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Evyaprotiec

IMpota an’ 6Aa, OEA® va eVXOPIOTAC® TO PEAT TNG TPYEAOVS EMITPOTNG TO. OO0l pUE
BonOnoov kot pe xabodnynoav kaBOAN TN OlGPKED. TNG EKTOVNONG TNG OOAKTOPIKNG
SwrpPg pov: tovg emPAémoviec Kabnyntég wx. Baoikeio Mmovtdloylov tov
Hoavamotpiov Beccoriag, mov Katdhape apéocws Tt duvopukn Tov B€patog g datpiPng
pov, £€deée miotn ¢ gpéva Kot dtevkdAvve pe TV ToAvTiun fondeta ko kabodnynon tov v
GLYYPOPN TNG SOUKTOPIKNAG OV SOVAELAS,. K. ['dvvn TTodio, kabnynt) tov A.IL.O ywo T1g
TOAVTIHEG VTOOEIEEIS TOV, TNV EVOAPPLVOT|, TIV DTOUOVT KOl EENPETIKN TOV GLVELGPOPE GTO,
xepodYpaeo kot tov k. Fempylo Tomamoivpépov, kabnyntm tov TEI Adpicog tov omoiov M
apocimon kot 1 vrevbvvoTTa pe TV omoia avéraPe kat e kKobodnyovoe Katd TN didpKeLn
G SWOKTOPIKNAG Hov JovAelds pe ovykwvel. Efpor evyvopmv oto vmérowmo péAn g
entapelovg emrpomng, Koabnyntés k.x. Nwodioo BAdyxo, Tdoo Zrapatéiro, Nudioo
Avdpitco, ABavacio Kobykolo yio TNV TPOCEKTIKN avAyVOGN TNG EPYOCING LOV KOL Y1 TIG
ToAOTIEG VTTodeiEelg Tove. Emiong eipan fabid evyvdpuov 6toug cuvadEAPong Kot GIAovg LoV
kK. Koota Nrtapmeyhdt, Tavvn Kapayidvvn kot Eevoeovia Ianldt yuwo v 10w
vroot)pi&n tovg. E&dAlov, palli p epévo kot pe emikepaAr tov Kobnynt k. Tedpylo
Horarolvpépov anotéhecav pia vaépoyn epyoostnprakn opdda oto TEL Adpioag, tng omolag
0 gvBovolaoUOG KoL 1 EVEPYELDL LETETPEYE TO Opapa TNG STPPhg LoV OE TPAYUATIKOTNTO.
Ewdwcotepa euyapiotd tovg vrevhdvoug tov TEI Adpisag, yio tnv S1euKOAVVGN TOL LOV
TAPELYOV VO TPAYLOTOTOG® TOV UEYOADTEPO OYKO TMV TEPOUATOV TN SaTpifig Lov 6To
x®po tov TEI ko yevikd yio Tnv moAOTIUN GUVOPOUN TOVG OTIG AVAYKEG TNG StTpPig Hov,

OTOTE KO OTOV TPOEKLTITAV OVTEG HECH 6TO YPoViKd ddotnua £0g 6Tov oAoKANpmOel avTi).
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Evyapiotd tovg cuvadéleovg pov kK. Tompn Mréitoo kot Koota ITitapdkn and v
emyeipnon ™m¢ A.E.Y.A.A vy ™ StevkdAvvon mov Hov Tapeiyay Yo OPICUEVEG OO TIG
TEWPAUATIKES LETPNOELG TOV £ytvav oto Ydpo ™S AEYAA pe 1o ovyypova epyaotnplokd
opyava g emyeipnong. Iave or’ O6Aa, eipor evyvOR®V 6ToVG Yoveis Hov, TTavayuntn ko
Iwkepio Pyo yio v oAdyoyn oydan kot vroothpién Toug kabdg Kot oty kopn Hov,
Mapyapita, yio TV Topovsio g kot 6tov ['dpyo, Tov vagpoyo cvluyd oV Kot KAADTEPO
pov @ido 6io avtd To ¥PoVIC. AQlEpOVE aVTH TNV JaTPIP] 6TV UNTEP OV KOl GTOV

TATEPQ LLOL.
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Mepiinyn

H enckepyacia vypov omofintov Pageiov omotedel éva omd Ta ONUOVTIKOTEPO
mpoPAiuata otov Topén TG pomovonsg tov mepPdArovtog. Ot KAUGOIKESG PUOLKOYTILKEG
pébodol emefepyociog dev Kpivovior TAEOV IKOVOTOMTIKEG OmO HOVEG TOVS, ADY® NG
HETAQOPAC pUmaV oe GAAN @don yopic v kotaotpopn tov. Ot KAaoowés pébodot
emelepyaciog vypdv amofAntav, av kot epoappdloviar akoun kot ofpepa, amofaivovv ce
TOMEG TEPWITAOOEL OVATOTEAECUOTIKEG KOL OVIIOIKOVOLIKES, AOY® NG M Proomot-
Kodopmoung dopng 1 Kot tng to&idtnrag mov mapovsidlovv ta andfinta. ‘Etor yi' avtdv
Tov okomd avamtoydnkav dileg pébodot, ot amokarovueves Ipoywpnuéves OedTikég
MéBodor Avtippimavong (IT.O.MA 1 AOP, Advanced Oxidation ProcesseR)dpactikdétnta
oAV avtdv Tov pedddwv Paciletor otnv dnuiovpyio erevbepov pillov OH', ot omoieg

StaBétovy €va oA 16YVPO duvapKd 0&eldmong.

Xmv mopovoa epyoocio efetdleton 1 amotelecpatikdmnTo Sopopetikdv Ipo-
yopnuévov O&edotikdv Mebddwv, dniadn tov: UVe (potoivong), kot g UV/H0;
(potoynuikng oeidwong), Tav avidpiocov Fenton (FE/H,0,, Fe¥H,0, FEH,0./UVe,
Fe¥H,0./UVQ) ¢ kot g gotokatalvtikic nedddov (UVA/TIOz kot UVA/TIOZH05).
Eniong, e&etalovtal kdmolol cuvdvacpol ovtdv Tov pebddwv mpokelévoy va. epeuvnei n
OOTEAEGUATIKOTITO TOV GTOV OTMOYPOUATICUO KOl OTNV 0vopyavoroinon kémolwv Bapdv
(Procion Hexl, Remazokot Drimarene);mg kxatmyopiog azotomov reactive. Avtég ot fagéc,
€€ autiog g MOAD KOG EQOPUOYNG TMOV, YPNOLUOTOOVVTOL EVPEMS OTIS PLopmyaviKEg

HOVASES PAPNS VOUCUATMV.
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H o&idwon tov Bopov péon tov mpooavaeepbiviov ofedotikov pedodwv,
wapakoiovbeiton omd TV peiwon G apykng ovykévipoong g Paeng. O mARprNg
OTOYPOUATIGHOG TV SWAVUATOV TOV BAPOV ETTUYYAVETOL OTIC TEPIGGOTEPES TEPIMTOCELS
énerta omd 10-20 min. Avagopiké pe tnv ovopyavomoinon Tov Boedv ovtdv (Tov
napoakorovdeital omd v otadwokn peiwon tov TOC), emrvyydvetar £ve mocootd 80-93%
0ALG émeito and 4-6 dpeg. EmmAéov, ocoppmva pe ta tehkd amotedéopato emefepyaciog
aVTOV TOV Paeadv pe Tig dtapopetikés Ipoyopnuéveg O&edmtikéc Mebddovg, Adym g un
EMAEKTIKNG Opdong tov, mapatnpeitor po TapdUolo. GUUTEPLPOPH UETAED T®V KATé TNV

OVOPYOVOTIOINGN AVTMV TV BOQ®V.

Ewwotepa, oy eotéivon kot o pH wéve amd 12, emruyydvetatl o dpacTikn
avénon tov amoypwpatiopod Tov PBaemv. Emmpocfitog, pkpn pOVo GLYKEVIP®OT TOL
H20,, (UV/H20, péBodog) av&avel onuavtikd to pubud ofeidmong oe éva gdpog tov pH
Stdvpdtov Tov kopoivetor amd 3 £og 10 ko emipépel oxedOV TANPN ATOYPOUOUTICUO GE

Mydtepo amd 20 minonwg eniong kot pia 016Nt péiwon tov TOC.

Avagopikd pe T ddpopeg maparlayéc tng avtidpaong Fenton,yopoxtnpilovral
OAeG o pio EVTOVT] ETLTAYXVVON TOV PpLOLOD OTOYPOUATIONOV, GE avTiBESN TPOG TO YEYOVOHG
OTL pe TNV TAPOSO TOV YPOVOL 1 IKAVOTNTA TOV Y10, LU0 TEPALTEPD OVOPYAVOTOINGT TNG Papng
emPpaddveror onpoavikd, amofaivovtog o Pacikd pelovEKTNUE TV oviwdpdoewv. Ev
tovtolg n ovuPorr g UV-oaktwvoPoriog ota doidpato Boapdv emttoyvvel Tov puOud
avopyavoroinong. H pkpng tadéemg peiwon tov TOC (25-30%xatd tig avidpdoslg Fenton-
like xon Fenton,oyedov vrepPaivel trv dumthdota, 6tav To ev Adyom dteAdpoto vopdilovia

g UV-aktvoPoiria.

Katd v ootokatolvtiky pébodo, efetdloviag Tic S10(pOPETIKEG TOPUUETPOVG,
mopatnpeitar 611 1 avopyovoroinon Tav Paedv avédavetar kabhg avédvetal n TocdTITO TOV
katorvt TiO; kot to pH tov dtodvpartog exnpedlet aodntd tov pbud o&eidwong péow g
emppong mov e&aockel oty mpocpdenon ™G PaPng oty empdaveio tov KotaAvtn TiO,.
Mwpry mocodtra HoO2 ouvelopéper otmv  adénom Tov  omoYpOUATICHOD Kol NG
avopyavomoinong Tev Papdv, ¢’ avtifeon pe ™V mapovsic draedpev W6viav CI, COZ,
HCGOs SQZ_, H,PO,” and NQ, mov emmpedlovv TOV amOYpOUOTIOUO KO TNV

avopyavormoinon o€ Spopetikd Pabud, katt mov eényeitor amd TOV UNYAVIOUO NG
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avtidpaong tov 1WOviov pe 115 Pagés, Pdon ToL OmMOIOV UEIDOVETOL 1) OTOTEAEGUOTIKY

ovykévipwon Tav eredBepmv piidv vdpo&uiiov (OH).

Mia otadioxn tpocdnkn tov H20z, o dheg T1g mpoavapepdeices pebddovg, evvoel Tig
EVOAUESES PAGELG TNG AVTIOPAOTG GTOV OTOYPOUATIONS YOPIG OUMG OTopoiTNTO Vo avEdvel
Kol TNV kavotnto avopyavomoinong tng kéfe pebodov. O ovvdvaopog Fenton/U\E-
potokatdAivon, pertwvel ehappng to TOC o ovykpiomn pog v Kabe pio pébodo Eeywprotd.
H mpototurio e mapovcag dtatpipng cuvoyileton ota e€RG:
¢ Xpnowomomonke pio mowihio Aettovpyikdv opddov (MCT, Monochlorotriazine,
VS, Vinyl Sulfone, FCI-P, Fluorchloro-pyrimidenev dAlote givar povo- 1
étepo-Lertovpycég, (Homo-1 Hetero-bifunctionalt.y. VS/VS 11 MCT/VS), ot
SwwAvpota PBopdv dwapopetikdv  kotnyopidv  (Procion Hexl, Remazolkot
Drimarene).

¢ E&etdoOnke ko cvykpidnke, amd morréc Tpoywpnuéveg O&eidmtikéc Mebddovg,
ovvaptioel Pooikdv mopopstpov tov pebddov (PH, cvykévipworn avtidpa-
ompiov, apyiKNg SLYKEVIpOONS PAPnig Kot TG @OONG NG YPNOLUOTOIOVUEVTS
aktwvoPoliag), N TANPNG avopyavoroinon aeopeTikdv Bopdv (UTAE, KOKKIVT,
kitpn ko Toptrokaln) amd dupopetikég katnyopieg (Procion Hexl, Remazaiou

Drimarene) fapdv mov Bpickovv evpeio pappoyn o€ Tomikég Propnyavies.

¢ E&etdodnke n mpotdtumn dadikacio Tov TpOTOV TPOGONKNG TV avTIdpacTnpinv

(step-wise), HO, kat FE*, 6to mpog eEétaom SibAvpa.

¢ MelemOnke n  emppon  NAQOp®V  OAGT®V  CLVAPTNGCEL TNG  TOYLTNTOS

OTOYPMUATICUOV KOl VOPYOVOTOINGNG OTMS Ko
¢ O ovvdvacpog opopévev teyvoroyiov ILO.M.A.:
= Fenton / U\/Fenton
= HyOJ/UVc/ UVa ITIOZ/H20; ko

=  UVc/Fenton / UM /TiO5/H,0..

viii
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Abstract

Textile dye effluents from different industries ctinge a significant problem in the
area of the environmental pollution. The classical physicochemical methods - processes are
not sufficient enough as the problem is merely transferred to the endstage without removing
the pollutants. The classical effluent treatment processes, even though they are still used
today, they have become insufficient and uneconomic in many cases because of the non-
degradable structure or the toxicity of the pollutants. Therefore, many other processes, the so
called Advanced Oxidation Methods, are been developed. The end effect of all these
processes is the production of hydroxyl radicals (OWhich have a very strong reduction
potential (E=+2.80 V).

In this study the effectiveness of different Advanced Oxidation Processes is examined,
namely: UV (photolysis), and the UVC/H202 (photochemical) methods, the Fenton reactions
(FEIH,05, FE¥H,0,, FEH,0,/UV ¢, Fe™H,0./UV ) as well as the photocatalytic method
(UVAITIO;2 and UVA/TIOZ/H,0,). Also, combinations of these methods are examined in order
to determine their effectiveness in the decolorization and mineralization of some azo type
reactive dyes (Procion Hexl, Remazol and Drimarene). These dyes, because of their superior

performance in the textile dyeing industry, are used extensively.

The oxidation of the dyes through the above-mentioned oxidative methods was
determined by the decrease of the initial dye concentration. Complete decolorization was
achieved in most cases in about 10-20 min. Regarding the mineralization of the dyes
(measured by the TOC reduction) it ranged from about 80-93% but, this was achieved in time
intervals ranging from 4 to 6 hours. The results show that the end effect of the different
Advanced Oxidation Processes on the aforementioned dye categories is similar making these

processes non-selective towards complete dye mineralization.

Photolysis of the dye solutions at a solution pH above 12, caused a drastic increase in
the decolorization of the dyes. On the contrary, a small addition@f (tV/H.O, process),
increased the rate of oxidation enormously at a wide solution pH ranging from 3 to 10 and

caused complete decolorization in less than 20 min and also substantial TOC reduction.
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Regarding the different kind of Fenton reactions, they are characterized by a strong
acceleration of the decolorization rates, but on the other hand, with the passing of time, their
ability to further degrade the dyes decelerates strongly, this becoming their main
disadvantage. However, irradiation of the solution strongly accelerates the rates of
mineralization. A TOC reduction of 25-30% during the Fenton-like and Fenton reactions is

more than doubled when the dye solutions are irradiated.

In the photocatalytic method, by examining the different parameters, it became evident
that the degradation of the dyes increases as the amountah€i€ases and the solution pH
strongly influences the oxidation rates because it affects dye adsorption onto the photocatalyst
surface (TiQ). A small addition of HO, increases the decolorization as well as the
mineralization rates of all the dyes studied. The presence of different ian8 064, HCOy,

SO, HPOy, and NQ generally decrease the decolorization and the mineralization rates to
various degrees and, this can be explained in terms of mechanisms which, in the presence of

these ions, reduce the effective concentration of the hydroxyl radicals.

Adding the reactant (#D;) in a series of dose increments, in all aforementioned
methods, increases the intermediate stages of the reactions without substantially increasing
the overall mineralization of each method. The combination of Fentepplgtocatalysis,

achieves a slightly higher TOC reduction when compared to each of these methods separately.
The innovation of this study is summurized as follows:

¢ A variety of functional groups (MCT, Monochlorotriazine; VS, Vinyl Sulfone;
FCI-P, Fluorchloro-pyrimidene and sometimes Homo-/or Hetero-bifunctional e.g.
VS/IVS or MCT/VS), in dyes of different classes as: Procion Hexl, Remazol and

Drimarene was used.

¢ The complete mineralization of several types of dyes (blue, red, yellow, and
orange) from several dye classes (Procion, Remazol and Drimarene), all
extensively used by local industries, as a function of reaction parameters (pH,
Reactant and dye initial concentration,) was examined and compared for many
Advanced Oxidation Processes.

+ The innovative methodical investigation of the stepwise addition of the reactant
(H20, and F&, in the dye solution.
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+ The study of the influence of the different salts in the dye solution in connection

with the degradation rates as well as
¢ The study of the combination between some of these technologies (AOP) as:
= Fenton/Fenton
»  H;O0/UVd/ UVA/TiIOZ/H,0, and

=  UVc /Fenton/ UM /TiO5/H,0..
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Kepdraro 1 Avaokonnen tov Hpofifqpartog g Poraveng ko

Teyvoloyieg Avtippomaveng

1.1 Ewoayoyn-mpopinpotiopog

H aAdyiotn gvepyetaxn dwoyeipion kot 1 exBapovven 1ov tepBAAAovTog e amdPANTEG
0V0ieg UMETELECOV ETL GEPAG ETMV, OLTIO TOV TEPICCOTEPMV TPOPANUATOV TOV OVOTOPEVKTO
mAéov avTipeTomilel | ovyypovn Kowmvio poc. O kabouptopudc Tov V3ATOG, TOV VIESCPOVS
KO TOV OTOYETEVTIKMY ADUATOV OTOTELEL GNUEPO TOAD GOP0pO TPOBANLLA TG KOWVMVING HOG

Kot e TNV Tpodo tov xpdvov Ba AapPavel Ao Kot TePIGeOTEPO Paphvovco onacio.

‘Etor 1 avaykn piog mo c@epovog dwyeiptong Tov Mdn vrapxovieov oarobepdtmv
kafiotatol TAEOV EMITOKTIKY, EVO GTNV UOVIEPVO TOPAYMYIKN O10d1KOGI0 GTOYEVOVY OTHV
000 TO JLVOTOV IKPOTEPT TOPAY®YN OMOBANTMOV KOl GUVET®MG OTNV  UIKPOTEP

nepBorioviikn exiapovon.

ISwitepa , n Prounyavia kKAwotobeavtovpylog £pyeton avTILETONN HE TNV TPOKANOoN
NG AmOTEAECUATIKNG dlayeiptong Tov amofintov g, Ta Poacikd otddio eneepyaciog Tov
Baupokog givar  vnuatomoinom, 1 Veaven Kot o eEgvyeviopdg. O TpdTeg dVo givor Enpég
Sradikooies. Xto 6TAd10 TOV EEEVYEVIGLOD TO VOGO OVAAOYO, e TNV TOOTNTO Ko TN YPNom
Tov aKoAovOel dtbipopa oTddio emeEepyaciog yio TNV TPOETOOGio TOV Yo fagn 1 TOTOA.
Ta vroieippato Baedv 0LV TOV EKADOVTOL TOGO OO EYYPOLLA VOACUATE OGO Kot OO TIG

PNYOvES THTMOONS VPAGUATOV KATOAYOLV GTA ATOBANTA.
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Ot mo ocvyvad ypnowonoovueveg Pagés eivar ot cuvbetikés Poapéc Ady® g
avOekTkdTThg Tovg. [1-9] 'Exet dwamotmbdei 6Tt etnoimg mopdyovtar yhddeg Tovot Bopdv,
nivakag 1-1, amd KAmoTob@avTovpyieg Kot LovAdeg EKTHTMOONG YOPTION. Avappioprtnta v
TAYKOO L0 TPOTIE GTNV ETNCLO TAPAYWYN KATEYOLV Ta Papfoakepd vEACHOTA, UE TAVD OTd

25 gxatoppopia tovoug [9].

Avtd anodewvoel to peydho Pabud mapoyoyng twv Boapdv reactive xar kot
EMEKTOOT KOl TNG LIEPPOAKTG KaTAVAA®ONG avTt®dv. Yroloyileton 6Tt amotedovv to 20-30%
Tov Baedv mov dwkwobvvior oty ayopd [10], kot g cvoyetilopevng mepParlhovtikig

poéAvveong mov dnpovpyeitor and to andPanta.

2003 2004 2005 04/05 =

Xnpukég iveg 31.8 33.8 34.1 +0.8

XovOeTiKé 29.5 31.3 31.5 +0.5

YeAoVALOING 2.3 2.5 2.6 +4.9

BopPoaxepég 20.7 26.3 25.1 -4.5

MdAlveg 1.2 1.2 1.2 +0.4
Meta&wtéc 0.1 0.1 0.1 0

%X Hvoro 53.8 61.5 60.5 -1.5

[Mivakog 1-1 IMaykoca topaymyh wodv KAoctobeavtovpyiag (ekatop. Tdvoug)

Onwg 1M avaeépdnke o onuovTikni opada fagdv ovcumv 6To Bageio oamoTeAoVV ot
Bopég reactive,mov &€ artiog g vrepoyng Tovg otn dadikacio Paeng, ypnoiporolodvral

vrepPorkd Ta TerevTaio xpdvia mapdro mov cav mepiPorloviicd emPrafelg evidocovran
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GTOVG TAEOV PLTTOVTIKOVG TOPAYOVTES HETOED TV amofAntav kKAwatobgavtovpyiag. Kopia
YOPOUKTNPIOTIKA TOV OTOTEAOVV 1 VYNAR g0KoAN vaTodoALTOTTO KaOMS Ko 11 VymAy
avOEKTIKOTNTO TOV EMOEWVVOOVV OTEVAVTL GE YNUKN 1| GOTOAVTIKY ovopyavomoinon, Aoym

NG TOAVTAOKOTNTOG OV TOPOVSLALEL 1| GUVOETIKA TPOEPYOLEVN YNIUKN T®V o).

1.1.1 Inyég pdmavong Tov Tepifdriovrog

"Eto1, mépav tov yeyovotog 0Tl pe ta amdPAnTa Prounyavidv, cofapr] TocdTTo TOV
Bopdv reactiveydvetar Aoyw tov peydlov PBabpod vdpdAvong TV o€ GAKOAMKO VIUTIKO
neplParlov, emmAéov av&hvouv tov gvdgxdpevo mepifaiiovticd kivovvo. [11-16], Kt avtd,
1611 Omwg ToAAEG and TG Pagés, £tol Kot ot Papég tov tHnov reactiveeivar cuvibwg pn
OmoIK0d0UNGIUES OE TUTKES 0epOPileg cuvONKeS TOL EMKPATOUV G€ GULUPBATIKA PloAoyikd
ovotpota enegepyoaoiog [17]. Mmopodv Opwg vo oamoyxpopaticfodv péom avaepofiog

enefepyooiog [18,19].

Avt n duvarotnta emegepyaciog TpokOnTEL and TV d1domacn Tov Aol deopov
oV a{MTOV KOl TIG TPOKOTTOVGES OTOOESEIYUEVO KOPKIVOYOVEG OPMUOTIKES OUIVES, amd TNV
avopyoavonoinomn g éveong [20-22] Adyo de g To&IKOTNTAC Kol TNG AoONTIKHG TapOvGiag
TOVG GTOVG AMOJEKTES, TOV KOTOANYOUV T amdOPANTO TOV TO TEPEXOVV, TPOKAAOVV Oyl HOVO
£vtova 0AAG Kot LoKpoypovia TpoPAnpaTa, dedopéving g U PloamokodounottdTnTos TOVG
KoL TG GLGCMPEVONG TOVG ota nata wov dnovpyovvtat. Epegvveg édei&av eniong, 6Tt 10
12 %-15%mepinov tov cuvleTIKGOV Ba@®dv —0ot 0mToieg €ivat Kol Ol 1o d10dESOUEVES AOY® TNG
avOEKTIKOTNTAG TOVG- amoppinTeTal ota VYPE amdPAnta kol to 20 % avTdV €16EpYETOL GTO

nepipdiiov [23,24].
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IMap’ 6lo avtd, N TOEIKOTNTA OVTOV TOV OTOPANTOV pmopel va pelwdel oodntd pe
mv xpnon aepofrog emeepyociog, 1 onoio LETATPEMEL TIS UPOUATIKEG apives oe Aydtepo

BArapepd mpoidvta[17,22,25].

Ievikd, o péypt TpdoEOTo. AT0dEKT TPUKTIKT GTOV TOUEN TG KAMGTODPAVTOLpYing
Ntav 1 omoudkpuven TV amoPAjtov kotevbelav oto YOp® OmO TIC EYKATAUOTAGELS
TEPPALLOVTIO YDPO 1 GE VITOVOUOVG TOV KOLWVOTIKOD OOYETEVTIKOD GUOTNUOTOG. ZUEPT,
OUMG, TOAAES POPES 01 KAWGTODQOAVTOVPYIKES Lovadeg avaykalovtol va drabétovv Egxympiot
HOVASQ OTOUAKPUVONG TV OTOPANTOV TOVG, TPOKEWEVOL va. ovteneEédbouv Twv G0 Ko

TEPLOGOTEPO ALOTNPDV VOLW®V TOL KatatiBevtan Katd Kopohs amd tv molteio.

Idwitepa To vypd Prounyovikd omdPAnta Popeiov eivor moAH SdVokoro va
enelepyncovv pe emtuyio en€ldn o) eival amoTéAeo L TG XPNOTC KoL adOppIyng vepo o1
Bropunyavia mov oy Topayoywkn Swdikacio £yl epmlovtiotel pe dbpopa avembounta,
Kupimg U ProOTOIKOSOUNGILE OPYAVIKG GUOTATIKG GE LEYAAEG ) KPES GLYKEVTPOOELS. ETol
ouvfwg o Adyogc COD/BOD xupaivetar and 3 émg 6 kabiotdviog v enelepyacio povo
Tave oe evepyd avOpaka avamoteleopatikn B) éxovv g Pacikd YopUKTNPIGTIKO TOVG TIG
peydreg dpopéc oTNV TOWTIKY oOVOEST TOVS, oL Tpoépyovtar €ite amd SoPOPETIKOVS
Bropnyovikovg kKAAS0VG, OTATE T VIOAEILUATO YPOUATOV SOPEPOVY MG TPOG TNV SO TOVG
aotntd, eite omd SPopeTikég povadeg tov idov KAGdov. H avopoloyéveln de tov
amofAnTmv og oxéon pe to vynAd pH, dvokoAevel Ty KivnTikh ¢ o&eldmong tov Papdv.
AMOOTE, O YVOOTOV, 0 YOPAKTNPOS TOV amoPATOV eEapTATOL TOGO OO TNV TOPUYOYIKT|
Swdikacio mov epappoleral 6co kot and ta pETpo Tov £xovv Anedel Yo tov neploptopd tov
amoPAATOV, TNV aVOKVKA®GT TOLG 1 TNV avaKTnon mapompoioviev[18,19, 26] kot y) ta
amoPAnTa and to otddlo g PaPng o€ Papeio TEPEXOVV EKTOG and VITOAEIUULATA YPOUATMV

Reactive, Direct,6ciov Naphtol k.A.w. kot didpopovg NAEKTPoADTEG, TOL TPOOTIBEEVOL
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TPOKEUEVOD VO BEATIOGOVV TNV GTOOEPOTNTA TOV YPDHOTOG TEPUTAEKOVV OKOUN TEPIOGOTEPO

v dwdkooio e KinTikng o&eldwong.

H éie€ayoyn ®ot1660, S1001KOCIOV KOVOV VO, LELOGOVY TO 0pYaVIKO QOpTio T®V
amofANTmV eivol apkeTd omoutnTikn kot mepthapBaver mAéov Tlpoywpnuéveg Mebddovg
O&eidwong, (avtikeipevo aAmote g Topovoog datpiprc), mov Poaocilovior otnv ofeidwon
npoPinuatikdv  omoPAntov  (0nwg  ylopiouévor  vdpoyovavOpakeg,  EVIOUOKTOVA,
Qlavioktdva, apopotikoi vdpoyovavOpakes, oplopéveg Papég ovoieg, k.A.m.) [27-29], kot
TOAMES Qopég o€ moKiAovg cuvdvacpovg pedddwv, mpokeévoy va Pektiodel o Baduog
amodoong. Evav 1€1010 vmooydpevo ouvovacpd pefddmv e KOvOTomTIKA OmoTEAEGLATOL

amoTeAo0V 1) PloAoyikn pe Tnv ynuikn eneéepyocio [30-34].

1.2 Xxkomog g Merétng

2to mhoicwo g mapovoag HEAETNG, Yo TNV enefepyacion TV EUTOPIK®V Papmv
Procion Hexl, Remazolkat Drimarene,tng kotnyopiog azo, kol GLYKEKPUEVO TOL THTOV
reactive, ypnowonomnkoy omd T TPoympNUEVE 0EEBMTIKEC HEBOBOVE aVTIPPOTOVOTG
(IT.O.M.A) o1 mapakaT® TeXVIKES: N amA @TOAVGT, pe xpfion povo tng UVe-axtivoPoliag,
¢ eniong ka1 g eoToyNKng o&eidmong, pe HoOz ko UVc-axtivoBolia, 1 avtidpoon
Fenton® Fenton-like (HO»+Fe# Fe™ avtiotoiymc) ko photo-Fenton (UY /Fenton)énec
kot photo-Fenton-like (UY /Fenton-like)kabag eniong n potokatdivon (UVA/TIO), (UVa
ITIO2/H;05). Q¢ yvwotdv 10 1eMKd 0moTéAecpa TO60 TV BUCIKOV TPIOV avtdv pedddmv
000 Kol TV TUPUALAY®V ToV, glvar ) dnuovpyia Tov eAevbepov pridv vépo&uiiov OH:, ot
omoiec &yovv éva mOAD oyvpd dvvapukd ofeldmong. Ov mpoovagepbeiceg Papég sivan
OVTITPOCOTEVTIKEG KOl ETAEYN OOV aPEVOS eV STt givat aloPapég Tov 1060 ot 1d1eg 660 Kot

opopéva  mapdywyd Tovg eivor  evooelg daitepa  Tofkég,  apetépov O dOTL

Institutional Repository - Library & Information Centre - University of Thessaly
12/12/2025 12:09:24 EET - 18.97.14.89



xpnoonoovvtal gupvtato oe Pageio g Ileppépelag g Ogooariog oA Kol TOL
vrorowov EAladucol ydpov. T koddtepn katavonorn tov pnyovicpod g avtidpaong g
KkéOe pebddov, diebnydnoav mepduata 6° Evav avtdpactipo SOAEITOVTOS £pyov Kal, €
oplopéveg TePTMOELG, He v Pondeta g UV-axtivoBoliag. Inpeio mov amacydAncov

Waitepa ovTAV TNV gpyacio HTav:

Noa gpguvn0el mpdTOV, N TANPNG ATOdOUNON TOV TPOOVAPEPOEVTOV Papd®V LE TIG TLO
whve pedddovg, eved EMBOKETOL KO KOTOypAPovTol SlodoyKd, ot 0G0 TO duvoTOV
€UVOTKOTEPES CLVONKEG OLEKTEPAIMONG AVTAOV TOV TEWPAUAT®V. X' aLTH TNV TPoondadsia
Bektiotonoinong, ot o&ewwtikég pébodor deEdyoviar og gpyaotnplokd ydpo, n kabe pio
Eeympiotd, mpokewévov vo dwmotodel o Pobudc amoterecpatikotnTdg tov. H
OTOTEAEGUATIKOTNTO, TNG avTidpaomg a&loloyeital and TV dmoyn TOGO TOV UTOYPOUATICUOD
600 kot g avopyavomoinong. O ocvvdvacpog g UV aktwvoPoriog pe Tig Pacikég
o&edwtkég pefddovg, kabiotatar amapaitnTog AOY® NG OMOTEAEGUOTIKOTNTOS EVOG TETOLOV
ovvdvocpov [167,187,191]. Erniong 6mwg avoapépbnke o1, 1000 10 KATAAANAO prKog
Kopatog g axtvoPforiog, yio ke péBodo Eexwplotd 6GO KOl Ol VAOAOITOL GNUAVTIKOL

TAPAUETPOL TV HEBOSWV, OTWG
¢ 1 1y Tov pH Ttov Tpog emeEepyacio SLHAVUATOG

¢ 1 0pYIK CLYKEVIPMOON NG PaeNg MG Kol TOV avTidpactnpiov, aviloyo pe v

pébodo
4 1] GLYKEVTPWOOT] TOV KATOADT
amacyOANcav e onuavtiko fadud v epyacio avtm.

Agldtepov, T0 YeEYOVOG OTL O8 Kapio €K TV Hepovopévoy nedddwv dev mapatnpidnke

PG avopyovomoinon tov Paedv oAld ®otdco mopatnpnOnkov drapopés amddoong
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peta&d TV, amoTEAECE KIVITPO GTNV EMAOYN TNG TPOomafelng cLUVSLACHOD CVTMOV TOV
Hebddwv petald TOVE, EVEAMICTMVTOG OE W0l EMTALOV avENoN TNG OAIKNG OOS00NG TNG

peiwong tov TOC pe evvokdTEPOLG HPOLG.

Tpitov, pépa g epyaciog amotéAese 1 6TAOI0KT TPOGHNKN TOL AVTISPUCTNPIOVL
H,0,, avd taxtd ypovikd doctipata, Aappavovtag vadyn kabe eopd tov punyovicpd mov

SIEMEL TNV VTS POLOT| TTOL ALPOPA TO GVYKEKPIUEVO TEIPOLLAL.

Tétaptov, 1 mopovsio NAEKTPOALTAOV 6T0 Propunyavikd andfinta Papdv ovoumv, €&
attiog TG TPOoONKNG oVTOV KoTd TV d10d1Kacio. Pa@ng TPOKEWEVOL Vo avERGOVY TNV
6TafEPOTNTA TOV YPAOUATOG GTIG TVEG VOOCUATOV, TOV MG YVMOOTOV OTOTEAOVV OVAGTUATIKO
TopAyovTo Yo TIG TEPLOCOTEPES AMO TIG TPOXWPNHEVES 0EEBMTIKES HeBddoVG, 6TAONKE N
aQOpUN VO HEAETHGOVUE TNV GULUTEPIPOPE MG GEPOS WOVTIOV omd  GANTO  TTOL

XPNOOTOOVVTAL EVPEWS TNV Propunyavia TG KA®GTOHOAVTOLPYIG.

[Téumtov, n peiwon tov olkod opyovikod goptiov (TOC) kad’ 6An tnv didpkeia Trng
avtidpaong, 6° éva e0pog mov kupaiveral and TOC/TOCO =1wg TOC/TOCo =0gnotéiece
onueio ovagopdc yw TV amo6door Mg 0EEW®TIKNG HeBOd0V OV EPAPUOCTNKE UE TIG

npoavopepbeioe Papéc.

Téhog, eivor yvootd O0TL o1 povadeg Proloyikng emefepyaciog ov KOl OmTOTEAOVV
OWKOVOLIKG EPIKTEG Ko PIAIKEG TTPOG TO TEPIBAAAOV AVGELG, TOAAES POPES KATOLEG O’ OVTES
OTOLTOVV TNV GUUTANPOUOTIKY VTOGTNPEN KATOIWV OMOTEAECUATIKOTEPOV TEYVIKMV, OTMG
glvar o1 mpoympnuéves ofewdwtikég pébodot. Znv mopovoa SwrpPn, efetdobnke 1
Bloavopyavomoinon tov Poedv, TOL OTOCGKOTOVGE GMPEVOG GTOV EAEYXO TOL AOYOL
COD/BOD, omote éupeco ovumepoivel koveic tnv  ovpPorn kdabe pebddov otnv

avopyovonoinon tov Boedv, aeetépov o idlog Adyogc COD/BOD, 6o mpocdiopile tnv
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ocopPatdtnra g kabe pebddov pe pion mepartépo Proroyikn emefepyocia. ‘Etol pua
0AOKANPOUEVT EIKOVOL OVOPOPIKEL LLE TOV OTOYPOUATIGUO, TV OVOPYaVOToinon Kot TEA0G TV
Broamowodopnopdnto mov pmopel va empépel kabe péBodoc, Ba dievkdAlvve oty ANyn
OOPACEDY CYETIKA e TNV EMAOYN TNG TAEOV KATAAANANG LeBddov Yo mpoeneiepyasia, o
éva gvdgyopevo ocuvdvaoud pebodwv, Aappavouévav  vaoyn TovV  KATOAANAOTEPOV
MEWPANOTIKOV  cuvOnkdv o kabe mepintwon. Onwodnmote o Pabudg  dvokoAiog
Bloavopyavomoinong Tv d10popETIKOV amoPANT@V, KOl TO E100C TOV OPYOVIKOV GUGTATIKMV
6’ avtd, Oo cuVEBUALE OLCLOCTIKG OTNV OTOPACT CYXETIKG PE TNV CEWPA EQUPULOYNG TOV
nebddwv. Aoyétmg mhvtog oepds enefepyaciog amofAntov, eivar @avepd OTL TO TEAMKO

amoTéAES LA B0 TPEMEL VO VITOKOVEL GTIG AALTOVUEVES TPOSAYPUPEG TTOL BETEL 1) TOALTEIDL.

1.2.1 Koawotopia tng Ilapovcag Epevvag

H ovpfoin avtig g €pevvag otov Topéa dtoyeipiong amofintov Papsiov pe ™
XPNON OVTIIPPLTAVTIKAV TEYVOAOYIDOV TPpoympnuévng o&eidwong, énwg dapaivetar péca amd
TV Tapovco SaTpiPn, £YKEITOL 6TV EPAPLOYN TPLOV €K TV PBactkotepwv AOPS pedddwv,
oAAG ko Tapoddaydv avtdv dnh. UV-CIH.0,, FEM Fe'l Hy0,, UV-C/ FE'M Fe™l H0,,
TiO/UV-A 71 TiOx/UV-A/H ;0;, mov gpapudodnkav oe Bagpéc tomov Procion Hexl, Remazol
ko Drimarene,0Aec tng kotnyopiag reactive,tomov aloypopdtov. Z0YKEKPIUEVO 1| LEAETN

EMIKEVTIPAOVETAL 6TO, aKOAOVOO, T 0Toio, pLEAETHONKOAV TOVTOYPOVA OTN TAPOVGO. SLATPLPN:

a) otV €MAOYN TOV GLYKEKPWEVOV Ba@dv, TOL YPNGULOTOOVVIOL EVPEMG OTO
Bapeia g mepoyng g Oeocariog, om’ Odmov kot mwpopnBedtnKav, KOl Ol Omoies
Topovclalovy  evOloPEPOVOE doun, TPOTOVTOS MG TPOG TIG AETOVPYIKEG OUASEG 7OV

mEPLEYOLY, Kol Tov eivaw otnv i kornyopia Gihote monofunctional fy. MCT,
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Monochlorotriazine, VS, Vinyl Sulfone, FCI-P, Fluorchloro-pyrimideney), ¢Alote Homo-

1 Hetero-bifunctional#y. VS/VS,/ MCT/VS),

B) Ztnv towtdypovn HEAETN TOAADV Katryopudv Paepdv, .. Procion, Remazokou
Drimarenexafag kot apketdv Papdv and kabe katnyopic, 00twg dhote va pueketnfodv Tuydv
YEVIKEG TOOEIG-CUUTEPLPOPEG OVTOV TOV PoQdV ®C TPog TV €EAPTNON TOV TAYLTHTOV
OTOYPMUATIGUOV KOl 0VOPYOVOTOINGNG OO TG TAPOUUETPOVS TOV GLGTHLATOG OTMS To0 PH, N
apYIKN GLYKEVIP®OT NG PAPNg Kol TOV ovTdpacTnpimv, Tov KataAdt) Kot T eOon g

APNOLOTOOVUEVNG aKTIVOBOALOG,

v) X1 GUYKPLTIKY HEAETN TOV TAPATAVED TOVTOXPOVE KOl Y10, TIC TEVTE HeBOd0VE oV

peieTOnKay,

d) v Tpotdtumn drodikacio g TEYVIKNAG TpocHnikng tov avtidpacnpiov, HO2 kot
Fe+2, oto mpog e&€taon ddivpa, 6mwg fTtav 1 otadlokyn mpoctnkn avtod (Stepwise),ce
ONUOVTIKO aplOud TEPOUATOV TOV £Y1Vay,

€) Xtn pelétn g emppong S1iPopmV oAITOV TOGO GT TAYVTNTO ATOYPOUATICHOD

000 KOl TN TOXOTNTO 0VOPYOVOTOINGTG KL,

o1) X1 uerétn ovvdvacpd opopévav texvoroyidv IIOMA 6nmg yio mapddetypo,
Fenton/photo-Fenton, 4@,-UVd/TiO»H20,-UV,a a1 photo-Fenton/ Ti@H02-UVa.
Yvvoyifovtag, n mpwtofoviic pag ywo v €€étacm €vOg GLUVOLAGUOV TOV TAPATAVED
TAPAUETPOV, OTWG SPOPETIKOTNTA SOUNG Kol ypdpatog PBopav péow tov I1.O.M.A, ot
oyéon pe Vv Wuitepdtnta Tpochnkng tov o&edntikod pécov (HxOy) kot tehikd n cbykpion
TOV SPOPETIKAOV OVTOV HEBOdOV UETOED TOV (OG TPOG TNV OTOS0CT] ATOYPMUTIGUOD KOl
avopyavoroinong Tev Papdv omoTélese TNV TPOTOTLTIN 6TV Topovod dtatpiPr pov. Avtd

dAlwote emPePordverar omd dMUOCIEVGELS TOV ETAKOAOVONGAV 1| KOl OV BpicKovTol TPOG
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70 TTopdv o€ €EEMEN KaOMDG KOl OO TPOPOPIKEG OVOKOVADOELG TTOL EYVAV LE EMITUYIN GE

Sebvn ouvédpa.

1.3 Bagég ko [lgpiparrovrucy Enintmon Avtav

1.3.1 Meprparrovtikiy Emidpaocn tov Anépintov Bageiov

H owovoukr avantuén xor m texvoAoyikn mpododog eiye ocav omotélecua TNV
AVENUEVT TTOPUYDYT] GUVOETIKOV YNHIKDY OVGIDV, Ol 0TOlEC dEV VITAPYOVY GTO PLGIOAOYIKO
mepariov. Meto&d TOADY GAA®V OVGIOV KEVIPIKO POAO HE MEYOAN OLKOVOMIKN KOl
VYEIOVOUIKT ONUAGTI0 KOTOAOUBAVOUY Ol OPYOVIKES YNUIKEG OVOIEC OV YPTOYOTOLOHVTOL

0TI Bropnyavieg kot KoTtaAyovv ota vypd amofAnta avtov [5,6].

AvotuydG 0TéES 01 Papéc amoTeEAOVY TOVG O TPOPANUATIKOVS PUTOVG GTO. UTOPANTO
Brounyoviov Baeng vpacudtmv. Avtod coppaivel exeldn katd Ty dudikocio Paenc pe Papés
Tov gidovg reactive,nepiocdtepo and 15% twv Pagdv ydvetar oto andPAnto. g povadog

[24].

Eyxpopa andépfinta and KAOGTOHQAVTOUPYIKES BLOUNYOVIES ATOTILOVVTOL GOV TO O
emPapuviikd am’ 6Aovg Tovg Topeic ¢ Prounyavias. Ymoroyileror 61t moved and 10.000
SLoPOPETIKEG POPEG OVGIEG XPTOULOTOLOVVTOL EVPEMG EVA 1| GUVOAIKT TAYKOGULO TOPUY@YT|

opyovikav Bapdv sivar tepiocdtepo amd 100.000t6voug etnoimg [5,6].

Tepdotior 6ykotl Baedv amd TOV TOEN TG KAWGTOVQPAVTOVPYING KATAAYOUV KoTd NAles ota
andPfAnTa Adym ™G pE®UEVNC TPOoPOPNoNG AVTOV 0td T1G tveg TV VPacudTov [5].
YovOetikée Poeég, €0IKA TO covAQomapdymyo kol To oyetilopevo | ovtd

Bloamowkodopnotpo Tpoidvta, Tmv, TEPEXOVLV GOUIKEG HOVAdES mov &ivol gite dyvmoteg 1

AmOVTIOVVTOL TTOAD GTLAVIO 6T PUOT. ¢ €K TOVTOV deV £X0VV OTAMDG Mo apyNTIKY 0eONTIKT

10
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EMOPaoT, OALG OTOSEIKVOOVTOL KOl TOAD OvOEKTIKA OmEVAVTL G€ HIKPOPBIOAOYIKY TPOGBoAn
pe amotéAecpo vo amofaivouv cofapol HOAVGUATIKOT TAPAYOVTES TOV LRESAPOVS KOl TOL

vdpoPoHPOL opilovta [6,24].

1.3.2 Bagég, ko n Xpijon tovg

Ot Poagéc cov ynuikd popa, ®g YvooTtodv, OToppoeovY 610 opatd medio TNg
niektpopoyvntikig axtvoPoriog (400 péypt 700 Nnm). X' avtd GAlmote o@eiletan Kol O
APOUATIGHOG TToL Tapovctalovv. H epapuoyn twv de o€ S1dpopa Guvapn VITOGTPOUATO
(VA and deacpa, dépua, yopti kAT) devepyeitor péow vVd0TIKOD PEGOV 6TO Omoio Sio-

Aovtar TApwe 1 kKot gv pépel[35,36].

Yfuepa Ppiockovtor drobécipeg oV ayopd ToAAG 10N Pagdv. Avtd Ta&vopolvvtal
og 20 pe 30 dpopetikég opddeg Papdv, Baon dvo kprrnpiov (kat Ta 300 YPNCYOTOIOVVTOL
and 1o Colour Index [37]to omoio @uho&evel oe Aoteg Oleg Tig Pagéc ko pigmentsSyia
EUTOPIKN XPNON EVPELONG YKAUAS EPOPHOYDV TOV : TNG YNIKNAS TOV SOUNAG 1 TV YPOHOPOPOV
opadwv tovg (og oygon pe v uéBodo eQUPUOYNG TV TAV® 6€ GLYKEKPIUEVH VPdopata). Ot
MO ONUOVTIKEG 7OV OTOVTIOUVIOL Kol 7o ovyva eivol ov Boeég : Anthraquinone,
phthalocyanine, triarylmethaneun azo .Xoppova pe 1o debtepo KPITHPLO, YOPAKTNPLOTIKO
TOV POPOV OVTOV TOL OTOJEKVOETAL TOAD OmOTEAESUOTIKO, €ivor 0Tl Swbétovy pio 1
TEPLOGOTEPES OUASEG WKAVES TTPOG dnpovpyia, Kotd Kovova, OHOoToAKoD decpov peta&d
&voc atOpoL GvOpakog 1 peoPOPov omtd TV Par| Kot evog atdpov o&uydvov, almtov i Ogiov
amd évo VOPOEVALO, €va apvoED N pio opdda BelAKOOANG ad TO VIOGTPOU, CVTIGTOLYA.
Této10v €(60VG OLOIOTOMK®V dEGUDV GyNHOTICoVTOL e TIC VOPOEVAOUASES TOV TEPIEYOVTOL
6T1g veg VEAcUATOg GEAMOVAOLNG, UE TIC OUAdEG apvoEEmv, VEPOELAIOD, OEAKOOADY OV

TEPLEYOVTOL GE TPMTEIVIKNG PVOEMG VOACUOTO Kol e OUAdES AUIVOEEMV GE VOACUOT OO

11
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molvopido. Xvvnbog kdvovtag avaeopd otov 6po reactivepapdv, vrovoeital 1 KavoTnTo,
€QPapUHOYNG TV o€ iveg Kuttapivng, kabdg ot Papég reactive Bpiokovv katd kdpo Adyo

gpappoyn og PapPakepd vodcuata Kot peyov (beacua amd texvnTd PeTdll)

Ot Bagég g Katnyopiog azo, YopaKTNPIoTIKES Yo, TOV SmAd decud Tov TEPIEXOLV
peto&d dvo atdpwy Tov aldtov (-N=N-), anotelodv TtV peyaAddtepn katnyopio Papdv mov
ypnowonoteitoar oty KAwotobeavtovpyia [37]. Ovtag g kotnyopiag azo, ot Pogig
dwapopomorovvton Tepattépm o€ acid, reactive, disperse, vat, metal complex, murdéirect,
basic xar sulfur dyes.Meta&d avtdv o1 wo cvXVA ¥PNOWOTOODUEVES gival EKEIVEG NG

KoTnyopiag reactive.

O1 gumopikéc Pagég e to dvopa reactiveypnotporomdnkay yio TpdTn @opd edd Ko
35 ypovio, [35-37].TIpwv v ypriomn avtdv Tev Baedv, To. Bapupokepd vedouoto Bagpoviay e
Bagég Tov tomov direct, vat, sulphukot azo.Tw wepinov 40 ypdvia, wpv v ypNon TV
Baedv tomov reactive ot avotépm Papig anotelovoay t povn QKT ADOT TPOKEWEVOL Va.

TETUYAIVOLY LYNAN oTafepdTNTO TNG YPDOONS TOV VOACUATOV KOTE TNV TAVON.

1.3.3 Tuvmka Xepoxkmprotikd Tov Bagdv Torov Reactive

To TVTIKE YaPAKTNPETIKA TG dounG TV Bapdv Timov reactiveansikovifovral oty

ewova 1.1 [36]

Avo givarl o KOpLoL TOAD SlaKkpitd pEPN TOV BoeOV aVT®OV : TO XPOUOYOVO Kol M
Agrtovpykn opdda. To mpdTO TEPLEXEL IO YPOUOPOPO OpAda (YPOUKS 1) KUKAKO GOGTHHA.
7oL mePKAEiEL dumAovg decpovc), avTd GA®OoTE TOPEYEL TO XPDOUO otV Paen, Kot pio 1 Kot
TEPLOGOTEPES OUAdES LIEHOVVES Yoo TNV SOAVTOTNTA TG KOTA Kovove covApoonddss. H
TAEOV  YPNOLUOTOIOVUEVT] YPWHOPOpa ouddo eivor eketvn tov TOMOL azo, M omoia

vroAoyileton v amavtdtol nepinov 80% octo cvvoro TV Bodv (Tpdypott, Katd TNV
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TPEYOLGO TEPI0G0 1 GLVIPITTIKT TAELOYNOIO TOV GVVOETIKOV PBopdV OV ¥PTGYOTOI0VVTUL
omv Popnyovia givar mapdywyo tov Paedv azo ),eved akolovBovv ot avBpakuvvoveg, ot

pBarokvLAVIvEG KO EKEIVES e £Va LETAAAIKO VTOKATAGTATY GUUTAOKOTOM|TY GTNV SOUT TMOV.

AO : MAeKTPOPIAMKT AEITOVPYIKT OUAOOL
E :Téeupa emkovaviag 1 EXKOVOVIOKOG GOVOEGHOG
N 7pog amopdkpuveT TupnvOeIAT opdda
X Xpopoydvo
Y :YdarodwAvtr opdda
Yynuo 1-1 Xapoaktnpiotikd tng dopng Bageng tov gidovg reactive.

O1 Aertovpyikég OpadEG, TOV CLUVIEOVTAL GTO YPOUOYOVO HEGO EVOG GUVOEGHOV (TTOV
umopel vo. givar éva pdpo opwvo&éog 1N éva yudiov, kabictator vmevbvuvo yuoo TNV
aAAnlemidpoaon pe Tig iveg [36]. AvTd TO TUAWO TOV HOPIOL GUVEICPEPEL GTNV YNMIKY
oounepipopd g Paerc. Koatdiiniec Popés ywr Paen veocpdtov amd xvtropivy,
amedeiyOnoav ot povo N dylopotplalives Kot PvoloGoOLVAQOOUAdES, HETOED KOl TMV
npocputTev Baedv reactivenov fpbav oty emedvela, ue ebopotplalivn cav Aetrtovpyikn
opdda oto popro tovg (Ewc. 1.1a). Bagég tov gldovg reactiveumopei va mepiéyovv povo pio
Aertovpywkny opdda (monoreactive dyes) dvo 1M mepiocodtepeg and avtég (bi- or multi-
reactive dyes).Avdloya pe to av mpokewwar yio Tig 1€ AETOvPYIKEG Oopddeg 1M Yo

drapopetikés, draywpilovrar avtictoya pe Tov dpo , dpoto- 1 £tepo- (homo- or hetero-).
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Cl Cl

N N
{N% {N%

HN-R Cl

monochlorotriazine dichlorotriazine

Dye —S0,— CH,— CH,— SO,H Dye—HN

.
A=

vinylsulphone monofluorotriazine

Ewodva 1-10) Mepikég onpavTikég AETovpytkég opades yla iveg and kuttapivn.[35-37]

Ou vinylsulfone givar and 1ic pétpleg Bogéc tov gidovg reactive, aAld moAD
OMOTEAEOUATIKEG G TPOg TNV otabepotnta Paghg mave ot iveg TOL VEACUATOS GE
aAkaAkéC cLvOnKeg dodldpatoc. XapokTnploTikd tapdderypo orotehodv ot Bapéc Remazol

nmov mepéyovv 2-Sulphatoethyl sulphonamidag. 1.10).

F/ A\

N — ¥ N en.cH.CH.OS
NaO%GHzGHz%OGN‘ OH  NHy K?N (/50zCHCH;050:Na
WS =
", . ;

o | T
/L/ =2,

S0, H 0 050 Ma S0,CH,CH 050 Ma

Sulphato ethyl sulphone(C| R eactive Bladk 5)

Ewoéva 1-18) Remazol Black B (Cl Reactive Black 5), RemazollBrit Blue R (ClI

Reactive Blue 19),Remazol Brilliant Violet 5R
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Axoun Myotepo reactive and tig vinylsulphone 6swpovvtor ot povoxAwpotpiadiveg
Bapéc, apov amaitodv To dPUCTIKES EvEPYELONKES GUVONKES, 08 AAKOAMKO TavTa TePIPiilov
Stodvpotog Ko evdeivotart yia tveg kuttapivng. Mo Tumikn povoxhwpotpiadivn agn eaiveton

OTNV TOPUKAT® EOVA (Eik. 1.1 y)):

Gl
f;\ll,sogsla j\% W f\J
| S e
M L
JT\c'-?“mff

Mas0; 50
Ewdva 1-1y) Monochloro-s-triazine dye (Procion Red H-3B, Réactive Red 3)

Mia tomikn bi-functional Bagen tov &idovg reactivedwabétel neplocdtepeg omd pia
AEITOVPYIKES OHASEG TOV 1010V ) S10POPETIKOD TOHTTOV GTO HOPLO TNG. AVTEG €ivor €161 KOTA-
GKEVOOUEVEG Y100 VO LITOPOVV VoL avTIOpovV LE TIG Tveg pe TEPLEGOTEPOVS amd €va TPOTOVG.
Avtd molomhactalel pdAiov v duvatdtnta otabepomoinong g Paeng otig iveg am’ 6T
ekeivn TG anmopdkpuveng g Hécwm g vopdlveng g Poeng. Avtog eivor Kot o AdYog
emdiméng ™G mopayoyng Tov and Tig mapackevdotpleg Prounyavies. ‘Etol to eviapépov
oTpaenke og Poagég Tomov reactivemov mePLEYOVV 6TO HOPLO TOVG MEPLGGOTEPO OO pia

AEITOVPYIKT OpLEOCL.

A&iler vo onuelwdel 6TL | evooUATOoT 000 Kol TEPICGOTEPMV AELTOVPYIKMOV OUAd®V
o010 poplo g Poeng (8- mord-dpactikéc Papic) mapéxel eni mAfov duvartdTnTEC YA
avtidpoon He TIC tveg Kol HOMOTO 1oYVPOTOTOV SECUMY, Kol £T0L EAATTOVETAL 1| POTOVOT|
Katd v ekpon amoPAntov[37]. H swova 1.2 deiyvel éva mopaderypo Tov TAEOVEKTNUATOV

and o Baen durhng dpactikoTnTog pe 600 dlapopeTikég Asttovpyikég opddeg (Cibacron FN,
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CIBA,Ciba Specialty Chemicals)e cOykpion pe o amiig dpaoctikotnrog Boen [38] (Ew.

1.2).
Monoreactivelye Bireactive dye
DyeR Ri-Dye-R.
Hydrolysis fixation
30% 70%
Hydrolysis fixation
30% 70% OH-Dye-R Cel-O-R-Dye-R,
Hydrolysis fixation

30% /‘\‘700/(
Dye-OH Dye-R-O-Cell

OH-Dye-OH OH-Dye-R-O-Cel
Ewova 1-2 Avénuévn déopevon g Papns €€ artiog 300 AEITOVPYIKOV OpAd®V

Tuykekpipévo ot [39] epedvnoav tétoteg bi- functionalBagéc, tov Pacikd kopud g

dopng tov Paedv avtdv arotehovoe to 1-amine-8-hydroxynephthalene-3,6-disulfonic acid,

evd avaloyo pe TNV Pogn OV TPOEKLNTE TIG AEITOVPYIKEG OUGdES amoTtelovoav gite i
povoyrlopotplalivn eite povoyropotpalivn kou vinylsulfoneoce ek dwapétpov avtibetn Oéon
070 YPOUOPOPO LOPLO, TO 0010 GTN CLVEYELD. EVAOVETOL g Eva poplo dr-apvo&éog (diamine)

guplokopevo peta&d dvo triazinedaxtodiov(Ew. 1.3):

Cl Cl

a\FN

OH NH-( ,}HN HO

J\/L Dw LNy, A
SO0

RSS!
NaO,S 'SO,Na Na0,5”~ > > “50.Na

Ewodva 1-3:H yeviky dopn tov Bapdv ovcidv tomov reactive
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Omnov:

A-the active component;

D\~ diamines;

Dw-1

Dw-2

Dw-3

Du-4

Dw-5

Dw-6

A-1 orthanilic acid
A-2 anthranilic acid
A-3 4-B-ethylsulfate)sulfonylaniline

phenylene-1,2-diamine
phenylene-1,3-diamine
phenylene-1,4-diamine
diaminestilbene-2;isulphonic acid
4,4 -diaminebenzoanilide

ethylene-1,2-diamine

Avtd 1o mopdywya tov l-amine-8-hydroxynaphthalene-3,6-disulphonic agiebu

KOKKWVEG Papéc e TOAD Kol d1oAvTOTNTA, 1) 0010, OQEIAETAL OTIC GOVAPOVIKES OUASES KoL

GTNV CLUUETPIKOTNTA TNG SLUTAENS TOV GTO HOPLO.

T'evikdtepa oy mpoavapepbeica Epgvva amnedeiydn n woyvpn enidpacn 1660 TOV

AEITOVPYIKOV OUAd®Y 0G0 Kol TOV €i60VC TOV Jl-OUVOEEDY GTN HOVIHOTNTA TOV XPAOUATOG

€M1 TOV VPAGHOTOG KOODES Kl GTI] GUUTEPLPOPE TOV YPOUATIOTOV VOOCUATOV KATO TNV

TAOO.

AX\ot gpgvvntég [40] aoyornOnkay Katd Ty HEAETN TOVG HE PTOPIKES PBapés TOTOV

reactive,kon pdiota bifunctional, dnmg ou Pagéc, bis-aminochlorotriazine bifunctional (ClI
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Reactive Red 141gaw vinylsulfone fluorotriazine heterobifunctional (Reactive Red 238).
Xpnowonoinoav ¢ Katd v SeEaywyn TV TEPUUATOV TOVS TIG OTOTEAECLATIKEG TEXVIKES
¢ Fentonavrtidpaong oto okotadt aAAd kot vo teyvikn (UV-aktvoPfolrio) kot nitokn
axtwvoBolia (photo-Fenton)eyvikég mov aviikovv otig Tpoympnéveg 0EedmTikég nebddoug.
O1 Teyxvikés owTéG TOL YpnolomomOnKay omédelay o WYLP  OTOTEAECUOTIKOTITO
anévavtl otnv eneepyacio Ttétoov gidovg Poedv Tov TOMOL reactive gvd omd TNV
GUYKEKPIUEVT] UEAETN TTPOKVATOVV EMIOTG U0 GEPE 0md TAEOVEKTIUATO OVOPOPIKE HE TNV
EQAPUOYN NG TEYVIKNG TV HeBddv avtdv. Tlpotetveron 6 1 duvatdtnTa. GuVSVAGHOD

AMHIKNAG 0&edmTikng pebddov — Proroykng enelepyaciog.

1.3.4 Bagovtag pe Bagéc Tomov Reactive

H Baocwr depyacio faehc v and kuttapivn pe Papég tov tomov reactivelappavet
Adpa 6€ Tpio 6TAd0: TPOGPOPNON, avTidpacn Kot EETAVUA 0o Tig Tveg TG TocoTNTaS Pagng
mov 8¢ deopevtnke. Katd to mpdto 61dd0, n fapn HEcm Tov véaTIKoD SAVUNTOS e ®PEL
oT1g iveg pe BguTEPEVOVTOG TOTMOV deoOVg (MAEKTPOOTATIKNG PVoEmS, duvauelg Van der
waals, deopovg vdpo&uhiov kar vVOpooPikng oAnienidpaocng).Znv gukoAdtepn de
TpocpoOPNon e Paeng and Tig iveg cvuPdirovv ot ovdétepol niektporiteg, 6mwg NaCln
NaSO, [41]. Metd tnv enitevén Tng 160pPpoTiag TPOoPOPNOTS 1| XK avTidpaon Eekvaet
pe v Tpocdnkn evog odkoriov, cuviBwg tov NaCOs, (PH peta&d 8 kat 12) [9] Kat” avtdv
TOV TPOTO Ol AETOLPYIKEG OUAdEG OVTIOPOVV HE 1oVIGHEVES opadeg LIpo&vAiov Tov
vrootpdpatog oamd kutrapivn (my. Cel-O-). Avdloyo pe v Agltovpykny opdda mov

ouvodegbet TNV Paen, d0o ivar ot duvatoi pnyavicuoi [42] :

Mnoviepuog VTOKATAGTAOS VOUKAEO PLAOVG!
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H Aertovpyikn opddo amoteheitor and Evo eTEPOKVKMKO SaKTOA0 pe dtopo aldTov
Kot ohoyovov (adoyovotpralivn) to omoia extomilovtar omd avidvia NG KLTTOPIVIG
Tapoyopovtag 0o otov opotonodko deopo(e. 1.1).
Dye-X + Cell-O — Dye-O-Cell + X (1.2)
Mnyoaviepog TpocOKng voukAEO PLAovg :

H Aewtovpywkr] opdda omotereitor amd €va SmAd decpd Kovd Vo oynuotiost
oUO0TOMKSO deopd pe TV kvttapivr. ZovRlog, ovtdc 0 STAOG SECUOG TPOEPYETOL OO
mponyobuevo Prpo e&dretyng kato and aikolkés ocuvinkes mepipdiiovtoc. H dpactikn

BrvorocovApopddo amoTEAEL GNIOVTIKO OVTITPOCOTO OLTNG TN Teptdceng (e€. 1.2-1.4).

Dye-SQ-CH,-CH,-SO:H Dye-SQ-CH=CH, (1.2)
OH
—_—
Dye-SQ-CH=CH,+Cell-O — Dye-S@CH - CH,-O- Cell (1.3)
H+
Dye-SQ-CH - CHx-O-Cell —— 3 Dye-SECH,- CH,-O- Cell (1.4)

Kafodg ev to peta&d 1o vepd givar €vag VOUKAEOPIMKOG TOPAY®V, £VO GTLOVTIKO
UEPOG TG AETovpYIKNG opddog vroPdiietal, TopaAAime, o akkalikn vdpOAvon (e€.1.5-
1.7). Tlpékerrar ywo pio avrayoviotikr avtidpacn (30 @opég mo apyn amd ekeivi g
avtidpaong peta&d PBagng kot iveg) 0mov 1 AeTovpyiKn opdda Yavel Ty KavoOTTd TG Yo
opoonoAkd deopd pe 116 tvec. Ouwg, yioo v amotedespatikotnta g Paeng o Padudg
v3poivong Ba mpémel va givar eddyiotog. Katd v dwadwkacio Paeng vmoAoyifetar otl 0
T0G0GTO TPOSANYNG TG PAPNS HEGH TOV VOUTIKOD SOAVUATOC TG amd Tig tveg eivar PaAlov
younAd (60-90%),kar oto téhog 1 Bagr| Ppicketarl og 800 HopPES : deopevuév oTig veg N

vdpoivpévn (10-40 %) [41]
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Dye-X + OH — Dye-OH + X (1.5)
Dye-SQ-CH=CH,+ OH —» Dye-S@CH - CH,-OH (1.6)

Dye-SQ-CH - CHOH _ " Dye-S@CH, - CH-OH (1.7)

210 1pito 0Téd10, T0GOGTO PaPng adECUELTO and TIG VEG, OAKAALD Kot NAEKTPOAVTES

e€akeipovton Katd TV VG, SNULOVPYOVTOG VYNAL TOGOGTA EYYPOUOV ATOPAATOV.
1.4 Kloowkéc MéBodor Enelepyaciog AmofijTov

I'evikd 0 606TOC TPOTOG AVTIHETOTIONG TOV BOpNYovVIKOV omoBARTOV ivat 1 Kotd T0
Suvatdv LeyaADTEPT GLYKPATNGOT TOVG GTIV TNYN Kol 1 apaipeot Tovg e mpoeneiepyacial.
Mepucég Bropnyavieg xpnoiponolody yo v enefepyacio TV vYpOV AmofANT®V TOVG £va
GUVOLAGHO QLOIKOYNUKOV dtadtkooidv. Ev tovtolg, €dd kot moAd wopd mAov €ywve
AVTIMTTO 0Tl €VOG GUVOLAGHOG LOVO QUOTKOYNUIKGOV HEBOO®V, akoAovBobpevog amnd tnv
uéBodo g mPoopoPNoTC AV oE evepyd AvBpaka, dev gival emapkng and uovog tov [42-
44], ene1dn Kol TO UEYUADTEPO HEPOC TPOKOAEL TN HETAPOPE TOV POTOV OO T WL QAo
oV GAAN yoplg Opmg v TANPN KATAoTPOPn TOovg. Ot MO oLYVE YPNCLUOTOIOVUEVES

teyvikég enefepyaciog etvor ot okdOlovOES :
¢ «xafilnon / xpokidwon
¢ dmMBnon / avtiotpoen doumon
¢ amoppoenon o evepyd avOpaxa
¢ g&hyvoon / kadon

¢ ymukn o&eldmon
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Oleg avtég ot tepviKés, 7y vo  @Odcovue o100  emBVUNTO  AmOTEAECLAL,

YPNOLLOTOIOVVTOL TIG TEPLOCOTEPEG POPES GUVEPYIKE [45-49)].

AM®OTE pio TEYVIKN OPKETO Kabiepmuévn €ival Kol 1 GTOUAKPLVON OVGIAOV TOL
umopotv va amodounbovv Broloywkd pe v uébodo tng «evepyovg 1boc». [50-52] Etol
Bloloywkéc péBodor pe eykApoTiopévn evepyd 1AD YPNOHOTOIOVTAS €va Kol 000 OTAd
divouv cvuykprtik@ modd kahd amoteléopata [4]. Topadeiypatog ybpwv 1 eykatdotaon
TOTIKNG HoVAdog emeepyaciag amofAnTmv Kot €pgvva dVO Kol TAEOV YpOVEOV O
peyadoTepn kofstomomuévn povada mopaymyig veacudtov, Ty IEIPAIKH-ITATPAIKH
A.E., xatd v Proroywn pébodo g «evepyovs woc» to BODs tov emelepyacuévov
amoPAfitov frav wukpdtepo tav 40 mg/Lya xpdvo aepiopod peyordtepo twv 12 h.Ta to
oyedloopd o tng povadog kabopiotikny mapdpetpog oy o COD mov énpene va pelwbei oe

OYETIKA younAd opla (kdto tov 150 mg/L) [53].

AMEC €PELVITIKEG €PYACIEG EMKEVIPMOVOLV TNV TPOCOYH TOVG OTNV dloyeipion
amoPAtov Poaeeliov péom o&eldmong G evepyovg WAVOC  axkoAovbovpevn oamd TV

Sduvardro Soywpiopo? pécw pepppavav [54].

Qot600 1 emPapvvon Tov TEPPAAAOVTOC, 1010iTEPO e TOEKES 0VLGiES, AmOTEAEL
cofopd TPOPANHa, ETEWN e TOVG KAAGIKOVG TPpOTOVG BlroAoyikol kabapiopol ot EVACELS
avtég givar advvarov vo, amodoundovv [55-56], €€ artiog tng un Proamokodounoung Hopenc
oV omnoia Ppickovial TOAAG €k TV Tpoidviav (pOrmv) mov cvvurdpyovv ¢’ avtd. H
avantuén dpwg texvoAoyIdVY, 0Tms ot "TIpoywpnuéveg O&edwtikég MéBodot Avtippomavong
(IOMA)", omoteAel 11 TAéOV VTOGYOUEVEG TEYVOAOYiEG GE KAMOTOLEAVTOLPYELD KOt

Brounyavieg yéptov.
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1.5 Ipoyopnuéves Oerdmtikég MEBodoL Avtippvmavenc

Ev avtiféoel mpog tic TpoavapepBivieg kKhaookég texvoroyieg enelepyasiag, OToL To
vroAgippata wov mapapévovy ypnlovv mepartépw emefepyaciog [57-59], onuepa Exovv
avantoybel o1 emovopaloueveg "Ipoywpnuéves Oleidwtikés MéQodor  Avuppdmavens
(Advanced Oxidation Processes, AOP, Advanced Oxidation Technologies, AWNYA).
Me tov 6po anTd EVVOOUVTOL KUPIMG EKEIVEG 01 TEXVOLOYiEG 01 omoieg otnpilovTol oty ypnom
uebodwv 6mme 1 pwtoivon (UV-B,C), n olovorvon (03, O3/UV-B, 03/H202), H202/UV-
B, n etepoyevig pwtokatdivon (TiO2/UV-A), 1o aviidpactipio Fentonkonw Photo-Fentony
vypny o&etdwom, M mniektpoynuiky ofegidwon k.o. (PAéme Ilivake 1-2). To Poowd
KOPAKTNPLOTIKO TV neBOS®V avTdV Ntot 1 mapaywyn ekevdépav pilidv vépo&uiiov (OH), ot
omoieg epavifovv €viovo 0EEMTIKG YOpaKTAP - TO dEVTEPO GE OEEWMTIKN 1YL HETA TO
©06p10 - emumAéov dev pumaivovv 10 mepPdiiov [60-61] kar avTidpovV e 0pYOVIKEG EVDOELG
anooTMVTOG GTopo, V3poyovov H  (kopeopévol vdpoyovavlpakec) 1| tpootiBevior 610 LOPLo
(oxopeotol, opopatikoi  VIpoyovavOpokeg) dnuovpydviag vrepoledikég pileg. Ot
TeAevTaieg TPoKahoOV 0EEd®TIKEG Oeppikés avTIdpAoElg, Ol 0moieg TEAIKG 001 yoOV GTNV
TAAPN HETOTPOTN TV 0pyovikav evioewv o CO, HyO kot avopyava droto (avtidpdoeg
2-7 éog 2-10)1 o€ opyavikd poplo puKpoTEPOL HOopLakoy Bapovg, ta oroio givar Aydtepo 1

KaBOAov TOEIKE KOt Lropovv KaTdm va Proamotkodounbodv eukoAdTepa.

Ot ovykekpyiéveg péBodot Bempovvtar 13taitepo. KUTUAANAEG Y0 TIG EMIKIVOULVEG
Bagpéc tomov azo ,kabdg n ypNion TOV OTMG MO AVAPEPAUE EIVOL EVPEMS S1OOESOUEVT

[48,58,62].
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Y1ig Mpoympnuéveg O&edmTikég pebddovg avTippOTAVONG SIOKPIVOVIE MGTOCO TIG
ANHKEG Kot TIG QOTOYNUIKEG HeBOdoVS  Omov e TV mopéUPacn G NAEKTPOUOYVNTIKNAG

axtwvoBoliog mapdyovron ot piCeg OH. [1](BA. ivako 1-2).

DoToymuKég Xnuikég
dwotolvon Ofovorvon pe N yopic H0,
05/UV-C Yypn o&eidwon
H,0,/UV-C Fenton (F&/H,0,)
Photo-Fenton (Fenton+UV-A,B) HAektpoynpukn O&eidmon
(solar detoxification) Padioivon
TiO,/UV-A(solar detoxification) O&cidmon oe Yrepkpioyleg Tovonkeg

MMivaxoag 1-2. Awywpiopds tov IIOMA 6€ @OTOYNMMKES Kot LN QOTOYNMKES

I'o tov kaboapiopd tev omofAftov Aappdvetor cofapd v’ Sy  EOTOIGN MG Kot
N vypy oleidwon TV EMPAAPOV OVOIOV YO TNV TANPN UETATPOT TMV OPYOUVIKOV OLGLOV
TV anofATev og 610&eidio Tov avBpaka , vepd Kot dAata. Edwkd, yio v eneepyacia tov
Bropunyovik@v amofAtev  mov TEPLEYOLV OVOEKTIKES Kol TOEIKES OPYaVIKEG 0VGIES Kot Ol
ovpPatikég Texvikeég o&eldmonc Kpivoviol avemopkeic yio Tnv TANpn EO0VOETEPMGT OVTOV

TMOV OVCIMV.

