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samuSaos samuSaos samuSaos samuSaos aqtualobaaqtualobaaqtualobaaqtualoba....  Tanamedrove msoflioSi teqnologiur 

miRwevebs da cxovrebis donis zrdas Tan sdevs bunebrivi 

resursebis intensiuri xarjva. amasTan erTad atmosfero, wyali da 

niadagi sistematurad binZurdeba adamianis saqmianobis Sedegad 

warmoqmnili sxvadasxva nivTierebebiT. es problema saerTaSoriso 

mniSvnelobisaa, amitom prevenciul RonisZiebebTan erTad saWiroa 

dabinZurebis aRmoCenisa da misi gauvnebelyofis axali efeqturi 

meTodebis SemuSaveba da praqtikaSi danergva.  

garemos da gansakuTrebiT wylis damabinZurebel minarevebs 

Soris mniSvnelovani adgili ukavia mrewvelobasa da soflis 

meurneobaSi sxvadasxva mizniT gamoyenebul organul nivTierebebs, 

romlebic avlenen cocxali organizmebis mimarT saSiS (toqsikur, 

kancerogenul, mutagenur da sxva) Tvisebebs.Aaqedan gamomdinare, 

organuli minarevebiT dabinZurebuli Camdinare wylebis gawmendis 

meTodebis kvleva-Seswavlas msoflios mraval qveyanaSi 

mniSvnelovani yuradReba eqceva. 

samuSaos mizanssamuSaos mizanssamuSaos mizanssamuSaos mizans warmoadgens: 

a) toqsikuri Tvisebebis mqone fenoluri naerTebiT (fenoli, o- da 

p-nitrofenolebi, m-aminofenoli) dabinZurebuli  wylebis gawmenda 

garemosTvis uvnebeli Jangvis daxvewili procesebis (Advanced 

Oxidation Processes-AOPs) eleqtrofentonisa (EF) da foto-

eleqtrofentonis (PEF) meTodebis gamoyenebiT;  

b) fenoluri naerTebis daSlisaTvis Zlieri damJangvelis - 

hidroqsilis radikalebis (•OH) gamoyeneba, romlebic miiRebian 

originalur membranul eleqtrolizerSi ganviTarebuli zedapiris 

mqone (naxSirbadSemcveli  gaz-difuziuri eleqtrodebi - GDE da 

naxSirbadovani qeCa - CF) kaTodebze O2-is aRdgeniT generirebul 

wyalbadis peroqsidze Fe
2+-is (EF) da damatebiT UV dasxivebis (PEF) 

zemoqmedebiT;  
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g) eleqtrosinTezis da gawmenda-mineralizaciis procesebze moqmedi 

parametrebis (temperatura, pH, denis simkvrive, katalizatoris 

koncentracia da sxva) gavlenis Seswavla, analizuri kontrolis 

ganxorcieleba, saWiro mowyobilobebis optimaluri konstruqciis 

SemuSaveba, miRebuli monacemebis Sedareba da ganzogadeba. 

 mecnieruli siaxlemecnieruli siaxlemecnieruli siaxlemecnieruli siaxle. naSromis siaxles warmoadgens H2O2-is 

eleqtrogeneraciisaTvis  filtr-presuli tipis eleqtrolizerSi 

kaTionseleqtiuri membranis (MK-40) gamoyeneba, romlis 

saSualebiTac SesaZlebeli gaxda kaTodze generirebuli wyalbadis 

peroqsidis anodze daJangvis Tavidan acileba. DSeswavlilia 

sakaTode masalis bunebis da ionseleqtiuri membranis tipis 

gavlena H2O2-is deniT gamosavalze da dadgenilia eleqtrosinTezis 

optimaluri pirobebi.  

pirvelad kaTionseleqtiuri membraniT gayofil filtr-

presul eleqtrolizerSi ganxorcielebulia EF-is da PEF-is 

meTodebiT fenolis, o- da p-nitrofenolebis, m-aminofenolis 

Semcveli  xsnarebis gawmenda, miRweulia organuli minarevebis 

maRali efeqturobiT daSla, rac dadasturebulia COD-isa da TOC-

is analizebiT.  

polarizaciuli gazomvebiT dadgenilia, rom naxSirbadovani 

qeCis (CF) kaTodze maRali gamosavliT mimdinareobs Fe3+-is aRdgena 

Fe
2+-mde, xolo gaz-difuziuri kaTodebis gamoyenebis SemTxvevaSi 

adgili aqvs H2O2-is eleqtrogeneracias ~95%-iani deniTi 

gamosavliT.  

dadgenilia PEF-is meTodis  upiratesoba EF-Tan SedarebiT. 

PEF-is meTodiT fenoluri naerTebis Semcveli (sawyisi 

koncentracia 100 mg/l) xsnarebis 60 wT-is ganmavlobaSi 

damuSavebisas gawmendis xarisxma Seadgina fenolisTvis 97%, p-

nitrofenolisTvis 95.7%, m-aminofenolisTvis 96.7%. PEF-is 

optimalur pirobebSi Casatareblad dabinZurebul wyalSi rkina (II)-
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is Semcvelobam Seadgina 0.1 mmoli/l,  pH 3 da temperatura 20-25
O
C; 

eleqtroenergiis xarji 1 m3 wylis gasawmendad 2.5 kvtsT.     

praqtikuli Rirebuleba. praqtikuli Rirebuleba. praqtikuli Rirebuleba. praqtikuli Rirebuleba. bunebisTvis usafrTxo, efeqturi da 

ekonomikurad misaRebi eleqtroqimiuri meTodebis gamoyeneba  

Camdinare wylebis organuli minarevebisagan gawmenda-

gausnebovnebisTvis garemos dacvis mizniT metad mniSvnelovania. 

uSualod moxmarebis adgilze wyalbadis peroqsidis 

eleqtrosinTezis SesaZlebloba da  misi marTvis simartivis gamo 

SemoTavazebuli gawmendis teqnologiebi gamosadegia lokaluri 

gamoyenebisTvis. samuSaoSi miRebuli Sedegebi da meTodebi 

SesaZlebelia gamoyenebuli iqnas Camdinare wylebis organuli 

minarevebisagan gawmendis kombinirebuli teqnologiebis 

SemuSavebisas.  

ppppublikaciebiublikaciebiublikaciebiublikaciebi. . . . samuSaos Temis mixedviT gamoqveynebulia 15 

nabeWdi naSromi, , , , maT Soris 5 statia, romelTagan 4 impaqt-faqtoris 

mqone saerTaSoriso JurnalSi, erTi - saqarTvelos mecnierebaTa 

akademiis macneSi. 10 Tezisi gafarToebuli saxiT warmodgenilia 

sxvadasxva saerTaSoriso samecniero konferenciebSi. 

struqtura da struqtura da struqtura da struqtura da moculobamoculobamoculobamoculoba. . . . samuSao warmodgenilia    116 nabeWd 

gverdze, , , , Sedgeba Sesavlisagan, literaturuli mimoxilvisagan, 

eqsperimentuli nawilisagan, 7 daskvnisa da citirebuli 

literaturis nusxisagan (195 dasaxeleba). samuSao ilustrirebulia  

35  naxaziT,  5 suraTiT da 5 cxriliT.  

