REPUBLIQUE ALGERIENNE DEMOCRATIQUE ET POPULAIRE
MINISTERE DE L’ENSEIGNEMENT SUPERIEUR

ET DE LA RECHERCHE SCIENTIFIQUE
UNIVERSITE CONSTANTINE 3

& |

Constantine 3 duda iw d

UNIVERSITE DE CONSTANTINE 3
FACULTE DE GENIE DES PROCEDES
DEPARTEMENT DE GENIE CHIMIQUE

Mémoire de Master

Filiere : Génie des Procédés Spécialité : Génie Chimique

Implementation of Oxidation Processes for Water Treatment in a
Continuous Stirred Tank Reactor (CSTR)

Présente par :

Dirigé par:

MEROUANI Slimane SIGHA Abdelkader

Professor HASAN A. M. HUSSEIN
SADI M.Y. ALMAJDALAWI

Année Universitaire 2023/2024.
Session : juin



Table of Contents

GENERAL INTRODUCTION ....oiiiiiiiiiiiii s |

CHAPTER 1

BIBLIOGRAPHIC REVIEW

1.1, INTRODUCTION ..vtiuteutintetestestesteaseastestesbessessessesseesseseessessessesseaseessassessessessessessessseneeeens 1
1.2, POLLUTION 1..ttittetteuieietestestestestaeee e aestestesteasaesaesaese e sesseesaesaesaensastessesesaeanaanaenaenseseens 1
1.2.1. Types OF POIIULION .......ooiiece e 1
12,100 A POHULANT. ... 1
1.2.0.2. SO POHULION ... e 2
1.2.1.3. Water POHIULION .....ovviiiiiccecc e 2
1.2.2. Water POIIULANTS ......c.veieiiiiiieieeee e 3
1.2.2.1. OrganiC POHULANTS .........oveeiiiiieee i e e 4
1.2.2.2. Classification of the organic pollutants..............c.cccoviiiiiiiiiii 4

1.3  WASTEWATER ....ttttetetestestestestesseatestestestesbeaseeseasaesaessesseasaeseasaaneassessessessestessannsessenens 5
1.3.0 DETINIEION .ottt bttt b 5
I I D SRS 5
1.4.1. Classifications 0f teXtileS AYES.......cooviviiieiieie e 6
1.4.1.1. Chemical CIasSIfICAtION ..........coeeiiiiiiieiiiiiee e 7
1.4.1.2. Classification based on appliCation .............cccceiiiiiiiiieiiie e 8
1.4.2. Dyes application fields .........ccceiieiiiiiie 9
1.4.3. Impact 0N the ENVIFONMENT ........ocviiiiiiiiieiee s 9
1.4.4. Impact on human health..............cccooviiiii i 10
1.5, TREATMENT STRATEGIES ....veitietierierieiestestestesseeseesaessessessessessessasssassessessessessessensesssenes 10
1.5.1. Physical teChNOIOGIES......ccveiieeiiiiece et 10
1.5.2. Biological treatMent.........ccviieieiiieiesie e 11
1.5.3. Chemical treatmeNt.........cooiiiiieiee e e 11
1.5.3. 1. OXIOALION PrOCESSES. ...cuvveeeiiieiiiteaieee sttt e ettt et e et et e st e e e sbbe e e sbb e ieeeeeeas 11

1.6. ADVANCED OXIDATION PROCESSES .....cvttiriistesieaseeisiesiestessessesessessessessessessesssesnenns 12
1.6.1. Definition of advanced oXidation PrOCESSES ..........ccvrrererieierieriiriesieeeeeeeeeens 12

1.6.2. How advanced oXxidation proCesses WOIK ...........ccccvivereeiieseeseeseesieseesneee e 13



1.6.3. Advantages And DiSadVaNtagEsS ......ccoveervieiiiiiieeiieesiie e st sre e nreas 13

1.6.4. Classification OF APOS .......cccveiiiieiiee et ens 14
1.7, REACTIVE OXIDANTS ..utitiitesietestestestasestesteseesassessesassessessesessessessesessessessssessessessssessasens 15
O O Vo [ o USSR 15
1.7.0.0 HydroxXyl radiCal ..........ovveeiiiiiie e 15
0 R O o1 o 0 RS SUPPRR 16