151 ®wtéivon

Ipdkerton yoo o ynpkn avtidopaon Spopetikny twv vroAoinwv IIpoywpnuévav

Oedotikov Teyvikmv, apov 1 ddonacn g ovciag opsiletar otn diéyepon Tov idtov Tov
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popiov katdTY AmOPPOPNHGEDG NAOKOD PMTOS 6€ KATAAANA0 pnkog kduatog e . Ot
avTIOPACES PWTOOEEIdMONG EVEPYOTOLOVVTOL LIE TNV MAEKTPOVIKT S1EYEPON TOV OPYOVIKOV

0VCIDOV COUPOVA LLE TIS OVTIOPAGELS TOV STVOVTOL GTN GLVEYELD CYNUATIKA :
RX —» R +X (1-8)
R + O, — RO2 — mpoidvta (1-9)

oppava pe v o1ebvi Bifioypaeio [63] Aappdver xdpa ndvta o £va GUYKEKPUEVO
oyko kot 0. UV-pdopata e&optovtal mold and tig Tipég tov PH tov dtadvudtov. Qg ek
TovTov amotehel Aydtepo  amotelecpotik  pEBodo kol epoappoleror  kvupiog otV
OTOULAKPVVOT] YADPLOUEVOV OPOUATIKOV QUVOADY, 0AOYOVOLY®V OPOUOTIKOV, KOl GAA®V

EMKIVOLVAOV 0PYOVIKOV PUTQV .

IMheovektel Opwg g pébodog, O6tav ypnotpomoovvtor TpdcheTa avtidpacTiple .
Xpnowonotgitol de Kuping o cuvdvacud pe 1o Oz, 10 H02 1| 10 TiO, Bektidvovtag v
amOd00T TOV GLYKEKPIUEVOV HEBOd®V . QoTOG0 N ETAOYT TNG HEBOOOV AMALTEL TPOGEKTIKT
EMAOYN AAUTTAPOV EKTOUTNG POTOC KOUTAAANAOL HAKOVG KOPOTOG (LITeptddoug, opatov ) 1
KOl GE OPIOUEVEG TEPITTMOOELG OKOUN KOL TOV  TNAMOKOD QOTOG. XTO TOPOUKAT® OYNLO
PAémovpEe TNV MAEKTPOUOYVNTIKT OKTWVOBOAD e To UAKT KOUATOG OV TNV Yapaktnpilovv

(BA. oynua 1.2)

400 315 280 200 100

Tynpo 1-2. Teproyég Tov NAEKTPOUayVITIKOD Qacuatog [56]
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1.5.2 Yypda O&eidmon

Y7rd tov 6po vypd o&eidmon mepiapPdvovtor ot €Ng diepyaoies , Katd TG omoieg

ouyva ovppetéyovv evepyés pilec OH . Atokpivovpe v Oepikt] Ko TV yMUIKy  vypn

ofeidmon [64-66] BA. oyfiua 1.3).

Yypn ogeidwon

O¢eppikn uypn oeidwaon

-vypn o&eldwon vrd younin micon

nieon : 3 péypt 60.105 Pa
Ocepp. : 50péypr 250C

- Yypn o&eidmon vd vynAn mieon

nieon : 60 uéypr 200.105 Pa
Oepp. : 250-360C

- O&etdmon og ZuvOnkeg [Tépav
tov Kpioipov Enpeiov tov Nepot
T > 3756C, P> 220 atm

Xnuikn uypn oeidwon

-XMuIKy o&eidmon
H202 : 03 : 03/ H202

-Koartaivtu o&eidmon

Fe?* | HyO, : Mn?t [ Oy

-Q®TOAVTIKY 0&eidmon

UV/H202 . UV/03 . UV/Hzoz / 03

-QOTOKATAAVON

UV /TiO,

Zyquo. 1-3. meprypdpovton ol TexVIKEG TG LYPNG o&eidwong [64]

E&outiog g peyding Katavalmong EVEPYELNS Kol KOGTOVS KPIVETOL OKOTIUO OVTES Ol

TEYVIKES va ypnolpomotovvtal poévo ev uépet. H enekepyoosio tov amoPiitov howdév Oao

Empene va yivetol pe Tnv akoAovdn oepd (BA. oyfua 1.4)
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Broroywn (PLOIKOYNIKES TEYVIKEG Bioloywn

TPOEPYOTiaL »  vrepoleidbmong emPrapov > TEMKN
0VOLDOV TOV OVLGLMV OV TAPAUEVOVY emekepyooia
amodoHovVTOL

Zynpa 1-4 . Avvatdtreg enegepyaciog amofAntmv

AxorhoOBmg TEPLYpAPOVTAL 01 TEYVIKEG TNG YNKNS VYPNS 0&eidwong e pa chvToun
avookonnomn g kade pog pebddov [67,68]. Baoikég Oewpnrtikég yvdGELg dgv meptypapovTaL.
Ov Beopntikéc yvooelg g QoTolvtikig ofeldmong, towv avidpdoswv Fenton, piog
Topodhayfic e avtidpaonc tomov Fenton (Fenton-like reactiodifO2/ Fe'), photo-Fenton
KOl QOTOKOTOAVONG, 7OV OmOTELOVV TO PaCIKO OVIIKEIHEVO OVTAG NG  €pyaciag,

TEPLYPAPOVTOL AVOAVTIKA GTO KEQPOANLO 2.
15.3 Xnpun O&eidmon

H teyvucd amhovotepn pébodog g ynukng vypng o&eldmong eivon 1 dpeon o&eidwon
TOV 0PYOVIKOV 0VoIOV TV amofAntov pe vrepoeidio tov viépoyovov (Hz02),[69] war pe
oCov (O3), [70]."Hdn omod 116 apyés tov 2000 aidva ypnoiponomdnke 1 ynukr o&eidwon pe

yAdp1o Kat 6Lov yio TNV amoAVpHaveT Tov 1ootov vdatog [71].
15.4 Koarorvtikn O&eidomon

Me v TpocOnKn aldtmv PeTdAlov mapdyovtol and o VIEPOEEISI0 Tov VOPOYOVOL
OH-pileg kot €101 Kobiotatar dSvvarh n o&eidwon Kot GAA®Y 0VGLHY TOL HTAV AdHVATOV VO
o&edwbodv povo pe vrepoeidio vopoydvov. 'HoN and 10 1894 ypnoipomombnkav dAato
o101pov 6€ GLVIVOCUO HE VITEPOEEIBIO TOL VIPOYOVOL ard Tov Fenton ¢vopalopevo Fenton
avtidpaotiplo) [72]. E¥wd to 6lov avtidpd exhektikd Kot amnotedel povo tov Eva oyvupd

ofedmTikd péco yuo ovykekpyévo, andpinta. Kotd t petarponn 1o oynuatictéy Fe (l11)
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avayetot kot wéAl og Fe (1) vd v enidpaon tov Hz0,. H emmAéov axtivoPolria pe pog ot
nedio pdoparog 360 péypt 450 nmeivar wavn va avaydyet Fe 1l —oounioka pe potoymuuo
tpémo ot Fe I, étol hote emruyydvovian peydhes ovykeviphoels FEH o1 omoieg emtpémony

™V ypryopn katootpo@r tov HyO; [73,74]
1.5.5 dortorvtiki Ofcidmon

O ovvdvaoudc tav ofedotikdv péoov omog HoO, woar 6lov pe vrépubpeg
axTvofoAieg eivor Suvatdv vo 001 YNGEL GE TANPT GTOUAKPLVOT] TOV OVGIOV 6T ardPAnTa.
Yrd v emidpaon g vépubpng axtvoforiog mapdyovror and To HoO2 kot 1o O3 ededfepeg

piCeg OH- [55,70].
15.6 ®otokardivon

2TV €TEPOYEVI] PMOTOKOTAAVOY, évag Muaydylpog kotaAvtng (my. TiOz) [75] pe ™
Hop1| TOAD AemT@V couatdiov Tpootifetan 6to amdPAnta. H amoppdenon potoviov amd
TO, NHUOY DYoL cOUatid odnyel otn Topayoyn (EVYdV 0TOV-NAEKTPOVIDVY KOl 0VTO £XEL MG
amotéAecpa t0 oynroTopd erevbepav pilodv OH and T1g avtidpdoelg o&edoovaymyng Tov
AQUPEVOVY YDPO GTNV EXLPAVELL TOV NUOLYDOYILOV COUOTIOIMV, TPAYUL TOV ETLPEPEL KOL TNV
o&eidwomn tov opyavikoy goptiov. IIpdxertar yio po péBodo M omoia pupeiton TPAKTIKAE TV
@Von. H mopepforny de tov kataAdTN éyKewor oty emitdyvven g OAng dwadikooiog
kaBapiopov. Eitvon yvoot dhiwote n dwdikacio avtokabapiopod mov emteleiton otnv

@Vo1, pEc® TOL 0&VYOVOL TNG ATHOCEALPOS KOL TOL NAOKOD pmTog [76-79].
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1.6 Eg@appoyn tov I1.O.M.A kot Zvvéovaopos Med6dmv

1.6.1 Egoappoyn ponypévov O&edotik®v Me06dmv AvTippomavong

YTIC KOTEPYAOiEg TPoY@pNuéVNg 0&eidmong 1 kOpto emdimén eivar 1 dnpovpyio g

moAD dpaoctikig pifog Tov vdpo&vAiiov (OH.) n omoio gupaviler eEopeTikés 0EEBMTIKES
KovOTNTEG e TOAD peydAo duvopkd ofeldmong, OTmg aivetal kot otov mivoka 2-2(Kep.2).
YAuepa o1 TPooTAdeleg TOAMMY epeuvnTdV gvtomifoviar oe OA0 Kot HEYOADTEPO PN
EVACEMV oM TIG KLPLOTEPES OUAGES OPYOVIKDV EVACEMV TOV GUVOVIAUE OTO OmOPANTO:
QUWVOAEC, TOCEVEPYEG OVOIEC, TOPUCITOKTOVE, OPYAVOPOCPOPIKEG, OPYOUVOUETUAMKES

EVOoELS, Pogég ovoieg, opyavikd o&éa, SLOADTES KAT.

Bilopnyavicoi topeic mov édwcav evBappuvtikd amoteréopata givorBlounyavieg
TAPOYDYNG GVTOPAPUAK®OV KOl ATACUATOV, Blopnyavies mapaymyng xpoudtmy, Bopunyavieg
TOPUYOYNG YNUIKOV oLVOETIKOV, OGO VEPO (AmOAVUAVOT), KOTOOTPOPT| YADPIOUEVOV
napoydymv), Klwotobgaviovpyieg, Bogeio—pwipiotiplo, ehootpiPeia, Propnyavieg
TOPAYOYNG YOAPTOV KAM.. Xg dtdpopovg Prounyavikovg topeis Ppédnke 6t1 ot pvmot awtol
TOMEG POopEG amotkodopovvtal TApeg tpog CO, kot avopyave arata (avaloya e To xpdvo
™G avtidpacmg).

21t cvvéyeta yivetal exktevéotepn avagopd o kdbe pio Eexoplotd, and Tic Aeyopueveg
TPOYWPNUEVES TEYVOLOYiES, divovTag 101aiTePN £UPOOT GTNV EQUPUOYN TOV GTO EYXPOLOL
SwAvpato amopAitov, mov dAmote givar kot To kbpto Bpa avthg g epyaoiog. [Ipdketton

Y10L TIG TPELG TLO GLYVEL OTOVTOUEVEG TPOTYHEVES 0EEDMTIKES HeBddOVG, Tov glvon :

o 1 gotoynukn ofeidwon (cvvdvacudg tov o&ewwTikod péoov onwg HyO, ue

axtwvoPolia UV),
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e otavudpdoeg Fenton Ho0./ Fe?) | 1 -n maparroyy Tovc- aviidpdoeic tomov Fenton

(Fenton-like reactiond,0,/ Fe™) kadoc ko evepyomoinon pe UV axtvoBoiia.

o 1 pwtokutdAvon (potdvia + nuoydyue copatidw m.y. TiO), pe f kKo yopig Tnv

Xpﬁ(ﬂ] HzOz.
1.6.2 H ®otoymmkn —MéBodog

Toppove pe v PPproypaeios [80] m epapupoyn g @otoynuikng o&egidwong
UV/H20,, otv nepintoon g Paeng ,Hispamin Black CAmov ypnoiponoweiton gupéwg
oV Khootobeavtovpyio tov Ilepov, £dei&av wavoromtikd omotelécpata. [apatnpnOnke
TAMPNG ATOYPOUATICUOG TOV dtaAdpatog énetta and enetepyacio 30 Min,evéd petd amd 80
min emtevyOn emiong 82% peiwon tov opyavikov optiov. Ot epguvnTég TG epyaciog avThg,
oNUE®VOLY, €miong, HE EU@aon OTL M avopyavomoinon Tov SHAVUATOG AVEAVETOL pE TNV
avénon tov avtidpactnpiov Ewg evog Pabuod, eved mépav ovTod OmOoTEAEL AVOGTOATIKO
mopdyovTo yio. TV avTidpacn avopyovomoinone. Agv mapélenyay emiong vo, GYOMACOVY TNV
oyéon pueta&d amoypOUOTIGHOD Kot KatdAAnAov PH tov doivpatoc. H mepapatiky didtoén
OmOTEAEITO OO €va OTOOVTIOPOOTNPO, TOL KUOOAN TNV OldpKEW TOV TEIPAUOTOS
Swnpovoe pécm oG avtiog omd to doxeio amodnkevong Tov SloAdUaTOC Eva oTadEPO
0G0 VOATIKOY TPOGOUOIWUEVOL SLoAVL0TOG omoPfAnTov . H potevy mnyn ftov e pétpiog

nigong Aapma vdpapydpov 125W (General electric).

Katd v die&aymyn mepapdtov, Tov ektedéonkay pe v eotoynukn pébodo pe
Bértiotn mocdtTo HoO, ahAG oe dtapopetikd PH | paivetat o ovdétepo mpog 10 alkaAlkd

TePPAALov Tov SeAdLATOG VA gfval EuvoikOTEPO.

Mia Aoywkn e€nynon amoteAel n adENON TG GLYKEVIPMGNG TOL TOALOVIOVIOS TOV

vrgpo&erdiov Tov vépoydvov [HOZ]
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H,0, — HO ", +H" pKa =11,6 (1-10)

To avidv HO; éxet vynAdTEPO GUVTEAEST LOPLOKNAG OTOPPOPNONG GE GXECT UE TO
H:0, (oto 254 nme=240 Mecm® évavr 18,6 Mem™), mpaypo to omofo gvvoei v
amoppoenon PmTog kat avédvel v mopaywyn ehedbepav pilldv [OH] [27]. duowd pia
Sopopetikn dpaotikdTTa TV Bapdv ot 6&ivo PH dev propel va amoppipdei cav vrodeon.
To 1066 3146T00NG OGTOGO TNG OVGING, TTOV YIVETOL ELPAVEG GTO SLAYPOLO OTEKOVIONG TNG

XPOVIKNG pHetafoing Tov Tinav tov TOC, ptdvetl to 82%Hotepa amd pia dpa .

AMN epevvnTiky opddo [81] mewpapatiotnke pe poviého omoPfARTov TTOL TEPLEiE
Boen Tonov covAgoPivuriov pe v gumopikr ovopacia C.l. Reactive Black &ai mpocbeta
onwg NaCl, NaOHxkou ovpio. H dwotepdtnta g epyoaciog avtnig ivar 6Tt otnv ektédeon
TOV TEPOPATOV XpNoponoince cvykekpipévo, poviého (Experimental desigmpog Bedtioon
NG mEWPAUATIKNG epyaciog . [IOAAG amd To amoTEAEGUOTO NTOV OVOLEVOUEVO KOl LTOPOVV VO

avapepbHovv ev cuvtopia :

v' H évtaon tov eotdg ennpedletl BeTikd TV amoppOeNnoT Kol TO YNUKE OTOITOVUEVO
o&uyovo (COD) katd tov amoypopotiopd. AAMOGTE 060 VYNAGTEPT 1 &vioon THg
aKTIvoPoAiag, TOGO HEYOADLTEPT EVEPYELD HETAPEPETOL GTOV GOTONVTIOPOGTHPO LE

ATOTEAEG L TOV PUEYOADTEPO BAOUO OTOYPOUATIOUOD .

v' Mo emuikoven Tov ypOvoy OmOYPOUUTICHOD €VVOEL TN S1domacn Tov piNoL Gg
gvolapEeso Tpoidvta, Tov oyedov eEapavilovton ( katd cuvénela Tapatnpeitol peinon
10V opyavikod goptiov ,TOC) .

v Mo younMj, Béitiotn ocvykévipoon tov ofedotikod HxOz emipépet koddtepa

amoTEAES AT KOl
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v' TIpocOetikd o6mwg NaCl, NaOH «xoi ovpia ovuBdilovv apvntikd otov

OUTOYPOUOATIGHO.

Katd v epappoyn tng potoynukig o&eidwong UV/HL0,, [82] otny mepintmon tng
Bapng CIl. Reactive Red 195A (RR195A)m0v ypnowonotgitor gupéwg oTny
Khwotobeovtovpyic ™ AyyMog, ypnowomombnke cov anyn oaktwoPoriog o Adpmo
V3POPYVPOL YauNANG Tieons, 60W ov ekméumetl ota 253,7 nmEE&etdociniay o1 onpavtikoi
wapduetpor g peBddov pe okomd v Pertiotomoinon twv. O yxpdvog €xbeong Tov
SraAdpoTog oty o TAve aktvoPolia enépepe mANpN anoxpopotiopd péoa oe 20-30 min.
ITo yp1yopog ®GTOGO AmOYPOUATIGHOS EXEPYETOAL, TAPATPNCAV Ol EPEVVNTES, o€ YounAo pH
Soddpatog Kot vynAn Bepuokpacio. O puOUOS ATOYPOUATIGHOD OVEAVEL OVOAOYIKG LE TNV
avénon tov HyOp, émc evdg kpioipov onueiov, oxorovddviag xwvnuky 1% tééng
AOUPOVOUEVIG VTTOYN TNG OPYIKNAG GLYKEVTPWONG TG Pagng. AKOUN Kol UETE amd TARPT
OMOYPOUATIOHO NG &V Ady®w Papng omd to Swwvpo to COD avépyovtav oto 60%,
ONUOTOS0TAOVTOG MOVO e €l pEPOVS amokodounon g Kotdmwv tovtov ot epeuvntég
katédn&av 6t 1 UV/H20; pébodog evdeikvutar yio amoypopatiopd Baedv, oAld omatteiton
TEPAUTEP® EMEEEPYOAGIQL VIOl TAPT] AVOPYOAVOTOINGT] TOV EVOLAUET®V GYNUATILOLEV®DV OVOLDHV

KAt TNV S18pKELD TG POTOYNKNS AvVTIOpACTG.

e uelétn avopyavomnoinong ypwotikod pomov (Acid Orange 7, AO7)e vdutikd
nepipdiriov [83] n pébodog UV/HLO, gppovifetar anotedeopotikn, Onmg GAA®OTE Kol G€
TPOTYOOUEVEG OvVaPOPES. Me guVOTKOTEPO TO OVOETEPO TPOG TO OAKOAKO TEPIPAALOV, LUE LIaL
Bértiotn cvykévipoon vrepo&eldiov Tov v3poydvoyv HyOo kot pe o ikavomomTiky £vioon
axktwvoBoliog (Adumo exmopmig 30 W) o anoypopatiopndg enttedydn énsita and 120 min.
Onwg frav avapevopevo, dev vmdpyet pelowon g ovykévipwong g Paeng AO7 oe

melpdpoto mov exteAéotnray yopic HzO2, 6mo¢ dAmote kot Kotd TV StipKeEW EKEVOV
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xopic v emidpoon g UV aktwoforiog. Mio a&idoloyn peimon g ouykévipwong
ovppaivel povo kdt® and v ouyypovn enidpacn tov HoOz kan tg UV axtvoforiog. Avty
N peiwon oyetileton pe v dnpovpyio pldv tov VdPoEVAIOL TOV dPOVV GV dPUCTIKOTOTO
ofedwtkd péca. Me v xpnon SapopeTikdv cvykevipmoemv HO,, mapatnpovpe 6t 1
OTOTEAECUATIKOTNTO,  OMTOYPOUATIOHOD  OvEAVEL pE  odENGN TNG  GLYKEVIPWOOTNSG TOL
0&e1dmTikoD HEcov aAAG mEpa amd TV ovykekpévn nocdtnte. 80 mg/L dev givan mAéov
EUPAVIG KAmowa PeATioTn 6TV amddoon amoYP®UATICUOD . XOPOKTNPIOTIKE BAETOVE OTL,
evad pe TV mhpodo tov ypoévov 1 Kopupn ota 485 nmeLapaviletar, Topovoidlovior dHo
kawvovpyleg ota 345 kot 280 nm,yto va gEagaviotodv Kt ' avtég érerta and 60 min,évdeén
g Onuovpylag  EVOIAUECHY  OPOUOTIKOV — HOVOTOPAYDY®V TOL  TEMKA  emiong

AroK0S0LOVVTOL.

Tnv KataAAnAdTNTO TG S1adIKOCI0G OTOYPOUATIONOD pe TNV idto péBodo Emg Tdpa
éheyEe ko 1 emotnpoviky opdada [84] oe Papig pe mowkideg ypOUOEOPES OPAdES Kot KOTA
GUVETELNL TOWKIAES PULOIKEG Ko yMUIKEG 1W10tNTeG. Tlepopatikd amoteréopoto £0e1&av o
EVUKOAOTEPT] OVOPYAVOTOINGT TOV VOPOPIA®Y Bapdv amd TG VIPOPOPES, TOV GTO AAKAAIKO

nepPdAlov akorlovBovv v KaTmOL cepd e TNV omoia amodopnOnkay
AdidAvteg ovBpakuvoves < dtodvtég avBpakvvoveg < Diazo =triazo<Cu-monoazo .

Me TEPOUATIK] GLGKELT LT TOL avidpactipa mudaieitovtog épyov (Batch
photoreactor) kot ypnowonoidvtag Adumo V3PaPyYOPOVL YAUNAAG TiEong, Kamolot GAAoL
gpeuvnTég peAétnoay v pébodo pwrooleidwong pe tig Papés , Reactive red 120, Reactive
Black 5, Reactive Yellow 84 [85]H kwnmtikn tng avridpacng mov mopatnpribnke frav
TPOTNG TAENG Kot 1 avopyavoToinon Tov pOToL Yivovioy asnti amd v Lelmon TV TGV
Tov opyavikod @optiov (TOC). Adénon ng mocdtntog tov Hz02 av&aver tov Poabud

anoypopaticpod (99% petd and 1 h karepyoosiog Tov dwwddporog). H peiowon tov TOC ya
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mv Paen RR120avépyetar oto 60%, 80%yiwo v Papry RR84evad yio tv RB5 610 70%.
To amartovpevo pH xopaiveton peta&d 3-4. To ypopatoypaenua HPLC deiyver nv dmopén
Kupimg 0&aAkoD kot @opuikod o&éoc, kobmc kot v dnuovpyio EOvVOANG, HaAovikov,

0&1koD Kkat GoVKIVIKOD 0&€oC.

IMévtog kot edd 1 PEB0dOG PavNKe amoTELEGHATIKN AapPavopévon vtoyn 6Tt Exovv
KkaBopioTel €k TV TPOTEPOV Ol PEATIOTES MEWPAUATIKEG GLVONKEG OV opeidovy PéPara va

glvor Kot OIKoVOIIKES .
1.6.3 H Fenton — Photo-Fentorkat Fenton-like — Photo-Fenton-likeM£0odou

To khoowd avtd ofedwtikd ovotnuo (avoakeAvednke oamd tov Fenton tov

npotehevtaio adva) [86] epapuoletar ota amdPAnto and TAR00g EpELVITOV.

"Exer anodeyybei 611 10 avtidpactiplo Fentoneivar wavd vo katactpéyel ToEIKEG EVDGELG
amoPAnTev 60nmg eoawvores, Qilavioktdva kot dAreg Brafepés ovoies. H yprion tov dviov

owdnpov géunnpetel 3o GKOTOVS:

1. ovppetoyn ommv dnpovpyio. TG OH., 4po EUUECO GTOV OTOYPMUATICUO TOL
amofAnTou Kot

3+
2. oty kpokidwon péom Tav vtev Fe kat tov cuopridkwv toug [87].

H mocémra tov H,O, mov amouteiton eoptdron duece omd tn GOpTIoN TOL
amoPATov o€ ypdua Ko propel va kopavOei omod 20-80000 mg/Lamopintov [88].

3+
H mopddinin dpdon tov 1dvtev tov Fe  peumvel to ypovo katoafvdiong kot Tpokaiei

3+
wepatépm peimomn Tov ypopatog kot tov COD, aAld kot g cvykévipmong tov Fe oto

teMKO anofAnto. IIpochHnikn Kitpikdv kar o&odikdv avidvimv [89] mg katarvtdv, Kabdg Kot
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gvepyonoinon pe UV axtwvoBoria [88], divouv oe opopéveg mepurtdoelg Peltiopévo

OTOTEAEGLLOTOL.

Y10 wotitovto g Kolwviag omv Iepuavio, German Aerospace Center DLd?
ovvepyaoio pe v Pounyavia, Carl Albani GardinenfabriK GmbH &Coye avtictoyo
Topéa ¢ £pevvag, Enviro Tex GmbHabog ko pe tnv cupuetoyn tov Universidale Federal
de Uberlandia, Uberlandia, Brazi[p0], epydloviar maveo oty avamtuln texvoloylidv ot
omoieg Pacifovtor otV @oToKaToALTIKY emelepyacio €00 ko dekamévie xpdvia o TOAAL
avantuélokd mpoypaupate. H ootokotoivtikny enefepyocio amodeikvieTor oav TAEOV
KatdAANAN TE)VOrOYin GE KAwoTobPavTovpyeia Kot Propnyavieg yaptov. Koatd v dibpkeia
oV &v Moy avortuélokol Tpoypdpupatog, «PhoRTex»acyolndnkay e tnv evomudtoon
NG POTOKATAAVONG OTNV AvOKVKA®ON VYpdv amoPiftov kKlootobeavtovpyeiov. O Carl
Albani GardinenfabriKk GmbH &Casor Enviro Tex GmbHxvérntuéav ko a&lohdynoav éva,
TLOTIKO TPOYPOAULLO BACIGUEVO TNV QOTOKATAAVTIKN TEXVOAOYiO e OKOTO TV enelepyacio
KOL TNV UETEMELTOL ETOAVOYPT|CILOTOINGCT TOV VYPOV amoPANTOV UETE TV TEMKN eneepyocio
TOV TPOIOVI®V KATA TNV Tapaymykn dadikacio. To mlotikd Tpdypoppo TepIEAGUPave pio
AMpma 4 kKW UV-Aquro mpog emefepyacio maptidag Avpdtov péypt 500 L Kwnrfplog
dovapn g dwdikaciog anotélece 1 avtidpact photo-Fentondmov ta Wvio o1d1pov dpovv
oav KataAOTNG Topdyovtog erevbepes pileg vépo&uiiov OH., kdtw vrd g enidpacn g
axtvoforiag. To avoamtvéloxd épyo egeliccovioy oav évo TOPaKAGSL TNG TAPAY®YIKNG
HOVAB0G. Xg EKTETOUEVOVG EAEYYOVG, OV de&nyOnoav, €ywve govepd OTL PHECH AVTNG NG
Texvoroyiag ot pun PlroomotkodounGIol HOADVTIKOT Tapayovteg UmopohV TPAYUOTL Vo,
avtipetonododv oAb omotelecpatikd. Hon to 2003 té0nke otdy0g 1 vAomoinon &vodg
TpoYpaupaTog encEepyaciog AvpAtov péxpt S nt. ‘Extote £€xouv oyedaotel TOAG TAOTIKA

TPoypappaTa pe po peydn tokidio epoappoyov tov UV-Fentonoavtidpactpiov [91-93].
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O amoypouationdc katl 1 ovopyavomoinon péow avtidpdoewnv Fenton/photo-Fenton
tov Procion Red H-E7Bcon Cibacron Red FN-R [94ducorovbei kivnTikn yebdo-mpdTng
ToENG, Kht® omd TIC OedOoUEVEG TEWPAUATIKEG OCLVONKEG, EVA Ol TOPAUETPOL, OTMG
Beppoxpacia, apyikég ovykevipmoelg tav avidpactnpiov Fe(ll) ko HO, kabdhg kot 1 anyn
aktwvoBoliag (texviki f euokn) oaloloynROnkoay pE OmOTEPO GKOTO VO TPOGAYOLV TNV
avopyavoroinon Tav Bopdv. To TEPaUATIKE OTOTEAEGHOTO AVOSELKVDOLY TNV VIEPOYN TNG
pe0dd0v VIO TV eMidpacn TG axTvoBoAiag, eved KAIVOUV LITEP TNG XPTOYLOTOINCTG VTV

TOV TEYVIKOV Y10 TNV €V AdY® KoTnyopio Bapav.

H ovykekpyévn opdda peletntov  otn  PProypaeny avagopd [87], mov
enefepydotnke npocopolwpéva omofinta mov nepeiyav 2% polyvinyl alcohol (PVA) Blue
G, Bagn tomov direct,n Black B,Bagn tomov reactiveue tig pebddovg Fentonm photo-Fenton
AVOQEPEL OTL TAPAYOVTEG TTOV EXNPEGLOVY AmOPACIoTIKAE TNV avtidpacn Fentoneivai: to pH,
n Beppoxpacia (T), kat 0 ypdévog OV omotTeital PEXPL TOV anoypopatiopd. No onpeiwbet 6t
0 teAevtaiog mophymv exEpAletal PEC® TOV TIUOV TOV OTOLTOOUEVODL yMpkd o&vydvov
(COD). Znv mpoomdadeia kabopiopot Tmv BérTioTmv cuvbnkdy Bpédnke 611 | Beppokpacio
mailel oNUOVTIKO pOAO Kot YK HEsa OTmg ToAvUEPT], VO GUUPBAALOVY GTIV GLGCOUATOOT)
TOV OOPOVUEVOV COUOTOIOV 00EAVOVTOS TOV OTOXPOUATIGHO KOl UELDOVOVTIOS TO 1OVTO
o1dnpov . H avtidpacn ameikovifetal dpiota pe v kivnuiky 1™ tééng. Kaw ot 800 Boagéc
emdekvvoLY TNV 1010 evanstnoia oty Oepuokpacio H Bértiom Ogppokpacio eppavifeton
GTOVG 30°C kot kéro o ‘avTn mapatnpeiton o poydaio avENCT 6NV TEMKT GLYKEVTP®OT

tov COD g€artiog g apyng avtidpaong peta&d HO-/FeSQ .

Katd v eotoofedwtiky eneepyacio [95] 600 eunopikmv Papdv , Red M5B, Blue
MR kot pio Bager H-acid §gpnowonoteitor og ynukég Propunyavieg ovvbeong Bapdv thmov

direct, reactivexor azo),paivetar kabopd 1 vrepoyn tov avidpoaotnpiov Fenton.O Pabudc
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anoypOUATIcHod  akolovbovoe v oepd: H-acid>Red M5B>Blue MR, gvdd 1
napoTnpovpevn peiwon tov TOC avépyovtay and 7-82%.Emumiéov n aviyvevon wovtov CI,
SQOZ, NHs;, NOj, ovvemdyetoaw Opadon Seopdv petofd TOL YPOUOTOC KOl TGOV

VTOKUTACTATOV.

e mapopola Oetikd omoteléopata katéAn&av emiong kar ov gpgvvntég [96] mou
oo ONKAY LE TNV AVOPYaVOTTOinom opyovik®v amofAntemv amd dudikacio Asvkavone. H
EMPKLVON TOL YpOVOL akTvoPoAlag kat, wwitepa, M ¥pNoN MAMOKNG aKTVOROAlnG
amedeiyOnoav oNUOVTIKEG TOPALETPOL, TKOVEG VO LELWOOVV TO AELITOVPYIKO KOGTOG KaOMDG Kot
10 KO60TOG TG emévdvone. Kot €dd m emruynpuévn epappoyn g pnebddov Pacileton otnv
Beltiotonoinon TV TWdV TOV oNUOVTIKGOV tapayoviev g ovtidpaong ( T, PH, [HO],
[Fe*"]. Omoc paivetor dev VIapyeL Slapopd oTa TPMOTA AETTE TG avTidpaong , adtipopo av
ekteAeitol mapovsio 1 Oyt eTOg . Avtd ovuPaivel mpodTov, 010TL aucbnty peioon
amoddunong mapatnpeitonr Kuping anovsio emTog Katd v avtidpacn Fentonmov sivon
ypnyopotepn an’ o6tL 1 Fenton — liken n photo-Fentonkan devtepov dco o cidnpog Fe(ll)
givan draBéopog , avapéverar o id1og apykdc puoudc avtidpoong.

Kadmowot gpgvvntég [89] emPePordvouv OtL 1 TPOoSPory) TV YP@UOEOPMOV OUAS®Y
amo 11 pifeg OH', dNA. 0 AmOYPOUATIGHOG, UTOPEL VoL VOl TO TPAOTO Pripa avopyovomoinong
Tov pvmov aAAG Pacikég evdeitelg oEeidwong avTod amoteAovV ot younAés Tués tov COD
kot TOC . Emiong avoaeépovtal Kot antol 6Tovg yv@oTohs Topdyovieg mov exnpedlovv tnv

avtidpaorn (n ovykévipmon H,O; , 1 ouykévipmon Fe*, 10 PHkot o YPOVOG ETOUPTC).
1.6.4 Ergpoyeviic PmTokatdivon

H mo mpdopata oxetikd avamtvydeioa pébodog mpoywpnuévng o&eidwong etvor 1

ETEPOYEVT] POTOKOTAAVGT. ZTNV £TEPOYEVI POTOKATAAVOT AapPdvouv pépog éva o&eidio Tov
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UETAALOL ®¢ NULKY®YOG Kot To 0EVYOVO oav 0&eEBTKO uéco [79,97,98]. Ko 6' avtiy v
TEPIMTOON Ol AVTIOPAGEIS CVOPYOVOTOINGTG TOL YPMUOTOS €IvOl POTOYNMKES, OTOTE 1)
vrapEn kot tov katadd (TiO,) ko g aktvoBoriag (UV) eivor arapaitnm. Mégpt todpa
&xouvv eleyyBel moAloi kotoAdTeg petaé&d TV omoimv o To KatdAnAog Bsmpeitor o TiOz ot
KPLOTOAIKY poper, anatase peyding ovlektikdtnrog otn  QoTOSWGPpmon Kol pE

IKOVOTTONTIKG TTELPOUATIKGA AmOTEAEGUATO. ).

‘Hon  épovv  ypnopwomomnbel  eykoataotdoels emefepyaciog amofAnTmv e
ootokatdivon otig HITA, Notio Apepikn], Avotporio kot Bopeia Agpikn. Ztv Evponn n
epapuoyn Tovg apytoe and v Notwa Iomavio. Xpnoipomolobvior 6o dopopetikoi pébodot,

pio pe dtdAvpo kataAdTn Kot pio pe kataddtn ved otadepr KAv.

ZHETIKG pe TV TEYVIKN TNG O14Taéng o011 POTOKATAALGT), 0 TPOTOG TPOCTTOONS TNG
OKTWVOROAIOG GTOV AVTIOPOOTNPA, MG KoL 1) LOPPN LE TV 0ol YpNoLpoToteitat 0 KataAHTng
OOTEAOVV dVO aMOYELS OMOPUCIOTIKNG onpaciog. H pe omolodnmote Tpoémo cuyKeVIpmUEVN
évtaon g mpoomintovcog oktivoPforiag amd ™ pio (avtidpactipag tomov Helioman)
[99,10Q (ewovo 1-4a)kat 1 uoIKY xopig TEXVIKN TapéuPacn Tpoepydpevn éviaon omd T
AN, o cvvdvooud pe TNV HOPEN TOv emALyeTol  va ypnowpomomOel o koataAdng,
(avtidpactipog tomov thin Film coatinggotokatolvtikdg aviidpactipog otabeprc KAvg,
[101] Ewova 1-4b)odnyodv ¢” éva cuvevacUd avVTISPUCTHP®OVY TOL SIVETUL TAPACTOUTIKG GTO

oynpo 1-5.
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Ewoéva 1-4 bavtidpaotipog otabepng khivng, [101]
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2uykevipopévn évioon Duoikn évtaon

axtwvopoliog axtvofolia
1 2
3 4
Awopnua TiO, Zrabepomomnpévo TiO,

Yynuo 1-5Amoyn avtidpactipov gotoofedwtikng enctepyaciog anopintmy [102,103].

1. Avudpaoctipog vad khion (Helioman).

2. Néog eEeMKTIKAG HOPENG  OVTWOPACTNPOS MOV GLVOLALeEL  Ta
TAEOVEKTNUATO TOV KATOADTN VIO HOPPT CLOPNUATOS Kol EKEIVAL TNG
TEPITTOONG PVOIKNG TPOEAEVLGNG AKTIVOBOALL.

3. Avudpootipog vrd khion (Compound Parabolic Collectors , CPC.

»

Avtidpactipag otabepng KAMVNG.

H ¢otoavopyavoroinon dVo moAd cuvnOiopévav avOEKTIKOV YVOOTMOV OVGLOV OTN
Bopnyovia ypoudtov, to Methyl-orangexar to Orange Il §ixoveg 1-4a, 1-4b )[99]

emtedyOnke pe v Pondeia tov karoldtn TiO; kar Tng nAakng axtvoBoriog . 't avtd 10

oKkomd yprooromdnke avtidpactipag vd KAion, oty nepoyf Plataforma Solar de Almera

(PSA) [100]. E&etdobnkay amoyxpoUaTiGHOg Kol ovopyavomoinet tov pdmov Ommg Kot 1

peiowon tov opyavikov eoptiov (TOC) . AdBnke Epeacn G YVOOTOV 0TI GUYKEVTP®OGT) TOV
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pOTOV, TOL KATAAVTY, 6T0 apykd PH aAAG Kol 6NV EMidpooT 1GXVPOV 0EEIBMTIKAOV OTMG

. 2 . . . . - 2
(népav Tov H202) tov S,057 kot kGmowwv GAAmv 1oviwv omwng Cl kar SO .

Ewdva 1-5 c.@mtokatoAivtikoi avtidpactipeg niakod eotog [101]

Ot avtidpaotipeg TG eKOvag 1-4C, Bpiokovy onpepa Qapoyn o€ TAOTIKN KAIpOKO
otnv mepoy] Plataforma Solar de Almeria (PSAytv omoia ektdg TV GAA®V
dpaotnponoteital opddo gpevvnTdv Tov Ivotitovto £pevvag nhokng evépyewag GmbH,

Hammeln/Emmerthal (ISFH) [101].

JUyKpITIKy  HEAETN  avopyavomoinong Tov pn  Ploamokodounoiov  povmov  p-
nitrotoluene-o-sulfonic acid (p-NTS)oe mdotik KAipaka TO60 He TNV OMOYEVN
ewtokatdivon (photo-Fenton)oco ko pe v grepoyevhy ewtokatdivon [100] (ue ddo

Tomovg avidpaotnpiov Heliomanko Ztadeprg khivng) édeiée Ot :

» n etgpoyevig ewtokatdivon (uéow TiO, ) Oo pmopovce va yprouomombel oto
otado g mpoemegepyaciag kol va  okolovOnoer mn  Proroywkn  ddkacio

emekepyaociog Kot 0Tt
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» 1 anddoon Tov avTdpacTipa otadepnic KAvng &yl TputAdota amddoon €& artiag g
guvoikng ovpPorng tng TExvnTAg KAiong Tov avidpactipe Helioman ctov

avacuvdvooud Tov (guydv niektpoviov (€) kar ondv (h*)

Y& ovykekpévo avartvélokd mpdypoupa, Nepd — HMokn @oTOKOTOALTIKY

enekepyoocio amoPANTOV €PYOOTAGION YAPTOL, OL £pELVNTEG TOL oTitovTo TG KoAwviog
omnv I'eppavia, German Aerospace Center Dlddi to Universidale Federal de Uberlandia
avaAivovv Tig mbavotnteg enelepyaciog amofAntov enesepyasiog xdptov e v fondela g
NMOKNG POTOKATAAVTIKNG dpdong Kat evtoAn tng Bpaliidavikng Bropnyaviag xaptov VCP.
H avopyavomoinom tng Atyvivng, mov givar éva fromorvpepés, amoteiel og YVOOTOHV TEPAGTIO
TPOPANUa oty Propmyavio yéptov. Ta amoteléopoto v TO0TOIG NTOV EVOAPPVLVTIKG Y100 THV
pwtokotdAvon pe v Porbsi tov Muaywyod katodvtov TiOz, kot TG MAOKAG
aKTVOBOAIOG, HI0G OIKOAOYIKOD TPOGAVOTOAGLOD TEXVOAOYIOG TPOG AVGT TOV TPOBANUATOG
avtov [90].

Loykpon mg UVITIO, pe evlopuky pébodo ko pébodo oloviopod £deie mAnpn
amoypopaTicpd Kol adpavormoinon dSwwAivpatog Reactive blue 19uetd oamdé 60m in
kotepyaciog (125 W kdpna, pH 7, 100 mg/L TiQn ZnO pe o&uydvo), eved o oloviopog
KaTaeepe HOVO amoypopotiopnd ko 1 evioukny pébodog (Phanerochaete chrysosporium)
uohg 30% amoypopatiopd [102]. Avapopikd p” owtodg Tovg 300 KATOADTEG Ol EPELVITEC
woyvpiCovtan [103] 611 otV avopyavoroinon tov pdrov 2-phenylphenob katoddtg ZnO
glvat katd katt Arydtepo amoteleopatikog and tov TiOs,.

AlAeg epeuvnTIKEG Opddeg epyalovtal 6To TESIo EPAPHOYNG TNG KATIAANANG TNYNg

Qwtog (TexvnTtd M MAakd ewc), [55,104,105],xypnoyonoidviag toco omoPfinta Boageiov
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[106] 600 kar Bropumyavikég Papéc oav HOVTELD, HE GYETIKN TEPWTAOKOTNTO GTN SO TMV

[107,108].

H pwtokataivtikt drodikooio anedeiydn moAd amoTEAEGUATIKY GTOV OTOYPOUATIONO
VOUTIKOV SrwAvpdtev Towkidov Bopnyovikdv Baedv [108] onwg : Orange Il, Orange G,
Congo Red, Indigo Carmine, Crystal Violet,Malachite Green, Remazol Blue and Methyl
Yellow. O xatoidtng TiO, tomov P25 Degussfipiokete apyikd vrod poper a@proTog 6€
oo mepiBddrov (PH=3) kot katdémv petopépnke moved oe yudAlvn TAGKO G Lo
KatdAANAN Sodikacio. To anotélecpa Tav 0 TANPNG OTOYPOUATIGUOS TOV SLOAVUATOC, EVHD
a&iler va onuewwbel 011 TPy v axtivoPoria StomiotdONKe MO po pelwon TS apyikng
GLYKEVTPOONG, AOY® NG TTpoopdenong e Papng emi g empdaveing tov KotoAvtn. H
mpocOnkn tov Hy02 Pektioce v ToydTNTo OmOYPOUOTIGHOD 01o0NnTd €KTOC amd TNV

nepintwon g Paeng Indigo carmine.

Katd mv enetepyacio potokatorvtiknig avopyavornoinong (UV/TIO, ) g Paeng
acid red 14 [109],onpovtikd péro otnv amotelecpatikdétnto g pebddov EmaiEov ot
TapAyovtes, Ommg cuykévipoon g Paeng, KotdAinieg tocotntag tov HaO; kot TiO2 kot to
PH . Na onpeimbei 6t o1 mapdyovieg dmwg UV ko TiO, giyav pio apentéo enidpaocn, otav
EMOPOVGOV UELOVOUEVO. XTI GUVEXEWL 1 OVOPYOVOTOINom YIVETOL €UQOVAS HECH TMOV
paoudtov Tov EMencav oty opath meployn. H otadiokn peimon tov kopveav e AR14
6€ Amax= 515nm 0pevoc delyvet o paydaio avopyavomoinot, apetépov tovilel pe évvolo to

KOPOKTNPLOTIKO SITAO dE0UO TV Papdv TOTOL azo .

AM evdwapépovoo perétn [110] anotedei | avopyavomoinon ovcudv THmov reactive
oL, OV Kol TopoOpolng dopng, ot dopopeTikoi vmokatactdteg (kapPofviopddes Kot
GOVAPOUASES ) EMBPOVV SLUPOPETIKA GTNV ALOSOUNCT TV ovoldy . Mia peimon tav Tydv

COD givat evOeIKTIKEG Y10, TV 0TOdOUNGN TOV POTTOL .
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H xwvntikn ocvpmepipopd péow UV axtivoPforiog ko awpnipetog TiO, peletnOnkov
de&odwkodtepa and AN opdda epguvitov [111]. Tapapetpot, dnwg cvykévipoon Ho0z ,
katolvtov TiO, kabmdg ko 1 cvykévipwon dSwaAvpévov o&uydvov edfobnoav Wiaitepa
oy . O pubuog avopyavonoinong tov HoO, ftav avaroyog tng évtaong g axtvoBoAiog
Ko aviAoyog e v odEnomn g cvykévipoong tov TiOz uéypt 1o onueio kopeopov. H

GVYKEVTpOON Stolvpévov 0&uyovou paivetan 6Tt givat apeAntéa.

H ootokatoivtikn o&eidwon (PCO)tng monoazoBaenc Procion Red MX-5B [112]
eetdoOnke kato amd mowileg Quowoynukés ocvvinkes. H avopyavomoinon péowm g
npoavapepBeicag nedoddov avéndnke Kotomy eravénong g évraong g UV aktivoPoiiog,
g ovykévipoong tov TiO, ko tov HzOz, 0AlG mopepmodiloviay pe ekeivn TG apyikng
ovykévipoong g Paeng. Emmpedlovrav de moAd moapadoéo and to pH tov doadvpotoc. e
pH 10 ka1 cvykévtpwong TiOz, 100mg/L,anovcia H20; , epeavicnke o vynAdtepog pubuog
avtidpaong. Qo1060 og cuykévipwon tov TiO2 500mg/Lkar 10 mMtov HxOy, 1 avtidpaon
Nrav ypnyopotepn oe apykd pH dwdduatog 3-5. O Bédtioteg cuvOnKeg mov emkpdtnoay
Katd TV ovopyovomoinom, vad e évioon tng aktwvoPfoAiog mov avépyoviav otol?
mwW/cn, Nrav: cvykévipoon tov TiO2 500 mg/L,apykny cvykévtpoon tov HO, 10 mM;
apywod pPH dwivpatog 5.0. E€etalovtog tig Tyég tov TOC kdtm an’ avtég T ouvOnkeg,
Bpébnke 6t n Par| anotkodopeitor oto 90% péoa oe 80 Min. Qg ek TovTOV, TO TOPAUEVOV
pikpd €otw emimedo tov TOC mopoméumel omv vmobeon OTL dev emépyetar TANPNG
avopyovornoinon péow g nebddov avtig (PCO) kar 0Tt emumAéov pe 10 TENOG TG

avTidpOoT G UTOPEL KoL VO DOICTOUTOL KL [ LUKPT CUGCDPEVGT] 1] OTOSOUNGIUL®Y OVCIOV.

Ta mepdpoTo Yo ToV amoypOUOTIGHO VIATIKOD SWADUATOS TG EUTOPIKNS Popng
Remazol Red RR113], tomov azo-reactive&ywav cg avtidpactipa dlareinoviog Epyov amd

yorolio Kot TOKIA®V POTOKATAAVT®OV o€ Hopen alwpipotoc. O ZnO enédeile eAappmg
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vymAdTEPN dpaotikdtnta an’ 6Tt o TiOz . A&0AoYdVTAG TNV POTOKUTUAVTIKY] IKOVOTITO TOV
TPAOTOV KOTOADTY, KAt 0md mowideg ouvOnkeg Ppébnie: a)To eldyioto poptio awtov gival
0,5 gr/L, evéd o cuvexdpevn avénorn avtod evicybeL THY aTOTEAECHOTIKOTHTO TG peBddov.
Q01600 povo péxpt £va PEATIOTO onueio, KaBmg petd an’ avtd to onueio yivetoar aeOnt) M
EMIOPOOT TOV PALVOUEVOD TOV OKESAGHOV 00 KOKKOVG TOV KataAvty. EmumAéov 1 emidpoon
TOL QOPTIOV TOL KOTOADTN og YoUNAEG ovYKevip®oelg tng Pageng, sivar wyvpdtatn. B)H
UEYIOTN OTOSOTIKOTNTA OOYPOUATIGHOD oty &v Aoym PBooen Ppioketon oe pH= 10. To
undevikd onueio oty eOption Tov kataAdtn avtiotoyel oto 9.0, evd mave ar’ avtd
poprtiletan apvntikd, pécm g Tpoopdenong Tv OH- Wvtwv. Avtd cuverdyeton Tapoy®ym
elevBépav prladv tov OH', 1o Pacikd 0&edmTIKd LEGO OV €VOVVETAL Y10t TOV ATOYPOUATICHO
péow ovtig g nebBod0v. Y)H amoteAeopATIKOTITO TOV ATOXPOUATIGHOD EIVOL OVTIETPOPMG
aVAAOYT TTPOG TNV OPYIKT SLYKEVTP®ON TNG Pagng. Mia avénon g apyikng cLYKEVIP®ONG
™mg Poaeng €xel cav amotéAecpa TV €mioNg adENGN TG TPOSPOPOVUEVIG TOGOTNTOS TNG
Baeng eni TG EMPAVELNS TOV KATAADTY, EVD GLYYPOVOG UELDVETOL 1 TAPAY®YT EAEVOEP®V
pllov tov OH, emi g 010G mAEVPAg ™G EmPAveENG, AOY® TNG TAPEUTOSIONG NG
npoopdeNoNg ToodtNTog WvTwv OH . Emmiéov, to pikog dieicdvuong potoviov 6to dtdivpa
pewdvetTol, coupova pe to vopo tov Lambert —Beer,ue amotélecpo v pukpdtepn

TPocpdENoT PoTOViKV el TOV HOPIOY TOV KATAADTY.

O ocvvdlaopdc ¢ POTOKATAATIKNG 0&eidmong pe éva eOnvo nuaydyo [114] vikd
onmg to TiO2, 1o omoio givon tekeimg adpavig ynukd kot Prodoykd, Tpoceépet pio "kabopn”
Texvoroyia OEEIBMTIKNAG KATAOTPOPNS TOV OOPOPOV TOEIKOV OPYUVIKAOV OLGIOV TTOV
GUVOVIMVTOL GTO VEPO KAl 6T VYPA 0OPANTO. T TAOTIKN KAMpoKo LEAETNONKE 1 xpriom TG
NMOKNG OKTWVOPOAIOG Yot TOV OTOXPOUATIONO OmoPANTOV, chvleons &L S10pOPETIKOV

EUTOPIK®V SLVOETIKOV Papdv. Xpnoipomomonkoy TapdAAnio cuvoedetévol avTidpacTnpES
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tonov CPC e domepatodc cowinves oty nAlokt axtvoforio. H pedétn amodounong pécm
™G QOTOKOTOALTIKNG HeBOdoV  dtekmepatOnKe, YPNOYOTOUDVTAS TS ETOVOUACOHEVES
napoapéTpovg Taguchi. Zopeeva p' avt v pebodoroyia, m aviidpoon éEywve vmd
SLoPOPETIKEG GUVONKES PONG TOV ATOBANTOL KOl SLOPOPETIKMV GLYKEVTp®GEwY o€ HyO, wan
Stopopetikég TEG tov PH. Tdupwvao pe to anoteléopata, OAeg ol Boapég 0modopovvTaL
EMTUYDG LEC® NG PwTo0EEIdWONG. [d1aitepn enttvyia eppavilovv To amdPAnTa VIO Yp1YoPN
po1 oAKaALKOD TEPIBAAAOVTOG Kot VYNNG cuykévipwong Tov HO,. O amoypopaticpog tmv

anoPAftov enAbe nsita and 55minypovo Aetrtovpyiog.

Ot gpeovnTég OVTAG TNG €PYOCIOg OoYOANOnKav HE TNV  (QOTOKOTOAVTIKN

avopyovoroinom Tov gunopikod aloypoduatoc, Remazol Red F-3B, [115].

Emmpocbétwg, oy enidpoon tov ®dn yvootdv mapouétpov (PHocvykévipoon
Bapnc ko xataddtov, éviacng oaktwvoPoiriog kabdg Kor ypdvog £xbeong Tov YPWOTIKOL
SWAVHOTOG) Ol €PELVNTEG GUTHG TNG EPYOCIOG OlEPELVOVY KOl SOMIGTOVOVY OTL 1)
POTOKATAAVTIKY dpacTNPOTNTA TOL MUymyod cov cuvaptnon g UV axtivoBoliag,
oyetiletal e 1o ddyvuTo YA amopPOPNONG TOL AVTIKATONTPILEL TV doun TOL MY WYOoV.
Mo ohykpion TV 600 KaTaAvTdV og piKkog kKopatog 365 nm,o ZnO vrepéyet tov TiO,, Tov
omoiov N amddoon avEdvel o pnKog KHatog 254 NM.QoTHG0, and TV GKOTLY TG peimong
tov TOC n anddoorn tov TiO; yevikd givan koddtepn omd ekeivny Tov ZNO aoyETmg TOv

pfiKovg kopatog tng UV axtvoPfoiriog.

2V enidvon Tov TPOPALATOG EPXOVTOL VO CUUPOAAOVY Ha GEPA AO GUYKPITIKES
peréteg [116,117]tov potooledmtikdv pedddwv. Kprmpia amodotikdtnrog arnoteAody yio
OAeg ot TiéG Tov YNk amartovpevov o&uydvov (COD) kabdg kot ot amartodpevol ypdvot
AMOYPOUATICHOV. ZvyKekpiéve, 1 olovolvon [116], and Tic vwoloweg epopproloueveg

uebodovg (H.02 /UV-C, TiO/UV-A ) og mpocopoiopéve. omopinta Boageiov , vreptepei wg
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TPOG TOV ¥POVO UMOYPOUOTICHOD (oyeddV otiyaiog ) kol g mpog Tig yauniég tuég TOC.
Maoadi de pe v pébodo HO, /UV-C amotelolv Tig vmooyopeveg voyneleg pebodouvs yio
enefepyaoio amofAntov o Propnyoviky kAiipoxo. H tedevtaio péBodog, TiO/UV-A, édei&e
va eelooeTan apyd, ov Kot EMPEPEL EMONG TANPY ATOYPOUOTICUO KO OVAPOPIKH HE TO
€€oda. AertovpykdnTog Oo MTOV OVTOY®VIOTIKY, HOVO oV 1] QOTEWN NG TNYH Eixe
avtikotootofel and v nlokn evépyela. X' GAAo onpeio g PPAOYPOPIKNAG avapopig
[104], peta&d tov @otoofedwtikdv pedddov UV/Os; UVI/H 0, UVAITIO, ko
UV /H:0/FE* (UV/Fenton )mov €QAPUOGTNKOV GE TPOCOUOLMUEVO Kot TOAL amdPAnTa
Bogeiov oArd kar Tov opyavikoy pimov 4-yAdpoeavorn (4-CP)n ogpd omodoTikoTnTog

nrav :
UVdeOz/Fez+ (UchFenton> U\/O3> UV /H20, = UVA/TIO, .

H epevvnrkr] opdda [117], mov enelepydonke k' avty amoPfinta Bogeiov pe Tig
KGOl pwtooedwtikég nebddovg UV/H0,, HyO,/03, kot H,O./F€*, Katénge ot kot o

Tpelg pébodot emépepav TANPN 1 oSOV TP amoypOUATIGHO, TovilovTag Ot

v H uébodoc Fentoneivar ypiyopn Kot OIKOVOUIKY HOVO TOV HEIOVEKTEL OC TPOG TO

TPOPANUA TNG HETAPOPES «AAGTNG» GTO TELOG TNG dlEPYOTING

v Kor 1 UV/H20; 660 kor giukf va givor mpog to mepipdiiov ( dev dnovpyel
«honn» dev ypetbletar emmpdoheta ynUKd LEGH KOt OV LOAVVEL TEPOUTEP® LE TNV
dnovpyio. eviGUEC®Y TEPIGGOTEPO TOEIKDV TPOIOVIWV EKEIVOV TMV APYIKOV)
e€akolovbel va eivor avomotelecpotik €§ outiag €£0dwvV  emévovong Kot
Aertovpywotnroc. ‘Etol kpiveton oamapaitntn pio mepottép® épevva UETAED TmV
Agyopévov Ipoyopnuévov Ofsdmtikdv MebBddwv Avtippimaveng (AOPS) kot

AoV nebddwv dnmg Prodoyikmv enegepyacitmy.
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YHuepa, HETOED TOV  TPOTIUOUEVOV eMAOY®V oty  enefepyacio  amofAntov
ovykataAéyovtor emiong ot péBodor Proroywkng emefepyaciog. Ilpdkerron Yy oyeTikd
avéEodec pebddovg, apov To £€0da Aettovpyiog TV etvar YoUNAG Kol ETTAEOV TA TEMKC,
oxeddv TApOC amowodounoipa, mpoidovia Tov dev etval to&wkd. Meta&d avtdv, ot
Swodikooieg aepoPlog €vepyong AVOG YPNCILOTOIOVVTOL EVPEMG OTOTEADVTOG TNV KOPLoL
enefepyoocio 1060 o1, frounyavikd andBinto. pe Sidpopa gidn Bapdv (Mixed textile)dco kot
dnpotkd[17]. TTapoia ovtd, omodeiybnke OtTL givor avomote ecpaTIKEG otV enelepyacia
anoPAiTov mov mepLEyovy cuvbetikés Papés (WBwaitepo oe ekeiveg Tov TumOL reactivexkot tig
aviovikég (anionic) evdidivteg 610 vepd) &€ artiog TG HEYAANG TV avOEKTIKOTNTAG TOL
napovotalovv. H Swdwocio pewdver onuoaviiké 1o COD, gved eivon  oyeddv
OVOTOTEAEGLOTIKT GTIV OTOUAKPUVGT TOV ¥p®dHaTog. H Mol pikpn frooroucodopunoipdtnto
OV TOPOLCIALoVY Ol POPEG GE GUVOLAGHO LE TNV TPOGPOPNCT CVTAOV TAve oty Propdlo
(biomass), paivetor va. amoTELOVV TOV KOPLO UNYOVICUO OIOUAKPUVONS TOV YPMOUIOTOGC.
EvoAloxTiKd, Y10, TOV amoypopoticpd tomov reactivekarl dAleg gudidAvteg 6to vepd Pagig
umopei vo epopuootel 1 avagpdpio uéBodog avopyavomoinong (6mov ot TEPIocoTEPOL THTOL
Bapdv Katm amd avaegpoPleg cVVONKES OTOKOdOUOVVTOL €V HEPEL, AV Kol AYOTEPO TPOOHLLO

an’ 6tL ot Tomov azo) [10,34,118-120].

Yty wepintmon pe éva avaegpofro fagpofro SBRovompa (Sequencing batch reactor)
[121] xou pe Bogég dopopetikdv dopdv, tomov reactive ,oto avaepoPio otddio emnide
EMIONG OMOYPOUATIOUOG €V HEPEL , TOV OUMG apydTEPO GTO 0EPOPLo 0TS0 Kot VO TNV
eMidpaon TOV NAKOD PMTOS OAOKANPOONKE, EVD 01 Popéc amoikodoundnkoy Tepattépm 6e
Myotepo Profepés ovoieg H pébodoc, Opms, pelovektel 610 yeyovog 0Tt 1 0EEdmTiKY dpdon
Tov cvothpatog HxOof Fet LEWDVETOL SPASTIKA amd TN OTIYUN TNG LETATPOTNG TOL d160£v01G

o1dnNpov o€ Tprobevéc.
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Qotdco évav amodotikdtepo Tpomo anotelei n puEBodog g photo-Fenton [122]n
omoia 0dnyel og eEMdTT®MON TOVL OpyaVIKoL Poptiov . [Ipdkettal yio v emidpaon g UV-VIS
axTvoPoAiog eni Tov GLUTAOKOL Tov 0&aAkoy odpov kot Tov HO,. H axtivoBoAio tov
GUUTAOKOD TOV 0EAAKOD GLETPOV o€ GEWO meptBdriov Tpokadei kivon CO; kot Wvta Fe*
(o ehebBepn popen N popen cvumAOKoL) T0. onoia oe cuvdvaoud pe HO2 mapéyovv pia
cuveyduevn Tnyn tov avtidpaotnpiov Fenton.H amaitodpevn evépyeia, O, Yo Tov 1610
oyko emleypévav omoPMjtov PBpioketor kotd 1o 20% vyniotepa tov photo-Fenton
ovotiuatog . H amoteheopaticdtnta g pebodov avtg évovtt tov aAhov UV- peboddov

opeideTon

v’ Ty amoppO@Non TOL GLUTAOKOL TOL 0EUAIKOD CIONPOL GE PAKOG KOUOTOS TNG
neployng 200-400 nm ,mov Bewpeiton axodun omodotikdtepn omd exeivn g UV-VIS

axtwvoPoliag [122].

v Ty kBaviiky anddoon tov FET oty mepoyn tov opatod gpmtdc mov sivar ~ 1.24
(300 nm)xkor 0.84 (500 nm¥voavtt ekeivng Tov Fe* pe v pébodo Fenton (o6 0,14

oto. 313 nmota 0,0176t0 360 Nm ).

v TV anoTEAEGUOTIKOTEPT AVIIUETOMION TV VOATIVOV amoBARTOV OV mEPIEYOLV
UPOUATIKES EVOOCELG TMV 0TOIMV TO. VOPOEL TAPAYOY, ATOPPOPAOVTAG EVIOVH GTO 1010

A 7 + . r 4 4 r
uikog kopatog pe 1 HoOp kou 10 FE, odnyodv o éva mokd pwikpd puouod

KOTAOTPOPNG TV UNTPIK®V (0p)IkdV) TV popimv

O)a, 6o Tpoavagépdnkay, atoyxedovy og o avénon g anddoons oty TeEPoyn

TOV 0paTOV PAGHOTOG KOl ETOUEVAOG AELOTOLDVTAS TV NALOKT EVEPYELD TIPOGPAETOVV :
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v otV emavepyonoinon Tov KoToADTH (FeZ+) pe okomd Tnv oeldmon opyoviKOv
EVDCEMV OV GLVOVTANE oTa VYPE amdPAnta , otov aépa kat 6To £da¢og (y. Bapig

ovoieg , To&IKEG Kat YEVIKG U Bloomo koSO GIHES YNUIKEG OVGIEG) KOt
v\ oV GNUAVTIKY UEIOGT TV AEITOVPYIK®Y £EOSMV.

Oudda epevvntv [16], epfpuoce mpoywpnuéves o&eldmtikég pefddovg mave o€
voatkd Seivpote tov Swbicipuwv europikdv Papodv Remazol Black Bxot Remazol

Turquoise Blue G 133tov tonov reactive,cuykekpiéva Ty @OToKoToALTIKY 1EB0d0 o€
nuoydyr okévp tov TiOz, kol OTOG QOTOEVEPYOTOIOVUEVES KOL UM  OVTIOPGCELS
Fenton/Fenton-likeH tomikn ywo mpaypotikd amdpinta Baeeiov cvykévipoon g Poer
Remazol Black BomoypopaticOnke minpog oe UV 254 nmaoe gdAoyo ypovikd didotnua,
evd o1 Tég Tov COD kot TOC kvpaivovtay otig meployésg 77-98% ko 51-86%, avtictotyo.
H photo-Fentonavtidpacn, opwg, amedeiydn modd kaAdtepn kot pdioto katd 20 @opég
ypnyopotepn g @otokotolvTikng. H avopyavomoinon tng Remazol Black Bédeiée va
OLUUPOVEL LE TO KvnTikO poviého Langmuir-HinselwoodQotéco 1o vdatikd didlvpa trng
Baeng Remazol Turquoise Blue G 138y katopbwoav va 10 omoypouaticovy aAld ovte va
peuwoovy 10 COD ¢’ avto, xapio and 11 Tpoavapepbeioes Texvikég, AdY® TG UEWUEVNG
TPoSPOENONG TNG PUPNG TNV EMPAVELN TOV KATAADTN 1 TNG dNUIOVPYING GUUTAOK®OV KOTE

v e&€MEn g avtidpaong.
1.7 Xvvdovaopoc MeBodwv

O1 GUVOVAGUEVES TEXVIKES OTOTEAOVV L0 EVOAAOKTIKY TPOTAOT Kot oxedov Telvel pe
Tov Koupd vo amodetybel Lovodpopog oty mpoomddeio Tov KOTOPAAAETOL OO EPELVITES Yol
v avantoén pebddwv kotepyaciog amofintov ypopdtov, ot omoie Ba adpavomoovv

mMpwg 10 omoPfinto. H aflomoinon Tov TAEOVEKTUATOV O0(QOP®V TEYVIKMOV Y10, 0L
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oloxAnpopévn koatepyacio. pmopel vo amoderyfel mOAD onupoviikd epyoieio vmd TV
npovmdheon va unv avgavet veepPolikd o kOGTOG TG AEITOVPYing Kot eyKaTdotaong (Ttdylo

KOGTOG).

AVTITPocOTEVTIKA Tapadeiypoto enelepyaciog e ¥pNoT CUVOVACUEVMY TEYVOLOYIOV
divovtar o kdtw. Ov peréteg koAdTTOUV TO 7TEdio TV Prounyavikdv amofAntov ord
Khwotobeoviovpyeio, 6mov ddeopot cuvovacuoi IIOMA kot Proloyikng emeepyaciog

APNOYLOTOOVVTAL Y10, TV TANPY AVOPYaVOToinom

Ye Eyypopo PN omodopnoip, amdPANTa VYNANG aAaTOTNTAS, HE TWES TOL AOYOL
BODs/COD yaunAdtepeg tov 0,4 epoppdodnkav ot uébodor Fentonkebag kor exeivn g
TPOGPOPTONG ENL TOL evePYOD GvOpake pe kavomomtikd omotedéopota [123]. H Béhtiot
Ty PH tov ddvpatog Nrov 3.0 kot o Adyog H)O-:FeSQ. 7H,O was 7:35.0 Adyog
BODs/COD apywé avénnke oto 0,432kot 0,31 and 0,06 yia v pébodo Fentonkor tmv
wpocpdenomn emi tov evepyov GvOpaxa, avtiotoya. Emeita, opmg, amd éva amoutoduevo
XPOVIKO SAGTNUA Y10 TNV TEAEW TPOCAPUOY TOV UKPOOPYOVIGUADV OTIG TOEWKEG cLVONKESG
TOv SADpaTOG, N pEBodoc anédmaoe katw amd Tig vynAég Tipég tov COD kot v emiong
vynin oiatodtnta. tov Soivpatoc. EmmpocBitwg, e€etdobnke m amodotikdTnTaL TOL
ovotiuatog pe v Fenton avtidpaon oto televtaio otddo Tng emefepyaciog mPOg
0AOKANP@OT TG TPOOTADELNG OVTHG. ZVUTEPACUOTIKA, Ol EPEVVNTEG KATEANEAV OTL Ylo [iaL
Swdikooio enefepyaciag omoPAnTOV, mOV eumepiExel TV MUk oeidwon, Tov evepyod
avOpaxoa, otadeporomuévo cvotnua Proroyikng eneEepyaciag kot tnv avtidpacn Fentonoav
TeMkoV otadiov eneEepyacia, pmopel va amofel yprion o€ Eyxpouo amdfANTO TOL £YOVV

VYNAN 0AOTOHTNTO KOL U1) OTOIKOSOUNGLUO 0pYavIKO (OpTio.

Yy mepotépo euPfaduven e cvvovacTikng pebddov, potoyniukng pebddov e

0lov axolovBovpevn oo Proroyikn Swadikacio avaeipdnkay kamowol GAlot epguvitéc [124].
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SuyKeKpEVa, avaeEépouvv OtL 1 enidpacm tng olovorvong otig Tuég Tov COD kan 1 otafepd
avtidpaong (Kap), eivar kabopiotikoi yio o nepartépm Proroyikn eneéepyacio. H éktaon g
epappoyng tov 0fovtog emmpedlel ONUAVIIKG TV EVOTOUEVOLCO TOGOTNTO GE OPYUVIKO
@optio ota amoPAnta. Onwodinote, OUwG, N ¥pNon Tov 6Lovtog dev amotedel PETPAGIUN

oyéon mov Oa kabop1le v petémetta Kopla Proroyikn drudtkooio.

H gpappoyn g epmtoynuiknc uebddov photo-Fentongav mpo-enelepyacio og ua
axolovBovpevn Proloywkr| eneEepyaocio og moAD avOextikd, un Proamokodopnope (VTd TovV
yvootdv 6po Zahn—Wellens)andpinta epyoctaciov ot Notia I'addia [125] arockomovoe
otV €&aymyn CLUTEPACUATOV, avapopikd pe v eEEMEN ¢ Proavopyavomoinong tov
amofAnTmv, émerta amd Mo omddoon amotkodounong twv yopo oto 40 kot 70% péow
potoynuikng o&eidwong mov mponyndnke. Qotdoo dwmotddnke (LEcO TV OVOALTIKOV
uebodwv UV-VIS kar HPLC) 611 o1 evdiGuecss apopotikés eVMoELg Tov eviomiodnkay €€
apyng kot kabiotovcav ta amdPANTa [ PlO0TOUKOSOUNAGIL, TOPALEVOLY KOl ETELTO OO
enefepyooio pe v photo-Fenton pébodo, omdte kabiotovv v emmAéov Proloyikn

eneepynoio AVOTOTELEGLOTIKT.

e o GAAN epyaocio [126] avtimapatifevrar Vo tpdmot cuvdvocuévey enetepyactdv
vy amoPAnto KAwotobeavtovpyeiov kol ovykpivetar o Pabupog omoxpouaticpod Kot m
peioon tov DOC mov emtevydn péow oloviopod kar agpofiog emnelepyaciog (2 okén
enefepyooiog) | ovTOV IOV TPOEKLYE OO TNV TPocsOnkn g aepofiag npo-eneepyaciag,
axoAovBovpevn amd GAAN avaepoflo. mov mpootédnkav ot cvvdvacuévn eneepyaoio
oCovorvong-froynuixng (4 oxén enelepyaciag). Av kot 1 froloywn eneepyacio KoTapépvel
70% oanoypopotiopd, o omotodpevo mocd  O6Loviog MTav mapdpolo Kol oTig dvo
TEPUITAOOELG, TPOKEWEVOVL Vo €mMTOYOVV VYNAO PBabud amoypopatiopod Ko peiwon tov

DOC. Ko otig 600 meputtdoelg 1 olovoivon avédavel v  Prooamoddouncn oty
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axorovBovpevn aepdfia eneEepyocia, mapdro mov Yo meTHYEL o oAk peiowon tov DOC
>80%, amarteito po cvykekpyévn tpocpdenomn tov 6lovtog , Yopw ota ~69g Q/gDOGY,
evd >50% g peimong tov DOC emtevydn oy olovorvon. Katd tnv ovykpion tov dHo
SL0SKOCIOV avaPOPIKE Pe TO KOGTOG Aettovpyiag, N Tev teccdpv otadiwv encéepyacio O
UTOPOVCE VO LELMCEL TO KOGTOG HOVO UE U0 UEIMOT TNG OMOUTOVUEVIC TPOGPOPNOTG TOV

6lovtoc oe Ayotepo omd 2g Q/gDOGC, ..

Teyvohroyieg ynukng o&eidwong ocvyxva epapuoloviar Tpog eneEepyacio TOAVTAOK®Y
Blounyovikdv omofAntov, mov dev gival omoKodopNcipe PEG® ovuPatikdv pebddwv. O
poOAOG TG YMUIKNG o&eidmong e€aptdtal amd 10 €160¢ TOV amOPANTOV Kol TOL ETOLUNTOV
Babuov eneepyaciag. v mepintwon ¢ eni PEPOVG OMOKATAGTOONG TOV OTOPANT®V, 1
MK 0Eeid®oN amooKOTEl TNV EMAEKTIKY] OTOUAKPLVOY] TOV O EMKIVOLVOV POTOV
UETOTPEMOVTAG TOVG o€ evildpeca Poroyikd ene&epydoipes ovaieg [127]. Zuvdvalovrag tnv
npo-enegepyacio TV amofANTOV HEC® TG YNUIKNG 0&eldmong kot TNV peténeita FloAoyikn
eneepyooia, emtuyydvetor o avENGN TG OMKNG OVOPYOVOTOINGNG GUYKPLTIKG TPOG KAOE
plo and avtég TIc TEXVIKES pepovapéva. H epyacio avty cuviotd v déovoa mTpocoyn o€

ONUAVTIKEG ATOYELS TOV GTTOVTOL

To Bopnyovikd andPinta, pun amodopnopa (apywn tiuy tov TOC ypw oto 500
mg/L) éywe pio cvvdvacpévn mpoormdbelo tov pebddwv photo-Fentonkat Broloyknig
enefepyoociog [128] pe okomd v Popnyovikn eeopuoy TV onotedscpdtov. To
OMOTEAECUATO TNG TWAOTIKNG KAIHOKOG EQOUPUOYAG OvOQEPOLY OTL Mo odvénon g
Bloamodounong opeideton 6TV omTopaKpLVeT TV ETPAUBOV OVGIOV HEGH GUYKEKPIUEVOL
xpOvoL axtvoPoiriog kot kKatavilwong HoOp, Statnpdviog Eva pH dtodvpotog ico pe 2,8 kot
TpocBETOVTaG KOTAAMAN moodTTo. 10vIey diobevodc ownpov, FE'. Baowdpevn ota

OMOTEAEGHOTOL TIG TO AV EPAPHOYIS, OYESAoTIKE Bropmyovikdg xdpog éktaong 100 nfue
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CPC avtidpoothipeg kot dvvarotnta enelepyociog anofintav yopntkotntag 250 I/h. To
nioakd cvompoa otnv photo-Fentonavtidpaon, cav mponynbeica pébodog emefepyociog,
aroddunoce ta anofinta oe Pabud wavoromnTikd yio meportépm Proroykn enefepyacio. Ta
TPMTO ATOTEAECUOTO TNG TAOTIKNG EPUPHOYNG CVOQEPOVY OTL, EMIONG, KAT® amd TIS 1d1eg
ouvOnkeg (pPH ko kataviimong H20y), eival ekt 1 omodounor amoPARTOV YopnTikdTnTag

5001/h, pe pia péoov 6pov axtvoPolrio mov avépyetar ota 22.9 W/nt.
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Kepdraro 2 Ocopntikd Yaopadpo tov Texvoroyidv Avtipomoveng

2.1 UV-Aktvoporio — ®OTOOVTIOPAGELS

O1 potoynuikég avidpdoelg yopoktnpifovial amd 10 yeyovog OTL M omoToduevn
EVEPYELD Y10l TNV UETATPOTN YNUIKOV EVOGEDV TPOSPEPETOUL VIO TN LOPPT 0KTVOPOAING TOV
nAokod emtoc 1 UV-axtivoPforiog. Enpavtikd poro mailel To uAKog KOUATOG A TOV QOTOG

Y0 TV TOGOTNTO TNG EVEPYELNG TOV KATAVOADVETOL.

