pressure. In the

met hod according to the invention, the titani um di oxi de photocat al yst
has a particularly high long-termstability. The activity of the
catalyst is proportional to the 40deconppsition rate which is

measured in "amount of pollutant deconposed per unjt PF 0000060812 6
tinme per afBRRY2BE: BagRipls Pt Of AwraheEgili PHneRiG e Rifrieripd SUBRRITFVIHE
t he pol | ut amtst whe ghmiosed drdoe ttecwagioseld; aadseléded oo hergapiactil dmorganic

g?gg: It : ?95 bs]yf)iﬁén@e?éa%i'cﬁ’, § SRBELBILIL rerf ARG N WalsRAZE! Gevaldh@n interfering

.t.he, catal yst can .be determ ned by conmpari t he
Serivity GPINoror BamYE by S YR SRy atdt B oo SROL A T avaziaralsr st
of the Gatalyst at the time point 0, i.e. at the start of the
r eatc:1 [ on.Thfwiat @'@fe@re?ee?ﬁfﬁicmﬁerﬁti defe Xne?h@d aE@;rrdiﬂgaa}ﬂh@inv];aatioraélme glnrn%tion
non S. S | .1 nv | ONn I X
after a re%&?&%ﬁgt% § r?g‘epéfcaﬁg%%ﬁrﬁﬁggnpoﬁeoﬁﬁé%P§%§£%a§}c_%oﬁ ?r%u‘r?\}d%g? ‘ gxamp[_e
parti cul ar I93%ef | YalagenateeoraBME hsUbsanqes. HeMalc afr aliphalia yorganic
which is atsubstastesdO&bings ebigonidry at podasdricOOisteras.t aicuhas, ptretsr adtbs,
at | easp 9_%‘%%&1@]‘ bibﬂg?raﬁ%t!lé“&Mon-?Sl&%égrfaeéae sﬁJB&FR@és?EMﬁéctéﬁgPé h@\%ﬁit g?]lts,

the invention scarce oses activity over a long tinme period,
qual i fies ihpa%rrnﬂa&@%jrrpv Wet "5 nuous and | ow mai nt enance

purification nmethods. 15The method according to the invention
conpri ses ¢ogbkadly, Bk siRIMRES Ath&anMY ehhoved FerPeic Ritstdw L6 MY thB rAethod

rod- shaped titani um di axi d hot ocat al yst with .irradi ation by light.
Accordi ng FSTALS; v BRCMsToR e a?E@@%&y ORI SRR S ES B LRe
ski | | ed®i norouwp gpesiging be aigaiic . dyedagsheter| giganisadibriancera\pedrasiist 9
X o; 208I t@li@r@@icn@ngagibeéwslmbys,BQme%e, To@gdﬁ?&id?m m@rn?eraaﬁiateﬂa_lsardicbhols,
preferably t - | [

Phe i nyent Cas s ayerdy sl Hiaddradd BF AR cfeucbRRabR, SURRRGLE ol
out using BYAMIYHEES(RE™=0R00 t o 400 nn), daylight (X = 380 to 800 nmj,
and/or the light of a commercially avail able incandescent lanp (X =

400 t 02800 1B me#RdNEcohGtY té MEENSIdnY oMb W’%flﬁla W EQelbiepdl abl iy Wit By

| ight proceeds js generally 0.01 to 10 cn, "preferably 0.1 to, 20
e ThEORRAEtE e T anEresnT T Fidide BLOPEEE Wb B istPideL RbRd
Ti @2 phot otatbel pgtfiedhiTols prdacinBERs be f catkech peh coftinBusly @odseedtigyously.
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The method according te 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 titanium dioxide photocatalyst has a
particularly high long-term stability. The activity of the cataiyst is proportional to the
40  decomposition rate which is measured in "amount of pollutant decomposed per unit
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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 1o 400 nmy}, daylight (» = 380 to 800 nm), and/or the light of a
commercially available incandescent lamp (% = 400 to 800 nm).

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

The present invention also relates to the use of a rod-shaped TiQ, 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 um, for purifying wastewater with irradiation by
light.

With respect to 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 nomenciature) or the lanthanoids.
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Preferably the at least one additive is present in an amount of 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,
esters, sugars, biodegradable or non-biodegradable substances, surfactants,
ammonia, salts, heavy metals and mixtures thereof.

