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Plant layouts

Removal of emerging pollutants

Biological treatment

It involves the oxidation of biodegradable

compounds and their conversion mainly

into: biomass, carbon dioxide and water.

In addition, nitrogen and phosphorus

removal can occur.

Advanced oxidation processes:

UVC/H2O2

O3

O3/H2O2

O3/UVC

O3/H2O2/UVC

….

These processes lead to the chemical

oxidation of the biorecalcitrant compounds

and their conversion first into

biodegradable compounds and then into

carbon dioxide and water (mineralization).

Getting to mineralization with these processes is too expensive (ozone, hydrogen peroxide ... they are expensive!)
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1) We oxidize non-biodegradable or recalcitrant compounds until 

we obtain biodegradable by-products
1

2) We oxidize the compounds toxic for microorganisms before 

the sewage to be treated reaches biological treatments

2

Plant layouts

Emerging pollutants

Emerging and toxic* pollutants



Advanced oxidation processes: ecofriendly solutions

Advanced oxidation processes:

UVC/H2O2

O3

O3/H2O2

O3/UVC

O3/H2O2/UVC

….

The processes we have studied so far require the use of ozone,

hydrogen peroxide and UVC radiation. We consume reagents

whose production requires a great deal of energy and resources.

In addition to changing the plant layouts, we can adopt other more "eco-sustainable" advanced oxidation processes

These processes should be characterized by a low consumption of reagents and by the use of renewable energy sources.

An example are photocatalytic processes

photo-: they use a radiation… specifically, the solar radiation;

-catalytic: they need a catalyst.





"On the arid lands there will spring up industrial colonies without 
smoke and without smokestacks; forests of glass tubes will extend 

over the plains and glass buildings will rise everywhere; 
inside of these will take place the photochemical processes 

that hitherto have been the guarded secret of the plants,
but that will have been mastered by human industry which will know 

how to make them bear even more abundant fruit than nature,
for nature is not in a hurry and mankind is.”

Giacomo Luigi Ciamician
Science 36, 385-394 (1912)



Catalysts

Catalysts are compounds that participate in reactions, accelerating them, without wearing out.

The catalysts used in this field are formed of noble metals (generally platinum and rhodium) dispersed on a ceramic 

support, formed by cerium oxide and zirconium oxide. They promote the simultaneous oxidation of unburnt fuel and 

carbon monoxide to carbon dioxide and water, and the reduction of nitrogen oxides to nitrogen and water.

For example, how many times have you changed the catalytic converter? NEVER!



Foto-Fenton

It is a young process that has its roots in a reaction

discovered (accidentally) in 1894 by HenryJohn

Horstman Fenton:

Fenton reacton

Has a consequence, we obtain:

High consumption of Fe(II) e H2O2

High production of sludge (Fe(II) and Fe(III) hydroxides) 



Fenton

Reaction

Photolysis of the

Fe(III)

aquo-complex

Catalyst

Photo-Fenton

Fe(II) is a catalyst because it is not consumed!

The process uses a renewable energy source: solar radiation.

We need to understand:

What is the Fe (III) aqueo-complex;

Which is the optimal pH of the process;

How does the Fe (III) aqueo-complex photolyses.



Fe(III) complexes

Fe (III) is evidently slightly 

soluble at neutral pH

Fe(III) monoaquo-

complex



Fe(III) complexes

the maximum 

concentration of the 

monoaquo-complex of 

Fe (III) is at pH = 3



Fe(III) monoaquo-complex photolysis



Foto-Fenton

advantages:

1) It uses dissolved Fe(II) ions as catalysts;

2) It uses the UV solar visible radiation.

disadvantages:

1) The process need the consumption of acid to lower the pH at the optimal values (2,8-3,0);

2) At the end of the process, basses have to be added to rise the pH at neutral values;

3) It is necessary to recover all the iron that precipitates during 2nd phase and make sure that not too much dissolved 

iron is discharged;

4) The process requires the use of hydrogen peroxide.



Titanium dioxide
Many of the problems related to the adoption of photo-Fenton can be overcome by using titanium dioxide as a catalyst 

combined with the UV-visible solar radiation.



Titanium dioxide

Advantages:

1) It uses TiO2 (it is cheap) as catalyst;

2) Titanium dioxide is sedimentable solid: it can be easily and economically recovered at the end of the treatment;

3) The process exploits UV-visible radiation;

4) The process does not require the addition of reagents: titanium dioxide is very effective at neutral pH and does not 

require the use of other oxidizing species. The oxygen dissolved in water is enough!.

Disadvantages:

There are none! But…

titanium dioxide absorbs only a small part of the solar energy that arrives daily on earth (3-5%). In addition, a large part 

of the absorbed solar energy is released in the form of heat (the hole-electron recombination reaction is predominant). Il 

mondo scientifico sta facendo di tutto per migliorare l’efficienza di tale catalizzatore.

Currently titanium dioxide is not widely used for water purification. Titanium dioxide is widely used as a photocatalyst 

in other applications: air purification.









Non-concentrating collectors

(NCC)



Parabolic trough collectors

(PTC)



Compound parabolic collectors

(CPC)





The collector area per mass (ACM)

ACM: the collector area required to reduce a unit of substrate mass in the reactor system in a reference time of 1 h 

(t0) and incident solar irradiance of 1000 W m−2 (Es
0) based on the AM1.5 standard solar spectrum on a horizontal 

surface.

Ar is the real collector area, M is the molar mass of the substrate (g mol−1), Vt is the volume of treated solution (L), 

Es (W m−2) is the average direct solar irradiance during reaction time t, F (m3 h−1) is the flow rate, and Ci and Cf are 

the starting and final substrate concentrations (mol L-1), respectively.



Photo-Fenton
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The reactor surfaces are very large especially when working with titanium dioxide!

Furthermore, we are neglecting a very important thing…

WHAT?