samuSaos aprobaciasamuSaos aprobaciasamuSaos aprobaciasamuSaos aprobacia. . . . samuSaos Sedegebi moxsenebulia  

saerTaSoriso eleqtroqimiuri sazogadoebis me-60 TaTbirze (pekini, 

CineTi, 2009 w.); amerikis eleqtroqimiuri sazogadoebis yrilobaze 

(vena, avstria, 2009 w.); saerTaSoriso eleqtroqimiuri sazogadoebis 

62-e TaTbirze (nica, safrangeTi 2010 w.); saerTaSoriso 

konferenciaze ’’eko - kavkasia 2010”, saqarTvelos sapatriarqos 

andria pirvelwodebulis universiteti (Tbilisi 2010 w); 

saerTaSoriso samecniero-teqnikur konferenciaze “garemos dacva 
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da mdgradi ganviTareba’’, saqarTvelos teqnikuri universiteti, 

(Tbilisi, 2010 w.); r. aglaZis 100 wlisTavisadmi miZRvnili erovnul 

me-3 konferenciaze (Tbilisi, 2012 w.). 

samuSaos SinaarsisamuSaos SinaarsisamuSaos SinaarsisamuSaos Sinaarsi 

organuli damabinZureblebisgan Camdinare wylebis gawmenda – 

gausnebovnebisTvis gamoyenebuli Jangvis daxvewili procesebidan 

(AOPs) upiratesoba eniWeba eleqtroqimiur meTodebs (EAOPs). maT 

Soris eleqtrofentonis da foto-eleqtrofentonis procesebs, 

romlebic  gulisxmobs wyalbadis peroqsidis eleqtroqimiur 

generacias Jangbadis oreleqtroniani aRdgeniT da misi Semdgomi 

Fe
2+

-is katalizuri aqtivaciiT (EF)  da damatebiT ultraiisferi 

dasxivebiT (PEF) warmoqmnili Zlieri damJangveliT - hidroqsilis 

radikalebiT (·OH)  wyalxsnarebSi arsebuli organuli minarevebis 

daJangva-mineralizacias: 

    O2 (air.) + 2H
+
 + 2e

- 
→H2O2                                                                   1 

    Fe
2+ 

+ H2O2 → Fe
3+ 

+ 
•
OH + OH

-                                                        
2 

                      H2O2 + hv → 2 
•
OH                                                              3 

H2O2-is maRali deniTi gamosavliT miRebis mizniT Cvens mier 

gamoyenebuli iyo Tanamedrove saeleqtrode, membranuli masalebi 

da originaluri konstruqciis eleqtrolizerebi, romlebSic EF da     

PEF meTodebiT Catarebulia fenoluri naerTebis Semcveli 

modeluri xsnarebis damuSaveba.  

saeleqtrode masalebi da eleqtroqimiuri reaqtorebisaeleqtrode masalebi da eleqtroqimiuri reaqtorebisaeleqtrode masalebi da eleqtroqimiuri reaqtorebisaeleqtrode masalebi da eleqtroqimiuri reaqtorebi    H2O2----is is is is 
eleqtrogenereleqtrogenereleqtrogenereleqtrogeneraciisaTvisaciisaTvisaciisaTvisaciisaTvis    

    
O2-is wyalSi SezRuduli xsnadobis (8 mg/l, n.p.) gamo, misi 

oreleqtroniani aRdgenisTvis saWiroa ganviTarebuli zedapiris 

mqone saeleqtrode masalebi. warmodgenil samuSaoSi gamoyenebulia 

aqtivirebuli naxSirbadis safuZvelze damzadebuli komerciulad 

xelmisawvdomi  gaz-difuziuri (GDE) kaTodebi:    
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• kompania Electro-Cell AB-s (SvedeTi) warmoebuli, Black Pearls 2000 

tipis muriT dafaruli eleqtrodi; 

• kompania E-TEK-is (koncerni BASF, aSS) mier mowodebuli 

“A12H2O2 Specialty ELAT
®

 for Hydrogen Peroxide”, romelic dafaruli 

iyo CX-72R tipis muriT.  

aRniSnuli kaTodebi warmoadgenen Ni-is an grafitis  dengamtar 

badeze Termulad dapresil naxSirbadis Semcvel qsovils, romelic 

Seicavs hidrofobur danamats (PTFE) da ionomers - nafions. isini 

xasiaTdebian ganviTarebuli aqtiuri zedapiriT, xolo maTi 

Semadgeneli calkeuli fenebi xasiaTdebian  hidrofiluri da 

hidrofoburi TvisebebiT. sur. 1-ze naCvenebia samuSaoSi 

gamoyenebuli GDE-s a) naturaluri da b) SEM gamosaxulebebi. 

eleqtrolizis dros wvrilforovani struqturis mqone GDE-is 

hidrofilur fenaSi, eleqtrolitis mxridan, aRwevs xsnari, xolo 

sawinaaRmdego mxridan, hidrofoburi fenis gavliT, xdeba Jangbadis 

miwodeba. Sedegad miiReba sami fazis (Jangbadi-xsnari-eleqtrodi) 

kontaqti, rac idealuri pirobaa O2-is  aRdgeniT H2O2-is misaRebad. 

 

sur 1. GDE eleqtrodis a) naturaluri zoma da b) SEM        
gamosaxuleba 

 wyalbadis peroqsidis kaToduri eleqtrosinTezis dros 

anodze mimdinareobs  wylis daJangva:                          
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                                      2H2O → O2 + 4H
+
 + 4ē

                                               
        4  

Jangbadis gamoyofis gamo Seqmnili agresiuli garemo saWiroebs 

pasivaciis mimarT mdgradi, stabiluri saaanode masalis gamoyenebas.    

Cvens mier anodad gamoyenebuli iqna titanis eleqtrodi, romlis 

zedapiri  modificirebuli iyo sxvadasxva Semcvelobis (IrO2, RuO2-

IrO2) oqsiduri fenebiT, e.w. ganzomilebadi  stabiluri anodi 

(Dimensionally stable anode – DSA, TECHWIN Co. Ltd., samx. korea). 

  H2O2-is eleqtrisinTezisaTvis konstruirebuli da 

gamoyenebuli iqna filtr-presuli tipis ujredi (nax. 1-ze naCvenebia 

membraniT gayofili filtr-presuli eleqtrolizeri), romelSic 

uzrunvelyofili iyo eleqtrodebis da denmimyvanebis kompaqturi 

ganlageba. GDE-is funqcionirebisTvis misi ukana mxridan O2-is 

(haeris) misawodeblad saWiroa e.w. airis kameris ganTavseba, xolo 

xsnaris misawodeblad originaluri gamanawileblis gamoyeneba, 

romelic uzrunvelyofs eleqtrodebs Soris minimalur manZils. 

eleqtrolizeris aseTi dizainiT SesaZlebelia kaToduri da 

anoduri ganyofilebebis gancalkeveba ionseleqtiuri membranis 

gamoyenebiT. 

 

nax. 1. filtr-presuli tipis membranuli eleqtroqimiuri ujredi: 
           1 - kaTionituri membrana; 2 - rezinis Suasadebi; 3 - GDE kaTodi; 
           4 - kaToduri denmimyvani; 5 - airis kamera; 6 - anodi (DSA); 

                        7 - eleqtrolitebis misawodebeli miltuCebi; 
           8 - anolitis  gamanawilebeli; 9 - kaTolitis gamanawilebeli; 
           10 - uJangavi foladis mafiqsirebeli fila 
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awyobili iqna danadgaris saerTo sqema (nax. 2), romelic 

Seicavda: eleqtrolizers, masTan miyvanil  eleqtrolitebis 

miwodebis  xazebs, aseve GDE-is airis kameraSi Jangbadis (haeris) 

gansazRvruli wneviT miwodebisa da misi kontrolisaTvis saWiro 

kvanZs, katolitisa da anolitis avzebs.  xsnarebis sacirkulaciod 

gamoyenebuli iyo centridanuli tumboebi, xolo haeris nakadis 

misawodeblad - mikrokompresori; wnevis gazomva-regulirebisTvis - 

wylis svetiani manometri da faqizi regulirebis sarqveli. 