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

11.2 kg of TiO; (8150, 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, (8150, FinnTi, from Kemira) are mixed with ascorbyl palmitate (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; (§150, 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,O5; beads (comparative example)

60 g of Al,O3 beads (from Sasoll, 2.0 mm diameter, ignited at 1300°C) are impregnated
in 20 mi of titanium isopropoxide and dried over 4 h in air at room temperature. The
almost dried beads are then heated {0 120°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.



2 26.0 0. 270" WP989&? 122 92.4 3 30.2 0.29 0.062 164 - 4 -
77.3 The photoactivities are determ ned according to exanpl e 35.

Exanple 5: 1.5 nmrods (according to the invention) 5 A Ti 2

110 85

phot ocat al yst according to the inventiongis produced as follows:

Table 1
Photo-
BET Photo- catalytic Photo-
surface Pore Median pore | catalytic activity catalytic
Example ared volume diameter activity after stability
[m?dq] [mifg] fum] [ppm/h*kg| 8 months | [%] after
of cat] | [ppm/h*kg | 8 months
of cat.]
1 50.2 0.16 0.018 125 - -
2 26.0 0.21 0.043 132 122 92.4
3 30.2 0.29 0.062 164 - -
4 - - - 110 85 77.3

The photoactivities are determined according to example 35.

Example 5: 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. 821 of dilute nitric acid are run in

10

slowly (over 15 min). [n 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 extrusion, 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

i5

extruder is cooled. The resultant extrudates are dried in a three zone drier at

55/70/100°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.

20
Table 2

Example

BET
surface
area

[m?/g]

Pore
volume

[mi/g]

Median
pore
diameter

Photo-
catalytic
activity

Photo-
catalytic

activity after

8 months

fum]

Ifppm/ih*kg of
cat.]

[ppm/h*kg of
cat.]

Photo-
catalytic
stability [%]
after
8 months

116

0.33

0.017

182

182

100




200 kg of 'ﬁFO%OOOA?SO?(g of grinding material (REUGEM, 1.04 kg of

tyl ose and 2 kg of stearic acid are dried and prem xed for 5 m nutes.

821 of dilute nitric acid are run in 10slowy (over 15 mn). In the

| ast 10 m nutes, the m)i sture is adjusted using a max. 71 of

dei oni zed wat er, uent the material is mxgg in an edge runner
ERerie

for 60 minut s°h°F98‘F B IR APETRP e used, and a

one-arnmed W per is used such that the wiper armis opposite the end
of the screwdubitightihe /bhbﬂfaﬂmy(?:ff 1RO protodt ez uste‘iretnedTé&eorbﬁxg%témq@le 33

i's cool ed lLtant e a t hrree zone drier
at 55/ 70/ lég@% %ilﬁn%c‘ff‘ﬁ %%'ﬁ@ (ﬁggﬁ) AH‘fYéT)cal cined in a
mul ti zoRe furnace at 300C (zone 1) 1300C (zone 2) 1435C (zone 3)/435C
(zone 4)/ 4¥@En{HeBelndrovehient besatdhadyt ardddersbapeiBERbafacstardas t he

followi ng properties. 20 Table 2 Exanple BET surface Einzigi Pore

volunme [m/ Medi an pore dianeter [Pnl Photo- catalytic activit
[ ppm h* Lg efals. 21 corrgatlon between the Lodni‘lardness and the sp%ciﬁc surface are% of the

support. A harder rod has a lower surface area. These properties are set by the

10 temperature in the calcining zone of the caicination. 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.
15
Example 7: Modification of the TiO; rods with yttrium (according to the invention)

2 mmol of yttrium 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

20  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/100 g.

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

Example 8: Modification of the TiO, rods 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
30 from example 5 are impregnated therewith (excess soiution 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
35 a DCA decomposition 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
40  from example § are impregnated therewith (excess solution is decanted off). The rods
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catalytic stability [catalytic after 8 nonths 5 116 0.33 0.017 182
182 100 PF 0000060812 9 The photoactivities are determ ned accordi ng
to exanple 35. In addition, the photoacypvity of the product was
determ ned according to exanple 33 (4074 _ppm h*kagcATALysT), . an

el o 39 {ORB BB RUCIRRBA TS e i AADTROwr P GUbr20gs for 2 b and
har dness arhkn meiceasetcoBOBET ayear f7&ceinapad AhePEC forat torirel di emantent is
bet ween t hg geg1b@pdness and the specific surface area of the

support. A harder rod has a |ower surface area. These properties are

set by the o
5  The photocatalytic activity is determined as described in example 33. The product has

a DCA decomposition rate of 4259 ppm/h*kg of catalyst.
Example 10: Modification of the TiO, rods with gallium (according to the invention)

10 2 mmol of gailium 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 fo 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 Ga content is
0.40 g/100 g.