H toydmra avtidpdcewnv potooeidmong pe niextpovikn diéyepon eEaptdtol omd Tnv
amoppoOPNoN ToL HEGOV, TN KPavtikn amddoon ¢ Sradikaciog, To HNKOG KOMOTOG TNG

S1€yepong Kot amd TNV GLYKEVTPOOT TOV SIAVUEVOL HOPLoKOD 0&VyOVo.

Avdloyo pe to Tppo tov UV-pdopotog mov ypnolpomoteitonl yio ™ déyepon Tmv
popiov, 1 eotdivon dakpiverarl oe avth twv 210-230 nmgov 253.7 nmaev 313-367 nm
Kot TG moAvypopatikng aktwvoPforiag tov 254-400 nm.IIpdkertor ovoclootikd Yo TNV
a&lomoinon tev mepoymv UV-B kot UV-A 100 NAeKTpopayvnTIKoD @AGLOTOG, Y10 TIG 0T0ieg
XPNOYOTOOVVTOL E101KOT AOUTTAPES EKKEVACEMS. ZOUPva pHe TV debvi Pifioypapio ta
253.7 nmumopodv vo. xpnolnorondodv amoTEAESUATIKE OTNV TEPITTOOT TV OPDOUATIKOV
V3poyovaVOPAK®Y, EVA Y10, TOVG OVTIGTOXOVS YAWPLOUEVOLS OAELPATIKODG avoyKaio givol 1

axtvofoAio tov 210-230 nm[129]

O1 guowég 1010mteg g UV-oktivoPoriog, Omwe o OAES TIC MAEKTPOUAYVITIKEG

axTvoPoAieg dAlwote, cuvicTatol TOGO OOV EVEPYELD KUUATOV OCO KOL GOV EVEPYELOKE
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ocopotidw (putovia). Q¢ ek tovTov 1)dovy yia v UV-aktvoBoria ot facikoi kavoveg tng

OmTIKNG dNA. avTavakiaon, duiyvon, diddoon [130-132).

H nAektpopayvntikn axtivoforio yopoktnpifetar yevikd and to WHKOG KOUATOG A Kot

™V cuyvoTNTO vV
VA= @ (2-1) (2-1)
V= ouyvotnTo aktvoPoriag oe St
A = pnkog kdpotog aktivoPolriag o M (cuvnBwg oe NM)
Co = to0TNTa OTOG 670 KevH (2.9979.108 m:Y

Toppovo pe tov Plankto odpoto ekmépumovv gvépyelo vnd HOPOT GUYKEKPIUEV®V
ToKETOV Ko Oyl cuveydpevo. Kabe tétoto makéto evépyelog amoterei 10 AEYOUEVO EVEPYELOKO

KBavto kot TEptypageTal pe tov Tomo tov PlankokoAovbwg :
E=h.v (2-2)
E = evépyeia tov kBaviav potog oe J

n = otadepn Plank (6,6256.1¢ J.s)

AT TG oyéoelg (2-1) kou (2-2) dvvartar va vToAoyioel 1 evEpyela mOV avTIoTOLKEL OE

K@0e PMKog KOpaTOC.

Ytov mivaka 2-1, mepryplpetor 1 EVEPYELD TOV OVTIOTOLKEL OTA SLOPOPETIKG UNKN

Kopartog g UV-aktivofolriog.
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MKog KOHATOG evépyela pmToviav

og Nm os eV og KJ.mol™
100 12,4 1196
200 6,19 598
254 4,88 471
280 4,43 427
315 3,94 380
365 34 328
380 3,26 315

IMivaxag 2-1. Evépyeia tov UV-omtdg

Otav éva QOTOVIO KOVIAG TOGOTNTOG EVEPYELNS, CLVOVIA IO ¥NUKN £VEOoT T
NAEKTPOVIOL dlEYEIPOVTAL KO LETATPEMOVTOL GE EVEPYELOKES OTIPASEC VYNAOTEPNG EVEPYELNG.
Eneidq m  amoppdédeNnom MAEKTOPHOYVNTIKNG OKTVOPOMOGC €mMUTPémEl TNV UETOQOPE
nAekTpovimv HOVO HETAED CULYKEKPIUEVAOV EVEPYEWKMV OTIRAdWY, OTOppoeovVTUL HOVO
GUYKEKPIUEVNG EVEPYELNS KPAVTO POTOG. AVTO £XEL GOV OTOTELEGHO, Ol YNUIKEG EVDGELG VO
ATOPPOPOVY MG UOVO HE GLYKEKPEVO UiKog kKbpatog [132].

Ed&v kdnowog cuykpivel Tic avapepopeves TIHEG evépyelag Tov mivaka 2-1 pe tig Tipuég
EVEPYELNG PEPIKMV TOTIKAV yNkdV evdcewv (C-C : 341 KJ/mol, C-H 413 KJ/mol, H-H 436

KJd/mol, C-CI : 328 KJ/mol),yivetan eppovéc o0tt éva @OTOVIO GOHQOVE HE TNV

Oeppodvvopkn  etvor  wkovd vo dlaomdoet  po. ynuikny  évoon. TToAveOopiopéves 1

56

Institutional Repository - Library & Information Centre - University of Thessaly
12/12/2025 12:09:24 EET - 18.97.14.89



TOAVYA®PLOUEVES OAEIPOTIKEG EVAOELS UTOPOVV VO, OITOUOKPLVOOOY TANP®G pe ADOT TOV
deopotd avBpoka-oroydvov. Ot avtioToyeg TEPLOYXES TOL PAGUOTOS OTOL TPOKOAEITAL ™)

diéyepon givan < 190 nmyta to deopd C - Fron 210 - 230 nmyto to deopd C-Cl.

Ot depyacieg mov okolovBodv TV TPOTAPYIKY OlEyEPOT MEPLYPAPOVTOL GTO

Sarypoppo tov Jablonski[133] BAéne ewcovo 2-1).

To Atdypoppo Jablonskideiyver 0tt mapdddnio pe v emBopnt QOTOYNUKN
avtidpaorn Aappavouy ympa kot GAhes dtepyacie OTwe .y eOopiondc | pwopopiopdc. ITown
dtepyacio kor wog 0o ovvtedecOel, eoptdtar amd TG oTabepéc TV TOXVTNTOV KAOE

dlepyaciog.

Edv apyioer o avtidpaon tote pmopel va EEKIVGOLV LE QOTOYNUIKO TPOTO Ol

axoAov0es Pactkéc avTidpAoELS -

Ioopepeimon A+hv-> B (2-3)
IpocHnkn A+B+hv> A-B (2-4)
Abomaon A-B+hv> A+B (2-5)
Ynokatdotaon A+B-C+hv> A-B+C (2-6)
Otg1doavaymymh A-B+hv> A"+B (2-7)

Alcdot) avtidpaon X2+ R-H+ hv > R-X + H-X (2-8)

puadv
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Ewoévo 2-1. Amhonomuévo Adypappa Jablonski
(cvvtdpevon:A=amoppognon, diéyepon, F=pBopiopog, P=pwogopiopds, VR=xaAdpwon
tahovidoswv, IC = eowtepikn petatpont, ISCauetatponéc scwtepikdv cuvdvacudv) [133]

2.2 TInyég AktivoPohriog

TeAevtaio vmbpyet evdw@épov kot ywoo v oaflomoinon Tov QEAGUATOS TNG
niekTpopoyvnTikig aktwoBoiiog mov Bpioketar kdtw and ta 200 nm (Vacuum-UV, VUV)
[134]. To x0Opio peovékTnpa g pebddov propei vo emkevipwbel oto puBud dnpovpyiag

tov pidv OH . Adyw tov 61t o H202 amoppo@d oAb yopunkd oto vrepiddeg (214 nm),n
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dnuovpyio tov priov mapepmnodiletal, 6TaV 6TO SIEAVUA VITAPYOVY OPYOVIKES EVAGEIS TOV
AmOPPOPOVV OTNV TEPOYN avTH Kot dpovv ¢ ¢idtpa. H pébodog avtr elvar dpeca
ouVOEdEUEVT] E TNV AVATTTUEN AQUTTHPOV IKOVAOV VO TOPAYOLV TOV KATAAANAO QOTIGUO GE
Aoyw6d koéotog. Ilpog to TopdV ypnolpomoteiton g ent T0 TAEIGTOV Yoo TN KOTOGTPOON
0AOYOVOLEVOY VOPOYOVOVOPAK®OV TNV aéplo. eacn. v mepintoon ovth Aappdvel ydpo
anevbeiog didomacn TV dECUOV TG OPYOVIKNG ovaiog. MeAlovtikd icw¢ umopécel va, yivel

AVTAY®VIGTIKT oLT®V oL PBacilovtal otig pileg tov OH-.

Evpeia yprion g eotéAvong cuvavtd kavels oty amoldpover 1060 To0L TGO
030T0g OGO KOl TMV EMLPAVEINKDV VOATOV Kol TOV VYPOV amoPfAntev. Xpnoyomoteitol 1o
unkog kodpotog tov 253.7 nm (UV-C)to omoio ko kataotpiépel ndnpog to DNA tov
nofoyovemv  LiKpoopyovicpu®my. H @®TOATIK amOADHOVOT] YPNCLUOTOLEITOL EVPEMS GE
HOVAdES HKpoL Kot pecaiov peyéfovg kot amotelel v TAEov SLodESOUEV EPAPLOYH TNG

ovyKeKpLEVNG Lebodov.

H oamottodpevn oaxtivoBolic ywo evepyomoinon Tov 0&EBOTIKOV HECHOV  OTIS
POTOYNMKES 0EEOMOELS TapdyeTol 6TO gpyacTiplo pe TN Pondela aepimv mTov eKméUmOVV
axtwvoPoAio ekkévmong . Yyniég cvykevipwoelg OH pmopodv va emrevyfolv pe m forbsia
Aoumtnpov ekkevooeng, omwg Xe(Hg), ot omoiot mapovstdlovv 1oyvpn eKTouny HETAED TV
210-240 nmIto v e®TOKOTAADGN EKTOG KATAAANAMY AQUTTHPOV TOV EKTEUTOVV GE UHKOG
Kopatog yoaunidtepo tov 287,5 nm,n amortodpevn UV-axtivoforio Aappdavetor omd to
NMOKO P®G TOV TEPTEL OTNV EMEAVELN TNG VNG Kot dbétel apbova poToVia KaTdAAniov
WKovg KOpotog. BéPara amantovvron eEEIOIKEVUEVOL AVTIOPAGTHPES YO TNV XPTCLOTOINoN

QVTOV TOV OOTOVIWV.
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2.3 ®ororvtikiy O&eidmwon pe H,O;

H ootolvtik) ofeidwon pe UV-oktwvoPorio kot HyO, cav o&edwtikd péco
xpnowonoteiton amd tg opyés tov 80. v avtidpaon avtn ypnolonoleitor 0 VYNAO
ofewdwtkd dvvaukd tov OH- pilov mov mopdyovioar omd 1o HyO, péom g UV-

aktwvoBoliag [55, 135-137].
Mopaokev] ko Id6tnTeg HLO2

Xy évoon HyOz, n onoia avaxaAivednke ord tov I'dido ynuixd Thenard,ta 6o
dropo o&uyovov etvar evopéva peta&d Tovg pe tov vmepofeldikd deopd, om’ Omov Ko
TPOEPYETAL TO GVOLLAL TG EVMOOTG.

IAUEPO M TOPACKELY TNG ovoiag yivetor pe tnv Agyouevn pébodo Anthrachinon
(BASF). Kat" avtqv 1w pébodo m ovocio  avOpaddpokvévn o€ opyavikn @daon
amovdpo&elonoteitor pe o&uyovo.[pr.avidpaon 2-9] Extog tov HyO, oynpotiCeror kot

avOpaxwvévn M omolo KataALTIKE emavavdpoleihonoteiton pe Hy og avOpaddpokivovn

[133,134]

OH O
R +03 | -Hp02 R
00 — 1
OH Q

(2-9)

INo v ene€epyasio tov amofintov ypnoiworombnke to H2O2 6e cuvovacud pe
Fe(ll) tnv dexaetio tov 60, €dv ka1 o Fentonmepiéypaye ovTOV TOV GLVIVACUO GOV 1oYXVPO

o&e1dmTikd péco 1dn amd o 1894 [86].
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To HyO, ce xobopn popen &givar vypd Aypopo UEXPL EAOQPOG HUTAE Kol HEC®

eEDBepung avtidpaong Saomdtor og vepd Kot 0Euydvo.
2H,0, = 2H.0 + 0, + 96,XKJ/mol (2-10)

Avt 1 10010t va doomdtol pmopel va ponyndei and dibpopeg ovsieg mov dpovv
oav KotoAvtes. [ avtd Y v otabepomoinon tov HzO2 dahdpatog ypnoiponotovvon

S10(pOoPOL AVOGTOAELS.

To @dopa amoppdéenong tov HyO2 mapovsialetor oto oynuo 2-2, 6tov divetatl o
poplokdc cuvteheotng andsPeong tov vypod Ho0, oty meploy pikovg kopotog ard 200-

300 nm [136].

200

150 \

100+

504

Molarer Extinktionskoeffizient
in mol™ cm™

0 T (PR — T T
180 200 220 240 260 280 300 320

Wellenlange & in nm

Ewodva 2-2 daopa amoppdenong tov HoO, [140]

Eivar mpo@ovég amd 1o Sudypappo 0Tt 0 HOPLoKOS CUVIEAEGTNG OMOGPREONG UEIDVETOL
pe av&avopevo unkog kopatoc. I'o v topaynyn OH- plldv amarteitor aktivoBorio pnKovg

Kopatog A < 280 nm.
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To kavovikd dvvapkd yioo to HyO, o 6&vo mepipdiiov vmoroyiletor amnd tnv

avtidpoon
H,0,+ 2H" + 26 > 2H,0 (2-11)
yio E° = 1,77 Vywa pH = O xon yio oAkoliko nepipdiiov and v ekicwon
H,0,+OH - [H,O +HO;]+2€ > 30H (2-12)
yio. pH = 14y10 E* = 1,867 V [138]

Avté o vymAd duvopkd kdvouv cagég TV woyvpn ofedwtiky dpdon tov HoOs.
Elvar katd 11 pikpdtepa and to duvopukd tov 6ovtog kot twv OH- pillav. o moapdderypo
Kot GUYKPLoN 6ToV mivako 2-2 TEPLypapovTal To 0EEWMTIKA SLUVAKE S10pOpWV 0EELSMTIKOV

pécwv Yo pH = Oxon pH = 14,

Kavoviko Avvapikod
O&edmTtid E°inV Ein v

Méoo

F 3,06 2,87

OH 2,80 1,98

MnQOg4 2,26 0,56

O3 2,07 1,24

H,0; 1,77 0,87

Cly 1,63 0,42

MMivaxag 2-2. Avvapikd 0&gidmong Stapopov 0EEIBMTIKAOV HECOY GUYKPIVOUEVO LE TO

PLO1OAOYIKO NAEKTPOSIO VIPOYOVOL
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2.3.1 Mnyoviopég Avtidopacng

Onwg gaivetal kot and 10 oynua 2-2,70 H202 0moppo@d ¢oc ota Ppoyfa KOUOTO ToV
UV-pwtdc ko givan o€ 0éom va oynpoatilet OH- pilec.

H,0,+ hv > 20H (2-13)

AvTtég pe ™V ogpd TOVg OmOTELOVV €val 1oYLPO 0EEWWTIKG HECO Kol avVTIOPOVV LE

0pYavIKEG EVAOOELS Kot e£oynv oG akoAovOwmg :

- tpocOnkm o€ pa C = C —évmon kat oynuatiopd opyoavikng pilag
H,C=CH+OH > CH,—CH,-OH (2-14)
- Aldomacn evog atdpov vdpoyovov amod e C-H- amAn évoon
HR-H-OH = HR +H0 (2-15)
- AMldomaon aroyovou (R =opy. Hal = Halogen)
R-Hal+OH > R*+HO-Hal (2-16)

E&atiag ™g vymAng dpactikdtnrag twv OH- pildv ot avtidpdoels avtég Aapfavovv

AOPpa LOVO AyeG POPEG EKAEKTIKA.

Amoomdtor vV3poyovo amd pio opyovikn évaon pécm e OH- piag, tote Egxvd pia
aAvcdot avtidpaon[13,139,140]. Zav omotélecpo avTAG TG GALVGWOMTNAG avTidpoong
Aoppdavooy ydpa avtidpaoelg pe popio (To omoio EpovY AelTovpyIKéG opades) ypnyopdtepa
oo avTWPACELS LE (LVGLOAOYIKOVG VOPOYOVAvOpakes. ZvvomTikhy dmoym Yo T mhavég
avtidpdoelg Tov OH- pilldv pe opyovikd popla Teptypdeoviol 6to poviéAo tov Peyton

(oyua 2-3) [140]
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H,O  HRH

Ewova 2-3. Mnyaviopdc avtidpaons g eotoAvtikng ofeidmong, poviédo Peyton [140]

Onwg eoaivetar oto oynua 2.3,&0v avtidpdoet pia pio poToynuKa topoydeico oxd
pio opyavikn emPAap Evoon pe poplokd o&vyovo, tote oynpatiCovrar pileg vrepoeidion,
(RHO,), ot onoieg péowm ovveydv olvoidntdv aviidpacemy, 0d1yodV g [0, ETLTOYVVOUEVT]

0&e10WTIKN 0modOUNoN TV PAATTIKAOV OVGLOV.

Kdato and pun guvoikég ouvinkeg ivar duvatdv, ektdg and tig embountég avtidpacels

oV GYAKOTOG 2-3, va Aoy xdpa Kot GAAEG un emtBuUNTEG GUVOLAGTIKEG OVTIOPACELG.

Emiong pmopei va yovpe avembountes aviidpacelg HETOED TOL AEYOUEVOD KGLAAEKTN
plav» avBpakikng pilag kot 6&vng avBpaxikng piCog ot omoiot gupickovron v apbovia ota

andpinto.

OH" +CQ% > OH+CQ (2-17)

OH" +HCQ > OH +HCQ (2-18)
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2.3.2 Hapatnpioeig Kivnrikig

H mtdomn g ovykévipmong evOg OTOXNUIKG vEPYOoD VAIKOV Ttpocdiopiletar kAT
and ocvykekpéveg Tpoimobéoelc (0po10yevES SIGADIO, LOVOYXPOUATIKO Q®G, T OTMOAELES

and avTovaKAQoT) LE TOV TOTO :

_dc,

“logs,i - @i = pm (2-19)

6mov D; 10 KEPSOG TOV PMOTOVIDV KOl l46siM 0TOPPOPOVLEVT 0O TO LEGOV TOGHTNTA PMOTOG.

Enreidn n anoppopndeica mocodTNTA GOTOG HI0G GOTOYNUIKNG avTidpaong e€aptdtot
amd Tov ypodvo, eivar addvatov, oe avtibeon pe v Oeppukn avtidpaon, va vworoyichovv
enokpIPmg ot drapopikég e&lomaoelc. o va cuykpivovpe Tig ToydTNTEG Amodounong peta&o
TOVG ¥pNoomolovvTol amhol kavoves kivntikng. Kotd v epunveio tov dedopévov mov

TPOKVTTOVV ATd TOL TELPALOTO TPOKELTOL Y10, VTTOAOYIGLOVG TOV TAXVTHTOV TOV OVIIOPAGE®DV.
Ta tov mpocdopiopd g TaydTNTAG amOdOUNCNS MG OPYOVIKNG ovsiog A Tov
wepLEyeTan 6To amdPANTA, COUPOVA LE TNV AVTIdpOoT
Va.A+ VorOH > VpP (2-20)
Kot Kbt and v tpovimddeon, 6tL vmdpyer Kavy mocotnTa o&uydvov, givar dvvatdv va

XPNOoTom el 0 YeEVIKOG KavOVOG Y10 TNV GOTOAVTIKT 0&eidwon.

dC, _
dt

Ka . c" AC noH (2-21)

omov Ca M ovyKEVIP®ON TG TPog amodopnon ovsiog kot Cop 1 ovykévipoon tov OH-piliov

7oV Tapdyovtor oo To 0EemTiKd péco. H atabepd g taydrag yapaxmmpileton oav Ka.

Katd to mepdpoto amodounong €xovpe kot eEoynv otabepés ovvOnkes. To

0Ee1dOTIKO PECO TPOCPEPETOL GTOV OVTIOPACTNPO CLVEYMS, EVAO TO TPOG emefepyacio
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amoPfAnTo yOveTOl oTOV OVTIOPACTAPA 0. Popd otV oapyl. Etol n ovykévipmon Ttov
0&e1®TIKOD PEGOL TaPAPEVEL GTAOEPT] KOL 1] GUYKEVTPWOOT] TMV TPOG ATOSOUNGT) OPYOVIKOV
0VGLOV TOV amoPAnTov pewdvovtol otafepd. Me ahheg Aééelg oty e&iowon (2-19) 1o @i

apapével otafepd, eva lges i ovardyog tov Ky . Ca peidverat.

H toydtto amoddunons oG eOTOXNIKNG EVEPYODS 0Voiag A TEPYpAPETaL KOAN

péom tng kvnrikrg 1% .

CA = CAO . efKA* + & In[c(::AOj = KAt (2-22)
A

Ca = ovykévipmon ovsiag A otov ypdvo t
Cao = ovykévipoon ovoiog A oto ypoévo t =0

Ka = otafepd toydmrog o€ st

C
H otabepd Ko dVvartar va vroloyicbei, edv o Adyog In (CAOJ avtimopotedel ypopikd

A
otov xpévo t. Amd Vv ypapikn mopdotacn mpokvmtel o evbeia pe o avénon Ka. O
xpovog nuiocelag {omng, dnA. o xpdvog KaTd ToV 0moio 1 GLYKEVIPMOON TNG OLGING LELDOVOVTOL

GTO MG TNG OPYIKNG CLYKEVTPMONG VITOAOYILETON Yol i avTidpaoT TpdG TaEemg g e&NG:

In
tiz= ﬁ (2-23)

2.4 Avnidpaostipro Fenton, Fenton-like kaw Photo-Fenton, Photo-Fenton-

like

IIpoxertal yio. Tov YEVIKA OTOSEKTO «KAAGIKO» UNYOVIGHO OV TEptypaptnke to 1934

and tov Haberkat Weiss [141]evéd avaeépdnke yua tpdtn @opd ard tov H.J.H. Fentorto
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1894 [89].Katd tnv avtidpaon Fenton §&icwon 2-24), and v avtidpoon tov HO; e

wvta Osukov addtov, Tapdyovior piles vépo&viiov OH' dni. To avtdpaostipro Fenton.
Fe'? + H,0; > Fe® +OH + OH k = 53-76 L/mol.s (2-24)

O 1picbevng cidnpog mov mapdyetor pmopei vo avaydel pe nepicocein HoO, xar vo
mapdyel kol mwidr diobevn oidnpo ko mepiocotepeg ehevbepec piles. To 10v ToL GOPOV
axoun Kt av mpootebel og pKpEG TOGOTNTEG, AELTOVPYEL GOV KATOAVTNG VD TO VIEPOEEIdIO

TOV VIPOYOVOL CLVEYXMS KATAVUAMDVETOL.
Fe® +H,0, — Feé?+00H +H" k =1-2.18L/mol.s (2-25)
Fe? +O0OH > Fe? +0,+H" k=0.33-210° L/mol.s  (2-26)

H televtaio Swdikacio avikel otig oavtidpdoelg Fenton-like [142,143] IToAlég
Bproypapikés myéc  avaeépouv Ot to  avidpoothplo  Fenton [146-148] eivon
anoTE EcUATIKOTEPO 0O ekeivo Tov Fenton-like AMwote 1 €&.,2-25ka1 2-26 tov emtpénet
TNV avoyévvion Tov FE* o' éva amodoTikd KOKAO pnyaviopdv [143-145]eivar epepavmg mo
apyéc amd v eflo. 2-24,0mdte Eekwvadviag pe dhato FET 0vtov &gl o¢ anotéieopa mo
apyd pubpod ekkivnong g avtidpaone. o v ypron tov avidpactnpiov Fenton-like,n
oelpl TV avtdpdcewv apyiler and v avtidpaon (2-25). H cepd avtidpdoemv, mov
avapépnke mo nave, apyiler moAd dvvapukd, edv vapyel o apbovia Swbéoyn TosdTNTA
H20; kot agng. Av Kol OTIC TEPLOGOTEPES TEPITTMGELG, PAIVETOL Vo Py mailel peydro poAo
1 ¥p1oN TOV Fe*or F€*, wotoco, dtav ta avtidpactnplo Ppicketol og pkpn mosodtnto (<10-
25 mg/L HO; ), evdsikvutar TEPIocOTEPO, WG OMOSOTIKOTEPO, GAaTA WOVI®MV d160gvoic

ownpov FE* [146].

Ot avtdpdoelg 2-27 - 2-295¢lyvouv KAmoleg aKOUN EVOLIPEPOVGES AVTIOPACELG OOV

gumiéketor o Oiobevig oidnpog pe to LIEPoeidio Tov VIPoYOVoL (amovcic ALV

67

Institutional Repository - Library & Information Centre - University of Thessaly
12/12/2025 12:09:24 EET - 18.97.14.89



AVOOTUATIKOV 10VTOV Kol 0pyavikod goptiov). H napokdte avtidpdosic petal&d pilav, onmg

Kot 1 anocvvleoT Tov, anoteAobv emiong pEPog Tov moAvTAokoL pnyaviopov.(EE., 2-27£mg

2-29).
Fe* + HOy + H — FE'+ Hy0, (2-27)
Fe* + HO — Fe'+ HO (2-28)
H,0, + HO — HOy + H,0 (2-29)
2H,0;, - 2 HO + O (2-30)
2HO — H,0, (2-31)
2HOy —H 0+ O, (2-32)
HO, + HO — H0 + O, (2-33)

TToAd peydin eopoppoyn g pebddov Ppiokovpe oty emefepyacio vYpdV amoPAnTov
Bageiov, 6mmg emiong kot 6€ Propmyavieg KOAMVVTIKOV, TOPAGITOKTOVOV, KOl 0TOPPLTAVTIKMOV

[127].
2.4.1 186tnTeg TOV AvTidpaosTtnpiov Fenton, Fenton-like

H extéleon &vog té10100 TOADTAOKOL GLOTHKOTOG avTidpdcemy eEaptdtarl Kvupimg
and to pH tov dodduartoc-dlaitepa otig avidpdoelg FentonkaitFenton-likeénov n péyotn
KaToALTIKY TV dpactnpiotnto ekdnidvetar o PH=2,8 [147-153]Ze vynAdtepeg TéG O
oidnpog kabldvel mg VOPOEEIdo TOV G1d1POV. AVTIBETMG 1 pelmon TG SPACTIKOTNTAS TOV
avtidpaotnpiov o€ THéG Tov PH kAT amd T PEATIoTES, givan avapevopeveg Aapoavopévou
vrdym (o) e Topepmddione dnpovpyiag cvpmidkov petach (FE) pe HoO,, 6moc gaivetal

oy efiowon 2-25 kat (B) TG POTOdPUSTNPIOTNTAS TOV WOVIEY diobevoie cidhpov (Fe)
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nov Bpiokovtor oto didivpa [154]. O wivakag 2-3 Topovcldlel Ta VIEPIGYVOVTO 1OVTL GE

SoPOPETIKO €VPOC TMV ToV PH OV SroAvpATOG:

Iévra Fe pH
[(Fe™) (H20)g] ** 1-2
[(Fe™)(OH)(H20)s]** 2-3
[(Fe"™) (OH)(Hz0)d]" 3-4

Iivokag 2-3Y mepioyvovra vudpa wvta (FEP) oto avtictoyo pH Swaddparoc.

Onog eaivetar otov mivaka, 1o [(Fe™)(OH)(H20)s]? mapovoialel v peyalitepn
potodpactnpiotta o€ PH dwodduatog peta&d tov2 ko 3. H mieiovotnta tov 16viov mov
VIEPIGHHOLY KATO 0md ovTéC TIC Tée Tov PH, eivan emopévoc [(Fe)( H20)g ** pe a

KOUNAOTEPT OPAGTIKOTNTO OTOPPOPNOTG OKTIVOPOALNG.

‘Evag axdpn onuovtikodg mopdyov mov ennpedlel TV amnodoTikOTnNTe oVTOV TMV
nedodav, eivan n opyehy docoroyio FE? kar Hy02 Av kot ot avuidpdosg Fenton &xovv
peketnBel emapkdg, Sev £xel vidpEel cvpeVia oxetikd pe Tov Adyo HaOz poc Fe™ mov va
odnyel ota PEATIOTA OTOTEAEGHATA AVOPYOVOTOINGoTS. ALdPopol cuyYpaPeis avapépinikay
£0¢ TMOPO. 0& SPOPETIKODG AOYOLG T®V ovTidpaoctnpiov [72,142]odlé paivetal d0cKo o va,
kaBopiobel éva KaBoAKO KPLTHPLO Y10 OAOV TV E0OV TOV VTOGTPOUATOV, OTOV ETAEYOVTOL
KGOe popd 1060 drapopetikoi TPOTOL OGO Kot OvVTIdPAcTHPLO. Yoo THV avth avtidpaon [155].
O Bértioteg ovvinkeg emelepyaciog eEaptdvior and v cdotaon Kabmg kol omd TV
GUYKEVIPWOON TOL VIO EMEEEPYUTIN VITOGTPAOUATOS, OTWG eniong and tov embountd Padud

avopyavormoinone. Xe ké0e mepintmon mpénel va Aapfdavetar vmoyn 1 emlnuo emidpacn
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, , . , ) , . . .
VYMAdV cvykevipdoemv gite Tov Hy0; gite tov FEX, kaBdg pmopel va avtidpd to kobéva

Eeywprotd e Tig eAevbepeg pilec Tov vepo&ediov OH e&olobpevovrag avtég ( EE.,

2-28 ; 2-29 ) [74,124]Ewniong umopei va gvvonbei o ovemBountog oviayoviopdg
avtidpdoewv, 6nmg eaivetar otig avtidpdoeig (2-30)-(2-33),0tnv nepintwon dotoyov Adyov

Fe+2/ H>0,.

Onwg kot Ghieg péBodot avtg g katnyopiag (IT.O.M.A), étotl kot o1 Fentonkat ot
photo-Fentorbe&ayovtar og Beppokpacio mepipdiiovtog. Qotdco 1 Oepuokpacio amotee
éva amd Tovg KaBoploTIKOVG TAPEYOVTEG AVTMOV TOV OVTIOPAGE®Y, KOOMS gival TAEOV YV®GTO
ot 1 avénon tng Bepuokpaciog emtoydvel Ty aviidpoon [156], av ko ToAD vynAég TG
(névo and 40PC) pmopel va mpokurécel omootvleon tov H.0, (efio. 2-30) [157],

nopepnodilovtog Tov Pabud avopyavomoinong.

Onwg avoeépetonr emiong oe ddpopa OSnuocieduote, HE TNV EVOOUATOOT TOV
poprakov o&uydvov otov moAdTAOKO pnyovicpd tov Fentonkor photo-Fentoremtvyydveton
peyaditepn éxtoon avopyavomoinong tewv amoPAtov npog CO, [143,158]H katavdimon
tov Oy yivetan péom piog akorovdiog aviidpdoewv. Avidpd e evdidueces opyovikés pileg
npog dnuovpyio. o&uyoveuéveoy evddpecwv mpoidviwv (g&.,2-34)[154,159]. napdyoviag
potogvoictnta cOUTAOKO TOV 1OVI®V TOV TpLobevoig 615ﬁp01)(F€3+) Kol Kot ovtdv Tov

TPOTO TPOAYOVTOS TNV EXTAEOV ALVOPYAVOTTOINGT).
R+0 — ROy (2-34)

To evdidpeco mpoidv tov opyavodmepoéeldiov mov dnpovpyndnke e&vmnpetel oy

o&eidmon tov FE mpoc ekeivo Tov FE, 10 omofo sivan kot pwtodpastikd (eEo., 2-35).

RO, + Fé* — RO, +Fé* (2-35)
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Tehkn kotdAnén givar 1 dnovpyic HO,, 6mmg meptypapetal mo KOT® GOUPOVO e

oV Yveotd «Mnyovicpd Dorfmans».

H.0
R+0, > RO, —> ROH + HOQ (2-36)

O «Mnyoviopdg Dorfman» €&ic., 2-36) [160,161]avoeépetor otnv oviidpaon
HeTa&d TV EVOAUES®V OpYOVIKOV pidv mov mapdyovtol kot Tov O2 yio v dnuiovpyia
HOZ, mov 0dnyel eite oty avénon tov S160evoig odnipov (FEY), site tov Hy0; (€10, 2-27),

avaroyog Tov Adyov Fe'/ Fe* [143].

Ipo@ovdg, 0 POTICUOG TOL GLOTAUATOC UE TEYVNTO N NAAKO @mg (AVTIOPUCTHPLO
Photo-Fenton)umotelel évav emmAéov mopdyovio mov cupBaiiel onuaviikd otnv avénon
g anddoons TG ovykekplévng Lebddov, péow g emmAiéov dnpovpyiog erevfépav pridv
tov OH kot xot’ eméktacn tov puipoy amoXPOUATIGHOD TV amofAitov. Amotélesua
€MIONG TOL PAOTICUOV 1] dNUOVPYio KPOTEPTG TOGHTNTAG AAOTNG AOY® TNG OVAKOKAW®OTG

Tov katohbtn (FE) (BAéne avuidpaoeig (2-37) — (2-39).

F&"* + H,0, » FE€" + OH + OH (2-37)

T
ﬁ

Fe* + H,0 + hv {<450nm)— F&*+ OH + H' (2-38)

R-H+OH—» ROO—» — CGQ +avopyova 1dvta (2-39)

H avtidpaon (2-39)«kAeivel évav kKotaAvtikod kOkAo mov Topdyel dvo pileg vépo&viiov
vy k60e popro vrepolewdiov Tov VIPoydvov mov Swwonmdrol. To mapakdto oyiue 2.1

anekovilet Toug pnyavicpovs Tev avidpacewv Fenton, Photo- Fenton [ 162,163].
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, . Direct Radical
Photalysis of Photolysis of Photolysi Reaction  |4—
| Fe (1) Complex|— H,0, A f;:lg OH + A
Waue‘.sngt‘w =300 nm WavelangtL < 300 hm T l
re A
Fo
\f_@ D, l +0, 1 *0,
— Aaridized
Fenton —H
- *OH
Reaction I
Fe(ll) +H,0, Radical

Zynpa 2-1 Mnyaviotikni Topovciosn ToV avTidpacE®Y TOV GUULETEYOVY GTNV avTidpacn

Fenton, Photo- Fenton, H202/Wdi 6t potdlvon.

AVt N TOpATPOVUEVT] EVioYVOT TNG aVTIOpAoNS HEGM TOV QTOG TBavoloyeital Tt

opeiletat:
() oV PeTOAVaY®YT TV TPLoBevOlC o1dripov (FE) ot diobevi (FE™) [ 164]

(FE®)(OH)* +hv — Fe? + OH (2-40)

(B) otv pwrtoamokoapPoEurinon cuumhokwv Tov Tpiobevoidc cdnpov pe kapPfoEdia
(165

FE*+(RCO)** + hv — FE?+CO, + R (2-41)

O1 pileg R pmopovv va amowkodounBodv tepatépm pe to daivpévo o&uyovo Oy, Ta
Wvta tov diebevoic owfpov (FE?) pe v oepd tovg AauPévovy pépoc oty avtidpoon
Fentonkou tapdyovv emmpdcsbeteg pileg OH. H napaywyn kapPoéuriov npoépyetal and v
POTOKATAAVTIKY 0&eidmon Tewv opyavikdv amofintov. Kat' avtdv tov tpémo 1 avtidpaon
ovppova e v &o., 2-41,nailel onuavtikd poro oty emeepyacio Kol avopyavomoinom

BAapepdv opyaviK@v OVGLOV,
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Ko

(y) omv ewtorvon tov HyO,. Amevbeiog eotéivon tov HoO, mapovoialetor dmmg

eaivetal oty g€icwon (2-42).
H202+ hv — 2-OH (2-42)

Qo1000 M oLUPoA NG OVTIOPACNG OLTAS OTNY POTOAVOpPYavoToinen PAafepdv
amoPAnTev @aivetal va etvar apedntéo katd TV mopovsio GLUTAGKOL TOV GLONPOL TTOL

AmoppoPE TOAD 15 LPA.

TToAA& andPAnTa amoppo@ovv TOAD 1oYXVPE o€ PAKN KOpoTog Katm tawv 300 nmEtot
KaOdg avtodg 0 avtayoviopds tov arofintev yio v UV aktivoPorio cuvodedeton pe tnv
pkpn amoppdéenon g UV aktvoPoriog and to Hz0, ota 254 nm,kabiotd thv UV/HL0,,
MYOTEPO OVTAYOVIOTIKY. X' OUTEG TIC TEPWTTMOELS KOl HE oTOYO TNV UEYIOTN dSvvaTh
a&lomoinon g nAakng aktvoPoriag, katafdiieTol Tpocmddeio avénon e amddoomg TOL
GULOTAWOTOG OTNV TEPLOYN TOL OPOTOD QAGHATOC, TPOTOTOLMVIOG TO avTdpactiplo photo-
Fenton. Qg ek to0T0VL €mMALYETOL TO GOUAAOKO TOV OEOAKOD GIONPOL GTNV TEPLOYN TOL
opatod paouatog mapovsio Tov HyO, (€., 2-41),06mov évag vYNAOS HOPLOKOS CUVIEAESTG
andoPeong Tov 0&aAlkoD G1317POL omavTaTal o PAKT KOpotog Tave arnd 200 nm PA. oyfua
2.2), Kol CUVETMG amoppoPE TOAD 1oYVPG oe pokpd pAkn kopatog (mve amnd 450 nm).
Amotéheopa avtod TOV cuoThUatog givar N mopayoy] OH vynAng kPaviikng anddoong,
KOVAG Y10, TV OTORAKPLVET TOKIA®V opyavikdv PBrofepdv ovoudv oto vepd [88,154]. H
KkBavtikh amddoon oty TEPLOYN TOL 0patod ETOg givar ~ 1.24 (300 nmiar 0.84 (500 nm).

O avtidpdoelg Tov Aappdvouv xdpa givar ot akdAovOeg kot didovtar oto Zyua 2.3.
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Ferrioxalate vs Iydrogen Peroxide Spectra

/ Ferrioxalate

H,05x 10

=]

J1000 M et

extinction coefficient
=
1

L

300 400 500

"
=
=

wavelength/mm

Zynpa 2-2. Z0ykpiomn g onTikng anoppdenong tov HyO2 kot tov 0&aiikod 6131 pov

[88,154].

h Q&\ Fe"(C,0.)."
. Ferrioxalate \
/ \,

N 3 C’:od‘ll
Photo-
reduction Fe” - M
/\of Fe” /A /
ja\ —» HO + HO- \0;
/ \ /:enton-ﬁeaction Oxidation
_ \ Products
2C,0,7 — C,0p0 + Fe” -— H,0,

L]

CO,+COs—/  *co,+3C.0/

Fe"(C,0.),"

Zynpo 2-3. MnyavioTiky) Tapovciost] Tov ThovoY avTidpacE®mY TOL CUULUETEYOVY GTNV

avtidpaocmn Tov Tpomomompévon aviidpactnpiov Photo- Fenton [88,154].
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2.4.2 Mnyoviopog Avtidpaceoy.

I'evikd o unyovicpog tov avtdpactnpiov Fenton,uécwm tov onoiov mapdyovtor pieg
v3po&uAiov, givar apkeTd TOAOTAOKOG Kot EUTAEKEL Evav aplOud KUKAMK®V avTdpacemy, mov
XPNOLULOTOOVV 1OVTO FeZ+ﬁ Fe™* sav KataAHTN Yo TV amoddunon tov HxO,. Avtd ta 1dvio
OVOTOPAYOVTOL GTIV OPYIKT TOVG LOPPT| 6TO TEAOG TOV KATUALTIKOV KOKAOVL, COLQ®VO LE TO

akdrovBo oynuo avidpdcewy [128,166-168]

Fe? +H,0, > Fe? +OH +OH (2-43)
Fe?+O0H > Fe® +OH (2-44)
Fe™ +Hy0, <> Fe-OOH? + H' (2-45)
Fe-OOH? > Fe? + OOH (2-46)
Fe? +OOH > Fe™ + 00H (2-47)
Fe® +00H > Fe? +0,+H" (2-48)
H,0, + OH> H,0 + OOH' (2-49)

IMepioodtepeg amd gikool TEVTE avTdPAcelg AapUPavouv pEPOG, o€ UEPIKEG LAMOTO
VIEIGEPYOVTOL LOPLA TOV BAPDV, OALL OGOV 0POPE TIG O TAV® ENTE, TPOKELTOL Y10l TIG 1O
ONUOVTIKEG OTIG oToleg eumAékovTol Wvta kot pilec. H televtaio avtidpacn gvvoeitor oe
OYETIKO VYNAEG ovykevipmoelg tov HyOp kot givor vmevbovn yuoo v décpevon ToV
elevBépav piov tov vIpo&vAiov, 1660 Kotd TNV EOTOYNWKY 0&eldwon, 060 Kol OTIg

pebddovg 0&eldmong péom Tov avtidpactnpiov Fenton.
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2.4.3 Kwntuki

H kvt tov aviidpdoemv Fenton, apketd moldmlokn € oautiog tov peydlov
aplOpov avtidpdce®v Tov TaPoVGSLalEl, TEPIYPAPETUL GVVHOMG VIO pia popen EKOETIKOV

TOTOVL:
-dCry/dt =kio' Cho *Cru (2-50)

omov Cho givar 1 ovykévipoon elevBépav piladv HO:, Cry M oLYKEVIP®OON TOL OPYAVIKOD

popiov, kot K m otabepd tayvntog avtidpoong.

Ov pifeg 00 VOpoELAIOL etvar onuavtikés €& outiog TG OPACTIKOTNTOG TOL
TapPoLGLALovY, Kol 1 KIVITIKH TV avTdpdoemv Fentonumopei vo ypaeel 0nwg o nave (&,

2-50).

BewpdvTog OTL 1 ovtidpoor yivetal pe mepicogin 0EVYOVOD Kal 1) GLYKEVIP®GT TOV
Cho mopapével oyeddv apetafintn pe to xpovo, n €. [2-50] maipvel v popen KvnTikng
YEVOO-TPATNG TAENS:

dcC

_E = kapparenp [2_51]

Ov €€ [2-50] kou [2-51] Bpiokovv ocuvibwg epapupoyn oe mPOTLTO SLEADUOTOL
OPYOVIKAV OVGL®OV, OOV O TOLOTIKOG KOl TOGOTIKOG TPOGIOPIGUOG TOGO TV aPYIKOV OGO
Kol TOV ETPEPOVS GLOTATIKMV eivon €Pktdg. H olvvlern ovotaon Tov TpoypoTKOv
AmOPANT®V SVOYEPOIVEL TOV AETTOUEPT] YOPOUKTNPIGUO TOV OEIYUOTOG KOl KATE GUVETELR 1)
KTk avilvon Pooiletol o oAlkovg delkteg Tov opyavikov goptiov, 6mtmg to COD kot
onovidotepa to TOC (total organic carbon)Av xor ov €€ [2-50] xor [2-51] £€youvv
xpnoonombel oy nEPITT®ON LT, dEV TEPLYPAPOVV IKAVOTOMNTIKG TN dlepyocio AOym

TOV TOAVTAOKOL KOKAOL avVTIOPAGE®Y OV AAUPBEVOLY YDPOL.
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2.5 ®ortokatoivtiki M£0odog

251 ®ortokatalvtikn O&eidwon

H ootokatolvtiky ofeidworn Tmv d0popov OpyavIKOV pOTOV OlEVEPYEITAL HECH
S1éyepong evog NUOYOYOD KOTAADTY, HE OKTVOPOAID KATAAANAOD pNKOLE KOMATOS. AVTh M
uébodog Paciletor oto  QwTOoNAEKTPOYNUIKO Qawvopevo [169,170]. H eppdvion tov
OOTONAEKTPOYT KOV PovOpEVOD Tpodmobétel o) v dmapén eotogvaicOnTev Nuoydy Oy
VAKOV, TKOVAV VO 0TOPPOPTICOVV TUNLO TG OTEWVNG OKTIVOBOAING KOl VUL TNV UETATPEYOLV
o Qopsic Tov NAskTpicoy pedpotoc (€/hY), kobhe ko PB) TV TALTOHYPOVN VIOPEN EVOC
NAEKTPIKOD TEDIOV, IKAVOD VOl SLOY®PIGEL TOVG POTOOTLIOVPYOVUEVOVS POPELS KO Va. dyel TO
NAEKTPIKO pedUAL.

‘Etotl o k@fe kdkKog nuoydypov kotaAdvtn TiO,, mwov Ppicketor ce emagn pe TO
KatdAAnAo Sidhvpa, Aettovpyel VO TV EMdPOOT EOTHS CLYKEKPIUEVOL UAKOVG KVUOTOG,
0o LOVOG TOL GOV L0 LKPOPMOTONAEKTPOYNKT KOWEAN, OOV GUVLTTAPYOLV 1| (vOd0g KoL M
KGBodog (sik. 2-4). O QOTICUOG €VOC TETOOL GLOTAUATOG JNUIOVPYEL 6TO E0MTEPIKO TOV
KOKKOV, OTmC Kot Tponyovpéved, (edyn miextpoviov (€7) xor omdv (ht) ta omoia

Sty @pilovTol Ko 0600V TPOG TNV EXLPAVELL. TOV KOKKOV.

hv — e +ht (2-53)

v nepintoon mov wg npaywyog ypnotponoteitar o TiO, wydet :

Tio, +thv —> h +e (2-54)

h + e EE— Oeppotnta + hv  enovoocivvdeon- (2-55)

(Oads *+ e > (O)ads AVOYOYIKY Spdion- (2-56)
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Ti(V)-OH + ht  —> Ti(IV)-OH- (Baowé nepdirov) (2-57)

Ti(IV)-H,0 + H —> Ti(IV)-OH- + H (6&wo mepBaiiov) (2-58)
RH + OH — > R + HQO (2-59)
R+ O, —> ROO —> CO, + avopyava avidvta (2-60)

g VO0TIKA SLOAVLOTO 01 POTOINHOVPYOVUEVEG OTES avTIdpOUVY pe Ta Wovta OH™ 1 pe

o pope tov HoO mov eivor mpoopognuéve otny empAaveld Tov MUay®yobd Kot To
o&e1dm@vouv mpog avtictoryes pilec Tov vdpo&uriov (OH-) [171,172].

O pileg autég amoteAoVvV T0 KOPLo OLEWOTIKO pHEGO, TO omoio mpooPhilel To
opyavikd poplo mov Ppiokovror 6to ddAvpa Kot LEG® VREPOEEIOIKMOV PV To amotKodopel
npog COp ko avopyovo droto (PAéme avtidpdoelg (2-53)-(2-60). Adym de tov vyMAOD
duvopukod avoymyng tov pldv ovtdv (2.8V) og mpog t0 KOvovIKO TAEKTPOSIO TOL
vdpoyovov, KHY), givar duvatn 1 mtpocforn mpakTikd OA@v TV 0opyoviK@v pOT®mV Tov

GLVAVTMOVTOL GTIV VYPT KOl OTNV aEPLo PAGT).
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Avtdpaosig avaymyng Oz koar HoO2

Oz, Hy Oy

O+ e” =07

OZ+ H" — HOZ

ZHOS —>=H; 05 + O
H,O5,+ e  —» OH" + OH"

dvivdfolria
(320-400nm)

0 1 DI—
reduction ;(

recombindtion

Uxidam

HO ° L

AVTIOpAcELS 0EEIOMONGS TPOGPOPNUEVAV OPYUVIKAV EVAOGEWDY

h*+ OH™ — OH
R + OH" — R" + OH"
R"+ O, » RO;

Ewdva 2-4. ootokotolvTikn dpdomn evog kOKKov nuiaydyyng okovng (TiOy), vd v
eMidpaomn Tov PMTOS TOV dNoLPYEl TEpioaeld NAeKTpovimy ot {dVN oyOYILOTNTAG KoL
onav otn {dvn cBévoug.

79

Institutional Repository - Library & Information Centre - University of Thessaly
12/12/2025 12:09:24 EET - 18.97.14.89



Apywd oamoomovv drtopo. H  dmpiovpydvroag vmepo&edikéc pileg, ot omoieg
OTOIKOOOLOVVTOL OTY] GUVEXELN OEEWWTIKG, TPOG EVAOES HKPOTEPOV LOPLIKOL Papovg

(0Adebideg, oEéa) mov tehkd amokapBoduiidvovtar Tpog CO, kat diipopa avopyavae Wvta

(C, NH,", N0, SO, x.6.) [173,174].
2.5.2 Iowmres O&ediov tov Metdirhov

Huayoyeg 1010treg oe €va oteped Umopovv va emtevyfodv kot pECSH NG
napovciog mpoouiemv. Avdioya pe 1o €100¢ TV mpooueifewv, €dv 0 MUY®YOS Exel
mAeovalovieg popeic apvnTikov poptiov (€), ovoudletar N-TOmOL, evd, ov &xel TAEOVALOVTEG

popeic Betikov poptiov, givar p-tomov(oynua 2-4).

| | LA
E ]
Eg e
v
zx Eg
(o} (B) (7)
Métaiho Huoywydg Movetric

Synpa 2-4. Aoy opiopog TV GTEPEDV 0 UETAAAM, THLOY®OYOVS KOl LOVAOTES GOLPMVO, LLE TO

HOVTELO TV EVEPYELNKDOV {OVDV.
o: pétadro, P nuoywyds, ¥ LOVOTAG

73 {dvn obévovg, ZA: {ovn ay@yuotTTog.
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ATOTELESLO. TNG SLAPOPETIKNG NAEKTPOVIKNG SOUNG TV UETAAADV KOL TOV MUY ®YDOV
glvat Kot 1 SLoPOPETIKT NAEKTPOYNULKY KOl KOT' ETEKTOCT QOTONAEKTPOYNUKY] GUUTEPLPOPE

tovg [175].

‘Evo onpovtikd kpumptlo evog nuuay@yol amoteAel To evepyelokd ydopo Eg petagy
g {dvng ayoydtntag Kol g (dvrg obévoug [176] Katd 10 poTiopnd Tov GueTHHTog
MUY OYOS/MAEKTPOADTNG HE OKTVOPOAIC KOTAAANAOL UAKOVG KOMOTOG, To NAEKTPOVIC TG
Cdvng o0évoug dieyelpovial OmoppoPOVTIS POTOVIN evEPYELng tomng N Leyoldtepns amd avtn
MOV OVTIGTOYEL 6TO Evepyewkd xdopa Tov nuaywyod (hv > Eg) kor petammdody ommy {dvn

Ay OYWOTNTAS INHLOVPYDVTAG TopdAAnia Oeticd popTicuéves omég oty Tavia cOévoug:
hv — e +h? (2-61)

Ta ewtodnuovpyodueva (evyn onmdvimiektpoviov dwuympilovior vod v enidpaot
TOV MAEKTPIKOD 7ESIOV NG SPACIKNAG TEPOYNG KOL OTNV TEPITTOON €VOG N-TOTOV
NULY®YoD, To PEV NAEKTPOVIO KIVOOVTIOL TPOG TO EGMTEPIKO TOV KPVOTAAALOV, EVD Ol 0méG
PEOVV TTPOG TNV EMPAVELD, OOV KOl OVTIOPOVV WE TO VITAPYOV 0EEG0aVOyDYIKO chaTtnpo. Ta
POTOONIOVPYOVHEVE OVTE COUOTIOL dpOVV G 1oXVPG avVOYOYIKG Kot O0&EBOTIKA
avTioTOO KOl GUVEIGPEPOLV, HECH OEELB0AVAYOYIKMOV OVTIOPACE®V LE TIG KOTAAANAES
ovoieg mov givar S10AVUEVEG GTO VEPD, OTN LETOTPOTN TOV QOTOG GE NAEKTPIKN 1M YNUKA

evépyewn [77]

Ymv ewdvo 2-5 mopovctdleTor M EVEPYEWNKN KOTAGTOON TNG EMUPAVELNS

SrapopeTikdV Nuiayoyov [177].
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Ewova 2-5. Evepyelokn Kotdotact Sapdpov NUIOYOYOY GOUPOVA LE TO LOVTELOD

gvepyelakdv (ovav, o€ v30Tikodg nAekTpolvteg og pH=0 [177]

25.3 O Iawemres kor n Yzegpoynn tov Awogewdiov tov Titaviov 'Evavri Arhov

Hpuuwyoyov.

Egpappolovtag v @otokatolvtiki pEB0d0 6NV KOTOGTPOPN TV PLTOYOVMV OLCLOV
TPETEL VAL SIEVKPIVIGTEL 1] KOTOAVTIKY SpAOT] TOV GUYKEKPEV®V PETAAL®V 1 0&edimv avtdv . Ot
QUGIKOYNUIKEG TV 1810tTeg (my. avtictacn oty ewtodiifpwon, otabepdtnto kob  OAn
S1apKell TOV TEWPANATOG d1aitepa o€ VYNAEG Bepprokpacieg ) amodekviovIoL OmOPAGIGTIKNG

onuaciog yo v Asttovpyia Tov cvoetipotog [178179).
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Meléteg mov €ywvov pe okomd TNV cHYKPIoN TV SQOPOV POTOKOTOATOV £6€1&0v

61t 10 0&gidio tov Trtaviov (TiO2) (Muoymwydg N-THTOV) Kot GLYKEKPYLEVL 1) LOpeT anatase,

akolovBovpevo amd 1o 0&gidio Tov Yevdapyvpov (ZnO), anotelodv ToVg TAEOV dPAGTIKOVG

NUY@Y0dg Yo TNV 0EEWBMTIKT KOTAGTPOPT) TOV 0pyavikKav evdcemv. To TiOo mapovoidlet

eKTOC OmO TN HEYOAN (QOTOKATUALTIKY OpPACTIKOTNTO, CULYKPLTIKA LE TOLG VITOAOUTOLG
NUy®@yods Kot Tn peYoAvTepn ovlekTikdtnTo oty Sifpoon Kot QoToddfpmon, e
OOTEAEG LA TNV SVUVOTOTNTA AVOKOKA®MONG Tov. EmmAéov givan éva Prodoyikd adpovég vaikod

[180,181].Avtibétmg to ZnO, av Kot oe TOAES Tepuntdoelg vreptepet Tov TiO2, dev umopel
va xpnoomombei gvpémg, AOY® TOV TPOPANUATOS TG POTONAPPWONG OV TOPOVOLALEL,
€101KA o€ YounAd pH.

Ano g 3 popeig tov TiO, dnradn Tov anatase, rutileo tov brookite exeivny mov
VIEPTEPEL GE OYECM HE TN (QPOTOKATOAVTIKY OpPACTIKOTNTO E€ivow M 7POTN, AOY® TG
oxvpdTEpNG  Tpoopoenomng twv OH™ kar H,O oty emodveld tov Kot emmAéov Aoyo Tov

yopnAdtepov Badpod emavacivieong tav potodieyeppuévay € kar ht (Ewova 2-6).
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Ewova 2-6 (A) Anatase, (B) rutile

Mapd tadto npénet vo tovieBel 0TL vITap oLy TepThoEl; OMov 1 popey rutile divet
TOAD KOAVTEPO omoTELEGATO TT.Y. 1] 0&eidmon Tov CN™ kat 1 avay®yn TOV XPOLKOV YiveTol
gukoAdTEPQ UE TO rutile Topd pe o anatase [56].

H Bektictonoinon 1ov otokatolvTikdv 1810ttev tov TiO, umopel va yivel pue tovg
e&Ng tpomOVG !

o TV Beppikn Kotepyacio Vo Kevo 1 VIO atpdspapa Ho
o TV amdOeoT 6TV EMPAVEIN TOV KOKK®OV HeTalAkdv vnoidov and Pt, Au, Pd, Ag.

e v dnpovpyia pktdv o&ewiov and TiO,J/AlLO,, TiO,/SiO,, TiO,/WO,.

o TV QmTogvocONTOTOinoT TOL KaTOAVTN pe TN Pondewn Papdv ovolwdv ot omoleg
TPOCPOPOVVTOL OTNV EMPAVEIXL  TOL KOKKOv. Mg TOov Tpoémo owtd eivor Svvary n

EKUETOALEVOT EVOG GNUOVTIKOD TUALOTOG TOV OPUTOD PACUOTOS TG NAOKNG 0KTvOPoAiog.
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To pelovékmmua ¢' avt) v mepintoon PpickeTor 6TV TOVTOYPOV KATUGTPOPT TOGO TNG

To&KN G 660 kot TG Papns ovoiog.

o v Ttpoctnkn mpoopeifewv (doping)and didpopa petarhikd Wdvta omwg Cr, V, Mo, W, Fe,
K.0., UE ATOTEPO GTOYO TV adENon ToV putokaToAvTIKGOV Wiothtev Tov TiO, kabog Kat ™
HETATOTION TOV PAGLATOS OTOPPOPTONG TPOG TO 0PATO.

'Eva peyého peovékmpa toco tov TiO, 660 kar tov ZnO givan to peydro evepysiokd
TOVG YAGLOL (Eg: 3.2 eV), e€attiag tov omoiov 1 €vepyomoinoT TOLG EMITLYYGVETOL WE
axtvofolio pkpdtepn tov 385 nm kot £t givar dvvar 1 aglomoinon pkpod Povo UEPOLS

™m¢ nawokng aktwoPoriog (5%) [170]. TMopd todto kor pe ovTtd TO TOGOGTO 1)

OmOTEAESATIKOTN T TNG HeBOS0L gfvan TOAD KOAN.
2.5.4 Mnyoaviepog

Yy ewtokatdivon dvo Eeympiotoi pnyoviopoi pmopel va givar vmevbvvor otnv
o&eidwon g Pagpns. O kdplog unyovicpog eivor n ofeidwon g Pagpng Kot akoAovdmg 1
OVOPYOVOTTOINGN TOV KOTOKEPUOUTIGUEVOL Hopiov TG amd Tig eAevbepeg pilec Tov vdpo&vAiov,
plo dwdkacio mov Aappdver xdpa Kupimg OTNV EMPAVEIN TOV NUWYOYILOV KOKK®V. O
Baocwog unyaviopds yuoo v dnuovpyion  ehevbépmv  pilldv  tov  vOpo&vAiov, 7oL
GUUTEPIAQUPAVEL TNV 0moppOPNoN EVOG P@TOVIOV, TNV dnpovpyia evog Lebyoug nAektpoviov
kot omdv (W™ + €), kon devtepevéviag Ty dnuovpyia Tav pridy Tov VPoEVAIo, TapatiBeToL

TAPOKATO PECH TOV OVTICTOLYOV AVTIOPAGEWDV:

TiOy+hv 5 (K +6) (2-62)

€ + Oy(ads) > Oy (ads) (2-63)

h* + H,O(ads) - OH(ads) + H (2-64)
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h* + OH(ads)—»> OH(ads) (2-65)

H péoo ootodiéyepong omuovpyic evog Cedyovg miektpoviov-ommv givor pio
KOTAOGTOON OVTIGTPENT 1 omoio, Umopel vo kataAn&el oty peioon tov pubpod dnpovpyiog
TV ehedBepav pldv vépoLuliov [182]. Ta dnuovpyndévia niektpovia Adym wTod1EyepoT|g
pUropov va avtidpdcovy pe o&uyovo kot vo mapakapedel €161 to PApo g enavochHvoeong
TOV MAEKTPOVIOV-0Tt®dV. ATOucio £vOg TOPUANTIOL TOL GOTOIMUOVPYNOEVTOG NAekTpoviov
GUVERAYETOL YpNyopn €mavacvvdeot tov (edyovg niektpoviov-ondv. [ avtd amouteiton M)
Tapovsios 0&VYOVOL TPOKEUEVOL VUL ATTOUOKPOVEL TO € , GUUPAAAOVTOS £TGL GTNV ATOPVLYN TNG
enovaovvoeong Tov (edyoug niektpoviov-ondv. ‘Elienyn StodAvpévov o&uydvov HEIDVEL TOV

poOUd avopyavomoinong.

O debtepog punyaviopog mov pmopel va odnynost oty ofeidwon g Paeng [183]
opeidetan TOAVOV TV POTOdEYEPON TNG Pagng, OTov devepyeitot o avtidpaon HeTaEd TG
POTOONLIOVPYOVLEVNG OTTNG TNG EMPAVEING TOV KATAAVTN KOl KOTOANYEL oTnv 0&eidmon g
Baenc. ZvpumepacpaTiKd, HEC® TOL UNXOVICUOV TNHG (OTOKATAALONG Onpovpyovvtal 600
Kavd mpog o&eidmon €idn, dnA. o1 BeTIKA PopTiouéveg omég péow g avtidpaong 9 kot ot

elevBepeg pileg vOpo&uiiov pécw g avtidpaong 12.

Katd v oeotokatalvtiky pébodo mapovoia HyO; UVITIONHO; 10 HO,
nmpootifetal mpokeéEvoy vo. depevvndel n enidpacn Tov 610 PLOUO ATOYPOUOTIGHOD KoL
avopyavoroinong g Paeng [184,185,186]To H,O, Amtng niektpoviav peyoldtepng akoun
amodoTikdTTag am’ 0Tt o o&uyovo kol mpodyel v dnuovpyia *OH kvping péow Ttwv

avtidpdoemv mov akoiovbovv [185]:
H,0, + e- — «OH + OH (2-66)

H,0, + hv — 2+:0H (2-67)
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H,0,+ 0, —+OH+ OH™ +Q (2-68)

2.5.5 Kwnruki

H enelepyacio Tov KvNTIKOV €60 UEVOV TG OTOKATOAVTIKNG 0EEIOMONG TMV 0PYOVIKOV
popiev, mov AapPdver yOpo GITNV EMUPAVELN NLLOYDYLULOV CGTEPEDY, UTOPEL Vo YiveL Le TO
povtédo tov Langmuir- Hinshelwoodov oyvet yio tig aviidpdoelg 6tepeov-agpiov, av antd
TpomomomOel KaTdAANAC. ZOUE®VO PE TO HOVTEAO aVTO, M TayvTNTA R pag povopoplokmg
avtidpoong otV EMPAVELDL TOV GTEPEOD €ival OvVAAOYN HE TO KAUGHO TNG EMPAVELNS TOL

KoAomTeTan amd Tt ynukn Evoon (0).

R:'dC/dt:Kr'9:Kr'K'C0/(1+K'Co) (2'69)

Omov Ky ' motabepd taydrag e avtidpaongc, n onola
OVTITPOCMOTEVEL TNV TAGT Y10 LETATPOTN TNG
0VG10G OTOV AVTN EVOL TPOGPOPNUEVN.

0 0 Babpog emucdioyng (to KAAGHO TNG EMQAVELOG
OV KOADTTETOL 0O TO PYTO)

K : o ovvieheotng mpoopdenong (1] otobepd
160PPOTTIAG TPOGPOPNONG) TOL PUTOL

Co : M opyKn GLYKEVIPMON TOL PHTOV

Otav 1 ovykévipoon tov SwAvtn Cg eivol moAD peyoddtepn amd TNV opyiky
ovykévipaoon g ovciag Cq kat cuvenmg pmopolpe vo vrodécovpe OTL TOPAUEVEL TPAKTIKE

otabepn, TO UEPOG TNG EMPAVELNG TOV KATAADTN TOV KOADTTETOL 0O TO AV &ivol KaTd

TPOGEYYION QUETABANTO Y10 SIAPOPES TIUES CLYKEVTPMOOTG TG ovoiag (pvmov).
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Me ohoxApwon tr¢ e€icwong (2-69)mpokidntet
INCy/C+ K(Cy-C)= K -K-t (2-70)
Ot mapandve e&icoon eivar dBpotopa e€lomoemv undevikng kot Tpodtng taéng. H
avtidpact mov meptypdeet e&aptdrar amd TV apykn cvykévipaon Cq. Otav avagepdpocte

o€ TOAD apotd dreAdpaTe 0 de0TEPOS OPOC YIVETAL CNUAVTIKA UIKPOTEPOG TOV TPMOTOV KO,

KOPig oNUAVTIKO GQAALa, 01 EEI6MOELS PTopohv va amlomombel oty e&icwon
In Co/C =K' -t (2-71)
omov K' =Ky - K 1 povopevn otabepd taydtnog g avidpaong
H g&iowon avtn eivon 1 e&iowon mov Tpoxdmtel av olokAnpwbel n oxéon
-dC/dt=kC (2-72)
7oL givar 1 KWNTIKY EI0®OTN TOV AVTOPAGEDY YELSO-TPATNG TAENS.

Tty e€icmon (12) K'eivar n owvopevn otabepd toydTnTOg TG avTidpaong yevdo-
mpmtng Tééng kot C 1 €KAGTOTE GLYKEVIPMOGN TNG MELETOVUEVNG OvGiaG, 6 ¥povo t amd ™
évapén g avrtidpoong.

Yovdyetor, Aowmov, omd TO TMOPOUTAVEO OTL T ETEPOYEVIS (QPMTOKOTOAVTIKY|
avopyavoroinon g ovoiag pmopet va peretndel, yopic onpavtikd opdipa, cov avtidpoon
yevdo-tpdng taéng . Xty wepintoon avt N K' Oa eivar 1 pawvopevn otabepd taydntag

™G avTidPUoNG KoL, OTMG TPOKVTTEL OO TIG TPONYOVEVEG GXEGELS, Ba 1oovTan pe K' =K - K.

O xp6voG LTONTAAGIAGLOD TV AVTIOPAGE®Y TPAOTNG TAENS diveTan amd TV oxéon

t,, = 0,693 /k (2-73)

Kot givar 0 xpdvog avTidpaong yio T HEIMON TNG CLYKEVTPMONG KOTA TO LGV,
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AnAadf, o ypOvog VIOSTMAAGIOCHOD T®V  OavIWPAcE®Y TPOTS TAENG €ivor
aveEApTNTOG TG APYIKNG CLYKEVTIPWOOTS TOL AVIWOPAOVTOS GLOTATIKOV. 1o T0 Adyo avtd o

xpovog t, , amotehel yapokpoTkd péyebog Tng avtidpaong kot xpnoonoteitat cuyve avti

g otadepdg K'.
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Kepdrawo 3 Yika kor Avaivtiki] MeBodoroyiao

3.1 Awidporoe kor Atwpipata, Emioyn tov Bagov

Ol T0. SOADUATO KOL TO OULMPTLOTO TOPACKEVACTNKOV UE OTLOVIGUEVO VEPO, GE
ovykeviphoelg 500 mg/L, evd datnpodviay 610 okOTAdL Kol avavedvoviav kabe 3-4
NUEPES. TNV POTOKATAAVTIKT PEOOSO ypnoipomot|inke vd LOPPN CLOPNUATOG O KOTOADTIG
TiOy, mov mpoépyetar omd v gtopio DEGUSSA (P25)0 ev Adym kataAidTng givat éva piypa

30 pacewv, 80% anatasea 20% rutilexo diadéter e1dikh emeavela, BET 50 nf /g.

To HzO; mpoépyetar omd opyikd didivpo 50% (w/w) (peridrol). Ta dAoato mwov
ypnowonomdnkav  NaCl, NaHCQ, NaCO; NaSO, NaNG and NaPQO, frav
ovykekpévng kobapdtntog(p.a), g etapiog Merck. Ta doldpate pe to 106vio. TOL
d160gvoig i Tprobevoig odnpov Tpoépyoviav and dwivpata tov FESQ.7H0, g etarpiog

Merckkot FeCk.6H,0, tg etarpiag Riedel-de Haen.
Emloy pagov

Ot Poaéc MOV EMAEYTNKAV OVAKOVY OTIC YVOOTEG EUTOPIKEG Kotnyopieg pe v
ovopooio Procion Hexl (Procion Navy Hexl, Procion CrimsonxkldProcion Yellow Hexl),
Remazol (Remazol Red RR, Remazol Red RB, Remazol Yellow RR, Remazol Blaek B)
Drimarene (D-K2RL, D-K4BLkot D-CL2RL). HapoympnOnkev de amd v etoupio DYE

STAR ot tomov Remazolpmd v CLARIANT kot tyv BASF ot tonov Procion Hexl, eva ot

tomov Drimarenegy kot mopdyovrot and v yvootn gtapeioc CLARIANT, napoaywprOnkov
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amd Tomkd Pageio g mepipépelog g Oeccoriog. AvoTuX®dG, N doun TOV TEPLGCOTEPOV €§
avT®V Oev givar duvatov va eEaxptBobel, Aoy TG LVOTIKOTNTOG TOV SESOUEVOV OVTOV TOL

KpaToHVTOL 0o TIC KOTOOKEVAOTPLEG ETALPIEC.

O1 tpeig Pagéc Procion Navy HexI(PNH), Procion Crimson Hexl (PGt} Procion
Yellow Hexl (PYH) éyouvv pio kown Aertovpyikn opddo, tnv opuvoyrlopotprolivn kot M
UEYIOTN OToppOPNoN TOV TPLOV avTdV Papav ival: 605.0, 549.5wm 412.5 nmavtictoiy®g

(ITivaxag 3-1).

Avagpopikd pe tic Bagéc tng ouddog Remaxol,cuykexpyiévae 1 Remazol Red RR,
neptEyel oty Pactkn g dopr éve duhd deopod aldtov (N=N, monoazokot 300 aviovikig
@Voemg alAG dlopopeTikic doung Asrtovpyikéc opddeg (Bifunctional reactive dyesinv
Bvvrocovipoopdda kat trv Movoyropotpalivny (Vinylsulfonyl (VS), Monohalogentriazine
(MHT)). Epmepiéyet ahoyovo olra dev mepiéyetl Papéa pétadio Kot 1 HEYIOTH amoppodenot|
™m¢ eivan og pnrog kopatog 517 nm [113,187]H Remazol Yellow RReivar aviovikig
QVOEMG, TEPLEXEL o Aettovpyikn opdda, v Prvvlocovigoouddo (vinylsulfone) pe éva
dumAd deopod almtov (N=N, monoazo),mg omoiag 1 péylotn amoppdencn g &ival o€

punKkog kopartog 415 nm [187].

H Remazol Red RB [188,18%% péyiotn anoppéenon oe pikog kopatog 541 nm
glvar apvnTikd @opTIGHEVN o€ VOOTIKG JStaAdpata, €& artiag g PrvuAocovAQoopddag
(aviovikng @voewg). TIpdkeitat yio v 010 Aettovpyikn opddo mov mepiEyel kot 1 Remazol
Black B, mov ypnowonotgitar kupiog cav «uoviého» o MOAAEG amd TIG ONHOCIEVUEVEG
epyaoieg. H péyom amoppoenot g eivar og ufkog kopotog 597 nm [190,191]0Aeg ot
Bapég Remazoléyovv mapopoa dopr pe ekeivn tov Remazol Black B [192kar n povn

Srapopd £ykertar oTov apldpd TV Aertovpyikdy opddmy Tov dubétovv. (ITivaxag 3-2).
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TuykekplEvo ototyeio Tov d60nkav yio Tig Bagéc Drimareneand 1o npoavopepHév
tomkd Pageio g Oeocoriag 6mov ypnopomolovvTat ot Papéc avtég, dapefarmvovv dTL
1600 1 Drimarene-K4BL, [193%co kot 1 Drimarene blue K2RL, [193,194}a6¢tovv cav
Agtrtovpykn opdda tnv dpbdpo-yAdpo-rupyudivy (di-fluor-chlor-pyrimidin). Avaeépeton de
v v Baer K2RL, wo akoun alofoer tng opddog reactivetng omoiog n axpiprig doun
emiong dgv givol yvooty, 0Tl gUTEPLEXEL YOAKO VIO HOPPN GLUTAOKOV, OTt®G emPEPoIdVETAL
kot ot BiAoypagikn avagopd. H péyiom amoppdenon avtdv tov dvo Bapdv gival ce

wikog kopartog 540.5 nmkon 615,1 nmavrtictoiywe.

T'o v Bagen Drimarene-CL2RLgav dikertovpykn Boaen gival yvootés eniong povo
o1l Aertovpyikég Tng opddeg, mov eivar 1 povoyropotpalivn (monochlorotriazine)or m
Buvvrocovipoopada (Vinyl-sulfon)[194], oAAG oy kou n dopn tng. H péyiot anoppognon

g Paeng eivan o€ pikog kopatog 615.0 nm. [ivakog 3-3 )

Tevikd o1 Bagég TV omoiwv 1 o Tovg amotereiton omd TOAVKLVKAIKOUS S0KTVAIOVG
Kol €mOUEVOG TOPOHOG doung TOAADY TOEIKDV opyovikdv ovolov (my. Owéiveg
Qllavioktdva KAL), 1| GUUTEPLPOPA TOVG Umopel TOAEG OPES Vo avTiKoTonTpilel gkeivn

TV TOAD eTPBAAPOV OVCLDV.