 

nax. 2. H2O2-is misaRebi saerTo danadgaris sqema 

wyalxsnarebSi fenoluri naerTebis mineralizwyalxsnarebSi fenoluri naerTebis mineralizwyalxsnarebSi fenoluri naerTebis mineralizwyalxsnarebSi fenoluri naerTebis mineralizaciaciaciaciisTvisisTvisisTvisisTvis    

gamoyenebuli mowyobilobebi gamoyenebuli mowyobilobebi gamoyenebuli mowyobilobebi gamoyenebuli mowyobilobebi  

EF-is da PEF-is saSualebiT fenoluri naerTebis Semcveli 

xsnarebis dasamuSaveblad awyobili iqna gauyofeli da 

ionseleqtiuri membraniT gayofili eleqtrolizerebi nax. 3. 

aRniSnuli mowyobilobebi warmoadgendnen filtr-presul ujredebs, 

romlebSic GDE kaTodebis gamoyenebiT miiReboda wyalbadis 

peroqsidi, xolo hidroqsilis radikalebis warmosaqmnelad saWiro 

Fe
2+

 emateboda xsnars, romelic fenolur naerTebTan erTad 

Seicavda fonur eleqtrolits - 0,5 moli/l Na2SO4. membranuli 



 10 

eleqtrolizeris (nax. 3a) gamoyenebisas anolitis cirkulacia 

xdeboda anodze miRebuli Jangbadis saSualebiT, e.w. airliftis 

principiT.  

 

nax. 3. EF-is da PEF-is procesebSi gamoyenebuli a) gayofili da b)    
       gauyofeli eleqtrolizerebi: 1 - kaTodis CarCo; 2 - airis kamera;  
       3 – gaz-difuziuri eleqrtodi; 4 – kompresori; 5 - ultraiisferi    
       gamosxivebis natura; 6 - eleqtrolitis (membranuli ujredis    
       SemTxvevaSi kaTolitis) rezervuari; 7 – tumbo; 8 – wnevis maregu-  
       lirebeli sarqveli; 9 – manometri; 10 - anodis CarCo; 11 – anodi;  
       12 - kaTionseleqtiuri membran; 13 – anolitis rezervuari    
 

PEF-is SemTxvevaSi UV dasxivebisTvis gamoyenebuli iyo 

eleqtrolitis sacirkulacio konturSi CarTuli  mowyobiloba, 

romelic warmoadgenda kvarcis minisgan damzadebul konstruqcias  

- “mili-milSi”, sadac ultraiisferi gamosxivebis naTura 

Tavsdeboda centrSi, xolo dasamuSavebeli xsnari cirkulirebda 

perangSi.  

EF-is procesSi kaTodad aseve gamocdili iyo ganviTarebuli 

zedapiris mqone naxSirbadovani qeCa (CF). aRniSnuli procesisTvis  

gamoyenebuli iyo Cveulebrivi, Wiqis formis  eleqtrolizeri, 

sadac O2 (haeri) miewodeboda xsnarSi specialuri, wvrilforovani 

gamanawileblis saSualebiT. kaTodi (CF) moTavsebuli iyo 

cilindruli formis abazanis kedlis irgvliv, xolo  anodi (DSA) 

- mis centrSi.  
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Sedegebi daSedegebi daSedegebi daSedegebi da    maTimaTimaTimaTi    gansjagansjagansjagansja    

gauyofel eleqtrolizerSi gauyofel eleqtrolizerSi gauyofel eleqtrolizerSi gauyofel eleqtrolizerSi wyalbadis peroqsidis  wyalbadis peroqsidis  wyalbadis peroqsidis  wyalbadis peroqsidis  deniTi deniTi deniTi deniTi 
gamosavlis damokidebuleba sxvadasxva faqtorebzegamosavlis damokidebuleba sxvadasxva faqtorebzegamosavlis damokidebuleba sxvadasxva faqtorebzegamosavlis damokidebuleba sxvadasxva faqtorebze 

    xsnaris xsnaris xsnaris xsnaris pH----is gavlenais gavlenais gavlenais gavlena. . . . gauyofel eleqtroqimiur ujredSi 5 a 

denis Zalis gatarebisas  (0.05 a/sm2, 25
○
C)  gaz-difuziur kaTodze 

wyalbadis peroqsidis deniT gamosavlis cvlileba sxvadasxva  pH-is 

pirobebSi moyvanilia  nax. 4, saidanac Cans, rom   pH 3-ze (mr. 1)  da 

pH 6.5-ze (mr. 2)  H2O2-is deniTi gamosavali pirveli 15 wT-is 

ganmavlobaSi faqtiurad ucvlelia da Semdgom iwyebs mdored 

Semcirebas;  pH 10-ze (mr. 3)  dasawyisSi deniTi gamosavali  mkveTrad 

ecema, Semdeg ki naklebi intensivobiT. pH 13-is SemTxvevaSi (mr. 4) 

deniTi gamosavali Tavidanve mkveTrad mcirdeba da 60 wT-is Semdeg 

Seadgens mxolod ~5%. ukanasknel SemTxvevaSi miiReba uaresi 

Sedegi, vidre 1M NaOH-is xsnarSi Catarebuli cdis pirobebSi (nax. 4 

b). miRebuli eqsperimentuli Sedegebi miuTiTebs, rom H2O2-is 

eleqtrogeneracia gacilebiT xelsayrelia sust mJava da/an 

neitralur areebSi, vidre tute xsnarebSi, xolo pH-is maRal 

mniSvnelobebze (pH 13) wyalbadis peroqsidi arastabiluria da 

iSleba. 

 

nax. 4. H2O2-is deniT gamosavlis  cvlileba droSi pH-ze damokidebulebiT     
       (0.05 a/sm2, 25

○
C): a) 0.05M Na2SO4,  pH 3 (1), pH 6.5 (2), pH 10 (3); b) 1M NaOH  
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    ggggazazazaz----difuziuri eleqtrodis airis kameraSi difuziuri eleqtrodis airis kameraSi difuziuri eleqtrodis airis kameraSi difuziuri eleqtrodis airis kameraSi O2-is is is is wnevis wnevis wnevis wnevis 

gavlenagavlenagavlenagavlena    procesis warmadobaze. procesis warmadobaze. procesis warmadobaze. procesis warmadobaze. gaz-difuziuri kaTodis (GDE) 

forovan struqturaSi sami fazis wonasworobis SenarCunebisTvis 

aucilebelia eleqtrodis ukana mxares (hidrofoburi zedapiri) 

arsebuli airis kameraSi  O2-is (an haeris) Warbi wneviT miwodeba. 

wyalbadis peroqsidis deniT gamosavalze  da  eleqtroenergiis 

xvedriT xarjze airis wnevis gavlenis Sesaswavlad  Catarebuli 

iyo eqsperimentebi 5ªa denis Zalis gatarebiT gauyofeli ujredis 

airis kameraSi 0.01 mpa, 0.015 mpa da 0.02 mpa wnevis pirobebSi. 

miRebuli Sedegebi moyvanilia nax. 5-ze, saidanac Cans, rom 60 wT-is 

ganmavlobaSi 0.015 da 0.02 mpa-is SemTxvevaSi miRebuli Sedegebi 

ukveTesia, vidre 0.01 mpa-is dros.    