I G T 0o - 1 S PRSPPI 17

1.8. HOMOGENEOUS PHASE OXIDATION PROCESSES ....c.vevvaviteiesiaseseeseaseasessessesessessessasenns 18
1.8.1. Fenton process (H2O2/FE2%) ...uiuiiiiiieieeiiesieeie s 18
1.8.2. ChIOINE/FE2* PIOCESS ...vviveviiveverisisisietesessss sttt 20
1.8.3. PEriodate /Fe2* PIOCESS ....cvvveeereriririsietetesesistesesesesessesesesesessssesesessssesesesessssssasens 21
1.8.4. PhOtOCHEMICAL.....coiiiiiiieiiciieee e 21
1.8.4.1. HOMOGENOUS: ......eveeeieiiiiee ittt e ettt ettt et e e e st e e e e e e e e e e e 22

1.9, HETEROGENEQUS .....cuviuietiieniatesteiesessesteseesessessestasestesessessestessessesessesesesseseesensessessenens 24
1.9.1. Photo-Fenton (UV/FEO/H202) .....ccoveviveueiiiiiiceteecee e 24
1.9.2. EIeCtroChemICal .........ccviiiieieee e 24
1.9.3. S0NOCHEMICAL.......oiiiiie e 24

CHAPTER 2

Material And Methods

MATERIAL AND METHODS ......coutitiitiitisiesieeeesee e stasteeaesseaesae e ssesteenseaessessessessessesssensenes 36
2.1 INTRODUCTION ...ttt sttt 36
2.2. CHEMICALS ....veteiteeteeteesteteste e s e e st e e e testesaesteeseeseen e steesesteaseeseeste e e ssetenteanaaneanseneens 36
2.3. PRESENTATION OF THE STUDIED DYE ...cuveuveviieiestetesieseesesiessessesassessesessssessesassessessens 37
2.3.1. Definition of specifically Cibacron Green H3G ..........cooviiiiieieniceccen, 37
2.3.2. Physicochemical properties 0T H3G ..o 37
2.4, IMIATERIAL «.veuvite ittt eteet et te et et e et e ae s tesbesseasaese et e e e s besbeebeese e s e ese et entesneanaeneansennens 38
2.4.1. The eXperimental SELUD .......coviiieiie e 38
2.4.2. PH MBIET .o 39
2.4.3. The "KERN ALS220-4N" precision balance ..........ccccooveviiniiiinienniiie e 40
2.4.4. Heated magnetiC and STIMTEr ........cccvoieiieie e 41
2.5. PREPARATION OF SOLUTIONS ...c.vvvietiesiesiesiestessesseeeesseseessessessessesssessssssssessessessenssessens 41
2.6. MODE OF OPERATION ....ttutiuieteteteseetestesteseesesseseesessessessesessessasessessessessasessessnsessessessass 42

2.7. ANALYSIS METHOD ...eecuttieiiitesieeesiee e sitaeeeiteeesteeeasaeeassseeassaeeeanteaeantaeeanseeesneeeenneeeannsns 43



2.7.1. SPECrOPNOtOMELIY......eiiieieiie it 43

2.7.0. 1. DEFINILION ..ottt 43
2.7.0.2. ADSOIDANCE. ... ceiiiieiitie ettt ettt e et e e e e nnbe e 44
2.7.1.3. Ber-LAmDEIT'S LAW......cciiiiiiiiieiiii ettt 44
2.7.1.4. ADSOIPLION SPECTIUM .....uviiiiiiieiiie ettt 44
2.7.1.5. CAlDIAtION CUNVE ... 45
2.7.2. Total Organic Carbon (TOC)......cccvieiieiecie e 46
2.7.2.1. DEFINITION ..ottt sbe e 46
2.7.2.2. PIINCIPIE <. 47
CHAPTER 3