YTOVG MOPOKAT® TIVOKES OVAPEPOVTOL TO YOPUKTNPIOTIKA TV Papdv 6T omoieg
VIGPYOLV Ol Agrtovpyikég opadec, monohalogentriazine (MHT) vinylsulphonyl (V& di-

fluor-chlor-pyrimidin,émwg 16M Tpooavaeépdnkay:
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Remazol Red | Remazol Yellow | Remazol Red | Remazol Black
Baon
RR RR RB B
£tepo- SuaCo-o6poto-
Aopn LLOVOAELTOVPYIKY] | LOVOAELTOVPYIKN
Sthertovpykn Sdtkertovpyikn
Agrtovpyikég
MCT/VS VS VS VS x2
opaoEg
Mivakag 3-1. Ta yapaktnplotikd yvopicpota tov Bapdv Remazol
Boon Procion Navy H-exl| Procion Crimson H-exl | Procion Yellow H-exI
Aopny LLOVOAELTOVPYLKY LLOVOAELTOVPYIKY LLOVOAEITOVPYIKN
Agrtovpyikéc opadeg MCT MCT MCT
IMivakag 3-2. Ta yopaktnplotikd yvopicpoto tov Baedv Procion.
Boon D — K4BL D - K2RL D - CL2RL
Aopn LLOVOAELTOVPYIKY | LOVOAEITOVPYIKN £T€P0- OIAELTOVPYIKT
S1pB6po — Su1pHopo — BwvlicovAipdvo-
AETOVPYIKEG OpddEg
yropomrvpyudivn | yAopomrvpyudivn povoyrmpotpralivn

Iivaxog 3-3. Ta yopoxtnpiotikd yvopicpata tov Baedv Drimarene
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Ot povadikés Pagpéc mov ypnoyomombnkay oy Sotpin oVt Kot TOV 0Toimv
yvopilovpe v ynukn dopr tev, givor oo Remazol Red RRaw 1 Remazol Black BEwova
3-1). Ot Aewtovpyikég opddeg TV vaolowmwv Paedv mapotideviar CYNUOTIKG TNV

napaypapo 1.2.3.

NaOgSOCHgCHgOzS-@- N@v NN O —SOgCHzGHzUSOch

NaO38 S03Na

Remazol black B

H,C=HCO,S NTSN
Qe
N OH HN N C

N

035 S04
Remazol Red RB

Ewdva 3-1. H ynukn doun tov Remazol Red RBouw Remazol Black B.
3.2 Xuokevég AvoruTiK@V MeTpiicev

3.2.1 Xvokevi Metpiiong Amoppoonong

H Ay Sworypappudtmv €yve pe 300 uopatopmTopsTpo. Siming déounc, to Shimadzu
UV-vis 2401 PC automatic Spectrophotometer (190 nm — 110kamp GBC UV-visible

Cintra 101 Spectrometer (GBC Scientific Equipment Pty Ltd, Australia).
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AvaQopikd 8¢ L€ TIC GLGKELEG YO, TOV TPOodOPIoHd Tdv Twv TOC Olkdg
Opyavikog AvBpaxag), COD Knukd Amartodpevo O&vuydévo) kar BODs (Bioympukd
Anortovpevo O&uyovo, 5 muepdv), ypnoorotodvrol Kot Al Ot yvooTol aveAvTtég Tov
AVOQEPOVTOL OTIS TOPUYPAPOVS oL akoAovBolv. o v Aqyn tov petpiioenv COD ko
BODs, 1 &&dhetyn tov vepoeldiov Tov VOPoYOVOL EMNADE HEGM £E0VOETEPMONG e DEIDdES

vazpo (sodium sulfite).

3.2.2 Xvokev Métpnong tov Olikov Opyoviked AvOpaxa, TOC (Total Organic

Carbon

To opyavo pétpnong mov ypnoiporombnke yio tov mpocdopiopd TOC OAwcon
Opyavikod AvBpaka) tov dtodvpatog, frav Shimadzu TOC-analyseFo yapoaktmploTikd tng
ovokevng tov TOC ovykekpéva eivor ta e€fg : Xpnowomotel péB0d0 KATOAVTIKNG
oeidwong pe Oéprovon, Trpavmpion = 680 %C. O xatoAdTnG omoteleitar amd ceatpidia
Swapétpov 5/64" (Aluminaball). O aviyvevtig npocdiopiopot CO, givar tomov, NDIR (not
dispersive infrared radiationh £yyvon tov deiypotog £yve pe deryporornmen SHIMANDZU
5000 evéd n pon} Tov cuvBetikoy agpa VYNNG kabopdtnrog avépyovrav oto, 150 ml/min.To

péyebog g oOpryyag £yyyvuong Tov deiypoTog NTaV TANPOCEMSG OVORASTIKOD dykov 250ul.

3.2.3 Xvoksv] Métpneng tov Xmukd Amarrodpsvov O&vyoévov, COD (Chemical

Oxigen Demand)

O petproeig £ywvav pe tnv ocvokev] CBC/COD Reactor ET 108, Lovibond, Germany,
OV YPTCYLOTOMONKE Y10 TNV TPOETOUAGIO TOV SEIYUATOG, EVED Ol TWEG EMEONoaV pe éva

QOTOUETPIKO oot 6T cvokevry Photometer System MultiDirect, Lovibond, Germany.
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3.2.4 Xvokesv Métpnong tov Broynuuka Ararrovpevov O&vyévov, BODs (Biochemical

Oxigen Demand)

Axpipéotepa, T0 BODs Baciletor 6Tov T0GOTIKO TPOGIIOPIGHO TOV KOTOVAUAOVDUEVOL
o&pydvov and deiypata 6T omoio ETMALOVV U EYKAMUATIONEVOL 0gpOPLOl LUKPOOPYOVIGHOL
otovg 20 °C yua mepiodo 5 nuepdv. Or petpriosic BODs éyvav os Ogppoctéarn (Thermostatic
Cabinettng stapiag Lovibond) otovg 20 + 1 °C, o omoiog emrpémel Tov TPoGSIOpIGUO TOV
BODs peta&d 0-4000 mg/LH mocsdtnro tov deiypotog mov ypnotponoteiton e&aptdron amd

v tpocdokovuevn Ty BODs.
3.2.5 Inyéc Pwtég

INo 1o wepdpate tov uebodwv HO/UV ko UV/Fenton-like ypnoiponomonke
Aauma Philips QWPL-S TUV G23 UVCrov eknéunel oto. 254 nm,evd yua 11¢ pebddoug
TiO/UV ko TiO/UV/ H20, ypnowomombnke Aduma Philips 9W/78 UVA G23,mov
exméunel o€ éva gvpog 350-400 nmOoov apopd v terevtaio mepintmon N apyky Eviaon
OV POTOG KabopioTnKe HECH YNUKNG OKTIVOUETPIOG YPNOUOTOIOVTOG 0EQAMKE GAhata TOV
ownpov [2,196,197]kar Ppébnke va eivar 2.2x10* Einstein-T-min™. Oka ta mepdpota
ofeidwong pe UV  axtwvoPfoAio €ywvav 610 oKOTASL TPOKEWWEVOL VO OmoPevyHovv

avemOOuUNTeg POTEWVES TOPEUPAUCELC.

3.3 Xnuwn AkTivopetpio

O pocdloptopdc TG 0TOS00NG POTOVI®MV He poToNKN LEBodo e&apTdton omd TV
axpipn pétpnon g Hovoyp®UOTIKNAG aktivoBoriag. H ymukn axtivopetpia eivor n miéov
Kown péB0dOG Yo TOV TPOCIIOPIGUO  HOVOXPOUATIKNG akTvoPfoAlag otnv  didpkeia

POTOYNUKAV HEAETDV, TOV TAEOVEKTEL EVOVTL TOV TEPIOCOTEP®V EPYACTNPLOKDV LUEOOSWDV,
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EMEWON TA OKTWVOUETPO. &IVOl KOVA VO UETPRGOLV TN PON TOV QOTOVIOV HEGH OTOV

avTIOPUOTNPA OV VITOPAALETOL G aKTIVOPOALd.

H ypnodmra evog axtvopétpov Paciletar otn axpifeta, v gvaicnecio Ko oty
gukoMa ¢ ypniong tov. EmmpocsOétmg, yioo v HEAETN QOTOXNMKOV OlEPYACIOY TOV
dtekmepatmdvovtal o€ VOATIKO TEPPAALOV, To axkTvopeTpo Oo Empene va Pooiletal exiong o€

ToPOLO10 TEPIPAAAOV Y10, TNV EAOYLOTOTOINGN S10pOopDY UETAED deKT®V SO aonc.

IIpoc 10 mapdv, m mo kown pENoSOG TOL YPNOUYOTOLEITUL GTOV TPOGIOPIGUO
HOVOYPOUATIKNG oKTvOBoAiog glval ekeivn pe TO aKTVOUETPO TOL G1ONPOo0&aALKoD KaAiov
(Potassium ferrioxalate actinometer, PFPo axtwvouetpo tov o1dnpoolaiikod KoAiov
(Potassium ferrioxalate actinometer, PRfyocionoteitor npog tpocdiopiopud axtivopoliag,
and v wepoyn g vaepuddovg (UV) péypt kar tng opoatng oktivoPoriog Avotuy®dg, eneldn
10 oaktwopetpo PFA amoppopd opatr| aktvoPforia, 1n ovykekpiuévn avalvtiky pébodog,
Katd Vv omoia gumAéketar 1 dnpovpyia copmiéypatog Fe(ll) kot tov onoiov 1 anoppoéenon

KOTOTLY ovuVEVETOL, TPETEL VOl EKTEAEITOL GE GKOTEWVO YDPO.

3.3.1 Awgeyoyn nelpapatog

OrOKANPN M Swdikaoion otNv YNk aktvopetpion  deEdyeton OTmGg avapépnke
TOPOUTAVE 6T0 6kK0TAdL KaBdG T0 Tpdcpato dtdhvpa Ka[Fe(CGO4)3]3H20 mov dnpovpyeitot
dev oAlowdvetar mapd povo oto okotddt. ‘Etct diddvua 0,0015 M FeGBHO avapuryvoeton
ue 0,00045 M KC,0O4 HyO kau petagpépetar og @rain Vin.=250ml démov mpootifevion em
m éov 50 ml HO, evd to mepleydUevo TG PLIANG avadevetal cuveydg. Akolovbel Aqym
detypatog 1 mlto onoio mpoortifeton og kovikh EaAn tov 25 Ml fevkd). Me v ékbeon Tov
SdraAvpotog o€ katdAAnAn aktvoPolia kot og emBountd dootipata (my. 0,5;1,0;1,5;2,0;

3,0 ; 4,0 min)Aappdavovtor deiypata tov 1 ml ta omoion tomoBetobvral o 16hpLOUES
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OYKOUETPIKEG Qliheg tov 25 ml. Apuéomg petd to TéAog TOL PMOTIGHOD ot KGOe deiyua
npootifevtanr 2 Ml dwAdpatog eawvadporivig kot 0,5 ml puuotikod dudbdaprtog (60 ml
CH3COONa 3HO 1N, 36 ml HSO, 1 N kat 4 ml H0), evd copminpdvetot péypt Tn xopoym
N k6Oe oyKopeTpikn QUOAN pe amoviopévo vepd. Ot pibdeg avakivovvior kot agrivovtor 1
mpo 610 oKoTAdL péYpt vo otabepomondei to cvpmloko mov dnpovpyeitar. Katdmiv
akolovBel 1 pétpnon g amoppoéenong tov deiypatoc oto. 510 nm §vtdg kAipakog
Bempovvton Tipég petacd 0,2 ko 1,8). Téhog aparpeitol 1 amoppdPnon Tov AEVKoD deiyHaTOg

(blank) kot xatackevdletor Sdypappo abs-t.

Tevikd n apyn g pebd30L paiveTol TOPAGTATIKA GTO TAPUAKAT®D GYHLLAL.

3+ th & O&akod Kaho Qowvadporivn

Fe™" — > 2Fd(20204 GOUTAOKO

v

Fe?* - shumhoko pavadporivig

|

Méyiom anoppdenon ota 510 nm
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Kepalawo 4 Egappoyn g Potoymuukis O&eidmwong, (UV/
H,0,) 65 Bapég Tov TOmov Procion Hexlka

Drimarene

4.1 Ewoayoyi

Otav og nyn tev pidv Tov vdpo&vriov ypnoponoteitar 1o HyO,, arnarteitar kdmoto
HOPOT| KATAAVTIKNG eKKiviiong ¢ o&eidwong, 610tt 10 HyO; amd povo tov dev avtidpd e
aloypodpota ot gupeia tepoyn PH 3-9 [55,139-141D mo kowog TpdmOG eivar 1) POTOAVTIKY
oeidmon pe ypnon vaepiddovg 1| opatig aktvoPforiog (H202 /UV-Vis) av kot og andfinta

pe peydn évroon ypopatog n UV axtivoBolia dev eivor ToAD amoTeAESHATIKY.

Onwg NN avoaeépdnke, o UNYAVIGHOS TG QOTOYNUIKNG ovTidpaong pe v xpnon
H20; /UV ¢, meprypdoetal cuvomtikd amd tny Topakdto Kopla avtidpaot :
H,0,+hv > 20H (4-1)
O1 kOprot Tapdyovteg Tov exnpealovy TIC POTOYNIIKEG avTidpdoetg, eival To pH tov
Stoldpatog, n évroon g aktvofoAiag, 1 Oepuokpacio, 1 apyIK CLYKEVIPOGT Kol 1) SOUN

g Paeng, Kabmg kot n 6601 Tov H20; .
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4.2 Tlewpopotiké Mépog

Ola to0 mepdpoto pe H)O, cov ofedwtikd pHéco, €ywvav GTn GLGKELN] 7OV
neprypdoeton oty mapdypago 4.2.1 . H ootoymukn pébodog ypnowomnotel ywoo v
POTOAVOT TOL VIEPOEELSIOV TOV VIPOYOVOL KAl TNV TTapaywyn eAeVBEpV pLidv vdpo&vAiov

(e&lowon 4-1), pwtovio amd v nepoyn UV (200-300nm).

O popuwkdg ocvvieheotng andoPeong tov HxOp ov&hveton mold omdTopo pe TNV
UEI®ON TOV PUNKOVES KOUOTOS TOV @mToViv. O Hoplokdg cuvieleoTthg andoPeong gival i60G
e 200 mol'em™ ota 200 Nnmkar perbveton ota 22 molemi' ota 254 nm.Zta 300 Nmo
Hoplakds cuvtereot amoppdenong yivetar undév. Kabawg n anoppdenon ota 254 nmeivon
TOAD pkpn, M avtidpaon ewtdéivons ota 254 nmeivar apyn kor g €k tovtov 0 HO;
nmpootifeTal € PEYOADTEPT TOGOTNTA TPOKEWEVOL VO TOPEYEL TKOVOTOMTIKO aplOpd

elevBépav priov vopo&viiov.
42.1 Tepapotiki ZvoKev]

Olo ta mepdpoto Eywvav pe avadevopevo Oyko 300 ml, og ovtidpactipa
Swkeimovtog €pyov, and mupéE oypatog KuAivopov, dtapéTpov 7 cmMkot vyovg 16 cm,to
omoio €pepe Kevipkd cwinva yoralia daotdoewv 3,5 cmkor 15 cmoe diduetpo ko Hyyog
avtiotoyo. Méca oto cwinva and yaralio £1GAyETOL AQUTO TOV EKTEUTEL OTNV €MBLUNTA
MEPLOYN UNKOV KOPOToc. To mePleyOUEVO TOL AVTIOPAGTIPO OVAOEVETOL PECH UNYOVIKOD
avadevtipa ocvuvexms. Emmpoctétmg, katdAAnAn vwodoyr enttpénet v €icodo kat tnv ££0d0
0€pog, 0 omoiog avadevel KOTA TNV €16000 TOV TO WiyUo TOVL OvTIdpacTipa, ko' OAn v
duapketa g avtidpaons. H Beppokpacio Tov avtidpactipa mapapével otabepn otovg 20 =1

°C.
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. Aoyeio Avtidpaong
: Mayvntikdg Avadevtipog

: Adumo dotiopov

: ZoMvag Agpiopon

= b - w P

: Mayving Avadevong

[XET

ymupa 4-1. Zynpotikn topdotact tov DmToynuKod avTidpacTtipo

4.2.2 Tlepapotiki Alodikacio

Olo Ta aVTIOPACTAPO. NTOV VYNANG CLYKEVTIP®ONG, 0VTMOG MOTE 1| TPOCTIOENEVN
mocoTNTe 6T0 dSlddvpa g avtidpacng tov 300 ml frav éwg o 3 ml. Avtd, dmwg

amodeiydnke amd Tig PETPNOELS, OAAALEL TNV apYIKT CVYKEVTpOON Tepimov 1%.
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AVOQOpIKA LE TO TEPARATA TG POTOKATUAVTIKNG HEBOIOV, HETA TNV TPOCSHNKY TOV
TiO2 oto dudAvpo ™G Paeng, To dddvpo TapEpeve 6T0 6KOTAOL, Yo TovAdytotov 30 min
00TMg MoTE Vo eMEADEL 1ooppomio HeETAED TG PaPNg 0TO SBALUA KOL GTNV ETUPAVELD TOV
Koo, Anedeiydn de ot n ypovikn mepiodog 30 MIN givar emapkng yioo TNV dnpovpyio
1ooppomiog. Tta mepdpoto g uebddov TiO/UVa/H20, 10 HyO2 Bpébnke vo ennpedlet tnv
ooppomia. TG cvykévipmong g Poaeng. T't'avtd to Adyo 10 pH pvbuilovtav petd v
npocOnkn tov HyO, kot xatdémv n Boagn aenvoviav vo éA0sl oe tooppomic. TéAog M

avTiOPUOoT| EVEPYOTOLOVVTAV LLE TOV AQUTTIPOL.

Katd v deaymyn tov nepapdtov tomov Fenton, U\/Fenton,tomov Fenton-like
ko UV/Fenton-like ue tov id10 aviidpoaotipa dtaAeimoviog épyov, Tov onoiov o eEonhopog

TEPLYPAPTKE TIO TAV®, 0KoAovOEeiTaL 1 NG GELPE EVEPYELDV :

Kotd v mpochnin tov avtidpactnpiov 6to Stdivpa g Paeng npootifeton mpmto
10 Hy0; o8 wcavovg 6ykovg mote va perdvetar 1 mbavotnta Adbovg kot va dtacearileton m
emovaAnyMUOTTO. Apécmg petd pubpiletan to pH oy embounty T pe v mpocdnkm
pupodv tocottav Stodvpdtov HNOs 1 NaOH. Katémy, oto diddlvpa fagng mov avadedeton
oUVEXDG Kol TO omoio Ppioketarl TOAD KOVTE GTO QUGUOTOPOTOUETPO, TPOSTIOETAL Yp1iyOopaL

70 d1dAvpa pe To 1WvTa Tov d160evolg G1dMpov 1 Tptobdevoidc G1dnpov.

' Oheg Tig mpoxmpNUEVES 0EEBMTIKEG HeBOOOVE TTOV YpNoLoToONKaAY, T delypaTa
AapBavovtoy ToAD YpNyopa Kot € SLAGTAUATA OVAAOYA [E TO XPOVO avTidPAoNG, TAVTA LE
™ Ponbewa ypovopérpov, mpokewévov vo kabopiotel 1 ovykévipwon G Paeng pécw
daopotTopeTpikng avdivong Pdaon tov vopov tov Beer kot avélvong tov TOC, kabdg o
OTOYPOUATIGHOG GTO APYKA 0TAdL TG avTidpaong Ntav moAl ypiyopoc. To didypappa Tov
TOPVOVUE OO TNV QUGLOTOUETPIKT AVAALGT, OTTEKOVICEL TNV 0IoppOENoN TNG AKTIVOBOAING

and 1o didAvpo (aEovag Y) o€ cuvaptnon pe to uikog kbuatog tng axtvopoliag (GEovag X).
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INo apoid de draddpata woyvel o Nopog tov Beerkat n amoppdenon eivor ypoppkn péypt
nepimov 250 mg/L. Avtd enétpeye oV VIOAOYIGHO TOL YPOVOL TMuicelag (NG Katd TV
XPOVIKN GTLYUT TTOV 1) AmoppOPNoN EPTOVE GTO GO, GUVETMS KOl 1 ovykévTpwor). O ypdvog
™G Nuiogtag Long (ti2) eivar aviumrpoommentikds yio 10 pudud amoyppATIGHOD, KaODg oTo
MEPIGGOTEPO, TEPAUOTO Ol KOUTOAEG OmOppOONoNG évavil Tov ypdvov dev Ppébnke vo
emwkaAvTToviol. H ocvykévipmon o g Paenc vmoAoyiotnke 610 HEYIGTO UAKOG KOUOTOG
AmopPPOPNONG KATA TO YPOVIKO Stdotnpo amoppdenong. To avapepdpevo amoTteAEoOTO
TpoékLyav omd avadevon pe Ponbewr Tov payvnTiKod ovadevtipa TAPOAO TOL Ol
avtidpdoels Oempovvtar opoyevels. H emavolnyydtnta oto Telpduate Topopével kaAdtepn

tov +20%.

Ewdwcd oty nepintoon g pebddov Fentonkor towv moporiaydv g pebddov Fenton
OV AVOQEPONKOV 10 TAV®, 610ETOL 1W10iTEPT TPOGOYN GTNV EANYIOTOTOINGT TOL YPOVOL TOV
pecorafel and v mpocHnkn Tov OMPoL pEYPL TNV Tomobétnon tov deiypuotog otV
Koyerida amd yorolio, otV €101KN VTOSGOYN TOV (UCHOTOPMTOUETPOV YlOTI AOY® NG
ToXOTNTOG TNG OvTIdpooNg YOVETOL OKOMO KOl OT0 TPAOTO OELTEPOAETTO  GNUAVTIKN
mnpoopia yio TNV e€EMEN Tov pavopévov. [lpoxepévov va methyovpe ypOVOLS KOvTd 6To
oy, ta dedopéva vroroyicOnkov katd mpocoéyyion. H mpdtn pétpnorn mov maipvouvpe
avtiotoyel og ypovo t = 0 seckar to detypa dev €xel extebel oe UV-axtivoPoric. Avth n
KOUTOAN amoppdPNoNG GmOTEAEL TNV KOUTOAN Oovopopds amd 6mov Bo vroloyicovpe ot

Guvéyela Tov ypdvo nuicelag Cong.

Yta mepdpata 6mov ta avtdpaotipla tpootifevrar otadwkd (H.O, and F&'H,0,),
T0 Ypovikd meplmpro petold tov frav mepitov 30 Min kot 1 oTadaK) TPOSHNKN AVTOV

g€etaobnke otig H,O/UV e, Ft=32+/H202, kot TiO/UV a/H20; pebddoug.
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Téooepig mapdpetpol evdetikol yio v e&€MEN g o&eidwong ernedncav voyn
Kot TV SeEayoyn tov Telpapdtav: o) Cui/Coguer, (G0V cuvaptnon Tov ypdvov) B) Kap
powvopevn otafepd Tng ToyLTNTOS TNG avTidpaoNS, £va LETPO TOL PLOLOY NG avTtidpaons
OTOYPOUATIGHOD KOTA TO TOAD apykd oTddlo TG avtidpaons, vwoAoyllopevo omd Tnv
apyKn KAion Tov akoAovOel LOVTELD KIVITIKNG TPOTNG TAENG, AVOQOPIKA TPOG TNV PagT Kot
n ékepoon g ToyvtnTag divetoan amd v oyéon depnddt=-k Genw. y) T0 mOGOGTO
anoypopaticpod % énerto amd 5 min m 10 min, mov givar éva puétpo tov pLOUOD TG
avTiOpPUoNG OTOYPOUATICUOD OE OYETIKE TEAELTOIO OTASIO OTOXPOUATIGHOD EWOIKA Yo
avtdpaoelg Fenton, U\¢/Fentononmg ko Fenton-like, U\/Fenton-likexat §) TOC/TOG

(o€ cuvapTnon e To YPOVO) EVOEIKTIKO TNG TPOGIOL AVOPYOVOTOINoNG.
4.2.3 Ktk perétn

e VTOAOYIGNOG TOV YPOVOV Y10 TOV ATOYPORATICNO TNG Pagrig

I'o. cvykevipdoeig H,O, > 1000 mg/Lo amoypouaticudc g Boagnc, oto apyikd
GTASI0 TOV OTOYPOUATICUOD, TEPTYPAPETAL IKAVOTOMTIKG 0T0 TO 0KOAOVOO HOVTEALO YEVDO-

npadTng Taéng (pseudo-first order):

—dc
—=KCC
dt G

pe C =paon kar C; = H,O, 1} OH.

Me ) mapadoyn 601t n Ci mopapével otabepn AOym TG VYNANG GLYKEVIPMGONG TNG G GYEO0T
pe t ovykévipoon ta Poeng (miveo oamd 10 @opés TG OTOLXEIOUETPIKNG ovoloyiag) T

noparive e&iocwmon yivetol:

7 de

=—kdt=> C _ -«

—=¢
& C Cao
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otav C=12G=>t=1t,

—In
INyp= -ktyp => K = —22

1/2
TN éva ty,=40min ,preg eaivetat oto oynua 4-2)
= k=-In1/40 = k =0,693/40= k = 0,017/min
Yvvenag C = Coe v 95% amoypopatiopd = t~180min,émwg yapaktnplotikd PAEmTovpE
OTO OLOYPALLLLOLTOL.

IMapatnpeitar Aowmdy, o eEGptnon Tov ypodvov nuicswog (ong t Y2 amd v apyiky
ovykévipoon tov ypopatos Co. H otabepd tg avtidpaong K eEaptdrar amd 1o pH.
ATOTEAEOPOTIKOG OTOYPOUATIGHOG amodeikvietar étav To PH tov dtoddpatog eivar 6&wvo
(pH =3-4). Awmotdverar 6Tt Aoyw g anoddunong tov HyO,, mapdyetar o&uydvo kat vepd
wapd vopo&ulikég pileg vmd v emidpaon ™G UVc-axtvoBoriag, omdte m otrypuaio

ovykévipoon tov OH' gival yaunAotepn amnd Tnv avopevouevn.

HO, + H;0; > H,0+ O, + OH (4-2)

4.3 Amoteléoparta Kol Xvlitnon

4.3.1 ToydTnTa ATOYPORATIGHOD
43.1.1 Eéaptnon ano o pH

¢ Taydvmta amoyxpopaticpod g paeig Procion Navy Hexl (PNH)
dotorvon (UVe)

Me v potoynukn pébodo o&eidwong eEetdodnke 1 enidpaon e UV e axtivoPfoiiog

yopic v mpoodnkn HoO2 (pwtélvon g Paenc pe UVe aktvoPoria oto 254 nm), oty
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TOXOTNTO AmOYPOUATIoHOV TG Paens. Ta mepopatikd amoteAéopato omeikoviovial 6To

oynuo 4-2.

0,9
—e—pH=7
' —0— pH=8
08" —&— pH=9
| a - 4- pH=10
° ' —%— pH=11
S 071 —o—pH=12
: - m- pH=13
L]
064 °
[ ]
054 -
. 3
a
0,4 — T T
0 200 400 600 800 1000 1200 1400 1600

Yynpo 4-2. Enidpaon tov pH ot toydtnta anoypopatiopod thg PNH (G,pnn=200 mg/L)

pe v @otoivon (UVc, A=254 nm).

To oynua 4.2 deiyver v enidpacn tov pH katd Tov amoypopaticud g Paeng PNH
(Co =200 mg/L).ITapotnpodue o 1oyvpn eEGPTNOT TNG TAYVTNTOG ATOYPOUATICUOD ard TO
pH tov dodvpatoc. O ypovog nuiceslag Lwng yioo pH 12 ko 13 givan 50 min kot 12 min
OVTIOTOL ™G, VTOINADVOVTAG OTL 1] QOTOALOT| TG PAPNG TPOYMPE GYETIKA YPNYOPO OE TIUEG

Tov pH ave and 12.

43.1.2 Eédaptnon anoé ro H>0>

¢ Taydmta anoyxpopaticpod s paeig Procion Navy Hexl (PNH)
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To oyuo 4-3 mopovoidlel v e€dptnon tov ypdvov nuicelog (ong g Baeng PNH
amo v opykn ovykévipoon tov HxO, oe pH=4, 7xml0. Xt0 meipopo mov aviiotoyel oto
oyfua 4-31 ovykévipoon e Baerg avépyeton o 200 mg/Liar avtd avriotorel oe 2,1.10°
M. H popuxr] ocvykévipwon tov H,O, 0,001%w/w (10 mg/L), 0,01%w/w (100 mg/L),
0,1%w/w (1000 mg/Lxar 1%w/w (10000 mg/LEivor 2,9.10° M, 2,9.10° M, 2,9.10° M kat
2,9.10" M avtiotofyoc. TV autd o poprokdc Adyoc HaOu/Bagh 6TIC o TAV® GLYKEVIPOGELS
tov HyO, eivon 1,4:1, 14:1, 140:Xkou 1400:1 avtictoiyowg. [Mopoamnpndnkov o e&ng mévie
Taoelg: o) 6 éva gOpog TV cuykevipdoewv tov HyOo peta&d mepimov 0,1%w/w (1000
mg/L) ko 5%w/w (50000 mg/L)p xpdvog nuicetog {ong g Paeng eivatl oxedov ave&aptntog
™G oLYKEVIPMOTG TOL VIEPOEELdiov TOoL VIPOYOVOL Kat Tov PH. B) Kdtw and cuykevipdoelg
0,1%w/w (1000 mg/L) HO;, o xpdvog nuicelog Long g Paeng avéavetar Kabdg petdverot 1
ovykévipoon tov HyOz. Avtd mpoépyetal and Ty otadiokn peimon tav erevfépov pillmv Tov
v3po&vAiov OV TOPAYOVTOL KOTA TNV PTOAVGT Tov HoOs, k0bdc N cvykévipmon tov HoO;
UEWDVETOL OGUVEXDG KOl EMOUEVOS 1 TOYOTNTO OMOYPOUOTICHOD  €ivar avaioyn Tng
ovykévipoong tov HzOz, v) oe vymiéc ocvykevipmoselg HoOp, ndve mepinov and to 1%w/w
(10000 mg/L),0 ypdévog nuicelog Cong avavetar kabmg avavetor  cuykévipoon tov HxO;
(e&lowon 2-29), ko owtd ogeiketar ot déopevon tov eredbepwv plldv Tov V3poEvriov OV
napdyovrar péow® tov HaO2 [154]. 8) O ypdvog nuicetag Long Tg Bagng yio GUYKEVIP®GT| TOL
H,0; kdte 0,05%w/w (500 mg/L)ikat yio Co=200 mg/L,e&aptdror amd To pH kot yio otabepn
ovykévipoon tov HO, av&dvetar pe v avénon tov pH. Avtq n oxéon pe 1o pH tov
Stoldpotog givar avtibetn, e oyéon W avtH OV TAPATPHONKE GTA TEWPAUATA POTOAVGCNG
Tov Baedv omd To oyfua 4-2. €) N aviidpoaon anoypopoTiopod 6to PEATIOTO €0pog TYDY

ovykevipooemv tov HyOy, givar to 1610 ypiyopn o€ 6&vo, ovdétepo kat moAD oAkoikd pH
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KAt T0 omoio givor moAD emiBuuntd KabdS To amOPANTO TV Popeiov TOv TEPLEYOLV PaPES

tomov reactiveéyovv pH kovtd oo 11.

180
160 -
] ——pH=4 —O-pH=7

140

—k-pH=10

120

100 -

taz (Min)

80
60 -
40

20

0 e e e
0,001 0,01 0,1 1 10

CO,HZOZ

Zynpa 4-3. Exidpaon g apykng ocvykévipoons tov HoOz otov ypdvo nuiceiag Long tiz g

PNH y1o. pH=4 péypt 10 (G pni=200 mg/L)
¢ TOyKpon ToOTNTOS OT0YPOUOTICROY petald faedv Tomov Procion Hexl

210 oynua 4-4, cuykpivovton 6vo Bapés n PNH koaw n PYH, wg mpog v toydta
anoypopatiopod (C/CG=f(t)), yio Copye=200 mg/L kor tég tov pH 4 ko 10, dtav n
ovykévipoon tov HyO2 givar ion pe  0,005%w/w (50 mg/Lxar 0,5%w/w (5000 mg/L).
SOUPOVA [LE TO GO, O ATOYPOUATIOUOC TPOYXMPA TO 1610 Ypyopa o€ GEWO Kol 68 AAKOAMKO
pH. Ze youmAq ovykévipoon tov HyO,, o amoyxpopoaticpdg sivol apyodg, emedn o puOudg
napayoyng etvar yapniodc. To id10 oyvel kar yo v Bager Procion Crimpson Hexlgov
gketaoOnke. H taydvtta amoypopaticpod g PYH oe ovykpion pe ekeivip g PNH,

TPoKVTTEL OTL Elvon TOAD apy”. H o ypriyopn toydnra amoypopaticpov ival tng PNH émov
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0 ypoévog nuicelog Cong g eivor iowo pe 5 Min kétow and Pértioteg Twég mapauétpov. H
TOXOTNTO ATOYPOUOTICHOD PBpénke va eivon aveEdptntm tov PH Tov SroAdpaTOog Kot TG
ouyKevTphoewg Tov HyOs, yio cuykevipmoelg awtod peyodvtepeg and 0,05%w/w (500 mg/L).
Kéto and ovykévipwon H,O, 0,05%w/w (500 mg/L)y toydtnto omoypouatiGHoD HELMVETOL
amotopa, kabmg avéavel to pH.

11

1,0 €

0.9 ] §
0.8 T

071

0,6

, PH=4, H202=50 mg/L

CICy(mg/L)

05 1 —A- PNH, PH=4, H202=5000 mg/L
041 - m- PYH, PH=4, H202=50 mg/L

] oo —O- PYH, PH=4, H202=5000 mg/L
0,3 1 O— -0 _ _

] —e—PNH, PH=10, H202=50 mg/L
021 o —o— PNH, PH=10, H202=5000 mg/L
01 E ~ “ —e— PYH, PH=10, H202=50 mg/L

. —0—PYH, PH=10, H202=5000 mg/L
¢

0 5 10 15 20 25 30 35 40 45 50

t (min)

Zynuo 4-4. Xpovikn petaBorn tng C/Co katd v didpketo tng UVe/H20; nebodov (Co, pan

=200 mg/L).
¢ TOYKpIoN TOXOTNTOS OTOYPOUOTION0Y peTald faedv Tomov Drimarene

To oynuo 4-5 deiyvel v avtictoryn ToyHTNTO UTOXPOUATIGHOD TPLOV BadV, VIO TIG
d1eg ovvbnkeg, dmwg aneikovifovrot kot oto oo 4-8 (4.3.2.1) (=200 mg/L, HO,=1000
mg/L mov mpootiBetan oe t=0 xar pH=4). Onwg pmopei va det kaveig, nm ToydTNTA
OTOYPOUATIGHOD Elvon miong ypryopr, €0IKA GTO 0pYIKE oTdd0 TG avTidpaomns, yio TV
Boen K4BL, 100% amoypwuationde emtedydnke oe Ayotepo and 30 min. H toydtnta

amoypouaticpol s Baeng CL2RL etvon modd apyn. Evtovtolg, av&dvovtag tnv docoroyio
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tov HyO,, and 1000 mg/Loe 3000 mg/L fipocbitovtag awtd oe Tpig ddoeig tov 1000 mg/L
o1ovg xpovoug t=0, 30 and 60 min)y taydtnta amoypopaticpod Pedtidverar aentd. To
010 dAAmwote amodelynke kol oMV TMEPIMTOON TOV OVTIOPAGEDV OVOPYAVOTOINoNG NG
Baeng. H taydtta anoypopaticpod tov 10 minkor 30 min extouyyaver 10% xon 44% pie
1000 mg/L HO,, 6mwg kou 35%kar 88% pe 3000 mg/L HO,, avtictoryo. Kat ot d6o (1000
mg/L H;0, kau 3000 mg/L HO; mov npootifeton og Tpig ddoelc) cuykhivovv éncita and 60
min, kabhg emtvyydvetar €vag oyxeddv TANpNg amoypopaticpos. Kabog kot ot 800 Pagpég
K2RL kot CL2RL gritvyydvovv 100%amoypopatiopd Enerra and 60 min,ev cuykpicetl Tpog
ta 30 minmov amartodvrar yw tnv  KABL Baen, n amddoon amoypopaticpod g Baeng

K2RL ot0 evdudpleca otadia eivon péTpia.

1,0
09 9 —— CL2RL, H202=1000 mg/L
1 —%— CL2RL, H202=1000 mg/L,
038 B oTadiakd
0.7 ] —+ K2RL, H202=1000 mg/L
0.6 ] —A—K4BL, H202=1000 mg/L
° f
O ]
O 0,5;
0,4 1
031
021
011
[0 e e e S AN ———= Sl s R Y
0 10 20 30 40 50 60 70 80

t (min)

Zymuo 4-5: Xpovikn petaporn g C/Co tov Bapdv pe v pébodo UV /H0; (Co crori=200

mg/L, pH=4xo1 yia dipopeg ovykevipaoelg HyOy).
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4.3.1.3 Eé&aptnon ano v Apyixij Loykévipwon

¢ Taydvmta anoyxpopaticpod s paeig Procion Navy Hexl (PNH)

Katd v emidpoon g apyikng ovykévipoong tg Poeng PNH, oto ypovo
ATOYPOUATICUOD 6€ dlopopeTikég TG Tov PH, 4,7xon 10 péow g UV /H20; pebddov, og

ovykévrpoon HxO2 ion pe 1000 mg/L oynpa 4-6, tapatnpovue to e&Nc:

a) M woyupf enidpoorn tng apyiknig ocvykévipoong tng Poeng PNH oto ypdvo
nuicewg Cong. O xpdvog amOYPO®UATICUOD Eivor oyedOV avOALOYOG TPOG TNV  OPYIKN
ovykévipoon péyxpt Co = 20 myg/LKdtw and Co = 20 mg/Lo ypdvog anoypopatiopod dev
eEaptaror mAéov amd v COo og ovdétepo Kar aikaAikd PH. Avtd deiyver 6tL | avtidpoon
anoypOUaTIcpoV, kbtw ondé Co = 20 mg/Laxolovdei poviého Kivntikng webHdo-mpmdTNG
TéEng, Aapufoavopévng voyn TG GLYKEVTPWONG TN Pagng, m omola [ avtég TG YOUNAES
ovyKevIpahoels Bpioketat og EAdey, kabng to HoO; sivon og apbovia. Q¢ ek tovTov avti M
péBodog o NTav KoTdAANAN Yo ene€epyacio apouidv amofANTov, 6Tig GUVONKEG TOV 0moimV
1N ToOTNTO ATOYPOUOTIGHOV EIVaL TOAD P yOpN.

B) e ovykeviphoelg peyarvtepeg omd Co = 200 mg/Lo xpdvog amoyp@uaTicHoy dgv
paiveton va e&optdtor onpavtikd ond to PH tov dteAddpatog, aAld oe pkpodtepeg omd Co =

200 mg/L,0 ypdvog anoypopoatiopod av&iverol EAappog oe aikoiikd pH evd givar oyedov o

id1o¢ og 6&wvo kar ovdétepo pH (pH=4kw 7).
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tyyo (Min)

10 100 1000
Copnn (ML)

ymua 4-6. Exidpaom g apyikng ocvykévipoons e PNH otov ypdvo nuiceiag (ong
anoypOUATIcHoV t12 o€ Tyég Tov pH=4, 7xor 10y v UV/H20; pébodo (Co,n20=1000

mg/L).
4.3.2 Toydtnta Avopyavomoinong
4.3.2.1 Emidpacn TS apyikis cOYKEVTIPOGHS TS fophs

¢ Toyvtnta avopyavomroinong g paers tomov Drimarene-CL2RL (D-CL2RL)

To oyua 4-7 deiyvel v enidpaon g apykng cvykévipoong g Paeng (CL2RL)
oV ToYOTTE avopyavoroinong. Eival eovepd 6Tt mapatnpeiton po gupeio Stokdpaven g
TOYOTNTOG OVOPYOVOTOINoNG KATA TNV SIAPKEW TG avTiOpaoNG. ZVYKEKPIUEVO Y10l OPYIKN
ovykévipoon iowo pue 200 mg/L,ot ToydTnTeg ovopyavomoinong sivat ToAd apyég, allhd HeTd
v diéAevon pag dpag 1 avopyavoroinon g Paeng cvveyilet pe éva pétpo pubud (kiion

=0,24 TOC/min)ywa va enéibet n ohoknpopévn avopyavoroinon g Poaeng (TOC/TOG)
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0VCL0OTIKG peTd oo 4 hr.Xe youniotepeg ovykevipmoels Pagnic (Co=50 and 100 mg/L)cot
oto tpmta 60 Minn toyvTTa peimong tov TOC givar modd ypriyopn, oAdd ToAD cOvTOpa, 1
petoon g toxdtog tov TOC emPpadivetan ocdntd. Mio emmAéov ovclooTikn peioon

tov TOC dev Bempeitar duvatn | avTég TIG YOUNAES CUYKEVTPDOELS.

H enidpaon g apyiknig cuykévipoons g Pagng otov pubud avopyovomoineng mov
amewoviletar oto oyfuo. 4-7, OQEIAETOl 1GMG GTNV OVIOYOVIOTIKY] GULUTEPIPOPE TOL
PUVOLEVOL amoppOPNONG - TOV QOLVOUEVOD GIATPOV TOV TPOKAAEITOL LETAED TV POTOVIOV
g UV axtvoBoiiog kot tov popimv g fagng. Amd 1o ¢ACHOTO amoppOPNons Tov Papav,
Bpébnke 611 o1 Papéc amoppopovv oyvpd ot 254 NM. AVt 1 1OYXVPE TOPATNPOVLEVN
TPOCPOPTGN TOV POTOVIOV OPEIAETAL GTNV TOPOVGIN APOUATIKAOV SOKTUM®OV 6T HOPLOL TOV
Bapdv. Q¢ ek T00TOV, LE TNV TAPATNPOVUEVT] ADENCT TNG UPYIKNG GLYKEVTPOOTG TG PaenS,
0 KaTdAAN oG apBpog ewtoviov yo. v eotoAvorn tov  HyO, kot mapaywyn eievdépov
pldv VIPOELVAIWV PEIDVETAL KOl GUVETMS 0dNyel otV HelwOoT TS Tapaywyns eAevOEpmv
pldv vopo&uAioy. Ztadtakd, pio aOENCN TOV APYIKAOV GLYKEVIPOGE®Y TNG Bapng, EXPEPEL
pio odvénom tov pubpod avopyavomoinong, €Tl dote PETA amd 4 dpeg emTLYYXEVETAL 1010V
Pabuod peiwon tov TOC. Avti mn  mopatnpodpevn emrdyvven G ToXOTNTOG
avopyavoroinong o vynAdtepn apykn cvykévipwon (200 mg/L) opsitetor mbavov oty
otadlokn pelowon mpoopdPNoNg ewToviov amd poplo g Paeng Ady®m G amotkodOUNoNng

TOV KOl KATAGTPOPNS TOV DIOPYOVIOV OPMUOTIKOV S0KTUAM®VY.
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1,0
] —&— C0=200 mg/L
—{+ Co=100 mg/L

0,9 ]
] —&— Co=50 mg/L

08 ]
0,7 1
0,6 ]

0,51

TOC/TOCo

0,4 1
03]
0,21

0,1

ot
0 50 100 150 200 250 300
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SyAua 4-7:H enidpaon g Co cizrL, 0TNV TO0TNTO avopyavomoinong péow g (UV/H20,)

].LS@(')SOD (Co,H202:1000 mg/LKou pH:4).
¢ TOykpion ToxvTNTOS ovopyavoroineng netofd fagdv Tomov Drimarene

To oyfua 4-8, deiyvel tnv avopyavornoinon tov Tpudv Paedv tomov Drimareneuécom
g eotoynukng pebodov (UVd Hx0,) oe pH=4.H oapyikf] cvykévipoon tov Paedv ftav
200 mg/L kou i d6on tov H20; givar 1000 mg/L,mov mpootédnke €& olokdnpov og ypdvo
t=0. Mapatnpeiton 6TL M TOXOINTO OVOpPyavOTOINGNG KOL Yoo TG TPEG Popég molkilel
ONUAVTIKG GTO XPOVIKO SdoTna TV 4 opdv aAld, TOaVOV TO TOGOGTO AVOPYUvVOToinong
TO OTOI0 EMTLYYAVETAL EIVOL TOPOUOLO KOl Yo TIG TPELG Paéc, m.y. mepimov 80%. ITAnprg
avopyavoroinon dev eoiveton va givon mbavy odte Emerta Kor and 15 dpeg. Xta evdidpueca
6TAdW0. TOV aVTIOPACE®Y TopaTPEiTaL Lo T YPIyopn TaxDTNTO OVOPYOVOTOINGTG Yo, TNV
Bapny K2RL, mov eivor pio fogn pe pion Aettovpyikn opddo, evd 1 TO Opyf TOYLTITO

nopatnpeitar otnv Paen CL2RL, mov givor pia foen pe 600 Aeltovpyikég ouddes. Atapopés
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ot doun Tovg evOEYETAL V. EMNPEALOVV TIG TOPOUTNPOVUEVES TOYVTNTES OVOPYOVOTOINoNG

TOV.

1,0 »

0,9 ——K2RL, H202=1000 mg/L, €€ apXfc
08 - \ —&K4BL, H202=1000 mgiL  >>>
071 —x~-CL-2RL,H202=1000 mg/L >>>

0,6 ]

TOC/TOCo

0,5 ]
0,4
0,3 ]

0,2 1

0,1 ]

00+ T

Zynpa 4-8: Xoykpion g Kivntikig avopyavoroinong tov fapav, K2RL, K4BL ka1 CL2RL,

pe v pébodo UV/H,0, og pH=4, G=200 mg/Lkat H,0,=1000 mg/L.

Amd v GAAn TAevpd, Ome¢ @oivetar amd to oxnuo 4-9, 6tav dumhacialeTor M
nocdtnte, Tov HO, mov mpootifeton oto didvpa (2000 mg/L)n avopyavonoinon tng Poaen
K4BL emtvyyavetal ypnyopotepa kad” 6An v dudpkela g ovtidpaong. Avth 1 enidpacn
yivetal mo gueavig otnv apyn kaddg Kot ota evdidpesa otddia g avtidpacng. To telkd
T0606TO avopyovoroinong mov emttvyydvetar énetrra amnd 300 Min givar vyniotepo povVo
Kotd 6% (84%évavtt 78%). Xt 60 xou 120 minm peiwon tov TOC givonr 58% won 78%
ypnowwonowdvtag 2000 mg/L HO, oe cdykpion pe 1o  13% xor 52% avtictoya otav

ypnowwonoteitoan 1000 mg/L HO,. Qg ek todtov duthacidlovtog tnv Tocotnta tov H,Op mov
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nmpootifetar oto Suddlvpo avédvetar aebnTd 1 TOXOTNTO  OvVOPYOVOTOINoTG Kol avTO

opeidetan oto ypnyopdTEPO pLOUd dnpovpyiog erevBépwv pri@v Tov vEpo&vAiov.

Avtd emodnOevetar yio v dumAng dpaotikdtntog Paery CL2RL. Ao to oyfua 4-9
emiong pmopei va onpelndel 6t avéavopévng g mocdttog Tov HyO2 mov mpootifetar 6to
Suopa, M Paery CL2RL omowcodopeitor moAd mo ypiyopo kab” OAn v Sudpkewo g
avtidpaorng. To mocooto6 avopyovomoinorng mov emttvyydveton £nerto. o6 300 min gival
emiong vynAotepo katd 8% (86%évavtt 78%).Xta 60, 90kt 120 minn peiwon tov TOC
givar 72%, 80%iar 82% ypnotpomowdvrag 10000 mg/L HO, oe ohykpion pe o 9%, 16%
kot 26% avtictoryo 6tav ypnoiponoteitar 1000 mg/L HO,. Tt awtd dexanracidlovrog v
npootiBépevn nocdtta HOz 670 S1dAvpa ovTd €Yl MG GUVETELR TNV OTUOVTIKY avénom g
TOVTNTOG OVOPYyavomToinong, okoun kot yio tnv pagr CL2RL.Etot, puropei va emtevyel pio
ateOntn peioon tov TOC (80%)oe évo. oyeTikd LKpOTEPO YPovIKO didotnua, mepimov 90

min, Tpocbétovtoag pia peyaivtepn mocotnta tov HaOs.

4.3.2.2 Emiopaon ano o H,0O,

¢  Toykpion toyovTnToS ovopyavoroineng netofd fagdv tTomov Drimarene

To oyuo 4-9, deiyver v emidpacn ¢ otadiokng mpocOnkng tov HO, ommyv
ToyVTNTO Avopyavoroinong kol oty mhovi mocootiaio. % peioon tov TOC g Pagng
CL2RL. X" avt6 to meipapa ovti tng mpoobnkng 10000 mg/L HO, &€ oloxkAnpov otnv
xpovikny otiypn t=0, T0 H,O, mpootébnke otadiokd kad” 6An v didpkela g avtidpoong
avopyavoroinong g Pfaenc CL2RL, g cuvolikd déka dooeg taov 1000 mg/Lkdde 30 min,
Katolyovtag otnv avtiotoyyn mocdtnto t@v 10000 mg/L.Onwg eivar mpopavég omd to
oynua 4-9,m mbovn tayvnTa peimons tov TOC glvar Baoikd 1 id1a kKot 6T1G SV0 TEPMTAOCELS

(4% vymAotepog pe v otadiokn tpoctnkn tov HyOy). Tnv apyr kabdg kat ota evildpeca
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6TAdW0L TNG avTidpaoNG PaiveTal OTL dgv VIAPYEL dOPOPH GTNV TOXHTNTO GVOPYOVOTOinoNng
ad1dpopo av to HyO, mpootifetan eEodorAnpov 1 otadiokd. Eniong propel va onpeiwdel 1
ot apywd otada g avtidpaong, 6tav akoun mn mocdtta Tov HxOr oto Sddvpa givon
oXETIKA VYNAY, (avapopikd pe to meipapo 6rov 10000 mg/L HO, mpoctédniay 6o ypovikd

onueio t=0) ka1 n décpevon elevdépmv pidv pEcm NG avtidpaong

H202+ OH — H,0 + HO> (4-3)
0o émpeme va elvan kaBopiotikdTepn, ot Tayvtntesg peiwong tov TOC etvor dpoteg Kot yia Tig
500 CLYKPIVOUEVEG TEPITTAOCELS, VTOJEIKVVOVTAG OTL THAVOV 01 TEPIoeOTEPES EAEVOEPES pileg
vdpo&uriov pécm tng avtidpaocng (4-3) avamAnpdvovial oo Ty Tepicosla eEAgVOEpwV pLidv

vdpo&uriov Tov Tapdyoviol pEc® TG avtidpaong (4-2).

H mapovsio thatd katd v peiowon tov TOC og 6o Ta mepdpota Towkirel ond 90
min kot ave and 300 Minkdrtt wov dev ogeiletar otnv e&dvtinon tov amobepatikod HyOp,
0ALG TOOVOV oTNV PUOT| TOV EVOLOUECOV EVOGEMYV, TUMHOTO TOV apyIKoL popiov g Paeng,
OV TPOKVATOVV T.)Y 1| TOYVTNTO OVOPYOVOTOINGOTG PTAVEL Vo €fval TOAD YOUNA €w¢ Kot
apeintéa €€ otiog avtov Tov YEYOVOTOoC, KOBMS 00TE | AENGT TOV TOGOV TOV TPOGTIOEUEVOL
H»0; ovte N otadioxn mpoconkn tov HxO; katd v didpkelo ¢ avtidpacng eoivetar vo

aALaCel onpavticd v Thoav) tocootiaia % peimon tov TOC.
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1,0z

0,9 1 -0~ CL2RL, H202=1000 mgiL, &€
] apxng
0,8 1 —X—K4BL, H202=2000 mglL, €§
] apxng
0,7 1 -0-CL2RL, H202=10000 mg/L
1 €€ apxng
8 061 ~&—CL2RL, H202=1000 mglL,
9 1 oTadiokd
o 0,54
9 ]
0,4 1
0,3 ]
0,2 ]
0,11
0,0 7 v e e
0 50 100 150 200 250 300 350
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Synua 4-9. Exidpoon tov HO, oty kivntikn avopyavoroinong tov K4BL kot CL2RL, pe
mv puébodo UVc/H20,, oe pH=4, G=200mg/L (TOG kaBL,200mgn=57,54; TOG cL2RL,200mg/=

69,24).

4.4 Xvpmepdopota

Katéd v oeidwon tov Paedv oe vdotikd SoAdpaTapéc® TG QOTOAONG,
mapatnpinke avénon g avopyavomoinong g Paeng PNH pe avéavéopevo to pH tov

SLAOHOTOG.

Q0610600, KATd T EOTOYNIIKA 0&Ed®oTN 1 ATOITOOUEV TOGOHTNTA TOV 0EEOMTIKOD
péoov (HoOz) mov evvoel tov mAfPN OTOXPOUOTIONO OAAG KOl ONUOVTIKO TOCOCTO
avopyavonoinong tov Baedv dwwdvudtov Procion (PNH)al Drimarene (K2RL)givar 1000

mg/L émg 20000 mg/Lave&aptnta amd To pH tov dtaidpotog.

O puOUOS OTOYPOUATIGHOD GE GLUVAPTNGN HE TNV OPYIKN SLYKEVTIP®GN NG PoeNg,

pewdveTol oontd yio cvykévipoon Baenic peyaivtepng twv 100 mg/L,ce pH 4, 7xo 10.
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Kepalawo 5 E@appoyéc tov Avtidpasswv Fenton, Photo-Fenton,

otis Bagéc Procion Hexl, Remazolko Drimarene

5.1 Ewoayoyi

To avtidpactipo Fentonypnouonotei to vrepo&eidio Tov vépoyovov (H202) cav 1o
o&e1dmTikd Péco Ko Ta 10vTa Tov d1cbgvoidc N Tpiobevoug cdnpov (Ue TNV pope1 GAaToC)
oav KaToAoTn Yo v Topayeyf tov plidv tov vdpofuriov (OH). Ipayupatonoeitor kKupimg
og 0&wo mepPairov, 6mov ot pileg vEpo&uAiov gupavifovy TV VYNAOTEPN TLUN SLVOAUIKOD

oeidmong [73].

To évtovo &evdla@épov 1oL  E€KONADONKE TEAELTOHO TOYKOGUIOS Yoo TIG
nmpoavopepbeioec nebddovg, 00MyNoE OGNV €PYASTNPLOKT KOl TAOTIKY UEAETN o&eidwong
TOAD peYEAov optOpol evidoewmy pe moAD OeTikd amotedéopota. Ao TIG KUPLOTEPEG OUAOES
0PYOVIKOV OVGLOV OV GLVAVTOVTOL 6TO, VYPA amOBANTO, GTOV 0€pa Kol 6T0 £60(p0G, &ival
w.y. ol Papég ovoieg [11,157], ov yhwpooawodreg [199], ta moapacttoktove [200], ta
aypotikoV yoapaktipo omdPfAnta (omootakthpu, glawovpyeio [200]), o amndPAinta g
yoproPopnyaviag [157], ov dSwoéiveg, o1 Tooevepyég ovoieg, TO TETPEANIOEDN, TO

PLTOPAPUOKO KAT. KOl YEVIKA, TOEIKES Kot U1 PLoamotkodo UAGIUES YNIKEG OVGIES.

Y& Péitioteg ovVONKEG TNG TEWPOUATIKNG OOIKOGING EAEYYETAL 1 OTOTEAEGHA-
TioTTo. TG peboddov pécw Tov pLOUOV avopyoavomoinong wg Kot tng PeAtioong g

BloamokodounoUdTNTOG TOV PaPdV.
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Ot mapdpetpot, o1 omoiot e€etalovron pe v avtidpacn Fentonéeywpiotd, Ady® g

ONUAVTIKNG TOV EXLOPOONG GTOV ATOXPOUATIGHO Kot Proavopyavoroinon tov Bagdv, givat:
e Eidoc km cvykévrpoon pagig

AT 1t d1ebvn PipAoypagio mpokdmtel 0T cuykevipmoelg Bupdv nhve and 200 mg/L
EMLTOYOVOLY TOV PLOUO amOYPOUIOTIoNOD, evd Kt and 200-100 mg/Lyivetot mo apydg Kot

e€apthron omd to PH Tov SoddpaToC.
o  Tuykévrpoon o0& mTikoy pécov (Ho02)

Xauniéc ovykevipmoelg HOp, kdto and 0,1% w/w (1000 mg/LEemitaydvovv tov
pLOUO ATOYPOUATIGHOD, EVD GE VYNAOTEPES CUYKEVTIPMGELS, O ATOYPMOUUTICUOS HEIDVETAL €E
artiog g déopevong TV TopayopEVOY gledfepav pildv Tov vépo&uriov amd To 1610 TO
H20,. Emiong yw tg avudpdosig Fenton-like, yio pio otabepr ovykévipwon FeCh
SlmoTdveTal OTL 1 AVENON TG CLYKEVIPOGEMS TOL VITEPOEELdiov TOV VIPOYOVOL PEXPL TO
2%w/w (20000 mg/L)mepinov kar yio pH=3-4, odnyel otmv adénon tng taydTnTag TNG

avtidpoong.
o  XuyKEVTPMOT LOVTAV GLON POV (F€”)

Kabobg n ovykévipoon tov avidpactnpiov (FESQ) avéavel, o tin peidveral, alid
nave and 0,01%w/w (100 mg/L)pia emmiéov adénon tov FE wvtav, dev éyel kapia
enint@on otov tyz. Le yopniés ovykevipaooelg tov FeSQ, kot kabmg n docoroyia tov FESQ
avEdvetal, 1 ovykévipoon ot 10vio FEH kot ouvendg kot Tov Eeddepov piidv v8poLviiov
av&avouv dpapatikd [143]. Ev to0to1g, nepicosia 1Ovimv Fe, umopei va £l GUVETELD TNV
déopevon Tmv eevbepwv pidv tov Vdpo&uriov, cOUPOVA pE TV avtidpaon (2-44),apécmg
HETA TN dnpovpyia g péow ™G avtidpacng (2-43),m onoia givar cuykpitikd ypnyopdTepn

exeivng T avtiotoryme avtidpaong FE/H20,. Avagopikd pe v avtidpaon Fenton-likeya
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otafepn ovykévipoon vrepo&ediov (ion pue 0,1%w/w (1000 mg/L)p ypdvoc nuiceiog (ong
TOV OTTOYPOUOTIGHOD HEWDVETOL GNUOVTIKG Y10 (o, BEATIoT TTepoyn ovykevipmoewv FeCk.
Emniong mapatmpeitar 011 ko o€ avti ) Péltiotn meployf] ovykevipwoewv FeCh, tipég

pH=2-3 ivovv cuykpttikd KaAdTEPH OMOTELEGLOTA.

e Xpion UV oaxtivoPoriag o6& oyéon pe TNV amOITOOPEVI] EVEPYELD KOl TIG

OLU6TAGELS TOV AVTIOPACTI|PA.

H yxpion xatdAAniov pnKovg KOUOTOG EMALYETOL GE OXECT TAVTO LE TIG O10TNTES
amoppOPNoNG TV TPog emefepyacio amofANTOV OTMG Kol TOV TPOSTIOEUEVOL 0EEBMTIKOV
péoov. [épav dpmg tovTv, Witepn enidpaon eackel Kot 1) £vTOom TG XPNOLLOTOLOVUEVNC
N UV — axtivoBoliog.

o  Twég Tov pH

H o&eidwon pe avridpaotipto Fenton fie FE? 1 Fe™) pe i xopic v gpion UV eivan

moAd mo amodotik] oe O&wn mepoyny (PH=2-5). Kdto opwg omdé pH 2, o pvbuog

OTTOYPMUATIGUOV UELDMVETOL ATOTOLLAL.
5.2 Mepepatiké Mépog
5.2.1 TMepapatikiy Xvokevi)

H ovokeun pe v téAeon TV TEWPUUATOV TEPLYPAPNKE GTnV Tapdypapo 4.2.11ng
poToynkng o&eidmong. KatdAAnAn Aaumo ekmopnnig vreptddovg aktivoPoriog ivar n OW

UV ¢ mov ekméumet ot 254 nm.
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5.2.2 TMeapapatikiy Atodikoocio

H mapackev] tov Sl0Avudtov Kot 1 TpocOnkn tov oaviidpaotnpiov kotd Tnv
Seaymyn TV TEPOUATOV TEPLYPAPNKE oTNV  Topdypago 4.2.2, TG (QOTOYNUKNG

o&eidmwong.
5.2.3 Ymoloywopig Hapapétpov g Kivnrikiig

g OAOL T TEPALLOATO 1) TOYVTITO OVOPYOVOTOINoNG KOAOVOEL KIvNTIKT YeDd0-TPADTNG

ThENG, Onmg meptyphpetan 610 ke, 2.4.3.
5.3 Amotehéopata ko Xolitnon

5.3.1 Tayvtnro ATopOUATICROD
5311 Eé&aptnon ano to H,0;

¢ Taydmta amoyxpopaticpod g paeig Procion Navy Hexl (PNH)

To oynua 5-1, deiyvel mv e&dptnomn tov ypdvov nuicelog Long g Paeng PNH ard
v ovykévepwon tov HoOy, datnpdviog v cuyKEVIpOoN 1OVIeV 61dnpov atadepr| kot ion
ue 0,01%w/w (100 mg/Lxor 0,001%w/w (10 mg/L)Zto oynuo 5-1, 0 popiakodg Aoyog,
Fe?*/H,0,, mowiel om6 2,3 péxpt 2.10° (n kbt Kopmdrn) kot ono 2,3. 10 péxpt 2.10* Q!
Gve KopmdAn). Zmv vyniotepn cvykévipoon oviav ownpov 0,01%w/w (100 mg/L).o
¥povog nuicelag ComMg () eivar oxeticd ave&aptnrog g ovykévrpwong tov HxO, péypt
ovykévipoong 0,1%w/w (1000 mg/L),6pwg moveo arn’ avty oavGvetor €€ oaitiag Tov
QOWOLEVOL déopevotg TV gAebepwv pLldv tov vdpo&uriov amd to HyO, [142,201]. X¢
O yopnAéc ouykevipmoelg tov HoOz, kdtm amd 0,0005%w/w (5 mg/L)e xpdvog nuicesiag

Cong av&avetan emeldn To Ho0, Bpicketal oe EXAeWyN, €161 0 ¥pdvog Npicelag (ong eivat ToAD
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HIKPOG OV PpioKETOL KOVTO GTO VYOG TOL EMTESOV TOV GAEOVO ATEKOVIOTG TOV ¥pOvov. X’

avtd 10 onpeio o (ty) eivor ToAd pkpde, mepimov 15 sec.

Y& ovykévipwon wvtov odnpov ion pe 0,001%w/w (10 mg/Ll) 1+ mo opyn
KaumoAn), o yxpdvog muicelog Cong deiyver udAhov éva amndtopo onueio glayiotov og
ovykeviphoelg HyOp peta&d 0,01%w/w (100 mg/Lxor 0,1%w/w (1000 mg/L)EEw omod
avTd To. Opla, 0 Ypovos Nuicelag Long avéavetat, KOS petdveTol | ovykéEvipwon tov Hz0o,
ene1dn 10 HoO2 PBpioketon oe EAAetyn xon avEdveton emiong, 6tav aLEAVETOL 1 GLYKEVTPWOT)
tov Hy07 e&outiog tov pawopévou déopevong tov eredfepav pilov tov vdpouiiov amd To

H0..

350 »

3001 -, - - 0,001 % wiw FeSO4 .

. —o0—0,01 > .
250 A * ‘

200 4 . K

tyz (S)

150 -

100 -

50 1

o

0,001 0,01 0,1 1
% wiw H202

Zynua 5-1. Exidpacn g Co, H2o20T0V t1/2 g Pagns PNH (G eni=75mg/L, pH=3)
Toppovoe pe to oyfua 5-2, mopatnpeitar kotd v Swdikacio g photo-Fentonp
puOude amoyxpoupaticpod g Pagng PNH ce didivpa pe pH=3 ka1 € tpelg 610popeTikons
ouVOVAGOVG cLYKEVTP®MOoE®Y Tov Hy02 ko twv 1dviov Fe*, kotd ToVg omoiovg 0 ¥POVog

amoypopaticpoy gtvar 15, 110k 380 secl'ta Adyovg ovykpiong mapovstdfovtal Emiong ot
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avtioTouyeg ToyvTnTES LE TV dadikacio. Fenton.An” avt v eikdva 16N onpeidvetat 611 6”
OAEC TIGC TEPUITMOELS 1 ypNon TG vrepuddovg aktvoforiog UVe (254 nm) av&dver v
TOYOTNTO OTOYPOUOTICHOV. ALTR N avénon yivetar TEPIGGOTEPO OVTIANTTY OTIG OVTIGTOLYES
tayutnteg g Fentondwadikaciog, ol omoiot ivat o apyol, an” 6TL gfvan 01 TO TAVEO KOUTOAEG
(t2 = 380kan 110 sec). Xtig yaunAotepeg kapumvres (i = 15 sech UV/Fentondwadikooio
ovveyilel va omoypopatifel To diddvpa oxoun petd amd 5 min,otav otov avtiotoryo xpdvo 1
KaumOoAn tng Fenton dwdikociog otabepomoteiton Vo TV popPn gvbeiag  ypopung,
netvyaivovtag 99% anoyxpopotiopd énsita amd 20 min. Qg ek tovtov 1 UV /Fenton
Swdikacio Ba ypnoipeve yioo v Beltimon g ToxdTNTOS OmOXPOUATIGHOD HETE TO XpdVO
nuioewg Lomg g avtidpaonc. Iapdha avTd T0 ATOTEAEGHO EKINADVETOL TTIO EVTOVO UE TNV
xpon ™G oxtwoPoriag UVe xotd v dbpkewe g dadwkaciog Fenton, xotd v

avopyavonoinon g Bagng (ueimon tov TOC),n onoia culnthbnke otnv Topdypago 8.2.2.1.

* —a— UV-Fenton (H202=FeS04=10 mg/L)

- @- Fenton ( >> )
0s M\ 5 —+— UV-Fenton (H202=100 mg/L, FeSO4=10 mg/L)
' N2 - 2 - Fenton ( >> )
0,7 1A " u —e— UV-Fenton (H202=FeS04=100 mg/L)
N - ¢ - Fenton ( >> )

CIC,

Tynpo 5-2. H ypovikn petapodrn tov Adyov C/C,, g Paeng PNHywa 1ic Fentonkon

UV /Fentonavtidpaoeis (Co pni=75 mg/L, pH= 3).
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To oyfuo 5-3, mov amekovilel TEWPUUATIKG OTOTEAEGLOTO UECH TNG OVTIOPACEMG
Fenton-like,deiyvelr tnv eEGptmon Tov xpdvov Npicelog (®NG TOV OTOXPOUATIGHOD TG Papng
PNH on6 tv ovykévipoon tov HzO,, vrd otabepn apyixn ovykévipwon Paeng, pH ko
ovykévipwong FeCh. O ti, oxedov cvumintel 6 éva gvpd gbpog tov pH (2—7).To Bértioto
g0pog ovykévipoong tov HxO, eivar peta&od 0,2%w/w (2000 mg/L)kor 2%w/w (20000
mg/L), (molar ratiotwv H,O,/Fe*= peto&y 10 xau 100, avtiotoya). O typ eivar moAd
yopnAde (Myotepo and 50 S)o” awto to BéAtioto gbpog. Xe youniéc cvuykeviphoelg Tov HyO,
Kot kafdg n ovykévipwon tov HxOz peidvetat, o tip avgdvetar andétopa. Avtd covpfaivet,
eneldn 1 cLYKEVTIpoON Tov 1W6vTev FE mov maphyoviat péco tov aviidpiocnv (2-45)kai(2-
46) pewdvetor omotopo pe TNV peiwon g ovykévipwong tov HyO. Avtd €xel cov
OmOTEAES A, TNV OPUCTIKY HelwoN NG mapaymyng Tov eledbepwv pldv Tov vépo&vAiov
uéow g e€icoong (2-45). Ze vynin ocvykévipoon tov HOp (mve and 2%w/w (20000
mg/L)), o ty teivel va av&avetor kobhg 1 cvykévipwon tov HoOp avédvetor. Avtd sivan
moAD Tlavov va cupPaivel €€ artiog g décpevong Tov erevBEpov pimv vopo&vAiov amd To
H20; péow g e&iowong (2-49) [128,142,202][Tapatnpnbnke eniong and 1o 0moTeE EcHATA
otL og vyniéc ovykevipwoelg HxO» (mave oand 2%w/w (20000 mg/L)), 0 HO,
anocvvtifetar og O, and HO, pe anotélecua v andtoun ovénon g Oeppokpaciog Tov
SLAVUOTOG,  UEIOVOVIOG TNV OMOTEAECHOTIKOTNTO NG  0o&edmTikng  dvvaung  tov
avtidpactnpiov Fenton-like,e§ ottiag g peyding peimong tng ovykévipwong tov HOp

[154].
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Eynuo 5-3. Exidpaon g Co, Hzo20t0V ty2 TG Paeng PNH, yio pH=2-9 Co,reciz=1000

mg/L;Co,pnn =200 mg/L).
¢ TOyKpon ToOTNTOS OT0YPOUOTICROY petald faedv Tov Tomov Procion Hexl

Ta oyquata 5-4 kor 5-5, deiyvouv pia obdykpion tov ypdévov muicewg Cwng
ATOYPOUATIGHOD KOl TNG QovOpeEVNG otabepds Kops, 1eta&d Tav tpidv S1opopeTikdv Papdv
™G TPOG TNV APYKN SVYKEVTPpWOT Tov HyOs. v ypapikn mapdotacn ansikoviletan emiong
N orodotikotnta anoypopaticpod (t = 10 min). Ou dihot mopdpetpot, pH, Coreciz and
Co,nvE, mapapévovy otafepoi 6° OAa To mEWPAUATO TOV amekovIlovTol 6To oYt 5-4 Kot
5-5. Ao ovtég T1g gwcoveg, cvumepaiveton 6t 1 g€dptnon tov tin xpdvov nuicsiog Lmng
ATOYPOUATIGHOD KoL TNG Qovopevns otadepdg Kops 0md v apyikn cvykévipmon tov HOp
givan mapopowa v 116 Papés PNH ko PCHpéoa oto ouykekpiiévo €bpog GuyKEVIpmoNG Tov
H;0,. £ avtd 1o €0pog, o ypdvog nuioeag (oNG UEWOVETOL SPOUATIKE GTO 7O YOUNAO
eminedo 12.1 sy v PNH xot 45 sywo v PCH.Ev 1001015, 11 PYH exdnAdvet, éva axdpn

mo meplopiopévo ehdyoto petald 0,7% w/w (7000 mg/L)kor 2%w/w (20000 mg/L),
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(noprokd Adyo HoO, IFE™ = petatd 34 kon 100), kon mépa an’ ovTo, 0 tys avEGveTal Tohd
amoTopa. X' avtd To EAGYLOTO, O tyyp etvan 435 S.Ad Ta oynpata 5-4 kon 5-5 efvon onpovtikd
va onuewwdet 6t  Paery PNH pmopel vo anoypopaticdei mave and 95% o pdévo 10 min,
otav 1 apykn cvykévipwon tov HyO, givar petag&d 0,2% wiw (2000 mg/L) kot 2%w/w
(20000 mg/L) Katw and 11¢ idieg ouvonkeg, o anoypopotiopdg (t = 10 min)tng PCHayyilel
10 90%. EmimAéov mepdpoto £de1&av 011 énerto and ypdvo avtidpacng 1 h emredydn évog
oxedOV TANPNG OmOYPOUATIOUOS Tov Vyovg 97-99.5%.H mo vymA) omodotikdTnTa
anoypopaticpod g Paeng PYH petd and ypévo avtidpacng 10 mineivar poig 57.7%oce
Co H202= 1%w/w (10000 mg/L), (molar ratio of B,/ Fe' = 50).Qg ek tovtov, 1 PYH givor
neplocotepo avOektikn an’ 6Tt PNH1M PCHxkéto ond tig eéetalopeveg mopapétpoug (Kops

t1/2 KO 0030TIKOTITO AMOYPOUATIOHOD).