 

nax. 5. a) H2O2-is deniT gamosavlisa da b) eleqtroenergiis xarjis   
       cvlileba droSi, GDE kaTodis airis kameraSi wnevaze  
       damokidebulebiT (0.05M Na2SO4 + H2SO4, pH 3, 25

○
C, 0.05a/sm2): 

      1 - 0.01 mpa; 2 - 0.015 mpa; 3 - 0.02 mpa  
        
    gauyofel eleqtrolizerSi gauyofel eleqtrolizerSi gauyofel eleqtrolizerSi gauyofel eleqtrolizerSi H2O2----is daSlis mizezebi.is daSlis mizezebi.is daSlis mizezebi.is daSlis mizezebi.    

gauyofel eleqtrolizerSi H2O2-is  deniTi gamosavalis Semcireba 

SeiZleba gamowveuli iyos ramodenime mizeziT: 1) anodze daJangviT 

(reaqcia 5); 2) kaTodze aRdgeniT (reaqcia 6); 3) xsnaris moculobaSi 

qimiuri daSliT (reaqcia 7); 4) Cl
- anodze daJangvis Sedegad 
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warmoqmnil aqtiuri qloris Semcvel naerTebTan urTierTqmedebiT 

(reaqcia 8); 5)Jangbadis kaToduri aRdgenis Sualedur produqtebTan 

(O2
¯
, *OH,*HO2) urTierTqmedebiT (reaqciebi 9-11): 

                                                H2O2 → O2 + 2H
+ 

+ 2ē
                                                          

5 

                                                H2O2 + 2H
+ 

+ 2ē → 2H2O                                 6 

                                                2H2O2 → O2 + 2H2O                                          7 

                                                H2O2 + NaClO → NaCl + O2 + H2O                  8 

                                                O2
-
  + H2O2 → OH

- 
+ O2 + 

•
OH                          9 

                                                                        •
HO2 + H2O2 → O2 + H2O + 

 •
OH                      10 

                                                                         •
OH + H2O2 → 

•
HO2 + H2O                              11 

 CamoTvlili mizezebidan gansakuTrebiT mniSvnelovania 

wyalbadis peroqsidis anoduri daJangva. Aamis gasarkvevad 

Catarebuli iyo galvanostaturi polarizaciuli kvleva. Sedegebi 

moyvanilia nax. 6-ze. 0.23 sm2 farTis Ti-is firfita (anodi), 

dafaruli IrO2-is feniT (8 g/m2), CaSvebuli iyo fonur xsnarSi    

0.5M Na2SO4 + H2SO4,  pH 3.  Pt-is kaTodi  izolirebuli iyo anodisagan  

minis diafragmiT. H2O2-is eleqtrolitSi ar arsebobisas anodze 

wylis daSliT miRebuli Jangbadis gamoyofa iwyeba 0.9 v-ze (Ag/AgCl) 

(mr. 1.).  wyalbadis peroqsidis (0.34 g l-1) damatebisas  anoduri 

denis gazrda SeimCneoda ufro dadebiT potencialze (0.6v Ag/AgCl) 

H2O2-is anoduri daJangvis gamo (mr. 2). anoduri denis sidide  

izrdeboda H2O2-is koncentraciis gazrdiT 8 g l-1-mde (mr. 3)  da 16 

g l-1-mde (mr. 4). 

wyalbadis peroqsidis koncentraciis Semcirebis dadgenis 

mizniT, romelic SesaZlebelia gamowveulia misi kaToduri 

aRdgeniT (reaqcia 6),  gamoyenebuli iyo potenciodinamikuri meTodi 

(nax. 7). kaTodad (sakvlev eleqtrodad) gamoyenebuli iyo GDE (0.33 

sm2), anodad - Pt da Sedarebis eleqtrodad - Ag/AgCl, fonur 

eleqtrolitad 0.5M Na2SO4 + H2SO4, pH 3, 25
○
C. potencialis gaSlis 
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siCqare Seadgenda 5 mv wm-1. sakvlevi da damxmare eleqtrodebi 

gancalkevebuli iyo minis diafragmiT. 

 

nax. 6. anoduri galvanostaturi mrudebi 0.5M Na2SO4 + H2SO4,  pH 3, 25
○
C;    

              sakvlevi eleqtrodi - Ti-IrO2 (0.23 sm2); kaTodi - Pt; Sedarebis  
       eleqtrodi -  Ag/AgCl; H2O2-is Semcveloba, g/l: 1 - 0; 2 - 0.34; 3 - 8;  
       4 - 16.  

 

nax. 7. kaToduri potenciodinamikuri mrudi 
 

potenciodinamikur mrudze (nax. 7) Cans kaToduri denis ori 

talRa: pirveli, (-1,0 v Ag/AgCl) ganpirobebulia O2-is oreleqtro-

niani aRdgeniT H2O2-is warmoqmnasTan, rac dadasturda xsnaris 

qimiuri analiziT; meore,  (-1.8 v-dan -2.0 v-mde Ag/AgCl) talRis 

bunebis dasadgenad xsnarSi Setanili iyo wyalbadis peroqsidi, 

rasac ar mohyolia denis gazrda. es faqti miuTiTebs imaze, rom 

aRniSnuli ubani ar aris dakavSirebuli H2O2-is aRdgenasTan. -2.3 v-
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ze zemoT, ufro uaryofiT potencialebze, GDE-ze adgili hqonda 

wyalbadis  airis gamoyofas:  

                                                   2H2O + 2ē → H2 + 2OH
¯                                                    

12 

Aamrigad, SeiZleba davaskvnaT, rom  zemoT CamoTvlili 

mizezebidan H2O2-is koncentraciis Semcirebis mTavari mizezia misi  

anoduri daJangva. aqedan gamomdinare, H2O2-is eleqtrosinTezi 

saWiroa ganxorcieldes gayofil eleqtrolizerebSi, sadac 

aRkveTili iqneba kaToduri produqtis moxvedra anodur areSi. 

kaTolitisa da anolitis areebis gancalkevebisaTvis 

mizanSewonilia kaTionseleqtiuri membranis gamoyeneba, radgan igi 

uzrunvelyofs wyalbadis kaTionis gadasvlas anolitidan 

kaTolitSi da masSi pH-is SenarCunebas. amave dros anolitSi 

qloris ionebis arsebobis SemTxvevaSi kaTionseleqtiuri membrana 

qmnis bariers Cl
--is anoduri daJangvis produqtebis kaTolitSi 

mosaxvedrad da Sesabamisad peroqsidis daSlas Tavidan acilebs 

(reaqcia 8). 

           H2O2----is eleqtrosinTezi membranis eleqtrosinTezi membranis eleqtrosinTezi membranis eleqtrosinTezi membraniT gayofiliT gayofiliT gayofiliT gayofil    eleqtrolizerSieleqtrolizerSieleqtrolizerSieleqtrolizerSi. . . . 

rogorc zemoT iyo aRniSnuli, kaTiongacvliTi membranebis 

gamoyenebis SemTxvevaSi ar xdeba H2O2-is anodTan moxvedra da misi 

daJangva. aRniSnuli membranebi uzrunvelyofen kaTodze O2-is 

oreleqtroniani aRdgenisTvis saWiro protonebis transportirebas, 

romlebic Tavis mxriv warmoiqmneba wylis anoduri daSlis Sedegad.     

 gamocdilia sxvadasxva tipis kaTionseleqtiuri membranebi: 

homogenuri Nafion 117 (Du Pont, aSS) da heterogenuli MK-40 (ruseTi). 

kaTolitad gamoyenebuli iyo 1 g l-1 Na2SO4 + H2SO4, pH 3 , anolitad 

100 g l-1 H2SO4 , 25
○
C; gatarebuli iyo  5 a deni,  kaTodis - GDE da 

anodis - DAS eleqtrodebis  TiToeulis farTi Seadgenda  100 sm2. 