15
The photocatalytic activity is determined as described in example 33. The product has
a DCA decomposition rate of 4394 ppm/h*kg of catalyst.

Example 11: Modification of the TiO, rods with neodymium (according to the invention)
20

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 at 500°C for 1 h. The Nd content is
25 0.78 g/100 g.

The photocatalytic activity is determined as described in exampie 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 1 h with 7.01/h of NHi. 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
contentis 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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then calcined to 500C over 76 mn and at 500C for 1 h. The Er content
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The photocatalytic aclivity is determined as described in example 33. The product has

30 a DCA decompaosition rate of 5723 ppm/h*kg of catalyst. In addition, the photocatalytic
activity is determined as described in example 34. The product has a DCA
decompaosition 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 I/h of NHas. Then the rods are held at 500°C over 3 h in
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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25
Exampie 19: Modification of the TiO; rods with nitrogen (according to the invention)

20 g of the TiO, rods from example 5 are charged into a rotary kiln and heated to
500°C in 1 h with 7.5 I/h of NHs. Then the rods are held at 500°C over 2 h in NH; and

30  calcined at 500°C over 3 h in air and cooled. The product is light yellow. The N content
is 0.002%.

The photocatalytic activity is determined as described in example 33. The preduct 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 mmaol) 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
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then calcined to 500C over 76 min and at 500C for 1 h. The Na content

is 100. 16 /100 hot pcat al yti c_activit eterm ned a
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exanple 5 ar
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of f). The raaas?fg%o WRIEF TG rpes arecﬁrieélﬂtﬁﬁ%g\f%rﬂﬁwy Aiseeating airp dee gliagst
30 mi n and daitd 123Gré beatdd o 30 2Aheandadichaedt 30°5060G bver 76 m n
and at ,800C for 1 h. The Ag content is 0.93 g/100 g. The

phot ocatal ytic activit s .determ ned as described in ex e 33. The
P oduct had"s ACRCABb AR b1 Ae a0 R S5g b PeGPE S L drg iy aduct Jas
Exanpl e 19:a NoAlidecaapdsitivnohtet (&SYP QRMITOKG ofatélysti t r ogen (according to

t he invention) 20 g of the TiQ2 rods from exarrple 5 are charged into

a rotary Ki t to 500C 1. h wth |/ h of NH3. Then th
rods are h xame&e ggg@ocg&%a}t:% Cﬁ%’-‘ JI'Eﬁzécac(iisn\e‘l’tn potassnum and zirconiom (accordlng%o

25  the invention)

20 g of the TiO, rods from example 5 are impregnated in a solution of 0.20g of
potassium nitrate and 19.8 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

30 for 3 h. These calcined rods are impregnated in a solufion of 0.48 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 decomposition rate of 6868 ppm/h*kg of catalyst.



30cal ci ned atoqon(%&o%'lvzer 3 hin air and cooled. The product is |ight
yell ow. The N content is 0.002% The photocatal ytic activity is
determ ned as described in exanple 33. The product has a DCA
deconposition rate of 6363 pprﬂ h*kg of gatalyst. 35 Exanple 20:

Modi ficatign of the Ti Q2 ds with zirconium and cobal t q%accor din

t he invent |Ea‘ﬁ5"9'?>?30b"86'68%5@ﬂ23f1@ a@baﬂ%wﬂatmomw £BY PRSP FRY ‘”9 to
rods are dithedhvattic®)C for 16 h by circulating air. The al nost dried
rods are heated to 300C in 2 h and cal ci ned at 300C for 3 h. 20 g of

t hese rods e i.npregnate soI t|on of 0.58 obalt nitrate
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| ant hanum ni trat are dried at over
16 h by ci F’E%Ka‘?f’f‘tﬁ&t E?uorz“rhe aI m)st dr| ed rods are heated to 300C in
2 h and calcined at 300C for 3 h. These cal cined rods are inpregnated
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phot ocdfal ytic activity is determnmined as described in exanple 33. The

product hasxanmé\zdemaan@aiohio@meratg rédfs BEDELIITERE kBcdriurg adctoysitg to the
Exanpl e 22: fyication of the TiQ rods with potassi um and

zirconi um daccorcil ng to 25the invention) 20 g of the TiQ2 rods from
exanple 5 are inpregnated in a solution of 0.20 g of potassium
nitrate andzot_BOBT@ZO‘bdwartom exahiyge bogls impeegihategdnad s@0trowkn. 116 bf ddium
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cal ci ned at C|n Lapregnated, in a
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are dried &008DGréer 16 h by circulating air. The al nost dried rods
are heated to 300C in 2 h and cal ci ned at 300C for 3 h. The Zr

content is the onte % 5The o t I
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Example 25: Modification of the TiO, rods: sodium and zirconium (according to the
invention) N