2.500 ~ 100
90
2.000 - 80
1 - m- 112 -PNH 0
1 W
1.500 { = ©- t1/2-PCH 60 g
— 1 W
n 1 4. ! W
\é ] A- t1/2 -PYH . 50 '<T:
~ N =
1 —#— AmToxpwpaTiopdg (%) 10min -, o]
1.000 - PNH Al 40 &
1 —o— AmoxpwpaTiouog (%) 10min - T~ . | )
PCH ) 30 %
1 —A— ATTOXPWHATIONEG (%) 10min -
500 PYH e, 20
.. 10
- .
R e aep e
0 . ——— | S R —+ 0
0,01 0,1 1 10

CO,HZOZ

Yynuo 5-4. Exidpaon g Co, 2020tV amotedecpotikotnta anoypopotiopod (t =10 min)xot

otov ty2 tev Bapdv Procion H-exl, (pH=%0,reciz=1000 Mg/LCopuerc=200 mg/L).
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Eyfua 5-5. Enidpacn g Co, H2020TNV amoTEAEcHOTIKOTNTO amoypouaticpo (t =10 min)kot
otV otafepd avtidpaong Kepstav Bapadv Procion H-exl, (pH=3o,reci=1000 mg/L;

Co,ﬁwﬂQZZOO mg/L)
¢ Toaydvmnta amoyxpopaticpot g paeig Remazol Red-RR (Red-RR)

To oynuo 5-6 deiyver v eEdptnon tov ypdvov nuicelog Long (tiz), Tne Paeric RMZ-
RRR kot ¢ amodoTikoTnTag amoypouaticpod g, amd Ty apyikn cvykévipmon tov HoOs.
O ypdvog nuicelag Cong (ta), 0 omoiog givar éva KOAO PETPO Yo T0 PLOUS aTOXPOUATIGHOD
OTO OPYIKO Kol TPOG To. EVOLAUESH GTAdI TNG avTidpaong, dOelyvel éva eminedo elayioTov,
Aappovopévng voymn g cvykévipoons tov HxO; kot avtd 1o eddyioto eppaviletor peta&d
0,0005 (5 mg/L)on 0,1% w/w (1000 mg/L)Kdatw and 0,0005% w/w(s mg/L) HO,, o ti2

av&daveton kabhg 1 cvuykévipoon Tov HoO; petdvetar.
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Zynuo 5-6. Exidpaon g Co H2020TOV t1/2 KO 6TV 0TOTEAEGHATIKOTNTO 0O POUOTIGHOD (t

= 10 min)tov Baedv RMZ-RRR (G puei=75Mg/L, pH=3, Greso~100 mg/L).

Avtd ovpPaivel, d10tt oe yapmAn ovykévipoon HxOp peidvetar n mapaymyn tov
elevBépav pillav tov vdpo&uiiov. To HO, mailelr éva onuoavtikd polo Oyt pévo otnv
onovpyio ehedbepmv piidv vopo&uAiov, oA emiong emewdn avadnuovpyet Fe”, Ommg
eoivetolr oy oepd  oviwdpdosov (2-45) kor (2-46), kepdiowo 2.4.2, mov &ivol

YOPUKTNPIOTIKEG Yio TNV avTidpacn Fenton

IMave and 0,1% w/w (1000 mg/L)o tp avEdvetar ok e€artiog Tov Qavopévov
déopevong tav elevdépmv piimv Tov vépo&vAiiov and to Ho0; (s€icwon 2-49) [142].

O ypdvog nuicelog Long (tz) oto BétioTo gVpog TImY givar TOAD pkpdg, mepimov 15
SeCcKol 0 amoyP®UATICUOS TG Paeng cupPaivel Todd amdtopa. ' avtd to BEATIOTO £0POC, M

amodoTIKOTNTO, 0oy p®UATIcHoD oto 10 mingivan mepinov 95%.
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53.1.2 Eéaptyon aro to pH

¢ TOyKpon ToOTNTOS OTOYPOUOTICR0Y petald faedy Tomov procion Hexl

To oynua 5-7 deiyver v e€dptnon tov xpoévov Nuicelng Long Kot Tav TPV Papdv
(PNH,PCH,PYH), o6mwc emiong kou TNV OMOTEAECUATIKOTNTO  TOV  OEKGAETTOL
AmOYPOUATIGHOD évavTl Tov PH Tov droAdpatog. Avtég ol peTpnoels Eytvav o€ PBEATIOT
TEPLOYN GLYKEVTPOOEMY, 1060 TmV 1Wviev FE' 600 kot Tov Hy0z kot yio TIC JkpOTEPES
duvatég ovykevipmoelg YU avtd to dvo oavtwdpaotipr. O PéATiotoc ouvdlaoudg
ovykeviphoewv (oxfiua 5-1) givar yia to HO2 ot meproyn peta&o 0,001% wiwpéypt 0,1%
W/W Kot Yoo cuykEvTpoon 1vimv Fe* 0,01% wiw.Eiva TPOPAVEG OTL 0 YPOVOG MUICELNG
Comg 1o Tig Bagéc Procion Navy Hexl (PNHixon Procion Crimpson Hexl (PCHjvat oygdov
Opog Ko oxeTikd aveEaptntog and to PH tov drAdpartog, kabdg Kvpaivetor petagd
nepinov 20 kar 30 secgvd o ypovog nuicelag (ong v ) Paen Procion Yellow Hexl (PYH)
glvat TOAD mo peydrog Kot v Tipég Tov PH kdto and 6 s€aptaron mapa mold amd o pH tov
Swvpotog. H amotedespaticdtnta anoypopatiopod tov 10 Aentdv eviovtols, ivar moAd
mo e&aptdpevn and to pPH tov daddpatog kot Yo Tig Tpeic Pagés. Metd omd 10 Aemtdv
xpovov avtidpaong kol oe PH 3,1 anotedlecpotikdmro amoypopoaticpov yo ™ Paen PNH
kot ™ Paeny PCH avépyetar 6to0 92% o 95% avtictorya, evd 1 avtictoyrn ekeiv g
Baenc PYH poiic oto 65%.%e pH 6 1 amoteAespatikdTNTO OTOYPOUATICHOD Y10 TIG TPELG
Bapéc etvan 69%, 65% wxar 26% oavtiotoiywg. e oaikolkd PH ico pe 9, n
ATOTEAECUATIKOTNTO, amoYpOUATIopoD evtog dekaiémtov (10 min) yio ™ Baen PNH kot
PCH, 6ev aAhaler aAlG yia T Bogn PYH néetet oyeddv oto pundév (0). Tt awto n Bédtionn
meployn tov pH givar 6&vo yOpw 610 3 M KoL 6g axdun mo 6&wvo TEPPAALOV Yo T Poen

PCH.
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Yynuo 5-7. Enidpaor tov apyikod pH oty anotelespotikdtnta amoypouaticpov (t=10 min)
Kot otov tipteov Baedv Procion Hexl (Gpuen=75 Mg/L, G reso#100 mg/L, G H20=10
mg/L)

To oynpa 5-8 deiyver v e€dptnon tov xpdvov nuicelag Long amoypOUATIGHoD ond
0 PH tov StoddpoTog Ko yuo TG TPEG Pagés, He dedopévn apyikn cvykévipmon Pagng,
FeCk ot HxO, Edd mpémer va onueiwbei Ot1 o1 koumddeg o OAa TO OYRUOTO
nuovpynnkav omd  TMEPAUOTIKA OESOUEVA, TPOKEWEVOL VO OTOCAPNVIGOLY  TOl

OTOTEAEGLLOTOL.
Hapatnpioeic mov e&dyovor and To oynuo S-8 etvat o1 e€ng:

(1) n e&aptnon tov ypdvov muicewg Lwng (ti2) amoypwuaticpod omd to PH Tov

SraAvpotog eivan i810g kan yio Tig Tpelg Pagég tomov Procion H-exlnov eEetdotnkay
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(2) o ypbévoc muiceag Cong (t2) amoyxpoUATIGHOD, SIEPXETUL LECH €VOG OPLOKOD
glayiotov ¢’ éva pH mov kvpaiveron petad 3 kot 4 Kot eEapTdTol £101KA and TovV TOHTO TG
Paorig

(3) og moAD 6&wa SwAdpato (kétw and to pH 2y10 ™ Baen PNH kot 3 yio. tn PCH
kor T PYH), o puBuog amoypwpoatiopod yivetor onpoviikd opydtepog kobog to pH
UELDVETOL, EVE M0, TOPOUON SVUTEPIPOPE Ppédnke emiong o€ VYNAG AAKOAKG SLOAVUOTAL,

omov mave omd pH 100 ypodvoc nuicelag {ong amoyp@UaTIoiod avédvel aodnTd Kot

(4) o amoypwuatiopds g Paeng PYH givar modd o apydc. Q¢ ek tovtov, eaiveral
ot 10 Bértioto pH Yoo Tov amoypopaticud v Bagdv tomov Procion H-exlkvpoaiveron
petag&d 3 ko 4. Tevikde, omd To TEWPOUATIKA Ogdopéva, @aivetar OTL ot ToydhTNTES
ATOYPOUATIGHOD EIVOL aoBNTA 710 Ypriyopot oo Kot og gEAa@p®g 6Ewo. dtalvopata (pH 5—
6) ocvykpwopevol pe ekeivoug ota gEAAPPOG oAKoAkd dtadvpata, kabdg 1 KAipoke oto
oyfua 5-8 eivar AoyapOpkn avoaeopikd pe Tov xpovo nuicetog {omg (t1z) anoypopotiopod.
Ta gvpruota tng perétng eivor ocvvaen pe GAAQ OTOTEAEGUOTO OV OVAPEPOVIOL GTNV

Bproypapio [128,147-153].

H dpootikn avénor tov povov nuicelog (onfg (ti) anoypopotiopod og Todd 6Ewva,
Sddpoto, opeiletar 6TNY dpacTikn Leiwon Tov eAebbepmv pLldv Tov TopdyovTol 6T GEPAQ
Tov avtdpdocov (2-43)émc (2-49). Yynin cuykévipmoon vdpokatioviay eugaviloviat Kotd,

v avtiotpopn eopd g e&icmon (2-45).H e&icwon (2-45)mpoxidntel pécm tov axdrovbov

HNYOVIGULDV:
H,O0 HO,™ +H* (5-2)
HO, +Fe*— Fe OOH" (5-3)
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Zynua 5-8. Metafoin tov tyz évavtt tov pHya g Bagég Procion H-exl Copeen=200

mg/L;Co,H202=1000 mg/LCo,Fqu:ZOO mg/L)

e moAl 6&wveg ovvOnkeg, 1 ovykévipwon tov HoO; givan otabepn kan avtd gumodilet
TV Topayeyn Tev evdldpscwv wvtov HO, , ta onoia avtidpovv e Fe* TPOG TOPOUYWYT TOV
Wvtav Fe OOH". To 16v Fe OOH" anocuvtifetar mpog dnuovpyia wvtev FE', ta onoia
glvon amapaitnte. oty avtidpoaon (2-43), mpokewévov va mapdyovv eledBepeg pileg
vopo&uriov [143,148].Metopopd NAEKTPOVIOV HEGHD TOV SLHAVLOTOG TPOG TO, 1OVTQ Fe*, n
omoia mapatnpeitar péco HO. , g ek Tto0T0V Topepmodiletat. Xe vyndo aikaAwkd pH, 1
OmOSOTIKOTITAL AMOYPOUATIOHOD pewbveton sEontiog Tne peiowong e dwvtdtntag tov FE
ko FE* 16viov [145] kar g dnuiovpyiog tov Fe(OHY kot FeOs nHO, éxovtag cav
AmOTEAEO O TNV HEIDON TOV 1OVTIOV Fe* ot0 Sudvpa Ko petoyevéotepa T peloon g
GLYKEVIPOOTG TOV WOVI®V Fe* 10 omoia eivan o OTOTEAECLOTIKG O™ OTL T 1OVTO Fe,

eneldn avtd mapdyovv or’ gvbeiong OHe [143].Eniong, v 1o pH givon wépa mokd vynio, 1o
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ilnua mwov dnuovpyeitoan wg Fe(OH) kot katd tpdmo kotadvtikod amocuvviétel to HoO; mpog
o&vuydvo, T0V OmoloL 1M GLYKEVIPWOT MG €K TOVTOL HEUDVEL GTO OLAAVLUA, TPOKOADVTOG

Sduvopukd po Suopevi katdotaot [154].

¢ Taydmta anoyxpopaticpod g poeiis Remazol Red-RR (Red-RR)

To oyfua 5-9 deiyver v ToydTNTA TG 0pYIKNg cvykévipwong C/Co, v T Pagn
Remazol Red RREvavtt tov ypoévov amoypopaticpod tng avtidpaons oe tpés pH tov
Stdvpotog 3 ,6 kot 9, eved to oynua 5-10 delyvel Tov avtictoryo ypdvo nuicelag Cong tiy2
KaOdg Kol TNV OTOTEAECUOTIKOTNTO amoypopaticpod og PH  dwddpatog 3 ,6 ko 9. Na
onuewwdel 6T, evd o ypdvog nuicelag Cong tyz oe pH 3 ko 6 givan Paocwd o id10¢, o
ATOYPOUATIGHOG ot TPDTO 10 AenTA TG MPOG EIvaL TEPIGGOTEPO AMOTEAECUOTIKOG, OE TOAD
o&wvo mepipdArov. e pH=3, n amodotikdéTnTO OmMOYPOUATIONOD givar Tepimov 95% ev
ovykpioel mpog 10 54% xor 40% ce pH=6 ko 9 avtictorya. H dwdwcacio tg Fenton
avtidpaong dev elval anoTELEGUOTIKY 08 aAKaAIKO TTEPPAAAOV aAAd LOvo og TOAD O&veg
ovvOnkeg [142]. No onueiwbei, emiong, 0Tl 0 apyIKOG OTOXPOUOTIONOG Eival YPYOpog,
KOTOAAYOVTAG TOAD YP1Yopa OTO YOUNAOTEPE EMIMESA TOV AEOVO AMEWKOVIONG TOV XPOHVOV.

Avtd amotehel éva cofopd pelovéktnua g avtidopacng Fenton.
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Tynpo 5-9. Xpovikn petaporn tov Adyov C/Cy tng Bagric RMZ-RRRyw pH=3, 6k 9

(Copagic=75 Mg/L, G resox100 mg/L, G r20=100 mg/L).
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Yynua 5-10.Enidpacn tov apyikod pH otov ty2 kot oty 03061 TV Amoypm®UTIGHOD
(t=10 min),mg Pagric Remazol Red RR (gupic=75 Mg/L, G reso#100 mg/L G H207=100

mg/L).
5.3.1.3 E&aprnon ané to FeSO, kar FeCl;

¢ Taydmta anoyxpopaticpod g paeig Procion Navy Hexl (PNH)

To oynua 5-11,deiyvel v enidpacn cLYKEVIPOONG 1OVIOV Fe* 610 xpovo muicelog
Comg. O poplakdc Adyoc FEH,0, mowidet omd 2.10° péypt 2,3 ) mo ypiyopn KapmoAn)
kar a6 2.10% péypr 0,23 ) mo apyR kapmdAn). Se oxetikd vynAf ovykévipoon HoOz
(1%w/w (1000 mg/L)n mo apyn kopumdin) kot kabdg n docoroyia wWvtav FE avavet, o
xpovog muicelag {ong opxikd pewdvetar amdtopa, emewdh ta W6via FET Ppiokoviar oe
EMhewym, kar o puBudg g e&icwong (2-44) peidvetonl eniong omOTOUN, EMLTPETOVIAS TNV
dnovpyio evoc mhaté. Iave ard o Socoroyia wviev FE* ion pe 0,01% wiw (100 mg/L),
0 ypovog nuioelag {ong ovéavetar amdtopa, avavovtag v docoroyia TV 1OVTIOV Fe.
Avtod pmopel vo amodobel omv mepiooeln Wviov FE oto dibAvpa, mov odnyel oy
amopdipuvon 16viov FET and to Siihvpa. TTapdia ovtd, emmAéov avénon e docooyiog
Wvtav FE* &yt oov amotéheopa pia Spactiky adEnon e ovykévipoong wviev FE" ka og
€K TOUTOL TV glevBepov pildv tov vdpo&uriov [89]. Ze youniotepn ocvykévipoon HO;
(0,1% wiw (1000 mg/L)rio ypriyopn koumdrn) dev mopatnpeitor tétoto, EAAeyn. O ypdvog
nuicewog {oMg apykd PELOVETOL apYE oLEAVOVTOG Kot TAAL TNV TOGOTNTO TV 1OVIOV Fe,
enedn 1o amotéleopa tov elodocnv (2-43) kar (2-44) eivan 1 dnpuovpyio TEPIOGOTEPOY
elevBepv pldv, av&dvovtag TV mocoTNTA TV Fe. YVVER®DG, TV A S0GOA0YiN Fe*

fon pe 0,01% (100 mg/L),p ypdévog nuicelag Long mopovotdlel tn dnuovpyia mhatd. To
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TOAD HKpPO PEYIOTO oL TapaTnpEital og mosdTo Wvtev FET ion pe 0,05% wiw (500

mg/L), mBavév vo opeiretor og o avenaiodntm dnpiovpyia TEPIGGELNG AVTOV.

=+~0,1% wiw H202
—&— 1% w/w H202

typ (Min)

04 ‘ ———— ‘ ———— : B———

0,001 0,01 0,1 1
Coresos

Zynpe 5-11.Enidpacn g Co, resosotoVv tyy2 TV Bagpdv Procion H-exl, (Gpeerc=75mg/L,

pH=3)

Katd mv avtidpoon Fenton-liken enidpoaon g apyikfc ocvykévipmong tov FeCh
otov xpdvo nuiceag (ong g Paenc PNH,oe pH 2, 3, 5, &at 9, anewovileton oto oyfua 5-
12. A’ awtd 10 oy cvpmepaivetal 6Tt VILAPYEL £va PEATIOTO £0POG TNG CLYKEVTIPMGNG TOVL
FeCk peta&n 0.005 (50 mg/L), kot 0.1% wiw (1000 mg/L),opakdg Adyog tav H.Om/Fe™
= peta&d 100 and 5pvrictoya), 6to onoio o ty, perdvetor onpavtikd, ave&aptnro omd Thv
Ty tov pH, ext66 and to pH 9, 6mov TBavov To Evtovo avopevo dnpovpyiog KNRUATOG
tov Fe, mov mapotnpndnke €€ oitiag tov avtidpactnpiov FeCk pe apyikn cvykévipoon
petafo 0,01 wiw (100 mg/L), kon 0,1% wiw (1000 mg/L), poptaxdc Aoyoc HoO./Fe™ =
peta&d 50 kan 5, avtictoyya) peiwoe évtova ta 1dvto Fe oto vad aviidpaon ddivpa. Eivar

emiong eavepd 0tL 6 avtd 10 BéATioTo €Vpog TG ovykévipwong tov FeCh, to pH 2 kot 3
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divel kahvtepa, amoteléopata. H mapatnpovpevn peiwon 610 puOud amoypmoUoTicpon g
avtidpaong og vynin cvykévipwon tov FeCh (>0.1% w/w (1000 mg/L), Feg)l opeiretan
6T0 YEYOVOG OTL T} GLYKEVTP®OT| TV 10viey FE' avEdvetan andtopa péom g avtidpaong (2-
45) ko (2-48) kan deopedet Tig ehevBepeg pileg Tov vVOpo&LAiov [202], pécw g avtidpacng
(2-44). Te youmAi cvykévipoon Wvteav FE'(kito and 0.005%w/w (50 mg/L) FeG), n
TOYOTNTO OTOYPOUOTICHOD UEIDVETOL OKOUN TEPLGGOTEPO OTOTOWO. AVLTO OPEIAETOL GTNV
EMeyn 16vimv Fe* kot SEVTEPELOVIMG EKEIVOV TOV Fe* | mov eivat amopoiTnTo Yo TV
dnpovpyio erevbépav pildv vdpo&uriov[154]. Q¢ ex TOVTOL, GE YOUNAY GLYKEVIP®OT
wvtav FE™ 1 avtidpaon éyet éMhenyn oe OHe, evéd oe vynMy ouykévipmon oviey FE*
ouyKkévipmon OHe peidveton €€ ortiag T00 PAVOREVOL SEGHEVOTG TOV amd 16vTa Tov Fef
HE amoTELEG A TNV TTapovGia £vOg BELTIoTOV gbpoug peta&d 0.005 w/w (50 mg/L), kot 0.1%

w/w 1000 mg/L &yqua 5-12).

—O—pH=2 —e- pH=3

500 4

N
o
=}

t1/2 (sec)

w

o

o
I

200 4

100 B P

CO.FeCIS
Yynuo 5-12 . Enidpacn g Co, recizotov ti g Paeng PNH, oe dtapopeticéc Tyég tov pH

(Co,H20=1000 mg/LCopni=200 mg/L).
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¢ TOyKpion ToOTNTOS OT0YPOUOTIoROY petalt Baedv Tomov Procion Hexl

To oyfqua 5-13, delyver v cvyKpion Tov ¥povoL nuicelog {ONG TOL ATOXPOUATIGHOD
KOl TOV TOGOGTIOHOV OIOYPOUATIGHOD MG TPOG TNV Guykévipmon tov FeCl kat ywo t1g tpelg
Bagéc, oto Bértioto pH ico pe 3, chupwva pe to oyua 5-8. H cvykévipmon tov HO; kon 1
apYIKTN CLYKEVTPOGN TNG Papng TapEUEVOY OL 101EG Y10 OO TOL TEWPAUATA. AV KoL 1] YPOPIKT|
nopdotacn epeavileTor ToloTIKd mapdpolo Ko otig Tpels Pagés, eivor mpoeavég OtL o
amoypouatiopog g Papng PYH eivor Ppaddtepog. O amnoypopatiopds tov GAiov 600
Baedv, PNH xar PCH, givat ypfiyopog ¢* éva gvdidueco g0pog cuykevipdoewv tov FeCh,
peta&n 0,005 (50 mg/L)or 0,1%w/w (1000 mg/L)Eival, emiong, a&oonueioto 01t KGTm
an’ avtd 1o PérTioto evpog, ot Papés PNH kot PCH oyeddv anocvvrifeviar tAnpwg (98,63
ko 93,20%, avtiotory) péco oe uoévo 10 min. Kotd tnv Sudpkeio Tov apyikod ypdvov

avtidpaong n avtiopacn Ppédnke va axolovdel KivnTikn TPOTNG TUENS:

—dCpve

—d(Cpye/dt) = kopCove — c = kKobs 0t — In Cpye = —Konst+ IN Copve (5-1)
DYE

H oowopevn otabepd g avtidpaong Kops vmoloyicbnke amd v whion g
KOUTTOANG GLYKEVTP®ONG TG Baphg ®g mpog tov xpdvo, cdpemva pe v e&iowon (5-1) kot
TOPLGTAVETAL YPOPIKO (G TPOG TNV GLYKEVIp®OT Tov FeCh kat yio T1g Tpelg Pagéc oto oynuo
5-14. Avtd 10 oynua deiyvel emiong 6Tt VIapyeL £va PEATIOTO €0POG TNG CLYKEVIPMOONG TOL
FeCk. Ta oyfuata 5-13 kot 5-14 deiyvouv 0t1, 10 mpoavapepdiy PBEATIOTO €0POG NG
ovykévipoong tov FeCh, dievpivetor mepioootepo yo t1g Papég PNH kor PCH xau 61t
emiong epeaviCetor peta&d ocvykevipmwoemv tov avtdpactnpiov FeCk, 0,005 (50 mg/L)xot

0,1%w/w (1000 mg/L) (poproxdoyo H.Ox/Fe€® = peta&n 100kon 5, avtiotoiywc). AT’ avtég
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TG dV0 ekdveg yiveTon emiong GAvePO L0 TOOTIKG TOPOUOLD CUUTEPLPOPH OG TPOG TNV
g&apmon| 160 tov  t12 660 Kot TG Kops amd TV cvykévipwon tov FeCh. H Paeny PYH
Tapovotalel TV peyaAvTepn duokoiia Katd tnv amocuvleon eved 1 PNH avtomokpiveTon pe

v peyoldtepn evkoAia oto avidpactiplo Fenton-like.

7.500 ~ r 100
r 90

r 80

- W~ (1/2 -PNH [ 70

- ¢- t1/2 -PCH
- 4= t1/2 - PYH
—&— ATToxpwpaTiopog (%) 10min-PNH
—o— ATroxpwaTiopog (%) 10min-PCH
—a— ATToxpwpaTiopog (%) 10min PYH

5.000 -

r 60

ta2 (S)

k.

2.500 ~

o
<}
AMNOXPQMATIZMOZ (%)

CO,FeCL’«J

Yynpa 5-13.Enidpacn g Co, FecizoToV t1/2 KO GTNV OTOTEAEGUATIKOTITO OTOYPOUATIGLOD

(t =10 min)tov Bagav Procion H-exl, (pH Xo,+20=1000 mg/LECopaen=200 Mg/L).
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Eyfpa 5-14.Exidpacn g Co, reciz 0TNV amotelecpotikdmta anoypopaticpod (t =10 min)

Kot otV Kops v Bagpav Procion H-exl, (pH=3Z0,H20=1000 mg/LCoguen=200 mg/L).

H ypovik) petaPorn g amoppéenong tg Paeng péom g Fenton-like, mov
anewoviletar oto oynua 5.15, yo 6deg Tic Paés, emaindevel eniong T0 CLUTEPAGLO TMV
oynubtov 5-13 kot 5-14.Telkd, 1 ypovIKY exunKuvon Tov Tewpapdtov katd 1 hdsiyvel ot
N amodoTIKOTNTO amoypopatiopod e Paeng PYH dev Eemepvd to 83.5%,vm6 Pédtiorteg
TWWES TAPAUETPOV, EVA T] OVTIGTOYYN OTOSOTIKOTNTO ATOXPOUATIGHOD TV Pagdv PCH kot

PNH, givor 99.3kot 100%,avticToiyo.
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ZyAua 5-15. H ypovikn petafoin tov Aoyov C/C, tov Bapdv Procion H-exl, (0H=3o recia

= 1000 mg/LECo H207=2000 MQg/LECopueic=200 mg/L).
¢ Toaydmta amoyxpopaticpot g paeig Remazol Red-RR (Red-RR)

To oyfuo 5-16, deiyxvel tnv enidpacn g cLYKEVIP®ONG TV WOVTIOV Fe* 010 xpovo
nuicelog Cong ty g Pagng Remazol Red RRKabdg 1 ouykévipmon tov avidpaotnpiov
avéavel (% wiw FeSQ), o ypovog nuicswag Cong typ pewdvetal, aAAG tdve omd 0.01% wiw
(100 mg/L), o emmAéov avEnon g Socoroyiag oe FE* Sev emnpedlet Tov tyz Te xounAd
ovykévipoon FeSQ kot kabmg m docoroyio tov FeSQ av&daverar, av&avetar emiong m
GUYKEVTPOOT TOV WOVIev FET kol o¢ ek T00TOL Kol ekefvy Tov e edPepov pdv TOL
v3pourion[89]. Ev tovtowg, otav wvta FE' Ppiokoviar oe agbovio, pmopel v
amopakpbvouy Tig eledBepeg pileg tov vVIpo&vAiov péoov tng avtidpdosng (2-44) gvbeig
auéome MeTd v dnuovpyio. Tov péo® Tng avidpaoswg (2-43). Av kol Tave amnd o

ovykévipoong wviev FE' {on pe 0,01%w/w (100 mg/L)p xpdvog nuicewng {ong typ e
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Bapnc xweiton oto yopniotepa emineda Tov AGEovo TOv ¥POVOL, T  OTOSOTIKOTNTO
OOYPOUATIGHOD TEPTEL dpapatikd eEontiog OMUovpyitg CLUTAOK®V GdNPov, To. OToid
AmOPPOPOVY GTO PNKOG KOHOTog TV petprioemv [203] kot mg gk tovTov cuufdilovy oty
tedMkn amoppdenomn. To didlvpa ¢’ avtd 1o onpeio ypopatiteror and KOKKvo o€ KiTpvo Kot

avti M oAlayn TOL XPdROTOG EpEavICETaL LOMG HETE ToV ¥pdvo Nuiceag Lmng (t2> 50 sec).

120 - 100
100 i
L 80
] g
80 1 L W
_ ] Lo
3 ] L "
& 60 g
S ] L2
] - 40 g
40 - [ )
i al C
T <
1 L 20
20 -
0 : —_— : — o
0,001 0,01 0,1

Co resos (Yow/w)

Zynua 5-16.Enidpacn g Co resoaGTOV ti2K01 OTNV ATOTEAEGUATIKOTNTA ATOYPDOUATIGLOV

(t =10 min)tng Bagiig RMZ-RRR (G paeic=75Mg/L, G 2010 mg/L,pH=3)

5.3.1.4 Eéaptnon ano tyy Apyikn Zoykévipoon

¢ Taydvmta amoyxpopaticpod g paeig Procion Navy Hexl (PNH)

Ao To TEWPAUOTIKE SESOUEVO OTOYPOUATICUOV, 6" évo, guph €0pog TUdY Tov PH
péow g avtidpaong Fenton-like, to oynuo 5-17 deiyver v emidpoon g apyikng
ovykévipoong g Paenc PNH oto ypdvo nuicerog Lone. X' 6Aa ta mepdpoto ekedncav
Béltioteg cuykevTpdoelg TV avidpaotnpiov g aviidpaong Fenton-like Ot cuykeviphoeig

v Baeodv kopaivovtay amd 50 péypt 300 mg/L.And to oynpo 5-17,mopatnpeitol 6L KAT®
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amd Vo KOTOTEPO OPlo GLYKEVTIP®ONG, Aopfavopévov voymn tov pH, o tip  av&averal,
Kafodg peudveral M ovykévipoorn g Poaoeng. Tt Péitiotn tunq pH=3, n oavridpoon

emPpadvvetal yio cuyKeVTpdoelg g Papng kKot ard ta 100 mg/L.

I't avtod, pébodot eneepyooiag anofrntav Paciouéveg otig avtidpdoelg Fentonko
Fenton-like o, Ntav mo omoteleopatikég, €dv To VYPA amMOPANTO TOPOLGLALOLY VYNAO
eninedo opyovikod Qoptiov. I'evikd, avtég ot pébodol e€uptdvTOL OVOTNPE OTO TNV CPYIKY
GLYKEVTPWOGT] TOV 0pYaviKoh vrootpdpatog [167,204].Avtd dilwote evappoviletol TApmg
HE TO povTéNo NG KvnTikng Tpmtng ta&ewg avtidpaong (—d(Cpye/dt)) = Kops Cove), Yo to
TPpOTO 0TAd NG avtidpaons. Awkaworoyel de amdAvTO, COLE®VO HE TO oyqua 5-15, v
OPYIKN OTOTOUN TTOGN TNG amoppoOPNoNG EVOVIL TOV YPOVOL TOL OU®G TOAD Ypryopa
axorovfeitoan amd o emPpddvven e ToOTNTOG. AVTO VTOdNAGVEL OTL 0L AVTIOPACELG
Fenton xor Fenton-like, eivon mepioodtepo amoteleopatikéc yo v npoenelepyocio
anofAitov Baeeimv. Evag cuvdvacpdg peboddmv (ke@.8.2), onwg o cuvévaotikn pébodog
FentonewtokxatdAivong Pmopel vo emToyOVEL TOV AmOYPOUOTIGUO TNG PPN LETA TOV opyIKdL
andTONO TmOYPOUATICHS TTov TapatnpROnKe otic avtidpdoelg Fentonkor Fenton-likenov
g€etalovion ¢’ avtd to onpueio. Mia devtepn mapatipnon mov g€dyetal and To oo 5-17
glvor o0t1, v omd o apyik ovykévipoon g Paeng tov 100 puéypr 250 mglL,
Aapfovopévov voyn tov pH, dev emépyetan emmAéov peimon otov ypovo tip katd Tov
anoypoUATIcUd. Avtd opeideton mbavov ot dnuovpyia evdidpecmy Tpoidviav [202], uécw
oG GEPEG avTdpaoe®Y, 0 OTOYPOUATIONOS TOV 0ToimV VEMV Lopimv KobioTotol mEpio-

60TEPO BVGKOAOG, 0O YDVTOS £T61 otV aictntn peiwon tov ¥povov typoto oyfua 5.17.
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Yyquo 5-17.Enidpacn g Co pnrtng Paeng kot tov pH otov ty (Co pz07=1000 mg/L;

Co,reci=200 mg/L).

Tehkd, and 1o oynuo. 5.20,10 onoio deiyvel Tov puBUd g Povouevng oTabepdc Kops
KaOMG Kot TNV amodoTIKOTNTO OToYPOUATIcHoV ot tpdta 10 minyw tnv Baen PNH évavt
™G apykng ovykévipmong g Paeng (oe pH 3), paiveror 6t n TodTTO TG OTOBEPAG TG
avtidpaong Kops Kot GUVERGDG 1 apyikt| ToyhTNTa TNG 0vTidpacng, OTMG KoL 1 amod0TIKOTTA
AmOYPOUATIGHOD, etvor avdAioyeg mpog TV Copnmy, KOTO TN HEYOADTEPN EKTOCT TMV

HeTAPOADY TNG.
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Yyquo. 5-18.Enidpacn g Co pnnotny otabepd avtidpaong Kops kot tnv omodotikotnto

anoypopatiopod (=10 min) (pPH=3Co 12071000 Mg/LCo reciz=200 mg/L).
5.3.2 Tayvtnra Avopyovomoinong
53.21 Eéaptnon ano to FESO,

¢ Taydvmta avepyavomoinong e fagric Drimarene-CL2RL (D-CL2RL)

Yto mepdpoto mov okolovBolv efetdleton M onuovtiky dtapopd amddoons g
ovvdvaotikig avtidpacng UV/Fentonévavtt g avtidpacng Fenton Ewdwotepa, egetdleton
péo® TV 600 aVTAV OVTIOPAcE®V, TOoL Tpoavaépdnkay, 1 emidpacn Tng TPosONKNg
peyaldtepng mocdtnTog Wviev FE oy tayvmrta peioong tov TOC, oto mapakdto
melpdpoto Tpootifevrar 16vTo Fe* oe peyaiotepeg mocdtteg (téoo oty Fentondco ko
omv UVJ/Fentonavtidpaon), pe puotkd enaxdrovdo v adénon tov Adyov HyOo/FE*. Ev

TOVTOLG, KAT® 0o éva Adyo 4:1, mapatnpeiton axdun kot dnuovpyio ilnpatoc, aveEdptnra
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v 1 aIoTovpEVT TOGOTT WVTeY FET mpootedel oTadiokd 1 €& OAoKAMPOL 6TV apyf TNG
avtidpaons. H amddoomn g avopyavomoinong pmopel va petmbel 1 va avénbet avaroya and
TN OYETIKT TayLTNTO TV avTdpdoewy (2-43) ko (2-44),m omoia ennpedletol 6€ oNUAVTIKO

Babuod amd ) cuykEVIpOon TV WOVIOV G1d1pov.

Ta mepdpoto wov de&nydnoav, pe Tovg ovTicTOOVE AOYOVS TOV AVTISPOoTNPI®Y,
anewovilovtor ato oynua 5-19. Toviletor 6Tt KOTd TV 6TOSIOKY TPOSOHNKT 1OVTOV Fe*, ot
d0c¢glg Tov d1oBevolg odfpov givar avd ¥2 h woémoceg kot amotehovv 10 10% eni Tov
GUVOAKOD OGOV OV KOTOVOADVETOL GTNV avTidpaon, eved ovtifeTo 1 GLYKEVIPWOT TOL

H»0; npootifetan og pia d6om oty apyn g ovTidpacng.

e Ola ta mepapata . ovykévipoon g Paeng CL2RL napapéver otabepn ko givar

ion pe Co = 200 my/Lonwg A mwote kot o PH tov dwwAvpdtev (pH = 3).

1,0 8
091
081
0,71
0,6
051

0,4 4

TOC/TOCo

0,31

0,2 1 °
1 —— UV/Fe2+/H202, H202=2000 mg/L, FeSO4=2000 mg/L —=—Fe2+/H202, H202=2000 mg/L, FeSO4=200 mg/L (oTadiakd)

0,1 7 —— Fe2+/H202, H202=2000 mg/L,FeS04=500 mg/L (oTadIaKd) —8— UV/F2+/H202, H202=2000 mg/L, FeS04=200 mg/L (oTadiakd)

1 —%— UVIFe2+/H202,H202=2000 mg/L,FeSO4=500 mg/L (oTadiakd) —%— UV/Fe2+/H202, H202=2000 mg/L, FeSO4=1000 mg/L
0,0 ——

0 20 40 60 80 100 120

t(min)

Zynpo 5-19.MetoafoAn tov Adyov TOC/TOG, cuvaptrcet Tov xpovou t(min), pe v
avtidpacn Fentonkor UV /Fenton, (pH=3,&ci2ri=200 mg/L,G H20:~1000-2000 mg/L,

Co FesoF200-2000 mg/L).
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Yy zwepintmon Ttov AOYov H,OJ/FE" 4:1, 1660 ommv Fenton 6co xor otnv
UV /Fenton avtidpaon, 6mov ot apylkés GLYKeVIpmoels tov avidpaotnpiov HxO» kot
Fe, SOy, eivor 0,2%w/w (2000 mg/L)kow 0,05%w/w (500 mg/L)avtictoya, mocoTnTeg
wvtov FE', ioec pe 0,05%w/w (500 mg/L)mpootifevion oto dibhvpa kabe ¥4 h, pe
amotéleopa TV dupeon omuovpyia 1CRUATOC, AOY® TNG VYNANG TOGOTNTOG TOV GANTOG TOV
FeSO, ko otig 000 avtidpdoels. Toupove pe t avtidpacn Fenton,n mopotnpoduevn
apykd peimon tov TOC givar ToAD pikpn ko avépyetar mepinov oto 16%oe 1 h. Koatomw,
av Kot apyika eaiverat va ov&avetat, tedikd oty 1 kor ¥2 h,n pelwon givor oAb pkpdtepn,
nepinov 9%, evd to gupaviiopevo mAatd, mopapivel opetafAnto yio mdve arnd 180 min.
Onwg eivor  avapevopevo, mn  avtidpaon UV/Fenton, smeépel oyxetikd koaivtepo
anotedéopata, epinov 45%ce 60 min,eved petd v mapodo tawv 90 min,m T tov TOC
apyiCel va peidveton kou oA, mOavov emedn To 1OvTa Fe, OTOLOKPUVOVTOL Ond TO
dddvpa, kabdg M avtidpacn (2-43) eivon emkpotéotepn g (2-44), odnydviog otV
mopayoyn ekevbépov pila@v tov vdpouiiov. IMapdpolo GLUTEPLPOPE, HE TNV TO TOVED
nepintoon e avooylog H:Oo/FE 4:1, vgdeie kar o Adyoc Tov avuidpactnpiov
H,0./FeSQ = 0,2%w/w : 0,2%w/w gnA. 1:1), 61ov o1 TocOTNTEG OVTMOV TPOoTEOMKAY €&
oloxAnpov otV apyn ¢ avtidpacns. Me v évapén g avtidpaong mapotnpeitor inuo
evod petd and 1 h axolovBei mhato, pe pia mopdpown wotdco anddoon, 54%. Iapdpoia
GUUTEPLPOPA LE TOL OVO TPONYOVUEVA TEPALATE TOPATNPEITAL KOL UE TNV TEPIMTMON TOV
Aoyov HyO./FeSQ = 0,2%w/w : 0,05%w/wkaté v avtidpaocn UV/Fenton, 6mov
dnpovpyio evog mhatd petd and 1 hdapkei péypt 90 Min,evd énerto amd owTd TO YPOVIKO

onueio Kot UETA TOPOINPEITOL Kl TAAM PEIMGT TOV OTOYPOUATICUOV.

Avt TAVTOG M avOKOT Tng TayvtnTag ovopyovomoinong s Paeng CL2RL Oa

umopovoe vo anodobei ota wvta Fe(ll), ta omoio kotd v ddpkela pag cepds Pocikdv
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EVOAUEC®V AVTIOPACE®V, TOV OTOTELOVV ToV Pacikd punyavicud tov avidpdoeov Fenton
ko UV/Fenton duvntikd purnopodv va katavaidvouy pileg OH kot vo emidpicovy apvnTikd,
oV TadTTA TS avTidpoong. T avtiyv v mepintoon, vynAég mocdtnteg Wvtay FET
deopevouv TG ehevbepeg pileg OH, dmwg dAlmote mapatnpOnke Kot amd GALOVG epeLVNTES
[205], o1 omoiot avagépovy 611, N TPooHNKN VYNANG TocdTNTAG ToV GAatog FESO4eiye cav
amotédeopa e BoAdtnTa Tov SAVHOTOG, Tov Tapepmodilel v amoppoéenon g UV
OKTWVOROAING, TOV OTOLTEITOL Y10 TV POTOAVGT KO GUVETMS 0dNYEl 0TV EXAVACHVIEST TOV
glevbépwv pildv tov vdpo&uriov. Adhwote, 1 ypnon peydrev mocottev Fe(ll) kabwotd
avoykaio Eva enurpdodeto Prpa enelepyociog, mov agopd v amopdkpuven tov Fe(ll). EE
artiog Ohwv avtdv givor emBopnt o 6co to duvatdv pukpn averoyioa H.O/FeSQ, dote va.
amopevyfovv emavacvvdécelg piliov OH- wg ko dmuovpyioe Adonng amd To GOUTAOKO

o1npov.

H peimon tov TOC mov mopotnpeitor  yopig v omuovpyio 0qpatog, oty
nepintwon tng avoroyiog HO/FeSQ = 0,2%w/w : 0,1%w/w (1000 mg/L)ue to 600
avVTIOPUOTNP. VO TPOOTIOEVTOL APECHOS OTNV apyn TG ovTidpaong, Katd Tnv avtidopaon
UV /Fenton, avépyetor oto 39%, 56%wkat 76% péca oe 16 min, 30 minkoar 60 min,
avtiotoyo. MdMota axdun kot dtav, yio. AOyoug GUYKPLONG TPOG TO TPONYOVUEVO TTEipapLaL,
g€etaletan n mepintwon 6mov oAdkANpN N mocdtnTa. Tov HO,, 0,2% w/wrnpootiBetan otnv
apyn g avtidpaorg kot 1 wocdtnTe Tov dratog FeSQ, 0,02% wiw (200 mg/Lkpootibetar
eni tpewg popég ava Y2 h, dev mopatnpeitor, emiong, Snuovpyia 1lRpotog pécw TV

GUUTAOK®V TOV GLONPOV.

Yvykekpéva, pe v avtidpaon UV /Fenton oty mepintwon g oTod10KNG
npocOnkng tov FeSQ, 6mov o Adyog amd 10:1 peidvetar otadakd oto 2:1, M amddoon g

avopyoavonoinong avEavetal. To mocootd peioong tov TOC @tavel to 84% ce 60 min,evd
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axopun kot oto, 30 minm amo6doon g avidpoaong tAnolalel to 56%. Mg v o, avoloyia
H.0./FeSQ = 0,2%w/w : 0,02%w/wikar vad T1g ideg mepapatikés cuvinkeg, de&nyxdn
emiong yw Adyovg obOykpiong kot 1 avtidpaon Fenton.Onwc avapévovrav, m toydtnta
avopyavoroinong dev gival toco amoterleopatiky 6mwg pe v UV/Fenton,aeot 116n ota 60
min dnpovpyei mhatd, pe anddoon nepinov 26%. And ta 60 éwg to 90 min i Ty tov TOC
pewwveronl andtopa, akopn 10% ,etavovtog tehkd to 36% g amddoong TG avtidpaong,
TPW 1O TEMKO TANTO, Tov dwtnpeitol TovAdyiotov yoo 3 h. Amo To mEPGpOTE TOL
neprypaonkav eaivetor tog o Adyog HxO./FeSQ eivar kobopiotikig onpociog katd v

Ste€aywyn Tov TepapdToy.

10 oyfua 5-20, paiveton n peioon tov Adyov TOC/TOCo, (TOC0=64 mg/L¥vavti
ToL YPovov ékbeorg tv dtwdvudtov g Paeng CL2RL cvykévipwong 200 mg/L,otmv UVc
aktwvoBolia, ypnowonowdvtag v ovtidpacn UV/Fenton. Kotd tyv die€oyoyn g
TapakdTo opddoc TEPAUATOV, 0 apYKOc AOY0G TV avtidpactnpiov sivar 10:1ko peidveron
otadwokd péxpt 2:1, mpokeévon va ggetachei n emidpoor TG oTOdIKNG TPOCSHNKNG TOV
FeSQ, ot 106mooeg d6ce1g Tov 10% eni 10V GLVOMKOD TOGOV TOV KOTAVOADVETOL GTNV
avtidpaon, avé taktd Swothuata (kdbs Y2 h), evd avtibeta m mocdtnra tov HoO;
npootifetar og e 66om oty apyn g avtidpaons. Emmiéov yio Adyovg cbykpiong, oto 1610
oynuo omewkoviCetor kor M peloon tov TOC, mov emépyeton ywoo ioeg mOcOHTNTES
avtdpaotnpiov FeSQ ka HyO,, (H0J/FeSQ = 0,1%w/w : 0,1%w/w gnA. 1:1), mov

nmpootifevtar o€ ia 6001 cLYXPOVMS STV APy TNG AvVTIdpooTS.
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1,0

—— Ph-Fenton,H202=0,1%w/w & oAokAfpou, FeS04=0,1%w/w €& oAokAfjpou
0,9

—+— Ph-Fenton, H202=0,1%w/w & oAokAfpou, FeSO4=0,01%w/w oTadIoK&
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—e— Pf-Fenton, H202=0,1%w/w &€ oAokAfpou, FeSO4=0,001%w/w oTadIaKa

TOC/TOCo
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Yynuo 5-20.MetafoAn tov Aoyov TOC/TOCocuvapticet tov ypdvov t(min), ue tnv
(lVTiSp(lGn UV/Fenton, (pH:3,QCL2RL:200 mg/L,Q,H202=7OO-1OOO mg/L,QFeso:-lO-lOOO

mg/L).

Y10 oyquo 5-20, n UV/Fenton avtidpaon oe ddivpo g Paeng CL-2RL,
ypnoponotdvrag tocdtnta HoO, ion pe 0,1%w/w (1000 mg/L)ptnv apyn g avtidpacng
ko FeSQ 0,01%w/w (100 mg/L)kxabe Y2 h, paivetan vo eEglicogtonl Koldtepa, akdun Kot
OTIG EVOAUESES QACES TNG OVTIOPOOTG, O OYECT OKOUN Kol UE TIC GANEG MEPIMTOGCEIS
nepapdtov. H onpoviikn Bedtioon g odkng peimong tov TOC aivetar amd v olkn
anddoon péoa o 60 Mintng avtidpacng mov etavel 10 92% evd poAg oe 30 Minn peimon
tov TOC @tdvel 1N 10 62%. Xvykpivovtag de v mponyoduevn mepintmon e eKeivn Tov
Aoyov 0,1%w/w : 0,1%w/wpmov ta avtidpactipila tpootifevial 6Tny apyr ™G avtidpacng,
1 peioon tov TOC @tdver 10 72%, evéd mapatnpeitar dnpovpyio TAatd omd o0 45 mintov

xpOvoL aktvoPolriog.
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Y10 oynua 5-20, givar emiong npo@avig o eAappd pukpotepn anddoor, 78%, oto
ido0 mepimov ypovikd ddotnua (1 h), mov emrvyydvetar péow tov Adyov H.O./[FeSQ =
0,07%w/w (700 mg/L) : 0,007%w/w (70 mg/LBéBoua, N otadwxn piyn tov FESQ, axdun
Kol o€ pkpdtepn axoun mocdtnte (0,001%w/w (10 mg/L))ketapépvel pio IKOvomomTiKy
peioon tov TOC, mov @taver 0 60% oe 1 h. Eivai, dowmdv, @ovepd 01l 6 younin
ovykévipoon FeSQ kot kobdg m docoroyie Tov av&dvetor, ovEdveton emiong Kol M
GLYKEVIPOOT] TOV 1WOVIOV Feé* kot ®C €K TOLTOL Kol gKeiv Tov elevBépav pldv Tov
vopo&uriov [89]. Ev tobrowg, Otav ta 1dvra Fe* Bplokoviar oe agbovia, pmopel va
amopakphvouy T glevBepeg pileg tov vIpo&uriov péow g avtidpaons (2-44), gvbig
apéomg petd v dnuovpyia tov péom g avtidpaong (2-43). H emavadnuovpyio tov
wvtov FE* péom tov avuidpaoeov (2-45) (2-46)kon (2-48) sivan oyetikd apyl oe chykpion
Le ™V avtidpaon kotavéiooic tev (2-43). Suverndg, ta wvia FE' katavaldvoviat oxetikd

ypryopa, Kupiong pécm g avtidpaong (2-43) kot emavadnovpyodvTaL GYETIKE 0pyd.

A6 yivetar pavepd péco tov oxfpatog 5-20,0tav o Adyoc yivetar HoOo/Fef*= 100:1
kot to HO, mpootifetal o€ pio §661 oty apyn TS ovtidpaong. TuyKEKPIUEVE TAPATPEITOL
o awdtopn peimon ota tpdta 5-10 minywo va axoiovBnoel pia o apyn peioon péco ota
emopeva 20 minkot tehkd 1 e tov TOC mapoapéver apetafintn péyxpt kot to. 120 min.
Katomw apyilet pe v mdpodo tov xpdvov va petdveTol Toi, aldd apyd. H apyun amdtopn
nTmorn opeiletarl 6to TAN00¢ TV elevBépmv pLldv Tov vVdpo&viiov nécw g avtidpaong (2-
43). Etot, kafdg 1o HoO; Ppiloketar oe apbovia, ta dvia tov FE' katavaldvovor ypiyopa
Kot M mopaymyn Tov elevbépmv pilldv Tov VOPoELAIOL QOIVETOL VO OVOKOTTETOL TPOG
OTIYUV, ME omoTéAecpa o avikavotnta meportépm peioon tov TOC tov Soddpatog.
‘Enerta and mepimov 60 min kot cvykekppéva Eemepvavtag to. 120 mintov gpdvov tng

avtidpaong, oapyiler n mapaywyn kot moA erevbepav pildv tov VIPoELAIOL pécH TV
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glohoewv (2-45) (2-46)ar (2-48),mov éyel cav amotéheopo, Ty apyn peiwon tov TOC ko

e, petd o 120 min.

Mio onpovtikr emiong peioon tov TOC mov mapatnpinke opketd vopic otnv
avtidpoor, ewvat yo H,O/Fe'= 1:1. Avt 1 andtoun peiowon ot tiuf tov TOC mpopavdg
opeidetan oy emiong amdtoun mapaywmyn erevfépov pilldv tov VIPo&LAiov pESH TG

avtidpaong (2-44).

5.4 Xopmepaocpato

Epapudlovtac 1t pébodo Fenton to ypwotikd dSoAidpoata  Ppédnkav  va
anoypouatiloviol enttvyme, o cuykevipwoelg HyO;p peta&d 1000 mg/Lkor 20000 mg/LXe
VYNAOTEPEG GLYKEVIPMGELG TOV, O PLOUOG OTOYPOUATIGUOD HEIDVETOL GNUAVTIKG e&antiog

™G avtidpaons Tv eredBepav pilimv vopo&uiiov HO pe 1o H,O, (Scavenging).

Ot Tyég Kops 01 ti2 K0ODG Kot 1 AmOTEAECUATIKOTNTA OTOYPOUATICUOD TOV Papdv
PNH ka1 PCHrapovoidlovv opotdtnteg, Wdaitepa otig PEATIOTEG GUVONKESG, EVD KO O TPELG
Bopés (PNH, PCH kaw PYH), deiyvouv oyeddv mapduowa eEdptmon amd 1o pH tov

SroAdpoTog, TNG apyikng ovykévipmong tov FeCk kat tov HyO,.

Me 115 avudpdoelg Fenton-like kar UV /Fenton-like, 6mov kotd v évapén ng
avtidpaong, ypnoiponoteitar o FeCh avti tov FESQ, 1 taydtnTo 0mo)pOUaTIGHOD TV TPIOV
gunopik®dv alopapdv tomov reactive, kupimg PNH, onwg eniong PCH ka1 PYH, givon
mopopola pe ekeivn g avtidpaong Fentonoe pH 3 éwc 5. E&m amd avtd 10 €0pog Tipmv, 1

OTOTEAECLOATIKOTITO, OTTOYPOUOATIGHOD EVVOEiITAL KOTA TNV avTidpaon Fenton.

153

Institutional Repository - Library & Information Centre - University of Thessaly
12/12/2025 12:09:24 EET - 18.97.14.89



Kepdararo 6 E@appoyn g Etepoyevoic PmTokatalvTiKig

M€96601), (UVA/T|02 Kol UVA/TIO 2/H202).

6.1 Ewoayoyi

Mia oyetikd véa teyvoloyio oty encEepyoacio amofANTmV ival 1 @®OTOKATAAVON UE
T Ponbew nuayoydv, omwg d10&eido tov Trwaviov (TIOZ) [179]. Me tnv amoppdenon
POTOVI®V pPNMKovg KOpotog mepimov A < 380 nm,dnuovpyodviol 6Tovg naymyovs Cedym
OeTIKDg QopTICHEVOV OtV Kot mAekTpovimv. Avtd yopoktnpilovior amd éva vymid
Suvapkd 0&eldmong kot PTopovv HEGH 0EELB0-0VAYMYIKADV OVTIOPAGEWY GTNV ETPAVELX TOV
KATaADTN Vo EMPEPOVY TNV TANPN anodOUNCT TOV 0pyaviKav pdTtmv. ‘Etot ot Ttapaydueveg
pileg tov OH' otnv emedvel Tov KOTOADT 0dNYoLV LE TN GEPE TOVG GE TEPULTEP®
arodounon tov emProfav ovoudv. Adym g diéyepong tov dro&eido tov Titaviov pe
axtvofolio pnkovg kopatog A < 380 nm,umopei e&icov KovoToOmTIKA Vo ypnoipomom el

ekT0g g TEXVNTNS UV-axtivoPoliag, kot to @mg tov o [173,174].

¥ outn v gpyacia, gpappoctnke 1 péBodog g ewtokatdivong (UVA/TIO2 kot
UV A/TIOZ/H,0,) o oV amoxpopotiopd Kol avopyavormoinct TovV EUTopPIK®V Bapdv g
Katnyopiag azo kot tomov reactive, cvykekpiéva tov Papdv tov eidovg Procion H-exl,

Remazolwg kot Drimarene.

154

Institutional Repository - Library & Information Centre - University of Thessaly
12/12/2025 12:09:24 EET - 18.97.14.89



Méow tav mepapdtov eréyxdnke 1 exidpoot SePOpOV TOPUUETPOV CYETIKA LE TOV
OMOYPOUOATIGHO KOl OVOPYOVOTTOINGTMG,  TMPOKEWEVOL  va  ouykplel 1 ToydTNnTe

OTOYPOUATIGHOV Kot ovopyavomoinong petald tov Papav mov eEetdlovtar.
Soppove  pe T Pphoypagio  [183,184], kobopiotikoi mapdueTpor  Ng
POTOKATAAVTIKNG LeBOS0V aneTtédecay:

0 O puBudg AmoYPOUATIGHOD, TOV gival avaAoyog mpog to poptio Tov TiO,, 181K

péxpt ko tng PéATiotng mocdTog twv 1000 mg/L.
0 H npoopognon mave oty emipdveio tov TiO,, mov guvoeitan og 6Ewva pH.

0 H =mpocbnkn tov H20, mov avéhver TOV OAMOXPOUOTIGHO OAAG Kol TNV

avopyovoToinom.

IMapatnpnonke ¢ 611, | avopyovomoinot 6GA®V TV BaPdV YEVIKA ETITLYYAVETOL TTOAD
apydTEPO OO TOV OTOYPOUATIONO TOVG. AVEAVOVTOG UAAGTO TNV OpYIKT) GLUYKEVTP®OT|, N
avopyavoroinon Tov Baedv avédvet, KoOMS avEavovtat Kot o1 EVOLAUESEG EVOCELS, TUNLOTO
TOV OpYKOL Hopiov TG Paeng.

Téhog, oe mepmToES Papdv OTOv, 0 TOAD YPIYOPOS OTOXPOUATIGUOG £PYETOL G
avtibeon pe v moAd apyn avtiotoyn avopyavormoinon avtdv, Oa énpene iomg va Anedel

VIOYT 1) SLOPOPETIKN YNIIKT SOUN TOV GUYKEKPIUEVAOV POP@V.

6.2 Mewpapotiké Mépog

6.2.1 Mepapatikny Xvokevi

O avTidpacTNPag TOL YPNOULOTOONKE TEPLYPAPNKE 1O 6TV TTapdypapo 4.2.1,1g
ootoynuikng o&eidwong. v eotokatdivon (TiO/UV,), to amartodpevo pnkog kOpoTog

glvan pukpotepo twv 385,5 nmdiodty, to TiO, (anataseduabétet Eva peydro evepyelokd yacua
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(Eg= 3.2 eV)nov evepyomoteitonr pe aktwoPolrio pkpdtepn tov 385 nm. Avtd Péfoia
ovvendyetan kKot aglomoinon povo evog pukpod pépouvg g niakng aktivoPfoiriag (5%) [170].
Hopora avtd, Bewpeitor oAy ko cov péBodog kol M Tpoomdbelo TOAADY EPELYNTAOV
ONUEPO EMIKEVIPMOVETAL 0TI PEATIOTOTOINON TOV POTOKOTOAVTIKOV Wottemv tov  Ti02

[56].

6.2.2 TMepapatikiy Alodikoocio

Epbcov dev avogépetar Timoto emmAfov, 10y00LV OGO TEPLYPAPTNKAY GTNV

avtiotoyn mapdypapo 4.2.2tg pebddov tng potoynikng o&eldmonc.

6.2.3 Kintum

Ieprypapovtag T ypovikn HeTAPOAN TG GLYKEVIPOONS TV AVTIOPOVI®V, KATH TNV
e&EMén tov mepopdtov vad v UV-A oktivoforia, coviBog 1 eowvouevn otabepd g
TOYVTNTOG CVOPYAVOTOINGNG VIToAoYileTan GOUE®VA e TNV avTIdPac YEVSO-TPOTNG TAENS

(ke@.2.5.5).

6.3 Amoteréopata ko Xolitnon

6.3.1 Toayvtnre ATOYPOUATICHOD

6.3.1.1 Eaptnon ano tyy Lvykévipwon tov Karalvty

¢ Taydmta anoyxpopaticpod s paeig Procion Navy Hexl (PNH)

Onwmg 1oN avaeépdnke, kKotd TNy potokatdlvon o kotardtng TiO,, puéca oto didivua
mg Pagng, otov oavidpactipo dtoAdeimovioc €pyov, Ppioketon vad HOPON OU®PNLOTOG.

YrevOopiletor 611 10 StdAvpa  avodeDeETOl GUVEXDG HE MNAEKTPIKO  OvadELTAPA, EVD
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eumlovtiletar pe o&uydvo omd tov aépa HEG® OvTALOG, TPIV OAMG KOl KOTO TNV SEPKELN TNG
€x0eong Tov oty UVa axtvoPBorio. ITpoxeipévou va egetachel n e&dptnon tng o&eidmong g
Baeng omd v ovykévipwon tov TiO, oto didhvpe, T mEpdpato deEnydnkav og
SLOPOPETIKEG GUYKEVIPMGELS TOV KOATOAVTY, Kol SlotnpmdvTag otafepn T GLYKEVIPOON NG
Bapnc. e dAlo mepdpoto eMeOnoay vadyn N SoPOPETIKN cvyKEVTIP®ON TG Bagng, vad
otabepn GVYKEVTIP®OT KATOADTY, O™ Kot 1 peTafoAr] Tov PH kot g cLYKEVIPOONS TOV

H,0..

And 10 oyfua 6-1, yiveton govepd 6tL To pdpLa TS PaPng TPOGPOPOVVTAL EVIOVO TNV
EMPAVELN TOV KOTOAVTOV Kot OTL, KATA TNV TPpospdenon, Aappdvel xdpao po i1coppomio peta&y
NG EMPAVELNG TOV KOTOADTOL KOl TV Hopi®v NG Boaeng 610 6KoTtadt Tpty TV Evapén g
avtidpaong. To oyqua 6-1 deiyvel T petaforn) ™G cLYKEVIP®MONG UETA amd PHEGOAAPNON TOV
amattoOUEVOD YPOVOL YIoL TNV OLOYEVOTOINGT TOL SLOAVOTOC 6T0 okotddt (mepimov 30 min),
£vavtt Tov xpovov aktvoPolriag Yo optio kataAvtov TiOz mov kvpaiveron and 200 mg/L
uéyxpt 2000 mg/L.And dedopéva mov e€dyovtar HETE TO XPOVO OUOYEVOTOINoNG TOL doAbUATOG
eaivetar 6tL 6° éva otabepd PH N mocdTO Paeng mOV TPOGPOPATOL GTNV ETLPAVELD TOVL
KatoAOToL givar avaloyn tov eoptiov tov kKotadldtov TiO2 And T0 oyfua 6-1, eivol Tpopavég
ot1, kabag o eoptio tov kataivtn TiO2 av&hvet, 1 TAXVTNTO OTOXPOUATIGHOD YIVETOL TTO

Ypyopn.
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18
1 ——Ti02=200 mg/L
0,9 1
. —— TiO02=500 mg/L
08 1 - Ti02=1000 mg/L
071 -0-Ti02=1250 mg/L
] - TiO2=:
061 TiO2=2000 mg/L
J ]
S 0,5
04 1
0,3
02 ] Nepiodog Mepiodog
] mpoopéenang QwToKAaTAAuong
0,1
o+

t (min)

Yyquo. 6-1. Xpovikn petoforr tov Adyov C/Cyng Bageric PNHyo diagopetikd goptio TiO,

(Copaeric=100 mg/L, pH= 6)

To oyfua 6-2 delyver 611 0 Ypodvog Muicelng Cong g Paerng PNH kvpaivetor and
oxedov 42 min,yo poptio TiO, 200 mg/L,uéxpt 6 minyw eoptio TiO, 2000 mg/L ITapoia
avtd, n eEdptnon eivar wyvpdTaTn KT and cuykévipwor Kotoddn, TiO,, ion pe 1000 mg/L
010V KoL 0 Ypdvog Mpicelog {oNg gival avTioTpdP®S 0vAAOYOG TPOG TO POPTIO TOV KOTOALTY
TiO2. AvEdavovtag to @optio Tov TiO, tove amd 1000 mg/Ldev ennpedlel aicOntd 0 YpdVo

ATOYPOUATIGHOV TG PAPNS T s
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Zynuo 6-2 Enidpoaom tov goptiov tov TiOz otov tyz g Pagrig PNH (G paen=100 mg/L,

pH=6)
¢ Taydvmta anoyxpopaticpod s paeis Remazol Red RR (Red-RR)

To oyfjua 6-3 deiyver v petaforn tov Adyov C/C, petd amd coppomion Tng
ovykévipoong tov dwAdpotog g Pagrg Remazol Red RRyto okotddr (yio mepimov 30
min), évavtt tov ypdvov ékbeong oty aktwoforio Kol Yo TocoTnTA TOL KotoAdTov TiO;
nmov Kkvpaivetor and 100 mg/L péxpt 1500 mg/L. Eivor eriong mpoavig 011, kabmdg M
TOGOTNTA TOV KOTOAVTOL avEdveTal, ovEdvetarl eniong 1 OTOSOTIKOTNTA ATOYXPOUATIGHOD.
Emniong, eivor eavepd ot1, kabdg n mocodtta tov TiO, avEdvetar, | cuykévipmon g Baeng
Katd v woppomnio (oe t=0) peidveron e€atiog tng Tpocpdenong tng Bouenc eni Tng Heyaing
dwbéoung empdaveag tov TiO, Ev tovtolg, autd @aiveton kvping va oeeiletor otig
SLopOPETIKEG TIHEG TTOL TapatnpiOnKay peTd v €E160ppOTNOT TG CLYKEVIPMOONG TG
Bagpng, (Ceg. H xatd péoo 6po taydtnro amoypopaticpov, 6mmg kabopifetor and Tnv
petaforn g khiong g koumving C/Coévavtt tov gpovov (1), yio ékBeon otnv axtvoPolio

eni 30 min,givan Bacikd 1 dwo kot aveEaptnTn 0o T0 Poptio Tov kataAvtov TiO,.
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—— 100 mg/L TiO2
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] mpoopoOPNo
011 poopopnong M

Zynuo 6-3. Xpovikn petaforr Tov Adyov C/Gy g Baerc RMZ-RRRya dtapopetikd goprtio

Tov TiO, (CO,Ba(pﬁg:75 mg/L' pH: 3)

To oyfua 6-4 deciyver tov tip ™G POOng, VTOAOYICHEVO ®©C TPOG TNV TN
e&looppommong g ovykévipoong (t=Ceq2), oe oyéon pe 1o goptio tov TiO, oe pH=3.0
t12 ¢ Paeng apykd givar avotnpd egaptdpevog omd to eoptio Tov TiO2, 0ALd avTd 6YEdOV
eEopolbvetar Eemepvmvtog Eva eoptiov Tov TiOy, ico pe 1000 mg/L.O typtng Paeng givol
foog pe 74 min, 25 min, 14 mikor 12 minyw goptia tov TiO; ica pe 100 mg/L, 500 mg/L,

1000 mg/Lkor 1500 mg/Lavtictoiyme.
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Zynua 6-4.Enidpacn tov goptiov tov TiO2 otov ty2 g Paeng RMZ-RRR (G pugric=75

mg/L, pH=3)

H amoteheopatikotro anoypopaticpod (%) g Bagrs RR-RR pe ypovikn éxbeon
axtwvoBoAiag 30 minkat pe goptio TiO, and 0.1 péypr 1.5 g/Lmapovcidletar otov mivaka 6-
1. Agdopéva avtod TOL TIVOKA OTOKAADTTOVY OTL 1 OTOTEAECUOTIKOTITO OTOYPMUOTIGHLOD
av&avel kabmg av&avel to poptio Tov TiOy, gdikd péypt 1 g/Ll. Avti N cuumePLPopd Pmopei
vo. anodobei oto yeyovog Ot m pocHfikn tov TiO2 avEdvel Tig evepyég TAELPEG Yo TV
npoopdENoN TG PaPNg 6TV EMPAVEIL TOV KOTOADTN, OTOG EMIONG KoL TV TOPAYDYY TOV
ehevbepwv pilav vrepoediov (*OH). Qoto6c0, emmAéov avEnomn Tov POPTIO TOV KATAAVTN
(>1 g/L), dev odnyel oe onuavtikdtepn amddoon omoypouaticpov. IHapdyovieg dnwg, toO
AVENUEVO PUVOLEVO OKESAONG TOV PMOTOS, TO PUVOUEVO OIATPOV KOl TNG TOAVIG aKOUN
GLCOMUATOONG TOV CONOTISIOV TOv KotoAdt) (Tov ®g yvwotov eppovifetor oe O&veg

GUVOTKEC) HEIDOVOLY TNV EVEPYN EMPAVELN TOV KOTOADTN ko pmopel va gvBdvovton yo avtn
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TNV TapoTNPOvpEV] cuvumeplpopd [206-208,171-173]. AMheg Pagéc mov  eEetdobnkoy
deiyvovv emiong o TopoOHOL GLUTEPLPOPA. )G ek TOVTOV, To Poptio Tov TiO, ico pe 1 g/L,

EMALYTNKE OGN PEATIOTN TOGHTNTA Yol TV SLEEUY@YT TOV POTOKATOAVTIKGOV TEPAUATOV.

DopTio TiO> (g/L) 0.1 0.5 1.0 15

Arnoypopatiopog (%) 36.5 80.3 93.5 96.7

[Mivoxog 6-1 At6doon anoypopotiopod (%) g paeric RR-RRue ypdvo ékBeong otnv UVa
aktwvoBoiio 30 mince dapopetikd poptio TiO2 pe v UVA/TiO2 pébodo (Cogugic=75 Mg/L,

pH=3).

¢ TOyKpIon ToOTNTOS OTOYPOUOTICROY petaltd foedv Torov Remazol

To oynuo 6-5cvykpivel v peiwon tov Adyov C/G, évavtt tov ypdvov ékbeong otnv
axtvofolio kol yio TG técoeplg Pagéc. Ohec o Papéc ekdnAdvouy mapOHO10VS AOYOLS
AmoYPOUATICHOD peTd amd 10 min ékbeong oty oxtvoPoria, kor petd oamd 30 min, 1
AmOdOTIKOTNTO AOYPOUOTIGHOD Kupaiveton and 92% mpog 98%. Evrovtolg, onpoviikég
SQPOPEG TAPATNPOVVTOL OG TPOG TNV TPOGPOPNCT TV Te6chprv PBapdv oto TiO2. H
npoopdenon g Paeng RMZ-BB eivar oyedov acbevig evd exeivn tov Baeov RMZ-RRR
kot RMZ-YRR givan 1oyvpn Kot 1 6GUYKEVIP®GOT TOV LETA TNV OMOKATAGTACN TG IGOPPOTIOG
givan iowo. H ovykévrpoon woppomiog g Paeng Remazol Red RBivar pétpuo oxetica
pog T vaorowmes. Ta ypdupota RR, RB kot B vrodnimvouvv ekeives Tic Aettovpykég
onadeg mov etvar vevbuveg Yoo TV TPOSKOAANON ™G Paeng oTig tveg. Avtég ot opddeg
paivetan vo. emnpedlovv kabopioTikd TV TPoopoOPNoN OAAG OxL TOGO TOAD TNV TOYLTITA

amoypouaticpov. Ot Bapéc RMZ-RRR kaw RMZ-YRR mpocspo@odv 1o 1610 1oyvpd, oALd O
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pLOUdC amoypopaticpod eaivetor va dtapépet. H Baeny RMZ-BB, 1 onoia mapovsialel tnv

acOevéatepn Tpoopdenon, deiyvel va amoypwpatileTol o Ypnyopo an’ OAES.

—— Remazol Red RR
Mepiodog —&— Remazol Red RB
QuTokatGhuang — Remazol Yellow RR

—*— Remazol Black R

CIC,

1 Mepiodog
011 TPoOPOPN
1 ong

t (min)
Yynuo 6-5. Xpoviky petaforn tov C/C yua téooepig fagéc Tov tomov Remazol

(C0’5a¢ﬁg:75mg/L, G’iogzlg/L, pH:3)

6.3.1.2 Eaptnon ano to pH

¢+ TOyKpon TovTNTOS 0T0YPOUOTICROY petald faedv Tomov Procion Hexl

To oyfua 6-6 deiyver ™ pelwon g cLYKEVTIP®ONG KOl OTIG TPES Papéc, HeTd v
OTOKOTAGTACT) 100PPOTIAG 6TO SIGAVLA, GE CLVAPTNOT e TO YpoOvo Ekbeomng oe pH 3, 6kon 9.
To omoteAéopHOTO  OTOKOADTTOUV W10 1GYXVPT GUVAPTNGON TNG  OTOTEAEGUOTIKOTNTOG
amoypouUaTIcHoD omd to PH tov dtoddpartog. Mapdria avtd, avtd oeesiletar o peydio Boduod
GTNV TOAD 10YLPN TPOGPOENOT KOL GTNV TOAD YOUNAR T OULYKEVIPOONG UETA TNV
amokatdotacn ¢ wwoppomiog ¢ Paeng oe pH=3. H taydtta amnoypopatiocpon, Ommg

kaBopiletar and to péco Opo KAiomg NG KOUTOANG o010 oynuo 6-6, gaiveton vo gival
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VYNAOTEPN ©€ 0VOETEPO Kol OAKOAMKO PH Kol 1 OTOTEAEGHOTIKOTNTO OTOYPOUOTIGUOD
eEopoidverar (ektdg g mepurt®oens ™G Poaeng PYH og pH=9) netd amd ypdvo éxbeong oe
aktvoBoric 30 min. H mpoopdenon kot te@v tpidv PBopdv otov kotoddtn TiO, omog
Tapatnpeitol Kotd TN UHelwon TG OpYKNG CLYKEVIPMOONG UETG TNV OTOKOTACTOOY TNG
ooppomiag, evvoeital mapo oAy oe PH=3, evd eivar mo e&oobevnuévn o€ ovdétepo Kat
aAkoAMkd pH. Avti 1 doeopd Tpocpoenong G Paehg otV EMPAVEIDL TOV KOTOAVTH,
opeidetal 6T0 APVNTIKO QOpTio TNG PaENG, &V 1 EMEAVEIDL TOV KOTOAVTN &ivor Oetikd
eoptiopévn povo oe 0&veg cuvOnkeg [209]. Evtovtolg, o ypdvog nuicesiag (ong eaivetal va
glvar oyedov aveEdpntog amd 1o PH tov Stoddpatog, edv vroroyiohel Aappdvovtag vedyn

GUYKEVTPOON TNG PAPNS GTO SIAAVUO LETA TNV OTOKOTAGTOOT| TNG 1GOPPOTIOGC.