Catarebuli kvlevis Sedegebi moyvanilia nax. 8-ze. Nafion 117-Tan 
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SedarebiT (mr. 2.) MK-40 membrana iZleva ukeTes Sedegs – H2O2-is    sa- 

Sualo deniTi gamosavali 60 wT-is ganmavlobaSi   95% -ia (mr. 1.).  

 

nax. 8. gayofil filtr-presul ujredSi H2O2-is eleqtrosinTezi  

  

 H2O2-is eleqtrogeneraciis deniT gamosavalze kaToduri 

denis simkvrivis gavlenis dadgenis mizniT MK-40 membraniT gayofil  

eleqtrolizerSi Catarebuli eqsperimentebis Sedegebi 3ªa, 5 a da 7 

aª denis gatarebisas moyvanilia nax. 9-ze. 35 wT 3 aª denis 

gatarebisas  miRebuli iyo H2O2-is maRali deniTi gamosavali   (98-

100%) koncentraciiT 1 g l-1,  energiis xvedriTi xarjiT  7.45 kvtsT 

kg-1 (nax. 9 b, mr. 1). 5a da 7 aªdenis gatarebisas miRebuli iyo igive 

koncentraciiT H2O2  Sesabamisad 25 wT-Si da 15 wT-Si, energiis 

xvedriTi xarjiT 11 kvtsT kg-1 da 14 kvtsT kg-1 (nax. 9 b, mr. 2 da 3). 

 gauyofel eleqtrolizerSi miRebul monacemebTan SedarebiT 

membraniT gayofili ujredSi  energiis danazogma Seadgina 25-30%. 

 membraniT gayofili eleqtrolizeris kidev erTi upiratesoba 

mdgomareobs Na2SO4-Tan SedarebiT iafi NaCl-is Semcveli fonuri 

xsnarebis gamoyenebis SesaZleblobaSi.  
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nax. 9. membranul (MK-40) ujredSi a) H2O2-is deniT gamosavalze kaToduri 
      denis simkvrivis (a sm-2) gavlena: 1 - 0.03; 2 - 0.05; 3 - 0.07 da b) Sesaba- 
      misi energiis xvedriTi xarjebi. 1000 ml kaToliti: 1 gl-1 Na2SO4  +  
      H2SO4, pH 3, 25

○
C  

 
MK-40 membraniT gayofil eleqtrolizerSi fonur 

eleqtrolitad 1 g l-1 NaCl-is gamoyenebis pirobebSi Catarebuli 

eqsperimentuli Sedegebi 5 a denis gatarebiT 1 l da 25 l 

moculobiT kaTolitebis cirkulaciis pirobebSi  Sedarebuli iyo 

gauyofel ujredSi 7.1 g l-1 (0.05M) Na2SO4-is (1 l) gamoyenebis dros 

miRebul monacemebTan (nax. 10). SedarebiT iafi NaCl-is kaTolitebis 

gamoyenebisas miiReba H2O2-is ufro maRali koncentraciebi da 

xvedriTi Eeleqtroenergiis xarjiT (mr. 1 da 2), vidre gauyofel 

reaqtorSi 7.1 g l-1 Na2SO4-is eleqtrolitad gamoyenebis SemTxvevaSi 

(mr. 3). 

 miRebuli Sedegebidan SeiZleba davaskvnaT, rom wyalbadis 

peroqsidis kaToduri sinTezisTvis mizanSewonilia GDE-s 

gamoyeneba kaTionseleqtiuri membraniT gayofil reaqtorSi. H2O2-is 

eleqtrogeneraciis optimaluri pirobebia: kaToduri denis 

simkvrive 0.03÷0.05 a sm-2; temperatura 25 ÷ 30 
○
C; kaTolitis  pH 3÷7. 
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nax. 10. H2O2-is koncentraciisa (a) da deniTi gamosavlis (b) cvlileba 
       droSi:      
       1 - membranuli (MK-40) ujredi, 1 g l-1 NaCl + H2SO4, pH 3 (1 l);    
       2 - membranuli (MK-40) ujredi, 1 g l-1 NaCl + H2SO4, pH 3  (25 l, 
       haeris gamoyenebiT); 3 - gauyofeli ujredi, 1 gl-1 Na2SO4 + H2SO4, pH 3 

 

Mmodelur xsnarebSiMmodelur xsnarebSiMmodelur xsnarebSiMmodelur xsnarebSi    fenoluri naerTebis mineralizaciafenoluri naerTebis mineralizaciafenoluri naerTebis mineralizaciafenoluri naerTebis mineralizacia    

kaToduri potenciodinamikaToduri potenciodinamikaToduri potenciodinamikaToduri potenciodinamikkkkuri kvleva naxSirbadovauri kvleva naxSirbadovauri kvleva naxSirbadovauri kvleva naxSirbadovani qeCis (ni qeCis (ni qeCis (ni qeCis (CF) ) ) ) 

eleqtrodzeeleqtrodzeeleqtrodzeeleqtrodze    

naxSirbadovani qeCa (CF) xasiTdeba qimiuri mdgradobiT da 

ganviTarebuli zedapiriT. EF–is procesSi misi kaTodad  

gamoyenebis mizniT Catarebuli iyo potenciodinamikuri kvleva.  

minis standartuli sameleqtrodiani ujredis kaTodur 

ganyofilebaSi moTavsebuli iyo CF eleqtrodi (1 sm2), xolo misgan 

minis diafragmiT gamoyofil anodur ganyofilebaSi – Pt-is 

firfita. fonur xsnarad gamoyenebuli iyo  0.1M  Na2SO4 + H2SO4 (pH 3), 

Sedarebis eleqtrodad – najeri Ag/AgCl. xsnaris moreva xdeboda 

magnituri sareveliT. xsnaris deaeracia xdeboda argonis SeberviT. 

miRebuli katoduri potenciodinamikuri mrudebi naCvenebia nax. 11–

ze. mr. 1-ze, e.w. fonur xsnarSi,  SeimCneva kaToduri talRa -0.8 v-

dan (Ag/AgCl), romelic Seesabameba H2-is gamoyofas.    

xsnarSi O2-is gatarebis (30 wT) Semdeg kaToduri talRa  

SeimCneva SedarebiT ufro dadebiT potencialze -0.45 v-ze (mr. 2), 
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romelic dakavSirebulia  H2O2-is miRebasTan, rac dadasturebulia 

xsnaris qimiuri analiziT. mrudis bolo ubanze oscilaciis  

efeqti dakavSirebulia, savaraudod, CF-is araerTgvarovan 

zedapirze wyalbadis peroqsidis daSlis Sedegad warmoqmnili 

airebis desorbciis procesTan. 

    

nax. 11. CF-is eleqtrodze (1 sm2) miRebuli kaToduri voltamperogramebi.   
       potencialis gaSlis siCqare 60 mv/wT. 

