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ABSTRACT

This thesis is divided into three main parts.

In the first part, the concept @h MJ-PEM reactor will be introducedand its
design and calculations witle explainedAn MJ-PEM reactor is the result of the coupling
of a Multi-Junction Solar Cell (MJSC) and a Polymer Electrolyte Membrane (PEM)
electrolyzer, able to work at high temperatures and pressures (up to 150°C lbajl 30
Two scenarios for the application of this systeraravinvestigated: in the first one, the
anodic chamber is used for the oxidation of recalcitrant organics contained in wastewater,
while the cathodic compartment is used for the evolution,pfdfl storage or direct use on
site; in the second one, the Hroduced at the cathode is sent to an anaerobic digestion
process, to boost theiomethanatiorstep, wheeasat the anode ©is evolved and it is
exploited for the digestatstabilization and disinfectiorBoth the scenarios proved to be
feasible and effaive, due toa high degree of integration between stoichiometric and
thermal requirements of different systems, allowing to carry out both waste or wastewater
treatment on one side, and hydrogen or natural gas production on the other side.

The second parof this work concerns the synthesis and the characterization of
electrodes based on manganese oxides, for the etegtfation of recalcitrant organics.
Phenolwas choserastargetmolecule, due to its high refractoriness and stability, and its
wide presace in industrial plants. Manganese oxidese extensively usedn
electrochemistry, and thayere choselbecause of their low cost, higitbundanceand low
toxicity. Different types of manganese oxides (MhOwere synthesizedby
electrodeposition on twaubstrates, namely metallic titanium and titania nanotubes{TiO
NTs). X-Ray Diffraction (XRD) and XRay Photoelectron Spectroscopy (R&re used
to analyze the oxidation statesmanganese, vdreasField Emission Scanning Electronic
Microscopy (FESENIwas employed to investigate the morphology of the samples and the
penetration of manganese oxides inside the NTs. The electrochemical properties of the
electrodes have been investigated by cyclic voltammetry (CV) and linear sweep
voltammetry (LSV), showinghat both calcination and electrodeposition over ANJI's
gave more stable electrodes, exhibiting a marked incrieasige current density. The
activity of the proposed nanostructured samples towards phenol degradatibeemas
investigatedTetravalent m& J D Q HMWND,) resulted to be the most active phase, with a
phenol conversion of 42.79% ULY D OH QW PNngDJ)Diigtdad Heported the highest
stability, with an average working potential of 2.9 V R$1E, and the highest tendency for
oxygen evolution reaction, reaching 0.4 mAfcat 2.5 V vs RHE. TiO.-NTs interlayer
contributed in all cases to the decrease in the final potential reached after the reaction time
of about 1+1.5 V, due to the improvetbntact with the catalyst film and the prevention of
passivation of the titanium substrate.

In the third part, the most performing electrodes were selected from the ones
synthesized in the secormhrt. They were tested in High Temperature, High Pressure
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(HTHP) reactor, designed in Politecnico di Torino for kinetic studies on electro
degradation of refractory organics in wastewaters, under Catalytic Wet Air Oxidation
(CWAO) conditions, i.e. 150°C and 30 batK H P RV W -MnACE) Ertd ithe most active
-MnO,;) manganese oxidewere comparedboth at ambient and CWAQO operative
conditions, with some of the most effective electrodes used in this 8bldopedSnG
and RuQ 5HVXOWY VKRZHG WKDW PDQ-MQ4KIhoR thabHY HVSHF
tripled at 150C and 30bar, reaching values of phenol oxidation close to the ones -of Sb
SnG and RuQ@. This phenomenoranbe attributed to the higher tendency of manganese
in its Mn®* form to oxidize water to § thatis wastedat ambient conditions, while is better
employed at high temperatures (high kinetics, low overpotentials) and high pressures
(improved Q solubility).









INTRODUCTION

Water is one of thenost important resources for humanity, not only because it is
essential for life, but also for agriculture, breeding and hygjéheln the last decades,
issues abouthe ethicaland aware use of water halween raisedrom all over the world.

World population is rapidlyncreasing and modernity requires a crescent need for water
for the domestic, agriculture and industrial fields. Water resources are progressively
exploited up to their limits, thus leading to tensions, conflicts among users and nations, and
excessive strason the environment. One of the major probleorsceris the extensive use

of water per capita in developed countries, where water withdrawal per year tends to be
dozens of times higher than the water consumption in developing countries and almost a
hundrel times higher than idevelopingcountrieq2].

Fig. 1 fAnnual water withdrawal per capita for each country

Water demanchas beenincreasng more than twice the population in the last
decadesand,eventhough there is nsuchglobal waterack, a highnumber ofares are
chronically short of wateresourcesBy 2025, 1 800 million people will be living in
countries or regions with absolute water scarcity, andthivds of the world population
could be under stress conditidi3}.



According to the Millennium Development Goals Report 2012, around 800 million
people, (i.e. 11% of world population), face economic water shortage or cannot access to
available drinking water sources. These sources include household connections, public
stendpipes, boreholes, protected dug wells, protected springs and rainwater collections.

Water scarcity is an issue of poverty, and there is growing recognition that there are
strong linkages between these two elements.