—0—PNH
pH=3
—o—PNH
pH=6
—2—PNH
pH=9

- O- PCH
pH=3

- - PCH
pH=6

- A= PCH
pH=9
—a—PYH
pH=3
—e—PYH
Mepiodog pH=6
Tpoopégnong —A— PYH
pH=9

clc,

Tynpo 6-6 Xpovikn petaporn tov C/Cotwv Bapdv Procion Hexlyw pH=3, 6, 9

(Co,ﬁa‘pm:?Smg/L, G’iozzlg/L)

¢ Taydmta anoyxpopaticpod s paeiis Remazol Red RRRed-RR)
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To oynuo 6-7 deiyver T peimon tov Aoyov C/Cy ywo v Bagry Remazol Red RRyetd
TNV OTOKOTACTACT TNG 100PPOTING GTO SIUAVLL, GOV GUVAPTNON TOL YPOVOL OKTIVOBOAINS,
kar oe PH=3, 6 xu 9. Ta omoteléopata ovadelkvoouv o 1oxupn €EGpPTNON TOL
anoypopaticpod and to PH tov dwddpartog. Evtovtorg, n khion g kopmding C/Co évavtt
ToV Ypdvov axtvoPoriag tov doddpatog oto ddotnue tov 30 min,eivar 0.50 mg/L-min,
1.65 mg/L-minkot 1.72 mg/L-mince pH 3, 6k 9 avtiotoiymg. Q¢ ek T00TOV, SL0POPEg
GTNV AOS0TIKOTNTO OTOYPMUOTIGUOD QOIVETOL VO OQEINOVTOL KUPI®E OTNV SLPOPETIKT
npoopodeno” ¢ Paenc otov kataidtn. Ilpocpdenon g Paeng otov katorvtn TiO,, dnmg
onuewwverar and v peiwon g Co petd and 1wooppomia, guvoeitan o€ PH=3 evd givor ToAD
acOevéotepn oe pPH=6 kot dev mapatmpeiton oe aAxolkd pPH. Avt 1 Sweopetikn
TPoGPOENOT TG PAPNS GTNV EMPAVELN TOV KATAAVTT), OQEIAETAL GTNV OPVNTIKN POPTION TNG
Bapnc, oe avtifeon pe v eMEAvEID TOV KOTOAHTN, TOL Tapapével DeTikd popTiouévn og

0&wveg ouvOnkeg [112].
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CIC,

Mepiodog
| TTpoopoen
ong Mepiodog
PwTOKATAAUCNG
Ol v
0 5 10 15 20 25 30
t (min)

Yymuoe 6-7. Xpoviky petaforrn tov C/Co g Paeng RMZ-RRRyw pH=3,6 ko1 9

(Copagic=75Mg/L, Gioz=19g/L)

To oynpa 6-8 deiyver tov tyz g Paeng Kot TV amodoTIKOTNTO OTOXPOUATICUOD GE
pH = 3, 6kt 9. H anodotikdtnta amoypopuoticpov vroroyiletar pe dvo tpdmovs, 1060
Aoppdavovtag vdyn v ovykévipoon g Poaeng petd amd wwoppomio (€q) 6co kol v
apyIKN oLYKEVIp®ON NG Paeng mpwv TNV amokoTdotacn ¢ woppomiog. O tir ™G Papng
glvar oyxedov o id1oc oe pH = 3 kor 6 ko av&avelr povo averaicOnto oe pH = 9. H
Amod0TIKOTNTA AmoYPOUATIGHOV o€ PH = 3eivarl vymiotepn, 6tav vroroyileton Aapfdvovog
VIOYT TV OPYIK CUYKEVIPMOON TG PAPNS TPV TV ONTOKATAGTOOT 160ppomiog e&ottiog Tng
oxupng mpoopdenong g Paeng oto TiO; oe éva toc0 6&wo pH. H amodotidtro
ATOYPOUATIGHOV, VITOAOYILOVTOG TV GLYKEVIPMOOT TG Pagng HeTd TV 1ooppomio HEGH GE

30 min, dev givat ToAD vyMAR Ko kopaiveton and 70% péypr 80%.
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25 100

20 | —0O—t1/2(min)-eq
—A— % ATtroxp. (30 min)-eq

- #- % Amoxp.(30 min)-€§ apxng Tng avTidp.

taz (Min)

154

a1
o
AMNOXPQOMATIZMOZ (%)

30
[
20
10
10 ; ; ; ; ‘ Fo
3 6 9

pH

Yynpo 6-8. Enidpoon tov pHaoto tipkot arotehecpatikdtnto anoypopotiopod (t=30 min)

g Poagrig Remazol Red RR (Gaenc=75 mg/L, Gioo=1g/L).

6.3.1.3 Eéaptnon ano to Hy0O

¢ Taydvmta amoyxpopaticpod s paeig Procion Navy Hexl (PNH)

To vrepoeidio Tov VEPOYOVOL TPocTEONKE, Yio Vo eEeTacOEl 1 OTOTEAEGHATIKOTNTA
Tov oV ToyvTTo amoxpopatiopod. To HyO, Oswpeiton 611 mpodyel v mapaywyn tov
elevBepav plldv Tov VOPOELAIOVL, cav SEKTNG mMAekTpoviov kot piAoto LYnAdTEPNS

amodoTIKdTNTOG 0o EKEIVI TOV 0EVYOVOL, HECH TV 0KOAOLO®V avTdpdoewy [112]:
HO, +e —» OH + OH (6-1)

Kabadg n ovykévipwon tov HoOz av&dvetar, o puludg dnpovpyiog ekedbepwv piiov
vdpo&uriov Ba émpene emiong va av&dvetor cOpPova pe v avtidpaon 2-66. Oswpeital de
olyovpo 0Tt 3¢ AauPdvel yopa Topaywyn elevbépwv pldv Tov VIPoELAIOL pEc® NG

eotOAVoN G Tov HyOs, avtidpaong 2-13, kabdg T0 ¥pNOIUOTOIOVUEVO PKOG KOUATOG G 0T

167

Institutional Repository - Library & Information Centre - University of Thessaly
12/12/2025 12:09:24 EET - 18.97.14.89



v nepintoon ivor 350 nmue 400 nmkot n avtidpacn 2-13Aappavel ydpo poévo Katw omd
300 nm.Xg vynrotepn cvykévipmon Tov HyOs, o1 ehedbepeg pileg Tov VIpoVAioL TOAVOV
amopaKkpHVOVTOL, HEGM TNG avTidpaong déopgvong tav amd to HyO,, (2-49),ypryopdtepa an’
OTL dMUOLPYOVVTOL KoL 1) OTOTEAECUOTIKY GUYKEVIPMOOY TOV HELOVETUL KOODS avEdveTat 1

ovykévipwon Tov HzOx.

To oyfuo 6-9 deiyvel v emidpaon TpocHnkng dtapopeTikdv TtocotnT®v tov HoO, 610

Stopa. Qg ek TOVTOL ONUELBVOVTOL T EENG:

a) n mpocHnikn axdun kot pkpodv tocothtov tov HxO, (0.001% wiw, (10 mg/L))

av&Avel oNUAVTIKG TO pVOUO OTOYPOUATICUOV, 1O10ATEP GTA OPYIKA OTASIL TNG AVTIOPOOT|S.

b) avEavovrog v mocdtnTa TOL TpooTBiuevoL HyOy, avéavetal akdun meplocdtepo
TNV TOOTNTO ATOYPOUATIGHODV, KATL TOL EVVOEL O)L LOVO TIG EVOLALETES PAGELS TNG OVTIOPAONG

OTOYPOUATIGHOD AL eiong pHEXPL Kot TO TEALOG TG OvTIdpaoTS.

¢) xabag N ovykévipoon tov HxO, avEavetar, oe vyniég ouykevipdhoelg tov HyOo,
vynAdtepeg an” 6tt 0.5% w/w (5000 mg/L)n taydtnro anoypouaTiopod apyikd petdveTal,
GAAG, petd omd 1-2 min avédvetar moAD YPHYopO Kol EMITAYVVETGL TOAD WO YPIYOPd,
OGUYKPIVOLEVT HE gkeiv mépo amd To onpeio tov 7 min. Xe o ovykévipmon H,Op ion ue
0.5% w/w (5000 mg/L)emrvyyaveton 100% amoypopotiopndg poag petd and 7 min. H
apyIKn TTdon g ToydTNTAG oV TapatnpEital o€ VYNAEG cuykevipmoelg tov HaO2 (1% HO,
w/w (10000 mg/L)),pumopei va opeiletar 6° éva GUVOVACUO EUIVOUEVOV: TN HEl®on TV
ghevbepwv pdv Tov vdpo&vriov, €& attiag Tov pawvopévov déopevong Tmv omd o HyO; (€&,
2-49) ka1 NG mapaywyng erebbepwv pildv tov v3po&viiov pEcm g pwtoéAvong Tov HO; (€£.,

2-66).
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Aopfavoviog vmdyn 1 oLyKEvIpmon TG PoeNg HETA TNV OTOKOTACTOCN TNG
1ooppoTiag otV EMPAVELD TOV KATAADTN, Tpénel va toviolel 1 emidpaomn tov HxOz, m omoia
Bpébnke xatd v mpoopdenon g Paeng otov kotoddtn TiO,. Boaowkd 1 mpoopdenon g
Baenc pewdveton pe t ovveyodpuevn avénon tov HxO,. H mocdtrta npocpopodpevns Papng ot
okoTeEWd TEpPaAlOV eivart fow pe 4.10% 2,2.107 xaw 1,2.10° g mpoopogoduevnc Paghc/lg

TiO2 ywa apykn cvykévipoon H,O, 0,001%w/w (10 mg/Lkar 0,01%w/w (100 mg/L).

17T
* S
2. - ¢- H202=0
08 1 ) —— =0,001 %wiw
’ .. —o— =0,01
TAER —— =0,1
. o . —a- =0,5
0,6 .
ds,f -A- =1
o
0,4
0,2
0

Yynuo 6-9. Exidpaocn g mpocbnkng tov HzO, ot petaforr] tov Adoyov C/Cope v UVa/

H,0, pé0odo (pH=3, G pniE75 mg/L, TiG=1g/L)

¢ aTOYPONATIGHOS SLEPOPETIKOV Bagdv TOov Procion

To oyqua 6-10 amewoviler ™) oVOYKPION TG TOYLTNTOS OTOXPOUATIGUOD, G€ 600
e€etalopeves Papés, PNH ko PYH, yi Tyég tov pH 3kan 9 pe xon yopic H2O,, énerta and
e&looppdmnomn ™G ouykévipwons g Pagng oto didAivua. To @optio Tov KOTOALTN avEpyETUL

oe 1l g/L.

Amo 10 oynpa yivetal gavepd ott,
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1) 0 anoypopoticpdg sivar ToAd mo ypryopog oe PH=3 novo yia v Paen PNH kot

2) n mpocbnkn tov HyO, emtaydvel v taydTTO OOYPOUATIGHOV, O10ITEPA TNG
Bapnc PNH. Avtd pmopel va e€nynbei péom g e&icmong 2-66,m omoio deiyvet tn dnpovpyio

tov OH, v6 v enidpaocn tov HzO;.

1,0

0,9 4+ *

084 . T e e
07 ¢

0,6 -

C/Ceq

0,5 A

- ®- PNH, PH=3
—A- PYH, PH=3 —A- PYH, PH=3 +H202

0.4 - O- PNH, PH=3 +H202

0,3 g T, R —&—PNH, PH=9 —0— PNH, pH=9 +H202
S —8— PYH, pH=9 —O—PYH, pH=9 +H202
0,2 1 | NG NG L L T I n
0,11 o,
‘..
0,0 -— -t
0 5 10 15 20 25 30

t (min)

Zyfpe 6-10. Xpovicri petofor] e Cpogrd Ceqpaene katd v UV/ITIO/H0, pébodo oe pH=3

ko 9 X(Dpig f] [UES Coszozz 5000 mg/L (G,PNH: CO,PYH:75 mg/L, QYTiozzlg/L)
¢ TOYKpIoN TOXOTNTOS OTOYPOUOTION0Y petald paedv Tomov Drimarene

Onwg eaiveral and 1o oyua 6-11,1 toydmro aroypouaticpod g Baeng CL2RL
glvor apyn yopig v mpocbnkn tov HyO,. IIpochétoviag 1000 mg/L HO2, n toydnta
anoypouaTicpob Bedtidveton ndpo woAv. Ipocdétoviag nepiocdtepo HoO, (10000 mg/L)de
BeAtidvel T0 TEMKO TOGOOTO  OMOYPOUATIONOD, GAAG avEAVEL Tapa. TOAD TV 6Tadepd NG
yevdo-tpdg 14N avtidpaons. To H2O; glvan évag déktng nAekTpoviov mov Exel
VYNAGTEPT AMOTEAESUATIKOTNTA O’ OTL TO 0EVYOVO Ko ETTAEOV TPOGYEL TNV TAPUYOYN TOV

*OH «kvping péow tov akdrovbav avtidpdoemy [172,184,185,210]:
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H202 +e- - *OH + OH_ (6‘1)

H,O+ h" — «OH + H" (6-2)
H202 + OZ_—) *OH + OH_ + Q (6'3)

1,0 8

0,9

0,8 ]
] —0— CL2RL, Xwpig H202
0,7 1
] —&- CL2RL, H202= 1000 mg/L
0,6 1
] —A— CL2RL, H202= 10000 mg/L

C/Co

0,5
041
03]
021

0,1

0,0 1 v v -
0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0 40,0 45,0

t(min)
Zyquo. 6-11.0 puoudg anoypopotiopot tng Paeng CL2RL pe v UV /HL0; pébodo oe
pH=3 diopopetikég ouykevipmoelg 1oV (Co Hzo2: 0, 1000kon 10000 mg/L, G=100 mg/L,
TiO, =2g/L xon pH=3.

To oyqua 6-12 deiyver o ohykpion ™G TaXOTNTOS GTOYPOUATIGUOD TOV TPV
Bapdv xpnoYLoTomvTag TN POTOKATAAVTIKY HEB0d0 oe cuvOnKeg, OTWG TEPLYpAPOVTAL, EVD
0 oyfuo 6-11 €deiyve v emidpoon tov HO, oty toydtnta amoypopoticpov. Na
onuelwBel 6TL N ToHTNTO ATOYPOUATICUOD SLOPEPEL CNUAVTIKG UETAED TOV TPV Papdv,
0ALG Topatnpeitol 1 01 GVUTEPIPOPE OTIMG EKEIVI] TOV TAPATPHONKE GTN QOTOYNLUKT
uébodo (4.3.1.3,0y. 4-6).H Bagr KABL omoypopatiCetar mo ypiyopa omd 0Aec, evd 1 Bogn
CL2RL mwo apyd amd oreg. O anoypopatiopds me Paeng K2RL givor pétprog. 'Evag 100%

anoypouatiopds emNAfe oe mepimov 28 min yw v Paen K4BL. Ot Bapég K2RL xou
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CL2RL 8¢ gaivetor va kotagépvouy éva 100%anoypopotiopnd ovte kot petd amrd 90 min.O
10600TI0i0G Tocootiaiog (%) amoyxpopaticpds yo tig fapés K2RL kot CL2RL avrictoya

énerto amd 60 mingivon 91%xon 74%.

09 ] ——K2RL
) —& CL2RL
—A—K4BL

C/Co

t(min)

Zynuo 6-12.0 puBudg anoypopotiopod tev tpidv Baedv pe v UVo/H0; nébodo (H.O, =
1000 mg/L, G=200 mg/Lxou yia 11 Tpelg Pagéc, TiO, =2g/L ko pH=3).

6.3.2 Tayvtnra Avopyovomoinong
6.3.2.1 Eéaptnon ano tyy Lvykévipwon tov Karalvty

¢ Tayvtnta avopyavomoinong s fagiis Drimarene-CL2RL (D-CL2RL)

To oynuo 6-13d¢iyvel v enidpacn tov @optiov Tov TiO2 6TV avopyavomoinen Tng
Boaepng CL2RL (ueimon tov TOC). Mopatnpribnke 6t1 younkod @optio kataivtn (0.2g/L)
o0dnyel o€ TOAD yapunAf olkn avopyavornoinon énerto, and 6 hrs (39%) Encita and 6 hrs,n
olkn avopyavomoinon avépyetar oto 80%, 87%, 73% o 82%ya poptio katorvtn 0.5, 1, 2

ko 4 g/L avtiotoiyme. H avopyavomoinon oe evdidpeco otadia tng avtidpaorng (2-4 hrs)
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TOIKIAEL VO TapovcidleTor VYNAOTEPN Y10, PopTio KoTaAvTn ico pe 4 g/L. And T mepduoto
anoypopatiopod  (tov  omoiov ta  dedopéva dev  mapovoidlovrar) Ppébnke OtL 1
amotelecpatikdt o anoxpopatiopod (ce 60 min) avdavet yo optio tov KotaAvTy 1g/L,

v ovveyilel mo apyd puéxpt ko 29/L.

AVt N ovumepLpopd umopel vo amodobel oto yeyovog OtL éva LYNAITEPO POpPTiO
katolot TiOs avEavel Tig evepyéc TAELPEG Yo TNV TPoopdPNoN TG Poeng oTNV ETLPAVELD.
TOL KOTOADTY, KaBdg Kot Tnv Tapaymyn erevfépmv piliav vépo&uiiov (*OH). Avtd odnyei ot
ypnyopdtepes ToOTNTEG Oamoypmpotiopov. To ido cvumepaiveton yioo TV TO)XOTNTO
AVOPYOVOTTOINoTg Kat yia ToAD XounAo @optio kataAvtn (kdtw and 0.5 g/L).Ev tobdtoig, yuo
vynAdTEPa Poptia, OTMS Paivetal omd To0 oyfue 6-14, 0 pvOuds avopyavomoinong kat m
0MKT avopyavomoinon mov emxttuyyavetol £nsita and 6 hrsde paivetal vo mowilel onpovTiKd

Kot TPOKELTOL Y10 L0l OVALLKTY] GUUTEPLPOPE, KAOMS TO pOPTIO TOL KATAAVTN avEdveTat.

IMapdyovteg mov umopel va. GUUPBAAAOVY G~ QDT TNV TAPATNPOVUEVT] GUUTEPLPOPA.
NG TOYOTNTAG OVOPYOVOToinong, He v avénon tov @optiov tov katalvtr, givor 1) n
avénuévn okédaon tov eoToviov Kobdg kot To @awvopevo @idtpov kot 2) M mboavi
GLGOOUATOOT TOV COUOTOI®V TOL KOTaADTN, M onoia avagépdnke vo mopovoidletar oe
0&wveg ouvOnkeg (171,172) Kot ot 300 avtoi mapayovieg HELMVOLY TIG EVEPYEC TAEVLPEG TOV
KataADTN Ko propel va eppavifovton pe Stopopetikn EKTaoT, KadmS T0 opTio TOL KATaATn
av&dvetor. Avtoi ot mopdyovieg, kotd TNV Oudpkew NG ovtidpoong, wbavov va
avtiotafpifovv og d10popeTikd Padud v owEavOuevn EMPAVELD TOV KATAADTN KOl ©OG €K
TOVTOV TNV OWEAVOUEVT] TOYLTITO TPOCPOPNONG TG PAPNS KOL TOV EXUEPOVS TUNUATOV TNG
(omotéheopo Tng emt pépouvg o&eidwong g Pougrc), U OTOTEAECHO TNV TOPATIPODUEVT]

eAaPPA LETOPAAAGLLEVT TAXDTNTO OVOPYOAVOTOINOTG.
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A6 10 oyfua 6-13, Tpoxvrtel emiong 6TL pecoAaPel pa ypovikn kabvotépnon g

té€emws tov 80 £wg kat 140 min,xpotod 1 peiowon tov TOC tov SoddpaTog Vo amoKToe pia

ONUAVTIKY Toy0TNTO. AVTO pumopet vo amodobel 6Tov amattodeEVo ¥pOVO TOKATAGTAONG Kot

TEAL L0 VENG 100PPOTHLOG LETAED TPOGPOPNONG-EKPOPNONG TV Hoplov TG Papns.

1,0 ¢
] - Ti02=0,2 g/L
0,9 ] _
1 —o—Ti02=0,5 gL
0,8 ] ——Ti02=1 g/L
1 —O—TiO2=4 giL
0,7 ]
o 0,6
o 1
o ]
g %1
) ]
F o041
0,3 1
0,2 ]
0,1 ]
o0+ — —
0 50 100 150 200 250 300 350

t(min)

Yynuo 6-13 H enidpacn tov goptiov tov katarvt TiO, oty avopyavoroinen tng Paenig

CL2RL, C,=200 mg/L, pH=3, G,0=1000 mg/L.

¢ Toykpon toydmTOog avopyovomoinnes petaid Paedv Procion Hexl ko

Remazol

H enidpaon tov tomov g Pagng katd v avopyavoroinon ometkoviletal 6To oynuo

6-14. And6 avtd tO oyNua, cvumepaivetar Otl, av kor 1 Poaen PCH mapovoudler tov

YpPNyopoTEpo amoypopationd petald OAmv Tov teccdpov Papdv mov eEetdcnkay (6mwg

oivetol ko oto oyfuoa 6-6), amowodopsitar mo apyd om” OAec. EmumAéov, n toaydnta

avopyavonoinong kat tov dvo Paedv Procioneaiverar va katoAyovv og nhatd énerta omd
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¥1pOvo ékBeomc otnv axtivoPolria 4h, 6tav yia v 8o ypovikn wepiodo otic Papic Remazoh

avopyavornoinon covveyiletat.

1
1 —o— Remazol Red RR
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Tynuo 6-14:H tayvtnto avopyoavoroinong (COD/COD) yio tig téocapeg Papég mov
e&etdobnkav pe v UVA/TIO, uébodo (Crioo=19/L, Gopaenc=75 mg/L, pH=3).

6.3.2.2 Eéaptnon amé Co xou pH

¢ Tayvtnta avopyavoroineng s pagiic Remazol Red-RR (Red-RR)

H enridpaon g Co g Paens RR-RR, kot g tpocdikne mocéttog HoO, ion pe
1000 mg/L 6g¢ Copve=100 mg/L), omv toydtmTo avopyavomoinong (COD/COD),
armewoviletor 610 oyfuo 6-15. Amd ovtd 1O oYU, TpokLETEL OTL M avtidpoon
avopyavoroinong g faeng RR-RR mpoywpd modd mo apyd am’” 6Tt 0 omoXpOUATIGHOG TNG
(6mwg NoN amewoviletor oto oyfua 6-5) Kot Tapovotdlet po KapmoAn S4opPfg TOVAGKIGTOV
AOY® NG OMovpyiag amodeKTdV EVOIAUES®OV TPoidvTmv mov cuppdiiovy oto COD tov

dwAvpotog [184,172,211]. Zmv  youniotepn Copyve mov  efetdobnke  (75mg/L),
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avopyavomoinon mpoxwpd ypnyopdtepa akOUn Kol omd TV apyf TG avtidpoaons, oAAd,
koG N Copye ALEAVETOL 1 OTOSOCT TNG AVTIOPAONG CVOPYAVOTOINGNG HELOVETOL porydoiot
(90%, 86% 40%kar 28%y10. Co pye=75, 100, 156 250 mg/Lavtictoyya, cg xpovo ékbeong
omv aktivofoiior 4h). Avtd pmopei TovAdyiotov va gpunvevbel péow Tov YeyovoTog Oty
kaBdg N Copye ov&avetar, ovédvetar emxiong 1 dnpovpyio EVOIAUESOV TUNUATOV TG Boeng,
&yovtag oov omotéAecpa e opyn Swdikacio ovopyavomoinong [184,211]. Emmdéov, n
npoodnkn 1000 mg/L HO; og didAvpa g Paeng RR-RRue Co=100 mg/L,0dnyel og mAnpn
avopyovomoinon péoa oe ypovo éxbeong oty aktwofoAioc 4 h oe olykpion pe v
nocootwnia amddoon avopyovonoinong 86% g id1ag cvotaong dwdvpatog ympig HoOo.
evikd, sivar Tpopavég 0Tt avtn N néB0d0g elvar AmoTEAESUATIKY HOVO GE apatd SLOAVUOTO.

INa mo mukva dreddpata, To Poptio ToL KaTaAdT TPénet va avéndel arctntd.
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Yynuo 6-15Enidpacn g Co rr-rRrROTOV puOUO amoypopaticpod (COD/COLy) pe v
UV A/TIO2/ HyOz pébodo katd v mpocbikn 1000 mg/L HO- , pe Copugrc=100 mgl/L,
CTiOx=1¢g/L ko1 pH=3.
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¢ Tayvtnta amokodépnons e Paeris Drimarene-CL2RL (D -CL2RL )

To oyfpa 6-16d&iyvel v enidpaocn g apykng ovykévipmong g Paeng (CL2RL)
otV ToxvTNTO avopyavomoinons. Eivar mpogavéc OtL ot toyvtnteg avopyovomoinong
TOKIAOUV gVPEMG KOTA TNV d1dpkela g avtidpaons. o o apyikn cvykévipwon ion pe
200 mg/L, ot TodtnTEG Cvopyovormoinomg givarl oAl apyoi, oynuatiloviag Eva TAatd péypt
ta 120 min,aAAG petd n taydtnto g Poeng yiverar mokd ypriyopn (kiion = 0.36 TOC/min
Kot TeMKG petd omd 4 hr emaxolovBei pio, oNHOVTIKY GUVOAIKT ovopyavomoinon g Poeng
(TOCITOG) evdd paivetal va cuveyilet pie o GNUOVTIKT ToOTNTO KOl LETG TNV TApodo TV

4 hr.

e younhotepeg ovykeviphoelg Bapdv (Co=50 kou 100 mg/L,)kxar péoa oto TpdTO
120 min,n peioon tov pOpov tov TOC givon mOAD ypryopn, oArG TOAD ypriyopa, Tepinov
petd omd 120 min,n peimon tov pubuov tov TOC @tdvel ¢” éva mhotd. Mia enmAéov
peiwon tov TOC dev gival onpavTiKi 67 OWTEG TIG YOUNAEG CLYKEVIPMOGCELS. ['evikdg 1
ouumeppopd etvor mapdpold | avty mOv NI TapatnPROnke KOTA TV SUPKEW NG
POTOKATAALTIKNG neBOdov. H enidpaon g apytkng cuykévipoong g Bagng otny TayvTnTa.
avopyavormoinong, 6nwg amewovileton oto oyuo 6-16, pumopel va opeiketon iocwg otov
GUVIOUO: @) HEIMONG TNG OIToPOPNONG TV PMTOVIOV 0md T0 cmUATId Tov KatoAd,
AOY® TG ALENUEVIG OVTAY®VIOTIKNG TAGNG TOV HOPI®V TG PBoNg méVOVTL GTO QOIVOUEVH
amopoenong kot okédaong twv UV-potoviov (ota 254 nm €€ auiog g Omopéng
APOUOTIKOV S0KTVAI®MV), To. omoia 0dnyovv oe peimon Tov mocoh glevbipav plldv Tov
vdpo&uriov kar B) TeploplopEVOVY SL0BEGIUMOVY, TAELPDV TNG EMPAVELNG TOV KOTOAVTI Y10 TV

TpoopoeNoN TG Bagnc.
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Tynpo 6-16.H enidpoon g Co crLor, oty tardnTo. avopyavonoinong (Co crori=50-200
mg/L Gi20=1000 mg/L, pH=3 Ti@=1g/L, TOG 50 mgn=9,68, TOG 100 mgr=19,21, TOG 200
mg.= 33,36.

To oyfua 6-17 deiyver Ty enidpacn tov pH oty peimon tov TOC, 6T1¢ TEPOUATIKEG
cuvOnkeg 6Tm¢ mapovotdovrar. [Tapatnpeiton 6t olkn peiwon tov TOC givar pukpr], 40%
kot 35% oe pH 6 kot 9 avrictoiymg, ovykprrkd pe to 80% oe pH 3. To undevikd onueio
@oOpTIoNG TOV KoTaAvTn givan 6,8. Q¢ ek ToVTOL, M MAekTpooTATIKY EAEN pETOED OeTikd
(POPTIGUEVNG EMPAVELNG KOL TOV OPVNTIKA POPTICUEVOVY poplov TS Baeng, ¢aivetar va
€UVOOUV TNV TPocpdenom ™G Paenc, To omoio amotelel amopoitnTo P TPOKEUEVOD Vi

AGPel xopa 1 avopyavoroine.
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ymupa 6-17.H enidpoon tov pH otov puud avopyavoroinong g Baeng CL2RL, Co=200
mg/L, TiO2=1g/L, G20=1000 mg/L.

6.3.2.3 E&aptnon aré to H,0

¢ Taydmta arokodépnong e Pagic Drimarene-CL2RL (D-CL2RL )

Ta oynuata 6-18 kot 6-19 deiyvovv TV enidpacn SUPOPETIKOV GLYKEVIPHOCEMY TOV
H20; kot tov tpdmov TpocHnikng tov oto dtdivpo (Tpocdikn eEolokApov otnv apyn g
avtidpaong N otadiakd kKotd Tty didpkelo. avtic), otn peimon tov TOC dahdpoTog Tng
Baeng CL2RL kat pe goptio kataivtn mov avépyetol o 2 ko 4 g/L avtictoryo. And Tig dvo

aVTEG EIKOVEG Umopel va onpelwdet 6TL:
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Zynuae 6-18.H avopyavomoinon g Paenic CL2RL, G pueic=200 mg/L, pH=3o TiO-=2 g/L
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Zynuae 6-19.H avopyavomoinon g Paenic CL2RL, G pueic=200 mg/L, pH=3o TiO-=4 g/L

1) H mpoobnkn tov HxO2 emav&dvel tov pubud avopyoavomoinong Kot v OMKY

peioon tov TOC. IIpocBétoviag ordkANpo 0 mocd Twv 1000 mg/L HO,, oty apyf g
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avtidpaorg, 6tav 1 TocoTNTA TOL KOTaADTN avépyetan ota 2 g/L, n peioon tov TOC petd

and 6 hrsavéaver tepinov amd 16%octo 72%.

2) Av&avovrtag Ty mocotnTo Tov Katoddtn and 2 ota 4 g/l napatnpeiton po ehagpd
uoévo ohkn peiowon tov TOC. INa mapdderypa, pe 0 mg/L HO,, n ok peiwon tov TOC

énerta and 6 hrsavEaveton omo 16%octo 28%.

3) Avédavovtog, opmg to optio Tov TiO, and 2 g/L ota 4 g/L, £yl cav amotéheopa
pio o ypiyopn peiwon tov TOC. T nopderypo tpocbitovtag poig 1000 mg/L HO, ot
apyn g avtidpoong, n nocootiaia peiwon tov TOC avépyetal and 72% oto 84%, alrd
onuavtikdtepo givarl 0T avtn N peioon onueidverar oe 240 minavti 360 Min. Avtd 1o
Qowvopevo mlhavov oeeiletar otn peyoAdtepn Swbéoyun EMPAVEIL TOV KOTOADTN OTNV
avtidpaon. H taydtnta npocpdenong kabmg kot 1 tayvtnta avtidpaons avdvoviol exiong,
KaODG TO PEYOADTEPO UEPOG TNG LETATPOTNG AAUPAVEL YDPOL ETTL TG EMPAVELOG TOV KATOAVTN
Ko 1 TEPInT™OTN TG opoloyevols o&eidwong eivor pdAlov apeintéa. Me to dSuthaclooud g
TOGOTNTOG TOV KOTOAVTN 1 OAKY dbéoiun emedveld tov otV avtidpaon dmiactdleton

emiong.

4) To. mapatnpodueva Thotod Kotd ) peioon tov TOC ota apykd otddwo (< 2 hrs)
pewddnkav awobntéd oe ddpkewo. o wapdderypo mpocbétoviag 1000 mg/L HO,, €€
0AOKANpOL oTNV apyn TNg avtidpaong, o Thotd peidvetol amd 140 minoto 80 min. Avtd
mOhavov opelheTan oty avénon G EMEAVELNG TOV KATAADTN otV avtidpaon, n omoia
avEAVEL TNV 0Py KOTA ToL GAAL KIVITIKY TG TPOGPOPNONG — KOl GLUVETADG TNV 0EEId®ON TG
Baenc N kot TpuMuatdv ™G, Katd v ofeidwon avtig. Eriong va onueindel 61 pe goptio
Kkatolvt 2 gr/L mapoatnpeiton pa ypriyopn apyikn ttocn tov TOC nepinov 4-5%,1 omoia

dev mapornpeiton and Ty KoumdAn pe eoptio katarvtn 4 g/L. Avtd pnopel vo opeiletar otn
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peyaAvTEPN TOGOTNTA PAPHG TOV EKPOPATOL UEYPL Kot TPV TNV £KOECT] 6TO PMG GTN YPOVIKT|

otypn t=0, ypnoonoidvtog eoptio kataivtn 4 g/L.

5) H avtidpaon avopyavomoinong givar mokd apyn ywpic tnv xpnon tov HxO,, dnwg
ov{nmOnke vopitepa oty mapdypago 6.3.1.3 ££., 6-1 éwg 6-3). Eniong dev mapatnpeiton
nopayoyn elevdépov pillov OH oand v avtidpaon ¢wtoivong tov H,O, xobdg to
APNOUOTOIOVUEVO PKOG KOUATOG 6 ovth TNV mepintmon eivor and 350 nmuéypt 400 nm

Kot 0¢ Yvootov 1 9otéivor Tov HO; eppaviletor pdvo kdtw and 300 nm .

6) Av&avovtag tnv mocotnta tov H,Oz mov mpootébnke oty apyn g avtidpaorg
and 1000 mg/Loto 10000 mg/Lxo pe poptio tov kotoldtn 2 g/L, paivetar va, av&dverl tnv
0MKT mocooTiaio avopyavoroinon. Méypt kar 100 minn avopyovoroinon givor o ypriyopn
pue 1000 mg/L HO,, oA)d, petd tnv mapodo towv 100 min,yivetar mo ypriyopn yio 10000
mg/L HxO, mbovov ayyifovtag to 82% oe peimon tov TOC oe 360 min,oe ohykpion pe to
72% wan yio. 1000 mg/L HO; 1o didhivpa g Baeng. Me poptio kataddt 4 g/L o pubudg
avopyavormoinong ywe 10000 mg/L HO; eivar ypnyopdtepog kab” OAn tn Sidpkelo tng
avtidpaong, oAld, teMkd Kot ot 300 Kaumbreg cvyymvedovtor ota 240 minayyifovtog og
360 minto 82% og peiwon tov TOC. H avénon g mocodtntog tov npootidépevov HOp
mBavov va odnyel og o avénon g mapayoyng erevbipav piiav péom g egicwong (6-3),
Kdtt Tov o pmopovoe vo e€Nynoel Tov yp1yopoTeEPO puOUd ovopyovomToineng T EVOIAUESH

6TAd0 TG AVTIdPACTG.

7) Av&avovtag v mocotnta Tov HoOs, adlowdvetat oicbntd n popen tov thatd mov
noapoTnpeitar TOAD vopig oty avtidpacn. To mhatd g kaumving pe eoptio 4 g/L kot

10000 mg/L HO; oto didAvpo eEopaviletor tekeime.

¢  Toykpion toyovTnTog ovopyavoroineng netofd fagdv tTomov Drimarene
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H enidpaon g otadiokng mpoconkng tov H,O, oty peimon tov TOC tov Bopdv

K4BL ka1 K2RL anewovileton ota oyfuato 6-20kon 6-21.

1,0
] —— K4BL,H202=1000 mg/L, €§
0,9 ] apxng
—— K4BL,H202=1000 mg/L,
0.8 ] oTadIaKG
] —— K4BL,H202=2000 mg/L,0Tadiakd
0,7 1
o 0,6 -
Q ]
g ]
5 %51
o ]
F o04]
0,3 -
0,2 1
0,1
Wt - _ b —_ - - - ——————————
0 50 100 150 200 250 300 350

t (min)
Zynuo 6-20H avopyovoroinon g Baenc K4BL ue v UVa/H20; uébodo, C=200 mg/L,
pH=3, TiO=2 g/L.
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1,0 #
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' apxng
081 -&- K2RL,H202=1000
. mg/L,oTadIoKa
0,7 ] —— K2RL,H202=2000
1 mg/L,oTadiakd
8 0,6;
o
o O'SE
e ]
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0,3 ]
0,2 ]
0,1 ]
0,0 T
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Zyfipe 6-21H avopyavomoinon g Paeng K2RL (Copagrc=200 mg/L),xpnoylomoidvrag tnv
UV A/TiO2 H20; pnébodo, pH=3 ka1 TiO,=2 g/L.

Zyxetkd pe Tic dvo Pagés, Omwg mapatnpeiton ota oyfuate 6-20 ko 6-21, 1
GUUTEPLPOPA TOVG OTNV AVOPYAVOTTOiNon &ival avapukTy, Ve 1 SlpopeTiky anddocn otV
OMKNY OvOpYaVOTTOinoN OV KATAPEPAV OEV givar oNUAVTIKY. Avagopikd pe v Boaen K4BL,
npocBétoviag HxO2 oe ddoeig twv 1000 mg/L eni déka @opég, Pedtidvel apevog v
TOYOTITO CVOPYOVOTIOINGTG KO APETEPOL T1 GUVOAIKN TOGOoTINiC LETAPOAT GT pelwoT Tov
TOC. Ev tovtoig, 1 mpoctikn tov HyO, og ddoeig tov 2000 mg/Lkotoliyel ovolo0TiKG
oV i tayvtnto avopyovomoinorng, O6mwg otov mpootibetar 10000 mg/L HO,, &€
oloxAnpov oty apyn g avtidpaons. Ocov apopd v Paer K2RL mpocHétovrog 10000
mg/L HxO, omnv oapyf g oaviidpaong 1 oe ddoeig twv 1000 mg/lL, n tayvmto
avopyavoroinong mapovctdlel tov 1010 pubuod, evd mpoohétoviag 1o HoO2 og docelc tov
2000 mg/L,n tayvtta avopyavomoinong PEATIOVETAL GNUAVTIKG GTO apylKd oTAdIL TG
avTidpaomng, KATAANYOVTOS TEAIKG GE M0 TOPOUOL GUVOAIKY avopyovormoinon pe Tig 600
GANEG TEPIMTAOGELS TTOV NOT] AVOPEPONKAV.
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To oyfua 6-22 dgiyvel TV TaLTNTO OVOPYOVOTOINGNG TOV TPIOV PopdV THTOV
Drimarene (K2RL, K4BL, CL2RLécwm g pebddov g potokatdivons. Xtn pébodo g
pwtokatdAvong, to eoptio tov TiO; kot to PH tov dradvpatog anedeiydnoav onuavtkoi
mapdyovteg, ot omoiot emnpedalovv €vtova Tov pubud avopyavomoinong. H xwmrikn
avVopPYOVOTToinoNg TV TPLOV Baedv dtupopomoteital aoOnNTd 6To apykd OALG Kol PETEMELTAL
oTad10 TNG ovTidpaiong, OANG TeEMKA, .y petd amd 360 min,kat ot Tpelg Papés KaTaAyouy o€
mopopolo tocootwoia peiwon tov TOC, 72%-76%.0 anoypopatiopndc g Paeng KA4BL
glvat TOAD ypNyopog KoTd TNV mopeio TG avTidpaomns, CLYKPIVOLEVOS e EKEVOV TV GAA®DV
500 Bapmv.

1,0 4

——CL2RL
—o—K2RL
—— K4BL

0,9

TOC/TOCo

0,1 ]

0,0:““““““““““““““““““““
0 50 100 150 200 250 300 350 400

t(min)
Yynuo 6-22H taydtnta avopyavomoinong tav tpiov Baedv tormov Drimarene (K2RL, K4BL,
CL2RL) (Copueinc=200 mg/L, pH=3)ypnowonmoidvtag v UVa/TiO/H20; uébodo. (TiO,=2

o/L xou H0,=1000 mg/L.

Ot 1petg Poagég mapovstdalovy oyeddv SPOPETIKY KIVITIKT) COUO®VO TAVTH PE TNV

gUPavion Tov TANTO Vopis oty avtidpaoct, katd ™ peiowon tov TOC. Ot dvo Papéc K2RL,
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ko €1d01kd 11 CL2RL mapovoidlovv éva mhatd onuaviikic didpketog, mepimov 80 kot 140 min
OVTIOTO ™G, VA TO avtiotoyo mAatd mov eppavileton pe ) Paen K4BL sivor apeintéog
Suapretng. AvTéC o1 ONUAVTIKEG SLOPOPES TV TAYVTNTA OVOPYOVOTOINGNG HETAED TV TPLOV
Bapdv, ota apyikd Kot evoldpesa otddia g avtidpaong, pmopet va arodobovv ce pia celpd
and Adyoug: 1) évag ypryopog puBudg ekpdenong tng Paenc, MET TNV apyikn ékBeomn Tng
KOPEGUEVNG EMLPAVELLS TOV KATAADTI OTNV EMIOPACT] TOV QOTOViMV 2) dapopéc 610 pubuod
TPOGPOPTONG — Ko peTEmerta oty 0&eidwon Tov Paedv 1 Kol tov vémv tunudtov tov (and
v o&eidwon tov [112,184,206] 3Biapopéc oty apykh tocotnte COD tov dtadlvpdtov
KO TNG OOLTOVUEVIG OTOLEOUETPIKA TTocOTNTOG TOL HoO07 Y1 kéOe Papn, Onmg avapépOnie
Nnon omv mapdypapo 4.3.2kxor 4) dtapopéc oty dopn) TV TPIOV Paedv, OTmG eniong NN

avapépnke oty 1610 Tapdypapo.

AvoQoptkd Kot HE TPELS Pagéc, 1 avopyovomoinon Tpoy®pd ToAD YPHyopo. HETH TV
onovpyia tov apyucod mhatd. Ailer va onuewwbel 6t1, 6T0 Ypovikd mepddplo pueTa&H Tov
TPMTOV KOl SEVTEPOV TAATO, T TAXVTNTO OVOPYOVOTTOINGNG EIVOL TAPOHOLOL KOL Y10l TIG TPELS
Bopés. Avtd mpokdmTEl GLYKpPIvOVTOG TIS KOTh néco 0po khicelg tov TOC/TOCOévavtt Tov
xpovov, oto 110 ypovikd mepBmpio. [poxertan ywo Tic kAioelg ioeg pe 0.36, 0.3%m 0.32,
%TOC peiowon/min, ywr tig Pagéc K4BL, K2RL kot CL2RL avtiotoiyms. Xto devtepo mhatd
KotaAnyouy €merta amd 240 min, 280 mirkar 380 minot Bagég KABL ko K2RL kot CL2RL
nmov mhavdg oeeideton gite 1) otnv edon TV TUNUATOV TV Paedv,mov dnovpynonkay
énerta omo o&gidwon Tewv Papdv, mov pmopel vo amotkodopodvial mold apyd gite 2) otnv
apyn KIWNTIKY TPpocpoenons, Kobdc m cuykévipwon tov ek g ofeldmong tmv Poemv
TPOEPYOLEVQ VEQ TUNHATO TOV BapdV givol TOAD YOUnA 1] 67 Vo GLVIVLOCUO AVTAOV TV dVO
AOyov. Omwodimote, Paiverot 6Tt 1 avopyavoroinon cuveyiletal, av Kot TOAD apyd, aKoun

Ko petd amd Tapodo ypovov 360 min.
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6.4 Xovpmepaoporto

Katd ™ ootokatodvtiky péBodo, 1 HEYIGTN 0TOS06T GMOXPOUATIGHOD GAAG Kot
avopyavoroinong, petad tov puwv tonov Baedv (Procion Hexl, Remazatow Drimarene)
ov g€etdotnkay, €EapTaTOl ONUAVTIKG amd TOV KOTOAANAO GUVGLAGUO TOV TOPAUETPOV
onwg: 1 moocotnta TiO,, 1M apyikn ovykévipwon g Poeng kot tov HyO, kot to pH.

Edwcotepa toviCovrat ta e&ng:

AT 10 mepopotikd anotedéopoto tov Bapdv PNH, Remazol red RR, Remazol red
RB, Remazol Yellow RR, Remazol Black B, K2Rdu1 CL2RL npokimter 611 0 péyiotog
Babuog amoypOUATIGHOD KOl 0VOPYOVOTOINGTG EMTVYYAVETOL e TOGOTNTA KOTAADTN TTOL
avépyetor ota 1000mg/L. Avtifeto pio emt mhéov avénon owtod dev EMUPEPEL ONUAVTIKY

S1opopd 6TV ardS00T| ATOYPOUATIGHOD KOl 0VOPYOVOTOiNoTG.

Mia Bértiotn anddoon Olwv tov Papav mov eEetdobnkav mapatnpeiton oe pH=3,
eV og 0VdETEPO Ko oAkolko mepidArov (PH=6 kor 9), peidvetar apketd n amnddoon
QTOYPOUATIGHOD KOl avopyavomoinong. Xvykekpyiéve, oe pH=3 kor og poéig 15 min

emépyetan oxeddv mApng amoypopaticpds (>90%)oe dheg Tig fapés.

Avtifeta 1 avopyavoroinen Tpoympd TOAD TO apyd Kot L PKPOTEPT omddoon on’
ot 0 amoypwpatiopdc (70-80%and 4 £wg 6 h).

H peiwon g apykng ocvykévipoong g Paeng, and 200 mg/L péypt 50 mglL,
eMPEPEL avENON NG aTOS00NG UTOYPOUATICHOD, EVED HETAED YAUMAOTEP®V GVYKEVIPDGE®DV
dev mapovc1alovTol SNUAVTIKEG O10POPES.

Avtifeta, pio avénon g apykng ovYKEVTIPOONG TG Paens Xl G OTOTEAESUO TN

peimon g ToxdTNTOG ATOYXPOUATICHOD aAAG Kot avopyavoroinong, Aoym e adénong tov
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aplOpov TV EVIIAUECOV EVDGEDY TV OPYIKDY HOpimV TN Bogng, TOV TPOKOLATOLY Amd TNV

GTASLOKT OVOPYOVOTOINGT TNG.

H dapopd dvokorog HETAED AmOypOUOTIGUOD KOl 0VOPYOVOTOiNong KATolov fapdv
wy. n Poen PCH anoypopatiCetar mo ypriyopa petald tov PNH, Remazol red RRo
Remazol Yellow RRamodideton mibovotota otn dopopetikny doun tng Paeng oAAd kot 6to

apywd COD1ov dtoddpatog g Pagenc.

H mpocbnikn pukprig mocdmtog HOp av&dver v amddoon g pebddov. Qotdco
EMIAEOV TOGOTNTO AVTIOPAGTNPIOL OEV EMPEPEL LEYOAN SLopOPd ATOS0GT ATOYPOUOTIGUOD
0AAG kot 6N peiwon tov TOC.

Ev avtiBéoetl mpoc v avénon g mtocdttog tov HoOo, pia otadiokn npochnkn tov
H;0; Bedtidvel aontd v TodTNTO ATOYXPOUATIGHOD KOl GVOPYavoToinong téco otnv

apyn 660 Kol 6To TEAOG TNG AvTidpaoTS.
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Kegpararo 7 Kwvntikn g [lpospognong kot Ilpocsdriopiopog tmv

Yra0epav Ipoopoenong Kot Avtiopaonc.

7.1 Ewoayom

Onwg Mon avaeépnke, 1 cLYKEVIP®ON Kol 1 oVoTAo TOV anoPfAitov mailovv
GNUOVTIKO POLO GTNV OTOTEAEGHOTIKOTNTO TNG HEOOSOV TN poTokatdAvong. H mpocpdenon
d¢ TV Padv, 6NV ETLPAVELD TOV KATAADVTY, 0moTeAel TPoHmdOeoT Y10 T POTOKATAAVTIKY
avopyovomoinon. Zvyypovag, kabopiotikol mapdyovieg ot SldIKOGI0 TG TPOGPOPNONG
arofaivouv  TocdTNTA TOL KOTAAVTN, To PH Tov drwAdpatog, n mpocbnkn tov HyO, cav

0&e1®TIKOD HEGOV KOl OVGLDV OGS S1POPOl NAEKTPOAVTES TOL TTPooTifevTor oto dtAvpa

™mg Pagric.
7.2 Mewpapotiké pépog
7.2.1 Tepapatiki dtodikocio

No Bopicovpe 611, 10 ddAvpa g Boeng poli pe tov katadvtn TiO,, ce popen
OLOPNAHOTOC, OPNVETO TPOG OTOKATACTACT TG 1GOPPOTING TOV GTO GKOTASL, LTO GLVEXT
avadevon kot dloyétevon o&uyovoy and Tov aépo, HECH KOTOAANANG ovTAOGC, Yo AyOTEPO

an6 1 h (30-45 min).
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7.2.2 Kwntua g Ipoopéonong

Ta popo g Boeng TPOoPOPOVVTOL VIOV GTNV EMUPAVELD TOV KATOADTN Kot OTL,
Katd v Tpocpdenot, AAUPAvEL Ydpo Lo 1I6oppoTio. LETAED TNG EXPAVELNG TOV KATOADTOV
Kot Tov popiov ¢ Paeng oto okotddl, mpwv v évapén TG aviidpacng Kot ovthy 1M

1ooppoTia TEPLYPAPETAL LECH TNG OVTIOPAONS TOAPAKATO:
TiO, + Goq <« (TiO)Ds (7-1)

Omov Ceqetvan 1 ovykévipmon g Pogng petd v weoppomio kar (TiO2)Ds 1 cvykévipaon
TV poplov ¢ Poeng oty EMEAVEWN TOV KOTOALTOL. ALt 1 1ooppomio. pmopel va
neprypaei pe v Pondeia Tov kivnTkov poviédov Langmuir-Hinshelwood [184,186dot 1
TocOTNTA TOV Hopimv TS Paenc Tov TPOGPOPATAL OVE YPUUUAPLO KATAADTOV SIVETOl HECH

TOVL pafnpaTikod TOToL

Nmax K adC.
n= max " ad“~eq (7_2)
1+K adCeq

OTOV, Nmax €lvar T0 TEMKO TPospoovpevo mocd kot Kag n otabepd mpospdenong katd tnv

wooppomia yuo v Baen. Avtiotpépovtag v e&icmon (7-2) ko modramraciaovtog pe Ceq

TaipvovuE !
C
S P S — (7-3)
n Nmax nmaxKad

I' avtd, amewovitovtog Cedn mpog Ceq 0o Tpémer va hapPdverar o evbeia ypoppn ek g
omoiog vo. umopel vo vToAoyie0el T0 Nmax kot M Kag .

O pubpdG amOYPOUATIGHOD GTA TOAD TPAOTO 6TAdSI TG AVTIdpAoNS UTOopEl AOYIKA VoL
vrotelel 0Tt glvan Gpeco avaloyog TG EMPAVELNG TOV KOAVTTETOL OO TNV TPOGPOPOVUEVT
o).
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dc
r=-——=k@ 7-4
p D (7-4)

Omov 1 koAvnTopEevn empavela divetot amd :

o= KadCp (7-5)
1+ Ku4Cp

ovvdvalovtog Tig e€lohoelg (7-4) ko (7-5) kar olokAnpdvovtag and to ypovo 0 péyxpt v

Xpovikn otiyun t, Taipvovps :

1 In C:DO

t=
kKag  ©Cp

+§(CDO —Cp) (7-6)

omov Cpo glvan n ovykévipoon g Boaeng oto didAvpa og ypovo t=0. T apord dreAduarta o
de0tepog Opog amd v e&iowon (7-6) eivar pkpdg GUYKPIVOLEVOS MG TPOG TOV TPAOTO OPO KoL

¢ €K ToVTOL pUmopet va OewpnOel apeAntéog Kot vo wapaineoet:

C
|nC—'E° = KK gqt = Kapt (7-7)

omov and v anewdvion IN(Cpo/Cp) mpog t otar apycd otddia g avtidpacng, Kap eivor

Qowvopevn otafepd e YeNdo-TpdTNG TAENS OVTIOPOIOTG TTOV LETPATOL.
7.3 Amoteiéoporta Kol cvlnTnon

7.3.1 Toayvtnro AToYpOUATICROD

7311 Emiopaon ané to pH

¢ TIpocpoonon g pagrig Procion Navy Hexl (PNH)

210 TEWPALOTO TOV TEPLYPAPOVTAL TAPAKATO GAVNKE OTL 1 TN Tov PH Tov S pLaTOC

€xel TOAO peydAn emidpaon, enedn KAT® amd cvykekpévn Tiu tov PH, aAldlelt n poption
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TOV COUATIOIOV TOL KATOADTN KOl MG €K TOVTOL WETOPAAAETOL TO GNUEIO 1GOPPOTIOG TG
npocpdenong. To oyfpa 6-5 deiyver Tnv anewdévnon Cedn mpog Ceqyia v Paen PNH ko o
Suopo pe pH 3, 6kan 9. H ot00epd Kag kabopiletan péom g e&iowong 7-3 kot divetor otov
nivaka 7-1 ko og pH 3, 6kxor 9. H powvopevn otabepd g weddo-ntpodtg tdéng avtidpaong
Kap, OV vOAoYileTton amd TV apykh KAion g ToyvTTag amoypopaticnov, eéicwon 7-7,

anewkovieton padi pe v K, mov vroloyileton eniong amd v e€icwon 7-7.

30000 -
25000 - A pH=3
® pH=6
20000 - . pheo
Q
5
2 15000 |
<
o
10000 |
5000 | /
0 ‘ ‘ : : - ‘ ; ; ; ‘
0 10 20 30 40 50 60 70 80 ) 100

Ceq (Mg/L)

Zympa 7-1. KAion tov Cegnmpog Ceqyra tnv Paen PNH ce dtapopetikég Tipég tov pH ko yuo

Co,pn=50, 75kan 100 mg/L (G’iogzlg/L)

Ytov mivaxo 7-1 pmopel va mpocéetl kavelg 6tL | otabepd Tpocpdenong n omoio oTNV
emkparovoa 1ooppomio eivar 0.50 o pH 3, peidverarl amdtopa og oyeddv ovdétepo pH (=6)
010 0.16 Kk petd oe pH (=9) pewdveronr ehappdg oto 0.12. Avti n peydin T g otabepdc
TPoopOPNONG, 6€ GEWVES GUVONKES, OPEIAETOL GTNV OPVNTIKN OPTION TG Papng, N omoin ©g ek
TOVTOV EAKETOL TTPOG TNV EMPAVELD TOV KOTAADTOL Tov givor OeTikd Qoptiopuévn oe O&veg

ovvOnkeg [172,183].

192

Institutional Repository - Library & Information Centre - University of Thessaly
12/12/2025 12:09:24 EET - 18.97.14.89



pH kap (min™) K ag (L/mg) k=K ap/K ag(Mg/L-min)

3 0.14 0.50 0.28
6 0,039 0.16 0.24
9 0,040 0.12 0.33

Mivakog 7-10t otabepéc mpoopdenong (Kaq) xar avtidpaong (K), ue poptio katodd ico pe

1000 mg/Lkat og drapopetikés Tnés Tov PH Tov drwddpatog g Paeng PNH (G = 75 mg/L).

H téon oty otabepd Kag pe 10 pH, T00 @aivovtar otov mivako 7-1, coppovel pe
Biproypapio [172]. H @owvouevn otabepd apykod puiuod anoypopotiopod tng oviidpoong
Kap, 0e petaPddrietor emiong wovomomtikd HéGH oTNV £€KTAON TOV TdV Ttov PH mov
peiemnOnkov. Ot Tyég etvan 0.14, 0.03%o 0.400¢ pH = 3, 6xot 9 avtictorya. TeAwkd, 1
otafepd apykod pupov anoypwpaticpod mg avtidpaong K (k=kay/Kad mpdta peidveron kot
petd av&avetal, kabmg perdvetoanr to pH. O Tyég eivon 0.28, 0.25com 0.33 6e pH 3,6 ko 9
avtiotoyo. Avtd GAAMOTE GUUPOVEL HE TNV CLUTEPIPOPH GAA®V OVIOVIKOV Bapdv Tov

amoKodopovvTol pécw eotokatdivong [172].

7.3.1.2 Emiopaon ano to HyO,

¢ TIpocpoonon g pagiig Procion Navy Hexl (PNH)

Kotd ™ Sldpkeln mepapdtov oarokatdotaons wooppomiog Ppédnke 61t 10 HO:
ennpedlet ) Swdikaoio aroppoenons s Paeng. H npospdonon g Paeng petdverat, Kaddg
av&dvetor n ovykévipmon tov HyOo.

To oyquo 7-2 deiyvel mdg petafdriloviar ot otabepés Kap N (MY mpocpogolpevn
nocotnta Paeng/mg TiOy), tie kar 0 dekdrentog eni To1g ekatd (10 min %)amoypouatiopnog
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pe v tpocstnkn mocodtntag HoO2 6to didivpa. To 1066 Tpocpo@odievng mocoTNTog Papnc,
n, peudvetor apytkd apyd pe v avénon g ovykévipoong tov HxO» and 0.047 (HO,=0
mg/L) oto 0.041 (HO,=100 mg/L)xot petd amodtopa oto 0.018 (HO,=10000 mg/L). Avtd
€xel oav amotéheopa T pelwon g otabepdg TPospOENoNS KOTA TN SIUPKEWN TNG LGOPPOTIOS.
H gawdpevn otobepd kotd tnv Evopén g avtidpoaong, kap, kot o ypovog muicsag (omMg
oyetiCovrar avtiotpoPmg ovdroya. O xpdvog nuicelog CoNg apyikd LEIOVETOL ATOTOA LE TV
avénon g ovykévipwong tov HyO, (uéypr Hx0,=10 mg/L), xatdémv mo apyd, yo
ovykéviooelg 1000-3000 mg/L BO,. Metd avédvetar €€ artiog TOV POVOUEVOL GEGHEVONG
TV glebBepwv prdv Tov VIPo&LAiov amd to HoOz. H amoteleopatikdTnTo anoyp®UATIGHLOD
&vtog dekorémTov 10 min %,deiyvel apykd o arxdtopn avénon and 71.5% (HO,=0 mg/L)
010 85% (HO,=10 mg/L)kat petd avEavetar mo apyd péypt to 100% (HO,=5000 mg/L).Xe
ovykévipoon Hz0,=10000 mg/L,ueidvetor oto 98.3%¢E artiog Tov @avopévon dEcHELoNG

TV ehevbepmv prlov Tov vopo&uiiov amd to HoO,.

6 .- 100
4 —0—t1/2(eq) .- .
—a—k*10 e
1 —o- n*100 .- 95
5 1 - ¢- Dec % (10min) -
o= —=._. ;\5
“a | 0
£ 8 4 Q
AN =
=& 8 2
3 | =
£ = (@]
=2 3] %
=] mg8 O
cC
] ‘ c
2] 3
1 o 75
1 T T T — T T T —————+ 70
0,007 0,001 0,01 0,1 1
H,0, (%w/w)

Yynpo 7-2. Enidpaocn g tpoctikng tov H202omv UVA/TIO2/H202 nébodo oe oyéon pe

drapopetikovg mapopérpoug (K, n, t1/2,amoyp. %) (pH=3, CO,PNH=75 mg/L, TiO2=1 g/L)
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¢ TIpocpoonon g pagprig Remazol Red-RR (Red-RR)

Xtov mivaka 7-2 mapatifetor, and mponyoduevn eEétacn, N emidpaons TS aPYIKNG
ovykévipoong tov HOp (Conzol) omv mpoopoégnon g Poaeng o€ Sapopetiés
oVYkeVIPAOELS TG Copuen. Ta dedopéva avtod tov mivake amokeAdmTovy OTL, 68 dedopévn
oLYKkEVTPON Copogr, N TPOSPOGN O TNG Papng pewdvetat, kKabmg 1 CoHao2YEVIKA avEaveTar
péxpt mocdtag 10000 my/L.Emopévag, og dedopévn ovykévipoon Copzoa 1 TpOGpOPNON

g Bageng avéavetat, 0tav Copeey cwEGveTar péxpt 100 mg/L.

Co 1202 Mg/L) Copagig(Mg/L) n (mg Bagrg/g TiOZ)

50 45.5

0 75 58.8

100 75.6

50 39,9

1000 75 53.7

100 69.5

50 334

10000 75 42.7
100 63.3

IMivoxog 7-2. Enidpacn tov CO,H2026tnv npoopdenon tng Paerc RR-RR (n)oe

dwapopeticég ouykevipmoelg COPapr (CTiO2=1 g/L, pH=3).

H enidpoaon tng npocdikng tov HO2 otnv npoopdenon g Paeng RR-RR (n),otn
pawopevy mphtng 1% taEng  otofepd  avtidpaong (kap ot otmv mocootioia
AMOTEAECUATIKOTNTO, ommoypopaticpov (%) og ypovo ékbeong otnv UV axtwvoPoria 12 min,

TapovctaleTol oTov mivaka 7-3.
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Conz02mg/L) 0 1000 (613232(&) 4000 5000 10000
n(mg Bagiic/g TiO,) | 58.8|  53.7 46.7 43 421 42.7
Kap *10% (min™) 5.2 13.3 26.9 20,2 25.4 38.3
A’“’X"‘gz;"‘“”"’g 87.2| 89 99.4 96 97.9 98.9

Iivaxog 7-3. Enidpacn g CO,H20261tnv npoopognon g Baenc RR-RR (n),otnv kapxat
AmOTEAEGHATIKOTNTO 0oy pOUATIGHOV (%) ot xpovo t = 12 min,ue v UVA/TIO2/H202

uéhodo (CTiO2=1 g/L, COBaugric=75 mg/L, pH=3).

Amd tov mivako 7-3, cuvayetat 61t 1 Kap av&avetat, kobmg 1 Co ooz avéaveton amd 0
oto. 10000 mg/L.H taydtmto ko 1 omddoon amoypouaticpod avédvoviar eniong, Otav
av&avetar 1 ovykévipoon Conzoz amd 0 ota 5000 mg/L.TIpéner va onuewwdei ot1 yio
ovykévrpawon Copzoz= 5000 mg/L,emttuyydvetar 10 £vag oxeddv mANPNG AmoYPOUATIGHOG
(97.9%),pé00 o€ xpdvo kbeong otnv aktivoPforio poiig 12 min. Avti n oeéhun enidpacn
™™g mpootnkng tov HxO,, B pmopovoe vo amodobel 6tovg akdlovbovg Adyovs: kabdg M
Co,H202 av&avetor péypt tov BéATioToV emmédov, avEdvetar eniong n mapoyoyn *OH péow

tov eElohoswv (6-1)-(6-3).

Emndéov, va onpelndei 6t1 oty tepintmon g oTtadlakng Tpocnkng mocodtntag iong
pe 5000 mg/L HO,, to &widdvpe g Papng RR-RR ovykévipwong Copuerc=75 mMg/L

anoypopatiotnke ypryopdtepa (Ka=26.9 mint) kot meplocdepo amoteheopotikd (99.4%
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andd00N AMOYPOUATICUOD e XpOvo €kbeomng otnv aktwoforion 12 min) ev cuykpicel mpog

@a Srodpata pe Copao=4000 mg/L (20.2 min kon 96%avtictowyw).

Ao TV GAAN mhevpd, smmiéov avénon g ddong tov HOp (>5000 mg/L) dev
mpodyel oawoOntd v mopaywyn °*OH, kot kot emékTOoT TNV OMTOTEAECUOTIKOTNTO
ATOYPOUATICHOV, €€ outiag NG eMidpacng Tov eavouévov déopevong *OH, amd to HyO; (€.

6-1 éog 6-3), [115, 171,184,211].

Onwg dAlwote @aiveton amd tov mivake 7-3, 6tav 1 ovykévipworn Tov CoHzo2
avEavetonr uéypt 5000 mg/L, n mpoopdenon g Paeng (N) peidverar €€ artiog NG
AVTOYOVIGTIKNG dpdong Tpospdenong Twv popiov g Paehc (e&., 7-8) ue T OH yia Tig

SpOoTIKEG MAEVPEC TOV KATOADTY], GOUE®VA. LE TNV akoAovdn eicwon [115,171,208]:
Bagi + hp' = Bagn® (= npoidvia ofeidmong e Bognc) (7-8)
OH + k' = *OH (7-9)

Dduvokd, avtd aviiotaduilel oe pkpod Pabud v apoavapepbeica weEéun enidpaon
g avénong 1ov Co Hzo20T0V pLOUS amoypopaticpov. e docoroyio HO; >5000 mg/L dev
napoTnpnOnke mepartép® peiwon mpoopdenong g Paeng (N). To mo kdt® Pavopevo ™G
déopevong *OH amd 10 HoO; (€€., 7-10£mg 7-12), pmopei vo evBdveton yio ) peioon g
noapoyomyig twv OH™ péom g avtidpaong (6-1), kot o¢ ek TovTOL KAl Y10, TNV AOENCN TV

SoBéc1mV EVEPYMV TAELPAOV TOV KATAADTY, TOV SIEVKOADVOLV TNV TPOCGPOPNON TOV HopimV

mg Pagng.

H,0; + 2hy" = Op+ 2H (7-10)
H,0, + OH - H,0+ «OOH (7-11)
*OOH + *OH > H,0 + O, (7-12)
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O mivakag 7-4 cvvoyilel Tic TG Y T @ouvopevn kvntiky otadepdc mphng 1%
16ENg (Kap), ™ otabepd mpocpoenong petd and e&icoppdmnon g Pagpng, Tov aviioToyel
omv Copaey OV Kvpaivetanr and 50-100 mg/Ltng Paeric RR-RR, kou ) otabepd g
avtidpaong (K), mov Aaufdvovtar amd TPOGOPUOY TV TEPOUOTIKOV OeS0UEVMDV UE TIG
e&lomoelg 7-3 ko 7-7, og doidpatog PH=3 ko o€ tpeig drapopetikég Co Hooz Agv umdpecav
opwg vo AneBovv tipég yo v Kag ko ovvendg yioo tv K og deddpote tov pH=6 kot 9
enedn 1o kvnTkd poviédo Langmuir-Hinshelwood g€, 7-3) advvatei vo mpocopudcel ta

TEPAOTIKG dedopéva, Onmg dAmote avaeépetal kot oty BifAtoypapio [115].

Copz02(mg/L) Kap(Min™) | Kaa(L/mg) k=K ap/K aa (Mg/L-min)
0 0.052 0.240 0.2
1000 0.133 0.053 2.5
10000 0.383 0.019 20.5

Mivakog 7-4. Ztabepéc Tov povtélov kvntikng (L-H) xatd v avtidpacn amoypopaticpon

¢ Paeng RR-RR (CTiO2=1g/L, CBuenc=75 mg/L, pH=3)

An’ autév tov mivako, mpokdmTel 0Tt M Kap ov&dvetor Spootikd av&dvoviag Tnv
CoH20z Omg NON avapépdnke. Ev tovtolg, otav eAnebn vrdyn n enidpoaon g Kag ko
vroloylonke M €yyevig otafepd amoypoUOTIGHOY, 1 enidpacn eKONADONKE evtovotepa.
v poypotikomo, 1 otafepd e gyyevong otabepds av&dvetor taveo arnd 100 gopég

nep1ocoteEPO KaOms avéavetor n Co aoz0md O péypt 10000 mgl/L.

¢ TIpocpoonon paedv tomov Drimarene
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Amé 1ig apykég Khioelg Tov IN(CefCp) Evavtt Tov ypdvov pmopei va Anebei n Kap
(eélowon 7-7). Amd ) ypogki omekovion tov Cegn évavtt  Ceq (€., 7-3) pmopel va
KaBopIGTOVY 01 TOPAUETPOL Nmay Kol Kag  Zvvemdg omd 116 Tipég Tov Kap kot Kag umopet va
kabopiotel xon 1 otabepd g avtidpaong K (e€., 7-7). O ypogucég anekovicelg Tmv Cegn
gvavtt Ceq mov eA@ncoy y1a Co=50, 100k 150 mg/Lfcav Oreg ypoppukés Kot yio Tig
Tpeis Pagéc. O Tipég mov Bpébniay 1o 116 Kag, Kapkar K paivovrar otov wivaxo 7-5. Eniong,
o mivakag 7-6 deiyvel nv mocdtnTa N NG Bagrc mov tpocpopdtar (M Pagpric/g TiOy) kot yia

TG Tpelg Pagég ko emiong og ovykevipaoelg HoO, iogg pe 0, 1000 and 10000 mg/L.

Amo tov mivaka 7-5 gival povepod 011, 1 Kgg e€aptdtal 1oxvpmdg amd Ty cuyKEVTP®ON
tov HyOZ ko M T g omoiag petdvetan dpaoctikd, kKabdg avEAVETOL 1) GUYKEVTPOOT] TOV
H;0,. Kot avtd deiyver va givar o yevikni tdon ko yio tig tpelg Poeés. Kabbg n
ovykévipoon tov HyO, av&dvetor amd 0 mg/L ota 10000 mg/Lm Kag pewdveton katd Evo
ovvtereot) 56, 55«0t 20 ya tig Pagéc KABL, CL2RL kot K2RL avtictoiymg. Kabmg n
ovykévrpoon tov HOr av&avetar amd 0 mg/L péyxpt ta 10000 mg/Ly @awvdpevn otabepd
avtidpaong, Kap mapapével otabepn yia ) Paen) KABL, evéd avavetar katd £va cuvTeAeoTh
3.5 kar 2 yw 116 Pagég CL2RL ko K2RL avtiotoiymg. Avth 1 omdToun Hei®orn TG TIUNG
™G Kag oV petpnOnke, kobmg 1 ovykévipwon tov HO, avédvetal, odnyel eniong o pia
andtoun peiwon tov TPospoPoduevoy mocov N g Paeng (Mg Paeng/gr tov TiOy), mhive
otV empavewn. Tov KotaAvtn (tivakag 7-6). H peiwon g tywng g Kag opeiletar oty
npocpdenomn tov HyO,, 1o omoio avtaywviletan pe ta popa g Paeng yo v drobéoiun
GogwL evepyn EMPAVELD TOL KATOAVTN. AvTd TO TeEAevTaio Qavouevo ameikoviletan, emiong,

¢ yeVIKN tdon otov mivaka 7-6 kot ya g Tpelg fagés. Ev tovtoig, avti n peiwon tov Tocov
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OV TPOCPOPATAL GTNV EMPAVELD TOVL KOTOADTH, £va omopaitnTo PALo Yoo TNV HETENELTO
avtidpaon-amoypopaticpol, Kabmg m ovykévipoon H2Oz av&dveror, avtiotabpileton
TMpOG péow NG amodtopng avéneng tng eyyevovg otabepdg avtidpaong K. H eyyevig
otafepd avtidpaong K, kabbg 1 ocvykévipwon tov HzO;, av&dvetar and 0 mg/L ota 10000
mg/L, avEaveton katd £ve cuvteleot 233, 21k 301 Tig Bagéc KABL, CL2RL kot K2RL
avtiotoiywg (mivakag 7-5). To @avdpevo ekdNAGVETOL TEPIGGOTEPO HE TNV oOENOT TNG
ovykévipoong tov HyO, and 0% ota 1000 mg/L. Avti 1 amotoun odénon g £yyevoig
otafepdg k g avridpaong anoypopaticpot, opsiletar oto poro mov mailer o HoO2 ot0
GUVOMKO UNYOVIoUO avTidpaong, mov gival va TPodyeL TNV mapaymyn tov e edbepav pridv
oV VOPOEVAIOL pES® TV avTdpdoemv 6-1 £wg 6-3, dnwg O cuintbnke oV TAPAYPOPO

6.3.1.3.

K4BL CL2RL K2RL

HZOZ mg/l— Nmax Kad kap k Mmax Kad kap k Mmax Kad kap k

0 0.031| 11.23| 0.18 | 0.02| 0.053 0.22| 0.04| 0.19 0.0600.40| 0.03| 0.09

1000 0.028 0.18 | 0.33| 2.13 0.05R0.10| 0.07| 0.69 0.0590.10| 0.15| 1.13

10000 0.027 0.02 | 0.18/ 4.67] 0.0340.04| 0.14| 3.90 0.0400.02| 0.06| 2.73

Iivakag 7-5. Keq, kapxot kK mov mpocdiopiotnkoy Kotd ToV anoypopoticnd tmv Bapdv

K4BL, K2RL kot CL2RL 6¢ cuykevipmoeig H2021{ceg pe 0, 1000kot 10000 mg/L.
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Iiva K4BL mg/g TiO, CL2RL mg/g TiO, K2RL mglg TiO
Kag

Homgl\cmgil| 50 | 100 | 150| 50| 100 150 50| 100
7-6.
q 0 449 | 29.7| 319/ 397 531 469 467 53.8
1066 1000 226| 25.9| 26.6 329 432 47/3 339 486
mra 10000 156| 20.8 228 183 254 28/0 166 25.4
mg

Bagng n (mgPaeng/g of TiO2)rov kabopiotnke yia tig Pagés K4BL, K2RL kot CL2RL y

ovykevipooelg H202iogg pe 0, 1000kot 10000 mg/L.

7.3.1.3 Emopacn amo Ty apyiKy cOYKEVIPOGH

¢ TIpocpoonon paedv tomov Remazol

H enidpaon g apywnc cvykévipmong g Pagpris RR-RR (Gpogr), 0Tn gpovikn
petoPor g Poeng Cpupi/Copagy kot ommv mpoopdenon g Paghic (n), péoow g
pwtokataAvTikng uebodov (UVA/TIO,) mapovoidletar oto oyfua 7-3 kot otov wivaka 7-4

OVTIOTOLY ™G,
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Yynuo 7-3. Enidpaon g Co, Rr-RROTNV ToOTNTO 00y pOUaTIoHOD pe TNV UVA/TIOZ uébodo
(CTiozzlg/L, pH:3)

Amd to oynua 7-3, etvar Tpo@avég 0TI 1 anddooN TOV ATOXPOUATIGHOD avEdveTar pe
v peioon g apyikng ocvykévipwong ord 250 ota 100 mg/L.Avtd pmopel va gpunvevtel
HEC® TOVL YEYOVOTOG OTL, VYNAOTEPEG OPYIKEG OULYKEVIPMGELS ov&dvouvy HAAAOV TNV
nocooTtinia anoppdenon potoviov g UV aktivoPforiog amd ta popa g Bagng, mapd axd
TO COUOTIOW TOV KATOADTY], KaTaAnyovtag o€ peiwon tng anddoong tov [211,212,213,214].
Eniong, ot evdilpeoss €vOELG, TUALOTO TOL OPYIKOL popiov 7Tov oynpotilovioar ota
EVILAUESH OTASIN TG POTOKATAAVTIKAG HeBOO0V, TOOVOV avtaymvilovTol pe To apyikd popio

™G PBoaeng ya Tig drabéoyues evepyég mhevpég cmpatidiov tov TiO, [171,172, 215,216].

To apykn ovykévipmon g Paeng youniotepng tov 150 mg/L, ta mepioodTepa
puoplo g Paeng Exovv 11N TPospoPnel GTNV ETPAVELD TOV KOTOADTN TPV TNV EkOEGN TOVG

6TV OKTWOPOAiD, OTOTE 1 OMOTEAECUOTIKOTNTO OTOYPOUATICUOD TOV Popdv 6~ €va
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kabopiopévo xpovo emPoAng g axtvoPoriog, O SOPEPEL GNUAVTIKG O OYEOM UE TIC

APYUKEG CLYKEVIPMOELS TOV, OUECHS TPV TNV €kbeomn otnv aktivoPoria.