        1 - 0.1M Na2SO4 (Ar-iT gajerebuli); 
        2 - 0.1 M Na2SO4   (O2-iT gajerebuli); 
        3 - 0.1M Na2SO4 + 0.1 mmoli Fe

3+ (Ar-iT gajerebuli); 
        4 - 0.1M Na2SO4 + 0.2 mmoli Fe

3+( Ar-iT gajerebuli); 
        5 - 0.1M Na2SO4 + 0.1mmoli Fe

3+ (Ar-iT gajerebuli, moreviT) 
  

Ar-iT gajerebul fonur eleqtrolitSi 0.1 mmoli da 0.2 mmoli 

Fe
3+ 

(Fe2(SO4)3·9H2O) damatebisas miRebuli kaToduri talRebi 

moyvanilia (mr. 3-5). miRebuli talRebi dakavSirebulia Fe
3+–is 

aRdgenasTan Fe
2+-mde, rac dadasturebulia  qimiuri analiziT. mr. 5 

gadaReblia morevis pirobebSi. am SemTxvevaSi kaToduri deni   

izrdeba Fe
3+-is difuziis siCqaris gazrdis gamo. 

potenciodinamikuri kvlevis Sedegebis safuZvelze  SeiZleba 

davaskvnaT, rom naxSirbadovani qeCis kaTodad gamoyenebisas  EF–is 

procesSi H2O2-is miRebasTan erTad, romelic mimdinareobs dabali 

gamosavliT, adgili aqvs Fe
3+-is ionebis aRdgenas Fe

2+-mde maRali 

gamosavliT.  
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EF----is procesi naxSirbadovani qeCis (is procesi naxSirbadovani qeCis (is procesi naxSirbadovani qeCis (is procesi naxSirbadovani qeCis (CF) eleqtrodze) eleqtrodze) eleqtrodze) eleqtrodze    

     EF procesi ganxorcielebuli iyo Wiqis formis Ria 

abazanaSi, romelSic DSA (Ti-RuO2-IrO2) anodebs Soris  moTavsebuli 

iyo faifuris  cilindrze Semoxveuli CF–is kaTodi (80 sm2). haeri 

mikrokompresoridan miewodeboda 0.5M Na2SO4 xsnarSi (300 ml, pH 3, 

20÷25
O
C), romelic Seicavda 0.1 mmol/l Fe

2+ da 100 mg/l erT-erT 

fenolur damabinZurebels. eleqtrolizis dawyebamde xsnari 

jerdeboda JangbadiT ~20 wT ganmavlobaSi. Ddenis (300 ma)  

gatarebidan ~15 wT xsnari fenoluri naerTis bunebidan gamomdinare 

Rebulobda muqi feris cvalebad Seferilobas. ferebis warmoqmna 

ukavSirdeba maTi Jangvis Sedegad sxvadasxva Sualeduri 

produqtebis miRebas. procesis msvlelobisas xsnarSi Fe
2+

-isa da 

Fe
3+

-is arseboba mowmdeboda maTi Sesabamisi TvisebiTi reaqciebiT:  

               3K3[Fe(CN)6] + 3Fe
2+

 → 3KFe
II
[Fe

III
(CN)6]↓ + 6K

+                                     12 
                              4K4[Fe(CN)6] + 4Fe

3+
 → 4KFe

III
[Fe

II
(CN)6]↓ + 12K

+                                  13 

 

nax. 12. EF-is procesi CF-is kaTodiT (80 sm2) da DSA anodiT (Ti-RuO2-IrO2):  
       a) COD-is daBb) energiis xarjis   cvlileba droSi. 300 ml 0.5M   

             Na2SO4 + 0.1 mmoli/l Fe
2+ + 100 mg/l fenoluri naerTi, pH 3, 20

O
C; 

            deni 300 ma  
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EF procesSi rkinis Oorive kaTionis Tanaarseboba   

miuTiTebs  Fe
2+

-is regeneraciis faqtze. Aam gziT damuSavebuli iyo 

5 sxvadasxva fenoluri naerTis Semcveli xsnarebi. COD-is 

Semcireba da energiis xarjis cvlileba naCvenebia nax. 12-ze. 

EF----is procesi gazis procesi gazis procesi gazis procesi gaz----difuziuri eleqtrodis gamoyenebiTdifuziuri eleqtrodis gamoyenebiTdifuziuri eleqtrodis gamoyenebiTdifuziuri eleqtrodis gamoyenebiT    

     gaz-difuziur kaTodebze, gansxvavebiT naxSirbadovani qeCisgan, 

 O2-is oreleqtroniani aRdgeniT  H2O2 miiReba maRali gamosavliT, 

amitom momdevno etapze  EF-is procesi ganxorcielebuli iqna misi 

gamoyenebiT. 

 Eeqsperimentebi Catarebuli iyo filtr-presul 

eleqtroqimiur ujredSi, romelSic kaToduri da anoduri 

ganyofilebebi gancalkevebuli iyo MK-40 membraniT. 300 ml 

kaTolitis  (0.5M Na2SO4 + 0.5 mmoli/l Fe
2+ 

+
 100 mg/l fenoluri 

naerTi, pH 3, 20
O
C) cirkulacia 750 ml/wT siCqariT  xorcieldeboda 

centridanuli tumbos gamoyenebiT. kaTodi GDE (Black Pearls 2000) 

farTiT 4sm2 dafenili iyo Ni-is badis denmimyvanze, romlsac airis 

kameridan miewodeboda haeri 0.015-0.02 mpa wneviT. anodi 

warmoadgenda badisebr DSA (Ti-RuO2-IrO2) eleqtrods. 2.5 sT 

eleqtrolizis (ik = 0.05 a/sm2) Semdeg  kaTolitSi ar dafiqsirebula 

Fe
2+

-is arseboba, rac miuTiTebs imaze, rom misi regeneracia GDE-ze, 

gansxvavebiT naxSirbadovani qeCisagan, ar mimdinareobs.   

eqsperimentis Semdeg gaz-difuziuri eleqtrodis zedapirze 

vizualurad SeiniSneboda rkinis (III) hidroqsidis Semcveli naleqi 

(dadasturebulia rentgenofazuri analiziT). naleqis warmoqmna 

gamowveulia GDE-is forebSi Seqmnili tute garemoTi, rac 

gamowveulia Jangbadis eleqtroaRdgenis  reaqciiT: 

                                             O2 + H2O + 2ē → HO2
¯  

+ OH
¯  

                                       14 



 22 

 gaz-difuziuri eleqtrodis gamoyenebiT fenoluri naerTebiT 

dabinZurebuli wylis gawmendis EF-is procesiT Catarebuli 

eqsperimentis Sedegebi moyvanilia nax. 13-ze. 

 

nax. 13. EF-is procesi GDE-iT (4 sm2) da DSA anodiT (Ti-RuO2-IrO2):  
a) COD-is da b) energiis xarjis cvlileba droSi. 300 ml 0.5M   

               Na2SO4 + 0.1 mmoli/l Fe
2+ + 100 mg/l fenoluri naerTi, pH 3, 20

O
C; 

             deni 200 ma  
 

amrigad, GDE-is gamoyenebisas EF-iT gawmendis siCqare  

mniSvnelovnad gaizarda naxSirbadovani qeCis eleqtrodTan 

SedarebiT. 