For poor people, lack of water is nohly a matter of drought. First of all, it
concerns the fair and safe access to water resources that are necessary for their
sustainment For indigent people scarcity isdue tolack of transparency and equity in
decisiongaken by organizationst is dueto choicesaboutinfrastructuremanagenent and
developmentIn many places throughout the world, organizations struggle to distribute
resources equitably.

Agricultural use of water for irrigation, livestock, fisheries and aquaculire
estimatedas the ause of 71% of total water withdrawal, with a higher tendency for low
and middleincome countries, while is estimatedhat 15% ofworldwide water use is for
industrial purposes, especiafty high-income countrie§].

Fig. 2 +Competing for water usesaccording to their main sources of income

There has been considerablereflection on environmental ethics throughout the
world, and modern debates are focusing on moral imperatives, but, rather than analyzing
once more the ethical issues of water management, best ethical practices should
promoted and in particulaf4]:

Human dignity: there is no life without water, people to whomsitdeniedare denied
lives;

Participation: all people, especially the poores) must be involved in water management
with gender and poverty issues recognized in promoting this trend;
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Solidarity: upstream and downstream interdependence within a watershed continually
poses challenges for water management resulting in the neead fiotegrated water
development approach;

Human equality: all the peopleshouldbe provided with théasic necessitiesf life on an
equitable basis;

Common Good: water is a common good, and without proper water management human
potential and dignity dimishes;

Stewardship protection and careful use of water resouisegeded for intergenerational
and intragenerational equity and promotes the sustainable use-ehibling ecosystems;
Transparency and universal accessto information: if data is not acessible in a form

that can be understood, an opportunity will arise for a party to disadvantage others;
Inclusiveness water management policies migt addressetb the interests of all people
living in a water catchment area. Minority interests nhesprotected together with poor

and other disadvantaged sectors.

Empowerment the demand for participation in planning implies much more than an
opportunity for consultation. Best ethical practice mustit@lemened to improve
management.

One of the most emanding challenges for scientists and technicians is to find
technologies that are more and more effective, implementable and affordable to both
provide drinking water from depuration of freshwatesourcesand to recycle water
coming from civil, agricuural and industrial use.






CHAPTER 1

WASTEWATER TREATMENT
TECHNOLOGY

1.1 Introduction

The biologicalwastewateitreatment is one of the most common procegsdke
world for thedegradatiorof a large variety of compounds.

Aerobic process

An aerobic biological or activated sludgesystem generally consists of the
following phasegseeFig. 3):

x Primary sedimentation / Equalization: a primary clarifier isrequiredto remove
large solids and other undesirable substanttess also fundamental fothe
equrlization of the influent sent taligestion in order to avoid largand sudden
fluctuation of flow and pollutant concentratiolicroorganisms, in fact, arvery
susceptible both to hydraulic and organic load peaks.

X Aeration: in this step,aerobic bacteriaalso called biomass or activated sludge
digestthe incoming waste. They use air or oxygen fed thraeitterair diffusers
placed at the bottom of tleeration tank or incorporated by turbine mixers

x Settling: after the digestion, a secondary clarifiemeeded for the settling of the
undigested solidand biomassThis processforms awastesludgewhich must be
periodically removed from the system.

Depending on the Hydraulic Retention Time (HRT) and the sludge age, three
types of process can be identified:

high-rate systens: with an HRT of2-4 h and a sludge age of2ldays where

organic pollutants are simply fixed on the biomassl they are notufly

oxidized. Volumes are small and biomass concentration is low.
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conventional systems: with an HRT of-B h and a sludge age of¥) days, in

which organic compounds are largely degraded in the aeration tank, but excess
sludge requires additional stabilization (e.g. by anaerobic treatment).
Conventional aeration systems are the masjely used for industrialand
municipal wastewater treatment.

Fig. 3 £Typical flowsheet of a conventional activated sludge process

extended aerationsystems: with an HRT of 184 h and a sludge age of-28

days, where organic matter is completehlyneralized, and the biomass is
stabilized directly inside the aeration tank. Aerobic stabilization of sludge, also
called endogenous respiration, requires additional oxygen, which can be
significantly higher than for organic degradatioexdgenousrespirdion).
Volumes are high and biomass concentration is low.

A particulartype of aerobic digester is tHgequencing Batch Reactor (SBR
which houses all the main stages of a traditional activated sludge process in a single tank,
thus resulting in a very oapact design.
The sequence is composed of five phases:

1)
2)
3)
4)
5)

Filling: influent raw or settled wastewater

Reacting aeration of the liquid inside the tank

Settling separation of the suspended solids after treatment
Decanting withdrawal of the treated wastewate

Idle: removal of excess sludge and preparation for new cycle

6



Fig. 4 - Steps of a Sequencing Batch React¢EBR) aerobic system

Anaerobic process

Anaerobic microbiological decomposition ispaocess in whichmicroorganisms
derive energyand grow bymetabolzing organic material in aomxygenfree environment
resulting in the productiomf methane (Ck). The anaerobic digestioprocess can be
subdivided into the following foyshasegseeFig. 5), each requiring its own characteristic
group of micreorganismg5]:

¥ Hydrolysis: conversion of noisolublebiopolymers to soluble organic compounds

T Acidogenesis conversion of soluble organicompounds to volatile fatty acids
(VFA) andCO,

¥ Acetogenesisconversion of volatile fatty acids acetate and H

¥ Methanogenesisconvesion of acetate andO, plus H to methane gas
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