30 20g of TiO, rods from example 5 are impregnated in a solution of 0.17 g of sodium
nitrate and 19.8 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. These
calcined rods are impregnated in a solution of 0.48 g of zirconium 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



PE 00000608T2°%ROBIN%01 ¢ 23: Mbdification of the Ti 2 rods with

zi rconi um and potassium (according to the invention) 9.3 g of
zirconiumnitrate (40 mmol) are dissolved in 400 Ml of water, and 400
gof 51.5mMTi 2 rods fromexanple 5,are i npregnated therewith
(excess solution is decanted off). After 6 hours the rods are dried
at 80C for ExgMPI® g6 ipdiitation vfthe TO: Ters WihisathaprMendrdrgenidmdarstiag to
to 300C i ntie inventbnral ci ned at 300C for 3 h. 20 g of these rods are

i npregnated in a solution of 0.20 g of potassiumnitrate and 19.8 g

of water. er are dried at 80C over 16 h.by cjrcul ati ir. The
Ol oot St 1 20 G308, Bk Uk St B pguoearetef ik golipe pRD Y B steanim
for 3 hd Thérate, Coéng ehtirdopiud Rif8teaard the g Kf watrrehite isis@regded RO C over
|ohogI oc?t ﬁ' MBirch khhéiiﬁ@{aﬂrﬂ_’l’f(é%lﬁb@@ died r?&s &%gf‘e%lé@etd 3b0°®fmﬁ{aﬁ? 634{_:1:—15??
prodaduc a e | [, ON e O * catal yst.
Beampl e 24 %017 Pat ToR ob ERoe Hreg: Fsbe B RREshi i Eha 2 fconi um
(according to the invention) 20g of TiQ2 rods fromexanple 5 are

i mpr egnat ed hirphatceelalitit @otiafy i ddtégninbd 26 dedtiibedOn Rixbimdleed3. Thd repuat has
Zl rconliym ni /@tdgcn?rﬂgos?t%niﬁ% d?fSG%EDSrlhfh*ﬂ_ Sfr%ag%st?re dried at 80C over

16 h by circulating air. e alnmost drie s'are heated to 300C in
2 h and cal cined at 300C for 3 h. The photocatal ytic activity is
det er m ned Exangéds 27:i Bredudtionex dnpbee 385 nThdiQy ods ¢dcchating?o the DE2ntion)
deconposition rate of 7996 ppn h"kg of catal yst. Exanple 25:

Modi fi cati f T ds: sodi zircopium  (a I t.,o
t he i nvent %@R%gf&)gg%gbgf%?%’g@ff ZB@@@@O%&&%Q#@W' I gﬁaée(r‘aﬁ%fétg(hlg@é&p%kg
a sol utlbon obtylgpelandg2 ¢ of stHatiimasict argt &iednehdlregrixpdofor wanigptes The! plodiite
are dried afri@QGicoxer rukbirhsiwiyCidver1athiRg @i the Bbe 18hiMgks dihkeslokREs is
are _heat ed aé@s%%o&ir{rgga ?nab(. ?rl] fgglloﬁ&&?ﬁrafeﬁ' éggs%qggrﬁf%/‘?\hgwllljﬂ%sﬁ mixed in an
calcined ro are i npreghated rn-a“solution o . g of "Zirconi um

nitrate an@dgeryngr ir 6aatiertes The rods are dried at 80C over 16 h by
circulating air. The alnost dried rods 35are heated to 300Cin 2 h

and cabgi ned, Tige é%&ién?r‘l.sgmrﬁw d@earérus%ené%-érﬁeg-@i%g? ANGsddN &, DR that the
content is Q.13% The gsh%%{ﬁcatglﬂ%tlc actiyvity I.s de rrén}% rI|\fis.