PEF----is procesi gauyofel eleqtrolizeis procesi gauyofel eleqtrolizeis procesi gauyofel eleqtrolizeis procesi gauyofel eleqtrolizerrrrSiSiSiSi    

    PEF-Si •
OH radikalebi  miiReba  rogorc H2O2-ze Fe

2+
-is 

, aseve   

UV
  sxivebis  zemoqmedebiT. fentonis reaqciiT miRebuli [Fe(OH)]

2+
-is 

da organul naerTebTan warmoqmnili rkinis (III)-is kompleqsebi 

ganicdian fotodekarboqsilirebas, ris Sedegadac adgili aqvs Fe
2+

-

is regeneracias da Tavidan acilebulia  Fe(III)-is Semcveli naleqis 

dagroveba. am upiratesobebis gaTvaliswinebiT ganxorcielebuli 

iqna fenoluri naerTebis mineralizacia PEF-is gamoyenebiT. 

sawyis etapze fenoluri naerTebisagan gawmenda Catarebuli 

iyo gauyofel filtr-presul eleqtroqimiur ujradSi, sadac  

kaTodad gamoyenebuli iyo GDE (4sm2), xolo anodad - DSA (Ti-RuO2-
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IrO2). eleqtrodebs Soris (4 mm) 750 ml/wT siCqariT tumbos 

saSualebiT cirkulirebda 300 ml xsnari 0.5M Na2SO4 + 1 mmoli/l Fe
2+ 

+  100 mg/l fenoluri naerTi + H2SO4, pH 3, 20÷25
O
C. sacirkulacio 

gare konturSi CarTuli iyo UV gamosxivebis naTura (8W, λ= 253 nm), 

gawmendis  Sedegebi naCvenebia nax. 14-ze. 

 

nax. 14. PEF gauyofel eleqtrolizerSi,  GDE kaTodi (4sm2), anodi   
        DSA (Ti-RuO2-IrO2). 300 ml 0.5M Na2SO4 +  1 mmoli/l Fe

2+ +  100 mg/l  

               fenoluri naerTi + H2SO4 ,  pH 3, 20÷25
O
C 

 p-nitrofenolis da m-aminofenolis SemTxvevaSi miRebulia 

erTnairi gawmendis Sedegi 60 wT-is ganmavlobaSi, 180 wT-is Semdeg 

mineralizacia Seadgens Sesabamisad 82.31% da 86.3%. fenolis 

SemTxvevaSi mineralizacia mimdinareobs mdored da drois igive 

SualedSi Seadgens 96.2%.  

PEF----is procesi membranul eleqtrolizeis procesi membranul eleqtrolizeis procesi membranul eleqtrolizeis procesi membranul eleqtrolizerrrrSiSiSiSi    

     PEF-is procesi ganxorcielebuli iqna  nax. 15-ze moyvanil  

membranul eleqtrolizerSi, sadac kaToliti cirkulirebda 

tumboTi, xolo anoliti (300 ml, 1M H2SO4) airliftis gamoyenebiT. 

eqsperimentis pirobebi da gawmendisaTvis aRebuli  xsnarebis 

Sedgeniloba analogiuri iyo gauyofel ujredSi damuSavebuli 

xsnarebis.  
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 eqsperimentebSi eleqtrolizis dawyebidan ~5 wT SeiniSneboda 

kaTolitis gamuqeba, Semdeg xdeboda Seferilobis gaRiaveba da 

cdis bolos  miiReboda uferuli xsnarebi. aRsaniSnavia, rom 

namuSevari gaz-difuziuri eleqtrodis zedapirze ar SeiniSneboda 

Fe(III)-is Semcveli naleqi, gansxvavebiT EF-is procesisgan. es faqti 

miuTiTebs Fe
2+

-is regeneraciaze (dadasturebulia TvisebiTi 

analiziT). miRebuli Sedegebi naCvenebia nax. 15-ze. 

 

nax. 15. EPEF membranul eleqtrolizerSi, kaTodi - GDE (4sm2), anodi - 
        DSA (Ti-RuO2-IrO2). a) COD-is, b) energiis xarjis  cvlileba droSi; 
        kaToliti 300 ml 0.5M Na2SO4 + 1 mmoli/l Fe

2+
 + 100 mg/l  fenoluri 

        naerTi + H2SO4, pH 3, 20÷25
O
C 

 

PEF-is procesi ufro efeqturi aRmoCnda  EF-Tan SedarebiT da  

samive fenoluri naerTis SemTxvevaSi 60 wT-Si miRweulia gawmendis 

xarisxi, Sesabamisad 97% fenolisaTvis, 95.7% p-nitrofenolisa da 

96.7% m-aminofenolisaTvis.  

PEF----iiiis procesSi  fes procesSi  fes procesSi  fes procesSi  fenolisnolisnolisnolis    koncentraciis gavlenakoncentraciis gavlenakoncentraciis gavlenakoncentraciis gavlena    gawmendis gawmendis gawmendis gawmendis 

xarisxzexarisxzexarisxzexarisxze    

PEF-iT  gawmendis  procesze fenolis koncentraciis gavlena 

Seswavlili iyo membranul (MK-40) filtr-presul 

eleqtrulizerSi, gaz-difuziuri kaTodis (4sm2, denis simkvrive 0.05 

a/sm2) da DSA anodis, UV gamosxivebis naTuris (8W, λ=253 nm) 
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gamoyenebiT. kaToliti 0.5M Na2SO4 + 0.1 mmoli/l Fe
2+ 

+ H2SO4, pH 3 

Seicavda fenols, romlis koncentracia icvleboda 50-400 mg/l 

farglebSi. fenolis ≥200 mg/l  Semcvelobisas denis gatarebidan 

~10 wT-Si xsnari Savdeboda. 90 wT-is Semdeg  xsnari Rebulobda Ria 

Seferilobas. fenolis dabali koncentraciebis (50 da 150 mg/l) 

SemTxvevaSi xsnaris  Seferiloba 1.5-2 sT ganmavlobaSi icvleboda:  

moyviTalo – Jangisferi – muqi yavisferi – yviTeli - moyviTalo – 

ufero. ferTa aseTi cvlileba droSi dakavSirebulia xsnarSi 

Jangvis Sualeduri produqtebis warmoqmnasTan. miRebuli Sedegebi 

naCvenebia nax. 16-ze. 

 

nax. 16. PEF-iT gawmendis  procesSi  fenolis sxvadasxva koncen-  
       traciis  xsnarebis COD  cvlileba droSi: kaTodi GDE (4sm2),  
       anodi DSA ; kaToliti 300 ml 0.5M Na2SO4 +  0.1  moli/l Fe

2+ 
+ 

              H2SO4, pH 3; anoliti 1M   H2SO4;  gatarebuli deni 200 ma 
  

fenolis maRali koncentraciebis (≥200 mg/l) SemTxvevaSi  

COD-is Semcireba mimdinareobda droSi mdored. aRniSnuli efeqti 

savaraudod gamowveulia xsnarSi warmoqmnili Sualeduri  

Seferili produqtebis maRali SemcvelobiT, ris gamoc UV 

gamosxivebis zemoqmedebis efeqti mcirdeba. 
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ddddaskvnaaskvnaaskvnaaskvna 

1. potenciostatikuri da potenciodinamikuri polarizaciuli 

meTodebis gamoyenebiT dadgenilia nanonaxSirbadSemcveli 

masalebisagan damzadebul gaz-difuziur kaTodebze wyalbadis 

peroqsidis sinTezis  pirobebi. Seswavlilia sakaTode masalis 

bunebis (GDE, CF)  da misi denis simkvrivis, ionseleqtiuri 

membranis, xsnaris pH, temperaturis, fonuri xsnaris 

koncentraciisa da bunebis gavlena wyalbadis peroqsidis 

deniT gamosavalze. dadgenilia misi eleqtrogeneraciis  

optimaluri mniSvnelobebi: kaToduri denis simkvrivie 0.03÷0.05 

a/sm2, pH 3÷6.5; temperatura 20÷25
O
C, H2O2-is saSualo deniTi 

gamosavali Seadgenda 95%. 