7.3.1.4 Xvykpion otalbepiv uetald orapopetikayv fapdv cvvaptijon tov PH kot Tov

H,0;

+ TIpocpoonon paedv Tomov Remazolker Procion Hexl

H emidpaomn tov daAduatog pH o610 pubud amoypmUoTIGHoD Kol GTHV TOC0oTINi0
anddoon 1ov anoypopotiopnod (%) kot yio T téccapeg Popés mov e€etdodnkay pécw g
ootokataAvtikng pefodov (UVa/TiO/H0,), mapovoidoviar oto oynpote 7-4 ko 7-5

avtiotoyd.

Y10 oynuo 7-4, diepeuvaton n HEION 6T CLYKEVIP®GT OAMV TOV TEGGHP®V Popmdv
aveEapéTmg, TPV Kot PETE TNV 1o0ppomio TG Papnc, cov Guvaptnon Tov Ypovov Ekbeong
omnv axtwvoPoria, og tpeig Tuég tov pH (3, 6 and 9)H npocpoéenon Kol TOV TEGCAPOY
Boapdv oty empdavelo. tov katadvtn, TiOz, péxpt v Kotdotaon ooppomiog g Paengs,
guvoeiton oe PH=3, evdd mapovoidletar oA acbevéstepn ce ovdéTepo Ko aAkoAkd pPH.
Avtd o@eiletar otV apvnTIK QOOPTION TOV HOPI®V TOV Pa@dV, VO 1 ETPAVEL TOL
KataADTN gival eopticpévn Oetikd oe 6&wvo TePIPAAAOV KOl TO OMUEID TOV PUNSEVIKOD TOV

eoptiov givar og pH=6.8 [215,216].
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Synpa 7-4.Exidpoon tov pH oy taydtto omoypopaticpod Te66apmv Popadv Ton
egetaotnkav pe v UVa/TiO2/H20; 1€00d0 (Crio2=19/L, Gopaenc=75mg/L, G H207~1000
mg/L).

100 -
90
80
70
60
50

40

% AMOXPQMATIZIMOZ

30
20

10

M Remazol Red RR

ORemazol Yellow RR

Procion Crimson H-exl|

B Procion Yellow H-exl

Tynuo. 7-5. Anotelecpatikdtnta. amoypopaticpov (%) omd tig Pagpic mov ansikoviloviol og

t=15 minkat pH=3, 6, Quécw g UVa/TiO/H,0; nebddov (Crioa=19/L, Copagic=75mgl/L,

CQ’HZOZ:].OOO mg/L).
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Am6 To oyfuata 7-4 kol 7-5, eivor pavepo 61t o pH=3 pmopel va eméAer Evag oyeddv
TApng amoypopaticpds (>90%) ¢” dheg g Papéc oe povo 15 min. Tepiépyme, avtd
ovpuPaivel emiong oty mepimtwon g Pagrg PCH oe pH=6. Evd n toydtta
OTOYPOUATIGHOD KO Yo TS Téooapes Papés mowilel o€ PH=6, and 10 oynua 7-4, paiveton
0Tl 0 AmOYPOUOTIGUOS o’ OAeG TG Paéc eivon ToAd apydc oe pH=9. TIpdyuartt, pe ypoviky
dapxeto, avtidpoaong 30 mince pH=9, o1 amod06Eg OTOYPOUATICHOD TV BopdV TotKilovy
amd éva eldyloto mocootd anddoong mepinov 15%c” éva péyioto poig 30%. Avtd mbovov
opeidetar oTov TOAD apyd pLOUS TPOGPOHPNONG TOV UPVNTIKA QOPTICUEVOV COUATIOIMV TOV
Baedv, oV apynTikd EOpTIoUEVT EMPAVELN TOL KotaAvtn o PH=9. H mpoopoenon kot 1
SpOCTIKOTNTO  OTOYPOUATIONOL pmopel emiong vo emnpedlovior amd TIG SPOPETIKES
AEITOVPYIKES OAAGL KO XPOUOQOPES OUddes Tov dtabétovy ta popla TV Papdv HeTagd Tov.
Evdiapépov mapovstdlel 1 obykpion tov KAicewv 6to oyfuo 7-4. Ot khicelg eivor péAiov
vynAég oe pH=3 y1o 6Aeg Tic Paég (mepimov AC/Co-At = 3.1),evd oe pH=6 10 T1¢ Papég
PY-RR xot PYH, ot omoieg eniong amoypoupatiCovrar ypriiyopa oe pH=6, ot kAicelg eivon
emiong apketd vyniég (mepinov3.4). Xe pH =6y v Bagry PCH, n kAion g xopmding
AmOYPOUATICHOV givar eEonpetikd vynAR (Tepimov 6.2).Xe pH=9, 01 KAicelg 0o TIg KOUTOAES

ATOYPOUATICUOD, 0T OAES TG PapEg sivar moAD pikpég (mepimov 0.8).
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Synpo 7-6.H enidpacn tov pH oty anoteheopotikdTnTo amoypopoticpov g paeng RR-
RR t=15 minpe v UVa/TiO2/H20, pébodo oe drapopeticés Co Ha02 (Copugric=75MA/L,
Crioz=1g/L).

To oynua 7-6 deiyvel v emidpaon tov PH tov S10ADUATOC GTNV OTOTEAEGUOTIKOTITO
amoypouaticpod g Paeng RR-RR péom g eotokatolvtikng pnebddov 6€ d0pOopETIKEG
TéG Comzoz Mepapatikd dedopéva amd 10 oynpa 7-6 deiyvouv 0Tl N ATOTEAESUOTIKOTITO
anoypopaticpod g papng RR-RRoe pH=3&ivar moAd vynin (>88%)kar avEdvetat, kabmg
av&avetar 1 Co 20z Katoryovtag 6” éva oxeddv TAnpn anoyxpopotiopd (99.4%)oce polig 15
min kot Co 0= 10000 mg/L.Ze pH=6 ko1 9 gv toUTOIG, OWTH 1 TAON AVTICTPEPETAL, M|
OTOTEAECUOATIKOTITO,  OTOYPOUATIONOD UELDVETOL, KaODG 1 apyk ovykévipoon HO-
av&dvetol. Avtd to amoteléopato opgilovtarl TOavov 6to yeyovog Ott, and pH=3 éwg 6, To
Betikd poptio Tov katodvtn (onueio pundevikov poptiov oe PH=6.8) peidvetal Kot cUVETHG
emiong peudvovtal, ot gAktikég duvapelg Coulombpeta&d g apvntikd eopticpévig Baemng
Kot NG OeTkd POPTIoUEVNG EMPAVELNS TOV KOTOAVTY. Xg& aAKoAKO dpwg PH 1 katdotaon

AVTIOTPEPETAL Kl avorrToooetal pia anwotiky dvvaun Coulombueta&d g apvntkd niéov
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POPTIGUEVTS EMLPAVELNG TOV KOTOAVTY Kol TNG €mioNng opvnTIKG QopTiopuévng Poeng. Avtd
enoAnOevetan ToloTkd and ta dedopéva Tov mivaka 7-7 mov axoiovdel, o omoiog delyvel Tnv
enidpaon tov pH oy npocpdenon (N) g Paens RR-RRee dtopopeticég Copugi- [Ipdypart,

1N TPOGPOPNON TNG POENG LEIDVETAL ATOTOU e TNV abENGM Tov PH.

n (mg paenc/g TiO,)
Copagic (MY/L)
pH=3 pH=6 pH=9
50 455 34 1.7
75 58.8 14.7 0.2
100 75.6 20.3 0.2

IMivaxag 7-7.H enidpaon tov pH otnv mpocpdenon g Paenc RR-RRoe dapopetiny

ovykévtpoon COPapng ko (CTiO2=1g/L)

Emmpocbétmg, Aappavovtag vadyn 6tt oe vynid pH dodvpotog ot *OH deopgbovran
aotpamaic, 6tav Co 2oz 00EGveTon[184,211],t0 powvopevo déopgvong o PH=9 Ba énpeme va

moilel kaboploTikd poAo pe TEMKO amoTélecpa pio peiowon twv *OH.

7.4 Xopmepaopato

YOupva e ta Tepapata Tov dieénydncav Tapotmpndnkay to e€ng:

O amoypopatiopds oe pH =3 av&dvetar, mpocbétoviag HoOo, dnmg yio mapddetypno
v ™ Bagr Remazol Red RIRe apyikn ovykévipmon H20,=5000 mg/Lptaver to 97,9%ce
podg 12 min. Qotéco yioo mocdmra HyOp mépav tov 5000 mg/L, dev mapatnpeiton

a&loonpeimtn avénon Tov aroyPOUOTIGHOD.
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H npoodnkn HzO; peidvel tov apbpd n (Mgrpoopopoduevng ntocotntog fagrc/mg
TiOy), xabmg 1 cvykévipmon tov HaO, av&avetat. Avtd cuverndyeton o peiowon g Kagmg
Bagnig. Qotdco 1 Kap kan 0 tyz oxetioviar avtiotpdpug aviroya. O ti apyikd petdvetot
amotopa pe TV avénon g apyikng ovykévipmong tov HyOp, petd mo apyd, evo
KaTaypaeeTol eniong to onpeio g elayiomg duvathg HEIONG owTov, Y10 GLYKEVTP®OOT)
H20; nepinov Co, Hz202 =1000-3000 mg/LO anoypouatiopds, 610 6TEVO XPOVIKO TEPIBdPLO
tov 10 min,deiyver apykd o andtoun avénomn amd 71,5% (@, H202=0 mg/L)oto 85% (G,
H202 =10 mg/L) ko petd avédvetar mo apyd péxpt to 100% G, ooz =5000 mg/L).Twa Co,
H202 =10000 mg/L peudvetar oto 98,3%eartiog Tov eawvopévon déopgvong tav eredBepmv

padv tov vrepoediov OH' and to HO,.

H xwntikn pekétn avédeie péow tov kivntikod poviélov Lagmuir-Hinshelwoodt
N TPOopOPN N TOV PoP®V, TAVEO GTNV EMPAVELY TOV KOTOADTY], KOl 1] TOPAy®YT EAEVOEPOV
pilav OH', eppavifovtor g kaboptotikoi Tapdyovies yioo Ty ToOTNTO OTOYPOUATICLOV.
Suykekpéva 1 TPospoenon AV Tev Bapdv, aveEapttmg, uvogital oe PH doidpatog 3,
evd yevikad mopovotdlovv avtifetn cvpmepipopd oty anddoon oe PH dodvpotog 6 Kot
kopiog 9. Qotéco, ¢ avtég Tig Twég Tov PH, 10 KIVNTIKG poviédo tov Langmuir-

Hinshelwoodarotuyydvel va cvoyeticet ta mepapoaticd dedopéva.
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Kepdlaro 8 Luykprtikn) Merétn Avopyoavomoinong pagov kot

Emppon Ahatov

8.1 Xuykprrui Megrétny Avopyovoroinong fapav
8.1.1 Tayvtnre ATOYPOUATICROD

8.1.1.1 Taybtyra arnoypwuaticuot ths Baprns Procion Navy Hexl (PNH)

To oynuo 8-1 mpoPdiier wo. ovykpion tov pebddov Fenton-like kot Fenton.Xto
TEPALATO, Ol GUYKEVIPADOELS TMOV 1OVIMV Fe* xau FE* OT®G Kal 01 Hoplokoi Adyot, H,O,/Fe
kot HaOo/FE?* givan ot {8101 ko icot pe 24. H apywn ovykévipoon s Paeng PNH givor n
O 6" Oha to wEpdpata (=200 mg/L). And 1o oyfua 8-1, eivar povepd OtL 1 ¥pron TOV
avtidpactnpiov Fentonsivar mepiocdtepo amodotikn an’ 6t 1 avtictoyn g Fenton-like.
Avtd ogeiletan otnv oepd Tov avidpdoewv (2-43) fmg (2-49). H yprion tng avtidpaong
Fenton-like omawtei emmpocbeta PrAuato, Omwg Tic ovidpdoelg (2-45) ko (2-46),
TPOKELUEVOD VO TOPAYEL 1OVTA Fe*, ta omoio katom nmpémel vo, avtidpacovv pe o HoOs yia
va mapdyovv erevBepeg pilec vdpo&uiiov. Mo dAAN TopaTpnon mov TpokvRTEL Elvan OTL,
evd o tip, oy mepimtwon tng avtidpaong Fenton-like diépyeton amd éva ehdyioto
Aapfovopévov voym tov pH, o avtictoryog ti g avtidpacng Fentonmapapéver ocdntd

YOUNAOG Kb 6Ao To g0pog Tov PH oL pPeheTnONKE.
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AvVoQopiKd HE TNV am0d0TIKOTNTO OTOYPOUOTICHOD, UETA OTO YPOVIKN OldpKeLd
avtidpaong 10 min,ot dHo péBodot TeTvyaivovy oxeddV id10 AmOTELEGUO ATOYPOUATIGHOD G
éva e0pog pH peta&y 3 ko 5. H avtidpaon Fentondiver kakvtepa amotedéopata oe PH ico
pe 2 ko vymAdtepo amd 5. Ze pH 3,1 anodotikdtnTa amoypopoticpov eivor 84%kat yo Tig
dvo puebodovg, evid oe pH 2, ivar 94% ko 100% 100 Tig Fentonkor Fenton-likeavtictovyo.
OMa owtd T0 amoteAéopoto Toptalovy pe GAAES HEAETEG TOV ovapEpovTol oty Piiloypapio

[153,167,168,217,218 ].

100 300
A
— . 250
80y 0 TR
I _
= - -® - Amoxp. (%)-Fe(ll) 200 é
E 60 { | —&— Amoxp. (%)-Fe(lll) et
< - & - t1/2-Fe(ll) =
5 —m—t1/2-Fe(lll) 150
S a0 1
8 . + 100
<
20 -
- 50
L Rt @ - mmmmmemmmmmmmmmmmm s A I I *
0 T 0
2 3 4 5 6 7

yfuo 8-1. oykpion tov FEZ/H,0; kot FE¥/H,0; o€ oxéon e ToV amoypopoTioud e
Bageng PNH og ypdvo avtidpaong 10 minkabmg kot otov typévavtt pH (Go,pny=200 mg/L,

Co,H205=1000 mg/L. (Ge=C re")

To oynuo 8-2 deiyver wo ovykpion tev uebddwv Fenton-likekor g UVe/Fenton-like
( Fentonlikeavtidpaon mov vrofdiietar oe UVe-aktivoPforia). Ta mepdpata £ywvav yio
Vo dwpopetikég cuykevipmoelg Tov FeCh, oe 200 ko 5000 mg/L foplakdg Adyog T@v
H20./Fe** = 24 and 1ovtictowo), oe otadepy ovykévipoon tov HyOsz kat cuykévIpmon g

Bapng PNH. Ao ) ypovikn amecdvion g amoppopnong, EEAYETOL TO GUUTEPACUA OTL GTO
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apyIKG oTddio TG ovTIdPAGNG, 1 TAYVTNTO ATOYPOUTIoN0D Yo Tig d0o pebodovg (Fenton-

like kou UVc/Fenton-like)sev dwapépet aicOnta.

3 -
—e— UV/Fenton-like (200 mg/L FeCI3)
25 | —— Fenton-like (200 mg/L FeCI3)
—&— UV/Fenton-like (5000 mg/L FeCI3)
— Fenton-like (5000 mg/L FeCI3)
T 2
W
I
o
g
2 15
(@]
C
<<
1 4
0,54
0 T T T T T T T T 1
0 100 200 300 400 500 600 700 800 900

t (sec)

Zynpa 8-2.Enidpaon g UV axtivoBoliag oto avtidpactiplo Fentonywa m Paer PNH

(Co,pNszoo mg/L, pH:7, @H202=1000 mg/L)

Ev tobtotg, kobmg 1 avtidpaon eelioogtor kol 1 TOXOTNTO OTOYPOUATIGHOD
uewdveton, oty mepintoon g UVc/Fenton-like avEdvetar 1 taydnto amoypouaticuo
onpavtkd. Ipogavmg, ot axdrovdeg avidpdoelg naipvouv pépog ouyxpdvms, suppdirovtag

oTNV AOENGCT TNG OTOSOTIKOTITAS OTOYPOUATICUOV:

[a] H Fenton-likeovtidpaon mapdyst elevbepeg pileg vépo&uiiov péow g e€icwong 2-45

™G avtidpaong,
[B] H pwtolvtikn pébodog mapdyel eevbepeg pileg vépo&uiiov péowm g avtidpaong:

H.O, +hve 20He
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[v] H eotoavaywyn tov vdéotikod dtaAdpatog Oviav 1piebevoids 61dnpov, Aappaver ydpo

GULLO®VA LLE TNV avTIdpao :
Fe* +hve Fef

Avti 1 avoropaymynq TovV 10VIov Fe* enovéavel My mapaymyn Tov ehevdépov pllodv tov

vdpo&uriov péom tng avtidpaong (2-43)

[8] H mopoayoyq ekevbépov pildv amd 1o evdidpeso mpoiov (FEOHT', coppova pe i

AVTIOPACEIS
Fe* +H,0 « (FEOH)" +H"
(FEOHY" +hv — F&*+ OHe

€ TopoyQ EVOLOLLEC®V EAELUEPOV PILOV T o £ TNV po E100 COUTTAOK®OV
[e] H mopaywym evoiap LevBépav piiav g Bagrng pe v Bond umiorov FE* R

(R =podpro Boeng) ta. omoia 0mroikodopobvot Todd o ypriyopo.:
Fe*-R"v— Fe" R + R

It apyikd otddio Tng avtidpacng, N avtidpaon [o] eivar ToOAD ypryopn, Ypnyopotepn
ar’ 0t o1 dAleg avtidpdoelc. Ev 1obtotg, kabdg 1 taydtnta omoypouaticod TEQTEL AmdOTOU0
e TOV YpOVO, M ovvdvaotikny cvuPorn tev aviwdpdcewv [B], [v], [8] ko [g] otov
AMOYPOUATIOHO NG Poeng, mponyeitar g avtidpaong o Kot ov&avel v TayvTnTe

ATOYPOUATICHOV, OT®G GAAmoTE &gl avapepbei otnv Pifioypaein[16,217,219,220].

To oynua 8-3 deiyver v enidpaon tng apykng ovykévipmong g Paeng PNH, otov
t1/2 KoL GTOV OMOYPOUATIGHO, £nEtta oo ¥povo avtidpacng 10 min ot 600 peboddovg mov
e€etdobnke (v QOTOYMWIKY KOU TNV QOTOKOTUALTIKY). AVOQOPIKG HE TIG TOPUTAVE®
TapopéTpovg (tiz, YPOVOG OTOXPOUATIGHOV), Tpémel va onuewwbel OtL, ko otig Vo

npoavapepbeiosc neboddovg, avtoi ot mapduetpol deiyvovv pia oxvpn e€aptnon and v
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apyIKN GLYKEVTpOOT TG Paens. AvEGvovtag TV apyIiki cLYKEVTP®GT TG Paeng, ov&dveto
0 ti2 eV 1M ONMOTEAECUOTIKOTNTO TOL OMOYPOUOTICHOL peldveTal. [dwitepa, Yy
POTOKATAALTIKY 1EB0S0 1oydel OTL, evd M apykn cvykévipoon e PNH avédver amd 50
mg/L oto 200 mg/L,onA. tetpamhacialetat, o ty, avéaverar amd nepinov 0,6 minota 21 min,
MA. av&avetar katd 35 gopéc meplocdTEPO. Q¢ €K TOVTOV, 1 POTOKOTOAVTIKY HEO0SOG Oa
NTOV KATGAANAN HOVO Y10 TOV OTOYPOUATICUO OPOLdY SIHADUAT®V. € VYNNG GLYKEVTPOONS
APOCTIKA SLoADHATO, Kot 01 300 HEBOJOL YivovTol 6TOSIOKG IO 0PYEG KOl OVATOTEAECUOTIKES.
Opwmg, n amodotikdTTa TNG POTOYNIKNG 1EBddov paivetar vo e&aptdtar AydTEPO Omd TNV

apYIKN CLYKEVTP®OT TNG PAPNS, AT’ OTL 1) POTOKATAAVTIKY.

YuyKkpivoviog tov puOud amoypmuoTicpod Tmv 000 pedddwv, Topotnpeital 6Tl givar
O YPHYOPOS Y10 TNV @TOYNKA HEB0d0. Zuykpivovtag Tig 800 Poapég, elval mpopavég OtL M
PYH &ivon mo apyf ocvykpwopevn mpog tnv PNH. E&etdobnke emiong n Procion Crimson
Hexl, n omoia mapovcialet tov id10 Pabud e&dptnong and to pH tov dwAdpatog ko v
apykf] ovykévipoon g Paeng (6.3.1.2, 0%.6-5 kou 4.3.1.2, oy. 4-4). Eniong o1 and
melpdpoTo ovopyavomoinong g Pagng mov mponyhdnkav, Ppédnke 6Tl axdun Kol ot TIUES
TOC deiyvovv pio mapdpota cvpmeppopd (8.1.2,6%.8-9), dnk. n kvntkn avopyovomroinong
oe Péltioteg mapapétpovsg, glvon emiong m mo apynq yw v Kitpivn Bogn evod etvor mo
ypryopn v omowdmote GAAN Paen pe ™ eoTtoynuikn péBodo, oe ovykplom pe TV
POTOKATAAVTIKY] HED000. ATO TPONYOVUEVO TEPOUOTIKE OedOopEVa, OVOPOPIKE LE TNV
€EETOON TG CLUTEPLPOPAG SLUPOPETIKOV avOpyavev 10vimv, Bpédnke OTL Ta. GLYKEKPIUEVD
avopyava 6vo (CI, SQ% , HCO;, CO;?), avakdmtouy Ty ToydInTo. avopyavoroinone oe
dwapopetikd Bobuod, 1dwitepa otic TPMdTEG PAcES NG avtidpaorg avopyovoroinong (oTig

nphrteg 2 dpeg) (8.3.2.1,0y.8-19).

213

Institutional Repository - Library & Information Centre - University of Thessaly
12/12/2025 12:09:24 EET - 18.97.14.89



25 r 100
I :

.. F 90
& A
20 7 F 80

F 70

15 4 F 60
{ =—2—UVITIO2 - t1/2
1 - - UV/H202 - t1/2
| =—O—UVITIO2 -% AtoxpwpuaTiopég-10min

10 { - ®- UV/H202 - % ATToXpWwHaTIONOG-10min

50

taz (Min)

40

30

% AMOXPQMATIZMOZ (10 min)

- 20
_____________ 10
ot 7+ 0
50 80 110 140 170 200
Copnr (MY/L)

Yynuo 8-3.Exridpacm g Co pnHotov bz Kot 610 % anoypopoticpo ngtta and t=10 min

éom UVe/H,0; (PH=4, G 11201000 mg/L and UW/TIO; : pH=3, G tio=1g/L)

Méow tov oyfuatog 8-4 mapatnpodue o odykpion g e&dpnong tov ypovoL
nuicewg Long g Paeng PNH and v apykn ovykévipoon Co oe 6&wvo pH otig tpelg
Baocwég peBddovg e ewtoynukng, g Fenton kar tng @otokatdlvong. Mmopei va
onuewmbei 611 0 Ypdvog Nuicelog Long ko otig dbo peboddovg UV/HL0; ko TiO/UV,, og
o0&wo pH, deiyver pia woyvpn e€apnon and v apyikn cVYKEVTP®GN TG Paenc. MeidvovTag
TNV 0PYIKN CUYKEVTPMOON TG LEW®VETOL eiong 0 xpdvog nuicelag Long Kot avtiotpopwe. '
v TiO/UVa pébodo n peimon tov ypdvov nuicetog Long givar modd woyvpn. Evad, 1 apyikn
ovykévipoon Co and 200 mg/Lueidverar oto 50 mg/L, mpdkettar yio Eva GUVIELEGTY KOVTH
o010 4, 0 ypdvog Mpicewng (ong pewdveror omd 21 min yope ota 0.6 min, dni. xatd éva
ovvteheot 35. Avth n e&dptnon tov xpdvov nuicetag Long and v apyikn cuykévipoon Co,
glvor oAb mo wyvpn katw omd Co = 75 mg/L, evd moveo and C, = 100 mg/Lo ypdvog

nuicewog Long e&optdrar ToAd AMydtepo and v Co,.
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Yynpo 8-4.Enidpaocn g Copnnotov ti o 6Evo pH yia tig 800 Paocwkég uebddovg, (pH=3,

H,0,=1000-100 mg/L, Tig=1g/L)

To amotéreopa tng UV/H0, nebddov cvlnthibnke oty mopdypoago 4.3 Gynua 4-5)
Kol 1 ovumeppopd tov tip évavit mg Co avamopdyetor 6 avtd 1o onueio oo Adyovg
ovykplong. Onwg mpoavaeépinke, o ypdvog nuicelag (ONG KOTE TOV ATOYPOUOTIGUO HE TV
UV /H0; pébodo, eniong eEaptatar mapa word and tnv Co kot o ty av&averat, avédvovtog 1
Co. Q¢ gk T00TOV QWTEG 01 dVOo pEBodoL (UV/H20; ko TiO/UV 4) B ftav amodotikég pdvo
Y10l TOV ATOYPOUOTIGUO 0patdV dteAvpdtov. Ze andPANTe VYNADY CUYKEVIPOGEDY BaQ®V M

nébodog amoPaivel oTadIOKE TO OPYN KOL OVATOTEAESLLOTIKY.

v avtidpaon Fenton (FéZ/HZOZ), N CLUTEPLPOPA EIVaL TEPLGGOTEPO TEPITAOKT],
eneldn o xpdvoc nuisetoc Lone eEoptdrat omd Vo Tapdyovies, SAadn ) cvykévipmon Fe?
kot Tov HyO,. 210 oyfuo aneikovilovtol Tpelg KOUTOAES TOV OVAPEPOVTIOL GTV SLoSIKOGI0L
Fenton F&/H,0,. =’ OVTES TIG KOUTVAES, 1) GLYKEVTP@OT Tov HoO, Satnpeitan otabdeprn oto

100 mg/L ,evod 1 ovykévipoon tov FeSQ petapdriietor and 10 mg/Loto 100 mg/Luéypt
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70 1000 mg/L.I't" awtd o Adyog twv FeSQ/ H,0, oe wiw petofdireton and 1:10 npdcl:l
npog 10:1 kot a6 avrioTowel Tpog Toug Adyoug poplakdtnrag tov [Fe? /[ Ho0;] and 1:45,
1:4.5«xm 2.2:1ovtictoiymc. Mnropei vo onueiwdei 611 oto Bédtioto pH (pH=3)tng nebddov,
N e&dpnon tov xpdvov nuicelag Long and v apxikn Co, elvar 1oyvpd e€optdpevn amd ™

, . +2
GYETIKT] GUYKEVTPOOCT) TOV Fe“ ka1 tov HzOz.

T éva yapunid Adyo tav [Fe? J/[ Ho0,5] = 1:45, 0 ypoévoc nuiseiog (ofc onEavet
andtopo pe v avénon g Co, amd mepinov 14 secyio Co = 20 mg/Luéypt epinov 15 min
(900 sec)yir C, = 200 mg/L. Avtod ogeidetar ot YoumAf cvykévipmon tov FE? gy
ovyKpioel Tpog ekeivi Tov HoOz Ta 16via tov Fe? katavaldvoviar paydaio péoom e
avtidpaong 2-43,kabmng to HxO, Bpicketan og apbovia. Te yapmAég cvyKevIpOOELG Bagng, ot
TOPAYOUEVEG HECH TNG ovTidpaong 2-43 elevfepec pileg tov vOpo&vAiov amoypopatifovv
ypryopa v Poen ¢° avtég T YaUnAéS cvuykevipdoels. Evm, kabdg 1 ovuykévipmon g
Baenc av&dvetat, o puOudS amoypopaTicHol oTadiakd smPpadivetal, €€ artiag T EAAEWYNG
TV eleddepov plldv Tov vdpofuiiov. H avamapoyeyyq tov wviev tov FE? péco tov
avtidpdoewv (2-45)-(2-48),npodyetarl oyetikd apyd, kabmg avtég ol avidpdoelg sivar 10
@opég Mo apyéc om’ OTL M ovTidpaon 2-43, Kol GUVETMG EMEPYETAL ONUOVTIKY Helwo
Tapaymyng ehevbépov piav vdpo&uiiov pécm tng avtidpacng 2-43,mov odnyel o avEnon
TV ¥povov nuicswg {ong. Zuvenmg, kabde n ovykévrpwon tov HyO, Statnpeiton 1 1S ko
ion mpog 100 mg/L,t0 pawvopevo déopgvong Twv elevbepav piidv vdpo&uliov and o H,O,
péo® g avtidpaons 2-490a Enpene va €ivol TOPOUOI0 KOl GYETIKA HKPO.

¥ éva evdiapeco Aoyo poplakdtnrog tov [Fe? J[ Ha0] = 1:4.5,6n0¢ gaiveton 610
oynua 7-5, 611 0 ¥poévog Muicelog CoNG UELDOVETOL GNUOVTIKG KOl TOPOUUEVEL YOUNAG Kot
oxedov ave&hpmtog and v Co. X7 autiv TNV TEPITTOON M HOPOKT CLYKEVIPMON TOV

r +2 r r ‘ ) .
wvtov Fe OYETIKOL TTPOG EKELWVN TOL HzOz, 581((11‘[7»0(61(1@8’[(11 KOl TopAyovVTolL OPKETEG
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elevBepeg pileg Tov VIPOELAIOL pEo® TG avTidpaong 2-43, IKAVEG VO AOYPOUOTIGOVY TV
Baen, ypiyopa 6° 6An TV €kTaom TV apykdv cvykevipmoewv Co. To 1810 mapatnpeitot yo

TNV KOUTOAN PE TO OXETIKG VYMAS Ady0 poplakdtiog Tev [Fe? /[ H0g] = 2.2:1.

Toppovo pe to oyfua 8-5, uéowm wog ansikoviong tov Adyov C/CoEvavtt tov xpovou
anoypouaticpod, ovykpivetor 1 Paen Procion Navy Hexl (PNHye tpeig pebodovg ko pe
Bértioteg ouvOnKes Tapapétpwv, Yo ke pébodo.

Av kor M vrepoyn ¢ Swdikooiog Fenton eivar gupavig ota apyikd otédlo ™G
avtidpaong anoypopotiopod, ot pébodor UV/H0, kot edukd n TiO/UVa, og avtibeon mpog

v avtidpacn Fentoncuveyilovv va amoypmpotilovy kot HETH TO TEPAG TOL apYIKoD 6Tadion

™G avTtidpaong.
1
0,9 ] —%-Fe+2/H202
08 —&— UV/TiO2
] O+ UV/H202

CIC,(mglL)

t (min)

Yynuo 8-5Xvykpion peta&d tpuov AOPSBaon tng xpovikng petaBoirng tov Adyov C/Cotrg
Baeng PNH otov anoypopotiops (Copne=75 mg/L)otig BérTioteg cuvOnke.

Amd mponyovpeva mepdpoTo Yo tov kKabopiopd TG emidpacnc NG OpyYKng

ovykévipoong g Pagng otov puiud amoypouaticpov, (8.1.1.1, 0y.8-4), npokidmtel Ot
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avoQopikd pe tnv avtidpacn Fentono ypoévog nuicelog (ong pewdvetal, Kabmdg 1 opyIkn
oLYKEVTpOON TG Paeng av&dvetal, eved 1oYLEL OKPPMS TO OVTIOETO Yo TV GOTOYNKT KoL

POTOKATOAVTIKY HEBOJO.

Eniong, and mepduato perétng cvvévoaopot pebddwv, omwg e UVe/Fentonko trng
TiO2/UVa/H;0; oty xivrjtikn anoypopatiopod alid kot otny peioon tov TOC (8.2, oy. 8-
19) npokvmTEL 611 0 CLVELAGUOC AVTAOV TV UEBOd®V 0dMYel o€ o oebnT peiwon TOco Tov

xPOVoL amoypmpatiopov 6co kot tov TOC.

8.1.1.2 Tayvryra aroypwuaticuod tys faprs Remazol Red-RR (Red-RR)

210 oyquo 8-6 mapovoudleror o oHykpion petald tov pedddov Fenton ko
QPOTOKATAAVONG, avapopikd pe tov tip g Papric RMZ-RRR kot v amodotikdtnra
AmoYPOUATIGHOV Evavtl Tov PH, ¢’ éva Béltioto €0pog mapapétpov yio kdbe dadikacio. O
t12 g Paeng, eivar oxeddv aveEdptntog and to PH 0V SIADUATOG GTIV POTOKATAAVTIKY|
pnébodo, aArd av&dvel amodtopo oe aAkoAkd PH katd v avtidpaon Fenton.Telkd n
OLOSOTIKOTITO OMOYPMOUOTICUOD UELDVETOL 0OTOpO. ovéavopuévov tov PH Tov d10Adp0TOg
katd v oavtidpaon Fenton. H omodotikdTnTa amoypoUaTIGHOD GTNV QOTOKATUAVTIKY
pnébodo etvor peyaddtepn, oe ovdétepo ko oikoikd pPH, ko xabictator cvykpiown pe

ekeivn g avtidpaong Fentonose modd 6&wva dtoidpata.
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Zynpa 8-6. Xvykpion petagd 6o AOPSoyetikd pe tov tyyp kot v amddoon
anoypopaticpov (t=30 min)tng Paeng RMZ-RRR (G,puenc=75 mg/L, pH=3) (Fenton:

CO,FeSOE 100 mg/L, Q,H202=100 mg/L, TIQ/UVA Crio= 1g/|_)
8.1.1.3 Taybrnra aroypouarionod tns fapric Drimarene-CL2RL (D -CL2RL)

To oyfua 8-7 deiyvel to puOpd amoypopaticpov g Paeng Drimarene K2RL péowm
™mg eotoynuikng (UVe/H20;), g eotokatorvtikig (TiO/H20./UV ) kot g avtidpacng
Fenton (F&7H;05), oc o apyky cvykévipoon fon pe 75 mg/L. Eivor mpogavéc Ot o
ATOYPOUATICUOC, HEc® NG ewTokatalvTikig dadikaciog (TiIOA/UV ), eEehicoeton oyetikd
apyd, OTmg YapaKINPIOTIKG GAA®OTE Qoivetal 6to oyfuo 8-7, Yo apotd SAdpate TG
Baeng D-K2RL, ¥ ovtiv v zmepintoon tov apudv dwivpdtov, énsita and 25 min
emrvyyaverol poAlg povo 20% tov anoypwpatiopod, étav yio 1o 1810 xpovikd ddotnue oe
Vo dddeg dradwkaoies, avt g eoToxnukng HaOx/UV ¢ kan exeiv g avtidpacng Fenton,

EMTUYYAVETAL GYEOOV TANPNG OMOYPOUATIOUOC TOL OloAvpoTog ™G Paehc. Qotéc0 1
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npocbnkn tov vrepo&eldiov tov vdpoydvov HyO, oe ovykévipmon 10000 mg/L,katd tnv
ootoKaTaALTIKY PEB0d0, Bedtidvel acbntd tov anoypopotiond, étol ®ote og 15 minva
emkoddmrovrar o kopmdreg  C/C=f(t) g ootoynukng HO/UVc pe oavty g
owtokataAvtikng TiOy HyO/UV s ko pdiioto og Babpod, dote, éncrta and 25 polg Aemntd,

Vo EMPEPEL TOL 10100 EVOAPPUVTIKG OTOTELEGLOTO UE EKEIVA TNG POTOYNMKNG O10SIKOGIOG.

0,9
—e— UV/TiO2
0,8 N
N —2— UVITIO2/H202, H202

0.7 X =10000mg/L

| N - x- UVIH202; H202=10000mg/L

" N\

0,6 7, AN --#-- UV/H202, H202=1000mg/L

05 3. - % - Fe2+/H202

CICy (mg/L)

0411
0,3 1
0.2
01 ik R

0,0

t (min)

Zxﬁua 8-7. UVA/Hzoz, pH:4K0.l UVA/TiOZ/Hzoz, pH:3, TiQ:0,5 g/L,K(ll Fe2+/H202:

H20,=1000 mg/L, FeSg100 mg/L .

Avtd bg, motedetan 0Tt o@eiletar oty pecoAdfnon tov HoO, mov cav déktng
NAEKTPOVI®V DYNAGTEPNG ATOSOTIKOTNTOG KOl AVTNG aKOUN ToL 0&ELYGVOV, GLUPBAALEL oV

gmopkn onpovpyio Tev erevBepov pidmv Tov vVépoLuAiov, uEcm g avtidpaong (6-1):
H.O, + e- - OH + OH

Qo1600, 1M Tmopovcic TV eledbepwv pildv Tov VOpoLLAiov dev ogeileTon o
otoAvon tov HOy, kabdg avt) cvpPaivel e pnkog kopoatog kato tov 300 nm,eved 1o
APNOUOTOIOVUEVO UNKOG KOLOTOG Y10 T1 GLYKEKPLUEVT dladikacio kopaivetar peta&y 350-400
nm.
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A&iler va onpelwbel 4t1 6N QOTOYN KN Sradikacio Kot HEAMOTO 6TO TPAOTO GTAGL0 TNG
avTidpOoNSg AMOYPMUATICUOV, 0 PLOUOG TG €ivol O YPNRYOPOS GE YOUNAN GLYKEVIPMOON
vrepo&eldion tov vdpoyovov Hz0, (1000 mg/L)évavtt vyniotepng ovykévipmong tov HyO;
(10000 mg/L). Avtd ogeiketor o610 QOWOHEVO dfopevong TV eledBepav plldv Tov

vdpo&uiiov OH' and 10 vrepoéeidio Tov vdpoyodvov HO; .

To oynua 8-8 mopovoidlel Tovg avticToryovg pLOHOVE ATOYPOUOTIGUOD KOl HE TIG
tpelg o&ewwtikég peboddovg tov oyfuotog 8-7  (POTOYNUIKNG, (OTOKATOAVTIKNG KOl
avtidpaong Fenton),0Ald oe mo mokvég ovykevipaooelg (500 mg/L) g Paeng Drimarene
K2RL. Tevikdg, péow pog ovykpiong tomv 600 oynudtev, etvol mpoeovég 01t t0c0 M
POTOYNMIKY 660 KOl 1 @OTOKOTOAVTIKY HED0SOG, o TLKVOTEPO SOAVUOTO AALTOVV
UEYOAADTEPOVS YPOVOLS AVTIOPACNG TPOKEUEVOD VO TETVXOVV GYEOOV TANPT ATOYPOUATIGHO.
Onocdmote OUmG, KOTO TNV  QOTOYNWIKY Owdikooio  amotteitor o vymAotepn
ovykévrpoon tov HyOz (10000 mg/Lévavtt 1000 mg/L) yia va metdyel ypnyopdTeEpovg
puOpovg amnoypopaticpov. ‘Etor ocvykévipoon Hy0, 10000 mg/L, netvyaiver minpn
anoypouaticnd petd omd 70-80 min, 6tov 0 ovTIOTOL(0G OTOITOVLHEVOG YPOVOG Yd.

ovykévrpoon 1000 mg/L etavel nepimov ta 250 min.

H potoxataivtiky dwodikaoio kot tdi epeaviletor Tohd apyn. Me [ cuykévipwoon
katolotov ion mpog 0,5 g/l ko yopic ™ xpfion tov HzxO2 1 kaumdAn pvbupod
AmOYPOUATIGHOD glvar oyeddv evbeia. Qotdoo mopoatnpeitol po onpoviky PBeltioon oto
PLOUO OTOYPOUATIGHOD, CLYYXPOVOG e TN xpron cvykévipwong 10000 mg/Ltov H2O; xat
oTadloKNg avEnong tov 1ocod Tov kataAvtov TiO,. Tuvykekpipéva pe cvykévipoon 10000
mg/L tov HxO2 kot ovykévipoon TiOz ion pe 0.5 g/L xon 1.0 g/L emrvyybvetonr pev
a&loA0y0g amoypopatiopds oA povo émerta and 350 min. Eviovtolg pa onpovtikotepn

Bektioon, axdun Kot 6T EVOIGUESH OTAS0 EXLTVYXAVETAL LOVO pE TNV TPocHNKN T0G0D Tov
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Katolvtov ion pe 3 g/L, 6mov o pLOUdC amoyp®UATIGHOD avédvel a&dloyo kal OTAVEL Vo,

anoypopatilel to 95%tov dwAdparog tng Paeng énstta amd 250 min.

Amd ta oynuoto 8-7 kot 8-8 mpoxdmntel 6T N avtidpacn Fentongivor moAd ypriyopn.
Y& apoléc GLYKEVTIPMOELS, N avtidpaon Fentongival moAd ypriyopn ota mpmdto 2 AETTA TG
avtidpoong, eved @Oivel otodiakd émerto omd 5 Aemtd . Te MO TUKVEC GLYKEVIPMGELS, M
avtidpaon Fentonamoterei, emiong, v mo ypryopn dadikacio 01kd oto apyikd ctddlo

g avtidpaong, katophdvovtag £va TocooTo anoypouatiopod 98%éncita and 60 Aentd.

10 Weoveveaian .
‘ ------------ Ormrree s O-mrmrre e [e}

0,9 0-- UVITiO2,TiO2= 0,5g/L
® - UV/TiO2/H202, H202
=10000mg/L ,Ti02=0,5 g/L
-5+ UVITiO2/H202, H202
A~

o
©

o
3

=10000mg/L, TiO2=1g/L
- UVITiO2/H202,
H202=10000mg/L, Ti02=3g/L
—®— UV/H202, H202 =1000mg/L

o
o

—B—UV/H202, H202 =10000mg/L

C/Co(mg/L)
o
[6;]

.. = X- Fe2+/H202, H202= 1000 mg/L,

0,4 FeSO4= 100 mg/L
0,3
0,2 %
e
0,1
............................... '
0,0 F——%
0 50 100 150 200 250 300 350 400

t(min)

Yynpo 8-8. Amoypopatiopog g Paeng K2RL, G=500 mg/L,ue UV/H0,, pH=4,xo

UVA/TIOZﬁ UVA/TIOZ/Hzoz, pH:3

8.1.2 Tayvtnra Avopyavomoinong

8.1.21 Taybrnyra avopyavomoinons tns faprs Procion Navy Hexl (PNH)

To oyfua 8-9 deiyvel wa peiowon tov Adyov TOC/TOG (TOG = 49.5 mg/Leivor 0

Tun TOC otn ypovikny otypn t = 0), évavtt Tov ¥POVOL OTOYPOUATIGHOD SWAVUATOV
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ovykévipmong 200 mg/L PNH, ypnowonowbvtac tic Fenton (F&7H,0,), Fenton-like
(FE"IH,0,) xar UVc/Fenton-like (F&/H20./UV() pebodove. Avtd mapovordletar ¢* £va
BEATIOTO GULVOLAGUO TOL GUGTHLOTOG TAPAUETPOV ToL Koboplotnkay vopitepo, OTOL Ol
pvopoi amoypopoticpov eivar mo ypryopot. I'ia Adyovg cldykpiong mapovotdletan emiong 1
ueiowon tov Adyov C/Cp yproiomoidvtog avtég Tig Tpelg peboddovg. Mropel va. onueiwdei ot
0 AMdyog C/Cy peidveton mapdpoto Kot yio Tig Tpelg dwudikaocies. [Ipogavdg, ypnoiponoidviag
tm Swdwaocio UVc/Fenton-like 8 Peltidvetan 1 0m0TEAECHOTIKOTITO OTOYPOUATICUOD,
KaOMG 1 0moTEAEGHATIKOTNTO AmoypOUATIGHOL Votepo, ard30 mingivar oxeddv 95% kot yio

11g 8vo FE*IH,0, and F&7H,0, pedodoug.

—o— C/Co (Fenton) --&-- C/Co (Fenton-like)

0,9 —o0- C/Co (Photo Fenton-like) —&— TOC/TOCo (Fenton)

- ®-- TOC/TOCo (Photo Fenton-like)

08 o --&--TOC/TOCo (Fenton-like)

&

A
07 e a
8
2 os
8
© o5
=
S 04 -
c &£ = e
03 T ——e_.
"""" -
0,2
0,1
O o =y - A O3 Q
0 60 120 180 240 300 360 420 480 540 600

t (min)

Zypa 8-9. Xpovikn petaforn tov Adyov C/Cq kot tov Adyov TOC/TOG otig avtidpdoelg
Fenton, Fenton-like and UVc/Fenton-like (pHC8pnw=200 mg/LCo,120~2000 mg/L; mol

H:0-/mol FE€*f F¢* = 10; TOG = 49.5 mg/L).
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O1 tipég TOC néprouvv moAD mo apyd o’ 611 ekeiveg Tov Adyov C/Cy . Avtég néptovv
and 49.5 mg/Lrepinov ota 40 mg/L petd and ypoévo avtidpaong 1 hyio myv Swdikacio
Fe**IH,0; ko mepinov oto 39 mg/Lywa v FETH,0,, pn emdeucviovtag pe v mépodo tov
xpOvoL mepartépw onpoavtiky peioon. Evrovtolg, ot ipnég TOC peuwvovran mdpo mord otnv
avtidpaon UVc/Fenton like (254 nm)ITapoia avtd petd andl h, or tipuég TOC ya v
Fe*'IH,0./UV A pébodo méprovy mepimov oto 34 mg/L kon petd 4.5 hn tip TOC eivan

nepinov 20 mg/L.

To oyfua 8-10 deiyver v aAlayn oto COD, BOD ka1 1o Adyo BOD/COD ocg
drohopora 810V TEPIEXOpEVOL, YPNCTHoTOIBVTAG TIC avTdphoelc Fenton-like (F&/H,0,) kot
UVc/Fenton-like (F&/H,0./UV(c). Eivor mpopavéc ott n peloon tev Tyudv tov COD
axoAovfei avth Tov Tiumv Tov TOC oto oyfua 8-9.Tap’ dAa avtd, eved to COD peidvetan
ue Tov ypovo, o BOD avéavel, odnydvtag oe o avénon tov Adyov BOD/COD. Avtdg o
AOY0G oto ypoévo undév eivar povo 0.11, deiyvovtog 6Tt €va POALG TUALO TOL OPYAVIKOD
@optiov givar froamotkodopnoipo, eved avédver onuavtikd péxpt 0.55 kot 0.70 avtistoiywg,
otic avtdphoelc (FETH,0.) ko (FEIH,0/UV ), petd and emelepyosio 2 h. Etot, n
Broarowodopnodra, dnwg exepaletar péow tov Adyov BOD/COD, avédvel oicbntd pe

T0 Ypovo enelepyaciog [218].

224

Institutional Repository - Library & Information Centre - University of Thessaly
12/12/2025 12:09:24 EET - 18.97.14.89



—— COD (Fenton-like) —4— BOD (Fenton-like)
—0— COD (Photo Fenton-like) —a— BOD (Photo Fenton-like) 0,9
-- & --BOD/COD (Fenton-like) --0--BOD/COD (Photo Fenton-like)

o
3]
BOD/COD

COD A BOD (mg/l)

F03

F o2

Fo1

— " 0
60 80 100 120

t (min)

Eyua 8-10.Xpovikn petafoin tov BOD, CODkat tov Adyov BOD/COD otig avtidpdoelg
Fenton-like and UVc/Fenton-like (pHGg,pne=200 mg/LCo,H20=~2000 mg/LECy,FeCk=

1000 mg/L).

Ouwg, n enefepyooia, Wwitepo pe v ovvdvootiky pébodo UVc/Fenton-like
(FE*TH20./UV (), avEdvel mépa modd 10 pubud avopyavomoinong Kot cuvende avEGvet T
BroamowodopunoudtnTo. Tov 0pyavikod eoptiov, kabiotdviag avth ™ pébodo (UVc/Fenton-
like) ehxvotikn Yo v ene€epyooio vypdv anofintev Bageiov. H yprion evog cuvvdvacuod
nebddwv emelepyaciog, Qoivetor WG €K TOVTOV TOAD OMOTEAEGUOTIKY], OTWOG Yo TOPAdELyQL
exeivog g pebodov Fenton-like, oo apyicd o1ad10, mpokewévov va ovEfoel TV
BroamowodopnoldTa Ko Katoém peg Poroyikng emefepyaciog, OTWS evepyols ADOG

(Adomng) yio mepartépm peioon tov COD.
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8.1.2.2 Tayvrnra avopyavomoinons tys fapic Drimarene-K2RL (D-K2RL)

Y10 oyfua 8-11 mapovcidletor n tayvTnTa avopyavoroinong g Paeng K2RL, e
apykf cvykévipoon ioa pe 75 mg/Likar 500 mg/Lue v xprion 1060 g GOTOYN KNS 0G0
Kol TG QOTOKATOAVTIKNG Stadikacioc. Ot aviidpdoels avopyavomoinong ekterécinkay o€
oxedov PBértioteg Tinég tov PH Ko g ovykévipwong tov HOp, o1 omoieg kabopiotniov
Katd v e£EMEN TEpapdTOv amoxpoUaTIcoV. Ao To oyua 8-116¢ yiveton eppavég 6T
POTOYNIKY avTidpacn, 6 ovTéS TG TPokadopIoUEVEG GUVONKES TOV TEWPAUAT®V, VITEPEYEL
Katd moAd ocvykpvouevn pe ekeivn g eotokatoivtiking. H peioon TOC oe apaiég
ovykevipohoelg (75 mg/Ling K2RL) etdaver oyeddv to 90% éncita and 2 dpeg avtidpacng,
eved Kotomy otabepomoteitor. Amd v GAAN HEPLE, OE TEPLGGOTEPO TUKVEG GUYKEVIPHOGELS
(500 mg/Ltng K2RL), n taydtnto anoypouoticpod PESH TG QOTOYNUIKNG dladikaciog
glvol TOAD o apyn kot emrvyydvetol éva t0cootd peimong tov TOC ico pe 15% ko 76%
éneito omod 2 Ko 6 wpeg avrtiotoya. Evtodtolg, avédvovtag Ty apyiki CUYKEVIPMOON TOV
H20;2 ot0 diddvpa andé 1000 mg/Loe 10000 mg/L,0dnyel o o andtopn advénon tng
TayLTNTAG avopyavoroinong, 1 omoio mAnowalel exetvn g Pagpng D-K2RL, tov apoaidv
ovykevipocewv (75 mg/L). Evdewktikd n peiowon tov TOC petd and 2 mpeg @tavel 10 86%
ovykpvopevn e ekeivn tov 90%,tev apaimv Stodlvpdtmv, eved eElomveTol ' avTh HETd amd
2 xou o opec. Xe apard daddpata n peimon tov TOC givar ypiyopn, AOy® TG vYnAng
mopayoyng tav erevdépav piiav. Kabng n cvuykévipoon g Paenc avavetal Kot 1 opyikn
ovykévipoon tov Ho0, dwatnpeitar otabepn, o pvbudg ovopyovomoinong HeEIdVETOL
ONUOVTIKG ETEWDN deV LVILAPYEL EMAPKELN TV EAEVOEPOV pLl@V oe oyxéon pe tov apldud tov
popimv g Pagng Kot VTOAEIWAT®V OVTAG KATO TV OTOKOSOUNGN NG, Yo VO LTOPovV Vo
SlTnpoovy LYNANR TV TavTNTO avopyavoroinong. Avtd avtiotabuiletor pe v avénon

™G apyikng ovykévipwons tov HO; oto didhvpa. Katd ™ eotoynukn dwdikoocio, 1 owoio
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glvar o opoyevng KoToALTIKY Owodikooia, ot eAevbepeg pileg tov vOpo&vAiov mOV
Tapdyovtal 6to dSdivpa g Paeng, péom g kat' gvubeiav pwtdivong tov HoOz, aviidpovv
He Tpuqpate Tov dlaonactivtog popiov ™G Paeng Kot KoTOTY OmTOtKOSOUOUV To EVOIAUESH
avTd TpuRpate ToAd ypriyopa. H ofeidwon Oa mpénel va cupuPaivel o mepiocdtepeg Béoelg
TV popiov g Paenc 1 tov evilduecmv Tunudtov avtdv tov popiov. H ofeidwon sival
mBavov oD w0 ypnyopn emewdn o) ovpPaivel Gueca ywpic v Sodikacio Tng
TPOGPOPTCTG-EKPOPTOTG, KL XOPIG TNV TPOKAAODUEVT] p®TOdIEYEPST] TG EKPOPNONG B) dev
EUMAEKETOL TO OTASIO0 TOL CAVOAGUVOVAGUOD TO OMOI0 HELDVEL TNV GUYKEVIPWOOT TMOV
AmOTELECUATIKOV gAeVBepmV Pl TOL VIPOEVAIOL KO Y) 1| OTOTEAEGLOTIKY GLYKEVIPMOT)
TV eAevbepv pri@v Tov VEpoELAiov propel va givor vynAdTeEPN, €€ antiog TG peyolvtepng

AmoPPOPNONG PMTOVIOV G’ AVTEG TIG TELPAROTIKEG GUVONKEC.

Avogopikd pe v avopyovomoinon g Poeng D-K2RL, oyfue 8-11, péom g
(POTOKATAAVTIKNG OVTIOPAONG, PAIVETOL VO TPOYWPA APKETA aPYA, 1010iTEPU G TYETIKG VYNALEG
ovykevipohoelg (500 mg/L).Ze apyikf cvykévipoon tng v Adym Paeng ion pe 75 mg/L ko
xopig v mpoctnkn tov HyO, 610 dtddvpa g Papng, n mopeia peioong tov TOC, mov
napotnpeiton péxpt ta 250 mingivat oAb apyn, epeovifoviog éva yopaKTNPLoTIKO TAUTO, EVD
KOTOTIV OIOKTA GNavTikd ypryopotepo puud. ‘Etol evd oto 250 minn peioon tov TOC
givor pog 12%, ota 360 min gtaver to. 78%. Evtovtolg, axoun kot ¢° avtd 1o xpovikd
diaompa, 1 toydTTa e peiwong tov TOC, ATOC/TOCO)AL, eivar 0,55 min™ , mokd w0
apyn dnAadn amnd v avtiotoyn TOXVTNTO TG QOTOYNUKNG ovTidpacng, o omoio givor 1,4
min " ota npdra kWAac 60 mintng avtidpaonc. Mposdétovioc wotdco Ho0s o€ cuykévipmon
ion pe 1000kar 10000 mg/L emtaydvetan pev n todnta peiwong tov TOC oto evdidueoa

oTdd10 TG avtidpacng oArd, mhavov, petd amd 360 minkatl ot dHo KapmTdAES TETVYAIVOLV
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oxeddv v 0o peimon tov TOC akdUn Ko pe €KEIV TG POTOYNHIKAG avTidpOoNS, TOL

eoaiverol GAlwote kot and To 3o oynua 8-11.

e vynAotepeg cuykevipwoelg g Pagrig D-K2RL (500 mg/L),n ¢wtokotoAvtikni
Swodikooio o ovpPdilel amoteheopatikd oty ovolootikn peioon tov TOC. Xwpig HoO2 ko
ue 0,5 g/L TiQ dev mopatnpeitot kapio peimorn tov TOC péoa g 360 Min.Avtifétmg pe v
npocdnkn tov Hz02, cuykévipmong 10000 mg/Lxat tepartépm adENoT TG CLYKEVTPOGTG TOV
TiO2 ota 1.0 g/L,n peiovon tov TOC @tdver pohg to 10% éncsita ond 360 min. EmurAéov
avénon g ovykévrpoong tov TiO; ota 3 g/L (ot 10000 mg/LHZ0,), to TOC peidvetot ota
50% énerta and 360 minkot ota 65%éneita and 480 min.Zm potokatolvTiky dtadikaoia, 1
TPOG TO TEAOG EUQOVICOUEVT] EMLTAYLVON TNG ovTidpacng opeiletar mOavov 6TV GOGN TOV
EUTAEKOUEVOD  UNYOVIoHOD ¢  avtidpaons. Powdpeve Tng OHOYEVODG  KOTOADTIKNG
Swdikooiog Oempovvtonr HOAAOV OapEANTEN, £VOVTL EKEIVOV NG €TEPOYEVODS KOTOAVTIKNG
Swdikaciog. H o&eidmon Aapupavel yopa oe o mievpd g emedvelag pécm piog eAevlepng
piac tov vdpo&vAiov. H ofeidwon evog mpoopo@oduevov popiov Poeng KotoAnyel oe
EVOLAUESO TUNIOTO AVTOD, Ta 070l VEioTAVTOL TEPALTEP® 0&gidmon. H mepartépm ofeidwon
QVTOV TOV TUNUATOV, UTopel va. AAPel xdpa, evd ovtd akdun Ppiockoviol Tpoopopovpeva
oTNV €MPAVELD, N Kol EXAVOTPOGPOPNON awtdv, O6tav &yel mponyndel expdenon and v
emeaveln Tov Kotadvtn. To TOC de peldveror, €0¢ OTOL TO. OpYIKE Kol TO KOTOTWV
dnuovpyndévto evdidueca Tufpoto 0&edmbovy TARpws Tpog dto&eidio Tov GvOpaxa. H 6An
Stodkooio TEPUTAEKETOL EMTAEOV LUECH TNG EK HEPOVG TOV POTOG TPOKOAODUEVIC OEYEPONG
NG EKPOPNONG KOl TOV OvVAGLVIVAGHOD ToV (g0yovg nAekTpoviov-omng. O oyNUATIOUOS aVTOG
umopel va odnynost ce avénon G ovykévipmong g Poeng katd tn  ddikacio
opoyevomoinon tng oto ypdvo t=0."Etot, n eppdvion tov mhotd oto apyikd oTédlo Kot T

peiwon tov TOC ogeireton mBavov 6Tov avacuvdLAoUd aVTOY TV (evy®dV KATA TN J1dpKeLd

228

Institutional Repository - Library & Information Centre - University of Thessaly
12/12/2025 12:09:24 EET - 18.97.14.89



avtg ¢ dadwkaciog. H mpocOnkn tov Hx0, peidvel onpovtikd v dnpovpyio Tov TAatd
kot Kobdg to HoO2 mpospod eviovotepa Tavm oTnv eMPAVELD TOV KATAADTN, QaiveTtal va
av&avel aretntd 1 dnpovpyio tov ereddepov pldv tov vVdpo&LAiov oty emedvela tov TiO,,
o1l omoieg mapdyovrar coupwva pe v ovtidpaon 2-13, ko vo emtaydvouy Kot avtdv Tov

TpOTO KOAVTEPN TayvTNTA peimong Tov TOC.

—&— UV/TiO2,
Co=500mg/L, TiO2=0,5g/L

—O— UVITiO2/H202,
Co=500mg/L,TiO2=1g/L,
H202=10000mg/L

—@— UV/TIO2/H202,Co=
500mg/L, Ti02=3g/L,
H202=10000mg/L

—A— UVITIO2,
Co=75mg/L,TiO2=0,5g/L

— A— UV/TiO2/H202,
Co=75mg/L, TiO2=0,5g/L,
H202=10000mg/L

TOCITOC,

- -0 --UV/H202, Co=500mg/L,
H202=1000mg/L

—#— UV/H202,
Co=500mg/L,H202
=10000mg/L

—0O— UV/H202, Co =75 ppm,
H202 =1000mg/L

o+
0 50 100 150 200 250 300 350 400 450 500

t(min)

Yynuo 8-11.X0ykpion g Paeng K2RL peta&d tov pebddwv UVe/H0, (pH=4) kot

UV A/TiOx/H,0, (pHZS)

¢ Mze otadiok TPocONKN TOV AVTIOPUCTIPiOV

To amotéhecpa ™G mPocHNKNg TOL aVTIOPUCTNPIOV GTASINKA OE TOKTO YPOVIKA
SLOTAROTA avTL OAOKATIPOV TNG TOGHTNTOG BLTOL GTNV EKKIVIioN TG avTidopaons, HereTnOnke
Katd tnv avopyavoroinon g Bagrc D-K2RL, péow tpidv pebddwv, UV/H,0,, Fentonkot
TiO/UV a/H20,. Ta avtidpactipia tpootifevior katd d6ceig tov 10%eni tov oAkod 10600,

OV TPOoTiETAL GLVOMKA KOTd TNV ovtidpaot. H otadiokn tpoctHfikn cuvéBoive kabe 35 min
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kaf' 0N N ddpketo Tng avtidpoaong. Avtd dwpaiveTol omd To oyfue 8-12, 610 omoio yio
Adyovg olykplong, avtimapatifevtol eniong ot kapmdreg peimong tov TOC ywo v ida

nocoTNTA TPOoTIBEREVOL avTIdpacTnpiov, aAAE 0AoKAPpOL €& apyns.

—&— Fe2+/H202, Co=75 mg/L

SN —O— Fe2+/H202,01adlakd ,Co= 75 mg/L
0.9 ) | — A UV/TIO2/H202, Co=75 mglL, Ti02=0,5g/L, H202=10000 mg/L
] X —A— UV/TiO2/H202, otadiokd, H202=10000 mg/L
] — # - UV/H202, Co= 500 mg/L, H202 =10000 mg/L, oTadiak&
0,8 4 X — {F- UV/H202, Co=500 mg/L, H202 =10000 mg/L
] \ \‘ \. \\
| A}
0,7 ] NN X
] NV
- 0,6 AN
Q 1 N
O ] AT
£ 051 AR
8 i \\\' \‘\ b
] AN S~o
= 0,4 NS el
] LN ~o
031 SN T
O ] T S~
] NOWTT-o Tl
1 Rt Tue—
0,2: a Sl e e ~-a
0.1 ] \"-\._._,_,_,§_~,__'-:’-‘—-'-‘—""“:~'D:2::::::::::::::::::ﬁ:::
o+
0 50 100 150 200 250 300 350

Yynpo 8-12.X0ykpion g ypoviknig petafoing C/Cotng Paeng K2RL péow UV /HL0,,

pH:4, UVA/TiOZ/Hzoz, pH:3 Kot Fe2+/ Hzoz, pHZSKGI Co:75-500 mg/L)

Y10 oyfuo 8-12, mapatnpovpe ywo. v avtiopaon Fenton pia mold onpoviikih
Bektioon ot cvvolky peiworn tov TOC petd 1o mEPog g avtidpacng. v mepintwon
omov 1 mocotnTa tov HyO, (10000 mg/L HO,) mpootifetan €€ ohokAnpov otnv apyn g
avtidpaong, n peiwon tov TOC petd amd 360 min givar wepimov poévo 28%, evd, edv
npootedel og dooelg (1000 mg/LHL0, kabe 30 min),n avtictoyn peiworn tov TOC og 360
min givol wepimov 55%, dnh. oyeddv dumAdoio. O yeVIKOG UNYOVIGUOG YPTOILOTOIOVTIG TO
avtidpaotnplo Fenton,pécwm tov omoiov mapdyovror ov gredbepeg pileg Tov VOPoEVAIOL,
eumeptéyel Eva aplipd KUKMKOV avtidpdoewy, ot omoieg ypNoHonoovy To Wvta 1060 Tov

3160evoe 660 kat Tov Tpiodevoic owdnpov (FE 1 FEY) cav kataldt yia v amochvoeon
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tov Hz07. Avtd ta 10vta avoadnpuovpyodviol HE TO TEPOG TOV KUKAIK®V OVTIOPAGE®DV

obupva pe To oo avtdpacewv (2-43)-(2-49) xepdiowo 2.4.2.

Te yapunAd Aoyo Fe Ho0; (<<1), dnog oty mepintmon mpocsdfkne 6Aov Tov 10600
tov HyO2 otmv apyf] tng avtidpaong(0,015/1), 10 Hz0, eivan og agbovia kot apyucd m
avtidpaorn 2-43 givar ypnyopn. Opmg modd ypryopa to 1OvTa Fet peTatpEmovTal o€ 1OVt
Fe** néoo g avtidpaong 2-43 kot 1) avtidpaon tov EeOBepmv pidv Tov VEPOEVAIO pE TO
H20; (8éopevong tov OH', avtidpaon 2-49) die&hyetar yprnyopdtepa amd v avtidpaon 2-
44. H ovykévipoon tov dviev FE givor yopunAy eneidn sovihodviar Tokd ypriyopo. Héce
g ovtidpaong 2-43 kot e€mewdn o pLOUOS avadnuovpyiag TOV HESH TOV GUVOEOUEVOV
avtidpdoemv 2-45 kol 2-46 eivor yopnAdc. Qg ek ToHTOL 1 Tapay®Yn eLeV0ep@V PV TOL
v3po&vAiov, péom tng avtidpaong 2-43 ehatt@veratl mhpa oA €€ artiag Tng EMAEWYNG TOV
wWvtav FE'. Ze avtifeon mpoc avth T dwdikasio mpoobétoviag to Ho0p otadokd, n
GLYKEVIPOON TOV WOVIOV Fe* Swonpeital o€ VYNAO eninedo oTIG EVOLAUETEG OAAL KOl OTIG
TEMKEG QAGELS TNG OVTIOPUGNG, TTOL KOTA GUVETELD 1) Topoy®YN ELeVBep@V pilldv vdpo&viion
Bploketal TAéov o€ extyuntén emineda kab” OAn T didprela g avrtidopacns. O vymAdTepog
puOudc peiwong tov TOC omv apyn g oviidpaong, oV mePITTOONG TPOSONKNG
oloxAnpov tov mocov tov HyO2 €€ apyng, opeiletanr oty dueon dnuovpyio ehevbepov

ptlov 1oV VOpoELAioL HEcm NG avtidpaong 2-43.

Oocov agopd v TiO/UVA/H0, dadwkoocia, oypue 8-12, onuewdvetor pev o
onpovtikn Peltioon dwo g otadiakng tposnkng tov HoO, oto evdidueso otadio, aAld
Kabmg Tpoywpd 1 avtidpaon, 1 Stapopd peidvetal oentd. Xra 360 minn peioon tov TOC
yiveror 80%kon 84% yia 11 600 TEPIMTAOGELS avtioTowyo, GTN Ko OOV OAN 1 TOGHTNTA TOV
H,0; mpootifetan €€ apyng (10000 mg/L)kot otnv GAAn otadiokd (1000 mg/Loyeddv kdbe

nepinov 30 min ).
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Katd ) eotoynuixy dadikacio dev Tapovuctdlovial OVGIUoTIKEG SIAPOpES HETAED TV
Vo mepmTdoE®V, ONMG, O6TAV OAN 1 TocOTTA avTpactnpiov (L0000 mg/Lrpooctiberar otnv
apyn g avtidpoong N otav mpootifetal otadokd (1000 mg/Lrepinov kabe 35 min). H
eotoynkn Sdikacio SieEdyetar mOAD ypfiyopa oTo apyKO OTASIN TNG avTidpoong Kot
TPOYAVAOG M TAPAAANAN Topeio TG KOUTVANG peiwong tov TOC, npog Tov dEova aneikdviong
oV YpoOVov, TOaVOV va. omotelel EvoelEn Vmapéng evoldpecwy dMUovpyNOEVI®OV TUNUATOV

Tov popiov g Pagng D-K2RL, yopig dvvatdtnta avopyavomoinong Tepultépm.

To oyua 8-13,d¢lyver pa ovykpion g avopyavoroinong tng Paeng CL2RL péow
POV SOPOPETIKAOV TPOYOPNUEVOV 0EEBOTIKOV HeBOS®V. Zuykpivovtos TIG S0POPETIKESG
uebddovg petald tov, yio cvykévipoon Paeng ion pe Codye = 200 mg/Lkot Ty tov pH ion
ue 3, onwg omewkoviCetoar oto oynuo 8-13, 1 avtidpaon UVc/Fentonaiveton vo givon 1
KaAotepn OAwv, metvyaivovtog peioon tov TOC 80%kar 78% oe 1 kor 1 kou Y2 h, evd
avtifétmg 1 avtidpaon Fentonuoig 38%ce 1 kot ¥2 h.H dotoynukn pébodog, paiveror 1
apéomg emdpevn kaAvtepn péBdog, pe v omowa M peimon tov TOC avépyetar oto 75% kat
84% oe 1 xar 2 h avtictoryo. Avogopikd pe n @otokatalvtikn pébodo, oe 6&wvo pH
voatkov dtaAvparog (T tov pH 3), pe 2g/L tovTiO, kar cvykévimon HoO; ion pe 1000
mg/L, n onoia mpootifetor otadiakd kabe ¥2 h,n toydtnta peivong tov TOC erttayvvetan
OTIG EVOLAUEDES PACELS TNG OVTIOPAOTG, mETVYXaivovTag TEAMKT amodoon o 2 h 68%.Metd
and 2 heppoviCetar Thotd ko 1o TOC og 6 h peldvetan ehdyioto akoun, etavoviag to 75%.
IpocBétovtog pkpdtepn mocodTNTa Kotoddvtn, 1o/l TiO, pe tig idieg xatd to Al
TMEWPOPUTIKEG cuVONKeg (oTadiokn TpocHnikn tov 1000 mg/L HO, ko pH=3),n peiwon tng
tayvtntog tov TOC @tdvel, 610 010 Ypovikd ddotnua, to 70%, evd €meito KoTOANYEL GE
mhato, av Kot e&akorovdel va avédverl ehdyiota akoun n amddoon, etévovtag oto 82%, e

v dwpopd Ot dev mapatnpeitor PeAtioon ota evoldpeca otddlo TG avTidpaonc. Ze
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nelpapo mov delnydn xopic v enidpacn tov HxO,, m peiwon tov TOC pe v Tpocsbnkn

2g/L tov TiO; éptace o 2 hpuolig to 10%.

1,0 £
0,9 ]
] —e— UVITiO2, pH=3,TiO2= 2g/L
0,8 -
E —%—"UVITiO2/H202, pH=3, TiO2=
0,7 ] 2g/L,H202= 2000 mglL,
B oTadlakd”
b ——=  ——Fe2+/H202, pH=3, H202=2000
3 0,6 mg/L, FeS04=200 mg/L
g 0,5 ] —— UV/Fe2+/H202, pH=3,
o A H202=2000 mg/L, FeSO4=200
(@] 1 mg/L
F 0,4 ] —0— UV/H202,pH=4, H202=1000
] /L oTadiakd
0,31
0,2 ]
0,1 1
o+
0 50 100 150 200 250

t(min)
Synpa 8-13.X0ykpion g avopyavomoinong g Paeng CL2RL, vrd i cuvOnkeg mov
angwoviCovtat oto oynua, peta&d tov nedddwv: UVe/H20,, UVaA/TiO/H0, kot FE*/H,0,
kot UV/FETH,0,).

8.2 Xuvdvaocpoi Me06dmv kKo 6TadL0K Piyn avTIOpAGTPiOV

¢ Mze otadiok TpocONKN TOV avVTIdpUCTPioV

Emeidn m peiowon tov TOC katd v gotokatoAvTiky dodikooio Kabdg kot Katd v
avtidpaorn Fentoneivar apyn, Wwitepa og VYNAEG GUYKEVIPAOGELS, Eivan ypioipo va eAéyEove
TO OMOTEAEGUO OTNV OMKT Uel®mON TOVv cuvOLALoVTaS TIC Bactkés dladikacieg HeETaED TV Kot
péAiota Vo otadlokn piyn tov avidpactnpiov. Avtd eaivetor oto oynuo 8-14, ywo apykn
ovykévipoon g Paeng D-K2RL ion pe 500 mg/Lkor tng Bagrg CL2RL ion pe 200 mg/L.
Io Adyovg ovykplong Tapovctdletal exiong 1 peimon tov TOC yio kéOe o omd T1g Paciké

Swadikooies Eeymplotd.