descri bed MPEERPF OPRISIETAG SHAGH G SHEY fgg%cﬁta@esﬁﬁé i"tPoMY it tetof e
8484 ppnl h'ekfudsr Gatcabledt . ThEQ reRta00000608E2 4% Ekigrpire @6hree-zone drier,
LVbdlt L' cat i gg/70f1doRe inthS?%f ( f%@.s THE ngdj f@ﬂ?d&%ﬂéﬁ 'érélrtélc?el’cﬂﬁ R rd Ak ﬁiﬁﬁf?frgjc_@%t
o the inventi of , Ti. (.. yods fromexanple 5 are inpregnated in
a sol uti onig% (8%”?% Cg?iepyﬁto%rérm 5 nitrate, 0.46 g of zirconium
nitrat@dand 18.7 g of water. The rods are dried at 80C over 16 h by

ci rcul at i nghai ghotddagalaikcraxsivindbf e 1 ademarie, head eddéermiBef bynthd hetadd in

icgl gi ggod/ Ak 3ABE d50Thd 1% MR oL FokHNENDER dehRBAMD LREorAIGORRRE of
' ° catalyst.

30 Example 28: Production of Zr-doped 1.5 mm TiO, rods

200 kg of TiO,, 0.0352 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. 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 flight. A torque of 50 - 150 Nm is set. The
40  extruder is cooled. The resultant extrudates are dried in a three-zone drier,



The phot ocftFaq(g?topgose{'&i.vi ty is determ ned as described in exanpl e 33.
The product has 10a DCA deconposition rate of 8686 ppnm h*kg of
catal'yst. Exanple 27: Production of Zr-doped 1.5 mm Tic2 rods
(according to the invention) 200 kg of 502 0.0176 kg of Zr Q( NGB) 2,
40 kg of grindi n% mat eri al _( REUGEM 15 of tylose and 2 kg of
stearic acidd/ /& Widriraonnt2 Eﬁﬁﬁ‘éﬂd %tfuc?t?ﬁ Paiaraenedan p TgerdKir fugTes at
nitric aci d3a8t@ TherZriconsholOy1§%ver 15 mn). In the last 10 m nutes,
the noisture is adjusted using a max. | of deionized water.

Subsequent | m xtyre i s m xed runner. for i nutes. | .
20For the. dRerRISRENceaPb Eeal & ﬁ%garo%é% SpEENGS g P I eDag in
such that themplegtr Them3 rz;rro“ﬁ@@soctsehavaei e detompesitewrrale §fldoghom/iKkg of
torque of %@taykp0 Nmis set. The extruder is cool ed. The resultant
extrudates are dried in a three-zone drier, 55/70/100C in zone 1/2/3.
The dried extrudates are calcined in a rotary kiln furnace at 435C
The Zr contteample 3t BRYpEBNTAL-gRRRDOEAIANYEPcrodeti vity of the 1.5 mm
TiQ2 rods is determned by the method in exanple 35. The 1.5 mm Ti 2

rods haye {0 f

30Exarrp}6 ?8% ”Ilbgﬁdg‘#g %ri@gﬁog %@?ng{en ﬁ%@kdéél}n 1%?(9
0.0352 kg &f ¥9 o gieagic Aciriendisg2iraPEbRd OREUENSES: 32 bat ﬂl@ie
of tyl ose amdc :écldgam‘ nst easiowiaciver avenidy.i mdtr@nusbn@mimdsfme Iﬁo&sture is

m nut es. 8%djusféfd Ghiddih ‘?'ne&' b1 o€ d8ibhide @ WRtdrUBUbLL BLAW e (RYEFe %%ﬁb@)n an
In the |ast mnu e oisture is 35adjusted using a nmax.

of dei oni zé’ag?\élﬂ@rer %Egé'%'a‘t'f@ﬁt ly the mixture is mixed in an edge

runner 1Bor 60 m nut es. For the extrusion, 1.5 nmdies are used, a
one- ar med Wigp@fie kStrus@d, 1. 5HEH dtdsaéretufb%dwan@{e @tiadl WipePROSddEL stibe ti%ldhe

of the'scr e £13GTL oA Larque o1cr80: (150 M 3 L. cTiae A0BALE yler s,

cool ed. The Tfesu és are Zone

0000060812 exBudss/ #n/cpose: |'H‘ezdﬁ‘é‘*"‘fﬂ?/%(tw‘l*ﬁ@sdﬁfeedj”ésit rchattheeeﬁO@e drier,
cal ci ned i B5& O/ WI0AT yin kdren1/DiB Mac eriad edtBidGtesTire caicirearih @nbiang ki L6Y%ce at