2.  dadgenilia, rom H2O2-is sinTezis dros kaTolitSi mudmivi 

pH 3-is pirobebSic ki adgili aqvs gaz-difuziuri kaTodis 

forebSi da zedapirze tute aris warmoqmnas, Sesabamisi 

marilebis kristalizacias da droSi wyalbadis peroqsidis 

deniTi gamosavlis Semcirebas.  

3. polarizaciuli gazomvebis safuZvelze dadgenilia gauyofel 

eleqtroqimiur ujredSi kaTodze generirebuli H2O2-is anodze 

daJangva. H2O2-is maRali deniTi gamosavliT miRebisaTvis 

mizenSewonilia eleqtrosinTezis Catareba kaTionseleqtiuri 

membraniT gayofil eleqtrolizerSi. kaTionseleqtiuri 

membrana uzrunvelyofs wyalbadis kaTionis gadasvlas 

anolitidan kaTolitSi da masSi mudmivi pH-is SenarCunebas, 

xsnarSi qloris ionebis arsebobis SemTxvevaSi iqmneba barieri 

Cl
--is anoduri daJangvis produqtebis kaTolitSi mosaxvedrad.  

4. Ppirvelad praqtikaSi  H2O2-is eleqtrosinTezisTvis awyobilia 

da  gamocdili  erTi- da samujrediani filtr-presuli tipis 

membranuli (MK-40) eleqtrolizerebi 3-30 a datvirTviT.  

anodebad gamoyenebulia titanis, ruTeniumis da iridiumis 
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oqsidebiT modificirebuli titanis badisebri eleqtrodebi, 

e.w. ganzomilebad stabiluri eleqtrodebi (DSA). 

eleqtrolizerSi  xsnaris  originaluri gamanawileblebis 

gamoyenebiT miRweulia eleqtrodebs Soris minimaluri (4.5 mm) 

manZili. 

5. membranul eleqtrolizerSi GDE-is da UVC (λ = 253nm) 

gamosxivebis naTuris gamoyenebiT pirvelad ganxorcielebulia 

fenolis, o- da p-nitrofenolebis, m-aminofenolis Semcveli 

modeluri xsnarebis (PEF) gawmendis procesebi. dadgenilia 

fenoluri naerTebiT dabinZurebuli wylebis gawmendaSi foto-

eleqtrofentonis (PEF)  meTodis upiratesoba eleqtro-

fentonTan (EF) SedarebiT. CF-is  gamoyenebisas maRali 

gamosavliT mimdinareobs  Fe
3+

-is aRdgena Fe
2+-mde, xolo GDE-s 

SemTxvevaSi haeris Jangbadis gamoyenebisas 80-85% deniT 

gamosavliT mimdinareobs H2O2-is eleqtrosinTezi.  

6. PEF-is meTodis gamoyenebiT dadgenilia fenolis, p-

nitrofeniolis da m-aminofenolis (100 mg/l) Semcveli 

modeluri wylebis gawmendis procesis optimaluri  

mniSvnelobebi:  reagentebi - 0.1 mmoli/l Fe2+
 , UV (λ=253 nm),  pH 3, 

20÷25
O
C; gaz-difuziur eleqtrodze denis simkvrive  0.05 a/sm2; 

gawmendis xarisxi  COD-is mixedviT fenolisaTvis 97%, p-

nitrofeniolisaTvis 95.7% da m-aminofenolisaTvis 96.6%; 

eleqtroenergiis saSualo xarji ~3.5 kvtsT/m3. 

7. PEF-is procesSi Seswavlilia fenolis koncentraciis (50-400 

mg/l)  gavlena gawmendis xarisxze.  dadgenilia, rom gawmendis 

maRali xarisxi miiRweva, rodesac fenolis koncentracia 

xsnarSi ar aRemateba 150 mg/l.   
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ABSTRACT 

 
 In the modern world, Intensive consumption of resources of the nature follows 

technological progress and increasing of quality of our life. Besides, atmosphere, water 

resources and soil, regularly becomes soiled as consequence of a harmful impurity of 

activity of the human.   

  It is clear that the problem is universal. Thus together with preventive measures, it 

is necessary to develop and introduce in practice new effective methods for detection and 

neutralization of pollutions. 

 Among environment and water pollutants, organic compounds must be noted, 

which are often characterized by hazardous (toxic, carcinogenic, mutagenic etc.) 

properties. To prevent potentially negative consequences for the live world, there is a 

great requirement of neutralization of the dangerous contaminants which entered into 

aqueous environment. Thus, research and studying of wastewaters are very important in 

our days.  

 The work purpose was to remove from wastewaters toxic and stable in 

environmental conditions - phenolic compounds, by using effective, economically 

advantageous and environmentally safe advanced oxidation (AOPs) processes.Oxidation 

and mineralization of phenol compounds existing in water solution were executed by 

influencing of hydroxyl (
•
OH) radicals which were obtained in electro-fenton (EF) and 

photo-electro-fenton (PEF) processes, but electro-generation of necessary hydrogen 

peroxide was executed by double electron recovering of oxygen (O2) by using undivided 

filter-press type (such as membrane cell, also undivided cell) and open-type cells. Modern 

electrode materials were used. In particular as the cathodes: there were used carbon-

containing - gas-diffusion electrodes - GDE (Black Pearls 2000, Vulcan XC-72R BASF, 

Co. USA), carbon felt - CF (Carbone-Lorraine, France). So as the anode, it used - 

dimensionally stable anode -DSA (Ti-RuO2-IrO2, Ti-IrO2, South Korea). To separate 

cathode and anode sections, cationic-selective membranes (MK-40, Russia and Nafion 

117,  USA) were used. During photo-electro-fenton process as an ultraviolet light source, 

a lamp UVC, 8W, λ = 253 nm was used.  

 Control of the process of mineralization of phenolic compounds was executed by 

analytical methods of determinations of values of chemical oxygen demand - COD and 

total organic carbon - TOC. 

 The innovation of the work is electric synthesis H2O2 by using filter-press type 

cell, which is divided by proton-exchange membrane (MK-40). Influences on the process 

by ion-selective membrane, pH of solution, temperature and cathode current density, were 

studied. Optimal conditions for cathodic generation of H2O2 were determined.  

 By using EF and PEF methods, first of all, it was executed purification of model 

solutions of phenol (C6H5OH), o-, p-nitrophenol (C6H5NO2) and m-aminophenol 

(C6H5NH2), with filter-press type cell - divided by proton-exchange membrane. It has 

been reached their highly effective decomposition according of COD and TOC. By the 

method of polarization of research it was defined that at use of carbon felt (CF), on the 

cathode basically there was restoration of Fe (III) to Fe(II). And on the gas-diffusion 

cathode there was electric generation of H2O2 current efficiency from 95% to 100%. So 

the usage of this last-mentioned as the cathode ensures the efficiency of EF and PEF 

processes. It was ascertained that PEF processes were more advantageous than EF 
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processes. By according PEF method, during the processing within 60 min the reduction 

degrees of COD of the 100 mg/l of starting content, were: for  phenol - 97%, for p-

nitrophenol - 95.7%, for m-aminophenol -  96.7%. Here are the optimal values selected 

for PEF process: 0.1 mmol/L CFe2+, pH 3, t = 20-25
0
C.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