233

Institutional Repository - Library & Information Centre - University of Thessaly
12/12/2025 12:09:24 EET - 18.97.14.89



E&etalovtog pepovopéva tao dtaddpata tov Paeov K2RL kot CL2RL pe v pébodo
™G QOTOKOTAAVONG, 1 HEB0dOC Ommg eivor mpoovég amd to oynuo 8-14 dev givan
amotedeopatikny oty peioon tov TOC. Zuykekpiéva oto ddivpa g Pagng K2RL petd
and 360 kot 480 min to TOC peidveror povo 46% ko 64% avtictoiymg Kot avtd
EMITUYYAVETOL KOTOTY 00OENOTG TG T06OTNTOG TOV KataAvtov o 3 g/L kot Tng cuykévipmon
tov Hy02 oe 10000 mg/L.Qotdoo, pe v ido pébodo kar o diddvpa trg Boagr CL2RL ko
noocdtNTe, KotaAvtov 2 g/L, n mopatnpoduevn peiovon tov TOC og didotnuo 5 opdv etavel
10 64%,10050070 1510 e exeivo ™G Paenc K2RL mov emrvuyydveton dpmg éneita and 8 dpeg.
Avrtifeta, 1 potoynuikn péBodog kat yia v Paen K2RL givar modd amoteheopatikn apod M
peiowon tov TOC pe Ttocootd 86% emttuyydvetar nerta and nepimov 150 minIlapdra avtd,
og didavpa g Baeng K2RL, cuvdvalovrag (vmd otadiakn piyn tov avtidpactnpiov o€ Kabe
uéEBodo Eexywplotd) TN QOTOYNMKY KOl TN QOTOKATAAVLTIKY aviidpaon (mpomysitol 1
ootoynuikn) oynue 8-14,dsv napovoialetorl ocbntn Beitioon otnv cuvolikn peimwon Tov
TOC, n xaumoAn otabepomoleiton mepimov oto 88% upetd and mepimov 250 min. O

POTOKATAAVTIKOG UNYOVIOHOG deV givar 1kavog va petmoetl mepartépm to TOC.
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10¢

\\ -~ & - - K2RL, UV/TIO2/H202, H202=10000 mg/L, Ti02=3g/L
] A -- 0 - - K2RL, Fe2+/H202, H202=1000 mg/L,FeSO4=100 mg/L
091 \o.. -- W - - K2RL. Fe2+/H202-UVITIO2/H202
= . e —6—K2RL, UV/H202, H202=10000 mg/L
] oo\ A —e—K2RL, UV/H202_ UV/TiO2/H202
081 X ST —=& — CL2RL UVITIO2/H202, H202=1000 mgl, Ti02=2g/L
870 A\ “A.. =KX= CL2RL.UV/Fe2+/H202, H202=700 mglL, FeSO4=70 mg/L
i . . *+ —0—CI2RL, UVIFe2+/H202_UVITIO2/H202
0,7 ] \ ”
§o6q |\
o 11
S 051 S
o 1 N TN L T T e P
= 1
0,4 1
] - A
03] \ e ®
] Ml R
0,2 1
] [
0,1+ 7 - r5) ®
00 F—+——"r+" T T T T T
0 50 100 150 200 250 300 350 400 450 500

t(min)

EXT']ua 8-14 .E’I.')'YKplGT] IVLS‘C(XE_,I') UVdeOg 'UVdeoz— UVA/TiOZ/HZOZ' (UVC)F62+/H202 Kot
(UVC)F92+/H202 - UVA/T|02/H202 }LS@(’)SO)V cE pH:3-4,H8 COKZRL: 500 mg/LK(ll CL2RL =

200 mg/L )

Yvvdvalovrag v avtidpacn Fentonkar v TiO/UV a/H20; pébodo yuo v Baen
K2RL (ka1 vo otadioxn piyrn tov aviidpaoctnpiov oe kabe puébodo Egywprotd), oxnuo 8-14,
7660 1 GLVOAIKT] peimon, 660 Ko 1 TayvTTe peimong Tov TOC avédvetor. O cuvdvacudg
TV 300 avTdv ueBddwV emttvyyavel cuvolikn peioon tov TOC 76%yetd and 360 min,evd
e€akohovbel va peidvetar mepoutépm. No onpelodet 6t yro v avtidpaon Fentonkor v
TiO2/UVa/H20, pébodo Egyoprotd (ko yo v i Paery K2RL), mapatnpeitar petd omod
360 min cvvoliky peiwon tov TOC 52%rkon 46% avtictoyyo. Emiong axdun kot petd amd
480 min,ot 6v0 avtég péBodot pepovouéva, Katapépvouy pa cuvorlkn peioon tov TOC wov
avépyetal oto, 56% kot 66% avtictorya. E&etaloviog motdoco v CL2RL Bagn péow g
UV /Fentonavtidpaong, to amoteAéopato, givol apketa evOOPLVTIKG HE VO, TOGOOTO TOL

76% mov emTLYYAVETOL Y10, YPOVIKO dldoTtnue. Ayo meplocdtepo omd 1 h, katadnyovtag
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®WOTOGO G€ TAOTO aKOUN Kol Yo TIg endueveg 3 dpeg. Emiong o cvvdvaouog UV /Fenton-
dotokatalvong (e otadlokn piyn Tov avTdpacTNPiov Kol ed(M) KAl GTNV TEPITTIOGN TNG
CL2RL Bagng dev oaivetar vo mapovotalel awcnt Pertimon otnv cuvoliky peiwon Tov
TOC, apob N xoumdAn otabepomorteital mepinov oto 82%ce 2 dpeg aKOUN KOl OTIC EMOUEVES
5 dpeg. H supPfoln Tov @mTOKATOADTIKOD PNYOVIGHOD KOTE TOV GUVIIAGHO TV d00 pebddmv

Kot €00 gV emPEPEL Lo 1d10itepn pewwoel tov TOC.

8.3 Emidopacn tov ALdtmv

¢ Xuykévrpoon wvtoev Cl, HCOs , CO;™ 8042', NO3 ko HoPO,

H mpocbnkn tev dvtov CI, CQZ_, HCOg_, SQZ_, H2PQ™ ka1 NOs7, ot0 d1dAvpa
™g Boaeng PNH mov e&etdletan, €xel po apvntiky enintoon otov pulud omoypouaticpom.
Katd v ektédeon Tov mepapdtov, toc0 g uebddov Fentonodco kat ekeivav tng Fenton-
like, Bpébnke Ot1, Kotd TOV OmOYP®UATIOHO TOL SAVHOTOG TNG POeng, TN HEYoTN
napepnddion wopovotdlel 1o NagPOy (0,IM ). Avtiotoleg GLYKEVIPAOGELG 1OVTIOV YAmPiov,
ouwg, delyvouv va gumodifovv Tov OmOYPOUATICUO HOVO G€ VYNAEG Kot TOAD AlYOTEPO GE
YOUNAEC  OLYKEVIPOGES. MikpOTEPT] MGTOGO OAMV gival 1 €TIOPAON TV VITPIKAOV KOl
Oeukdv 1OVTOV, G©€ ONOWONTOTE OCLYKEVIP®MON OTov oanoypopatiopd. Avtibeta 1
TAPEUTOSIoT TOV avOpoaKIK®V Kot OEVeOV avBpokik®@v 1viov (un Aappovopévon voyn TV
POOPOPIKAV 1OVTOV), OYETIKG [E Ta GALa 10vTa glval 1oyvpOTEPN T0G0 GE LYNAEG OGO KoL GE

YOUNAES GUYKEVIPAOOELS.
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8.3.1 Tayvtnra amoypOpaTIcHov
8.3.11 Taybrnra aroypouationot tns fapic Procion Navy Hexl (PNH)

H emidpoaon mpoobikng So@opetikddv ordT®V oIV KIVNTIKY OTOYPOUATICULOD
eEetdobnke emiong ywo v péBodo Fentonkar ya éva aAdtt, tov NaCl. Katomw ) enidpaocn
tov NaCl, poli pe kamowwv GAAwv, cuvykpifnke emiong koi otig Tpelg HebOdOLE TTOL
g€etdobnkov dnradn g H0/UVe, FE'/H,0,/UVe wo1 TiO/UVa. Ta &hato mov
ypnowonomOnkov frav NaCl, NaHCQ, NaCOs;, NaSO;, NaNQ; kar NggPOy. Ta mpdto
téooepa dhata mpootifevtar og dohvpota Tpog PeAtioon TG oTabepOTNTAG TOV XPAOUATOG
evpéwg oto eumdpo. To NaCl mpoortifetor, mpokewévov Ta WOVTOL TOV VOTpiov Vo
g€ovdetepdoovv 10 apvnTikd eoptio Tov wadv. To NapCO; mpootibetat, yio va avoymdaoet To
pH oty embount) tiun 10.57pog 11, oty omoia £ktacn mov Kiveitor | aviidpaon petad
Boeng tomov  reactivekal popiov Tov v €ivol T OTOTEAEGUATIKY. L€ AVOLYTO YPDLUATO
npootifetar povo NapCOs, evd 68 GKOOPO YPDLOTO YPNGIL0TO100VTOL Kot To. Vo, NaOH kot

NaCOs.

Ta aviovta CI', HCGys, CQ{Z, SQ{2 NOs; and HPOy, fswpeitan 611 Aettovpyodv cav
deopevtéc Tmv ehedbepmv pilldv Tov VOPOEVAIOL LEWOVOVTOG TV OTOTEAEGHATIKOTNTO TNG
ovyKévtpoong t@v oto Owivpo [221]. To omotéhecpo pmopel va givar 1 Topoy®yn
deutepevovInV erevBépav primv, ot omoieg £xouv TOAD YapNAOTEPO 0EEWBWTIKG SuVaUIKO o’
611 o1 elebbepec pilec Tov VEpoLuAiov. T Tapddetypo ta Wvia HCOs, COs?, Hempnricd

avtidpodv pe pio eledBepn pilo Tov vOpo&uriov, katodnyovtag o COs™ péom TtV KAT®OL

AVTIOPACEMV:
HCO; + OH —» H,O + CQ" k; =rate constant (8-1)
COs%2 + OH > OH + CQ;” k, =rate constant (8-2)
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Emunpocdétog, ot 1é00do g poToKaTdluoNS, auTh To avidvia dsopsbovy h™ kat
emiong enepPaivouv oty dodikacio TpoopoPNoNg TN Papnc kot petafdiiovy v eoOpTIoN
NG EMPAVELNS TOV KATAADTN, KATL TOV amwd TNV TAELPA Tov mNpedlel TNV TPoopdPnon ™G
Pagpnc.

¢ 7PocOKN CAATOV 6TIG Fe/ H 207 ko Fe™ H>0-,

To oyfua 8-15 deiyver v enidpaon mpocbnkng tov NaCl oty taydnto
amoypouaticpon g Papng PNH, péow g avtidpdcemg Fenton Mropel vo onpeindei 6ti o
pLOUdC amoypopaTIopod emnpedletal dvopevds amd TV Tpostnkn 1WOviov yAmpiov. O
puOudg amoyxpmpaticpoy glattdverol, Kobdg 1 ovykévipoon tov NaCl av&averon. H

enidpaon eivon oxedov ypopkn oe oyéon pe v Kap

14

—h— Xwgi&/la)\dﬂ —0—=0,01M
- A= 0,0 ——0,1 M

0,9 A -X-02 M —*—05 M
—0—1M

CIC,

t (min)

Yynpo 8-15.Enidpaocn g npocdnkng NaClotnv toydtnta anoypopoatiopnod g faeng

PNH péow g avtidpaong Fenton (pH=3, &resox Co 207100 mg/L, G pni=75 Mg/L).

Onwg yiverar eavepd amd 10 oyfuo 8-16,1n eovopevn otabepd Kot v apyf g

avtidpaone, Kap pewbvetar amd 6.6 min' (0.01 M NaCl)oto 0.8 min' (1 M NaCl). H
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enidpaon tov NaClotnv % anoteAecLoTkOTNTO ATOYPOIOTIoNOD gVvTOg 5 Min, amewovileton

emiong oto oynua 8-16ko givar 1o 1610 1oLPN.

8 1 r 100

Kap (min™)

AMOXPQOMATIZMOX (%)

0,001 0,01 0,1

Chiaci (M)
Yyquo. 8-16.Enidpaocn tng tpoctfikng NaClotny K kot oty % anddoorn anoypopoticpon
og t=5min, g Baenc PNH péowm g avtidpacng Fenton (pH=3, €resoFx Co.H20=100 mg/L,

CoypNH:75 mg/L)

Apykdg, uéypt 0.010 M NaCl,n mocootiaia (%) anOTEAECUATIKOTITA OTOYPOUATIGLOD
evtog mévie Aemtav (5 min) dev aAhaler aroBntd. Metd amd 0.010 M NaCl,ko daitepa
petd and 0.10 M NaCln tov 5 min %anote eGUATIKOTITO OTOYPOUATIGUOD TEPTEL OO LICL
apyn T yopo oto 96%, oe pia telkn Ty tov pohg 21%pe 1 M NaCl. Mmopei va
onuewwbei 6Tt ovykevipmoelg ov NaCl mov ypnoyonoovviol oo gumdplo, eEaptd@vTal 0o
TIG GUYKEVIPAOGELG TOV BAQ®V IOV XPNGILoToovvToL oto dteddpata. 'Etot, yio cuykévrpwon
Baeng tav 75 mg/L,avtég kopaivovtal and 0.5% péxpt 2%, o1 omoieg ektetvovran and 0.17
M uéypt 0.50 M avtictoiymg. I't ovtd givar mpogavég, 6Tt 0 NaCl,o “ovth v éktaon Tev

GUYKEVIPDOOEMV, UTOPEL VAL PELMGEL GNUOVTIKG TNV ATOTEAECUOTIKOTITO ATOYPOUOTIGHOD.
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Avti N ovumeplpopd. pmopei va eEnynbei, péow g enidpoaong tov WOvtov Cl ot
GUYKEVIPWOOT 1GOPPOTIOG TMV 1OVTIOV Fe? ko Fe™ 610 Sduéivpo [202,222]kon ta omoia wovTa
glvar amapaitmta yioo v mopoyoy ehebbepov pilav vdpoviiov, HECH TOV KUKMK®OV
avidphocnv 2-44 pégpt 2-49. Ta dvia CI avtidpovv pe ekeiva tov Fe? kon tov Fe 610

Stopo pEm TV okOAoVOY avTIdPAcE®Y 01 0TToiES vt AVTIOPAGELS 1GOPPOTING:

Fe? + CI S FeCf Koz=7.9 (8-3)
FeCl + CI S FeC} Kos=1.1 (8-4)
Fe® +CI S5 FeCI? Kos= 8.3x10 (8-5)
FeCl?+ CI 5 FeCh'  Ky=2.6x10 (8-6)
FeCh'+ CI S FeCh  Kyp=135 (8-7)

YOupovo pe TIg o MOV TEVTE avTdpdoelg wooppomiog 8-3 uéypt 8-7 o vt
yhopiov ®BoOV TV 1oppomtio TPog T SeELd HEIDBVOVTOG TN CLYKEVIPMON TV EAEVOEPOV
Wvtov ov Fe? kot tov FE™ 610 dihopa. Qot660, 1) 6Tadepd 160pPOTLaG TOV AVTISPAcEDY
8-5 kot 8-6 eivan and 3 éwg mepinov 5 1aEeig peyéboug peyorvtepn an’” 6Tl 1 avtictoyn Tov
eflohoenv 8-3 ka 8-5. Q¢ ek T0UTOV, 1 GLYKEVIpOON TV Wviev FEZ oto Sidlvpa
LEWDVETOL GE Lo PeyaldTEPT £KTaOT O’ OTL EKEiV TV 16vTov Tov FEZ Ta 1dvia tov Fe™
elvan amapoitnTo mpog avayévvnon tev 16vieoy ov FE? pécn tov avtidpiosoy 2-46, 2-47
kot 2-49 kon o 16via Tov FE? pe v oepd Tove Snuovpyody Tic eredBepec pilec Tov
vdpo&uhiov péow g e&icwong 2-44.T1 awtd, T0 TEMKO AmOTEAESUO OO TNV TPOGHN KT TV
wvtov CI, givar  peioon tng ovykévipoong tov glevbepwv pildv tov vépo&uiiov. Avtd
eniong e&nyel, ywri ota TPOTO SELTEPOAEMTO TNG AVTIOPAONS OMOYPOUATIGHOD O
OTOYPOUATICHOG EIVOL YPIYOPOS, EVE KOTOTLV LELDVETOL. T TPMTA SEVTEPOAENTTO, LETE TNV

npoctnkn tov HOy, viépyovv ehevdepa 16vio Fe2 and 10 FeSQ, étol 1 avtidpaon eivar
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ToAD ypryopn. Ev tovtolg, kabmg katavoidvovtal ypriyopo Kot 1 ovayEvvnon Tov Eivol
apyn, €€ autiog Tng pelwong TG CLYKEVIPOONS LOVIWV Fe N avtidpoor emPpoadvveTor Tord
ypryopa. Avtd etvor gpeovég oto oynua 8-16, amd tnv omoio pmopel va @avel 6Tl ot
TOYVTNTES OTOYPOUATICUOV givarl oyedOV o1 13101 6T TPOTU SEVLTEPOLENTA TNG OVTIOPAONG
v Oheg 11 ovykevipmoelg tov NaCl, evd kotdmy oleg pewdvovtal, kot péAoto Eéympa

ueta&d Tov, eEotiag TV dpopeTiK@V cuykevipdoewy tov NaCl.

Ta oynpoto 8-170 kot 8-17B deiyvovv v enidpacm kot Tav €51 avioviav, dniadn Cl
, HCO;, COs? SQ% NO;s kat HoPOy, 670 pudpd amoxpopatiopnod oe 500 SLpopeTIkes
ovykevipooewg, 0.010 M xor 0.100 M. Oka ta avidvto emnpedlovv v ToyLTNTO
OTOYPOUATIGHOD SVGHEVDG OAAG e dlopopeTikd Pabud. O wivakoag 8-1 deiyver v
neviolentn ddpkewe (5 min) g avtidpaocng O6mmg kot 10 mwocooto (%) peioong tov
amoypouaticpod. H tdon eivol kdnwg d1apopeTiky] 6 YOUNAN GLYKEVIP®OT TOV OVIOVTOG
(0.010 M),cvykpwvopevn pe ekeivn g vynAdtepng ovykévipwong (0.100 M).XZe 0.010 Mn
TAPEUTOSIOoT KOTG 0dEO0VGO. GEPE TOL TOGOGTOD OMOYPOUATIGHOD o€ dtdotnua 5 min, and
0, £€1 10vta eivon 1 €Nt
Ipoc v pkpdtepn mapepnddion: HPQy > CO;2 > HCOy > NO; > CI > SQ™?
Evo yro vyniotepn ovykévipwon drotog 0.100 Mn ce1pd tov 10606100
ATOYPOUATICHOD GE dLaoTnpe. 5 mMin,amd ta €61 10vta givor n e&ng:
Tpog TV pkpdtepn mapepnddion: HPQy > CI > HCQy > CO;2 >SQ? > NOy
No onuewwbei 6t 10 10Vt pwo@opov mopepnoditovv minpog  (100%) tov
AMOYPOUOTIGHO NG Pa@NS 6€ VYNAN GLYKEVIP®OT GANTOG, €V OKOUN KOlU GE YOUNAN
oLYKEVTPOOT GAaTog 1 mapeunddion eivarl ol wyvpn (87.9%).Ta 16vta CI deiyvouv ua

oyvpn Topepnodion otov anoxpopotiopd pe 0.100 M (21.5%)n onoia épyeton devtepn
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KOTG GEPA HETO TOL 1OVTO, GMGOOPOV, G YOUNAES OUMG GLYKEVIPMGELS TapeUTodilovy o€
oxéon pe ta dAla avidvio moAd Alyo. H mapepnddion amd Ogucd ko vitpikd 1dvto eivon
pailov acbevig kot otig dvo ovykevipwoeglg 0.100 M and 0,010 MH eridpoon
napepmodiong tov wviov COs? kot HCO; (k106G TS oopopikic piloc) oyetikd pe o

AL ovidvTa eivor vynhdtepn Kot 6TIg V0 cvykevip®oets, 0.010 Mkar 0.100 M.

To 6via HCOs kon CO52, ev eivor yvootd 0Tt dnuiovpyody cOUTAOKO oVTE e
kaTovto Tov Fe? obte HE TOL Fe™. Q¢ ek TOUTOV, 0 KOHPLOG UNYOVICUOS Yo TNV dpdom
TOPEUTOSIONG TOV OTNV TOYLTNTO OTOYPOUATIGHOD, HOAAOV O@eileTol GTO QOVOUEVO
déopevong Tov erevBepav pidv Tov vdpo&uiiov Tov TEPtYphPeTaL HESH TV eloDoewy 8-1
Kkt 8-2. Ot apyikéc oLYKEVIpOOELS Tav Wvtav Fe2 ka HO; Statnpodviar ot idteg ¢” 6Aa Tal
nepdpato, eved e&etdlovtog tov wivaka 8-1 onpeidvovpe 6tt, avEAvovTog TV GVYKEVTP®OOT)
TV Wvtov HCO: ko CQ'Z a6 0.010 Moto 0.100 M, n eridpaon tov aviovtog HCOs oo
pLOUS amOYPOUATIGHOD Etvar LeYOADTEPN GLYKPLVOLEVN TTPOG EKEIVT TOV 1OVTOG COs2. Avth
o 000 aVIOVTO GUVLTAPYOLV GE 100ppoTmic. 6To VIATIKG dtaAvpoata. Xe 6&wvo pH,
aVEAVOVTOG TNV GLYKEVIPMOGN TOV 1OVI®V olo' N avtidpaon Teivel Tpog T aploTepd
HETATPEMOVTOS UEPOG TMV OVIOV COs? o¢ 16vta HCOs. H ovykévipoon tov NaCO; mov
YAPNOLLOTOIEITOL EVPEMG OTO EUTOPLO YI0. GLYKeEVIp®oel Pagng mepimov 100 mglL,
kopaivetor ard 1000 mg/Leto 10000 mg/Lro omoio avtictoryei amd 0.010 Muéypt 0.10 M.
'Etol dagaivetar 6t akoun kot pikpy mocotnto tov NapCOs apkel yio pétplo amotéieoua

GTNV OMOTEAEGLOTIKOTNTOL.

To 16vta SQ;2 ava@EPETOL OTL dNUOVPYOLV COUTAOKO Kol e Ta S0 €idn 1dviov
ownpov, pe to tov FE? ko tov Fe™ [221], 6mmc eniong 611 Seopebovv tig eAeddepe pilec

0V V3po&uAiov [204]. O avtidpdoelg eivar ot e&ng:
Fe” + SQ?S FeSQ (8-8)
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Fe® + SQ? 5 FesSQ' (8-9)

Fe® + 25Q? S Fe(SQ), (8-10)

SO2 + OH — SO + OH (8-11)

EmnpocOétmg, oe éva 6&vo pH pmopovv va Aafouvv ydpa ot axdAovdes avtidpdoelg
1coppomiag :

SO2 + H 5 HSQy (8-12)

H mapayopevn pila HSQy pmopei, emiong, va avtidpdost pe eievbepec pilec
vdpo&udiov [207,212,222,223):

HSO, + OH S HSOr + OH (8-13)

H enidpaon tov wbviov SO ot0 pLOUd amOYPOUOTIGUOY €ivol TOAD HKpn. g
ovykévipoon 0.100 M, ta 16via SQy? Sev eniPpaddvovy Ty avidpaon omoypopoTIcHoD
omv ekiowon 8-12, evd oe pio modd vymAotepn ovykévipwon, ion pe 0.100 M, 10 %
AnOYPOUUTICUOD 6 ddotnpe 5 Min pewdvetar povo katd 4%. Qg ek T00TOV Ol AVTIOPACELS
8-8 péypr 8-11 e ocvpPdrovv pdriov onuovticd, o0TE TPOG TNV ULEIMON CLYKEVIPOGEWDV

wvtov Fe?ka Fe?, obte ot 8éopsvon tmv EAedBepv pridv Tov VEPOEVAIOL.

Xopig
Curgr/ oviov HCO3 CO3
aAdTL

SO, CI NO3 H,PO4

90.6 87.6 96.2 94 91.2 11.6
0.010M | 958
(-5.4%) | (-85%) | (0) (-1.9%) | (-4.8%) | (-87.9%)

79.4 83.2 92.0 75.2 95.6 0
0.100 M 95.8
(-17.1%) | (-13.2%) | (-4.0%) | (-21.5%)| (0) (-100%)
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ITivoxag 8-1. 5 mindidpketo avtidpacng yio kahe TOmo avidvtog kat % peiworn Tov

amoypouaticpol o€ cuykevipwoelg 0,01kot 0,1 Mtov kdbe dAhatoc.

To 160vta. NOy dev eivar yvootd yia ) dnpovpyia cvpmhokev, pe 16vio Fe? oddd
ovte kot pe ekeiva tov FEZ Ev tovtolc, deopebovv ehedbepec pilec vdpoturiov [224].
Qotdco, 1 enidpaon mapeunddiong tav Wvteov NOs (nivakag 8-1) eivar moAd pukpn, kot
pali pe to 6vro SQ% ) mo pikph GAov TeV WVIev Tov pedetiOnkav. Mopdio avtd,
TOPEUTOIION OV HeTPNONKE OO TO WOVTA TOV PMCGEOPOV givar TOAD oyxvpn. Ze PH=3, 1
napovoio tov wvtog HoPOy oto duwddvpa givon 1 emikpatéotepn [225]. H mopepnddion
avépyetor oto 87 % rd 95%m amddoon amoyp®UATIGHOD PTavEL Lo to 12%)ce 0.010
M kot 100%ce 0.100 M. 'Exet avaeepbei déopevon eredbepmv pilov vdpo&uiiov and to

H.POy , dnog emiong kot n Snpovpyio oyvpdv cvpmhdkaev pe to wvto Fe? ko Fe[226]:
Fe? + PO, S FeHPO, Kss = 5.6x1G (8-14)
Fe® + PO, S FeHPO,?  Kgs=6.9x10 (8-15)

To @avopevo dnpovpyicg GLUTAOK®V, TOV dLOPAIVETAL OO TV HEYOAN 6TabEPd 1G0ppOTiag

Yo TIG 70 TAV® AVTIOPAGELS, £ival TOAD 10Y(VPO Kol O €K TOVTOV GTO OLGAVLO, UELDVOVTOL
. , , , . +2 +3 . .

KOTé TOAD 01 GLUYKEVIPAOGELS TV eAevlepav 10viwv Fe*© kot Fe™, oyeddv oto undév, xar

aVTO £XEL OOV ATOTEAEGLLOL TNV CLYKPATNUEVT Tapay®yn eAevBEpmv pridv Tov vipo&uAiov.
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@)

l %y
0,9 1
0,81 —&— Xwpig aAdr - x= NaCl
071 —e— NaHCO3 - ©- Na2CO3
1 —s— NaNO3 —o—Na2S04
o 987 —%—Na3PO4
Q
O 0,51
0,41
0,31
0,2 .
0,1 ) ' e,
0 : : : : )
0 1 2 3 4 5
t (min)
(b)
1
—— Xwpig ahat = * = NaCl
0,8 1 ——NaHCO3 - * - Na2CO3
—+—NaNO3 —o— Na2S04
——Na3P04
o
Q
O

t (min)

Yyquo. 8-17.Enidpacn tov &L ovtav (CI, HCO;, CO2, SQ?, NOs kau H.POy), otnv
TOYOTNTO OTOYPOUATIGHOV HECH TG avTidpacng Fentonce 500 dapopeTikés
ovykevtpooelg wvtov (a) 0.01 Mkat (b) 0.1 M (pH=3, Gresox Co n207~100 mgl/L,

Copnt=75 mg/L)
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To oynua 8-18 deiyvel v emidpaon TG TPOSHNKNG OVIOV dOPOP®YV TOGOTNTMV,
onwg CI' (amd NaCl), CQ? (am6 NaCOs;) xar HCO; (amé NaHCQ) oV TOYLTNTO
amoypOUATIGHOL dtaivpotog e Baeng PNH, cvykévipoong 200 mg/Luécm g avtidpaong
Fenton-like. H popuwxn ocvykévipmon avtdv tov wviov, oneg degixvelt 1o oyfjuo 8-18,

Oewpeital 0tL PpiokeTal 6To TVTIKGE OPLOl CLUYKEVIPOGEDY TOL YPNGLUOTOLEL 1 Propnyovio

KAwoTobeovTovpyiag.
1=
09 | S —e— ywpic aAdTI —0—NaCl=0.01 M —4—NaCl=0.05 M
, . —0—NaCl=0.1 M —%— NaCl=0.2 M NaCl=0.25 M
L 9w m - +- NaHC03=0.005 M - #- NaHCO03=0.01 M +- Na2C03=0.005 M
0,8 k... « S ~@--Na2C03=0.01 M

CIC,

t (min)

Zynpa 8-18.Enidpacn akdtov katd tov anoypopatiopd g paeng PNH péow g
avtidpaong Fenton-like (@G pnp=200 Mg/L;Co 202000 mg/L; G reciz=1000 mg/L;pH=3)
Avo onueio givarl Tpogavn and to oynuo 8-18:
(1) Zrig idteg oLYKEVTPOGELG OVTMOV TOV TPV MV WOvtav (0,01M), ta HCO; ko
o COZ 1ovio (Bwitepor avtd tov COs*, mapepmodiloov oobntd v taydTnTa
QTOYPOUATICHOD, EVE OTOUTOVVTOL OYETIKG LYNAEG ovykeviphoelg WOvtov Cl, yu va

HLELOGOVY CNUOVTIKG VT V.
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(2) IIpocbétovtag ta 10vta Cl 610 didAvpa, N OTOTEAECUOTIKOTITO OTOYPOUATICHOD
(onwg omodidtor péom tov Adyov C/CO), efopoldveror pHE TNV OTOTEAECUOTIKOTNTO
ATOYPOUATIGHOD StaAvPAT®V Yopig TV Tpocdikn wvtwv CI, og ypovikd dwaotnua 10 pue 45
min, ovdloya pe T ovykévipwon tev Wviev CI' oto didhvpo.  Avtifeta 1
OMOTEAEGHOTIKOTTO. TOYPOUOTISHOD Slohvpdtev Tov meptéyovy eite COs eite HCO;, 8¢
Seiyvel mopodpola ovpmeptpopd. Q¢ ek T0vTOVL givar mpogavéc, ott Wvta COs” kon HCO;
UELDOVOLV CTUAVTIKGE TNV OTOTEAEGIOTIKOTI|TO GIOYPOUATICHOV, eV avtd tov Cl emeépovy

Lo kpATEPNG EKTOOTG HElMON KOt VT HOVO GTa apytkd oTdd1o TG avTidopaong
¢ 7pocOikn aratov otig UV/H 0o, Fe'¥ H202 ko TiO/UV

To oyquo 8-19 deiyver mv enidpaon mpocbnkng NaCl (0.100 M),ce dudivpa g
Baeng PNH ovykévipoong 75 mg/L katd Tov  Omoyp@UOTICHO  TOV  SLeAVHOTOG,
YPNOILOTOLOVTAG TIG TPELS Pacikés nedddoug, Sniadh mv UV/H20,, v FE% Hy0; kot v
TiO/UVa. H g&étaon éywve povo yw to NaCl, npokeévov vo cuykpifei 1o @oivopevo
napeunddiong tov NaClotig tpeig owtég puebddoug, pe OAEG TIG TUPAUETPOVS TOV GUGTIIOTOG
og Béltioteg TéC, mov kabopiotnkav wponyovuévag. Erniong, ot kopmdreg C/Co évavtt Tov
t, omv mepintwon 6mov dev mpootifetor oAdTL, aVOTOPAYOVTOL KOl ameltkovilovTol TaAL yio
Aoyovg ohykprong. Mmopel va onpetwbet ot1, yio tnv pébodo Fentongatd tnv cdykpron pe O
M NaCl), énwg fdn ovinmnke vopitepa, vrdpyet pétplo mwopgumnddion oty %
QOTEAEGUATIKOTITO TOV GLOYPOUATIGHOV, 1| 07010, peldveTal oto 21.5%uetd 5 min kot oto
18% petd 10 min.Ev tovtoig ota npdTo otddia tng avtidpaong (30 sec)yn nopepnddion dev
glvat amodekTn. Avtd opeiletar 610 YEYovos 0TL 1) 6Tabepd 1I60ppomiag yio TIg avTidpdoelg 8-
3 ko 8-4 givor ToAd pukpdTepn an” 4t 1 avtictoryn yio Tig ovtidpdoelg 8-5 kot 8-6. Tt avtd
oTa TOAD TpdTA 6TEdIe TG avTidpacnc, o Fe? katavakdvetar ToAD ypiyopa, Kupiog yia Ty

napaymyn eievfépov plov vdpofvAiov péow g avtidpaong 2-44, evd 1 dmpovpyia
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GUUTAOK®OV HETOED 1OVTOV Fe™ xar avioviov Cl eivor TEPLOPIGUEVT] KOL OG EK TOVTOL M
eMidpacn oV Topaywyn TV eAevBépav pridv Tov VOPoELAIoL gival TEPLOPIGHEVNG EKTACTS.
Hapora avtd, kabhe N avtidpaon e€eliooetar, N avadnovpyio TOV KaTovolwdEivimv dviov
Fe'2 and ta dvia Fe™ péow tov avidphocnv 2-46 kar 2-47, givar mokd apyi, €& artiog g
oyvphc dnuiovpyicg copmidkev tov oviev Felue ta via ClI' péoo tov avuidpicenv 8-5

Ko 8-6.

¥ pébodo UV /H0, 1o @avdpevo mapepumddiong guvoeitar péypt og xpovikd
Sdudotua 7-8 min.Ilépa an’ avtdv Tov Xpdvo, ot 300 KoumbAeg extkalvntoval. X 5 min, o
1060610 %0 ATOTEAEGHATIKOTITOG OmOYPOUATIGHOD petdvetat (Aapfavouévov vedoyn tov 0%
NacCl) 1o 55%,uetd and 10 minocto 13%ko petd omd 15 minueidveron poig oto 0.4%.H
TayHTNTO AMOYPOUOTICNOD KOl 0TS d00 TEPMTAOGELS, e Kal yopig tpocdnkn tov NaCl, uetd
and 15 min efopordvetor. Avtd pmopel vo oQeileTol 6TO QAIVOUEVO JECUELOTS TMV
glevbépwv pildv tov vdpo&uriov amd ta dvta Cl' [207,224] Emnwumpoobéitwg ta dvia Cl
mEPAV TG ONoLPYiag CLUUTAOK®V pHEcH TV aviidpdoemv 8-3 péypt 8-7, ot omoieg
OTOTEAOVV TOV KUPLO AOYO TOPEUTOFIONG TNG OVTIOPUOTG UTOYPOUATIGHOD, GTOV UNYAVIGUO
¢ avtidpaong Fenton,uropolv eniong va decpedoovv Tig eAedBepeg pileg Tov VIpoELAiov,

napayovrag erevbepeg pileg yrwpiov [226,227]:
CI" + OH S HocCr (8-16)
HOCI'+ H" — CI + H,0 (8-17)

Ta 6vta tov ClI' cvvayovifovriar pe to popia g Baens yia tig elevbepeg pileg Tov
vdpo&uiov, Topdyovtag erevbepeg pilec yAwpiov, o1 omoieg dev givat TOGO ATOTEAEGUOTIKG,

péca o&eidwong, Kot ovtd odnyel oy kabvotépnon g ToHTNTOS ATOYPOUNTIGHOD GTO
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apPYIKG Kol 6T EVOLAUESO OTAOI0 TNG OVTIOPAONG. XTO TEAEVTAIN OTASI TNG OVTIOPAONG

OTOYPOUATIGHOV 01 3VO TaYDLTNTES OTOYPOUATIGUOD EEOLOUDVOVTAL.

2Ta TEWPAUATO TG POTOKOTAAVONG, TO PUVOUEVO TNG TOPEUTOIONG HeEAETONKE oF
dvo dopopetikég ovykeviphoelg Tov NaCl, dnradn oe 0.100 Mxar 0.20 M. H enidpaon tov
NaCl oto pvbud anoypopatiopod kotd m didpkewa g TiIOA/UV A nebodov, dapépet apketd
oLYKPVOLEVT HE TIC GAAeC Do uebodovg. Ze ovykevipmoelg 0.100 Mkar 0.20 M, 1o NaCl
Bpébnke va awdverl Ty TodTNTO ATOYPOUOTIGHOD KATE To TPAOTO 6TAS TG AVTIdOPAoNC.
Qo1600, Omwc pmopel va onuelwdel amd o oyfua 19, Wwitepa oe VYNAOTEPES
ovykevrpaoelg Tov NaCl (0.200 M), taydtnta mapepmddiong ToV anoypOUOTIoNoD YiveTal
avTIAnmTY, enedn otabepomoieitan Told ypfyopa, énerta and mepimov 4-5 minkot 2.5-3 min
v 0.100 Mkow 0.20 M NaCl,avtiotoryo. Metd ad 12 min,n taydtnto. omoypoOUaTIGHOD
GTNV TEPITTOOT OOV deV TPOooTifETOL OAATL, ETTAYVOVETOL EV GLYKPIGEL TTPOG TO SIAADIA TTOV
nepiéyel 0.20 M NaCl.And mpokatopktikd dedopéva mepapdtov, eaivetoar 6tt o NaCl
EVIGYVEL TNV TPOGPOPNoN TG PAPNS OTNV EMPAVELD TOV KATOADT Kol MG €K TOVTOL TN
otafepd npoopdenorc tng. H mocdtra n (mgPagrc/mg TiO,) tng Paeng yie 0 M, 0.10 M

kot 0.20 M NaClppébnke ion pe 0.046, 0.05%au 0.055avtictoyo.
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—e— Fenton
- ©- Fenton+NacCl (0.1 M)
—&— UV/H202
—a- UV/H202+NaCl (0.1 M)
. —a— UV/TiO2
N —0—UV/TiO2+NaCl (0. 1 M)
—o— UV/TiO2+NaCl (0,2 M)

C/CO

\u\_:
i X O mmmmma o - -
———————— —
—
\'§'~
0 ‘ ‘ ‘ | |
o 3 6 9 12 15

t (min)

Yynuo 8-19.Enidpaocn g npoodnkng NaClotig tpeic AOPSya Co pni=75 mg/L: UV/HL0,
(pH=4, HO,=1000 mg/L), Fenton (pH=3,dEesoF Co.H207=100 mg/L,)xor UV /TiO,

(pH=3, TiG=1g/L).
8.3.1.2 Taybrnra armoypouarionod tns fapric Drimarene-CL2RL (D-CL2RL )

¢ 7pocOikn eratov otig UV/H 0, ket TiO/UV

3TN GLYKEKPIUEVT] TTOPAYPAPO GLYKPIVETOL 1) ETIOPACT] TOV AVOPYAVOV LOVIOV (Cl'l,
CO5%) 610 pLOUO OMOYPOUOTIOHOD KATA TNV EQUPUOYY TNG POTOKATAAVLTIKAS GAAE Kot

POTOYNIKNG HeBOIOL.

H enidpaon g mpoostixne §bo dropopetikdv 6viov (tov CIt kar COs%) oe mnévte
dwpopetikég  ovykevipooeg (0,05M, 0,1M, 0,2M, 0,5M kor 1M), oto pvBuod
AmoYPOUATICHOD  dtaAdpotog g Paeng CL2RL (100 mg/L) xotd t Sidpkewo tng
POTOKATAAVTIKNAG KOl TNG POTOYNUIKNG avTidpaong, aneikoviletal ota oynpoto 8-20 émng 8-
23. Emiong, yw Adyovg GOYKPIONG OTA TAPATAV®D GYNLOTO, OTEKOVICETAL Kol 1) TOYVTITO

anoypouaticpod dodvpatog tng Paeng CL2RL (100 mg/L)kor pe tig 800 mponyodueveg
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uebodovg mov mpoavaeépdnkav. Exk wpding Oyewg, 1 emidpaocn tov oldtov NaCl ko
NapCOs otv TodTTa OmOYPOUATION), HE TIG V0 avTég Hefddovg og dwddpata e Baeng

CL2RL mowkiiet.

1,0 4

0,9
] —o— Xwpig aAarl
0.8 1 -m-0,05 M

071 —4—0,1M

-*-0,2M

0,6

C/Co

0,5 *
0,4 *
0,3 *
0,2 *

0,1

0,0 +———

t(min)

Yynuo 8-20.Exnidpacn tov NaCloty tayvmro aroypopaticpov mg Baeng CL2RL, péow

g UVA/TiO2/H20, (Co = 100 mg/L, pH=3, §120= 1000 mg/L TiQ=1g/L).

Amo 1o oyfua 8-20,0tnv nepintwon tov NaCl, paiveton 611 n enikpatodoa Taor oTIg
yopmrés ovykevipwoelg (0,05M kor 0,1M), péow g UVA/TIO/H0;, givar apvntiki og
TPOG TNV ToYLTNTO ATOYXPOUATIGHOV. Q6TOCO0 givar codnth N peiwon g Tapepnddiong Katd
0 ddpKela TG avtidpoong, evd cvveyiletonr ko petd to 30 min. Or cvykeviphoegg 0,05M
kor  0,1M zetuyaivouv avtiotoyyo o 30 min  71%ko 82% oavrtictoryw, 0TV pE TNV
ovykévipoon 0,2M NaCl péypt to 13 min dev mapotnpeitar Koppio mapepmodion Kot HoOALg
HETA TO YPOVIKO 0TO OTUEID M TAXVTNTA OTOYPOUOTIGHOD HELDVETAL, TETVYAIVOVTAG MOGTOGO
oe 30 min, kot TeA oNUAVTIKY 00300 Aoy POHATIGHOV, ion pe 95% évavtt tov 98%,ov

avtioTtolyel oty avtidpaon ywpig v enidpaon dratog [226]. H apvnrikn avt eridpaocn,
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GOLOMVO LE TOVG EPEVVNTES, OPEIAETOL GTO YEYOVOG OTL 1 TOPOVGIL, AVOPYOV®Y OAIT®V GE
dtapopa draAvpote Papdv tHmov reactive,enttpénel KOAVTEPT CLOCOUATOGCT TOV HOPIOY
™mg PBaeng, 1 omoio BEATIOVEL TN oTAOEPATNTO TOV XPAOUATOS ENL TOV WOV TOV VOAGHATOV. H
npooBnkn de tov dAatog tov NaCl éyel cav amotéleopa v avénon g amoppodENoNg TV
Swivpdtov g Pagng, oty omoio Kot ogeihetor mOovov kol M peiowon  tov

ATOYPOUATIGLOV.

1,0 2

—e— Xwpig Na2C03
—+-0,05 M
—-—0,1M
—>-0,2M

09 ]
08 ]
07 ]

0,6 1

C/Co

05
04°
03°
02°

0,1 ]

o
0 5 10 15 20 25 30 35 40

t(min)

Yynua 8-21.Enidpacn tov NapCOs oty taydtnta anoypopaticpot g Baeng CL2RL,

pécm e UVa/TiOoH,0, (Co=100 mg/L, pH=3, §20=1000 mg/L TiQ=1g/L).

Y10 oyfua 8-21,ctnv mepintwon tov dhotog 1ov NaCO; péow g UV a/TIO/H20;,
N €MKPOTOHoN TAOT| TOPAUEVEL 1 1010, OV Ko M TapeUmOSIoN YiveTon EUPAVIC G~ OAEG TIg
ovykevipaoels Tov NaCO; aveEaptitoc. 'Etot, mapatnpeiton pa oicOnth mopepmoddion ton
ATOYPOUATICHOD UE TNV TPocOnkn younidv cvykevipdoemv (0,05M kot 0,1M) tov NaCOs,
EMPEPOVTAG aVTIOTO0 T0600To amoypopaticpod 48-50%.H cvykévipmon 0,2M NaCloto

Stopo wapovotdlel aodnty Stapopd amd TIG TPONYOVUEVES YOUNAEG GUYKEVIPADOELS, KoL
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evd oto. 20 min o Pabudc mapeumddiong eivor TOPOUOOC HE TIC OVO TPONYOVUEVEG

ovykevrpaeoelg (30%),0to 30 Minayyiletl to Tocootd amoypouaticpov 70%.

Me ™ Ponfeio g poToyMUKknG nebddov, OT®S Qaivetoar omd to oynue 8-22, 1
npocdnkn tov dratog tov NaCl, dievkoAdvel TOV Aoy POUATIGHO TOV SLUADUATOC, 6~ OAES TIg
GUYKEVIPOOES aveEaptnTmg oA pe dapopeTikd Badud. Edwkdtepo, 6TIG GVYKEVTIPOOELS
(0,05M, 0,1M ko 0,2M) kabdg avédvel  cuyKEVIP®OT TOL GAOTOG, MEWDVETOL 1 BETIKN
enidpaon otov puud anoypoparticpov. Etot, yia cuykeviphoeig 0,05M kot 0,1M NaCl,cto
B0 ypovikd Sdotnua (30 minkmtuyydvetoar 810 TOGOGTO OTOYPOUATIGHOD HE TNV
nepintoon ywpig v emidpaon diatog 98%, e v Sopopd 6Tt PEATIOVOVTOL GNUAVTIKA O1
EVOLAUESES (ACES VIO TNV EMOPACT TOV TOPUTAVEO CVYKEVIPMOCE®Y. [0 GLYKEVTPWOT)
éAatog 0,2M 10 T0606TO ATOYPOUATIGHOD 6TO 510 ¥povikd didotna avépyeton oto 90%.

108

0,9

0,8 ]

—o— Xwpig NaCl
- 0,05 M
—+0,1M
—*-0,2M

0,7 ]

0,6

C/Co

051
041
031
021

0,14

0,0 1

35

t(min)
Yyquo. 8-22.Enidpacn tov NaClotny taydtro anoypopoticpot g Baeng CL2RL, uécw

e UV/H0; (Co=100 mg/L, pH=4, £14205=1000 mg/L).
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1,0 #
0,9 ]
] —— Xwpig Na2CO3 & 0,05 M
0.8 4 20,1M 0,2 M
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Zynpa 8-23.Enidpacn mpocsdning dtapopeTikadv cuykevtpdoemv Tov NapCOs oty TodtnTa
anoypopotiopot g paeng CL2RL, péow g UV /H,0, (Co=100 mg/L, pH=4, &120=

1000 mg/L).

Yty mepintoon tov NaCOs, oxnpo 8-23, amd g xauniés cvykevipmwoes (0,05M,
0,AM ka1 0,2M), uévo n ovykévipwon 0,05M NaCO; dev mapeumodiler tnv anddoon
anoypouaticpod ayyifovioag to to 98% ce 30 Min. Avagopikd pe TG VTOAOWTEG YOUNAEG
ovykevipohoelg (0,1M kor 0,2M), eEakolovbei va emikpatel 1 8o Tdon anoypoUoTIoHoD,
OIS KOl UE TNV POTOKATUALTIKY HEB0S0, dnh. M TOPEUTOIION ATOYPOUATIGHOD OVEAVETAL
KabmG ovEAVETAL 1) GLYKEVIPMGT] TOV GAATOC OTNV avTidpaot, retvyaivovtag og 30 min 80%

kot 78%avtictouya.
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8.3.2 Tayvtnra avopyovomoinong

8.3.21 Pvbués avopyavomoinens tns fapric (PNH).

T tov éleyyo g taydtag avopyoavoroinong doddpartog g Paeng (PNH), péow

névte SlopopeTikdv pefddwv, petprinkav ot tywég TOC kot mapovoidloviar TOC/TOG,. Avtd

paivetan oo to oynua 8-24.

TOC/TOCO

= ¢~ Fenton —&— UV/Fenton = -—
—2— UV/ T102 &eq& —*%— UV/H202 (0.1% w/w)
—e— UVITiO2/ H202 Seq) - O- UV/H202 (0.1% wiw)/ NaCl (0.1 M)
00 —0- UV/I‘—|202 (1% wiw) : : : : :
0 60 120 180 240 300 360

t (min)

Yynuo 8-24.Enidpacn dwapopetikmv AOPSoto Adyo TOC/TOG vy Co pni=75 mg/L:

UV JH,0, (pH=4, H0,=1000 mg/L), Fenton (pH=3¢Zesox Co H207=100 mg/L)xor UV A/

TiO, (pH=3, TiQ=1g/L).

O1 TYéG TV TOPAUETPOV OVAYPAPOVTOL GTO GYNLe 8-24 Kol avTIoTOL0UV G PEATIOTEG

N oxedov Pértioteg mapapétpovg g kébe pebddov. T'a Adyovg clykpiong, ot avtictoryes

TOYOTNTES OMOYPOUATIGHOV TNG KAOe pebddov kan yio 1d1eg Tiég mapapétpmy, anekoviovran

emiong oto oyfua 8-24. And to oyfua 5-2 (ep.5.3.1.1) eaivetar 61t ot péBodot

Fe?IH,0./UVA ko FETH0, eivor mo yphyopol oto apyikd otédie g avidpaone. H

pé0odoc FE*IH,0, ok ypriyopa @tével éva mhatd (netd omd 5 min) (96%umoypopationdc),
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EVO £vac EMTALOV ATOYPOUATIONOC dev kadiotatar mAéov duvartdc. H pébodog FETHL0/UV A
ovveyilel va amoypopatilel apyd, emeépovtag énetta omd 15 min éva anoypopoatiopd 99%.
Evtovtoig n pébodog TiO/UV a/H20,, (ke9.6.3.1.3,0y. 6-10),av ko apyn Katd v apyn g
avtidpaong, etvar n TAéov amotedeopatiky empépovias Eva 100% amoypopaticpd petd omd 8
min. Ot pOTOYNWKNY Kot 1 QOTOKATAAVTIKT uéB0dOL gival o 0pyEG KATA TOV MOYPOUUTICUO

TOV SLAVOTOG, EmPépovTag UeTd omd 15 minpovo 85%kat 77%anoypopotiopd ovtictoryo.

Amd 10 oynua 8-24 givar mpoavég OTL 1 ToHTNTO OTOUAKPVYONG TOV GUVOAKOV
opyavikov avBpaka (TOC) dwupépet aodnTd, GUYKPITIKA TPOG TNV ToYDTNTA OTOYXPMHATIGHOD.
H toydmmta avopyavomoinong etvar mold mio apynq &v oavidécel mpog Tnv TayvTNnT
ATOYPOUATIGHOD, KOODS doov agopd tnv teAevtain, Tpokertal Yo dadikacio evog otadiov,
otav 1 mponyoduevn SiépyeTor amd pio Swdikooio moAdmAokwv otadimv. H tayvtnta
avopPYOVOTToinoNg SoPEPEL aPKETA, OTAV GUYKPIVETAL LE TNV TOYVTNTO OTOYPOUONTICUOD TOV
névte nebddwv. H avopyavomnoinon eivor mo ypriyopn ot eotoynukn dtadkacio. H taydtnta
avVOpPYOVOTTOiNoNG 6T QOTOYNWKN dwdikacio givar ToAd ypriyopn katd tn Sudpkel Tng
TPDTNG DPOS, EVO HELOVETOL OTUSOKE PETE TNV TpdTH ®pa. Ev avtiBétmg, axdun kot petd omod
5 opeg to TOC ovuveyilel va peuwvetol, av Kot moAd apyd. Qo61600, N oTdoun mopeio g
KapumoAng og dtddvpa meplektikdmrog 1000 mg/L HO,, akdun ko petd amd 2 dpeg, mhavov
va opeikeTon 000 og gvdidpeca dnpovpyndévra popla, ywpig Svvatdtmra TEPMTEP®
avopyavoroinong, 66o kot otny mlovn EAdenymn tov HoOp, mov exépyetol amd TNy cuvEXOUEVT|
KATOavOA®GT TOV pHéc® TG avtidpaong 2-13, ko cuverdyeton exiong EAAeyn erevOépav piliov
Tov  VOpo&LAioL. AVTO UTOPEl VO GUUTEPAVEL KOVEIC, OLYKPIVOVTOG TIG KOUTOAES
avopyovomoinong otn eotoynuikn pébodo oe 600 drupopetikés cvykevip®oels tov HyO,
dnAadn, 1000 mg/Lkar 10000 mg/LOnwg gaivetat oto oynpo 8-24,10 % avopyoavomoinong

g Paeng oto dddvpa wov mepiéyet 10000 mg/L HO; givan kpdtepo otig 3-4 dpeg, dtov
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ovykpivetat pe to % avopyavomoinong g Paeng oto diddvua wov mepiéxer 1000 mg/L HO..
Iapdra avtd, To mponyoduevo ddvpa (10000 mg/L)ovveyilet va avopyavomoteitat ypiyopa
ev avtiféoel mpog to tehevtaio dddvpa PBagng (1000 mg/L),to omoio Paocwkd otapatd va
avopyavomoteital petd amd 2 dpeg. Metd and 4 ko 1/2 dpeg 1 KOTAoTACT AVTIGTPEPETAL KoL
10 % avopyavomoinong (ueiowon tov TOC) avédvetor o didlvpa mov mepiéxer 10000 mg/L
H20,. H kAion tng xopmding dwAiduatog mov mepiéyet 10000 mg/L HO, cvykpwouevn p’
eketvn g KopmdAng doddpatog wov mepiéxel 1000 mg/L HO;, katoAfyet oty e€nqynon Ot o
AOYOG NG TTOOTG TNG KAUTOANG 660V apopd 10 % avopyavomoinong mov TopaInpEiTol 6To
duddvpo meptektikotnrag 1000 mg/L HO: ogeiletar pdAlov otnv kotavaAmon Tov Kot
deutepeLovVImG oTig eAevBepeg pilec Tov VOPOELVAIOL, Ol OTTOlEG KUTOVOADVOVTIOL GUVEXDS OO

0pYaVIKE LOPLO TOV TPOKVITOVV KATA TNV SLAPKELD TNG OVTIOPAONG VO PYOVOTTOiNoNG.

H ovpmepipopd avopyavomoinong and Tig apyikés LEYpL Kot Tig EVOIAUESES PAGELS TNG
avtidpaong, ekei 6mov to % avopyavomoineng dwwddparog neptektikotnrag 10000 mg/L HO,
glvor younAotepo ekeivov g mepiektikdotnrag 1000 mg/L HO,, eivor avtibetn, om Ot
TOPATNPELTAL OTIG TEAEVTAIES PAGELG TNG AVTIOPACTS OVOPYAVOTOINGTG, Kal io®C 0peiAeTal 6TO
ovopevo déopevong TV eAevBépav pidv Tov vdpocuiiov pécw Tov HxOy, e&icwon 2-49,10
omoia PpiokeTon o€ oxetkd vynin ovykévipwon. Kabog n avtidpaon mpoywpd, to HzOz

KOTOUVOAMVETOL KOl GUVETMS TO Gavopevo déapevong tov HyOs petdveton otadond.

ITpocBétovtag 0.100 M NaCloe didhopa mepiektikdtnrag 1000 mg/L HO, (ot
UV/H20; néb0do), deiyvel va éxet pikpn enintwon oto % avopyavomoinong g Boerc (ueioon
tov TOC). Qo1660 mapeunddion oto % avopyavomoinong Topatnpeitol HOVo oTig TpMTEG 2
opeg (Lohg mepimov 5-10% peiwon amodoTikOTNTAG 6TV ovopyavomoinon). Metd dAlwote

amo 2 ®peg to % avopyavomoinomng eivar 166m060 Kot GTIG 3V0 TEPUTTMCELS.
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To TOC oty mepintwon g pebddov Fenton, 6nmg cvpPaivel kotd T didpketo
anoypopatiopod (C/G, évavt t), sivar oyetikd ypnyopo kot @tavel 6 éva mhotd, petd amd
nepimov 1 mpa, evd de petmvetor TAéov pe tov xpodvo. Metd amd 1 wpa n peiwon tov TOC
noAg otaver o 20% won mopopével to 1010 petd 5 mpeg. Qotdco, omv e pébBodo
EMTUYYAVETAL [0, PEYOAN Peltioon otv amoudkpvven tov TOC, 6tav cvvdvaletor pe
axktwvoBorioc UV (254 nm).H pébodog UV Fentongivan tepiocotepo amoteleopotikn o’ ot
n Fentonovagopikd pe v aropdkpuvon tov TOC. Metd and 1, 2xot 5 opeg n peimon tov
TOC avépyetar oto 36%, 52%kar 63% avtictoiywe. O Adyog ™G TapaTnPovUEVNS Helmong
tov pvhpod avopyavormoinong oty pébodo Fenton,modd vepig otv OAn dSadikacion ™G
pebddov petd amd v amdToun avopycvomoinomn v omoia veiotatal £xel oM e€nynbel otv

napdypagpo 5.3.1.1.

Ia v pébodo UV/Fentonm peyddn enttdyvvon tov pubpod avopyovomoinong g
Bapne, ovykpwopevn pe v pébodo Fenton, éyer emiong ovapepbel oty Pipioypapio
[98,162].H paydaia peimon tov TOC katd ™ didpketo tng UV/Fentonugbodov opeileton
GTO GUVEPYLOKO QPOIVOLEVO S0pOPOV SdIKOCIOV, TOV AUUPBAVOLY HEPOG GLYXPOVMSG UE TNV
gloaywyn ™m¢ UV aktvoBoriog (BAéne mapdypapo 8.1.1.1 6. 8-2) kot cupPdriovy onuavtikd

TPOG TNV avopyavomroinon g Paeng [162,203,225]

H ¢otoxatolvtikyg dwdikoaoio eivor oyetikd apyn oty anopdikpovven tov TOC. Eivan
N o apyn otnv amopdkpuven tov TOC otig TpdTeg 2 dpeg, Evd apydtepo enttoydvetat. Metd
a6 1, 2xor 5 dpeg n anopdipoven tov TOC givan 10%, 27%con 57% avtiotoiymwe. Kabdg n
amopdkpuven tov TOC emépyeton petd v délevon moAhamAdv otadiov, To Tpoidvta kabe
o1adiov TPETEL VO AVATPOGPOPOVVTUL GTNY empavel. H avopyavonoinon tewv tpoidviov otnv
vypn edon eivan mBavov emiong o Todd apyn dwadikacio. [IpocOétovrag HyO, Bektiddveton o

puOuog avopyavoroinong oto apykd otddio Tng avrtidpaong (tmv mpdT™ dpo) Kol TO 7o
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ONUOVTIKO oTa TeElEvTaio oTddia TG avtidpaons anopdikpvvons tov TOC akdpn Kot HeTd omd
51/2 dpeg. Metd omd 1, 2 xoau 5 @dpeg 1 amopdkpvvon tov TOC péow g pebddov

TiO/UV a/H;0; ptavet to 36%, 61%kon 78%avtictorya.

8.4 Xvpmepaopora

Av 10 GLOTNHOTO TOV TPONYUEVOV HeBOd®V 0&Eeidmong xpnoyomombodv cwotd, ToTe

£€XOVV apKETA LYNAO T0G600TO 0&EIdONG.

Avdloyo pe v pEB0J0, 0 tyr ATOYPOUATICUOD EVOL LKPOTEPOS Y10 TIG AVTIOPACELS
UV d/Fenton,kar UV/Fenton-like,tnv UVa/TiO2/H,0, uébodo kar tnv emtoynuikn pébodo
akoAovbBovpevog amd TV ovtidpaon Fenton, evd eivar opketd peyoAdTEPOS Yoo TN

POTOKATAAVTIKT PEBOSO ywpig TV emidpaom Tov H,0,.

O ovvdvaopds Tov avidpaceswv Fenton-likexkat Fenton,axoiovBodpeveg amd v
ovpPorn g UV axtwvoPoriag (254 nm), (U\G/Fenton-likekar UV /Fenton),Bpébnke ot

av&dvel aodntd ) peimon tev Tpdy tov TOC.

H Brooarowodouncpdémra tov Baedv, HEcw g Fe"/H,0, avtidpaong, avEdavera,
evd 1 ovvdvaopév avtidpaon, UVe/FEH,0,, pmopei vo ypnotpomom0et emroydg yio v
nepatépo peimon tov COD tov amofintov Pageiov, 6mwg dAlwote ekppdletal amd Tov

Aoyo BOD/COD,mov av&avetot 6npuovTiKd.

A&oonpueioto ®otdc0 Oewpeitan Katd TOV ATOYPOUOTIOUO TOV Pa@dv, 1 apyIKa
YPYOPN TTOCN TNG OPYIKNG CLYKEVIPMOONG OUTMV TOV KOTOANYEL O MAOTO, KOTO TNV
avtidpaon Fentonkot tig mapaAloyég g, KOTATAGGOVTAG TO YeEYOVOS avtd ¢° €va and ta

KOplo petovektpoto Tov pefddmv avtdv. Na onuewwbel de 611 oe avtibeon ooty v
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CLUTEPLPOPE TV avTdpdoewv Fenton,my idia otiyun o anoypopotiopog oty UVa/TIO,

pébodo eEakorovbel va av&avetar.

Tuykpivovtag Tig 800 pebodovg, UV/H0, kot UVA/TiIO/HL0;, Bpédnke o1t kot ot §00
pébodot empépovv Topdpolo T0cootd peimong tov TOC, mov kupaiveton peta&d 80%-85%,
aAMG og ouvtoudtepo dldotnua péow g UV/H0, nebddov (100-200 mingv ovtiBéost
npog 300-400 min,katd v UVa/TIO/H0, pébodo, avaroya BéPoia pe tnv apyikn

GLYKEVTPAOGT] TOV OVTISPAGTNPI®V).

Anoypopatiopndc péxpt ko 100%mopatnpeital otig Poeég apoidv Stolvpdtov THToL
Drimarene, 1660 otnv Q®TOYNUIKY 0G0 KOl OTNV QOTOKUTOAVTIKY HEO0SO, o€ YpoviKd

dudotnua peta&d 30-50 min.

Metaéd tov tpiov PBapdv tomov Drimarene mov e€etdobnkav, n Paen K4ABL
Tapovolalel TOV TO YPNYOPO OMOYPOUOTIOUO OAAG KOl OpPKETE YPyopn ToyLTNTO
avopyavoroinone. Onwg eniong emionudvOnke Kot yio pio avaloyn cuumepipopd g Poepng
PCH, avt6 anodidetan og mopdyovteg dmwg 1 doun g idiag g Paeng kot to apyikdé COD

TOV SAVPATOG TG PAPTS.

Katd 10 cvuvdvoaopuo tov pedoddov tng UVo/Fentonkol g ¢mtokataAvTikng mov
axoAovBei, mapatnpeiton po emmAéov peimon tov TOC, 6e chyKpion HE TIG UEHOVOUEVES
ofedmtiég pebodovg, ekeivn g UV /Fenton ko ekeivng g ewtokataAvtikng. O
oLuvOLOCHOG OpmG HETaED NG emToynuikng nebddov kot g avtidpaong UV /Fenton,mov

v axoAovdel dev empépet em TAov peimon o’ 6t N kabe pio péBodog Eexwprotd .

H npocbnkn tov wvtev CI, C032', HCGO; SO42', H,PO4, 1 NO3™ ota dtoeddparta g
Bapng PNH mov e&etdobnke, £6e1&e pia apvntikh enidpoon 610 pubpd amoyp®UTIGUOD,

£0TO KoL S10POPETIKOD Babov, avaAioya e To AU TOL YPNCLUOTOLETAL.
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Q061000, OKOUN KOl GYEIOV TANPNG OTOYPOUATIGUOG TOPUTNPEITAL e TNV TPOosONKn
tov Wvtev CI, CO, ota dwwAivpota g Poaeng CL2RL péoa oe 30 min kot yio
ovykévipoon Hz0,=1000 mg/L. O omoyxp®UATIGHOS YEVIKA VIO TNV  ovaeepOpevn
ovykévrpwon HzO;, gaivetat va mapepmodiCerar Aydtepo amd diipopeg ovykevipmoelg NaCl

o€ ovykptlon e exeives Tov NgCOs.
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Kepdlaro 9 Xopnepdopata - Ilpotdoerg

v moapovoa epyacio e€etdoOnkav, péow TG 0&EIdWONG OVIUTPOCOTEVTIKMV
ouddwv Papadv (Procion Hexl, Remazolkot Drimarene), Siapopetikés mpoympniéves

o&edwTtkég pébodot avtipphmavong.

Katgd 1w &ieloyoyn tov avidpdceov Fenton-like, U\WFenton-like, Fenton,
UV /Fenton,kat d1opopmv pebddav, omog HoOx/UV e, TIOJUV A kot TiO/UVa/H0, Tov
XPNOOTOWONKAY G€ apald Kol To TUKVE StoAvpato TV Tpoovagepfiviov apdv Tomov
reactive, éywe oavepy o €EGptnon TOGO TOV  OMOYPOUOTIGHODL OGO KOl  TNG
avopyavoroinons tov Baeav ard éva Ao mapapétpov dnwg PH, apyikn cvykévipoon

e Bagiic, cuykévipaon tov HaOy, tav 6viov FE kat tov TiO:.

I'evikd Ohec ot pébodor mov pelethnkav pmopodv va omoyxpopatifovv oe
wKovoromTikd Babpd dtoddpata Bapdv dtopopeTiknig Sopns, Kabiotdvtag Tig pefddovg avtég
vroyneLeg Yo v enefepyacio | v mpoemetepyacio vYpdV Propnyovik®v anofAnTev mov
TEPLEYOLV £vaL VPV PAT O BAPOV SLOPOPETIKNG YNIUKNG GVOTOOTS.

H dwpopd peta&d Babpod amoyxpopoaticpod kot abpod avopyavoroinong kdmoimv
Bopdv m.y. n Baen PCHomoypopatiCetar mo ypiyopa ond 6t PNH, Remazol red RRau

Remazol Yellow RRpmodidetan mbavotato otn drapopetiky) dopr| g faeng, allhd Kot 6To

apyud COD1ov doddpatog e Paenc.
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AvoQoptkd 0g pe TIG TPoavapepBeices TEYVIKESG TO TEPOUATIKG ATOTEAECUOTO EOE1EAV
ot N péBodog UV/H0, evdeikvutat yio apatd dtaivpoto akoiovboduevn and tnv pébodo
UVA/TIO/H,0,, evd mepioodtepo vmooydpeves nébodot yo mokva doddpata amoPritmv

amodetcviovtar ot péfodot UV/FEH,0, kan UV FEHL0,.

Onwg anedelydn amd v peEAETN TNG KWNTIKNG TNG avopyavoroinong Tmv Papov o€
oleg TG PeBOSOVG OV pPEAETHONKAY, TEPLYPAPOVTOL IKOVOTOWTIKG OO TV KIVNTIKN TPMTNG

TaEng.

Ot Tipég Kops ot iz koBdg kot M amdd061 AmoypOUOTIGHOD OAOV TV Boedv
mopovctalovy opotdTNTEG, 11iTEPO O0TIS PEATIOTEG GLVONKEG, €V TaPOVGLALovV oL

eEaptnon and o pH tov SLADHATOG KO TG GVYKEVTPOOTS TOV OVTIOPASTNPIOV.

Ev avtiféoet mpog v Tox0TNTO OTOYPOUATIGHOD, 1 TOYOTNTO CGVOPYOVOTOoinong

TPoYwpPE oA 1o apyd kat pe pukpotepn amddoon (70-80%and 4 wg 6 h).

Avdloyo pe v pED0J0, 0 1/ ATOYPOUATIONOD EIVOL KPOTEPOS Y10 TIC AVTIOPAGELS
UVc-Fentonkar UVc-Fenton-like,mm UVa/TiO2/H,0, pébodo, kar tn @otoynukn pébodo
akoAovbovpevog omd TV ovtidpaon Fenton, evd eivar opketd peyoAdTEPOS Yoo TN

POTOKATAAVTIKN PEOOSO.

Ewdwotepa oTig petpnogls g avopyavoroinong g Pagng, n eotoynuikn nébodog
(H20,/UV (), pe m Beticf] copPorn tov ofedwtikod péoov HyO, kar pe v enidpaocn tng
UVc axtivoPoliag oe pH=4, anotélecav Tov KoAOTEPO Suvatd cLVILOOUO cLEAVOVTOG
dpaotikd v Tayvtnte T avtidpaone. H ewotolvon pe ™ yprion poévo g UVe
axtvofoAiag, n onoia eavnke va eEaptdral wyvpd amd o PH TV YpOTIKOD S10AVUATOS, HE

guvolkdtepo PH mavo omd to 12.
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Epapuodlovtag v upébodo Fenton to ypwotikd SwwAdduata Ppébnkav  vo
anoypopatifovol eniong emtvyms, o€ cvykevipmoels H,O, peta&d 1000kon 20000 mg/LXe
VYNAOTEPEG GLYKEVIPMGELG TOV, O PLOUOG OTOYPOUATIGUOD HELOVETOL ONUAVTIKG eEontiog

scavengingiov ehevbepav pidv vépo&uiiov HO', and 10 H,O,.

Boowo pelovéktmua tov pebodov Fentonarnotelel n meplopiopévn meproyn tov pH
(pH =3-5), 6mov amodeikviovtol anodotikég wg pébodol, dtav 10 pPH TV TEPIGGOTEPOV

VYPOV BLopmyovikdV omoBANTOV TOL ¥PNCLOTo100V afoxpduata tvol Yopw oto 11.

O ovvdvaopdg Twv avidpdoswv Fenton-likekar Fenton,axolovbovpeveg amd v
ovuPorn g UVe axtvoPoliag (254 nm), (U\G/Fenton-likekar UV /Fenton),Bpébnke o1t

av&dvel uodntd v peimon tov Tiuov tov TOC.

H Poomokodopnopdtnta tov dwhopdtov tov Boedv péow g FETH202
avtidpaong  ovEavetar, evd 1 ovvdvaopévny avtidpoon, UV/FETH,0, pmopel va
xpNoponom0el exttvydg Yo v tepartépm peimon tov COD twv amofiitmv Bagpeiov, 6Tmg

GAAwote ekppaletar and tov Adyo BOD/COD,nov av&dvetotl orpuavTiKd.

Avoopikd pe v oTokatoAvTiKy néhodo ta mepapoTikd aroteAéopata £de1&ov ot
0 UEYOTOC PabUdg OmOYPOUATICHOD KOl OvVOPYovomoinong, KAt® omd GUYKEKPEVES
TEPALOTIKEG CLUVONKES, EMTVYYXAVETOL PE TTOGOTITO KOToADT Tov avépyetar oto. 1000 mg/L.
Avtifeto, pio emt mhéov avénom Tov KATOADTN Oev EMPEPEL ONUOVTIKY Slopopd oTnVv

AOO0GT OTOYPOUATIGLOD KOl 0VOPYOVOTOINoNG.

Mia Bértiotn anddoon dAwv tov Papdv mov egetdotnkav mapoatnpeitor oe PH=3,
eV og 0VdETEPO Ko oAkoAko mepidArov (PH=6 kor 9), peidvetar apketd n amddoon
ATOYPOUATICHOD KoL avopyavormoinong. Xvykekpyiéve, oe pH=3 kot og poéig 15 min

enépyetal oxeddv mAnprg amoypopaticpdc (>90%)oe dheg Tig Papéc. Aappoavopévig ®oTd60
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VIOYT TNG OLYKEVIPMONG TG Popng oto ddAivpo peTd omd v €€l60ppoOTNOT TOV
SLAVOTOG, 1) ATOTEAEGUATIKOTITO ATOYXPOUATIGHOD Qaivetar va givar oxeddv aveEdptnt

a6 to pPH tov Stodvpatoc.

H pedétm tng kwnuikng tng pebddov péow tov Kwvnrikov poviédov Lagmuir-
Hinshelwoodséei&e 6t | Tpoopdenon TV Paedv Tave 6TV ETPAVELR TOV KOTOADTN KoL 1|
mopayoyn erevfépov pillov OH', amoteAovv KabopioTiKovg mapayovTeg yio. TV TayOTNTO
OTOYPOUATIGHOD. ZUYKEKPLUEVE, 1M TPocpdenon Olwv tov Poapdv evvoegiton oe pH
Swdopotog 3, evd yevikd mapovotdfovv avtifetn ovumepipopd otnv omddoon oe pH
Stdvpatog 6 ko kupiog oe pH 9. Qotdco, 6" avtég Tic TYég Tov PH, 10 KivnTkd povTéro

tov Langmuir-Hinshelwoodgdvvarel va anodobei cwotd pe to neipapoticd dedopéva.

H peiwon g apyikng ovykévipwong g Poeng, omd 200 mg/L oto 50 mg/L,
emeépel avénon g anddooNs UTOYPOUATICUOD, EVD GTIS XOUNAOTEPEG CUYKEVIPAOGELS dEV

Tapove1ALoVTaL GNUOVTIKES S10POPES.

Avtifeta, pio ad&non g apyikng cVYKEVTPOONG TS POENS EXEL OG ATOTELEGLO TNV
pelmon g TaydTNTOS OTOXPOUATIGHOD, OALL Kol avopyovoroinong, Adyw g avénong tov
aplpod TV EVOIUEC®V VEMV WMV  HOPI®V OV TMPOKVATEL ONO TNV GTAOINKY|
avopyavoroinon g Baeng.

H mpocOnkn H20, peidver tov apBud n (Mgmpocspopovpevng mosdtntog Bagrc/ mg
TiOy), kabdg N cvykévipwon tov HoO; av&avetat. Avtd cuverdyston pua peiwon g Kagtng
Bagpng. Qotdco N Kap, kot 0 ty2 oxetioviar avtiotpdeg aviroya. O ti apyikd peldvero
amotopo pe v ovénon g apyikng ovykévipmong tov HyOp, petd mo apyd, evod
KaTaypaeeTol eniong to onpeio g elayiomg duvathg HElONG owTov, Y10 GLYKEVTP®OOT)

H202 TCSp{T[OD Coy H202 =1000 mg/L—SOOO mg/L
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Ev avtibécel mpog v apvntikn emidpacn g ovénong g mocottog tov HyOp, pia
otadwkn mpoonkn tov HyO2 PeAtidver aoOntd v TodTnTo OTOXPOUATIONOD Kot

avVOpYaVOTToinong TG0 GtV apyf 0G0 Kol 6TO TEAOG TNG AVTIOPAoNG.

I'evikd 1 epapuoy KATOI®V €K TOV TPOYOPNUEVDV 0EEBOTIKOV HEOOd®V amoTeAet,
vy v Prounyavio, por cofopn evoAlaKTiKy Adon Kot gvdeikvutol tavta, epodcov Anedodv

VoY TO. akOAovOo onpeia

o H ypion axpipdv ofedwtikdv avtidpactnpiov, 6nmg HoOz kot /M Oz, Qg ek T00TOL
ol mpoympnuéves péBodolr dev mpémer va avTIKOOGTOOV TIC OWKOVOMIKOTEPEG

Bloloykéc emelepyacies avopyavomoinong pOT®V e OTOONTOTE TEPITTOON.

e O BoBudc dvokoriog avopyavomoinong g Pagng, 0 omoiog G€ GUVOVAGHO HE TNV
OOTOVUEVT] TOGOTNTA TOV 0EEWBMTIKOD Kot T0 KatdAAnio PH tev anofinitov, Oo

LTOPOVsE VoL EMPEPEL TO EMOVUNTA ATOTEAEGLOTO.

e O katGAANAOG GLVOLOGHOG emeEEPYOCIOV, OVOAOYO TAVIO WLE TNV OCLGTOCT TOV
arofAtov, o pmopovoe vo GVUPAALEL OTOTELESUOTIKOTEPO GTIV OAOKANPMGT H10G
Broloywnc eme&epyaciag pe Ty anodounon ooV 1 ETipovey pOinv , Tpv 1 HETh
70 Proroyikd 6Tad0. Zvykekpuéva Katd v npoeneiepyacio avtdv, 0o mpénel va
pewwdei o Moyog COD/BOD kaw 1o COD (to omoio mpénel va Bpicketor kGtwm omd
5,0g/L), yio va katactodv ta amofinta coppatd yio Bioloywn O&eidwon. Ext ndéov,
Yo Tov {010 okomd Kpivetor OmopoitnTog O EAEYXOG NG TOEKOTNTOG TOV
TOPATPOIOVIOV TOV aVTIOPACE®Y, GUVOPTHGEL T0G0 Tov Pabuod emefepyaciog Tmv

000 ko1 Tov pebddwv enelepyaciog avTmVv.

o Téhog, amdTEPOG OKOMOS NG £PEVVOG GE TPAOTO oTAd0 o mpémer va amoteAel

EPAPUOYN TOV TEPUUATIKOV EVPNUATOV HECHD TIAOTIKNG KAILOKOG.
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