The phehocatkal odhe 1.5 M Ti Q2 rods is determ ned by
t he rret%EodqltB% T}eh%aﬁ%hi\ég?é OOLE;’e}bl 5 M Ti 2 rods have a DCA

deconposition rate of 250 ppm h*kg of catalyst. Exanple 31:
Product i on Tof ptotetepeidicladivigmoTire2 1:50ds TO200dk (s détetnmibed by. H88kigodfin

Zr (NGB) 2, e-ﬁ&hnb@ 3 T9E N ROTIR &S @ve@@@ﬁ%&oméo%mt&éf 29l mh%%f

2 kg of stea%il acid are dried and prem xed for m nut es
dilute nit PéYskid are run in slowy (over 15 nin). Inthelast 10
m nuteg? the noisture is adjusted using a max. 7 | of deionized

wat er. Subesghené BY: PlagustiontaireninsTiol eid i n an edge runner for 60
m nutes. 15 For the extrusion, 1.5 mmdies are used, a one-arned
W per is used, such that the wiper armis onosMe the end of

th
screw fligrOIka ¢olgactrg shatnding nigisrial (RELCEWe 1&idkauakiass %*Oi! kg of
The resul t adariexdcidudat @rsdaared drangxkd for & mmues: 38 hef dilutemitri® Bcid0Arg00€ in

I n zonggl/ 2fxdy Ve ¢5hﬁ3r@ thé %@ﬁ@?ﬂ[ﬁh@s GRE Fdetle idladustel BEWg kel B 71 of

furnace at d%%nldieg water. gubzseq(flgrrgﬁy tne IT!H%LIJ’G is E?mxec} 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 torque of 50 - 150 Nm is set. The

35 extruder is cooled. The resultant extrudates are dried in a three-zone drier,
55/70/100°C in zone 1/2/3. The dried extrudates are calcined at 435°C.
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The photocata?ytlc activity of the 1.5 nmTi Q2 rods is determ ned by
the method in exanple 35. The 1.5 mm Ti @ rods have a DCA

deconposi t

ilon rate of 238 ppnf h*kg of catalyst. 25 Exanple 32:

Production of 3 nm Ti @2 rods 200 kg of %02, 40 kg of grinding

mat eri al

dried and pr

in 30sl ow
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is mxed i
dies are 1

W’ 1.04 kg of tylose and 2 kg of stearic acid are
ed for 5 mnutes. 82 | of dilute nitric acid are run
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he ¥nd pf t¥ebscrew fIGidht. A torCtlQl‘e8 of 50- 150 Na&ilfs set.

The 35extr

WHRkodcBvigOUSEminBE iH &dldanbe waklekadpeas are dried In a

t hree-zone drier, 55/70/100C in zone 1/ 2/3 The dried extrudates are

cal ci ned at 435C PF 0000060812 17 Tabl e | e BET surface area
[n12/ g] Porfcaymiede: @ﬁtﬁyfﬁlpawfé%ﬁ‘of%ﬁ@lyméﬁ@dté n@dﬁf irEisation cat al yti ¢
activitg [ppnm h"kg of cat.]
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The photoaclivities of the catailysts produced are determined by the rate of
photocatalytic decomposition of the chlorinated hydrocarbon dichloroacetic acid (DCA)
in suspension.

The total running time of the experimenis for investigating the rate of photocatalytic
decomposition of DCA with UV irradiation in aqueous solution is 24 hours. The UV light
intensity is T mW/cm?.

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

Blank experiments are carried out on the decomposition of DCA with irradiation with
addition of a standard phoiocatalyst (Degussa P25, approximately 80% anatase/20%
rutile modification, determined via XRD (diffractometer D 4 Endeavor)). In addition,
blank experiments on the decompasition 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
E-ndeavor)).

Table 4
Catalyst Decomposition rate
[ppm TOC/]
Blank experiment 1 | none 0
Blank experiment 2 | rutile 0
Blank experiment 3 | P 25 4.34

TOC means “Total Organic Carbon”




PF 0000060812 . . . .
32 85.6 0.34 0. Olg 217 Photoactivity is determined in accordance

wi th exanple 35. Exanple 33: Determ nation of photocatal ytic activity
with W irradiation 5 The photoactivities of the catal ysts produced
are determned by the rate of photocatakytic deconposition of the

chl ori nat e on di chl or.0 tic sus

TO0The. t ot alEXATHIE i DRRERBRt o FERertehER een g BUT GRTAI | he

rate of photocatal ytic deconposition of DCA with W irradiation in
aqueous solmtel @RotiosctRAicBOUf Sthe Th&a ngl I gcmuce@t@rréswetérmﬁnea 'E)WW ratEN&f

pH of the f’(’)tcét%‘g/tlc%e cﬂ%bjgstlt%g- di%h Mg%&?eg %&%‘5 Egrg d%ﬁfogo c%g g&ld?BPA)