Dyes degradation in CSTR using a modified Iron/chlorine oxidative

process
3. LLINTRODUCTION ...ooiiiiiie ettt e tr e ste e st e e snte e e snaeeesneeeenneeeeans 50
3.2. RESULTS AND DISCUSSION .....cutitiitiateasiesiesiesiesseaseeseeeessessessessessesseessessessessassessessenens 52
3.2.1. PUMPS CAlIBration ......coooveeece e 52
3.2.2. Absorption Spectra 0F VC-H3G ... 54
3.2.3. Effect of rod submergence depth and chlorine flow..........cccoooiiiiiiiien, 55
3.2.4. Effect Of StIrring SPEEA.........ooveiieieee et 57
325, PH ETTECL ..o 58
3.2.6. Effect of initial concentration 0f VC-H3G ... 60
3.2.7. Natural matrices EFfECt .........cccoviiiiiiiiicie s 62
3.2.8. EffeCt 0T Other AYES.....ccuoiiiiiieeeee s 64
3.2.9. EffeCt OF SCAVENQET ...c.vveveeie ettt 65
3.2.10. Effect of UV/Chlorine/Rod system in separate reactors. ..........ccocvevververieriennens 66
3.3. CONCLUSION . ... .ottt ettt sttt s besne e 68
CHAPTER 4

Modified periodate/lron system for dyes degradation in CSTR

4.1 INTRODUCTION ..ottt ettt 72
4.2. RESULTS AND DISCUSSION .....ceuvteuiieiiistesensesestesesnssesssseseseesessssessssesessesssnesesessenssnenes 73
4.2.1. Absorption spectra 0F VC-H3G ..o 73
A.2.2. PHETTECT ..o 74

4.2.3. Effect of initial CONCENIIATION . ... 76



A4.2.4 Natural matrices ETFECT ......ooov i 78

4.2.5. EffECT OF SCAVENQRT ....viiiiiiiiiiiieee e 80
4.2.6. EffECt OF AYES . .oiiiiecece e e 81
4.2.7. Effect of UV/Periodate /Rod system in separate reactors ...........cccceeeververuene. 82
4. 3. MINERALIZATION. ...ttteteueetesteeesesie e see e st seeseebesbe s e st abe s e seesesbtnbe e es e ebesb e e e b e abebennens 84
4.4, CONCLUSION ......cutitiutteuitetesestesta bt st se sttt sb et eb e b e e b et st s e et e ettt b e et e nn et e bens 85

GENERAL CONCLUSION ....ooiiiiiiiiiiiiee e 89



ABSTRACT

This study investigates the degradation of the syntheticazo dye Cibacron Green (VC-H3G) in acontinuous
stirred tank reactor (CSTR) by the Fe%chlorine and Fe%/Periodate processes, which involve the generation of free
radicals capable of removingorganic matter, Theresults obtained showed the efficiency of the two processes studied
in the removal of H3G and other dyes, as the 'OH and Cly" (in Fe%chlorine process) and "OH and 103" (in
Fe/Periodate processes), radicals attack and break the azo bonds of the dyes, leading to their almost complete
degradation. The use of an iron rod as a stirrer and catalyst was very effective in both processes in increasing the
removal efficiency by increasing the oxidant doses (chlorine and periodate) to optimum levels, The two processes
offer promising prospects for the treatment of water contaminated with persistent dyes and are characterised by low

operating costs due to the use of an iron rod and very small amounts of oxidant.

Keywords: Iron Zero Valent; Free Radicals; Organic Pollutant; AOPs; FeO/Chlorine; FeO/Periodate; Water

treatment; dyes.
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RESUME

Cette étude portesur la dégradation du colorant azoique synthétique Cibacron Green (VC-H3G) dans un

réacteur a agitation continue (CSTR) par les procédés Fe%chlore et Fe%Périodate, qui impliquent la génération de

radicaux libres capables d'éliminer la matiére organique, Les résultats obtenus ont montré l'efficacité des deux
procédés étudiés dans I'élimination du H3G et d'autres colorants, car les radicaux ‘OH et Cl>™ (dans le procédé
Fe%chlore) et "OH et 10 (dans le procédé Fe%/Périodate) attaquent et rompent les liaisons azoiques des colorants,
ce qui entraine leur dégradation presque compléte. L'utilisation d'une tige de fer comme agitateur et catalyseur
s'est avérée tres efficace dans les deux procédés pour augmenter l'efficacité d'élimination en augmentant les doses
d'oxydant (chlore et periodate) a des niveaux optimaux. Les deux procédés offrent des perspectives prometteuses
pour le traitement des eaux contaminées par des colorants persistants et se caractérisent par des codts d'exploitation

faibles en raison de l'utilisation d'une tige de fer et de trés petites quantités d'oxydant.

Mots-clés : Fer Zero Valent ; Radicaux libres ; Polluant organique ; AOPs ; Fe%Chlore ; Fe%/Périodat ; Traitement

de I'eau ; colorants.
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