The 15 tenmperatu reactor 1S & CoHCeRtTat Fon
DCA is 20 fmP4SPENsiaRd the concentration of the photocatalyst is 3
g/l. The deconposition rate (ppnm h) nay be determ ned by determ ning

the pH aft eﬂhthé ah%%ﬁﬁnva Fﬁln@rg(f th& Fé‘?iéﬁﬁéﬁé fﬁf @e@@tr ghr?g? I'féu?:afié) X¢ i}hStoaata dtic

deconposi tion radi
phot ocat al ?&POTE%%%Q F‘%@"\ Vé’l‘ 'rr‘i%ﬁ“%tl'%? Qb%qéﬁ%HSaé;@PEW/o'? g peurs.

modi i cat i drediateneprniarsld usirg HROs(adh Bialact 0 ABYVESS) Bardp;End éBK ight lintehsity is
additiqp, k@nkw&xperi nents on the deconposition of DCA with W
irradiation wi thout addition of photocatalysts and with rutile

nodi fication titani um di oxi de (Degussa P25, calcined for 18 h at

900C, 100%Mat PHeof fthie tSobbion det aainstae diov B ausimD sodiunt rhydtaxinist eplupony The
25Endeavor y¢mpdratur€ irtheGabéby st 200CI0TR0 Thé icoRcdrtagorn BPICAGE/ 20| mBbRNknd
experinent yf, @%%ngat%naﬁlﬁhgégagkﬁglggt ig Brd’f!t. 'Thg decomposition rate {(ppm/h) may be

15  determined by determining the pH after 24 hours.
Exampie 35: Determination of photocatalytic activity of molded body catalysts

The photoactivities of the catalysts produced are determined by the rate of
20  photocatalytic decomposition of the chiorinated hydrocarbon dichloroacetic acid (DCA)
in suspension.

The total running time of the experimenis for investigating the rate of photocatalytic
decomposition of DCA with UV irradiation in aqueous solution is 6 hours. The

25 irradiation proceeds using an Osram Biolux (L18/W965) lamp; the UV light intensity is
1.2 mW/em?.

The temperature in the reactor is 20 fo 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 soclution the
pH is maintained at 3. The decomposition rate (ppm/h) is determined from the amount
of sodium hydroxide solution added.



0 Bl ank eerFr‘.’Or?BR?O%'ZP 25 4.34 TOC neans "Total Organic Carbon" PF
0000060812 18 Exanpl e 34: Determ nation of photocatalytic activity
with'interior irradiation The photoactivities of the catal ysts
produced are determned by the rate of photocatal ytic deconposition
of the chlgrinated hydrocarbon dichl oroacetic acid (DCA) 5in

suspensi on AR €6 running tine of the experinents for

I nvestigating the rate of photocatal ytic deconposition of DCA with W

i rradiation ina3guReYSs ?Q}iiyﬁg@%aétémgtér B?lﬁoﬁﬁ\?ﬂ&tﬂé vastedbicp WHMOReRdS:
he58

usi ng an Osram Bi_ol ux 1 65) . ; 1 ght i Si is 10
2o 1% o, TR e e Tk Tetcaehet ubicf Bes A S ibaided o 25
hydr oxi 8e sol upi 9. mThea pereperianecd 0i1Y tohe0? edlet ard ranedian porgotiameise of

concentration @Ho5A.050 48, m@ﬂp{ah,iau@ﬁ(ﬂ,yui@ﬁt_ concentration of the
photocatal yst is 3 g/1. The deconposition rate (ppm h) nmay be

15determ ned by determ ning the pH after 24 hours. Exanple 35: .
Det er mi nat i2on b€ PIESsCAERIIRg & gEmM i et fift diCy Prrdgcatalysd| opstrgises at
The phot oact i Vieastesneobdditne ealteatey Stem rowhsc ¢d4ase Sdd0enm ngd1by 18 e the

rate of;320phot @&?&dgé ?Z’égg\s)ﬂﬁ%%ﬁg?ﬁéké ey QfPAd‘ﬁorﬁQr{m%hf@b?ﬁwehé(ﬂﬁ ét?on

di chl oroacetic aci I n suspension The total running tinme o he
experinments for investigating the rate of photocatal ytic

deconposi t i3on Bfe DEModiachordWigite cheith dt ar@n wiheredm i ot rigdbult 4t @rteinge@iure of
hours. The 0 to 80°C.

15 4. The method according to any of claims 1 to 2, wherein the purification proceeds
by chemical decomposition of organic or inorganic compounds selected from
organic acids, halogenated organic substances, aromatic or aliphatic organic
substances, amines, oligomeric or polymeric materials, alcohols, ethers, esters,
sugars, biodegradable or non-biodegradable substances, surfactants, ammonia,

20 salts, heavy metals and mixtures thereof.

5. The method according to any of claims 2 to 4, wherein the at least one additive is
present in an amount of 0.001 to 5% by weight.

25 6. 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 ml/g, and a median pore diameter of
0.005 to 0.050 um, for purifying wastewater with irradiation by light.

7. The use according to claim 6, wherein the TiO, photocatalyst comprises at least
30 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.

8. The use according to claim 7, wherein the at least one additive is present in an
amount of 0.01 1o 5% by weight, based on the TiO, photocatalyst. o
35
9. The use according to any of claims 6 to 8, wherein the wastewater which is to be
purified comprises compounds selected from the group consisting of organic
acids, halogenated organic substances, aromatic or aliphatic organic substances,
amines, oligomeric or polymeric materials, alcohols, ethers, esters, sugars,
40 biodegradable or non-biodegradable substances, surfactants, ammonia, salts,



25irradLatﬁ?ﬁP?ﬂg88%%H% using an Osram Bi ol ux (L18/W965) |anp; the W

light intensity is 1.2 mMWcn2. The tenperature in the reactor is 20
to 30C. The concentration of DCA is 162 ppm The pH of the DCA
solution is adjusted to 3 using sodi um Bydroxi de solution. 200 g of
30 photocatal yst nol ded bodies are prepared. By titration of sodium
hydr oxi de sol ut§ay¥ N§id's fRdinixinessibeiAld at 3. The deconposition rate
(ppmh) is determ ned fromthe anmount of sodi um hydroxi de sol ution
added. PF 0000060812 Patent clainms A nethod of purifying wastewater
by contacting the wastewater which is to be purified with a

rod- shaped Ti 2 photocatal yst which has a BET surface area of 25 to
200 n2/g, a pore volunme of 0.10 to 1.00 nm /g, and a nedi an pore

di aneter of 0,005 to 0.050 pm wth irradiation by light. The method
according to claim1l, wherein the Ti Q2 photocatal yst conprises at

| east one additive selected fromgroups 1, 4, 8, 9, 10, 11, 13, 14,
15 of the Periodic Table of the Elenents (new | UPAC nonencl ature) or
t he | ant hanoi ds. The nethod according to claiml1l or 2, wherein it is
carried out at a tenperature of 0 to 80C. The nethod according to any
of claims 1 to 2, wherein the purification proceeds by chem cal
deconposition of organic or inorganic conpounds selected from organic
aci ds, hal ogenated organi ¢ substances, aromatic or aliphatic organic
substances, am nes, oligoneric or polynmeric materials, alcohols,
ethers, esters, sugars, biodegradable or non-bi odegradabl e

subst ances, surfactants, amonia, salts, heavy netals and m xtures

t hereof . The nmethod according to any of clainms 2 to 4, wherein the at
| east one additive is present in an ampunt of 0.001 to 5% by wei ght.
The use of a rod-shaped Ti Q2 phot ocat al yst which has a BET surface
area of 25 to 200 n2/g, a pore volune of 0.10 to 1.00 mM/g, and a
medi an pore dianeter of 0.005 to 0.050 pm for purifying wastewater
with irradiation by light. The use according to claim®6, wherein the
Ti Q2 photocat al yst conprises at | east one additive selected from
groups 1, 4, 8, 9, 10, 11, 13, 14, 15 of the Periodic Table of the

El ements (new | UPAC nonencl ature) or the |anthanoids. The use
according to claim7, wherein the at |east one additive is present in
an amount of 0.01 to 5% by wei ght, based on the Ti Q2 photocat al yst.
The use according to any of clains 6 to 8, wherein the wastewater
which is to be purified conprises conpounds sel ected fromthe group
consi sting of organic acids, hal ogenated organic substances, aromatic
or aliphatic organic substances, am nes, oligoneric or polyneric
materials, alcohols, ethers, esters, sugars, biodegradable or

non- bi odegr adabl e substances, surfactants, ammonia, salts, PF
0000060812 heavy netal s and m xtures thereof.



